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March 30, 2022
EPA-SAB-22-001

The Honorable Michael S. Regan
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Transmittal of the Science Advisory Board Report titled “Review of Multi-Agency
Radiation Survey and Site Investigation Manual, Revision 2" (Public Comment Draft), dated May,
2020

Dear Administrator Regan,

Please find enclosed the final report from the Science Advisory Board (SAB). The
EPA’s Office of Air and Radiation requested that the SAB review the Multi-Agency
Radiation Survey and Site Investigation Manual (MARSSIM), Revision 2 (Public Com-
ment Draft). In response to the EPA’s request, the SAB augmented the SAB Radiation
Advisory Committee with subject matter experts to conduct the review.

The SAB Radiation Advisory Committee augmented for the review of the Multi-
Agency Radiation Survey and Site Investigation (the MARSSIM Panel) held one tele-
conference on December 3, 2020, to deliberate on the agency’s charge questions and
met virtually on January 11-14, 2021, to deliberate on the responses to the agency’s
charge questions. The panel also met virtually on December 6, 2021, to deliberate its draft
report. Oral and written public comments were considered throughout the advisory process.
This report conveys the consensus advice of the panel.

While the SAB includes many recommendations within this report, we would like to highlight
the following:

e Technological advancements for “scan-only” surveys are not adequately addressed in the
draft revision to MARSSIM. To be technically appropriate and useful for performing en-
vironmental radiological surveys, statistical and uncertainty methodologies should be up-
dated for modern detection systems with data logging. The SAB strongly encourages ad-
ditional guidance development for scan-only methodologies.

e Regarding the use of statistics in MARSSIM, the SAB finds the study design concepts,

methodologies and examples comprising MARSSIM-Revision 2 are indeed technically
appropriate and highly useful. Much of the advice provided by the SAB involves the
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issue of clarity. The SAB recommends the inclusion of additional introductory material in
which the concepts and terminology used throughout the MARSSIM manual are intro-
duced early in the document.

The SAB supports the inclusion of Scenario B (assumes the level of radioactive mate-
rial in the survey unit meets the release criteria until proven otherwise), and its pro-
posed implementation. The SAB agrees that it is reasonable to only recommend Sce-
nario B when Scenario A (assumes the survey unit does not meet the release criteria) is
infeasible (i.e., when the release criteria is close to zero); and a retrospective power
analysis must be performed to prove the survey has sufficient statistical power to detect
a survey unit that should not have passed.

Many working examples are requested in order to assist in making the manual easier to
understand.

The SAB finds some shortcomings in the proposed implementation of the concept of
measurement quality objectives (MQOs). Regarding uncertainty calculations, the SAB
distinguishes three concepts, method uncertainty, required method uncertainty and meas-
urement uncertainty. The first two of these are a priori concepts resting on predicted ra-
ther than observed data for a particular sample and measurement method; while the third
is calculated a posteriori from the data observed during site investigation. All three of
these require further clarification.

The SAB finds the description of the concept of detection capability and its implementa-
tion in the draft MARSSIM document to be generally adequate and correctly described.
The SAB recommends the Minimum Detectable Concentration (MDC) be evaluated with
all known sources of uncertainty being properly quantified and combined into an appro-
priate expanded uncertainty. Equation 6-5 for calculation of MDC should be rewritten to
include the uncertainty in C, the factor that converts the detection limit from blank/back-
ground counting signal to concentration measurement.

The SAB agrees the Unity Rule should be maintained in MARSSIM Revision 2 for eval-
uation of multiple areas of elevated activity. The Unity Rule is used to ensure that the to-
tal dose (risk) from all sources and all radionuclides associated with each source does not
exceed the release criteria. As an alternative, the dose or risk due to the actual residual
radioactive material distribution could be calculated if an appropriate exposure pathway
model is available.

