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ABSTRACT

The MARSSIM provides information on planning, conducting, evaluating, and documenting
building surface and surface soll 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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CONVERSION FACTORS

To Convert To Multiply By To Convert To Multiply By
From From
acre hectare 0.405 meter (m) inch 39.4
sg. meter () | 4,050 mile 0.000621
sq. feet (ff) 43,600 sg. meter (i acre 0.000247
becquerel (Bq) curie (Ci) 2.7x10 hectare 0.0001
dps 1 sq. feet (ff) 10.8
pCi 27 sg. mile 3.86x10
Bg/kg pCilg 0.027 m? liter 1,000
Ba/n? dpm/100 crh | 0.60 mrem mSv 0.01
Bg/n?® Bg/L 0.001 mrem/y mSviy 0.01
pCi/L 0.027 mSv mrem 100
centimeter (cm) inch 0.394 mSv/y mrem/y 100
Ci Bq 3.70x10° ounce (0z) liter (L) 0.0296
pCi 1x10? pCi Bq 0.037
dpm 2.22
dps dpm 60 pCi/g Ba/kg 37
pCi 27 pCi/L Bq/n? 37
dpm dps 0.0167 rad Gy 0.01
pCi 0.451 rem mrem 1,000
gray (Gy) rad 100 mSv 10
hectare acre 2.47 Sv 0.01
liter (L) cn? 1000 seivert (Sv) mrem 100,000
m? 0.001 mSv 1,000
ounce (fluid) 33.8 rem 100
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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
Quiality Objectives (DQO) Process to ensure that the survey results are of sufficient quality and
guantity to support the final decision. The survey design process is described in MARSSIM
Chapters 3, 4, and 5. Guidance on selecting appropriate measurement methedan

surveys, direct measurements, samples) and measurement systedetdctors, instruments,
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 survey planning documents, such as a
Quiality Assurance Project Plan (QAPP) which is described 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 meded., ground water, surface water, subsurface soill,
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 needed 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 Cycle.

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 €.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 compliance demonstration that are not discussed in MARSSIM. For
example, a characterization 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 release criterion as one of the survey objectives. These alternate survey
designs are developed 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 release criterion. This design is recorded in planning documents, such as a
Quiality Assurance Project Plan (QAPP) described in Section 9.2.
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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 surveyygran(l

the reference area  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 Potenti&ection 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 DCfzland 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 PCCGlass 2 areas are
impacted areas where concentrations of residual activity that exceed thg,R@&Giot

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 @@l
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 Urigction 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

Classification Suggested Area

Class 1

Structures up to 100 A

Land Areas up to 2,000 rh
Class 2

Structures 100 to 1,000

Land Areas 2,000 to 10,000 fn
Class 3

Structures no limit

Land Areas no limit

= Survey unit areas should be consistent with exposure pathway modeling assumptipns
used to develop DCGLs.

Determine Number of Data PointSection 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,a andp. Decision error rates are site-specific and selected using the DQO Process.
Changes in the values efandp may result from successive iterations of the DQO Process.

= Values fora andp 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 concentratonlhe 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 §) and the variability in the reference areg ghould 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 valuesofando,.

=¥ Whengo, ando, are different, select the larger of the two values.

The third step is to calculate the relative shift;. The variability of the contaminant
concentrationg, was determined in the previous step. The shjfis equal to the width of the
gray region. The upper bound of the gray region is defined as the [QC3le lower bound of
the gray region (LBGR) is a site-specific parameter, adjusted to provide a vahle fmtween
one and threeA/c can be adjusted using the following steps:

° Initially select LBGR to equal one half the DCgGLThis meand = (DCGL,, - LBGR)
also equals one half the DC(L CalculateA/c.

° If Alo is between one and three, obtain the appropriate number of data points from Table
5.3 or Table 5.5.

° If Alc is less than one, select a lower value for LBGR. Continue to select lower values
for LBGR until Alc is greater than or equal to one, or until LBGR equals zero.

° If Alo is greater than three, select a higher value for LBGR. Continue to select higher

values for LBGR untilA/c is less than or equal to three.

Alternatively,A/c can be adjusted by solving the following equation and calculatisig
LBGR = DCGL,, - ©

If LBGR is less than zera)/c can be calculated as DC .

