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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 the exposure pathways of interest. Additional clarity is possible by
adding more details in the body of the sections and the examples (e.g., degree of uncertainty, rea-
soning for the initial number of samples).



The SAB finds that the draft MARSSIM content pertaining to discrete radioactive particles
(DRPs) is inadequate and fails to address many important considerations. 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; although the
SAB believes the proposed rule of thumb to avoid using the EMC process may not prove useful
or practical. The absence of critical information pertaining to the influence DRPs exert on the de-
velopment of data quality objectives, measurement quality objectives and operational radiation
safety programs impedes the ability of MARSSIM to provide practical and implementable ap-
proaches to performing environmental radiological surveys of surface soil and building surfaces.
As part of MARSSIM’s introductory sections, the possible health risks posed by DRPs should be
noted as they can be distinctly different from those caused by radioactive substances widely dis-
persed on building surfaces and within surface soil. Some DRPs may cause injury from short-
term, acute exposure if the particle comes into direct contact with tissues while other DRPs may
pose little to no risk above that from more widely dispersed radioactive materials. MARSSIM
should explicitly address through decision aids how such variability in risk may be considered
during early site assessments and survey planning objectives. Additionally, 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 haz-
ards.

2.1.1. Charge Question 1.1. Scan Only Surveys

Please identify whether the inclusion and proposed implementation of scan-only surveys (Section
5.3.6.1 and Section 8.5) is appropriate, adequate, and clear, especially the discussion on sam-
pling for scan-only measurement method validation or verification.

Consistent with the charge, the response is communicated according to four considerations:
e Technical appropriateness of concepts and methodologies
e Practicality of implementing approaches for surveys of surface soil and building surfaces
e Usefulness and clarity of MARSSIM revisions including misinterpretation of “scan-only”
e Verification of scan-only surveys with sampling and laboratory analysis

Technical appropriateness of concepts and methodologies

The SAB agrees that the current MARSSIM guidance does not adequately address modern scan-
ning surveys. Arising from significant technological advancement over the past two decades,
newer scanning instruments and mobile systems represent attractive options for consideration
and assessment. Quantitative measurements with various example systems are described in the
scientific literature (Marques et al. 2021; Peeva, 2021; Ji et al. 2020; Rahman et al. 2020; Ji et al.
2019; Lee and Kim, 2019; Sanada et al. 2019; Azami et al. 2018; Falciglia et al. 2018; Wilhelm
et al. 2017; Sinclair et al. 2016; Sanada and Torii, 2015; Kock et al. 2014; Sanderson, 2013; Tan-
igaki et al. 2013; Kock and Samuelsson, 2011). Detection efficiency and minimum detectable ac-
tivity for mobile scanning have been investigated regarding scanning speed and signal processing
(Falkner and Marianno, 2021; Marianno, 2015). The SAB does not endorse specific detection
systems or commercial equipment. Although commercial systems are not referenced in this re-
port, the SAB reinforces the importance of detection system calibration that yields measurement
quantification with uncertainties to support defensible final survey results.




The SAB strongly encourages additional guidance development for scan-only methodologies.
The SAB finds additional discussion on instrument response and calibration factors for the spe-
cific site or surface being measured to be essential. Guidance is needed on site-specific calibra-
tion for field surveys, and the guidance should explicitly describe Measurement Quality Objec-
tives (MQO) implementation and the commutability of reference materials in the context of
scan-only surveys. Commutability has been defined by the International Organization for Stand-
ardization (ISO, 2015a) and the National Institute of Standards and Technology (NIST, 2020).
In this context, commutability relates to the equivalence of measurement results for the reference
material and field survey results of the same measured quantity by two or more measurement
procedures. The SAB acknowledges that environmental factors and heterogeneities at the site,
including variations in surface and instrument efficiency during scanning, can dominate meas-
urement uncertainty of scan-only surveys. As a result, nonstatistical uncertainties [see Section
2.1.3.1, also referred to as Type B uncertainties by the National Institute of Standards and Tech-
nology (NIST, 1994)] should be emphasized. Relevant uncertainties should be clearly annotated
while establishing data and measurement quality objectives, selecting survey methods and equip-
ment, performing and confirming calibrations, conducting surveys, recording results, and gener-
ating preliminary and final conclusions. Modern data logging pairs detector position and raw in-
strument readout during continuous operation. Recording detector position during scanning
measurements enables the generation of two-dimensional (or three-dimensional) maps of detec-
tor readout over the scanned surface. For scan-only surveys without data logging, the SAB finds
the statistical methods in Section 5.3.6.1 and Section 8.5 of the draft revision to be technically
appropriate with the technical improvements recommended in the next two paragraphs.

The SAB recommends that the EPA justify subjecting the minimum detectable concentration for
scan-only surveys (Scan MDC) to 50% of the Derived Concentration Guideline Level for wide
areas (DCGLyw). This justification should be in harmony with revised guidance on incorporating
nonstatistical (Type B) uncertainties into MDC calculations for scan-only surveys, especially if
conservative parameter values are intentionally selected to overestimate concentrations in lieu of
quantitative uncertainty propagation. A more complete description of scan-only technology ad-
vances since the last revision of MARSSIM would facilitate guidance development. For exam-
ple, addressing overlapping fields of view for scan-only surveys with gamma-ray detectors is ad-
vised.

The SAB supports development of a stronger, more formal connection between scan-only meas-
urements and laboratory verification results to substantiate quantification requirements for scan-
only surveys. Relationships should be explained among MDC recommendations for scan-only
surveys, instrument calibration including its rigor for the specific site under investigation, and
statistical approaches as well as the extent of conservatism in metrics selected for decision-mak-
ing. In general, the SAB suggests EPA perform a consistency check of MDC recommendations
relative to guideline levels throughout the MARSSIM documentation and explain the rationale
for differences.

Practicality of implementing approaches for surveys of surface soil and building surfaces

The SAB recommends that the EPA present appropriate quality assurance and quality control
definitions for the scanning technology and its recording output. Because the two-staged tech-
nique on scanning with frequent stationary measurements was designed for older equipment




without data logging, measurement techniques for modern systems with continuous data logging
of detector location and response should be described. The SAB also supports the incorporation
of radiation data mapping generated by continuous data-logging scanning systems into guidance.
On strengthening the description of relevant equipment for scan-only surveys, the SAB encour-
ages EPA to describe how scan-only equipment relates to data and measurement quality objec-
tives including measurement sensitivity requirements, to provide additional detail on how to per-
form scan-only surveys, to illustrate scan-only implementation with validation from sampling
and laboratory analysis, and to present implementation examples of replicate measurements over
defined scanning areas. Adding detailed insights from a case study is also advised.