The SAB finds that MARSSIM content pertaining to survey sites containing discrete ra-
dioactive particles (DRPs) is inadequate and fails to address many important considera-
tions. MARSSIM limits its discussion of DRPs to an appropriate and useful cautionary
statement advising against using the Elevated Measurement Comparison (EMC) process
when DRPs are discovered. However, the SAB believes the proposed rule of thumb to
avoid using the EMC process may not prove useful or practical. The possible health risks
posed by DRPs should be noted as they can be distinctly different from those caused by
radioactive substances widely dispersed on building surfaces and within surface soil. In



addition, MARSSIM should review how DRPs may present measurement challenges that
will affect instrument selection and use, including the concerns regarding the mobility of
DRPs and associated contamination hazards.

e The SAB finds the description of measurement methods and instrumentation information
in Chapter 6 are generally useful and in large part appropriate and clear. However, rec-
ommendations for improvements in Chapter 6 are made to acknowledge when differ-
ences between ideal and realistic conditions merit specific treatment in the technical ap-
proaches; and to provide updated statistical techniques for modern data-logging systems
that no longer rely on human surveyor data interpretation to perform the survey.

e The revised description in MARSSIM of how to set the Lower Bound of the Gray Region
(LBGR) conveyed the point that LBGR should be set using site-specific information
about the remaining residual contamination rather than some rule of thumb of a more
general nature. The SAB agrees that setting the LBGR to a value near to the median seen
in preliminary data is a good suggestion as long as the preliminary data are reasonably
informative. In cases where preliminary data are limited, adherence to a heuristic rule
probably can’t be avoided.

As the EPA finalizes its draft Multi-Agency Radiation Survey and Site Investigation Manual
(MARSSIM), Revision 2, the SAB encourages the Agency to address the panel's concerns raised
in the enclosed report and consider their advice and recommendations. The SAB appreciates this
opportunity to review the draft MARSSIM Revision 2 and looks forward to the EPA’s response
to these recommendations.

Sincerely,
/s/ /s/
Alison C. Cullen, Sc.D. Daniel O. Stram, Ph.D.
Chair Chair
EPA Science Advisory Board EPA MARSSIM Review Panel

Enclosure:



NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board, a public
advisory committee providing extramural scientific information and advice to the Administrator
and other officials of the Environmental Protection Agency. The Board is structured to provide
balanced, expert assessment of scientific matters related to problems facing the Agency. This re-
port has not been reviewed for approval by the Agency and, hence, the contents of this report do
not represent the views and policies of the Environmental Protection Agency, nor of other agen-
cies in the Executive Branch of the Federal government, nor does mention of trade names or
commercial products constitute a recommendation for use. Reports of the EPA Science Advisory
Board are posted on the EPA website at https://sab.epa.gov.
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1. INTRODUCTION

The Environmental Protection Agency (EPA) Office of Air and Radiation (OAR) requested that
the Science Advisory Board (SAB) conduct a peer review of the technical accuracy and under-
standability of its document titled “Multi-Agency Radiation Survey and Site Investigation Man-
ual (MARSSIM), Revision 2 (Draft for Public Comment)” (hereafter referred to as the draft
MARSSIM). MARSSIM was developed by the technical staff of the four Federal agencies hav-
ing authority for control of radioactive materials: the Department of Defense (DOD), the Depart-
ment of Energy (DOE), EPA, and the Nuclear Regulatory Commission (NRC). It provides infor-
mation on planning, conducting, evaluating, and documenting environmental radiological sur-
veys of surface soil and building surfaces for demonstrating compliance with regulations.

In response to the EPA’s request, the SAB convened a panel of subject matter experts to conduct
the review. The Science Advisory Board Radiation Advisory Committee augmented MARSSIM
Review Panel (hereafter referred to as the Panel) convened 3 public meetings to conduct a peer
review of the EPA’s revised document. Meetings were held on December 3, 2020, to discuss the
charge questions, and January 11-14, 2021, to deliberate responses to charge questions. The
Panel also met on December 6, 2021, to deliberate its draft report. Oral and written public com-
ments were considered throughout the advisory process. Charge questions were specified by
OAR on the changes made to MARSSIM Revision 1 (U.S. EPA, 2000) in the draft document
and appendices. There are 3 main charge questions and 12 sub-questions.

This report is organized to state each charge question raised by the Agency followed by the con-
sensus response and recommendations. The SAB provided key recommendations that are neces-
sary to improve the critical scientific concepts, issues, and/or narrative within the EPA’s docu-
ment. The SAB also provided suggestions to strengthen the scientific concepts, issues and/or nar-
rative within the document, but other factors (e.g., Agency need) should be considered by the
Agency before undertaking these revisions.

