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ABSTRACT

The MARSSIM provides information on planning, conducting, evaluating, and documenting
building surface and surface soil final status radiological surveys for demonstrating compliance
with dose or risk-based regulations or standards. The MARSSIM is a multi-agency consensus
document that was developed collaboratively by four Federal agencies having authority and
control over radioactive materials: Department of Defense (DOD), Department of Energy (DOE),
Environmental Protection Agency (EPA), and Nuclear Regulatory Commission (NRC). The
MARSSIM's objective is to describe a consistent approach for planning, performing, and
assessing building surface and surface soil final status surveys to meet established dose or risk-
based release criteria, while at the same time encouraging an effective use of resources.
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DISCLAIMER

This manual was prepared by four agencies of the United States Government. Neither the United
States Government nor any agency or branch thereof, or any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability of responsibility for any third
party’s use, or the results of such use, of any information, apparatus, product, or process
disclosed in this manual, or represents that its use by such third party would not infringe on
privately owned rights. ‘ '

References within this manual to any specific commercial product, process, or service by trade
name, trademark, or manufacturer does not constitute an endorsement or recommendation by the
United States Government.
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ROADMAP

Introduction to MARSSIM

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides
detailed guidance for planning, implementing, and evaluating environmental and facility
radiological surveys conducted to demonstrate compliance with a dose- or risk-based regulation.
The MARSSIM guidance focuses on the demonstration of compliance during the final status
survey following scoping, characterization, and any necessary remedial actions. .

The process of planning the survey, implementing the survey plan, and assessing the survey
results prior to making a decision is called the Data Life Cycle. MARSSIM Chapter 2 and -
Appendix D provide detailed guidance on developing appropriate survey designs using the Data
Quality Objectives (DQO) Process to ensure that the survey results are of sufficient quality and
quantity to support the final decision. The survey design process is described in MARSSIM
Chapters 3, 4, and 5. Guidance on selecting appropriatc measurement methods (i.e., scan
surveys, direct measurements, samples) and measurement systems (i.e., detectors, instraments,
analytical methods) is provided in MARSSIM Chapters 6 and 7 and Appendix H. Data Quality
Assessment (DQA) is the process of assessing the survey results, determining that the quality of
the data satisfies the objectives of the survey, and interpreting the survey results as they apply to
the decision being made. The DQA process is described in MARSSIM Chapter 2 and
Appendix E and is applied in MARSSIM Chapter 8. Quality Assurance and Quality Control
(QA/QC) procedures are developed and recorded in syrvey planning documents, such as a
Quality Assurance Project Plan (QAPP) which is déscribed in MARSSIM Chapter 9

MARSSIM does not provide guidance for translating the release criterion into derived
concentration guideline levels (DCGLs). MARSSIM discusses contamination of surface soil and
building surfaces in detail. If other media (e.g., ground water, surface water, subsurface soil,
equipment, vicinity properties) are potentially contaminated at the time of the final status survey,
modifications to the MARSSIM survey design guidance and examples may be required.

The Goal of the Roadmap

The goal of the roadmap is to present a summary of the major steps in the design,
implementation, and assessment of a final status survey and to identify where guidance on these
steps is located in MARSSIM. A brief description of each step is included in the roadmap along
with references to the sections of MARSSIM that provide more detailed guidance.

This roadmap provides the user with basic guidance from MARSSIM combined with “rules of

thumb” (indicated by =) for performing compliance demonstration surveys. The roadmap is not
designed to be a stand-alone document, but to be used as a quick reference to MARSSIM for
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users already familiar with the process of planning and performing surveys. Roadmap users will
also find flow charts summarizing the major steps in the Radiation Survey and Site Investigation
Process, combined with references to sections in MARSSIM where detailed guidance may be
found. In addition, the roadmap serves as an overview and example for applying MARSSIM
guidance at sites with radioactive contamination of surface soil and building surfaces. The
roadmap assumes a working knowledge of MARSSIM terminology. If such knowledge is
lacking, the user may refer to Section 2.2 of MARSSIM for definitions of key terms. In addition,
a complete set of definitions is provided in the Glossary.

Data Life Cycle

Compliance demonstration is simply a decision as to whether or not a survey unit meets the
release criterion. For most sites, this decision is supported by statistical tests based on the results
of one or more surveys. The initial assumption used in MARSSIM is that each survey unit is
contaminated above the release criterion until proven otherwise. The surveys are designed to
provide the information nceded to reject this initial assumption. MARSSIM recommends using
the Data Life Cycle as a framework for planning, implementing, and evaluating survey results
prior to making a decision. Figure 1 summarizes the major activities associated with each phase
of the Data Life Cyclec.

Planning Stage

The survey design is developed and documented using the Data Quality Objectives (DQO)
Process (Section 2.3.1, Appendix D). The DQOs for the project are established and preliminary
surveys (e.g., scoping, characterization) are performed to provide information necessary to design
the final status survey for compliance demonstration. The DQOs for the project are re-evaluated
for each of the preliminary surveys. The preliminary surveys may provide information for
purposes other than compliancc demonstration that are not discussed in MARSSIM. For
example, a charactcrization survey may provide information to support evaluation of remedial
alternatives. In addition, any of the preliminary surveys may be designed to demonstrate
compliance with the releasc criterion as one of the survey objectives. These alternate survey
designs are developcd based on site-specific considerations (Section 2.6). The planning phase of
the Data Life Cycle produces a final status survey design that is used for demonstrating
compliance with the releasc criterion. This design is recorded in planning documents, such as a
Quality Assurance Project Plan (QAPP) described in Section 9.2.
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Figure 1 The Data Life Cycle Applied to a Final Status Survey
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A minimum amount of information is needed from the preliminary surveys to develop an
effective final status survey design. This includes

® sufficient information to justify classification and specification of boundaries for survey
units (the default is Class 1 which results in the highest level of survey effort)
o an estimate of the variability of the contaminant concentration in the survey unit (¢ ) and

the reference area (g,) if necessary

After the preliminary surveys are completed, the final status survey design can be developed.
Figure 2 presents the major steps in the development of a survey design that integrates scanning
surveys with direct measurements and sampling. Most of the steps are easy to understand and
references to appropriate sections of MARSSIM are included in the flowchart. Several of these
steps are important enough to justify additional discussion in this guide. These steps are

Classify Areas by Contamination Potential
Group/Separate Areas into Survey Units
Determine Number of Data Points

Select Instrumentation

Develop an Integrated Survey Design

Classify Areas by Contamination Potential (Section 4.4)

~ Classification is a critical step in survey design because it determines the level of survey effort

based on the potential for contamination. Overestimating the potential for contamination results

~ in an unnecessary increase in the level of survey effort. Underestimating the potential for

contamination greatly increases the probability of failing to demonstrate compliance based on the
survey results. There are two key decisions made when classifying areas: 1) is the average
activity in the area likely to exceed the DCGLy, and 2) is the contamination present in small
areas of elevated activity or is the contamination distributed relatively homogeneously across the
area. Each of these decisions is considered separately when designing the survey and then
combined into an integrated survey design. Class 1 areas, prior to remediation, are impacted
areas with concentrations of residual radioactivity that exceed the DCGL,,. Class 2 areas are
impacted areas concentrations of residual activity that exceed the DCGL, are not expected.
Class 3 areas are impacted areas that have a low probability of containing areas with residual
radioactivity. The information obtained from the preliminary surveys is crucial for classifying
areas (see Figure 2.4).

= Area classification considers both the level of contamination relative to the DCGL,, and
the distribution of the contamination. The contamination may be uniformly distributed or
present as small areas of elevated activity.
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Figure 2 Flow Diagram for Designing a Final Status Survey
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Group/Separate Areas into Survey Units (Section 4.6)

Survey units are limited in size based on classification, exposure pathway modeling assumptions,
and site-specific conditions. Table 1 provides suggested survey unit areas based on area
classification. The rationale for selecting a larger survey unit area should be developed using the
DQO Process and fully documented.

Table 1 Suggested Survey Unit Areas

lassification
Class |
Structures up to 100 m?
Land Areas up to 2,000 m*
Class 2
Structures 100 to 1,000 m?
Land Areas : 2,000 to 10,000 m?
Class 3
Structures no limit
Land Areas no limit ' ]
< Survey unit areas should be consistent with exposure pathway modeling assumptions
used to develop DCGLs.

Determine Number of Data Points (Section 5.5.2)

The number of data points is determined based on the selection of a statistical test, which in turn
is based on whether or not the contaminant is present in background. Figure 3 presents a flow
chart for determining the number of data points.

The first step in determining the number of data points is to Specify the acceptable decision error
rates, o and 8. Decision error rates are site-specific and selected using the DQO Process.
Changes in the values of a and  may result from successive iterations of the DQO Process.

= Values for a and P are site-specific and selected using the DQO Process.
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The next step, after determining whether or not the contaminant is present in background, is to
estimate the variability of the contaminant concentration, 6. The standard deviation of the
contaminant concentration determined from the preliminary survey results should provide an
appropriate estimate of ¢. If the contaminant is present in background, the variability in the
survey unit (o,) and the variability in the reference area (0,) should both be estimated. The larger
of the two values should be selected for determining the number of data points. Underestimating
o can underestimate the number of measurements needed to demonstrate compliance with the
regulation, which increases the probability the survey unit will fail the statistical test. ™
Overestimating ¢ can result in collecting more data than is necessary to demonstrate compliance.

= It is better to overestimate values of o, and o,

= When o, and o, are different, select the larger of the two values.

The third step is to calculate the relative shift, A/g. The variability of the contaminant
concentration, ¢, was determined in the previous step. The shift, A, is equal to the width of the
gray region. The upper bound of the gray region is defined as the DCGLy,. The lower bound of
the gray region (LBGR) is a site-specific parameter, adjusted to provide a value for A/oc between
one and three. A/ can be adjusted using the following steps:

L Initially select LBGR to equal one half the DCGLy,. This means A (DCGL, - LBGR)
also equals one half the DCGLy,. Calculate A/o.

® If A/c is between one and three, obtain the appropriate number of data points from Table
5.3 or Table 5.5.
o If A/o is less than one, select a lower value for LBGR. Continue to select lower values

for LBGR until A/o is greater than or equal to one, or until LBGR equals zero.
L If A/o is greater than three, select a higher value for LBGR. Continue to select higher
values for LBGR until A/o is less than or equal to three.

Alternatively, A/o can be adjusted by solving the following equation and calculating A/a:
LBGR = DCGLy, - o

If LBGR is less than zero, A/o can be calculated as DCGL/o.

= Adjust the LBGR to provide a value for A/c between one and three.
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The final step in determining the number of data points is to obtain the appropriate value from
Table 5.3 or Table 5.5. Table 5.3 provides the number of data points for each survey unit and
each reference area when the contaminant is present in background (N/2). Table 5.5 provides the

number of data points for each survey unit when the contaminant is not present in background
(N).

Select Instrumentation (Section 4.7, Section 6.5.3, Section 7.5, Section 7.7, Appendix H)

Instrumentation or measurement techniques should be selected based on detection sensitivity to
provide technically defensible results that meet the objectives of the survey. Because of the
uncertainty associated with interpreting scanning results, the detection sensitivity of the selected
instruments should be as far below the DCGL as possible. For direct measurements and sample

analyses, minimum detectable concentrations (MDCs) less than 10% of the DCGL are preferable
while MDCs up to 50% of the DCGL are acceptable.

= Estimates of the MDC that minimize potential decision errors should be used for planning
surveys. ~

Develop an Integrated Survey Design (Section 5.5.3)

The integrated survey design combines scanning surveys with direct measurements and
sampling. The level of survey effort is determined by the potential for contamination as
indicated by. the survey unit classification. This is illustrated in Figure 4. Class 3 survey units
receive judgmental scanning and randomly located measurements. Class 2 survey units receive
scanning over a portion of the survey unit based on the potential for contamination combined
with direct measurements and sampling performed on a systematic grid. Class 1 survey units
receive scanning over 100% of the survey unit combined with direct measurements and sampling

performed on a systematic grid. The grid spacing is adjusted to account for the scan MDC
(Section 5.5.2.4).

Table 2 provides a summary of the recommended survey coverage for structures and land areas.
Modifications to the example survey designs may be required to account for other contaminated
media (e.g., ground water, subsurface soil).

Implementation Phase

The objectives outlined in the QAPP are incorporated into Standard Operating Procedures
(SOPs). The final status survey design is carried out in accordance with the SOPs and the QAPP
resulting in the generation of raw data. Chapter 6, Chapter 7, and Appendix H provide
information on measurement techniques.
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Section 7.4

Section 6.4.1
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Figure 4 Flow Diagram for Developing an Integrated Survey Design
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Table 2 Recommended Survey Coverage for Structures and Land Areas

Number of data points
from statistical tests
(Sections 5.5.2.2 and
5.5.2.3); additional
direct measurements
and samples may be
necessary for small
areas of elevated
activity (Section
5.5.24)

Number of data points
from statistical tests
(Sections 5.5.2.2 and
5.5.2.3); additional
direct measurements
and samples may be
necessary for small
areas of elevated
activity (Section
5.52.4)

10 to 100% Number of data points
(10 to 50% for upper | from statistical tests
walls and ceilings)
Systematic and
Judgmental

10 to 100%
Systematic
(Sections 5.5.2.2 and and

5.52.3) Judgmental

Number of data points
from statistical tests
(Sections 5.5.2.2 and
5.523)

Number of data points
from statistical tests
(Sections 5.5.2.2 and
5523

Number of data points
from statistical tests
(Sections 5.5.2.2 and
5.52.3

Judgmental

Assessment Phase

The assessment phase of the Data Life Cycle includes verification and validation of the survey
results combined with an assessment of the quantity and quality of the data. As previously
stated, both the average level of contamihation in the survey unit and the distribution of the
contamination within the survey unit are considered during area classification. For this reason,
the assessment phase includes a graphical review of the data to provide a visual representation of
the radionuclide distribution, an appropriate statistical test to demonstrate compliance for the
average concentration of a uniformly distributed radionuclide, and the elevated measurement
comparison (EMC) to demonstrate compliance for small areas of elevated activity.

The survey data are verified to ensure that SOPs specified in the survey design were followed
and that the measurement systems were performed in accordance with the criteria specified in the
QAPP (Section 9.3.1). The data are validated to ensure that the results support the objectives of
the survey, as documented in the QAPP, or permit a determination that these objectives should
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be modified (Section 9.3.2). The Data Quality Assessment (DQA) process is then applied using
the verified and validated data to determine if the quality of the data satisfies the data user’s
needs. DQA is described in Appendix E and is applied in Chapter 8.

The first step in DQA is to review the DQOs and survey design to ensure that they are still
applicable. For example, if the data suggest that a survey unit is misclassified, the DQOs and
survey design would be modified for the new classification.

The next step is to conduct a preliminary data review to learn about the structure of the data and
to identify patterns, relationships, or potential anomalies. This review should include calculating
basic statistical quantities (i.e., mean, standard deviation, median) and graphically presenting the
data using at least a histogram and a posting plot. The results of the preliminary data review are
also used to verify the assumptions of the tests. Some of the assumptions and possible methods
for assessing them are summarized in Table 3. Information on diagnostic tests is provided in

Section 8.2 and Appendix 1.

Table 3 Methods for Checking the Assumptions of Statistical Tests

Spatial Independence Posting Plot (Figure 8.1)

Symmetry Histogram (Figure 8.2)
Quantile Plot (Figure 1.2)
Data Variance Sample Standard Deviation (Section 8.2) ||

Power is Adequate

Retrospective Power Chart
(Sign Test, Figure 1.5)
(WRS Test, Figure 1.6)

The final step in interpreting the data is to draw conclusions from the data. Table 4 summarizes
the statistical tests recommended in MARSSIM. Section 8.3 provides guidance on performing
the Sign test when the contaminant is not present in background. Section 8.4 provides guidance
on performing the Wilcoxon Rank Sum (WRS) test when the contaminant is present in
background.
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Table 4 Summary of Statistical Tests

Radionuclide not in background and radionuclide-specific measurements made:

All measurements less than DCGL

Survey unit meets release criterion

Average greater than DCGLy, Survey unit does not meet release criterion

Any measurement greater than DCGLy and the average Conduct Sign test and elevated measurement
less than DCGLy, ‘ comparison '

Radionuclide in background or radionuclide non-specific (gross) measurements made:

Difference between maximum survey unit measurement Survey unit meets release criterion
and minimum reference area measurements is less than
DCGLy,

Difference of survey unit average and reference area Survey unit does not meet release criterion
average is greater than DCGLy,

Difference between any survey unit measurement and any | Conduct WRS test and elevated measurement
reference area measurément greater than DCGLy, and the | comparison

difference of survey unit average and reference area
average is less than DCGL.,

Table 5 provides examples of final status survey investigation levels for each survey unit
classification and type of measurement. For a Class 1 survey unit, measurements above the
DCGL,y, are not necessarily unexpected. However, a measurement above the DCGLy, at one of
the discrete measurement locations might be considered unusual if it were much higher than all
of the other discrete measurements. Thus, any discrete measurement that is above both the
DCGLy, and the statistical-based parameter for the measurements should be investigated further.
Any measurement, either at a discrete location or from a scan, that is above the DCGL g should
be flagged for further investigation.

In Class 2 or Class 3 areas, neither measurements above the DCGLy, nor areas of elevated
activity are expected. Any measurement at a discrete location exceeding the DCGL y, in these
areas should be flagged for further investigation. Because the survey design for Class 2 and
Class 3 survey units is not driven by the EMC, the scanning MDC might exceed the DCGLy,. In
this case, any indication of residual radioactivity during the scan would warrant further
investigation.
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Table 5 Summary of Investigation Levels

> DCGLgy, of > DCGLgyc
> DCGLy, and > a statistical-based parameter value

>DCGLy, > DCGLyor > MDC

> fraction of DCGL, > DCGLy or > MDC

Because there is a low expectation for residual radioactivity in a Class 3 area, it may be prudent

to investigate any measurement exceeding even a fraction of the DCGL,. The level one chooses
here depends on the site, the radionuclides of concemn, and the measurement and scanning
methods chosen. This level should be set using the DQO Process during the survey design phase
of the Data Life Cycle. In some cases, the user may also decide to follow this procedure for
Class 2 and even Class 1 survey units.