Usefulness and clarity of MARSSIM revisions including misinterpretation of “scan-only”

The SAB recommends revising the term “scan-only” surveys into “generic scanning surveys”
and “site-specific scanning surveys.” Generic scanning surveys rely on systems with no site-spe-
cific calibration and thus require validation from sampling and laboratory analysis. Site-specific
scanning surveys utilize systems that apply site-specific calibrations with commutable reference
validation materials. When the implementer confirms the measurement quality objectives associ-
ated with calibration are met inclusive of nonstatistical (Type B) uncertainties, site-specific scan-
ning systems require minimal to no additional confirmation from sampling and laboratory analy-
sis. Slight adjustments to the organizational structure (e.g., Sections 5.3.6.1 and 5.3.6.2) would
be expected to accommodate the revised definitions.

Expectations associated with the recommended percentages of areas covered by scan-only sur-
veys should be clarified. Guidance on how to address 90% of the area scanned for Class 1 lim-
ited by obstacles in comparison to the 100% recommendation in current guidance could serve as
one example. The SAB supports a discussion on surface versus volumetric contamination in the
context of scan-only surveys. Per the bulleted consideration of alpha and beta radiation impacts
on scan-only surveys in Section 5.3.6.1, the SAB agrees with expanding the description of scan-
only survey impacts due to different particle emissions (e.g., alpha, beta, and gamma rays). Addi-
tionally, it would be helpful to incorporate examples with readouts or data logging results repre-
sentative of modern scan-only technology. It is important to include nonstatistical (Type B) un-
certainties in these examples. In particular, Example 6 in the draft MARSSIM Chapter 6 for scan
MDC would include nonstatistical uncertainties in the surface efficiency and instrument effi-
ciency. Revision 1 of NUREG-1507 (NRC, 2020) recommends “experimentally determined sur-
face efficiencies for anticipated field conditions.” In the draft MARSSIM, the surface efficiency
is also referred to as the source efficiency. To account for natural variations in the field, surface
efficiencies would be experimentally determined at more than one location. Uncertainty in the
surface efficiency at the site would address these important nonstatistical effects. Uncertainty in
the instrument efficiency would account for differences in source geometry and distribution. The
SAB advises EPA to justify why final status surveys based on scan-only measurements that are
consistent with the project MQOs would be inadequate. The SAB also supports the cautionary
notes on applying statistical tests to small data sets and endorses extending these notes into other
areas of the document by illustrating the risks from small data sets with examples.

Verification of scan-only surveys with sampling and laboratory analysis
The SAB maintains that collecting samples for laboratory analysis to validate scan-only meas-
urements is a good quality control practice and recommends that the measurement quality




objective for laboratory analysis have a measurement uncertainty of at least one-third of that for
the scan-only measurements [i.e., laboratory measurement uncertainties are at least 3 times
smaller compared to scan-only measurement uncertainties (ANSI, 1995, see Appendix C)]. As
clarified by the recommended revision to the term “scan-only,” the SAB acknowledges site-spe-
cific instrument calibration, with commutable reference validation standards and measurement
uncertainties consistent with the project MQOs for the contaminants under investigation, can
minimize requirements for subsequent confirmation by physical sampling and laboratory analy-
sis. Expanding the verification discussion for scan-only surveys to include spatial concentration
variability, contamination depth, and anticipated contaminant migration is also advised.

Revised MARSSIM guidance should highlight important distinctions between scanning with sta-
tionary measurements versus scanning measurements with sampling for laboratory analysis. The
SAB recommends a protocol for data-logging scanning systems with (1) site-specific instrument
calibration, (2) preselected locations for stationary measurements according to a grid, (3) contin-
uous scanning measurements at a constant speed, and (4) follow-up stationary measurements at
locations suspected to have the highest concentrations. From a broader programmatic perspec-
tive, the SAB suggests EPA motivate and organize multiagency activities on scan-only perfor-
mance testing to validate capabilities of modern systems and techniques similar to the perfor-
mance specifications and testing methods described in N42.23 consensus standards by the Amer-

ican National Standards Institute and Institute of Electrical and Electronics Engineers
(ANSVIEEE, 2021).

Recommendations:

e Revise the term “scan-only” surveys into generic scanning surveys and site-specific scan-
ning surveys. Develop guidance for the revised definition.

e Address site-specific calibration for field surveys and explicitly describe measurement
quality objectives as well as commutability of reference materials in the context of
scan-only surveys.

e Justify subjecting the minimum detectable concentration for scan-only surveys (Scan
MDC) to 50% of the Derived Concentration Guideline Level for wide areas (DCGLy).

e Emphasize uncertainties derived from other than statistical means (also referred to as
Type B uncertainties) in the revised guidance for scan-only surveys.

2.1.2. Charge Question 1.2. Scenario B

General Comments

There are many parts of the draft MARSSIM Revision 2 manual (the draft MARSSIM, U.S.
EPA, 2020) that are initially extremely challenging to first-time readers, even those with strong
statistical training. This is partly because familiar concepts (to a statistician) are given new
names, such as the whole pantheon of action level (AL), discrimination limit (DL), gray region,



upper bound gray region (UBGR), and lower bound gray region (LBGR). There are some cases
where this is compounded by problems of clarity, such as the use of key concepts or acronyms
before they are defined. The gray region is an example, much discussion of the upper bound and
lower bounds of the gray region under both Scenario A and B, appears throughout the document
(indeed the “gray region” is cited 45 times total) but only in the glossary in the Appendix is a
formal definition of the gray region provided. A discrepancy between the glossary and the text is
in the definition of the lower bound of the gray region (LBGR) under Scenario B; the glossary
defines this as being equal to the derived concentration guideline level for average concentra-
tions over a wide area (DCGLw) whereas the text tends to call this the action level (AL). Once
some familiarity is gained with the terminology, then the logic of the recommended procedures,
statistical tests, null and alternative hypotheses, power, and sample size calculation, begins to be-
come clear. The SAB notes that this terminology is used throughout other interagency manuals
such as the Multi-Agency Radiation Survey and Site Investigation Manual, Revision 1 (MARS-
SIM-Revision 1, U.S. EPA, 2000), the Multi-Agency Radiation Survey and Assessment of Mate-
rials and Equipment Manual (MARSSAME, U.S. EPA, 2009); and the Multi-Agency Radiologi-
cal Laboratory Analytical Protocols Manual (MARLAP, U.S .EPA, 2004), and indeed more
widely in environmental protection, which itself provides a very good reason for its adoption.
Keeping all those involved in study design or oversight speaking the same language is crucial to
the task of providing clarity throughout the site release process.

To address this, there is a need for further introductory material to define and clarify key con-
cepts earlier on. This introductory material will provide a single location in the document where
key study design concepts and corresponding MARSSIM terminology is defined, where the ra-
tionale for selecting statistical tests and what can be revealed through their usage is explained, as
well as where study design and sample size determination can be learned or reinforced for the
non-specialists in statistics.