=3 Adjust the LBGR to provide a value fafc 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 InstrumentatiofSection 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 Desi@ection 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 €.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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Figure 4 Flow Diagram for Developing an Integrated Survey Design
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Table 2 Recommended Survey Coverage for Structures and Land Areas

Structures Land Areas
A_r ea Surface Surface Activity Surface Surface Soll
Classification Scans Measurements Scans Measurements
Class 1 100% Number of data points 100% Number of data points
from statistical tests from statistical tests
(Sections 5.5.2.2 and (Sections 5.5.2.2 and
5.5.2.3); additional 5.5.2.3); additional
direct measurements direct measurements
and samples may be and samples may be
necessary for small necessary for small
areas of elevated areas of elevated
activity (Section activity (Section
5.5.2.4) 5.5.2.4)
Class 2 10 to 100% Number of data points 10 to 100% | Number of data points
(10 to 50% for uppel| from statistical tests Systematic | from statistical tests
walls and ceilings) | (Sections 5.5.2.2 and and (Sections 5.5.2.2 and
Systematic and | 5.5.2.3) Judgmental | 5.5.2.3)
Judgmental
Number of data points Number of data points
Class 3 Judgmental from _statistical tests Judgmental from _statistical tests
(Sections 5.5.2.2 and (Sections 5.5.2.2 and
5.5.2.3) 5.5.2.3)

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 contamination 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 quantitiesd., 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 .

Table 3 Methods for Checking the Assumptions of Statistical Tests

Assumption Diagnostic
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:

Survey Result Conclusion
All measurements less than DC{L Survey unit meets release criterion
Average greater than DCGL Survey unit does not meet release criterion

Any measurement greater than DGgAnd the average | Conduct Sign test and elevated measurement
less than DCGJ, comparison

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

Survey Result Conclusion

Difference between maximum survey unit measurementSurvey unit meets release criterion
and minimum reference area measurements is less thgn
DCGL,

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

Difference between any survey unit measurement and p@pnduct WRS test and elevated measurement
reference area measurement greater than QGG 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,, are not necessarily unexpected. However, a measurement above thg &1@@e 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
DCGL,, 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 thg,D§®uld

be flagged for further investigation.

In Class 2 or Class 3 areas, neither measurements above thg,DGGreas of elevated

activity are expected. Any measurement at a discrete location exceeding the, DCGkese

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 thg,D@GL
this case, any indication of residual radioactivity during the scan would warrant further
investigation.
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Table 5 Summary of Investigation Levels

Survey Unit Flag Direct Measurement or Sample Result When: Flag Scanning Measuremelut
Classification Result When:
Class 1 > DCGLgyc Or > DCGLlgyc
> DCGL,, and > a statistical-based parameter value
Class 2 > DCGL, > DCGL0or > MDC
Class 3 > fraction of DCG. > DCGL,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, [DC®E level one chooses

here depends on the site, the radionuclides of concern, 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 ¢riféréon.
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.

=3 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.

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 QCB8Ltovided that the results 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.eby gathering data or information) that may involve 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:

l. Translate: Translating the cleanup/release criteean,(mSv/y, mrem/y, specific risk)

into a corresponding derived contaminant concentration levgl Bqg/kg or pCi/g in
soil) through the use of environmental pathway modeling.
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Figure 1.1 Compliance Demonstration

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.

Il Decide: Determining that the data obtained from sampling dggsost 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 field and laboratory analyses, however, MARSSIM leaves detailed discussions of
laboratory sample analyses to another manga) & 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 1l antbde—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 (DQOSs) include performance
measures and goals in relation to a specific intended use of the data (EPA 1997a).

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

o 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.q., 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 | 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—nbe 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-lieg(, {, < 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
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 MARS314 essential
thereforethat the persons carrying out the surveybether they are conducting surveys in
accordance with the simplified approach of Appendix B or the full MARSSIM proesesjn

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 requirements governing site investigations for each of the agencies associated
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
guality 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 defense 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

Within Scope of MARSSIM Beyond 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|jof
extensive tool box with many MARSSIM, for example:
components—some within the text -a public participation program
of MARSSIM, others by reference. -packaging and transportation of

wastes for disposal
-decontamination and stabilization

techniques
-training
Measurement The guidance given in MARSSIM ig Procedure The approaches suggested in
performance-based and directed MARSSIM vary depending on the
towards acquiring site-specific datal. various site data needs—there arejjno

set procedures for sample collectigh,
measurement techniques, storage |and
disposal established in MARSSIM

Modeling The interface between environmentaModeling Environmental pathway modeling
pathway modeling and MARSSIM i 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)

Within Scope of MARSSIM Beyond Scope of MARSSIM

Soil and The two main media of interestin | Other Media  MARSSIM does not cover other

Buildings MARSSIM are contaminated surfage media, including construction
soil and building surfaces. materials, equipment, subsurface

soll, surface or subsurface water,
biota, air, sewers, sediments or
volumetric contamination.