Both the measurements at discrete locations and the scans are subject to the EMC. The result of
the EMC does not in itself lead to a conclusion as to whether the survey unit meets or exceeds

" the release criterion, but is a flag or trigger for further investigation. The investigation may

involve taking further measurements in order to determine that the area and level of the elevated
residual radioactivity are such that the resulting dose or risk meets the release criterion.! The
investigation should also provide adequate assurance that there are no other undiscovered areas
of elevated residual radioactivity in the survey unit that might result in a dose exceeding the
release criterion. This could lead to a re-classification of all or part of a survey unit—that is,
unless the results of the investigation indicate that reclassification is not necessary.

Decision Making Phase

A decision is made, in coordination with the responsible regulatory agency, based on the
conclusions drawn from the assessment phase. The results of the EMC are used to demonstrate
compliance with the dose- or risk-based regulation for small areas of elevated activity, while the
nonparametric statistical tests are used to demonstrate that the average radionuclide concentration
in the survey unit complies with the release criterion. The objective is to make technically
defensible decisions with a specified level of confidence.

! Rather than, or in addition to, taking further measurements, the investigation may involve assessing the
adequacy of the exposure pathway model used to obtain the DCGLs and area factors, and the consistency of the
results obtained with the Historical Site Assessment and the scoping, characterization, and remedial action support
surveys.
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The EMC consists of comparing each measurement from the survey unit with the investigation
levels in Table 5. The EMC is performed for measurements obtained from the systematic or
random sample locations as well as locations flagged by scanning surveys. Any measurement
from the survey unit that is equal to or greater than the investigation level indicates an area of
relatively higher concentration and is investigated, regardless of the outcome of the
nonparametric statistical tests.

= Any measurement from the survey unit that is equal to or greater than the invesfigation
level indicates an area of relatively higher concentration and is investigated, regardless of
the outcome of the nonparametric statistical tests.

The result of the Sign test or the WRS test is the decision to reject or not to reject the null
hypothesis that the survey unit is contaminated above the DCGLy,. Provided that the resuits of
any investigations triggered by the EMC have been resolved, a rejection of the null hypothesis
leads to the decision that the survey unit meets the release criterion. If necessary, the amount of
residual radioactivity in the survey unit can be estimated so that dose or risk calculations can be

made. In most cases, the average concentration is the best estimate for the amount of residual
radioactivity.

Summary

- The roadmap presents a summary of the planning, implementation, assessment, and decision

making phases for a final status survey and identifies where guidance on these phases is located -

in MARSSIM. Each step in the process is described briefly along with references to the sections

of MARSSIM to which the user may refer for more detailed guidance. Flow charts are provided
to summarize the major steps in the Radiation Survey and Site Investigation Process, again citing
appropriate sections of MARSSIM. In addition to providing the user with basic guidance from

-MARSSIM, the roadmap also includes “rules of thumb” for performing compliance

demonstration surveys. . -
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1 INTRODUCTION

1.1 Purpose and Scope of MARSSIM

Radioactive materials have been produced, processed, used, and stored at thousands of sites
throughout the United States. Many of these sites—ranging in size from Federal weapons-
production facilities covering hundreds of square kilometers to the nuclear medicine departments
of small hospitals—were at one time or are now radioactively contaminated.

The owners and managers of a number of sites would like to determine if these sites are
contaminated, clean them up if contaminated, and release them for restricted use or for
unrestricted public use. The Environmental Protection Agency (EPA), the Nuclear Regulatory
Commission (NRC), and the Department of Energy (DOE) are responsible for the release of sites
following cleanup. These responsibilities apply to facilities under the control of Federal
agencies, such as the DOE and Department of Defense (DOD), and to sites licensed by the NRC
and its Agreement States. Some States have responsibilities for similar sites under their control.

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides a
nationally consistent consensus approach to conducting radiation surveys and investigations at
potentially contaminated sites. This approach should be both scientifically rigorous and flexible
enough to be applied to a diversity of site cleanup conditions. MARSSIM’s title includes the
term “survey” because it provides information on planning and conducting surveys, and includes
the term “site investigation” because the process outlined in the manual allows one to begin by

investigating any site (i.e., by gathering data or information) that may mvolve radioactive
contamination.

The decommissioning that follows remediation will normally require a demonstration to the
responsible Federal or State agency that the cleanup effort was successful and that the release
criterion (a specific regulatory limit) was met. In MARSSIM, this demonstration is given the
name “final status survey.” This manual assists site personnel or others in performing or
assessing such a demonstration. (Generally, MARSSIM may serve to guide or monitor
remediation efforts whether or not a release criterion is applied.)

As illustrated in Figure 1.1, the demonstration of compliance with respect to conducting surveys
is comprised of three interrelated parts:

I Translate: Translating the cleanup/release criterion (e.g., mSv/y, mrem/y, specific risk)
into a corresponding derived contaminant concentration level (e.g., Bq/kg or pCi/g in
soil) through the use of environmental pathway modeling.
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Figure 1.1 Compliance Demonstration

IL Measure: Acquiring scientifically sound and defensible site-specific data on the levels
and distribution of residual contamination, as well as levels and distribution of

radionuclides present as background, by employing suitable field and/or laboratory
measurement techniques.'

III. Decide: Determining that the data obtained ffom sampling does support the assertion that
the site meets the release criterion, within an acceptable degree of uncertainty, through
application of a statistically based decision rule.

! Measurements include ficld and laboratory analyses, however, MARSSIM leaves detailed discussions of
laboratory sample analyses to another manual (i.e., a companion document, the Multi-Agency Radiation Laboratory
Analytical Protocols (MARLAP) manual that is currently under development).
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MARSSIM presents comprehensive guidance—specifically for II and III above—for
contaminated soil and buildings. This guidance describes a performance-based approach for
demonstrating compliance with a dose- or risk-based regulation. This approach includes
processes that identify data quality needs and may reveal limitations that enter into conducting a
survey. The data quality needs stated as Data Quality Objectives (DQOs) include performance
measures and goals in relation to a specific intended use of the data (EPA 1997).

DQOs must be developed on a site-specific basis. However, because of the large variability in
the types of radiation sites, it is impossible to provide criteria that apply to every situation. As an
example, MARSSIM presents a method for planning, implementing, assessing, and making
decisions about regulatory compliance at sites with radioactive contaminants in surface soil and
on building surfaces. In particular, MARSSIM describes generally acceptable approaches for:

] planning and designing scoping, characterization, remediation-support, and final status
surveys for sites with surface soil and building surface contamination

[ Historical Site Assessment (HSA)

° QA/QC in data acquisition and analysis

° conducting surveys

] field and laboratory methods and instrumentation, and interfacing with radiation
laboratories

°

statistical hypothesis testing, and the interpretation of statistical data
L documentation

Thus, MARSSIM provides standardized and consistent approaches for planning, conducting,
evaluating, and documenting environmental radiological surveys, with a specific focus on the
final status surveys that are carried out to demonstrate compliance with cleanup regulations.
These approaches may not meet the DQOs at every site, so other methods may be used to meet
site-specific DQOs, as long as an equivalent level of performance can be demonstrated.

Table 1.1, at the end of Chapter 1, summarizes the scope of MARSSIM. Several issues related to
releasing Sites are beyond the scope of MARSSIM. These include translation of dose or risk
standards into radionuclide specific concentrations, or demonstrating compliance with ground
water or surface water regulations. MARSSIM can be applied to surveys performed at vicinity
properties—those not under government or licensee control—but the decision to apply the
MARSSIM at vicinity properties is outside the scope of MARSSIM. Other contaminated media
(e.g., sub-surface soil, building materials, ground water) and the release of contaminated
components and equipment are also not addressed by MARSSIM. With MARSSIM’s main
focus on final status surveys, this manual continues a process of following remediation activities
that are intended to remove below-surface contaminants. Therefore, some of the reasons for
limiting the scope of the guidance to contaminated surface soils and building surfaces include:

1) contamination is limited to these media for many sites following remediation, 2) since many
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sites have surface soil and building surface contamination as the leading source of contamination,
existing computer models used for calculating the concentrations based on dose or risk generally
consider only surface soils or building surfaces as a source term, and 3) MARSSIM was written
in support of cleanup rulemaking efforts for which supporting data are mostly limited to
contaminated surface soil and building surfaces.

MARSSIM also recognizes that there may be other factors, such as cost or stakeholder concerns,
that have an impact on designing surveys. Guidance on how to address these specific_concerns is
outside the scope of MARSSIM. Unique site-specific cases may arise that require a modified
approach beyond what is presently described in MARSSIM. This includes examples such as:

1) the release of sites contaminated with naturally occurring radionuclides in which the
concentrations corresponding to the release criteria are close to the variability of the background
and 2) sites where a reference background cannot be established. However, the process of
planning, implementing, assessing, and making decisions about a site described in MARSSIM is
applicable to all sites, even if the examples in this manual do not meet a site’s specific objectives.

Of MARSSIM’s many topics, the Data Quality Objective (DQO) approach to data acquisition
and analysis and the Data Quality Assessment (DQA) for determining that data meet stated
objectives are two elements that are a consistent theme throughout the manual. The DQO
Process and DQA approach, described in Chapter 2, present a method for building common
sense and the scientific method into all aspects of designing and conducting surveys, and making
best use of the obtainable information. This becomes a formal framework for systematizing the
planning of data acquisition surveys so that the data sought yield the kind of information actually
needed for making important decisions—such as whether or not to release a particular site
following remediation.

1.2 Structure of the Manual

MARSSIM begins with the overview of the Radiation Survey and Site Investigation Process in
Chapter 2—Figures 2.4 through 2.8 are flowcharts-that summarize the steps and decisions taken
in the process. Chapter 3 provides instructions for performing an Historical Site Assessment
(HSA)—a detailed investigation to collect existing information on the site or facility and to
develop a conceptual site model. The results of the HSA are used to plan surveys, perform
measurements, and collect additional information at the site. Chapter 4 covers issues that arise in
all types of surveys. Detailed information on performing specific types of surveys is included in
Chapter 5. Guidance on selecting the appropriate instruments and measurement techniques for
each type of measurement is in Chapters 6 and 7. Chapter 6 discusses direct measurements and
scanning surveys, and Chapter 7 discusses sampling and sample preparation for laboratory
measurements. The interpretation of survey results is described in Chapter 8. Chapter 9 provides
guidance on data management, quality assurance (QA), and quality control (QC). Information on
specific subjects related to radiation site investigation can be found in the appendices.
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MARSSIM contains several appendices to provide additional guidance on specific topics.
Appendix A presents an example of how to apply the MARSSIM guidance to a specific site.
Appendix B describes a simplified procedure for compliance demonstration that may be
applicable at certain types of sites. Appendix C summarizes the regulations and requirements
associated with radiation surveys and site investigations for each of the agencies involved in the
development of MARSSIM. Detailed guidance on the DQO Process is in Appendix D, and
Appendix E has guidance on DQA. Appendix F describes the relationships among MARSSIM,
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and
the Resource Conservation and Recovery Act (RCRA). Sources of information used during site
assessment are listed in Appendix G. Appendix H describes field survey and laboratory analysis
equipment that may be used for radiation surveys and site investigations. Appendix I offers
tables of statistical data and supporting information for interpreting survey results described in
Chapter 8. The derivation of the alpha scanning detection limit calculations used in Chapter 6 is
described in Appendix J. Comparison tables for QA documents are in Appendix K. Appendix L
lists the regional radiation program managers for each of the agencies participating in the
development of MARSSIM. Appendix M lists publications that serve as resources describing
sampling methods. Information on data validation is provided in Appendix N.

MARSSIM is presented in a modular format, with each module containing guidance on
conducting specific aspects of, or activities related to, the survey process. Followed in order,
each module leads to the generation and implementation of a complete survey plan. Although
this approach may involve some overlap and redundancy in information, it also allows many
users to concentrate only on those portions of the manual that apply to their own particular needs
or responsibilities. The procedures within each module are listed in order of performance and
options are provided to guide a user past portions of the manual that may not be specifically
applicable to the user’s area of interest. Where appropriate, checklists condense and summarize
major points in the process. The checklists may be used to verify that every suggested step is

followed or to flag a condition in which specific documentation should explain why a step was
not needed.

Also included in the manual is a section titled Roadmap. The roadmap is designed to be used
with MARSSIM as a quick reference for users already familiar with the process of planning and
performing radiation surveys. The roadmap gives the user basic guidance, rules of thumb, and
references to sections in the manual containing detailed guidance.

MARSSIM, which is based on a graded approach, also contains a simplified procedure (see
Appendix B) that many users of radioactive materials may—with the approval of the responsible
regulatory agency—be able to employ to demonstrate compliance with the release criterion.

Sites that may qualify for simplified release procedures are those in which the radioactive
materials used were 1) of relatively short half-life (e.g., t,, < 120 days) and have since decayed to
insignificant quantities, 2) kept only in small enough quantities so as to be exempted or not
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requiring a speciﬁc license from a regulatory authority, 3) used or stored only in the form of non-
leaking sealed sources, or 4) combinations of the above.

1.3 Use of the Manual

Potential users of this manual are Federal, State, and local government agencies having authority
for control of radioactive environmental contamination; their contractors; and other parties, such
as organizations with licensed authority to possess and use radioactive materials. The manual is
intended for a technical audience having knowledge of radiation health physics and an
understanding of statistics as well as experience with the practical applications of radiation
protection.- An understanding of instrumentation and methodologies and expertise in planning,
approving, and implementing surveys of environmental levels of radioactive material is assumed.
This manual has been written so that individuals responsible for planning, approving, and '
implementing radiological surveys will be able to understand and apply the guidance provided
here. Certain situations and sites may require consultation with more experienced personnel.

MARSSIM provides guidance for conducting radiation surveys and site investigations. '

MARSSIM uses the word “should” as a recommendation, that ought not be interpreted as a

requirement. The reader need not expect that every recommendation in this manual will be taken %
literally and applied at every site. Rather, it is expected that the survey planning documentation i F
will address how the guidance will be applied on a site-specific basis.

As previously stated, MARSSIM supports implementation of dose- or risk-based regulations.
The translation of the regulatory dose limit to a corresponding concentration level is not
addressed in MARSSIM, so the guidance in this manual is applicable to a broad range of
regulations, including risk- or concentration-based regulations. The terms dose and dose-based
regulation are used throughout the manual, but these terms are not intended to limit the use of the’
manual.

Note that Federal or State agencies that can approve a demonstration of compliance may support
requirements that differ from what is presented in this version of MARSSIM . It is essential,
therefore, that the persons carrying out the surveys, whether they are conducting surveys in
accordance with the simplified approach of Appendix B or the full MARSSIM process, remain
in close communication with the proper Federal or State authorities throughout the compliance
demonstration process.
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1.4 Missions of the Federal Agencies Producing MARSSIM

MARSSIM is the product of a multi-agency workgroup with representatives from EPA, NRC,
DOE, and DOD. This section briefly describes the missions of the participating agencies.
Regulations and requn'ements governing site investigations for each of the agencies assoc1ated
with radiation surveys and site investigations are presented in Appendix C.

1.4.1 Environmental Protection Agency

The mission of the U.S. Environmental Protection Agency (EPA) is to improve and preserve the
quality of the environment, on both national and global levels. The EPA’s scope of
responsibility includes implementing and enforcing environmental laws, setting guidelines,
monitoring pollution, performing research, and promoting pollution prevention. EPA
Headquarters maintains overall planning, coordination, and control of EPA programs, and EPA’s
ten regional offices are responsible for executing EPA's programs within the boundaries of each

region. EPA also coordinates with, and supports research and development of, pollution control
activities carried out by State and local governments.

1.4.2 Nuclear Regulatory Commission

The mission of the U.S. Nuclear Regulatory Commission (NRC) is to ensure adequate protection
of public health and safety, the common defensé and security, and the environment in the use of
certain radioactive materials in the United States. The NRC's scope of responsibility includes
regulation of commercial nuclear power reactors; non-power research, test, and training reactors; -
fuel cycle facilities; medical, academic, and industrial uses of nuclear materials; and the ‘
transport, storage, and disposal of nuclear materials and waste. The Energy Reorganization Act
of 1974 and the Atomic Energy Act of 1954, as amended, provide the foundation for regulation
of the Nation's commercial use of radioactive materials.

1.4.3 Department of Energy

The mission of the Department of Energy (DOE) is to develop and implement a coordinated
national energy policy to ensure the availability of adequate energy supplies and to develop new
energy sources for domestic and commercial use. In addition, DOE is responsible for the

.development, construction and testing of nuclear weapons for the U.S. Military. DOE is also

responsible for managing the low- and high-level radioactive wastes generated by past nuclear
weapons and research programs and for constructing and maintaining a repository for civilian
radioactive wastes generated by the commercial nuclear reactors. DOE has the lead in
decontaminating facilities and sites previously used in atomic energy programs.
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1.4.4 Department of Defense

The global mission of the Department of Defense (DOD) is to provide for the defense of the
United States. In doing this, DOD is committed to protecting the environment. Each military
service has specific regulations addressing the use of radioactive sources and the development of
occupational health programs and radiation protection programs. The documents describing
these regulations are used as guidance in developing environmental radiological surveys within
DOD and are discussed in Appendix C. ~

Table 1.1 Scope of MARSSIM

Guidance MARSSIM provides technical Regulation MARSSIM does not set new '
guidance on conducting radiation regulations or non-technical issues
surveys and site investigations. - (e.g., legal or policy) for site

cleanup. Release criterion will be
provided rather than calculated using
MARSSIM.

Tool Box MARSSIM can be thought of as an | Tool Box Many topics are beyond the scope of e
extensive tool box with many MARSSIM, for example: g
components—some within the text -a public participation program o
of MARSSIM, others by reference. -packaging and transportation of

wastes for disposal
-decontamination and stabilization
techniques
-training

Measurement  The guidance given in MARSSIM is | Procedure The approaches suggested in
performance-based and directed MARSSIM vary depending on the
towards acquiring site-specific data. various site data needs—there are no

set procedures for sample collection,
measurement techniques, storage and

disposal established in MARSSIM.
Modeling The interface between environmental | Modeling Environmental pathway modeling
pathway modeling and MARSSIM is and ecological endpoints in
an important survey design , modeling are beyond the scope of
consideration addressed in MARSSIM.

MARSSIM.
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Table 1.1 Scope of MARSSIM (continued)

Soil and
Buildings

The two main media of interest in
MARSSIM are contaminated surface
soil and building surfaces.