Here the SAB outlines what that material could look like, assuming a target audience of those
familiar with basic statistical concepts, specifically, the ideas of null hypothesis and alternative
hypothesis, tests of the null hypothesis, Type I error, and power. With this basic framework as-
sumed, the MARSSIM terminology starts with the definitions of “Scenario A” and “Scenario B.”
The SAB recognizes that MARSSIM has many users who are not well-trained statistically, and
the basic statistical concepts may themselves be unfamiliar. For these readers further explication,
starting with the most basic statistical terms, will be required. The SAB recognizes also that all
the material described below does indeed appear in the MARSSIM document, but the SAB still
sees a need for an overall summary to be added early in the document in one location for readers
to look for explanations of key study design concepts and the MARSSIM terminology.

Outline

Key Statistical Concepts Review: Introduce basic concepts of study design, namely hypotheses
and hypothesis testing, Type I error, power, and introduce several elementary test statistics, in-
cluding both parametric (e.g. t-tests), and nonparametric (e.g. the Wilcoxon Rank Sum (WRS)
test).



Scenario A and Scenario B: These two concepts, which are used throughout the MARSSIM
document, relate the null hypothesis to the derived concentration guideline level for average con-
centrations over wide area (DCGLw). If the null hypothesis is that the average or mean concen-
tration is above the DCGLw and the alternative hypothesis is that mean concentration is lower
than this value, then this is called Scenario A. On the other hand, if these switch, so that concen-
tration specified by the null is less than that specified by the alternative, then this is termed Sce-
nario B. Although Scenario A is the traditional cleanup approach, Scenario B is an alternative
available option for cases where the residual radionuclide concentration is indistinguishable from
zero or the radionuclide of interest is natural, and its concentration has reached the point of being
indistinguishable from natural heterogeneity.

Next should be a discussion of the meaning of rejecting and failing to reject the null hypotheses
for each of Scenario A and B. For Scenario A: (1) rejecting the null hypothesis implies that the
true (mean) concentration level is very likely to be below the DCGLw and supports the remedia-
tion action to come to a conclusion; and (2) failing to reject the null hypothesis implies that the
evidence is consistent with mean concentrations above the DCGLw and a continuation of reme-
dial action. For Scenario B: (3) rejecting the null hypothesis indicates that the mean concentra-
tions are likely to be above the DCGLw and a continuation of remedial action is needed; and (4)
failing to reject the null indicates that the mean concentrations are consistent with mean concen-
trations less than the DCGLw and supports the remediation action to come to a conclusion. The
difference is most notable when a study is poorly designed, i.e., it does not have sufficient sam-
ple size to meet the power expectations and fails to reject the null more often than desired. Under
scenario A, failing to reject the null indicates that the data are consistent with the mean concen-
tration being above the DCGLw. Under Scenario B, failing to reject the null means that the data
are consistent with the mean concentration being below the DCGLw (or action level, AL). Thus,
under Scenario B (but not A), a retrospective power analysis must be performed to prove the sur-
vey has sufficient statistical power to detect a survey unit that should not have passed.

The Gray Region: In either Scenario A or B, the region of concentrations between that specified
by the null and alternative hypotheses is called the gray region. The upper bound of the gray re-
gion, or UBGR, is the larger of the two concentrations, and the lower bound, LBGR, is the
smaller. The difference between the upper and lower bound, A, is termed the width of the gray
region. This is often given in units of (theoretical) standard deviations, g, of the measurements,
from the population being sampled, and is termed the relative shift (A/o).

Power, Sample Size, Relative Shift: Specifying appropriate values for A/a, Type I error rate a,
and statistical power 1 — f is part of the Data Quality Objectives (DQO) process, and together
these determine the necessary sample size. For a fixed relative shift, statistical power using an
appropriate statistical test, e.g., the Wilcoxon Rank Sum (WRS) test, increases with sample size.
As the relative shift decreases, the necessary sample size increases. If the relative shift ap-
proaches zero, then the necessary sample size approaches infinity, thereby making the study de-
sign (number of measurements needed) prohibitively expensive. This could be shown visually in
MARSSIM Revision 2 with separate figures showing (1) power increases as sample size in-
creases, and (2) necessary sample size increases when relative shift decreases.
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Figure 5.8: Gray Region for Scenario B

In Scenario A, the UBGR is set to the DCGLw [above see Figure 5.7 of the draft MARSSIM Re-
vision 2 (U.S. EPA, 2020)] and it is suggested that the LBGR be set to a conservative (high-
sided) estimate of the amount of residual radioactivity. This requires some knowledge (neces-
sarily uncertain) about the true concentration levels of the site, and how they differ from baseline
measurements, as well as the variability of the measurements of concentrations that will be en-
countered during the actual study. In some cases, this information is available from earlier sur-
veys; in other cases, expert opinion may be all that can be relied upon (see response to Charge
Question 3.1). A problem with using Scenario A arises when the DCGLw is set to nearly zero,
implying that essentially no increased concentration is permitted. In this case, the necessary sam-
ple size for collection and analysis can become unreasonably large and infeasible, since the rela-
tive shift approaches zero. Setting DCGLw to nearly zero typically implies very small doses and
risk from the contaminant, but it could be noted more clearly in the guidance that simply switch-
ing from Scenario A to Scenario B doesn’t solve this problem, the gray region must be expanded
before sample sizes become feasible. The concepts of discrimination limit (DL) and action level

11



(AL) also need explanation as these are the UBGR and the LBGR respectively under Scenario B
[above see Figure 5.8 of the draft MARSSIM Manual (U.S. EPA, 2020)]. The requirement (in
order to avoid an “owner-friendly” bias) for retrospective power analysis when the null hypothe-
sis is not rejected under Scenario B should be introduced to provide additional support that suc-
cessful remediation was based on a robust and defendable decision-making process.

While there is much more statistical content in the draft MARSSIM (U.S. EPA, 2020), these
points seem to be the most important for understanding the study-design-related components of
the manual.

2.1.2.1 Charge Question 1.2a. Please comment on the inclusion and proposed implementation
of Scenario B (Chapter 4, Section 5.3, and Chapter §).

Overall, the proposal for including Scenario B as a recommended approach when the DCGLw is
close to zero (no added contamination) and Scenario A is not feasible was accepted by the SAB.
While it is possible to reformulate Scenario A to deal with low DCGLw by replacing the UBGR
with a discrimination limit (DL), it is more natural to revert to Scenario B as long as statistical
power is well controlled in the analysis.

2.1.2.2 Charge Question 1.2b. Is it appropriate to recommend that Scenario B be used only for
those situations where Scenario A is not feasible?