A list of acronyms and abbreviations can be found at the front of this report to assist in orienting
the reader to the terms and names used in the EPA’s report and throughout the SAB’s responses
to the Charge Questions. EPA’s charge questions to the panel can be found in Appendix A. All
editorial comments are presented within Appendix B. Additional comments can be found in Ap-
pendix C. All materials and comments related to this report are available at:

https://sab.epa.gov/ords/sab/f?p=100:18:7282117609671:::RP.18:P18 1D:2582
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2. RESPONSES TO EPA’S CHARGE QUESTIONS

2.1. Charge Question 1. Concepts and Methodologies

Are the revisions to MARSSIM concepts and methodologies technically appropriate, useful and
clear, and do they provide a practical and implementable approach to performing environmental
radiological surveys of surface soil and building surfaces?

Technological advancements for “scan-only” surveys are not adequately addressed in the draft
MARSSIM. To be technically appropriate and useful for performing environmental radiological
surveys, statistical and uncertainty methodologies should be updated for modern detection sys-
tems with data logging. The SAB recommends revision of the term “scan-only” surveys into ge-
neric scanning surveys and site-specific scanning surveys. Guidance should be prepared and pre-
sented for the revised definition. In particular, site-specific calibration for field surveys should be
addressed and include explicit description of measurement quality objectives as well as commut-
ability! of reference materials. The SAB recommends EPA justify the assignment of the mini-
mum detectable concentration for scan-only surveys (Scan MDC) at 50% of the Derived Con-
centration Guideline Level for wide areas (DCGLy). Nonstatistical uncertainties should be em-
phasized in the revised guidance.

Regarding the use of statistics in the draft MARSSIM, the issues that surround statistical study
design are many and complex, and it is not possible to provide advice on the development of site
surveys that is simultaneously useful and appropriate, technically sound and comprehensive,
while also being jargon-free and easy to understand on a first read through by a non-statistically
trained user. Overall, the SAB finds that the study design concepts, methodologies and examples
comprising the draft MARSSIM are indeed technically appropriate and highly useful, and the
points where the SAB disagrees with the advice given by the draft MARSSIM are mostly rela-
tively small. Much of the advice provided by the SAB (especially for charge question 1.2) is on
the issue of clarity. In particular, the SAB recommends the inclusion of additional introductory
material in which the concepts and terminology used throughout the MARSSIM manual (and in-
deed throughout the Multi-Agency Radiological Laboratory Analytical Protocol (MARLAP,
U.S. EPA, 2004), the Multi-Agency Radiation Survey and Assessment of Materials and Equip-
ment Manual (MARSAME, U.S. EPA, 2009), and related documents and appendices be intro-
duced early in the document. The SAB has provided some detail on what ground this introduc-
tory material should cover. The purpose of the proposed introduction is to flatten the learning
curve faced by even statistically well-trained users, when initially confronted with MARSSIM
terminology and specialized concepts.

! The general definition of commutability is “equivalence.” Commutability is defined as property of a given refer-
ence material, demonstrated by the closeness of agreement between the relation among the measurement results for
a stated quantity in this material, obtained according to two measurement procedures, and the relation obtained
among the measurement results for other specified materials (ISO, 2012).

NOTES 1 The material in question is usually a calibrator. 2 At least one of the two given measurement procedures is usually a
high-level measurement procedure.



Among the many points of agreement with the changes in the draft MARSSIM are the ac-
ceptance of Scenario B as a valid methodology so long as retrospective power analysis shows the
design had adequate power to reject the null hypothesis as specified in the DQO. The SAB also
agrees that it is reasonable to require that Scenario A (assumes the survey unit does not meet the
release criteria) be preferred to Scenario B (assumes the level of radioactive material in the sur-
vey unit meets the release criteria until proven otherwise), except when Scenario A is infeasible
(i.e., because the proposed number of samples for analysis becomes unreasonably large as the
DCGLw approaches zero).

The SAB also agrees that the suggested sequence of tests for existence of background variability,
first using the Kruskal-Wallis test, and then ANOVA, is reasonable. However, among the places
where there is disagreement is in the use of a particular value, i.e., 3 @ (3 standard deviation), to
allow for background variability in the construction of tests under Scenario B, which the SAB
finds to be overly forgiving. In addition, the SAB agrees with the use of the Quantile test as part
of checking the assumptions of Scenario B but asks that additional information about the power
of this test be provided in the manual.