Other Media

MARSSIM does not cover other
media, including construction
materials, equipment, subsurface
soil, surface or subsurface water,
biota, air, sewers, sediments or
volumetric contamination.

The focus of MARSSIM is on

the final status survey as this is the
deciding factor in judging if the site
meets the release criterion.

Materials or
Equipment

MARSSIM does not recommend
the use of any specific materials or
equipment-—there is too much
variability in the types of radiation
sites—this information will be in
other documents.

MARSSIM only considers
radiation-derived hazards.

Chemicals

MARSSIM does not deal with any

" hazards posed by chemical.

contamination.

Remediation
Method

MARSSIM assists users in
determining when sites are ready for
a final status survey and provides
guidance on how to determine if
remediation was successful.

MARSSIM does not discuss
selection and evaluation of remedial
alternatives, public involvement,
legal considerations, policy decisions
related to planning '

DQO
Process

MARSSIM presents a systemized
approach for designing surveys to
collect data needed for making
decisions such as whether or not to
release a site.

DQO
Process

MARSSIM does not provide
prescriptive or default values of
DQOs.

" December 1997

MARSSIM provides a set of

statistical tests for evaluating data

and lists alternate tests that may be
licable at specific sites.
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MARSSIM does not prescribe a
statistical test for use at all sites.
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2 OVERVIEW OF THE RADIATION SURVEY AND SITE
INVESTIGATION PROCESS

2.1 Introduction

This chapter provides a brief overview of the Radiation Survey and Site Investigation (RSSI)
Process, several important aspects of this Process, and its underlying principles. The concepts
introduced here are discussed in detail throughout the manual.

The purpose of MARSSIM is to provide a standardized approach to demonstrating compliance
with a dose- or risk-based regulation. Since most of the manual is based on general technical and
statistical concepts, much of the guidance can still be applied to other types of regulations or

standards. The purpose of this chapter is to provide the overview information required to
understand the rest of this manual.

~ Section 2.2 introduces and defines key terms used thronghout the manual. Some of these terms

may be familiar to the MARSSIM user, while others are new terms developed specifically for
this manual.

Section 2.3 describes the flow of information used to decide whether or not a site or facility
complies with a regulation. The section describes the framework that is used to demonstrate
compliance with a regulation, and is the basis for all guidance presented in this manual. The
decision-making process is broken down into four phases: 1) planning, 2) implementation,
3) assessment, and 4) decision making.

Section 2.4 introduces the Radiation Survey and Site Investigation Process, which can be used
for compliance demonstration at many sites. The section describes a series of surveys that
combine to form the core of this process. Each survey has specified goals and objectives to
support a final decision on whether or not a site or facility complies with the appropriate
regulations. Flow diagrams showing how the different surveys support the overall process are
provided, along with descriptions of the information provided by each type of survey.

Section 2.5 presents major considerations that relate to the decision-making and survey-design
processes. This section, as well as the examples discussed in detail throughout the manual,
focuses on residual radioactive contamination in surface soils and on building surfaces.

Recommended survey designs for demonstrating compliance are presented along with the
rationale for selecting these designs.

Section 2.6 recognizes that the methods presented in MARSSIM may not represent the optimal
survey design at all sites. Some alternate methods for applying the Radiation Survey and Site
Investigation process are discussed. Different methods for demonstrating compliance that are
technically defensible may be developed with the approval of the responsible regulatory agency.
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MARSSIM provides an approach that is technically defensible and flexible enough to be applied
to a variety of site-specific conditions. Applying this guidance to a dose- or risk-based regulation
provides a consistent approach to protecting human health and the environment. The manual’s
performance-based approach to decision making provides the flexibility needed to address
compliance demonstration at individual sites.

2.2 Understanding Key MARSSIM Terminology

The first step in understanding the Radiation Survey and Site Investigation (RSSI) Process is
accomplished by understanding the scope of this manual, the terminology, and the concepts set
forth. Some of the terms used in MARSSIM were developed for the purposes of this manual,
while other commonly used terms are also adopted for use in MARSSIM. This section explains
some of the terms roughly in the order of their presentation in the manual.

The process described in MARSSIM begins with the premise that a release criterion has already
been provided in terms of a measurement quantity. The methods presented in MARSSIM are
generally applicable and are not dependent on the value of the release criterion.

A release criterion is a regulatory limit expressed in terms of dose (mSv/y or mrem/y) or risk
(cancer incidence or cancer mortality). The terms release limit or cleanup standard are also used
to describe this term. A rclease criterion is typically based on the total effective dose equivalent
(TEDE), the committed effective dose equivalent (CEDE), risk of cancer incidence (morbidity),
or risk of cancer dcath (mortality) and generally cannot be measured directly. Exposure pathway
modeling is used to calculate a radionuclide-specific predicted concentration or surface area
concentration of specific nuclides that could result in a dose (TEDE or CEDE) or specific risk
equal to the release criterion. In this manual, such a concentration is termed the derived
concentration guideline level (DCGL). Exposure pathway modeling is an analysis of various
exposure pathways and scenarios used to convert dose or risk into concentration. In many cases
DCGLs can be obtained from responsible regulatory agency guidance based on default modeling
input parameters, whilc other users may elect to take into account site-specific parameters to
determine DCGLs. In general, the units for the DCGL are the same as the units for
measurements performed to demonstrate compliance (e.g., Bg/kg or pCi/g, Bq/m? or dpm/100

m?). This allows direct comparisons between the survey results and the DCGL. A discussion of
the uncertainty associated with using DCGLs to demonstrate compliance is included in Appendix
D, Section D.6.

An investigation level is a radionuclide-specific level based on the release criterion that, if
exceeded, triggers some rcsponse such as further investigation or remediation. An investigation
level may be used carly in decommissioning to identify areas requiring further investigation, and
may also be used as a screening tool during compliance demonstration to identify potential
problem areas. A DCGL is an example of a specific investigation level.
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While the derivation of DCGLs is outside the scope of MARSSIM, it is important to understand
the assumptions that underlie this derivation. The derivation assumptions must be consistent
with those used for planning a compliance demonstration survey. One of the most important
assumptions used for converting a dose or risk limit into a media-specific concentration is the
modeled area of contamination. Other considerations include sample depth, composition,
modeling parameters, and exposure scenarios. MARSSIM defines two potential DCGLs based
on the area of contamination.

[ If the residual radioactivity is evenly distributed over a large area, MARSSIM looks at the
average activity over the entire area. The DCGL' (the DCGL used for the statistical
tests, see Section 2.5.1.2) is derived based on an average concentration over a large area.

[ If the residual radioactivity appears as small areas of elevated activity? within a larger
area, typically smaller than the area between measurement locations, MARSSIM
considers the results of individual measurements. The DCGLp,, (the DCGL used for the
clevated measurement comparison (EMC), see Section 2.5.3 and Section 2.5.4) is derived .

separately for these small areas and generally from different exposure assumptions than
those used for larger areas.

A site is any installation, facility, or discrete, physiczilly separate parcel of land, or any building
or structurc or portion thereof, that is being considered for survey and investigation.

Area is a very general term that refers to any portion of a site, up to and including the entire site.

Decommissioning is the process of safely removing a site from service, reducing residual
radioactivity through remediation to a level that permits release of the property, and termination
of the liccnse or other authorization for site operation. Although only part of the process, the
term decommissioning is used in this sense for the Radiation Survey and Site Investigation
(RSSI) Process, and is used this way throughout MARSSIM.

' The “W" in DCGL,, stands for Wilcoxon Rank Sum test, which is the statistical test recommended in
MARSSIM for demonstrating compliance when the contaminant is present in background. The Sign test

recommended for demonstrating compliance when the contaminant is not present in background also uses the
DCGL,,.

2 A small area of elevated activity, or maximum point estimate of contamination, might also be referred to as a
“hot spot.” This term has been purposefully omitted from MARSSIM because the term often has different
meanings based on operational or local program concerns. As a result, there may be problems associated with
defining the term and reeducating MARSSIM users in the proper use of the term. Because these implications are
inconsistent with MARSSIM concepts, the term is not used.
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A survey unit is a physical area consisting of structure or land areas of specified size and shape
for which a separate decision will be made as to whether or not that area exceeds the release
criterion. This decision is made as a result of the final status survey—the survey in the RSSI
Process used to demonstrate compliance with the regulation or standard. The size and shape of
the survey unit are based on factors, such as the potential for contamination, the expected
distribution of contamination, and any physical boundaries (e.g., buildings, fences, soil type,
surface water body) at the site.

For MARSSIM, measurement is used interchangeably to mean: 1) the act of using a detector to
determine the level or quantity of radioactivity on a surface or in a sample of material removed
from a media being evaluated, or 2) the quantity obtained by the act of measuring. Direct
measurements are obtained by placing a detector near the media being surveyed and inferring the
radioactivity level directly from the detector response. Scanning is a measurement technique
performed by moving a portable radiation detector at a constant speed above a surface to semi-
quantitatively detect areas of elevated activity. Sampling is the process of collecting a portion of
an environmental medium as being representative of the locally remaining medium. The
collected portion, or aliquot, of the medium is then analyzed to identify the contaminant and
determine the concentration. The word sample may also refer to a set of individual
measurements drawn from a population whose properties are studied to gain information about
the entire population. This second definition of sample is primarily used for statistical
discussions.

To make the best use of resources for decommissioning, MARSSIM places greater survey efforts
on areas that have, or had, the highest potential for contamination. This is referred to as a graded
approach. The final status survey uses statistical tests to support decision making. These
statistical tests are performed using survey data from areas with common characteristics, such as
contamination potential, which are distinguishable from other areas with different characteristics.
Classification is the process by which an area or survey unit is described according to
radiological characteristics. The significance of survey unit classification is that this process
determines the final status survey design and the procedures used to develop this design.
Preliminary area classifications, made earlier in the MARSSIM Process, are useful for planning
subsequent surveys.

Areas that have no reasonable potential for residual contamination are classified as non-impacted
areas. These areas have no radiological impact from site operations and are typically identified
early in decommissioning. Areas with some potential for residual contamination are classified as
impacted areas.

Impacted areas are further divided into one of three classifications:
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o Class 1 Areas: Areas that have, or had prior to remediation, a potential for radioactive
contamination (based on site operating history) or known contamination (based on
previous radiation surveys) above the DCGLy,. Examples of Class 1 areas include:

1) site areas previously subjected to remedial actions’, 2) locations where leaks or spills
are known to have occurred, 3) former burial or disposal sites, 4) waste storage sites, and
5) areas with contaminants in discrete solid pieces of material and high specific activity.

° Class 2 Areas. Areas that have, or had prior to remediation, a potential for radipactive
contamination or known contamination, but are not expected to exceed the DCGLy, To
justify changing the classification from Class 1 to Class 2, there should be measurement
data that provides a high degree of confidence that no individual measurement would
exceed the DCGLy,. Other justifications for reclassifying an area as Class 2 may be
appropriate, based on site-specific considerations. Examples of areas that might be
classified as Class 2 for the final status survey include: 1) locations where radioactive
materials were present in an unsealed form, 2) potentially contaminated transport routes,
3) areas downwind from stack release points, 4) upper walls and ceilings of buildings or
rooms subjected to airborne radioactivity, 5) areas handling low concentrations of
radioactive materials, and 6) areas on the perimeter of former contamination control
areas.

] Class 3 Areas: Axiy impacted areas that are not expected to contain any residual
radioactivity, or are expected to contain levels of residual radioactivity at a small fraction
of the DCGL,,, based on site operating history and previous radiation surveys. Examples
of areas that might be classified as Class 3 include buffer zones around Class 1 or Class 2
areas, and areas with very low potential for residual contamination but insufficient
information to justify a non-impacted classification.

Class 1 areas have the greatest potential for contamination and therefore receive the highest
degree of survey effort for the final status survey using a graded approach, followed by Class 2,
and then by Class 3. Non-impacted areas do not receive any level of survey coverage because
they have no potential for residual contamination. Non-impacted areas are determined on a site-
specific basis. Examples of areas that wonld be non-impacted rather than impacted usually
include residential or other buildings that have or had nothing more than smoke detectors or exit
signs with sealed radioactive sources.

3 Remediated areas are identified as Class 1 areas because the remediation process often results in less than
100% removal of the contamination, even though the goal of remediation is to comply with regulatory standards and
protect human health and the environment. The contamination that remains on the site after remediation is often
associated with relatively small areas with elevated levels of residual radioactivity. This results in a non-uniform
distribution of the radionuclide and a Class 1 classification. If an area is expected to have no potential to exceed the
DCGLy, and was remediated to demonstrate the residual radioactivity is as low as reasonably achievable (ALARA),
the remediated area might be classified as Class 2 for the final status survey.
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If the radionuclide of potential concern is present in background, or if the measurement system
used to determine concentration in the survey unit is not radionuclide-specific, background

‘measurements are compared to the survey unit measurements to determine the level of residual

radioactivity. The background reference area is a geographical area from which representative
reference measurements are performed for comparison with measurements performed in specific
survey units. The background reference area is defined as an area that has similar physical,
chemical, radiological, and biological characteristics as the survey unit(s) being investigated but
has not been contaminated by site activities (i.e., non-impacted).

The process of planning the survey, implementing the survey plan, and assessing the survey
results prior to making a decision is called the Data Life Cycle. Survey planning uses the Data
Quality Objectives (DQO) Process to ensure that the survey results are of sufficient quality and
quantity to support the final decision. Quality Assurance and Quality Control (QA/QC)
procedures are performed during implementation of the survey plan to collect information
necessary to evaluate the survey results. Data Quality Assessment (DQA) is the process of
assessing the survey results, determining that the quality of the data satisfies the objectives of the
survey, and interpreting the survey results as they apply to the decision being made.

A systematic process and structure for quality should be established to provide confidence in the

quality and quantity of data collected to support decision making. The data used in decision
making should be supported by a planning document that records how quality assurance and
quality control are applied to obtain type and quality of results that are needed and expected.
There are several terms used to describe a variety of planning documents, some of which
document only a small part of the survey design process. MARRSIM uses the term Quality 1
Assurance Project Plan (QAPP) to describe a single document that incorporates all of the |
elements of the survey design. This term is consistent with consensus guidance ANSI/ASQC E4-
1994 (ASQC 1995) and EPA guidance (EPA 1994c; EPA 1997), and is recommended to
promote consistency. The use of the term QAPP in MARSSIM does not exclude the use of other
terms (e.g., Decommissioning Plan, Sampling and Analysis Plan, Field Sampling Plan) to
describe survey documentation provided the information included in the documentation supports
the objectives of the survey.

2.3 - Making Decisions Based on Survey Results

Compliance demonstration is simply a decision as to whether or not a survey unit meets the
release criterion. For most sites this decision is based on the results of one or more surveys.
When survey results are used to support a decision, the decision maker* needs to ensure that the

* The term decision maker is used throughout this section to describe the person, team, board, or committee
responsible for the final decision regarding disposition of the survey unit.
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data will support that decision with satisfactory confidence. Usually a decision maker will make
a correct decision after evaluating the data. However, since uncertainty in the survey results is
unavoidable, the possibility of errors in decisions supported by survey results is unavoidable. For
this reason, positive actions must be taken to manage the uncertainty in the survey results so that

sound, defensible decisions may be made. These actions include proper survey planning to
control known causes of uncertainty, proper application of quality control (QC) procedures

during implementation of the survey plan to detect and control significant sources of error , and

careful analysis of uncertainty before the data are used to support decision making. These
actions describe the flow of data throughout each type of survey, and are combined in the Data

Life Cycle as shown in Figure 2.1.

There are four phases of the Data Life Cycle:

Planning Phase. The survey design is
developed and documented using the
Data Quality Objectives (DQO) Process.
Quality assurance and quality control
(QA/QC) procedures are developed and
documented in the Quality Assurance

"Project Plan (QAPP). The QAPP is the

principal product of the planning process
which incorporates the DQOs as it
integrates all technical and quality aspects
for the life cycle of the project, including
planning, implementation, and
assessment. The QAPP documents
planning results for survey operations and
provides a specific format for obtaining
the type and quality of data needed for

" decision making. The QAPP elements

are presented in an order corresponding

- to the Data Life Cycle by grouping them

into two types of elements: 1) project
management; and 2) collection and
evaluation of environmental data (ASQC
1995). The DQO process is described in
Appendix D, and applied in Chapters 3,
4, and 5 of this manual. Development of
the QAPP is described in Section 9.2 and
applied throughout decommissioning.
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PLANNING PHASE

Plan for Data Collection using the
Data Quatity Objectives Process and
Devetop a Quality Assurance Project Plan

IMPLEMENTATION PHASE

Collect Data using Documentad Measurement Techniques and
Associated Quality Assurance and Quality Contro! Activities

ASSESSMENT PHASE

Evaluate the Collected Data Against the Survey Objectives using
Data Verfication, Data Validation, and Data Quality Assessment

DECISION-MAKING PHASE

. Figure 2.1 The Data Life Cycle
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® Implementation Phase. The survey design is carried out in accordance with the SOPs and
QAPP, resulting in the generation of raw data. Chapter 6, Chapter 7, and Appendix H
provide information on the selection of data collection techniques. The QA and QC
measurements, discussed in Chapter 6 and Chapter 7, also generate data and other
important information that will be used during the Assessment Phase.

L Assessment Phase. The data generated during the Implementation Phase are first verified
to ensure that the SOPs specified in the QAPP were actually followed and that-the
measurement systems performed in accordance with the criteria specified in the QAPP.
Then the data are validated to ensure that the results of data collection activities support
the objectives of the survey as documented in the QAPP, or permit a determination that
these objectives should be modified. The data quality assessment (DQA) process is then
applied using the validated data to determine if the quality of the data satisfies the data
user’s needs. Data verification and validation are described in Section 9.3, The DQA -
process is described in Appendix E and is applied in Chapter 8.

] Decision-Making Phase. A decision is made, in coordination with the responsible
regulatory agency, based on the conclusions drawn from the assessment process. The
ultimate objective is to make technically defensible decisions with a specified level of
confidence (Chapter 8).