The SAB finds that recommendation of Scenario A as the default approach for designing a sur-
vey study is reasonable and agrees that it is also reasonable to only recommend Scenario B when
the criteria being tested against are equivalent to there being no residual radioactivity left after
remediation. In some situations where the proposed residual radioactive material criterion is
“close to zero,” consideration of Scenario B may be driven by the available field instrumentation
and the laboratory analyses to be performed. Specification of adequate measurement methods is
part of the study design. In other situations, consideration of Scenario B may be driven by the
fact that the contaminant is also found in the background with high variability in the location to
be surveyed. In this case, refinement of instrumentation and analyses will not eliminate the need
to rely on Scenario B for ultimate release.

An inadequately designed study should not be used to accept that mean concentration is below a
certain level (the DCGLw), which justifies the choice of Scenario A. However, if the concentra-
tion level is too close to zero, then the relative shift (A/c) will be too small to give a reasonable
number of samples for collection and analysis. Just switching Scenarios from A to B is not suffi-
cient, because the UBGR should be reliably distinguished from the very small DCGLw. A very
small DCGLw can correspond to very small doses and risk, so the basis for the DCGLw and the
benefits of further remediation should be consistent with regulatory requirements. In Scenario B
the LBGR would remain small, and renamed as the AL, while the UBGR is set to the discrimina-
tion limit (DL) for the lowest concentration that can be distinguished from the AL. If UBGR is
enlarged by increasing the DCGLw so that this increase in the UBGR under Scenario A equals
the DL under Scenario B, statistical power may not change with a relative shift that remains the
same, except that Type I and Type II errors switch.
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A practical issue arises with Scenario B when p-values are evaluated using the estimates of
standard deviation computed from the observed data because Type II errors are defined during
the design phase. If the relative shift is overestimated in designing the study, p-values would re-
main valid, but overestimated Type II errors can be expected, which also implies that statistical
power is overestimated. For these reasons, it is crucial that Type II errors are properly controlled
for in Scenario B to confirm evidence in favor of the null hypothesis (i.e., mean concentration is
below the DL). The SAB recommends a retrospective power analysis when using Scenario B to
ensure that the survey has adequate statistical power to detect a survey unit that should not have
passed.

Language indicating that Scenario B is not as desirable as Scenario A should be dropped or re-
cast. As described, Scenario B can be necessary and important while the burden of proof remains
on the MARSSIM user to show (i.e., through retrospective power analysis) that the data strongly
support the null hypothesis when Scenario B fails to reject the null hypothesis.

2.1.2.3 Charge Question 1.2¢. Are methods for considering background variability in assessing
whether the site is indistinguishable from background reasonable and technically accurate?

Example 9 in Chapter 8 of the draft manual presents methods that can be used to determine in-
distinguishability of the survey unit from background when Scenario B is deemed appropriate to
use. The recommended approach to adjusting for background variability involves 3 steps. The
first is to (1) test for homogeneity in the background levels from reference site to reference site
using the Kruskal-Wallis test which is a non-parametric method, and if the null hypothesis of ho-
mogeneity is rejected; then (2) estimate a between reference site variance term using a paramet-
ric random effects analysis of variance (ANOVA) procedure. Finally (3) the background rate is
accounted for by setting the LBGR (in Scenario B) to three times the square root of the estimated
between reference site variance (6)2) component (i.e. LBGR = 3®). The SAB notes that both the
Kruskal-Wallis and the random effects ANOVA are very well-established methods, with a ca-
veat being that in testing for significance of the estimated variance components, the ANOVA
analysis, using the parametric F test, is sensitive to the normality assumption. Therefore, the
SAB agrees on reliance on the Kruskal-Wallis procedure for testing purposes, and only proceed-
ing to step (2) if the test is significant is a reasonable approach.

The SAB notes that the draft MARRSIM document (U.S. EPA, 2020) correctly points out that
ANOVA generally provides (in all but extreme cases) reasonable estimates of the between refer-
ence site variance component, even though the p-values from the test may be unreliable; in other
words, the results of the ANOVA procedure are appropriate for estimation of variance compo-
nents even when the F test is not reliable for testing the significance of those components if there
is failure of the normality assumption.

The SAB also notes that the third step in the adjustment for background radiation seemed to be
overly forgiving with the question being: why are 3 standard deviations of the random effect
chosen as the adjusted LBGR? This is justified in NUREG-1505 (NRC, 1998) by looking at the
probability (Pr) that an arbitrarily distributed random variable (X) is more than ¢ standard devia-
tions (o) away from its mean (¢) using Chebyshev’s inequality:
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Pr(|(X —p)| = to) < 1/t"2.

With ¢ equal to 3, the probability is less than 1/9 = 0.11. (Actually a one-sided bound is more rel-
evant to this problem, and is given as (Prob(X - x> to) < 1/(1+£*)) or 0.10 when ¢ = 3). How-
ever, this bound can be very weak, for a normally distributed random variable the probability of
exceeding this value is just 0.0013. The SAB recommends that # =1.3 (upper tail probability 0.90
for normal distribution) be considered. Here o is the standard deviation of the between reference
site random effect estimated in the ANOVA (in Example 9 of Chapter 8 of the draft MARSSIM
document (U.S. EPA, 2020), it is termed omega, &).

Regarding clarity of presentation, the SAB agrees that the use of the Kruskal-Wallis test and the
use of random effects ANOVA to estimate the between reference site component were ade-
quately described in Example 9, Chapter 8 of the draft manual. However, the presentation is
challenging and can be clearer. For example, Example 9 is built on Equations 13-3 and 13-13 as
well as tables (e.g. Tables 13.1 and 13.5) from NUREG-1505 (NRC, 1998) without providing
details about the equations and tables in the text. There is also a typo in the calculation of @ in

Example 9 (i.e., @ should be calculated from v/0.55, not from v/55).

2.1.2.4 Charge Question 1.2d. Is the inclusion and proposed implementation of added require-
ments for retrospective power analysis and the Quantile Test while using Scenario B technically
appropriate and discussed adequately and clearly?

The draft MARSSIM document adopts statistical methods that test for both changes in location
(with emphasis on shifts in the median) and changes in the upper portion of the distribution; both
are important for the evaluation of residual radioactivity. The main issues in the analysis of data
under Scenario B are: (1) whether appropriate statistical tests have been used for data analysis
and (2) whether sample size and power had been appropriately calculated in the design phase.
Regarding point (2), the SAB agrees that retrospective power analysis is fundamental to ac-
ceptance of null hypothesis results when Scenario B is utilized. The key to retrospective power
analysis is comparing the observed relative shift (A/d) using the value, &, the standard deviation
estimated during the study, to the A/o used in the design phase, as further described in Appendix
M of the draft manual.