Final Status The focus of MARSSIM is on Materials or MARSSIM does not recommend

Survey the final status survey as this is the] Equipment the use of any specific materials of
deciding factor in judging if the site equipment—there is too much
meets the release criterion. variability in the types of radiation

sites—this information will be in
other documents.

Radiation MARSSIM only considers Chemicals MARSSIM does not deal with any
radiation-derived hazards. hazards posed by chemical

contamination.

Remediation = MARSSIM assists users in Remediation  MARSSIM does not discuss

Method determining when sites are ready forMethod selection and evaluation of remedifl
a final status survey and provides alternatives, public involvement,
guidance on how to determine if legal considerations, policy decisigps
remediation was successful. related to planning

DQO MARSSIM presents a systemized | DQO MARSSIM does not provide

Process approach for designing surveys to | Process prescriptive or default values of
collect data needed for making DQOs.
decisions such as whether or not td
release a site.

DQA MARSSIM provides a set of DQA MARSSIM does not prescribe a
statistical tests for evaluating data statistical test for use at all sites.
and lists alternate tests that may bd
applicable at specific 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 throughout 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 criterions 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 release 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 death (mortality) and generally cannot be measured diieqlgsure pathway
modelingis 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 terrdedved

concentration guideline level (DCGLEXxposure 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, while 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 compliangeBq/kg or pCi/g, Bg/rhor dpm/100

cn?). 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 leveis a radionuclide-specific level based on the release criterion that, if
exceeded, triggers some response such as further investigation or remediation. An investigation
level may be used early 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. T@GL,' (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 &atiititin a larger
area, typically smaller than the area between measurement locations, MARSSIM
considers the results of individual measurements. D®@L,, (the DCGL used for the
elevated 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 siteis any installation, facility, or discrete, physically separate parcel of land, or any building
or structure or portion thereof, that is being considered for survey and investigation.

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

Decommissionings 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 license 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 unitis 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 offite 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 boundages,(buildings, fences, soil type,

surface water body) at the site.

For MARSSIM, measuremerg 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 meagfirew.
measurementare obtained by placing a detector near the media being surveyed and inferring the
radioactivity level directly from the detector responSeannings a measurement technique
performed by moving a portable radiation detector at a constant speed above a surface to semi-
guantitatively detect areas of elevated activiBamplingis 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 referredriadas a
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.
Classificationis 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 classibedmapacted

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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° 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 DGGLExamples of Class 1 areas include:

1) site areas previously subjected to remedial adi@socations 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 radioactive
contamination or known contamination, but are not expected to exceed the,DTGL
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 DCGJ. 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 Any 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 would 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.

® 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
DCGL,, 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. Thebackground reference area 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, fjon-impacted).

The process of planning the survey, implementing the survey plan, and assessing the survey
results prior to making a decision is called Bega Life Cycle Survey planning uses tbata

Quality Objectives (DQO) Proces$s ensure that the survey results are of sufficient quality and
quantity to support the final decisioQuality Assurance and Quality Control (QA/QC)

procedures are performed during implementation of the survey plan to collect information
necessary to evaluate the survey resudiata Quality Assessme(@QA) 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 th@uality

Assurance Project PlaQAPP) 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 1997a), and is recommended to
promote consistency. The use of the term QAPP in MARSSIM does not exclude the use of other
terms €.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 decisiorf medds to ensure that the

4 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
. PLANNING PHASE
developed and documented using the o
Data Quality Objectives (DQO) Process. Dot Ol Gocives Propece g
Quality assurance and quality control Develop a Quality Assurance Project Plan

(QA/QC) procedures are developed and
documented in the Quality Assurance
Project Plan (QAPP). The QAPP is the
principal product of the planning proces
which incorporates the DQOS as i s o i
integrates all technical and quality aspegts

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 || Sea veriteaton baa valdaten, and e oualty Astecement
the type and quality of data needed for
decision making. The QAPP elements
are presented in an order correspondin
to the Data Life Cycle by grouping them|
into two types of elements: 1) project DECISION-MAKING PHASE
management; and 2) collection and
evaluation of environmental data (ASQ(
1995). The DQO process is described in

Appendix D, and applied in Chapters 3, Figure 2.1 The Data Life Cycle
4, and 5 of this manual. Development of

the QAPP is described in Section 9.2 and

applied throughout decommissioning.

Y

IMPLEMENTATION PHASE

[4s)

(@]

ASSESSMENT PHASE

QL

\ 7
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° Implementation Phas&he 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.

° Assessment Phas@he 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.

o Decision-Making PhaseA 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
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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.