2.3.1 Planning Effective Surveys-—Planning‘Phase

The first step in designing effective surveys is planning. The DQO Process is a series of
planning steps based on the scientific method for establishing criteria for data quality and
developing survey designs (ASQC 1995, EPA 1994a, EPA 1987b, EPA 1987c). Planning
radiation surveys using the DQO Process improves the survey effectiveness and efficiency, and
thereby the defensibility of decisions. This minimizes expenditures related to data collection by
eliminating unnecessary, duplicative, or overly precise data. Using the DQO Process ensures that
the type, quantity, and quality of environmental data used in decision making will be appropriate
for the intended application. MARSSIM supports the use of the DQO Process to design surveys
for input to both evaluation techniques (elevated measurement comparison and the statistical
test). The DQO Process provides systematic procedures for defining the criteria that the survey
design should satisfy, including what type of measurements to perform, when and where to
perform measurements, the level of decision errors for the survey, and how many measurements
to perform. '

The level of effort associated with planning a survey is based on the complexity of the survey.
Large, complicated sites generally receive a significant amount of effort during the planning
phase, while smaller sites may not require as much planning. This graded approach defines data
quality requirements according to the type of survey being designed, the risk of making a

MARSSIM 2-8 December 1997




Overview of the Radiation Survey and Site Investigation Process

decision error based on the data collected, and the consequences of making such an error. This

approach provides a more effective survey design combined with a basis for judging the usability
of the data collected. \

DQO:s are qualitative and quantitative statements derived from the outputs of the DQO Process
that:

clarify the study objective

define the most appropriate type of data to collect

determine the most appropriate conditions for collecting the data

specify limits on decision errors which will be used as the basis for estabhshmg the
quantity and quallty of data needed to support the decision

The DQO Process consists of seven steps, as shown in Figure 2.2. Each step is discussed in
detail in Appendix D. While all of the outputs of the DQO Process are important for designing
efficient surveys, there are some that are referred to throughout the manual. These DQOs are
mentioned briefly here, and are discussed in detail throughout MARSSIM and in Appendix D.

The minimum infdrmaﬁon (outputs) required from the DQO Process to proceed with the
methods described in MARSSIM are:

° classify and specify boundaries of survey units: this can be accomplished at any time, but
: must be finalized during final status survey planning (Section 4.4, Section 4.6)
] state the null hypothesis (H,): the residual radioactivity in the survey unit exceeds the
release criterion (Section 2.5, Appendix D, Section D.6)
° specify a gray region where the consequences of decision errors are relatively minor: the

upper bound of the gray region is defined as the DCGLy,, and the lower bound of the gray
region (LBGR) is a site-specific variable generally initially selected to equal one half the
- DCGL,, and adjusted to provide an acceptable value for the relative shift (Section 5.5.2.2,

Section 5.5.2.3, Appendix D, Section D.6)

L define Type I and Type II decision errors and assign probability limits for the occurrence
of these errors: the probability of making a Type I decision error (&) or-a Type II decision
error (P) are site-specific variables (Section 5.5.2.2, Section 5.5.2.3, Appendix D,
Section D.6)

® estimate the standard deviation of the measurements in the survey unit: the standard
deviation (o) is a site-specific variable, typically estimated from preliminary survey data
(Section 5.5.2.2, Section 5.5.2.3)

® - specify the relative shift: the shift (A) is equal to the width of the gray region
(DCGL,, - LBGR), and the relative shift is defined as A/a, which is generally designed to
have a value between one and three (Section 5.5.2.2, Section 5.5.2.3)
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STEP 1: STATE THE PROBLEM
STEP 2: IDENTIFY THE DECISION

v

STEP 3: IDENTIFY INPUTS TO THE DECISION STEP 7:
OPTIMIZE THE
‘ ' DESIGN FOR
STEP 4: DEFINE THE STUDY BOUNDARIES OBTAINING DATA
STEP 5: DEVELOP A DECISION RULE
STEP 6: SPECIFY LIMITS ON DECISION ERRORS
: [
Figure 2.2 The Data Quality Objectives Process
° specify the detection limit for all measurement techniques (scanning, direct measurement,

and sample analysis) specified in the QAPP: the minimum detectable concentration
(MDC) is unique for each measurement system (Section 6.7)

° calculate the estimated number of measurements (N) and specify the measurement
locations required to demonstrate compliance: the number of measurements depends on
the relative shift (A/c), Type I and Type II decision error rates (« and ), the potential for
small areas of elevated activity, and the selection and classification of survey units
(Section 5.5.2.2, Section 5.5.2.3)

] specify the documentation requirements for the survey, including survey planning }
documentation: documentation supporting the decision on whether or not the site |
complies with the release criterion is determined on a site-specific basis (Appendix N,

Section N.2)

MARSSIM .2-10 December 1997

%




Overview of the Radiation Survey and Site Investigation Process

In addition to DQOs, values for the Data Quality Indicators (DQIs) should also be established
and recorded during the planning stage. Where DQOs include performance measures and goals
in relation to a specific intended use of the data, DQIs quantify the amount of error in the data
collection process and the analytical measurement system regardless of how the data may be used
(EPA 1997). Precision, bias, accuracy, representativeness, comparability, and completeness are
the DQIs recommended for quantifying the amount of error for survey data. These DQIs are
discussed in detail in Appendix N, Section N.6.

2.3.2 Estimating the Uncertainty in Survey Results—Implementation Phase

To encourage flexibility and the use of optimal measurement techniques for a specific site,
MARSSIM does not provide detailed guidance on specific techniques. Instead, MARSSIM
encourages the decision maker to evaluate available techniques based on the survey objectives.
Guidance on evaluating these objectives, such as detection limit, is provided.

QC programs can both lower the chances of making an incorrect decision and help the data user
understand the level of uncertainty that surrounds the decision (EPA 1997). As discussed
previously, QC data are collected and analyzed during implementation to provide an estimate of
the uncertainty associatcd with the survey results. QC measurements (scans, direct
measurements, and samples) are technical activities performed to measure the attributes and
performance of the survey. During any survey, a certain number of measurements should be

‘taken for QC purposes.

2.3.3 Interpreting Survey Resdts;Asswsment Phase

~ Assessment of environmental data is used to evaluate whether the data meet the objectives of the

survey and whether the data are sufficient to determine compliance with the DCGL (EPA 1992a,
EPA 1992b, EPA 1996a). The assessment phase of the Data Life Cycle consists of three phases:
data verification, data validation, and Data Quality Assessment (DQA).

Data verification is used to ensure that the requirements stated in the planning documents are
implemented as prescribed (see Section 9.3). Data validation is used to ensure that the results of
the data collection activities support the objectives of the survey as documented in the QAPP, or
permit a determination that these objectives should be modified (see Section 9.3 and

Appendix N). Data quality assessment (DQA) is the scientific and statistical evaluation of data
to determine if the data are of the right type, quality, and quantity to support their intended use
(EPA 1996a). DQA helps complete the Data Life Cycle by providing the assessment needed to
determine that the planning objectives are achieved (see Section 8.2). Figure 2.3 illustrates

where data verification, data validation, and DQA fit into the Assessment Phase of the Data Life
Cycle. '
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ere are five's in the DQA Process:
There ve steps in the DQ s / - / °°g;';:{,§§;':g':;°° /
] Review the DQOs and Survey Design
° Conduct a Preliminary Data Review INPUTS
o Select the Statistical Test
° Verify the Assumptions of the DATA VALIDATION AND VERIFICATION

Statistical Test « Verify Measurement Performance
® Draw Conclusions from the Data * Verify Measurement Procedures and Reporting
The strength of DQA is its design that ourrut
progresses in a logical and efficient manner to
promote an understanding of how well the data / VALIDATED AND VERIFIED DATA ]
meet the intended use. The Assessment
Phase is described in more detail in Appendix INPUT
E. Section 2.6 discusses the flexibility of the DATA QUALITY ASSESSMENT
Data Life Cycle and describes the use of
survey designs other than those described later " Roview DADs and et e
in MARSSIM. ' « Select Statistical Test
» Varify Assumptions of the Statistical Test
) » Draw Condlusions from the Data
23.4 Uncertainty in Survey Results - -
ourPUT L

Uncertainty in survey results arises primarily
from two sources: survey design errors and / CONCLUSIONS DRAWN FROM DATA /
measurement errors. Survey design errors
occur when the survey design is unable to Figure 2.3 The Assessment Phase of the
capture the complete extent of variability that "~ Data Life Cycle

exists for the radionuclide distribution in a

survey unit. Since it is impossible in every situation to measure the residual radioactivity at
every point in space and time, the survey results will be incomplete to some degree. It is also
impossible to know with complete certainty the residual radioactivity at locations that were not
measured, so the incomplete survey results give rise to uncertainty. The greater the natural or
inherent variation in residual radioactivity, the greater the uncertainty associated with a decision
based on the survey results. The unanswered question is: “How well do the survey results
represent the true level of residual radioactivity in the survey unit?”

Measurement errors create uncertainty by masking the true level of residual radioactivity and
may be classified as random or systematic errors. Random errors affect the precision of the
measurement system, and show up as variations among repeated measurements. Systematic
errors show up as measurements that are biased to give resuits that are consistently higher or
lower than the true value. .Measurement uncertainty is discussed in Section 6.8.
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MARSSIM uses the Data Life Cycle to control and estimate the uncertainty in the survey results
on which decisions are made. Adequate planning should minimize known sources of
uncertainty. QC data collected during implementation of the survey plan provide an estimate of
the uncertainty. Statistical hypothesis testing during the assessment phase provides a level of
confidence for the final decision. There are several levels of decisions included within each
survey type. Some decisions are quantitative, based on the numerical results of measurements
performed during the survey. Other decisions are qualitative based on the available evidence and

best professional judgment. The Data Life Cycle can and should be applied consistently to both
types of decisions. '

2.3.5 Reporting Survey Results

The process of reporting survey results is an important consideration in planning the survey.

Again, the level of effort for reporting should be based on the complexity of the survey. A

simple survey with relatively few results may specify a single report, while a more complicated

survey may specify several reports to meet the objectives of the survey. Reporting requirements

for individual surveys should be developed during planning and clearly documented in the ‘
-QAPP. These requirements should be developed with cooperation from the people performing

the analyses (e.g., the analytical laboratory should be consulted on reporting results for samples).

The Health Physics Society has developed several suggestions for reporting survey results

(EPA 1980c). These suggestions include:

® Report the actual result of the analysis. Do not report data as “less than the detection
limit.” Even negative results and results with large uncertainties can be used in the -
statistical tests to demonstrate compliance. Results reported only as “<MDC” cannot be
fully used and, for example, complicate even such simple analyses as calculating an
average. While the nonparametric tests described in Section 8.3 and Section 8.4 can
accommodate as much as 40% of the results as non-detects, it is better to report the actual
results and avoid the possibility of exceeding this limit.

® Report results using the correct units and the correct number of significant digits. The
choice of reporting results using SI units (e.g., Bq/kg, Bq/m? or conventional units
(e.g., pCi/g, dpm/100 cm?) is made on a site-specific basis. Generally, MARSSIM
recommends that all results be reported in the same units as the DCGLs. Sometimes the
results may be more convenient to work with as counts directly from the detector. In
these cases the user should decide what the appropriate units are for a specific survey
based on the survey objectives. The user should also report the correct number of
significant digits as described in EPA 1980c.
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® Report the measurement uncertainty for every analytical result or series of results, such as
for a measurement system. This uncertainty, while not directly used for demonstrating
compliance with the release criterion, is used for survey planning and data assessment
throughout the Radiation Survey and Site Investigation Process. In addition, the
uncertainty is used for evaluating the performance of measurement systems using QC
measurement results (as described in Section 6.2 for scans and direct measurements, and
in Section 7.2 for laboratory analysis of samples). The uncertainty is also used for
comparing individual measurements to the action level, which is especially important in
the early stages of decommissioning (scoping, characterization, and remedial action
support surveys described in Section 2.4) when decisions are made based on a limited
number of measurements. Section 6.8 discusses methods for calculating the
measurement uncertainty.

L Report the minimum detectable concentration (MDC) for the measurement system as well
as the method used to calculate the MDC. The MDC is an a priori estimate of the
capability for detecting an activity concentration with a specific measurement system
(EPA 1980c). As such, this estimate is valuable for planning and designing radiation
surveys. Optimistic estimates of the MDC (calculated using ideal conditions that may not
apply to actual measurements) overestimate the ability of a technique to detect residual
radioactivity, especially when scanning for alpha or low-energy beta radiations. This can
invalidate survey results, especially for scanning surveys. Using a more realistic MDC, as
described in Scction 6.7, during scoping and characterization surveys helps in the proper
classification of survey units for final status surveys and minimizes the possibility of
designing and performing subsequent surveys because of errors in classification.
Estimates of the MDC that minimize potential decision errors should be used for planning
surveys.

Reporting requircments for individual surveys should be developed during planning and clearly
documented in the QAPP.

2.4 Radiation Survey and Site Investigation Process

The Data Life Cyclc discussed in Section 2.3 is the basis for the performance-based guidance in
MARSSIM. As a framework for collecting the information required for demonstrating
compliance identificd using thc DQO Process, MARSSIM recommends using a series of surveys.
The Radiation Survey and Site Investigation (RSSI) Process is an example of a series of surveys
designed to demonstrate compliance with a dose- or risk-based regulation for sites with
radioactive contamination. ’
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There are six principal steps in the RSSI Process:

Site Identification

Historical Site Assessment
Scoping Survey

Characterization Survey
Remedial Action Support Survey
Final Status Survey

Table 2.1 provides a simplified overview of the principal steps in the RSSI process and how the
Data Life Cycle can be used in an iterative fashion within the process. Each of these steps is
briefly described in the Sections 2.4.1 through 2.4.6, and described in more detail in Chapter 3
and Chapter 5. In addition, there is a brief description of regulatory agency confirmation and
verification (see Section 2.4.7). Because MARSSIM focuses on demonstrating compliance with
a release criterion, specifically through the use of a final status survey, these surveys have
additional objectives that are not fully discussed in MARSSIM (e.g., health and safety of
workers, supporting selection of values for exposure pathway model parameters).

Figure 2.4 illustrates the Radiation Survey and Site Investigation Process in terms of area
classification, and lists the major decision to be made for each type of survey. The flowchart
demonstrates one method for quickly estimating the survey unit classification early in the
MARSSIM Process based on limited information. While this figure shows the relationship
between arca classification and survey unit classification along with the major decision points
that determine classification, this illustration is not designed to-comprehensively consider every
possibility that may occur at individual survey units. As such, it is a useful tool for visualizing
the classification process, but there are site-specific characteristics that may cause variation from
this scheme. '

The flowchart, illustrated in Figures 2.5 through 2.8, presents the principal steps and decisions in
the site investigation process and shows the relationship of the survey types to the overall
asscssment process. As shown in these figures, there are several sequéntial steps in the site
investigation process and each step builds on information provided by its predecessor. Properly
applying each sequential step in the RSSI Process should provide a high degree of assurance that
the release criterion has not been exceeded.
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Table 2.1 The Data Life Cycle used to Support the
Radiation Survey and Site Investigation Process

Site Identification Provides information on identifying potential radiation
sites (Section 3.3)
Historical Site Historical Site'.  Plan Provides information on collecting and assessing
Assessment Assessment Implement | existing site data (Sections 3.4 through 3.9) and
Data Life Cycle  Assess potential sources of information (Appendix G)
Decide
Scoping Survey Scoping Data Plan Discusses the purpose and general approach for
Life Cycle Implement | performing scoping surveys, especially as sources of
Assess information when planning final status surveys (Section
Decide 52)
Characterization Characterization Plan Discusses the purpose and general approach for
Survey Data Life Cycle Implement | performing characterization surveys, especially as
Assess sources of information when planning final status’
Decide surveys (Section 5.3)
Remedial Action Remedial Plan Discusses the purpose and general approach for
Support Survey Action Data Implement | performing remedial action support surveys, especially
Life Cycle Assess as sources of information when planning final status
Decide surveys (Section 5.4)
Final Status Survey | Final Status Plan. Provides detailed guidance for planning final status
Data Life Cycle Implement | surveys (Chapter 4 and Section 5.5), selecting
Assess measurement techniques (Chapter 6, Chapter 7, and
Decide Appendix H), and assessing the data collected during
final status surveys (Chapter 8 and Chapter 9)

2.4.1 Site Identification

The identification of known, likely, or potential sites is generally easily accomplished, and is
typically performed before beginning decommissioning. Any facility preparing to terminate an
NRC or agreement state license would be identified as a site. Formerly terminated NRC licenses
may also become sites for the EPA Superfund Program. Portions of military bases or DOE
facilities may be identified as sites based on records of authorization to possess or handle

-radioactive materials. In addition, information obtained during the performance of survey

activities may identify additional potential radiation sites related to the site being investigated.
Information on site identification is provided in Section 3.3.
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Figure 2.4 The Radiation Survey and Site Investigation Process

December 1997

of Exceeding the
DCGL,, Small?

Yes

is the Probability
of Exceeding the
DCGLyc Smali?

Yes

There Suffictent
Information to Support
Classification as

Yes ( Class 2 Fina) Status)
Survey

in Terms of Area Classification

2-17

MARSSIM



Overview of the Radiation Survey and Site Investigation Process

Site ldentification

Suryey Objectives

1) ldentily potential sources of contamination
2) Determine whether or not sites pose a threat
to human health and the environment

3) Ditferentiate impacted from non-impacted

Design Historical Site areas
Assessment (HSA) 4) Provide input to scoping and characterization
» Using Data Quality suivey designs

. X B) Provide an assessment of the likelihood of
Objectives (DQO) contaminant migration

Process 6) Identily additionat potential radiation gites
related to the site being investigated

Reassess DQOs Perform HSA

4

Validate Data
and Assess
Data Quality

Are the DQOs
Satisfied?

Document Findings
No Supporting Non-Impacted
Classification

Is the Area
Impacted?

‘ y

Yes/Unknown L
Decision to

Release Area

Area Previously

Remediated and
Currently Poses Low
Human Health
Risk?

Provide Documentation
Yes Sufficent to Demonstrate
Compliance

No

Y

Document To Figure

Findings of HSA / 2.6

Figure 2.5 The Historical Site Assessment Portion of the
Radiation Survey and Site Investigation Process
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From
Figure 2.5

Design Scoping Survey

! - Pian Using
DQO Process

Scoping Survey

Reassess DQOs I Perform I

*

No

Are the DQOs
Satistied?

December 1997

Validate Data and
Assess Data Quality

There Sufficient
Information to Support
Classification as
Class 3?