Regarding point (1), the recommended, nonparametric, tests under Scenario B, are the Wilcoxon
rank sum (WRS) test and Quantile test. Down on the list are parametric tests (one and two sam-
ple t-tests). An argument may be raised against nonparametric tests in general, since they mostly
are used to reduce the influence of outliers (e.g., skewness and other failures to be normally dis-
tributed) on the estimation of location parameters. Both the Sign and the WRS test are testing for
a shift in the median rather than the mean and as such are very robust to the influence of outliers.
However, possibly because risk models are generally linear in radiation exposure, the focus in
MARSSIM, is stated to be on controlling mean exposure. Because of this, a combination of the
WRS test and the Quantile test is recommended in Scenario B, as well as inspection of the sam-
ple mean compared to the median. The Quantile test is sensitive to shifts that only affect some of
the data (i.e., the upper portion). Furthermore, values that exceed an investigational limit are to
be examined more closely, despite the outcome of the non-parametric tests (see Section 8.6.1 of
the draft manual).
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The description of the use of the WRS test is clear and can be readily implemented in spread-
sheet format (and almost all general-use statistical packages provide this test). Section 8.4.2 indi-
cates that to apply the WRS test for Scenario B, first the AL (here equal to zero) is subtracted
from the survey unit measurements, and then what boils down to a one-sided WRS test is per-
formed on the adjusted measurements. Otherwise, the Quantile test is performed (again on the
adjusted survey unit measurements), and if this test also is not rejected then the survey unit is
judged as not exceeding the release criteria. Table 5-2 is provided for power calculations for the
WRS test based on Equation O-1 and can be applied both prospectively and retrospectively. No
power calculations are given for the quantile test. This is a problem for Scenario B since retro-
spective power calculations are considered essential before accepting null results. It is recog-
nized that the same sample size will be used for both tests, but it seems possible and desirable to
put more investigation into the power characteristics of the quantile test so that power for spe-
cific scenarios can be determined either theoretically or by use of a simulation study, at least in
simple cases. For example, if the upper decile of the true population is shifted upwards high
enough so that the mean is above the DCGLw, but the median is not, then it seems possible to
compute power for the quantile test according to sample size. Similar power calculations can be
performed if it is the upper 5 percent, or 1 percent that is so shifted.

In the draft MARSSIM document, the intent of the Quantile test seems to guard only against the
worst possible scenarios involving non-normal tail distributions in the reference or survey areas
(or both). Another possible concern is that if the quantile test is very low power, then giving it
half of the Type I error will weaken the power of the overall WRS + quantile test. However,
given difficulties in testing for differences in the means for skewed data, the combination of a
Wilcoxon and Quantile test appears to be a reasonable choice.

Overall Recommendations for Charge Question 1.2:

e The SAB supports the inclusion of Scenario B.

e The SAB agrees that it is reasonable to only recommend Scenario B when Scenario A is
infeasible (i.e., when the DCGLw is close to zero).

e The SAB notes that “close to zero” is a concept that may be dependent on instrumentation
and that defining the appropriate instrumentation is also a key aspect of study design.

e The SAB requests that language indicating that Scenario B was not as desirable as Scenario
A be dropped or modified. It should be emphasized that Scenario B has an important and
necessary role to play.

e The presumption that the burden of proof shifts from user to regulator when Scenario B is
utilized should be retracted. The burden of proof remains on the MARSSIM user to show
(i.e., through retrospective power analysis) that the data strongly support the null hypothesis
when Scenario B fails to reject the null.

e The methods for considering background variability in assessing whether the site is indis-
tinguishable from background are technically accurate. The use of 3@ as the LBGR in
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Scenario B (Example 9) is overly permissive in the SAB’s estimation, with little chance
for the survey unit failing the null hypothesis that the survey unit concentrations do not ex-
ceed the LBGR. The SAB recommends consideration of somewhat smaller values as more
in keeping with the generally conservative approach of MARSSIM.

e The SAB agrees that the inclusion and proposed implementation of added requirements for
retrospective power analysis under Scenario B are appropriate. The document would ben-
efit by having more examples illustrating the calculation of retrospective power. Too few
worked examples are currently given.

e The discussion of the Quantile Test while using Scenario B is technically appropriate. How-
ever, a better description of the Quantile Test, literature references, discussion of the under-
lying null and alternative hypotheses, and power, are all needed in the MARSSIM revision.

e Clarity throughout the document could be improved as well as access to key concepts/ref-
erences. In some cases, concepts are used before they are defined, or defined differently in
different places.

e MARSSIM should acknowledge underlying assumptions of statistical tools and include
cautionary notes indicating under what conditions the statistical tests become unreliable.

e More complete step-by-step, stand-alone examples and case studies with all statistical
tools worked out in detail would enhance MARSSIM’s utility during the site release pro-
cess.

e The SAB recommends that further introductory material be developed and aimed at an au-
dience consisting of non-specialists in statistics to introduce in one place the statistical
concepts of null and alternative hypothesis, tests (e.g., WRS, Sign, t, ANOVA, etc.), and
the terminology used throughout, including Type I errors, Type II errors, sample size,
power, the gray region, o and A, and the AL, DL, UBGR, and LBGR, under both Scenar-
ios A and B.

2.1.3. Charge Question 1.3. Measurement Quality Objectives

2.1.3.1 Charge Question 1.3a. Is the proposed implementation of the concept of Measurement
Quality Objectives adequately and correctly described, including the concept of measurement
uncertainty (Chapter 4 and Appendix D)?

Measurement Quality Objectives (MQO)s define performance requirements and objectives in the
measurement system. In MARSSIM Revision 2 draft (U.S. EPA, 2020), MQOs that are proposed
for consideration (in Chapter 2, 4, 6 and Appendix D) include the following:

e the method’s uncertainty at a specified concentration, usually at the UBGR (expressed as
a standard deviation)
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e the method’s detection capability (expressed as the minimum detectable concentration, or
MDC)

e the method’s quantification capability (expressed as the minimum quantifiable concentra-
tion, or MQC)

e the method’s range, which defines the method’s ability to measure the radionuclide of
concern over some specified range of concentrations

e the method’s specificity, which refers to the ability of the method to measure the radionu-
clide of concern in the presence of interferences

e the method’s ruggedness, which refers to the relative stability of method performance for
small variations in method parameter values

The SAB focused its review on the three most important MQOs (method uncertainty and related
measurement uncertainty, detection capability, and quantification capability) in the draft MARS-
SIM Revision 2 document. The SAB provides the following comments regarding these parame-
ters:

Method Uncertainty and Related Measurement Uncertainty:

The SAB finds the description of the concepts of method uncertainty and measurement uncer-
tainty and their implementation to be inadequate and unclear.

The development of MQOs for a project depends on the selection of an action level (usually the
UBGR) and gray region (see response to charge question 1.2) for each measure and (analyte)
during the survey planning process. The gray region is a set of concentrations between the action
level and a project determined lower discrimination limit where the project planning team is will-
ing to tolerate a specific error rate. There are three concepts that need much more specific defini-
tion for this MQO:

First, method uncertainty is the a priori uncertainty of a specific method. It is the predicted un-
certainty of a measured value that would be calculated if the method were applied to a hypothet-
ical sample with a specified concentration, typically the UBGR. Reasonable values for measure-
ment method uncertainty can be predicted for a particular measurement technique based on typi-
cal values for specific parameters (e.g., count time, efficiency) and previous surveys of the areas
being investigated.