The SAB found some shortcomings in the proposed implementation of the concept of measure-
ment quality objective (MQO). Regarding uncertainty calculations, the SAB distinguishes three
concepts, method uncertainty, required method uncertainty and measurement uncertainty. The
first two of these are a priori concepts resting on optimal instrument or laboratory detection ca-
pabilities rather than observed data for a particular sample and measurement method; while the
third is calculated a posteriori from the data observed during site investigation. All three of these
require further clarification, for example, the calculation of required method uncertainty, which
is an upper limit for the model uncertainty (at the Upper Bound Gray Region, UBGR) based on
tolerable error rates and the width of the gray region, needs further detail and inclusion in an ex-
ample. In calculation of overall measurement uncertainty, the description should provide exam-
ples of the known influences and whether the resultant uncertainty from these influences is Type
A (derived from statistical methods) or Type B (usually non-statistical, like experience or expert
knowledge) and the specific means by which their quantitative uncertainties (estimates of the
standard deviation) were derived.

The SAB found the description of the concept of detection capability and its implementation in
the draft MARSSIM document to be generally adequate and correctly described. A Minimum
Detectable Concentration (MDC) should be evaluated with all known sources of uncertainty be-
ing properly quantified and combined into an appropriate expanded uncertainty. For example,
treating calibration factors or surveyor efficiencies as known constants with no uncertainty is not
appropriate and conflicts with National Institute of Science and Technology (NIST) and Interna-
tional Organization for Standardization (ISO) advice. At present the main comment about error
in calibration (or other systematic errors that affect all measurements) is that such errors should
be minimized through sound laboratory practice. This seems only partly adequate and formal in-
corporation of systematic errors into uncertainty propagation should be considered. The SAB
also suggests that changes needed in Equation 6-18 (error propagation) to deal with correlated
errors either of Type A or Type B should be described.



Regarding uncertainties in scanning and other field measurements, the SAB is in good agreement
with what is described in Chapter 6 of the draft MARSSIM as far as they go, but there is an am-
biguity about the advice regarding using these measurements for quantification as opposed to de-
tection of radiation anomalies; it is explicitly stated in Chapter 6 that the scanning is only for de-
tection (page 6-33) but this is partially contradicted by advice given on the next page. The SAB
recommends that the MARSSIM-Revision 2 address more fully the topic of using scanning (or
other field measurements) for quantification of average concentrations over a site. The other
topic addressed in the SAB review of Chapter 6 is treatment of systematic uncertainties, espe-
cially since scanning a large fraction of a site may shrink random uncertainties down to negligi-
ble levels.

Regarding stakeholder complaints that calculating uncertainties for field measurements makes
the survey process difficult to implement, the SAB notes that quantifying measurement uncer-
tainty for field measurements (scan-only and in sifu) is important, most especially for documen-
tation of final status survey (FSS) results. A detailed list of factors affecting the performance of
scan-only designs is provided in Chapter 6 and would seem to be useful to the stakeholders. It is
noted on page 6-27 of the draft MARSSIM that rigorous uncertainty assessment for field meas-
urements is generally only necessary for final site survey documentation, and generally not re-
quired in scoping or characterization surveys.

The SAB agrees with keeping the original MARSSIM requirement of a measurement method
with MDC equal to between 10 and 50% of the UBGR so long as they relate to the data quality
objectives, e.g., the tolerable error rates and the width of the gray region. The SAB prefers that
the range (10 to 50% of the UBGR) be given, as in the original MARSSIM, rather than a single
number (e.g., 50%) as in the draft MARSSIM. The SAB notes that this range is nearly equivalent
to setting the minimum quantifiable concentration (MQC) to about 10 percent of the action level
(at alpha = beta = 0.05). Therefore the “standard” choices for both MDC and MQC nearly
concur, so that either could work well as an MQO. The SAB agrees with MARLAP (U.S. EPA,
2004) (Chapter 3 page 3-12 to 3-13) that the value of including the MQC as a possible perfor-
mance characteristic is to emphasize the importance of the quantification capability of a method
for those instances where the issue is not whether an analyte is present or not, but rather how pre-
cisely the analyte can be quantified.

The SAB finds the MARSSIM content pertaining to environmental radiological surveys of sur-
face soil and building surfaces to be generally logical, technically appropriate, useful, but some-
what ambiguous. The draft MARSSIM provides a practical and implementable approach to per-
forming environmental radiological surveys of surface soils and building surfaces. The SAB
finds the elevated measurement comparison (EMC) approach for small areas of elevated concen-
trations of radioactive material acceptable. The SAB agrees with the decision to maintain the use
of the Unity Rule for multiple areas of elevated activity. The second alternative cited in the draft
MARSSIM would always be an option, providing that it can be implemented using sufficient
characterization data about th