. Yes

i

Document Findings
Supporting Class 3
Classification

To Figure
2.8

Survey Objectives

1) Perform a preliminary hazard
assessment

2) Support classificatlon of all or par
of the site as a Class 3 area

3) Evaluate whother survey plan can
be oplimlzed for use in ’
cheracterization or final status survey
4) Provide input 10 the
characterization survey design

To Figure
No/Unknown ——» 2.7

Figure 2.6 The Scoping Survey Portion of the
Radiation Survey and Site Investigation Process
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From
Figure 2.6
Sutyey Qblactives
1) Determine the nature and extent of
the contamination
Design 2) Evaluate remedial alternatives snd
Characterization technologies
N 3) Evalvate whother survey plan can be
Survey Plan Using |optimized tor use in the tinal status
DQO Process survey
4) Provide Input to the tinal status suivey
design
Y
Perform
Reassess DQOs Characterization .
Survey
3
No
Y
Validate Data
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Data Quality
Yes Determine Remedial
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Perform Remedial
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Remedial Action
Support Survey Indicate
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* The point where sutvey units that fail to demonstrate compliance in the final status survey in Figure 2.8 re-eater the process

Figure 2.7 The Characterization and Remedial Action Support Survey Portion
of the Radiation Survey and Site Investigation Process
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From Figure
2 6 and
Figure
27

Design Final Status Survey
Ptan Using DQO Process

Survey Objectives
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* Connects with the Remedial Action Support Survey portion of the process in Figure 2.7

Figure 2.8 The Final Status Survey Portion of the
Radiation Survey and Site Investigation Process
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2.4.2 Historical Site Assessment

The primary purpose of the Historical Site Assessment (HSA) is to collect existing information
concerning the site and its surroundings.

The primary objectives of the HSA are to:

identify potential sources of contamination

determine whether or not sites pose a threat to human health and the environment
differentiate impacted from non-impacted areas

provide input to scoping and characterization survey designs

provide an assessment of the likelihood of contaminant migration

identify additional potential radiation sites related to the site being investigated

The HSA typically consists of three phases: identification of a candidate site, preliminary
investigation of the facility or site, and site visits or inspections. The HSA is followed by an
evaluation of the site based on information collected during the HSA.

24.3 Scoping Survey

If the data collected during the HSA indicate an area is impacted, a scoping survey could be
performed. Scoping surveys provide site-specific information based on limited measurements.

The primary objectives of a scoping survey are to:

® perform a preliminary hazard assessment
[ support classification of all or part of the site as a Class 3 area
® evaluate whether the survey plan can be optimized for use in the characterization or final
' status surveys
] provide data to complete the site prioritization scoring process (CERCLA and RCRA
sites only)
] provide input to the characterization survey design if necessary

Scoping surveys are conducted after the HSA is completed and consist of judgment
measurements based on the HSA data. If the results of the HSA indicate that an area is Class 3
and no contamination is found, the area may be classified as Class 3 and a Class 3 final status
survey is performed. If the scoping survey locates contamination, the area may be considered as
Class 1 (or Class 2) for the final status survey and a characterization survey is typically
performed. Sufficient information should be collected to identify situations that require
immediate radiological attention. For sites where the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) requirements are applicable, the scoping survey
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should collect sufficient data to complete the Hazard Ranking System (HRS) scoring process.
For sites where the Resource Conservation and Recovery Act (RCRA) requirements are
applicable, the scoping survey should collect sufficient data to complete the National Corrective
Action Prioritization System (NCAPS) scoring process. Sites that meet the National
Contingency Plan (NCP) criteria for a removal should be referred to the Superfund removal
program (EPA 1988c). A comparison of MARSSIM guidance to CERCLA and RCRA
requirements is provided in Appendix F.

2.4.4 Characterization Survey

If an area could be classified as Class 1 or Class 2 for the final status survey, based on the HSA
and scoping survey results, a characterization survey is warranted. The characterization survey is
planned based on the HSA and scoping survey results. This type of survey is a detailed -
radiological environmental characterization of the area.

The primary objectives of a characterization survey are to:

® determine the nature and extent of the contamination :

[ collect data to support evaluation of remedial alternatives and technologies

L evaluate whether the survey plan can be optimized for use in the final status survey

® support Remcdial Investigation/Feasibility Study requirements (CERCLA sites only) or
Facility Investigation/Corrective Measures Study requirements (RCRA sites only)

L provide input to the final status survey design

The characterization survey is the most comprehensive of all the survey types and generates the
most data. This includes prcparing a reference grid, systematic as well as judgment
measurements, and surveys of different media (e.g., surface soils, interior and exterior surfaces of
buildings). The dccision as to which media will be surveyed is a site-specific dec1s1on addressed
throughout the Radiation Survey and Site Investigation Process.

24.5 Remedial Action Support Survey
If an area is adequatcly charactcrized and is contaminated above the derived concentration

guideline levels (DCGLs), a dccontamination plan should be prepared. A remedial action

support survey is performed while remediation is being conducted, and guides the cleanup in a
real-time mode.

Remedial action support surveys are conducted to:

L support remediation activities
° determine when a site or survey unit is ready for the final status survey
December 1997 2-23 MARSSIM
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L provide updated estimates of site-specific parameters used for plannmg the final status
survey

This manual does not provide guidance on the routine operational surveys used to support
remediation activities. The determination that a survey unit is ready for a final status survey
following remediation is an important step in the RSSI Process. In addition, remedial activities
result in changes to the distribution of contamination within the survey unit. For most survey
units, the site-specific parameters used during final status survey planning (e.g., variability in the
radionuclide concentration, probability of small areas of elevated activity) will need to be re-
established following remediation. Obtaining updated values for these critical parameters should
be considered when planning a remedial action support survey.

2.4.6 Final Status Survey

The final status survey is used to demonstrate compliance with regulations. This type of survey-
is the major focus of this manual.

The primary objectives of the final status survey are to:

L select/verify survey unit classification

L demonstrate that the potential dose or risk from residual contamination is below the
release criterion for each survey unit

L demonstrate that the potential dose or risk from small areas of elevated activity is below

the release criterion for each survey unit

The final status survey provides data to demonstrate that all radiological parameters satisfy the
established guideline values and conditions.

Although the final status survey is discussed as if it were an activity performed at a single stage
of the site investigation process, this does not have to be the case. Data from other surveys
conducted during the Radiation Survey and Site Investigation Process—such as scoping,
characterization, and remedial action support surveys—can provide valuable information for
planning a final status survey provided they are of sufficient quality.

Professional judgment and biased sampling are important for locating contamination and
characterizing the extent of contamination at a site. However, the MARSSIM focus is on
planning the final status survey which utilizes a more systematic approach to sampling.
Systematic sampling is based on rules that endeavor to achieve the representativeness in
sampling consistent with the application of statistical tests.
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2.4.7 Regulatory Agency Confirmation and Verification

The regulatory agency responsible for the site often confirms whether the site is acceptable for
release. This confirmation may be accomplished by the agency or an impartial party. Although
some actual measurements may be performed, much of the work required for confirmation and
verification will involve evaluation and review of documentation and data from survey activities.
The evaluation may include site visits to observe survey and measurement procedures or split-
sample analyses by the regulatory agency's laboratory. Therefore, accounting for confirmation
and verification activities during the planning stages is important to each type of survey. In some
cases, post-remedial sampling and analysis may be performed by an impartial party. The review
of survey results should include verifying that the data quality objectives are met, reviewing the
analytical data used to demonstrate compliance, and verifying that the statistical test results
support the decision to release the site. Confirmation and verification are generally ongoing
processes throughout the Radiation Survey and Site Investigation (RSSI) Process.

2.5 Demonstrating Compliance With a Dose- or Risk-Based Regulation

MARSSIM presents a process for demonstrating compliance with a dose- or risk-based
regulation. The RSSI Process provides flexibility in planning and performing surveys based on
site-specific considerations. A dose- or risk-based regulation usually allows one to take into
account radionuclide and site-specific differences.

The final status survey is designed to demonstrate compliance with the release criterion. The -
earlier surveys in the RSSI Process are performed to support decisions and assumptions used in
the design of the final status survey. These preliminary surveys (e.g., scoping, characterization)
may have other objectives in addition to compliance demonstration that need to be considered
during survey planning that are not fully discussed in this manual. For this reason MARSSIM
focuses on final status survey design. To allow maximum flexibility in the survey design,
MARSSIM provides guidance on designing a survey using the RSSI Process. This allows users
with few resources available for planning to develop an acceptable survey design. The rationale
for the development of the guidance in MARSSIM is presented in the following sections. Users
with available planning resources are encouraged to investigate alternate survey designs for site-
specific applications using the information provided in Section 2.6.

2.5.1 The Decision to Use Statistical Tests

The objective of compliance demonstration is to provide some level of confidence that the
release criterion is not exceeded. As previously stated, 100% confidence in a decision cannot be
proven because the data always contain some uncertainty. The use of statistical methods is

necessary to provide a quantitative estimate of the probability that the release criterion is not
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e

exceeded at a particular site. Statistical methods provide for specifying (controlling) t'he.
probability of making decision errors and for extrapolating from a set of measurements to the
entire site in a scientifically valid fashion (EPA 1994b).

Clearly stating the null hypothesis is necessary before a statistical test can be performed. The
null hypothesis recommended for use in MARSSIM is: “The residual radioactivity in the survey
unit exceeds the release criterion.” This statement directly addresses the issue of compliance
demonstration for the regulator and places the burden of proof for demonstrating compliance on
the site owner or responsible party. The statistical tests are only applied at sites that were
subjected to an Historical Site Assessment (HSA). At 'this point, the results of the HSA have
been reviewed and the site is determined to be impacted based on existing data and professional
judgment as described in Chapter 3. An impacted site, by definition, is expected to contain areas
of contamination, so this statement of the null hypothesis is reasonable for these sites.

The information needed to perform a statistical test is determined by the assumptions used to
develop the test. MARSSIM recommends the use of nonparametric statistical tests because these
tests use fewer assumptions, and consequently require less information to verify these
assumptions. The tests described in MARSSIM (see Chapter 8) are relatively easy to understand
and implement comparcd to other statistical tests.

Site conditions can also affect the selection of statistical tests. The distribution of contamination &
is of particular concern at sites with residual radioactivity. Is the contamination distributed
uniformly, or is it located in small areas of elevated activity? Is the residual radioactivity present
as surface, volumetric, or subsurface contamination? To demonstrate the use of the RSSI
Process at radiation sites, MARSSIM addresses only surface soil and building surfaces for the
final status survey to demonstrate compliance. This represents a situation that is expected to
commonly occur at sites with radioactive contamination, and allows the survey design to take
into account the ability to dircctly measure surface radioactivity using scanning techniques.
Other contaminated media may be identified during the HSA or preliminary surveys (i.e.,
scoping, characterization, remedial action support). If other contaminated media (e.g.,
subsurface contamination, volumetric contamination of building materials) are identified,
methodologies for demonstrating compliance other than those described in this manual may need
to be developed or evaluated. Situations where scanning techniques may not be effective (e.g.,
volumetric or subsurface contamination) are discussed in existing guidance (EPA 1989a, EPA
1994b, EPA 1994d).
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2.5.1.1 Small Areas of Elevated Activity

While the development of DCGLs is outside the scope of MARSSIM, this manual assumes that
DCGLs will be developed using exposure pathway models which in turn assume a relatively
uniform distribution of contamination. While this represents an ideal situation, small areas of
elevated activity are a concern at many sites.

MARSSIM addresses the concern for small areas of elevated activity by using a simple
comparison to an investigation level as an alternative to statistical methods. Using the elevated
measurcment comparison (EMC) represents a conservative approach, in that every measurement
needs to be below the action level. The investigation level for this comparison is called the
DCGLgyc, which is the DCGLy modified to account for the smaller area. This area factor
correction (discussed in Section 5.5.2.4) is considered to be a defensible modification because
the exposure assumptions (e.g., exposure time and duration) are the same as those used to
develop the DCGLy,. In the case of multiple areas of elevated activity in a survey unit, a posting
plot (discusscd in Section 8.2.2.2) or similar representation of the distribution of activity in the
survey unit can be used to determine any pattern in the location of these areas.

If elevated levels of residual radioactivity are found in an isolated area, in addition to residual
radioactivity distributed relatively uniformly across the survey unit, the unity rule (Section 4.3.3)
can be used to ensure that the total dose or risk meets the release criterion. If there is more than
one of these areas, a separate term should be included in the calculation for each area of elevated
activity. As an alternative to the unity rule, the dose or risk due to the actual residual
radioactivity distribution can be calculated if there is an appropriate exposure pathway model
available. Note that these considerations generally only apply to Class 1 survey units, since areas
of elevated activity should not be present in Class 2 or Class 3 survey units.

2.5.1.2 Relatively Uniform Distribution of Contamination

As discussed previously, the development of a-DCGL starts with the assumption of a relatively
uniform distribution of contamination. Some variability in the measurements is expected. This
is primarily duc to a random spatial distribution of contamination and uncertainties in the
measurement process. The arithmetic mean of the measurements taken from such a distribution
would represent the parameter of interest for demonstrating compliance.

Whether or not the radionuclide of concern is present in background determines the form of the
statistical test. The Wilcoxon Rank Sum (WRS) test is recommended for comparisons of survey
unit radionuclide concentrations with background. When the radionuclide of concern is not
present in background, the Sign test is recommended. Instructions on performing these tests are
provided in Section 8.3 and Section 8.4.
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The WRS and Sign tests are designed to determine whether or not the level of residual activity
uniformly distributed throughout the survey unit exceeds the DCGLy,. Since these methods are
based on ranks, the results are generally expressed in terms of the median. When the underlying
measurement distribution is symmetric, the mean is equal to the median. When the underlying
distribution is not symmetric, these tests are still true tests of the median but only approximate
tests of the mean. However, numerous studies show that this is a fairly good approximation
(Hardin and Gilbert, 1993). The assumption of symmetry is less restrictive than that of normality
because the normal distribution is itself symmetric. If, however, the measurement distribution is
skewed to the right, the average will generally be greater than the median. In severe cases, the
average may exceed the DCGL,, while the median does not. For this reason, MARSSIM
recommends comparing the arithmetic mean of the survey unit data to the DCGL, as a first step
in the interpretation of the data (see Section 8.2.2.1).

The WRS test is a two-sample test that compares the distribution of a set of measurements in a
survey unit to that of a set of measurements in a reference area. The test is performed by first
adding the value of the DCGLy, to each measurement in the reference area. The combined set of
survey unit data and adjusted reference area data are listed, or ranked, in increasing numerical

-order. If the ranks of the adjusted reference site measurements are significantly higher than the

ranks of the survey unit measurements, the survey unit demonstrates compliance with the release
criterion.

The Sign test is a one-sample test that compares the distribution of a set of measurements in a
survey unit to a fixed value, namely the DCGL,,. First, the value for each measurement in the
survey unit is subtracted from the DCGLy,. The resulting distribution is tested to determine if the
center of the distribution is greater than zero. If the adjusted distribution is significantly greater
than zero, the survey unit demonstrates compliance with the release criterion.

Guidance on performing the statistical tests and presenting graphical representations of the data
is provided in Chapter 8 and Appendix 1.

2.5.2 Classification

Classifying a survey unit is crucial to the survey design because this step determines the level of
survey effort based on the potential for contamination. Areas are initially classified as impacted
or non-impacted based on the results of the HSA. Non-impacted areas have no reasonable
potential for residual contamination and require no further evidence to demonstrate compliance
with the release criterion. When planning the final status survey, impacted areas may be further
divided into survey units. If a survey unit is classified incorrectly, the potential for making
decision errors increases. For this reason, all impacted areas are initially assumed to be Class 1.
Class 1 areas require the highest level of survey effort because they are known to have
contaminant concentrations above the DCGLy,, or the contaminant concentrations are unknown.
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Information indicating the potential or known contaminant concentration is less than the DCGL,,
can be used to support re-classification of an area or survey unit as Class 2-or Class 3.

There is a certain amount of information necessary to demonstrate compliance with the release
criterion. The amount of this information that is available and the level of confidence in this
information is reflected in the area classification. The initial assumption for affected areas is that

'none of the necessary information is available. This results in a default Class 1 classification.

This corresponds with the statement of the null hypothesis that the survey unit is contaminated,
and represents the most efficient case for the regulator. For this reason, the recommendations for
a Class 1 final status survey represent the minimal amount of information necessary to
demonstrate compliance. '

Not all of the information available for an area will have been collected for purposes of
compliance demonstration. For example, data are collected during characterization surveys to
determine the extent, and not necessarily the amount, of contamination. This does not mean that
the data do not meet the objectives of compliance demonstration, but may mean that statistical
tests would be of little or no value because the data have not been collected using appropriate
protocols or design. Rather than discard potentially valuable information, MARSSIM allows for
a qualitative assessment of existing data (Chapter 3). Non-impacted areas represent areas where
all of the information necessary to demonstrate compliance is available from existing sources.
For these areas, no statistical tests are considered necessary. A classification as Class 2 or Class
3 indicates that some information on describing the potential for contamination is available for
that survey unit. The data collection recommendations are modified to account for the

information already available, and the statistical tests are performed on the data collected during
the final status survey.

As previously stated, the conservative assumption that an area receive a classification of Class 1
is only applied to impacted sites. The HSA (described in Chapter 3) is used to provide an initial
classification for the site of impacted or non-impacted based on existing data and professional
judgment.

2.5.3 Design Considerations for Small Areas of Elevated Activity

Scanning surveys are typically used to identify small areas of elevated activity. The size of the
area of elevated activity that the survey is designed to detect affects the DCGL g, Which in tumn
determines the ability of a scanning technique to detect these areas. Larger areas have a lower
DCGLyy, and are more difficult to detect than smaller areas.

The percentage of the survey unit to be covered by scans is also an important consideration.