The term “measurement method uncertainty” is used in the draft MARSSIM document. Alt-
hough MARLAP (U.S. EPA, 2004) uses the term “Method Uncertainty,” the SAB finds the term
“measurement method uncertainty” acceptable.

Second, the concept of Required Method Uncertainty should be better defined in the draft

MARSSIM document. It is an a priori upper limit for the method uncertainty, at and below the
UBGR, to ensure that the selected measurement method can reliably perform measurements at
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the most critical concentration level for the survey. This a priori MQO should be based on the
data quality objectives (or project requirements) of a tolerable error rate and width of the gray
region in the decision-making process. Identifying a required method uncertainty helps to select
which instrument(s) will be able to perform the project specific measurements. While Section
2.3.1 states:

“the required measurement method uncertainty is calculated based on the width of the
gray region and is related to the minimum detectable concentration (MDC),”

there is no mention of how to determine the required measurement method uncertainty, or how it
should be used in planning of the survey in Chapter 4, Chapter 6, or Appendix D. This deficiency
should be addressed in the MARSSIM Revision 2 document. In Appendix C of MARLAP (U.S.
EPA, 2004) for laboratory analysis, it is recommended that if decisions are to be made about the
mean of a sampled population, the required method uncertainty (u,,z) be less than or equal to the

width of the gray region (A) divided by 10 for sample concentrations at the upper bound of the
gray region (typically the action level). If this method uncertainty cannot be achieved, then an
uncertainty as large as A/3 may be allowed if 64 is small or if more samples are taken per survey

unit. This approach may be considered for the MARSSIM document. Additionally, the exact
means of calculating a required method uncertainty in a general formula is needed, as well as the
range over which this MQO is in force.

The Required Method Uncertainty is also used to evaluate if the measurement uncertainty (dis-
cussed below) calculated from measured values for specific analytes from the site survey meets
the project MQO. This use of the Required Method Uncertainty should be clearly stated in the
MARSSIM document.

Measurement Uncertainty:

Third, measurement uncertainty, is an a posteriori calculated value. The measurement uncer-
tainty is the uncertainty of all the measurements made for an analysis on a specific sample; it col-
lects all a posteriori measurement uncertainty data to determine the expanded uncertainty for the
sample measurement. This also should be called the combined standard uncertainty (CSU) or the
combined uncertainty with a noted coverage factor, k*. This means that the probability of ex-
ceeding the UBGR is the same for all measurements (ensuring the specified Type I error is the
same for the analytical results in the gray region).

In the discussion of measurement uncertainty in Section 6.4, the SAB finds the draft MARSSIM
document does not identify the different components of measurement uncertainty and does not
conform to the terminology provided in NIST Technical Note 1297 (NIST, 1994) and the ISO
Guide to the Expression of Uncertainty in Measurement (ISO, 2015b), or references cited in the
MARSSIM draft document. The MARSSIM document must include clear statements about
measurement uncertainty, including at a minimum, the components of uncertainty, the means by

2 From MARLAP, Introduction, p 1-8, “The combined standard uncertainty may be multiplied by a specified factor
called a coverage factor (e.g., 2 or 3) to obtain an expanded uncertainty (a two-sigma or three-sigma uncertainty),
which describes an interval about the result that can be expected to contain the true value with a specified high prob-
ability.”
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which the parameters of uncertainty (e.g., standard deviation) have been determined and the ap-
proach used to combine the multiple uncertainties into a combined and expanded uncertainty.
Specifically, descriptions of the components of uncertainty that should be included are:
e those from sampling design
e any of the measurement processes used to obtain final results
e uncertainty in sample collection?
¢ identifying the measurement model(s) (i.e., equation used to convert measurement com-
ponents into radioactivity units - this is the starting point for developing the list of uncer-
tainty components, after which additional Type B components are also included)
e requirements for documenting how the uncertainties were determined and reported [par-
ticularly when non-traditional methods are used]

The description should provide examples of the known influences and whether the resultant un-
certainty from these influences is Type A (derived from statistical methods) or Type B (usually
derived by non-statistical means such as experience, manufacturer’s specifications, reference
data, reported calibrations/reports, or expert knowledge) and the specific means by which their
quantitative parameters (estimates of the standard deviation) were derived.

Section D.4.2.4 in Appendix D lists sources of uncertainty for inclusion in uncertainty determina-
tions.

“The uncertainty of a measurement expressed as combined standard uncertainty includes
the counting uncertainty of the measurement instrumentation and the sum of the errors
associated with the measurement system... Uncertainty factors associated with the meas-
urement system for scanning and direct measurements can include variability in the dis-
tance between the detector surface and the sampling media, variability in the speed at
which a detector passes over a survey point (or the amount of time the detector is held
over the sampling point for direct measurements), the extent to which interference from
other radioactive sources is minimized, and the extent to which human performance fac-
tors create variability in the measurement system. Uncertainty factors associated with
sampling include variability in the sample collection methods and variability in the distri-
bution of residual radioactive material in the sampling media”.

The list provides good examples of sources of uncertainty and should be cross-referenced in the
main text or add some of the examples in the description. However, the list does not elucidate the
Type A and Type B components of uncertainty, or how these affect the combined standard uncer-
tainty of a measurement process and the MQOs.

There is no discussion of whether or not correlated measurement uncertainties® are part of the
MQO process. If the covariance of correlated uncertainties is non-trivial, plans to mitigate their
effects (e.g., by calibration to laboratory readings and controlling for operator differences in the
design of the study) should be included as part of the discussion in Chapter 6 or Appendix D.

3 The NIST Uncertainty Machine (http://uncertainty.nist.gov) can assist in these calculations.
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Equation 6-18 captures only the uncorrelated components of the uncertainty. However, Equation
19-11 in MARLAP (U.S. EPA, 2004) is more robust and contains both the uncorrelated and cor-
related components. To avoid ambiguity, it is suggested that the 19-11 equation that includes the
correlated uncertainty components be referenced so that the user will be able to include corre-
lated measurement uncertainties when they exist and keep the calculations defensible.

Detection Capability:

The SAB finds the description of the concept of detection capability and its implementation in
the draft MARSSIM document to be generally adequate and correctly described.

Section 2.3.1 of the draft MARSSIM document describes the minimum detectable concentration
(MDC) as the MQO for defining the detection capability of the measurement system.

The MDC is the a priori activity concentration that a specific instrument and technique can de-
tect with a specified probability (typically 95 percent) of producing a net count (or count rate)
above the critical level (L.). The detection limit (Lp) is the net response level that can be ex-
pected to be seen with a detector with a fixed level of confidence. The MDC is the detection
limit multiplied by an appropriate conversion factor to give units of activity.