DQOs 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 establishing the
guantity and quality 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 information (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 Dg;@hd 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)

° define Type | and Type Il decision errors and assign probability limits for the occurrence
of these errors: the probability of making a Type | decision exjarr(a Type Il decision
error (3) are site-specific variables (Section 5.5.2.2, Section 5.5.2.3, Appendix D,
Section D.6)

o estimate the standard deviation of the measurements in the survey unit: the standard
deviation 6) is a site-specific variable, typically estimated from preliminary survey data
(Section 5.5.2.2, Section 5.5.2.3)

o specify the relative shift: the shifc) is equal to the width of the gray region
(DCGL, - LBGR), and the relative shift is defined&fs, 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

'

STEP 3: IDENTIFY INPUTS TO THE DECISION

STEP 7:
OPTIMIZE THE
DESIGN FOR
OBTAINING DATA

¢ -~

STEP 4: DEFINE THE STUDY BOUNDARIES

'

STEP 5: DEVELOP A DECISION RULE

'

STEP 6: SPECIFY LIMITS ON DECISION ERRORS

Figure 2.2 The Data Quality Objectives Process

o 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 shift4/c), Type | and Type Il decision error ratesandp), 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)
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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 1997a). 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 1997a). As discussed
previously, QC data are collected and analyzed during implementation to provide an estimate of
the uncertainty associated 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 Results—Assessment 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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There are five steps in the DQA Process:

QC/Performance

Routine Data Evaluation Data

° Review the DQOs and Survey Desigr
° Conduct a Preliminary Data Review INPUTS
° Select the Statistical Test
Y Verify the Assumptions of the DATA VALIDATION/VERIFICATION
StatiStical Test o \Verify Measurement Performance
Y Draw COHC'USiOﬂS from the Data ¢ \Verify Measurement Procedures and Reporting Requirements
The strength of DQA is its design that OuUTPUT
progresses in a logical and efficient manner o
promote an understanding of how well the VALIDATED/VERIFIED DATA
data meet the intended use. The Assessmejnt
Phase is described in more detail in Appendix INPUT
E. Se<_:t|on 2.6 discusses _the flexibility of thq DATA QUALITY ASSESSMENT
Data Life Cycle and describes the use of . ‘
survey designs other than those described ot P o eview
later in MARSSIM. o Select Statistical Test
® \erify Assumptions
® Draw Conclusions
2.3.4 Uncertainty in Survey Results
OUTPUT

Uncertainty in survey results arises primarily,
from two sources: survey design errors and CONCLUSIONS DRAWN FROM DATA
measurement errors. Survey design errors
e o et v IS 23 The Assessment pase o e

; : ; R Data Life Cycle (EPA 1996a)
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
guestion 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 results 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(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 Sl unitsy, Bg/kg, Bg/m) or conventional units
(e.g., pCi/g, dpm/100 cfhis 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.

o Report the minimum detectable concentration (MDC) for the measurement system as well
as the method used to calculate the MDC. The MDC &anori 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 Section 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 requirements 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 Cycle 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 identified using the 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 MARSSHIg.( 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 area 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
assessment process. As shown in these figures, there are several sequential 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

RSSI Process Data Life Cycle MARSSIM Guidance

Site Identification Provides information on identifying potential radiatiofp
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 tﬂ(
Assess information when planning final status surveys (Secfion

Decide 5.2)

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, especidlly
Life Cycle Assess as sources of information when planning final statug
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, an
Decide Appendix H), and assessing the data collected durifg
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.

MARSSIM, Revision 1 2-16 August 2000



Overview of the Radiation Survey and Site Investigation Process
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Figure 2.4 The Radiation Survey and Site Investigation Process
in Terms of Area Classification
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Site Identification
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Figure 2.5 The Historical Site Assessment Portion of the
Radiation Survey and Site Investigation Process
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From
Figure 2.5
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Figure 2.6 The Scoping Survey Portion of the
Radiation Survey and Site Investigation Process
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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
2.7
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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.

2.4.3 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

evaluate whether the survey plan can be optimized for use in the final status survey
support Remedial Investigation/Feasibility Study requirements (CERCLA sites only) or
Facility Investigation/Corrective Measures Study requirements (RCRA sites only)

° 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 preparing a reference grid, systematic as well as judgment
measurements, and surveys of different meelig (surface soils, interior and exterior surfaces of
buildings). The decision as to which media will be surveyed is a site-specific decision addressed
throughout the Radiation Survey and Site Investigation Process.

2.4.5 Remedial Action Support Survey

If an area is adequately characterized and is contaminated above the derived concentration
guideline levels (DCGLs), a decontamination plan should be prepared. A remedial action
support survey is performed while remediation is being conducted, and guides t