100% coverage means that the entire surface area of the survey unit has been covered by the field
of view of the scanning instrument. 100% scanning coverage provides a high level of confidence
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that all areas of elevated activity have been identified. If the available information concerning
the survey unit provides information demonstrating that areas of elevated activity may not be

-present, the survey unit may be classified as Class 2 or Class 3. Because there is already some

level of confidence that areas of elevated activity are not present, 100% coverage may not be
necessary to demonstrate compliance. The scanning survey coverage may be adjusted based on
the level of confidence supplied by the existing data. If there is evidence providing a high level
of confidence that areas of elevated activity are not present, 10% scanning coverage may meet
the objectives of the survey. If the existing information provides a lower level of confidence, the
scanning coverage may be adjusted between 10 and 100% based on the level of confidence and
the objectives of the survey. A general recommendation is to always err to minimize the decision
error. In general, scanning the entire survey unit is less expensive than finding areas of elevated
activity later in the survey process. Finding such areas will lead to performing additional surveys
due to survey unit misclassification.

Another consideration for scanning surveys is the selection of scanning locations. This is not an
issue when 100% of the survey unit is scanned. Whenever less than 100% of the survey unit is
scanned, a decision must be made on what areas are scanned. The general recommendation is

* that when large amounts of the survey unit are scanned (e.g., >50%), the scans should be

systematically performed along transects of the survey unit. When smaller amounts of the survey
unit arc scanned, selecting areas based on professional judgment may be more appropriate and
efficient for locating areas of elevated activity.(e.g., drains, ducts, piping, ditches). A
combination of 100% scanning in portions of the survey unit selected based on professional
judgement and less coverage (e.g., 20-50%) for all remaining areas'may result in an efficient
scanning survey design for some survey units.

2.5.4 Design Considerations for Relatively Uniform Distributions of Contamination

The survey design for areas with relatively uniform distributions of contamination is primarily
controlled by classification and the requirements of the statistical test. Again, the
recommendations provided for Class 1 survey units are designed to minimize the decision error.
Recommendations for Class 2-or Class 3 surveys may be appropriate based on the existing
information and the level of confidence associated with this information.

The first consideration is the identification of survey units. The identification of survey units
may be accomplished early (e.g., scoping) or late (e.g., final status) in the survey process, but
must be accomplished prior to performing a final status survey. Early identification of survey
units can help in planning and performing surveys throughout the RSSI Process. Late
identification of survey units can prevent misconceptions and problems associated with
reclassification of areas based on results of subsequent surveys. The area of an individual survey
unit is determined based on the area classification and modeling assumptions used to develop the
DCGLy,. Identification of survey units is discussed in Section 4.6.
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Another consideration is the estimated number of measurements to demonstrate compliance
using the statistical tests. Section 5.5.2 describes the calculations used to estimate the number of
measurements. These calculations use information that is usually available from planning or
from preliminary surveys (i.e., scoping, characterization, remedial action support).

The information needed to perform these calculations is: 1) acceptable values for the
probabilities of making Type I (&) or Type II (B) decision errors, 2) the estimates of the

measurement variability in the survey unit (o,) and the reference area (o, ) if necessary; and 3) the
shift (A).

MARSSIM recommends that site-specific values be determined for each of these parameters. To
assist the user in selecting site-specific values for decision error rates and A, MARSSIM
recommends that an initial value be selected and adjusted to develop a survey design that is
appropriate for a specific site. An arbitrary initial value of one half the DCGLy, is selected for
the lower bound of the gray region. This value is adjusted to provide a relative shift (A/c) value
between one and three as described in Section 5.5.2. For decision error rates a value that
minimizes the risk of making a decision error is recommended for the initial calculations. The
number of measurements can be recalculated using different decision error rates until an
optimum survey design is obtained. A prospective power curve (see Appendix D, Section D.6
and Appendix I, Section 1.9) that considers the effects of these parameters can be very helpful in

designing a survey and considering alternative values for these parameters, and is highly -
recommended. R :

To ensure that the desired power is achieved with the statistical test and to account for
uncertainties in the estimated values of the measurement variabilities, MARSSIM recommends
that the estimated number of measurements calculated using the formulas in Section 5.5.2.2 and
5.5.2.3 be increased by 20%. Insufficient numbers of measurements may result in failure to
achieve the DQO for power and result in increased Type II decision errors, where survey units
below the release criterion fail to demonstrate compliance.

Once survey units are identified and the number of measurements is determined, measurement
locations should be selected. The statistical tests assume that the measurements are taken from
random locations within the survey unit. A random survey design is used for Class 3 survey

units, and a random starting point for the systematic grid is used for Class 2 and Class 1 survey
units.

2.5.5 Developing an Integrated Survey Design
To account for assumptions used to develop the DCGL, and the realistic possibility of small

areas of elevated activity, an integrated survey design should be developed to include all of the
design considerations. An integrated survey design combines a scanning survey for areas of
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elevated activity with random measurements for relatively uniform distributions of
contamination. Table 2.2 presents the recommended conditions for demonstrating compliance
for a final status survey based on classification.

Table 2.2 Recommended Conditions for Demonstrating Compliance Based on
Survey Unit Classification for a Final Status Survey

100% Coverage

10-100% Systematic

Judgmental

None

Random measurement patterns are used for Class 3 survey units to ensure that the measurements
are independent and meet the requirements of the statistical tests. Systematic grids are used for
Class 2 survey units because there is an increased probability of small areas of elevated activity.
The use of a systematic grid allows the decision maker to draw conclusions about the size of any
potential areas of elevated activity based on the area between measurement locations, while the
random starting point of the grid provides an unbiased method for determining measurement
locations for the statistical tests. Class 1 survey units have the highest potential for small areas of
elevated activity, so the areas between measurement locations are adjusted to ensure that these
areas can be identified by the scanning survey if the area of elevated activity is not detected by
the direct measurements or samples.

The objectives of the scanning surveys are different. Scanning is used to identify locations
within the survey unit that exceed the investigation level. These locations are marked and
receive additional investigations to determine the concentration, area, and extent of the
contamination.

For Class 1 areas, scanning surveys are designed to detect small areas of elevated activity that are
not detected by the measurements using the systematic grids. For this reason, the measurement
locations and the number of measurements may need to be adjusted based on the sensitivity of
the scanning technique (see Section 5.5.2.4). This is also the reason for recommending 100%
coverage for the scanning survey. A

Scanning surveys in Class 2 areas are also performed primarily to find areas of elevated activity |
not detected by the measurements using the systematic pattern. However, the measurement |
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locations are not adjusted based on sensitivity of the scanning technique, and scanning is only
performed in portions of the survey unit. The level of scanning effort should be proportional to
the potential for finding areas of elevated activity: in Class 2 survey units that have residual
radioactivity close to the release criterion a larger portion of the survey unit would be scanned,
but for survey units that are closer to background scanning a smaller portion of the survey unit
may be appropriate. Class 2 survey units have a lower probability for areas of elevated activity
than Class 1 survey units, but some portions of the survey unit may have a higher potential than
others. Judgmental scanning surveys would focus on the portions of the survey unit with the
highest probability for areas of elevated activity. If the entire survey unit has an equal probability
for areas of elevated activity, or the judgmental scans den’t cover at least 10% of the area,
systematic scans along transects of the survey unit or scanning surveys of randomly selected grid
blocks are performed.

Class 3 areas have the lowest potential for areas of elevated activity. For this reason, MARSSIM
recommends that scanning surveys be performed in areas of highest potential (e.g., corners,
ditches, drains) based on professional judgment. This provides a qualitative level of confidence
that no areas of elevated activity were missed by the random measurements or that there were no
errors made in the classification of the area.

Note that the DCGL itself is not free of error. The assumptions made in any model used to
develop DCGLs for a site should be examined carefully. The results of this examination should
determine if the use of site-specific parameters result in large changes in the DCGLs, or whether
a site-specific model should be developed to obtain DCGLs more relevant to the exposure
conditions at the site. Appendix D, Section D.6 provides additional information about the
uncertainty associated with the DCGL and other considerations for developing an integrated
survey design using the DQO Process.

2.6 Flexibility in Applying MARSSIM Guidance

Section 2.5 describes an example that applies the performance-based guidance presented in
Section 2.3 and Section 2.4 to design a survey for a site with specific characteristics (i.e., surface
soil and building surface contamination). Obviously this design cannot be uniformly applied at
every site with radioactive contamination, so flexibility has been provided in the form of
performance-based guidance. This guidance encourages the user to develop a site-specific
survey design to account for site-specific characteristics. It is expected that most users will adopt
the portions of the MARSSIM guidance that apply to their site. In addition, changes to the
overall survey design that account for site-specific differences would be presented as part of the
survey plan. The plan should also demonstrate that the extrapolation from measurements

performed at specific locations to the entire site or survey unit is performed in a technically
defensible manner.
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Where Section 2.5 describes the development of a generic survey design that will be applicable at
most radiation sites, this section describes the flexibility available within the MARSSIM for
designing a site-specific survey design. Alternate methods for accomplishing the demonstration
of compliance are briefly described and references for obtaining additional information on these
alternate methods are provided. '

2.6.1 Alternate Statistical Methods . |
. |

MARSSIM encourages the use of statistics to provide a quantitative estimate of the probability

that the release criterion is not exceeded at a site. While it is unlikely that any site will be able to

demonstrate compliance with a dose- or risk-based regulation without at least considering the use

of statistics, MARSSIM recognizes that the use of statistical tests may not always provide the

most effective method for demonstrating compliance. For example, MARSSIM recommends a

simple comparison to an investigation level to evaluate the presence of small areas of elevated

activity in place of complicated statistical tests. At some sites a simple comparison of each

measurement result to the DCGLy,, to demonstrate that all the measurement results are below the

release criterion, may be more effective than statistical tests for the overall demonstration of

compliance with the regulation provided an adequate number of measurements are performed.

MARSSIM recommends the use of nonparametric statistical tests for evaluating environmental
data. ‘There are two reasons for this recommendation: 1) environmental data is usually not
normally distributed, and 2) there are often a significant number of qualitative survey results
(e.g., less than MDC). Either one of these conditions means that parametric statistical tests may
not be appropriate. If one can demonstrate that the data are normally distributed and that there
are a sufficient number of results to support a decision concerning the survey unit, parametric
tests will generally provide higher power (or require fewer measurements to support a decision
concemning the survey unit). The tests to demonstrate that the data are normally distributed
generally require more measurements than the nonparametric tests. EPA provides guidance on
selecting and performing statistical tests to demonstrate that data are normally distributed (EPA
1996a). Guidance is also available for performing parametric staﬁstlcal tests (NRC 1992, EPA
1989a, EPA 1994b, EPA 1996a).

There are a wide variety of statistical tests designed for use in specific situations. These tests
may be preferable to the generic statistical tests recommended in MARSSIM when the
underlying assumptions for these tests can be verified. Table 2.3 lists several examples of
statistical tests that may be considered for use at individual sites or survey units. A brief
description of the tests and references for obtaining additional information on these tests are also
listed in the table. Applying these tests may require consultation with a statistician.
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Alternate 1-Sample Tests (no reference area measurements)

Table 2.3- Examples of Alternate Statistical Tests

Student’s t Test Normal Parametric test for Guidance for Data Appropriate if data Relies on a non-robust
H,: Mean<L Quality Assessment, appears to be normally | estimator for p and 0.
EPA QA/G-9, distributed and Sensitive to outliers and
p-3.2-2. symmetric. departures from
normality.
t Test Applied To | Lognormal Parametric test for H; | Guidance for Data This is a well- known Relies on a non-robust
Logarithms Median <L Quality Assessment, and easy-to-apply test. | estimator for .
EPA QA/G-9, Useful for a quick Sensitive to outliers and
p-3.2-2 summary of the departures from
situation if the data is lognormality.
skewed to right.
Minimum Lognormal Parametric estimates Gilbert, Statistical A good parametric test | Inappropriate if the data
Variance for mean and variance | Methods for to use if the data is is not lognormal.
Unbiased of lognormal Environmental lognormal.
Estimator For distribution Pollution
Lognormal Mean Monitoring, p. 164,

1987.

Chen Test

Skewed to right,
including
Lognormal

Parametric test for
H,: Mean >0

Journal of the
American Statistical
Association (90),
p.767, 1995.

A good parametric test
to use if the data is
lognormal.

Applicable only for
testing H,: “survey unit
is clean.” Survey unit
must be significantly
greater than 0 to fail.
Inappropriate if the data
is not skewed to the
right.
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Table 2.3 (continued)

Alternate 1-Samples Tests (no reference area measurements)

Bayesian Approaches | Varies, buta Parametric test for DeGroot, Optimal Permits use of Decisions based on
. family of H,: Mean<L Statistical Decisions, | subjective “expert expert judgment may be
probability p. 157, 1970. judgment” in difficult to explain and
distributions interpretation of data. defend.
must be selected.
Bootstrap No restriction Nonparametric. Uses Hall, Annals of Avoids assumptions Computer intensive
resampling methods to | Statistics (22), p. concerning the type of | analysis required.
l estimate sampling 2011-2030, 1994. distribution. Accuracy of the results
variance. ' can be difficult to
assess.
B Lognormal Lognormal Uses resampling Angus, The Nonparametric method | Computer intensive
8 Confidence Intervals methods to estimate Statistician (43), p. applied within a analysis required.
Using Bootstrap one-sided confidence 395, 1994. parametric lognormal Accuracy of the results
interval for lognormal model. can be difficult to
mean. assess.
g
g
2
~
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Alternate 2-Sample Tests (reference area measurements are required)

Table 2.3 (continued)

Student’s t Test Symmetric, normal | Parametric test for Guidance for Data Easy to apply. Relies on a non-robust
difference in means Quality Assessment, Performance for non- estimator for o,
H,p,o<py EPA QA/G-9, normal data is therefore test results are
p-3.3-2 acceptable. sensitive to outliers.
Mann-Whitney Test . | No restrictions Nonparametric test Hollander and Equivalent to the WRS | Assumes that the only
difference in location Wolfe, test, but used less difference between the
H,: p,<py Nonparametric often. Similar to test and reference areas
Statistical Methods, resampling, because is a shift in location.
p- 71, 1973. test is based on set of
all possible differences

between the two data
sets.

Hollander and

A robust test for

May reject because

Kolmogorov- No restrictions Nonparametric test for
Smimov any difference between | Wolfe, equality of two sample | variance is high,
the 2 distributions Nonparametric distributions against all | although mean isin -
Statistical Methods, alternatives. compliance.
p. 219, 1973.
Bayesian Varies, but a Parametric tests for Box and Tiao, Permits use of “expert | Decisions based on
Approaches family of difference in means or | Bayesian Inference judgment” in the expert judgement may
probability difference in variance. | in Statistical interpretation of data. be difficult to explain
Analysis, Chapter 2, and defend.

distributions must -

be selected

1973.
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Table 2.3 (continued)

Alternate 2-Sample Tests (reference area measurements are required)

2-Sample No restrictions Nonparametric test for | EPA, Methods for Will detect if survey Applicable only for
Quantile Test difference in shape and | Evaluating the unit distribution testing H,: “survey unit
location. Attainment of exceeds reference is clean.” Survey unit
Cleanup Standards, distribution in the must be significantly
Vol. 3, p. 7.1, 1992. | upper quantiles. greater than 0 to fail.
Simultaneous No restrictions Nonparametric test for | EPA, Methods for Additional level of Cannot be combined
WRS and Quantile difference in shape and | Evaluating the protection provided by | with the WRS test that
Test location. Attainment of using two tests. Has uses H: “survey unit is
Cleanup Standards, advantages of both not clean.” Should only
Vol. 3,p.7.17,1992. | tests. be combined with WRS
test for H,: “survey unit
is clean.”
Bootstrap and No restrictions Nonparametric. Uses Hall, Annals of Avoids assumptions Computer intensive
Other Resampling resampling methods to | Statistics (22), concerning the type of | analysis required.
Methods estimate sampling p. 2011, 1994, distribution. Generates
variance. informative resampling
distributions for
graphing.
Alternate to Statistical Tests
Decision Theory No restrictions Incorporates loss DOE, Statistical and | Combines elements of | Limited experience in
function in the Cost-Benefit cost-benefit analysis applying the method to
decision theory Enhancements to the | and risk assessment compliance
approach. DQO Process for into the planning. demonstration and
Characterization process. decommissioning.
Decisions, 1996. /" | Computer intensive
analysis required.
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2.6.2 Alternate Null Hypothesis

The selection of the null hypothesis in MARSSIM is designed to be protective of human health
and thc environment as well as consistent with current methods used for demonstrating
compliance with regulations. MARSSIM also acknowledges that site-specific conditions (e.g.,
high variability in background, lack of measurement techniques with appropriate detection
sensitivity) may preclude the use of the null hypothesis that the survey unit is assumed to be
contaminated. Similarly, a different null hypothesis and methodology could be used for different
survey units (e.g., Class 3 survey units). NUREG 1505 (NRC 1997b) provides guidance on
determining when background variability might be an issue, designing surveys based on the null
hypothesis that the survey unit concentration is indistinguishable from the concentration in the
reference area, and performing statistical tests to demonstrate that the survey unit is
indistinguishable from background.

2.6.3 Integrating MARSSIM with Other Survey Designs

2.6.3.1 Accelerated Cleamip Models

There are a number of approaches designed to expedite site cleanups. These approaches can save
time and resources by reducing sampling, preventing duplication of effort, and reducing inactive
time periods between steps in a cleanup process. Although Section 2.4 describes the RSSI
Process recommended in MARSSIM as one with six principal steps, MARSSIM is not intented
to be a serial process that would slow site cleanups. Rather, MARSSIM supports existing
programs and encourages approaches to expedite site cleanups. Part of the significant emphasis
on planning in MARSSIM is meant to promote saving time and resources.

There are many examples of accelerated cleanup approéches. The Superfund Accelerated '
Cleanup Model (SACM), which includes a module called integrated site assessment, has as its
objectives increased efficiency and shorter response times (EPA 1992f, EPA 1993c, EPA 1997b).

Sandia National Laboratories (SNL) uses the Observational Approach. This approach uses an
iterative process of sample collection and real-time data evaluation to characterize a site. This
process allows early field results to guide later data collection in the field. Data collection is
limited to only that required for selecting a unique remedy for a site.’