The MDC for a specific instrument can be calculated using Equation 6-3 through 6-5 in Chapter
6. These equations provide the basics of using the measured instrument background count, B,
and Type I and Type II error rates to determine the critical level and detection level in terms of
counts only.

On Page 6-9, lines 2-13, the MARSSIM equation for the Critical Level [Lc], Detection Limit
[Lp] and MDC are based on the determination of B, the mean background counts [defined on
MARSSIM, p. 6-8, line 11].

Lc = 233VB  (6-3)
3 + 4.65VB (6-4)
=34+2*¢

Lc = Critical Level
Lp = Detection Limit

MDC=C*Lp=C *[3+2 * L]
=C*[3+2%*233*+/B], (6-5)

A panel member suggested there may be an error in the notation for “B” in Equation 6-1 through
6-5 in Chapter 6. The panel member commented that field blanks are usually collected and used
in the laboratory to assess contamination associated with sampling, transport and laboratory pro-
cedure, and suggest “B” in Equation 6-1 to 6-5 should be denoted as blank counts. However,
Chapter 6 is on field measurement methods and instruments. In Lloyd Currie’s seminal paper
(Currie, 1968), B is the net signal which is identical, in principle, to the sample of interest (or for
a scanning measurement the area of interest) except that the substance to be quantified is
“absent” and should not be confused with laboratory quality control blanks (e.g., method blank,
reagent blank). While the follow-up paper to Currie (1968) by Brodsky (1992) used “blank” and
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“background” interchangeably, and denoting B as blank is not incorrect, it is probably clearer to

denote B as the average instrument background count, as was used in the draft MARSSIM docu-
ment. On Page 6-9, lines 2-13 the description of Lc¢, Lp, and MDC are consistent with NUREG-

1507 (NRC, 2020)

It should be noted that Equation 6-5 only applies to detection systems that operate in pulse or
counting mode, it is not applicable to current mode detection systems, for example an ion cham-
ber or thermoluminescent dosimeter (TLD). The MDC corresponds to the smallest activity con-
centration measurement that is practically achievable with a given instrument and type of meas-
urement procedure. As noted in NUREG 1507 (NRC, 2020), unlike the detection limit (Lp),
which may be a count or count rate, and is independent of field conditions, MDC depends not
only on the particular instrument characteristics (instrument efficiency, background, integration
time, etc.), but also on the factors involved in the survey measurement process (U.S. EPA, 1980),
which include surface type, source-to-detector geometry, and source efficiency. These concepts
should be explained more clearly in the MARSSIM Revision 2 document.

Moreover, an MDC should be evaluated with all known sources of uncertainty being properly
quantified and combined into an appropriate expanded uncertainty. Equation 6-5 (Section 6.3.1)
treats the calibration factor as if it had no uncertainty and disregards other uncertainty sources
that arise from adjusting a laboratory calibration to a field calibration. The example (Example 1)
is too rudimentary and omits the need to consider more than just counting uncertainties. A more
complete example could be presented in Appendix O. A similar situation exists in the discussion
of surveyor efficiency in Section 6.3.2.1 (page 6-17). The example (Example 5) states that sur-
veyor efficiency can range between 0.5 and 0.75. The MARSSIM guidance suggests the use of a
constant of 0.5 as a matter of conservatism with no uncertainty consideration. If the NIST and
ISO measurement uncertainty approach had been implemented, then the surveyor efficiency
would be better expressed as 0.625 with an uncertainty of 0.1 or 0.14 assuming a Type B uncer-
tainty with a triangular or rectangular distribution respectively. MARLAP (U.S. EPA, 2004) sug-
gests that the lower 95 percentile of the distribution of uncertainty in the calibration factor be
taken as a conservative value for the calibration factor. The SAB recommends that further devel-
opment of examples illustrating these approaches be considered.

The current text of MARSSIM needs to be changed to reflect the importance of selecting a
method uncertainty first before making measurements. Values of MDC or MDA (or MQC) are
not detection or quantification values. The iterative nature of a MARSSIM-described project
should improve what potentially can be determined. Only an a posteriori determination based on
critical level (or decision level) and measurement uncertainty or calculation of a confidence in-
terval should be used to determine detection. Via this iterative process, uncertainty characteriza-
tion and method selection improve over the stages of the project with FSS values of uncertainty
better characterized than those available at the time of scoping or site characterization.

The manual should give due consideration regarding the overall derivation of MDC or MDA be-
cause the manual references many measurement methods that do not follow the normal counting
statistics used in the rudimentary examples given in Chapter 6. Such methods include the dose
integrating technologies of TLD, optically stimulated luminescence (OSL) and electrets as well
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as other methods listed in Appendix H such as, x-ray fluorescence analysis, mass spectrometry
and phosphorescence analysis by laser.

Regarding setting the required MDC for a specific analyte for selection of instrumentation during
the project planning phase, Section 2.3.1 (pg 2-13 of the draft MARSSIM document) recom-
mends that the MDC should be less than 50 percent of the DCGLy in Scenario A and the DL in
Scenario B. (It should be noted that the LBGR is usually set at 50% of the DCGLy in Scenario A,
see response to charge question 3.1). The SAB agrees with this recommendation but would like
to clarify the concept with this sentence: “For both Scenario A and B, the MDC should be less
than % the UBGR. For Scenario A, the UBGR is the DCGLy; while for Scenario B, the UBGR is
termed the discrimination limit (DL).” When the MDC reported for a radionuclide is near the
DCGL, the confidence in quantitation may be low. In essence, the required project MDC for a
specific radionuclide is set at 50% of the UBGR. Appendix D, Section D.4.2.4 of the draft
MARSSIM document also recommends that “If the radionuclide result is below the MDC, report
the actual result of the analysis. Do not report data as “less than the detection limit.” Even nega-
tive results and results with large uncertainties can be used in the statistical tests described in
Chapter 8.” The SAB also agrees with these statements.

Minimum Quantifiable Concentration (MQC):

In the Multi-Agency Radiological Laboratory Analytical Protocols Manual (MARLAP) (U.S.
EPA, 2004), the minimum quantifiable concentration, or the minimum quantifiable value of the
analyte concentration, is defined as the concentration of analyte in a laboratory sample at which
the measurement process gives results with a specified relative standard deviation. A relative
standard deviation (or coefficient of variation*) of 10 % is usually specified. Unlike MARLAP
(USEPA, 2004) and MARSAME (U.S. EPA, 2009), which include the concept of the method’s
quantification capability (expressed as the minimum quantifiable concentration, or MQC),
MARSSIM takes a different approach by incorporating requirements for quantification capability
into detection capability and recommending that the MDC be less than the 50 percent of the
UBGR. MQC is only listed in the draft MARSSIM document (U.S. EPA, 2020) on the list of
MQOs, but the document has no discussion of how it is determined (it is listed in Section 4.8.2
but not in D.1.7.1). The question of whether measurement quantifiability should be incorporated
further into MARSSIM, Revision 2 is discussed below in response to charge question 1.3e.