At DOE’s Hanford Site, the parties to the Tri-Party Agreement negotiated a method to’ implement
the CERCLA process in order to 1) accelerate the assessment phase, and 2) coordinate RCRA

> Information on the Observational Approach recommended by Sandia National Laboratories is available
on the internet at http://www.em.doe.gov/tie/strechar.html.
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and CERCLA requirements whenever possible, thereby resulting in cost savings. The Hanford
Past Practice Strategy (HPPS) was developed in 1991 to accelerate decisionmaking and initiation
of remediation through activities that include maximizing the use of existing data consistent with

 data quality objectives.*

The adaptive sampling programs at the Environmental Assessment Division (EAD) of Argonne
National Laboratory quantitatively fuse soft data (for example, historical records, aerial photos,
nonintrusive geophysical data) with hard sampling results to estimate contaminant extent,
measure the uncertainty associated with these estimates, determine the benefits from collecting
additional samples, and assist in siting new sample locations to maximize the information
gained.’ ‘ '

2.6.3.2 Superfund Soil Screening Guidance

The goal of the Soil Screening Guidance (EPA 1996b, EPA 1996¢) is to help standardize and
accelerate the evaluation and cleanup of contaminated soils at sites on the National Priorities List
(NPL) designated for future residential land use. The guidance provides a methodology for
calculating risk-based, site-specific, soil screening levels for chemical contaminants in soil that
may be used to identify areas needing further-investigation at NPL sites. While the Soil
Screening Guidance was not developed for use with radionuclides, the methodology used is
comparable to the MARSSIM guidance for demonstrating compliance using DCGLs. The Soil

__Screening Guidance assumes that there is a low probability of contamination, and does not

account for small areas of elevated activity. These assumptions correlate to a Class 3 area in
MARSSIM. Because the Soil Screening Guidance is designed as a screening tool instead of a
final demonstration of compliance, the specific values for decision error levels, the bounds of the
gray region, and the number and location of measurements are developed to support these
objectives. However, MARSSIM guidance can be integrated with the survey design in the Soil
Screening Guidance using this guidance as an alternate MARSSIM survey design.

The Soil Screening Guidance survey design is based on collecting samples, so scan surveys and
direct measurements are not considered. To reduce analytical costs the survey design
recommends compositing samples and provides a statistical test for demonstrating compliance.
Compositing samples provides an additional source of uncertainty and prevents the detection of
small areas of elevated activity.

® Information on the Hanford Past Practice Strategy is available on the internet at
http://www.bhi-erc.com/map/secS.html.

7 Information on the Argonne National Laboratory adaptive sampling programs can be obtained on the
internet at hitp://www.ead.anl.gov/~web/newead/prgprj/proj/adaptive/adaptive.html.
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3 HISTORICAL SITE ASSESSMENT

3.1 Introduction

The Radiation Survey and Site Investigation (RSSI) Process uses a graded approach that starts
with the Historical Site Assessment (HSA) and is later followed by other surveys that lead to the
final status survey. The HSA is an investigation to collect existing information describing a
site’s complete history from the start of site activities to the present time. The necessity for
detailed information and amount of effort to conduct an HSA depend on the type of site,
associated historical events, regulatory framework, and availability of documented information.
For example, some facilities—such as Nuclear Regulatory Commission (NRC) licensees that
routinely maintain records throughout their operations—already have HSA information in place.
Other facilities, such as Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) or Resource Conservation and Recovery Act (RCRA) sites, may initiate a
comprehensive search to gather HSA information (also see Appendix Ffor comparison of Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM), CERCLA, and RCRA).
In the former case, the HSA is essentially complete and a review of the following sections
ensures that all information sources are incorporated into the overall investigation. In still other

. cases, where sealed sources or small amounts of radionuclides are described by the HSA, the site

may qualify for a simplified decommissioning procedure (see Appendix B).

The HSA

L identifies potential, likely, or known sources of radioactive material and radioactive
contamination based on existing or derived information

° identifies sites that need further action as opposed to those posmg no threat to human
health

] provides an assessment for the likelihood of contaminant migration |

® provides information useful to scoping and characterization surveys

° provides initial classification of the site or survey unit' as impacted or non-impacted

The HSA may provide information needed to calculate derived concentration guideline levels
(DCGLs, initially described in Section 2.2) and furthermore provide information that reveals the
magnitude of a site’s DCGLs. This information is used for comparing historical data to potential
DCGLs and determining the suitability of the existing data as part of the assessment of the site.
The HSA also supports emergency response and removal activities within the context of the

! Refer to Section 4.6 for a discussion of survey units.
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EPA’s Superfund program, fulfills public information needs, and furnishes appropriate
information about the site early in the Site Investigation process. For a large number of sites (e.g.
currently licensed facilities), site identification and reconnaissance may not be needed. For
certain response activities, such as reports concerning the possible presence of radioactivity,
preliminary investigations may consist more of a reconnaissance and a scoping survey in
conjunction with efforts to gather historical information.

The HSA is typically described in three sections: identification of a candidate site (Séection 3.3),
preliminary investigation of the facility or site (Section 3.4), and site reconnaissance (Section
3.5). The reconnaissance however is not a scoping survey. The HSA is followed by an
evaluation of the site based on information collected during the HSA.

3.2 Data Quality Objectives

The Data Quality Objectives (DQO) Process assists in directing the planning of data collection
activities performed during the HSA. Information gathered during the HSA supports other
DQOs when this process is applied to subsequent surveys.

Threc HSA-DQO results are expected:

] identifying an individual or a list of planning team members—including the decision
maker (DQO Step 1, Appendix D, Section D.1)

] concisely describing the problem (DQO Step 1, Appendix D, Section D.1)

° initially classifying site and survey unit as impacted or non-impacted (DQO Step 4,
Appendix D, Section D.4)

Other results may accompany these three, and this added information may be useful in supporting
subsequent applications of the DQO process.

The planning team clarifies and defines the DQOs for a site-specific survey. This
multidisciplinary team of technical experts offers the greatest potential for solving problems
when identifying every important aspect of a survey. Including a stakeholder group
representative is an important consideration when assembling this team. Once formed, the team
can also consider the role of public participation for this assessment and the possible surveys to
follow. The number of team members is directly related to the scope and complexity of the
problem. For a small site or simplified situations, planning may be performed by the site owner.
For other specific sites (e.g., CERCLA), a regulatory agency representative may be included.
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The representative’s role facilitates survey planning—without direct participation in survey plan
development—by offering comments and information based on past precedent, current guidance,
and potential pitfalls. For a large, complex facility, the team may include technical project
managers, site managers, scientists, engineers, community and local government representatives,
health physicists, statisticians, and regulatory agency representatives. A reasonable effort should
be made to include other individuals—that is, specific dec1smn makers or data users—who may
use the study findings sometlme in the future. '

The planning team is generally led by a member who is referred to as the decision maker. This
individual is often the person with the most authority over the study and may be responsible for
assigning the roles and responsibilities to planning team members. Overall, the decision-making
process arrives at final decisions based on the planning team’s recommendations.

~ The problem or situation description provides background information on the fundamental issue

to be addressed by the assessment (see EPA 1994a). The following steps may be helpful during
DQO development: _

° describe the conditions or circumstances regarding the problem or situation and the -
reason for undertaking the survey

° describe the problem or situation as it is currently understood by briefly summarizing
existing information

L conduct literature searches and interviews, and examine past or ongoing studies to ensure
that the problem is correctly defined

° if the problem is complex, consider breaking it into more manageable pieces

Section 3.4 pfovides guidance on gathering existing site data and determining the usability of this
data.

The initial classification of the site involves developing a conceptual model based on the existing
information collected during the preliminary investigation. Conceptual models describe a site or
facility and its environs and present hypotheses regarding the radionuclides for known and
potential residual contamination (EPA 1987b, 1987c). The classification of the site is discussed
in Section 3.6, Evaluatlon of Historical Site Assessment Data.

Several results of the DQO Process may be addressed initially during the HSA. This information
or decision may be based on limited or incomplete data. As the site assessment progresses and as
decisions become more difficult, the iterative nature of the DQO Process allows for re-evaluation
of preliminary decisions. This is especially important for classification of sites and survey units
where the final classification is not made until the final status survey is planned.
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3.3 Site Identification

A site may already be known for its prior use and presence of radloactlve materials, Elsewhere
potential radiation sites may be identified through the following:

) records of authorization to possess or handle radioactive materials (e.g., NRC or NRC
Agreement State License, DOE facility records, Naval Radioactive Materials Permit,
USAF Master Materials License, Army Radiation Authorization, State Authorization for
Naturally Occurring and Accelerator Produced Radioactive Material (NARM))

° notification to government Agencies of possible releases of radioactive substances

° citizens filing a petition under section 105(d) of the Superfund Amendments and
Reauthorization Act of 1986 (SARA; EPA 1986)

o ground and aerial radiological surveys
] contacts with knowledge of the site

[ review of EPA’s Environmental Radiation Ambient Monitoring System (ERAMS) -
database (Appendix G) |

Once identified, the name, location, and current legal owner or custodian (where available) of the
site should be recorded.

3.4 Preliminary HSA Investigation

This limited-scope investigation serves to collect readily available information concerning the
facility or site and its surroundings. The investigation is designed to obtain sufficient
information to provide initial classification of the site or survey unit as impacted or non- -
impacted. Information on the potential distribution of radioactive contamination may be used for
classifying each site or survey unit as Class 2 or Class 1 and is useful for planning scoping and
characterization surveys.

Table 3.1 provides a set of questions that can be used to assist in the preliminary HSA
investigation. Apart from obvious cases (e.g., NRC licensees), this table focuses on
characteristics that identify a previously unrecognized or known but undeclared source of
potential contamination. Furthermore, these questions may identify confounding factors for
selecting reference sites.
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Table 3.1 Questions Useful for the Preliminary HSA Investigation

W as the site ever licensed for the manufacture, use, or
distribution of radioactive materials under Agreement
State Regulations, NRC licenses, or Armed Services
permits, or for the use of 91B material?

Did the site ever have permits to dispose of, or
incinerate, radioactive material onsite?

Is there evidence of such activities?

Has the site ever had deep wells for injection or permits
for such?

Did the site ever have permits to perform research with
radiation generating devices or radioactive materials

. except medical or dental x-ray machines?

As a part of the site's radioactive materials license were
there ever any Soil Moisture Density Gauges
(Americium-Beryllium or Plutonium-Beryllium
sources), or Radioactive Thickness Monitoring Gauges
stored or disposed of onsite? i

Was the site used to create radioactive material(s) by
activation?

‘Were radioactive sources stored at the site?

Is there evidence that the site was involved in the
Manhattan Project or any Manhattan Engineering
District (MED) activities (1942-1946)?

Was the site ever involved in the support of nuclear
weapons testing (1945-1962)?

Were any facilities on the site used as a weapons
storage area? Was weapons maintenance ever
performed at the site?

Was there ever any decontamination, maintenance, or
storage of radioactively contaminated ships, vehicles, or
planes performed onsite?
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Indicates a higher probability that the area is
impacted.

Evidence of radioactive material disposal
indicates a higher probability that the area is
impacted.

Indicates a higher probability that the area is
impacted.

Research that may have resulted in the
release of radioactive materials indicates a
higher probability that the area is impacted.

Leak test records of sealed sources may
indicate whether or not a storage area is
impacted. Evidence of radioactive material
disposal indicates a higher probability that
the area is impacted.

Indicates a higher probability that the area is
impacted. :

Leak test records of sealed sources may
indicate whether or not a storage area is
impacted. '

Indicates a higher probability that the area is
impacted.
Indicates a higher probability that the area is
impacted.

Indicates a higher probability that the area is
impacted.

Indicates a higher probability that the area is
impacted.
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Is there a record of any aircraft accident at or near the
site (e.g., depleted uranium counterbalances, thorium
alloys, radium dials)?

Was there ever any radiopharmaceutical manufacturing,
storage, transfer, or disposal onsite?

‘Was animal research ever performed at the site?

Were uranium, thorium, or radium compounds
(NORM) used in manufacturing, research, or testing at
the site, or were these compounds stored at the site?

Has the site ever been involved in the processing or
production of Naturally Occurring Radioactive Material
(e.g., radium, fertilizers, phosphorus compounds,
vanadium compounds, refractory materials, or precious
metals) or mining, milling, processing, or production of
uranium?

Were coal or coal products used onsite?

If yes, did combustion of these substances leave ash or
ash residues onsite?

If yes, are runoff or production ponds onsite?

-Was there ever any onsite disposal of material known to

be high in naturally occurring radioactive materials
(e.g., monazite sands used in sandblasting)?

Did the site process pipe from the oil and gas
industries?

Is there any reason to expect that the site may be
contaminated with radioactive material (other than
previously listed)?

Table 3.1 Questions Useful for the Preliminary HSA Investigation (continued)

May include other considerations such as
evidence of radioactive materials that were
not recovered.

Indicates a higher probability that the area is
impacted.

Evidence that radioactive maLeriz\lls were
used for animal research indicates a higher
probability that the area is impacted.

Indicates a higher probability that the area is
impacted or results in a potential increase in
background variability.

Indicates a higher probability that the area is

impacted or results in a potential increase in -

background variability.

May indicate other considerations such as a
potential increase in background variability.

May indicate other considerations such as a
potential increase in background variability.

Indicates a higher probability that the area is
impacted or results in a potential increase in
background variability.

See Section 3.6.3.

Appendix G of this document provides a general listing and cross-reference of information
sources—each with a brief description of the information contained in each source. The Site

Assessment Information Directory (EPA 1991e) contains a detailed compilation of data sources,

including names, addresses, and telephone numbers of agencies that can provide HSA
information.
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34.1 Existing Radiation Data

Site files, monitoring data, former site evaluation data, Federal, State, or local investigations, or
emergency actions may be sources of useful site information. Existing site data may provide
specific details about the identity, concentration, and areal distribution of contamination.
However, these data should be examined carefully because:

° Previous survey and sampling efforts may not be compatible with HSA objectives or may
not be extensive enough to characterize the facility or site fully.

] Measurement protocols and standards may not be known or compatible with HSA
objectives (e.g., Quality Assurance/Quality Control (QA/QC) procedures, limited analysis
rather than full-spectrum analysis) or may not be extensive enough to characterize the
facility or site fully. '

° Conditions may have changed since the site was last sampled (i. e.; substances may have
been released, migration may have spread the contamination, additional waste disposal
may have occurred, or decontamination may have been performed).

" Existing data can be evaluated using the Data Quality Assessment (DQA) process described in

Appendix E. (Also see DOE 1987 and EPA 1980c, 1992a, 1992b, 19964 for additional guidance
on evaluating data.)

'3.4.1.1 Licenses, Site Permits, and Authorizations

The facility or site radioactive materials license and supporting or associated documents are
potential sources of information for licensed facilities. If a license does not exist, there may be a
permit or other document that authorized site operations involving radioactivity. These
documents may specify the quantities of radioactive material authorized for use at the site, the
chemical and physical form of the materials, operations for which the materials are (or were)
used, locations of these operations at the facility or site, and total quantities of material used at
the site during its operating: lifetime.

EPA and State agencies maintain files on a variety of environmental programs. These files may
contain permit applications and monitoring results with information on specific waste types and
quantities, sources, type of site operations, and operating status of the facility or site. Some of
these information sources are listed in Appendix G (e.g., Comprehensive Environmental
Response, Compensation, and Liability Information System (CERCLIS), Resource Conservation
and Recovery Information System (RCRIS), Ocean Data Evaluation System (ODES)).
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3.4.1.2 Operating Records

Records and other information sources useful for site evaluations include those describing onsite
activities; current and past contamination control procedures; and past operations involving
demolition, effluent releases, discharge to sewers or onsite septic systems, production of
residues, land filling, waste and material storage, pipe and tank leaks, spills and accidental
releases, release of facilities or equipment from radiological controls, and onsite or offsite
radioactive and hazardous waste disposal. Some records may be or may have been classified for
National Security purposes and means should be established to review all pertinent records. Past
operations should be summarized in chronological order along with information indicating the
type of permits and approvals that authorized these operations. Estimates of the total activity
disposed of or released at the site and the physical and chemical form of the radioactive material
should also be included. Records on waste disposal, environmental monitoring, site inspection
reports, license applications, operational permits, waste disposal material balance and inventory
sheets, and purchase orders for radioactive materials are useful-—for estimating total activity.
Information on accidents, such as fires, flooding, spills, unintentional releases, or leakage, should
be collected as potential sources of contamination. Possible areas of localized contamination
should be identified.

Site plats or plots, blueprints, drawings, and sketches of structures are especially useful to
illustrate the location and layout of buildings on the site. Site photographs, aerial surveys, and
maps can help verify the accuracy of these drawings or indicate changes following the time when
the drawings were prepared. Processing locations—plus waste streams to and from the site as
well as the presence of stockpiles of raw materials and finished product—should be noted on
these photographs and maps. Buildings or outdoor processing areas may have been modified or
reconfigured such that former processing areas were converted to other uses or configurations.
The locations of sewers, pipelines, electric lines, water lines, efc., should also be identified. This
information facilitates planning the Site Reconnaissance and subsequent surveys, developing a
site conceptual model, and increasing the efficiency of the survey program.

Corporate contract files may also provide useful information during subsequent stages of the
Radiation Survey and Site Investigation Process. Older facilities may not have complete
operational records, especially for obsolete or discontinued processes. Financial records may
also provide information on purchasing and shipping that in turn help to reconstruct a site’s
operational history.

‘While operating records can be useful tools during the HSA, the investigator should be careful
not to place too much emphasis on this type of data. These records are often incomplete and lack
information on substances previously not considered hazardous. Out-of-date blueprints and
drawings may not show modifications made during the lifetime of a facility.
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3.4.2 Contacts and Interviews

Interviews with current or previous employees are performed to collect first-hand information
about the site or facility and to verify or clarify information gathered from existing records.
Interviews to collect first-hand information conceming the site or facility are generally conducted
early in the data-gathering process. Interviews cover general topics, such as radioactive waste

handling procedures. Results of early interviews are used to guide subsequent data collectmn
activities.

Interviews scheduled late in the data gathering process may be especially useful. This activity
allows questions to be directed to specific areas of the investigation that need additional
information or clarification. Photographs and sketches can be used to assist the interviewer and
allow the interviewees to recall information of interest. Conducting interviews onsite where the
employees performed their tasks often stimulates memories and facilitates information gathering.
In addition to interviewing managers, engineers, and facility workers, interviews may be
conducted with laborers and truck drivers to obtain information from their perspective. The
investigator should be cautious in the use of interview information. Whenever possible,
anecdotal evidence should be assessed for accuracy and results of interviews should be backed up
with supporting data. Steps that ensure specific information is properly recorded may include
hiring trained investigators and taking affidavits.

3.5 Site Reconnaissance

The objective of the Sitc Reconnaissance or Site Visit is to gather sufficient information to
support a decision regarding further action. Reconnaissance activity is not a risk assessment, a
scoping survey, or a study of the full extent of contamination at a facility or site. The
reconnaissance offers an opportunity to record information concerning hazardous site conditions
as they apply to conducting future survey work. In this regard, information describing physical
hazards, structural integrity of buildings, or other conditions, defines potential problems that may
impede future work. This scction is most applicable to sites with less available information and

may not be necessary at other sites having greater amounts of data, such as Nuclear Regulatory
Commission (NRC) licensed facilities.

To prepare for the Site Reconnaissance, begin by reviewing what is known about the facility or
site and identify data gaps. Given the site-specific conditions, consider whether or not a Site
Reconnaissance is necessary and practical. This type of effort may be deemed necessary if a site
is abandoned, not casily observed from areas of public access, or discloses little information
during file searches. These samc circumstances may also make a Site Reconnaissance risky for
health and safety reasons—in view of the many unknowns—and may make entry difficult. This
investigative step may be practical, but less critical, for active facilities whose operators grant
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access and provide requested information. Remember to arrange for proper site access and
prepare an appropriate health and safety plan, if required, before initiating the Site
Reconnaissance.

Investigators should acquire signed consent forms from the site or equipment owner to gain
access to the property to conduct the reconnaissance. Investigators are to determine if State and
Federal officials, and local individuals, should be notified of the reconnaissance schedule. If
needed, local officials should arrange for public notification. Guidance on obtaining access to
sites can be found in Entry and Continued Access Under CERCLA (EPA 19874d).

A study plan should be prepared before the Site Reconnaissance to anticipate every
reconnaissance activity and identify specific information to be gathered. This plan should
incorporate a survey of the site’s surroundings and provide details for activities that verify or
identify the location of: nearby residents, worker populations, drinking water or irrigation wells,
foods, and other site environs information.

Preparing for the Site Reconnaissance includes initially gathering necessary materials and
equipment. This includes a camera to document site conditions, health and safety monitoring
instruments including a radiation detection meter for use during the site visit, and extra copies of
topographic maps to mark target locations, water distribution areas, and other important site
features. A logbook is critical to keeping a record of field activities and observations as they
occur. For documentation purposes MARSSIM recommends that the logbook be completed in
waterproof ink, preferably by one individual. Furthermore, each page of the logbook should be
signed and dated, including the time of day, after the last entry on the page. Corrections should
be documented and approved.

3.6 Evaluation of Historical Site Assessment Data

The main purpose of the Historical Site Assessment (HSA) is to determine the current status of
the site or facility, but the data collected may also be used to differentiate sites that need further
action from those that pose little or no threat to human health and the environment. - This
screening process can serve to provide a site disposition recommendation or to recommend
additional surveys. Because much of the data collected during HSA activities is qualitative or is
analytical data of unknown quality, many decisions regarding a site are the result of professional
judgment.

There are three possible recommendations that follow the HSA:

L An emergency action to reduce the risk to human health and the environment—this
alternative is applicable to Superfund removal actions, which are discussed in detall by
EPA (EPA 1988c)..
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° The site or area is impacted and further investigation is needed before a decision
regarding final disposition can be made. The area may be Class 1, Class 2, or Class 3,
and a scoping survey or a characterization survey should be performed. Information
collected during the HSA can be very useful in planning these subsequent survey
activities.

] The site or area is non-impacted. There is no possibility or an extremely low probability
of residual radioactive materials being present at the site. The site or area can be released.

Historical analytical data indicating the presence of contamination in environmental media
(surface soil, subsurface soil, surface water, ground water, air, or buildings) can be used to
support the hypothesis that radioactive material was released at the facility or site. A decision
that the site is contaminated can be made regardless of the quality of the data, its attribution to
site operations, or its relationship to background levels. In such cases, analytical indications are
sufficient to support the hypothesis—it is not necessary to definitively demonstrate that a
problem exists. Conversely, historical analytical data can also be used to support the hypothesis
that no release has occurred. However, these data should not be the sole basis for this _
hypothesis. Using historical analytical data as the principal reason for ruling out the occurrence
of contamination forces the data to demonstrate that a problem does not exist.

In most cases it is assumed there will be some level of process knowledge available in addition to
historical analytical data. If process knowledge suggests that no residual contamination should
be present and the historical analytical data also suggests that no residual contamination is
present, the process knowledge provides an additional level of confidence and supports
classifying the area as non-impacted. However, if process knowledge suggests no residual
contamination should be present but the historical analytical data indicate the presence of
residual contamination, the area will probably be considered unpacted

The following sections describe the information recommended for assessing the status of a site.
This information is needed to accurately and completely support a site disposition
recommendation. If some of the information is not available, it should be identified as a data
need for future surveys. Data needs are collected during Step 3 of the Data Quality Objective
(DQO) process (Identify Inputs to the Decision) as described in Appendix D, Section D.3.
Section 3.6.5 provides information on professional judgment and how it may be applied to the
decision making process.

3.6.1 Identify Potential Contaminants
An efficient HSA gathers information sufficient to identify the radionuclides used at the

site—including their chemical and physical form. The first step in evaluating HSA data is to
estimate the potential for residual contamination by these radionuclides.
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Site operations greatly influence the potential for residual contamination (NRC 1992a). An
operation that only handled encapsulated sources is expected to have a low potential for
contamination—assuming that the integrity of the sources was not compromised. A review of

. leak-test records for such sources may be adequate to demonstrate the low probability of residual

contamination. A chemical manufacturing process facility would likely have contaminated
piping, ductwork, and process areas, with a potential for soil contamination where spills,
discharges, or leaks occurred. Sites using large quantities of radioactive ores—especially those
with outside waste collection and treatment systems—are likely to have contaminated-grounds.
If loose dispersible materials were stored outside or process ventilation systems were poorly
controlled, then windblown surface contamination may be possible.

Consider how long the site was operational. If enough time elapsed since the site discontinued
operations, radionuclides with short half-lives may no longer be present in significant quantities.
In this case, calculations demonstrating that residual activity could not exceed the DCGL may be
sufficient to evaluate the potential residual contaminants at the site. A similar consideration can
be made based on knowledge of a contaminant’s chemical and physical form. Such a
determination relies on records of radionuclide inventories, chemical and physical forms, total
amounts of activity in waste shipments, and purchasing records to document and support this
decision. However, a number of radionuclides experience significant decay product ingrowth,
which should be included when evaluating existing site information.

3.6.2 Identify Potentially Contaminated Areas

Information gathered during the HSA should be used to provide an initial classification of the site
areas as impacted or non-impacted.

Impacted areas have a potential for radioactive contamination (based on historical data) or
contain known radioactive contamination (based on past or preliminary radiological
surveillance). This includes areas where 1) radioactive materials were used and stored;

2) records indicate spills, discharges, or other unusual occurrences that could result in the spread
of contamination; and 3) radioactive materials were buried or disposed. Areas immediately
surrounding or adjacent to these locations are included in this classification because of the
potential for inadvertent spread of contamination.

Non-impacted areas—idcntified through knowledge of site history or previous survey
information—are those arcas where there is no reasonable possibility for residual radioactive
contamination. The critcria used for this segregation need not be as strict as those used to
demonstrate final compliance with the regulations. However, the reasoning for classifying an
area as non-impacted should be maintained as a written record. Note that—based on
accumulated survey data—an impacted area’s classification may change as the RSSI Process
progresses.
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All potential sources of radioactivity in impacted areas should be identified and their dimensions
recorded (in 2 or 3 dimensions—to the extent they can be measured or estimated). Sources can
be delineated and characterized through visual inspection during the site reconnaissance,
interviews with knowledgeable personnel, and historical information concerning disposal
records, waste manifests, and waste sampling data. The HSA should address potential
contamination from the site whether it is physically within or outside of site boundaries. This
approach describes the site in a larger context, but as noted in Chapter 1, MARSSIM’s scope
concerns releasing a site and not areas outside a site’s boundaries. ~

3.6.3 ldentify Potentially Contaminated Media

The next step in evaluating the data gathered during the HSA is to identify potentially
contaminatcd media at the site. To identify media that may and media that do not contain

residual contamination supports both preliminary area classification (Section 4.4) and planning
subsequent survey activities.

This scction provides guidance on evaluating the likelihood for release of radioactivity into the
following environmental media: surface soil, subsurface soil, sediment, surface water, ground
water, air, and buildings. While MARSSIM’s scope is focused on surface soils and building
surfaces, this section makes note of still other media to provide a starting place to identify and
address all possible media. The evaluation will result in either a finding of “Suspected
Contamination” or “No Suspected Contamination,” which may be based on analytical data,
professional judgment, or a combination of the two.

Subsequent scctions describe the environmental media and pose questions pertinent to each type.
Each question is accompanied by a commentary. Carefully consider the questions within the
contcxt of the site and the available data. Avoid spending excessive amounts of time answering
each qucstion because answers to every question are unlikely to be available at each site.
Questions that cannot be answered based on existing data can be used to direct future surveys of
the site. Also, keep in mind the numerous differences in site-specific circumstances and that the
questions do not identify every characteristic that might apply to a specific site. Additional
questions or characteristics identified during a specific site assessment should be included in the
HSA report (Section 3.8; EPA 1991f).

3.6.3.1 Surface Soil

Surface soil is the top layer of soil on a site that is available for direct exposure, growing plants,
resuspension of particles for inhalation, and mixing from human disturbances. Surface soil may
also be dcefined as the thickness of soil that can be measured using direct measurement or
scanning techniques. Typically, this layer is represented as the top 15 cm (6 in.) of soil (40 CFR
192). Surface sources may include gravel fill, waste piles, concrete, or asphalt paving. For many
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sites where radioactive materials were used, one first assumes that surface contamination exists
and the evaluation is used to identify areas of high and low probability of contamination (Class 1,
Class 2 or Class 3 areas).

o Were all radiation sources used at the site encapsulated sources?

A site where only encapsulated sources were used would be expected to have a low potential for
contamination. A review of the leak-test records and documentation of encapsulated source
location may be adequate for a finding of “No Suspected Contamination.”

L Were radiation sources used only in specific areas of the site?

Evidence that radioactive materials were confined to certain areas of the site may be helpful in
determining which areas are impacted and which are non-impacted.

L Was surface soil regraded or moved elsewhere for fill or construction purposes?
This helps to identify additional potential radiation sites.

3.6.3.2 Subsurface Soil and Media

’1‘5 ,',,’-‘,; .

Subsurface soil and media are defined as any solid materials not considered to be surface soil.
The purpose of these investigations is to locate and define the vertical extent of the potential
contamination. Subsurface measurements can be expensive, especially for beta- or alpha-
emitting radionuclides. Removing areas from consideration for subsurface measurements or
defining areas as non-impacted for subsurface sampling conserves limited resources and focuses
the site assessment on areas of concern.

] Are there areas of known or suspected surface soil contamination?

- Surface soil contamination can migrate deeper into the soil. Surface soil sources should be

evaluated based on radionuclide mobility, soil permeability, and infiltration rate to determine the ‘
potential for subsurface contamination. Computer modeling may be helpful for evaluating these
types of situations.

° Is there a ground-water plume without an identifiable source?

Contaminated ground water indicates that a source of contamination is present. If no source is
identified during the HSA, subsurface contamination is a probable source.
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° Is there potential for enhanced mobility of radionuclides in soils?

Radionuclide'mobility can be enhanced by the presence of solvents or other volatile chemicals
that affect the ion-exchange capacity of soil.

° Is there evidence that the surface has been disturbed?

Recent or previous excavation activities are obvious sources of surface disturbance. Areas with
developed plant life (forested or old growth areas) may indicate that the area remained’
undisturbed during the operating life of the facility. Areas where vegetation is removed during
previous excavation activity may be distinct from mature plant growth in adjacent areas. If a site
is not purposely replanted, vegetation may appear in a sequence starting with grasses that are
later replaced by shrubs and trees. Typically, grasslands recover within a few years, sagebrush or
low ground cover appears over decades, while mature forests may take centuries to develop.

[ Is there evidence of subsurface disturbance?

Non-intrusive, non-radiological measurement techniques may provide evidence of subsurface
disturbance. Magnetometer surveys can identify buried metailic objects, and ground-penetrating
radar can identify subsurface anomalies such as trenches or dump sites. Techniques involving
special equipment are discussed in Section 6.10.

L Are surface structures present?

Structures constructed at a site—during the operational history of that site—may cover below-
ground contamination. Some consideration for contaminants that may exist beneath parking lots,
buildings, or other onsite structures may be warranted as part of the investigation. There may be
underground piping, drains, sewers, or tanks that caused contamination.

3.6.3.3. Surface Water

Surface waters include streams and rivers, lakes, coastal tidal waters, and oceans. Note that
certain ditches and intermittently flowing streams qualify as surface water. The evaluation
determines whether radionuclides are likely to migrate to surface waters or their sediments.
Where a previous release is not suspected, the potential for future release depends on the distance
to surface water and the flood potential at the site. With regard to the two preceding sections,
one can also consider an interaction between soil and water in relation to seasonal factors
including soil cracking due to freezing, thawing, and dessication that influence the dispersal or
infiltration of radionuclides. '
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® Is surface water nearby?

The proximity of a contaminant to local surface water is essentially determined by runoff and
radionuclide migration through the soil. The definition for nearby depends on site-specific
conditions. If the terrain is flat, precipitation is low, and soils are sandy, nearby may be within
several meters. If annual precipitation is high or occasional rainfall events are high, within 1,200
meters (3/4 mile) might be considered nearby. In general, sites need not include the surface
water pathway where the overland flow distance to the nearest surface water is more than 3,200
meters (2 miles).

® Is the waste quantity particularly large?

Depending on the physical and chemical form of the waste and its location, large is a relative
term. A small quantity of liquid waste may be of more importance—i.e., a greater risk or
hazard—than a large quantity of solid waste stored in water tight containers.

L Is the drainage area large?

The drainage area includes the area of the site itself plus the upgradient area that produces runoff
flowing over the site. Larger drainage areas generally produce more runoff and increase the
potential for surface water contamination.

® Is rainfall heavy?

If the site and surrounding area are flat, a combination of heavy precipitation and low infiltration
rate may cause rainwater to pool on the site. Otherwise, these characteristics may contribute to
high runoff rates that carry radionuclides overland to surface water. Total annual rainfall
exceeding one meter (40 inches), or a once in two-year-24-hour precipitation exceeding five cm
(two inches) might be considered “heavy.”

Rainfall varies for locations across the continental United States from high (e.g., 89 in./y, Mt.
Washington, NH) to low values (e.g., 4.2 in./y, Las Vegas, NV). Precipitation rates will vary
during the year at each location due to seasonal and geographic factors. A median value for
rainfall within the United States, as found in van der Leeden et al. 1990, is about 26 in./y as is
observed for Minneapolis, MN.

° Is the infiltration rate low?
Infiltration rates range from very high in gravelly and sandy soils to very low in fine silt and clay

soils. Paved sites prevent infiltration and generate runoff.
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] Are sources of contamination poorly contained or prone to runoff?
Proper containment which prevents radioactive material from migrating to surface water

- generally uses engineered structures such as dikes, berms, run-on and runoff control systems, and
spill collection and removal systems. Sources prone to releases via runoff include leaks, spills,
exposed storage piles, or intentional disposal on the ground surface. Sources not prone to runoff
include underground tanks, above-ground tanks, and containers stored in a building.

° Is a runoff route well defined?

A well defined runoff route—along a gully, trench, berm, wall, etc.—will more likely contribute
to migration to surface water than a poorly defined route. However, a poorly defined route may
contribute to dispersion of contamination to a larger area of surface soil.

° Has deposition of waste into surface water been observed?

Indications of this type of activity will appear in records from past practice at a site or from
information gathered during personal interviews.

L Is ground water discharge to surface water probable?

The hydrogeology and geographical information of the area around and inside the site may be
sufficiently documented to indicate discharge locations. '

® Does analytical or circumstantial evidence suggest surface water contamination?

Any condition considered suspicious—and that indicates a potential contamination
problem—can be considered circumstantial evidence.

® Is the site prone to flooding?

The Federal Emergency Management Agency (FEMA) publishes flood insurance rate maps that
delineate 100-year and 500-year flood plains. Ten-year floodplain maps may also be available.
Generally, a site on a 500-year floodplain is not considered prone to flooding.

3.6.3.4 Ground Water

Proper evaluation of ground water includes a general understanding of the local geology and
subsurface conditions. Of particular interest is descriptive information relating to subsurface
stratigraphy, aquifers, and ground water use.
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- @ Are sources poorly contained?

Proper containment which prevents radioactive material from migrating to ground water
generally uses engineered structures such as liners, layers of low permeability soil (e.g., clay),
and leachate collection systems.

L Is the source likely to contaminate ground water?

Underground tanks, landfills,? surface impoundments and lagoons are examples of sources that
are likely to release contaminants that migrate to ground water. Above ground tanks, drummed
solid wastes, or sources inside buildings are less likely to contribute to ground-water’
contamination.

4 Is waste quantity particularly large?

Depending on the physical and chemical form of the waste and its location, large is a relative
term. A small quantity of liquid waste may be of more importance—i.e., greater risk or
hazard—than a large quantity of solid waste stored in water tight containers.

] Is precipitation heavy?

If the site and surrounding area are flat, a combination of heavy precipitation and low infiltration
rate may cause rainwater to pool on the site. Otherwise, these characteristics may contribute to
high runoff rates that carry radionuclides overland to surface water. Total annual rainfall
exceeding one meter (40 in.), or a once in two-year-24-hour precipitation exceeding ﬁve cm (two
in.) might be considered “heavy.”

Rainfall varies for locations across the continental United States from high (e.g., 89 in./y, Mt.
Washington, NH) to low values (e.g., 4.2 in./y, Las Vegas, NV). Precipitation rates will vary
during the year at each location due to seasonal and geographic factors. A median value for
rainfall within the United States, as found in van der Leeden et al. 1990, is about 26 in./y as is
observed for Minneapolis, MN.

° Is the infiltration rate high?

Infiltration rates range from very high in gravelly and sandy soils to very low in fine silt and clay
soils. Unobstructed surface areas are potential candidates for further examination to determine
infiltration rates.

? Landfills can affect the geology and hydrogeology of a site and produce heterogeneous co