In addition, the SAB finds that in the case of each MQO, there is no guidance in the draft docu-
ment on what to do if a sample measurement does not achieve a required MQO. In MARLAP,
when MQOs are not achieved during analysis, the data are qualified in the data review process so
that the client is aware that a project MQO has not been achieved.

2.1.3.2 Charge Question 1.3b. Is the proposed calculation of measurement uncertainty con-
sistent with the concept of Measurement Quality Objectives?

The SAB found that this charge question was a little unclear but tried to answer the question of
whether the calculations of measurement uncertainty were reasonable and consistent over the
document. The general approach towards the calculation of measurement uncertainty is based

4 Coefficient of variation is the ratio of standard deviation over the mean
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upon the assumption that counting statistics follow the Poisson distribution, with mean equal to
the variance of such a random quantity. Random errors that follow the Poisson distribution are
then propagated (e.g., re-expressed and/or combined with other random quantities) using equa-
tion 6-18 (the error propagation equation). The assumption that the counts follow a Poisson gen-
erally is true in theory, although in practice counting efficiencies need to be factored into the
counting since measurements cannot capture every disintegration.

It is evident that the main focus of the discussion in Chapter 6 is on testing whether a sample of
potentially contaminated material has significantly higher activity (at a given value of zi.,) than a
background sample. Statistical inference relevant to MARSSIM however is not restricted to test-
ing of this null hypothesis. As is made clear in other sections of MARSSIM, testing whether a
given site is below a DCGL is crucial. One important difference in calculations is that a properly
designed comparison between contaminated and background samples removes the effect of sys-
tematic errors, if they are common to both sample and background since they are subtracted out
in the comparison, this subtraction would not occur when testing for compliance with a DCGL.
Section 6.4 (Measurement Uncertainty) discusses systematic uncertainties (errors in counting ef-
ficiencies, activity measurements, calibration factors) but concludes with statements to the effect
that by judicious laboratory practice, training, SOPs, etc. systematic errors should be minimized.
No attempt to include systematic uncertainty into formal calculations of uncertainties is at-
tempted. Clearly limiting systematic uncertainties by good laboratory and field operating proce-
dures is crucial. Some attempt to include them into the error propagation is nevertheless appro-
priate and should be included as part of the document.

Other issues related to systematic uncertainties arise when considering scanning vs. sampling for
site investigation. Laboratory analysis of samples taken from the site may be much more expen-
sive than scanning. In MARSSIM-Revision 1 (U.S. EPA, 2000), it was stated that random sam-
pling uncertainties would outweigh systematic uncertainties because the total fraction of the site
monitored by sampling was very low. On the other hand, scanning could cover as much as 100
percent of an investigational area (site), recording perhaps thousands of counts. In this case it
could be argued that the impact of random errors would disappear while systematic errors, even
if no larger than those inherent in laboratory analysis, would become the prominent source of
measurement uncertainty. The issue of whether systematic uncertainties are greater for scan only
surveys than for laboratory readings is not well-addressed in the draft MARSSIM document.
There is, in Chapter 6, Section 6.3.2, an extensive discussion of scanning minimum detectable
count rates (MDCR) for a two-stage scanning approach in which an operator scans a large region
quickly but pauses to measure longer when a possible increase in count rate is detected. How-
ever, whether readings conducted in this way are comparable in precision to laboratory (or di-
rect) measurements is not discussed. It is stated (page 6-34) that FSS can be conducted using a
scan only design to demonstrate that a site is not above a DCGL. It is stated on page 5-43 Section
5.3.6.1:

“The scan-only methodology will require validation, which likely requires collecting
some percentage of samples for laboratory analysis to compare with results from the
same location.”
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The statistical discussion of uncertainties includes Equation 6-17 from the MARSSIM document,
which again is relevant to comparisons between impacted vs. background since the difference in
net count rates will have standard error as given in (6-17). This could usefully have been broken
up into parts, namely the measurement uncertainty for the count rate for the background, the un-
certainty for the count rate for the sample, and for the difference between the two.

The SAB is of the opinion that the proposed calculation of measurement uncertainty is consistent
with the concept of Measurement Quality Objectives (if the discussion is restricted to the discus-
sion of the formula for the standard deviation of the net count rate of the net count o,, and the to-
tal uncertainty). However, as discussed in response to charge question 1.3a, measurement uncer-
tainty calculated from measured values for specific radionuclides from the site survey has to be
compared with the required method uncertainty to determine if the project MQOs for the radio-
nuclides are met. This part of the DQO process is missing in the current draft MARSSIM docu-
ment.

The uncertainty of a measurement expressed as combined standard uncertainty includes the
counting uncertainty of the measurement instrumentation and the sum of the errors associated
with the measurement system. The draft MARSSIM document provides equations to calculate
the total uncertainty associated with the counting process, both the background measurement un-
certainty and the sample measurement uncertainty. The standard deviation of the net count rate,
or the statistical counting uncertainty, can be calculated using Equation 6-17 (from the draft
MARSSIM document) given below:

where
e 0, is the standard deviation of the net count rate result

o (,,p 1s the number of gross counts (sample)
e tg,p is the gross count time
e (, is the number of background counts

e t, is the background count time

The standard deviation associated with the total uncertainty can also be calculated. The draft
document assumes the individual uncertainties are relatively small, symmetric about zero, and
independent of one another, so that the total uncertainty for the final calculated result can be ap-
proximated by the following equation:
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where y = f (x4, X5, ... X,,) is a formula that defines the calculation of a final result as a function
of the collected data. All variables in this equation (i.e., X, X3, ... X, ) are assumed to have a
measurement uncertainty associated with them and do not include numerical constants. gy, is the
standard deviation, or uncertainty, associated with the final result, and gy, 0y, ... 0y, are the

standard deviations, or uncertainties, associated with the parameters x, x5, ... x,,, respectively.
Equation 6-18 from the draft MARSSIM document, generally known as the error propagation
formula, can be evaluated to determine the standard deviation of a final result from calculations
involving measurement data and their associated uncertainties.

It is important to note that correlated uncertainties will exist in some cases. A more general error
propagation equation allowing for correlated uncertainties is presented as Equation 19-11 in
MARLAP (U.S. EPA, 2004) [and as equation A-3 in NBS TN 1297 (NIST, 1994)]. The equa-
tions cited in MARLAP and TN 1297 are the same. MARSSIM should acknowledge in the dis-
cussion of Equation 6-18 that a more complete formula is required if correlated uncertainties ex-
ist.

A description of the standard uncertainty, oy , for each input parameter of the final calculation
needs to be stated. Once the individual standard measurement uncertainties for each parameter
are introduced, the analysis requires that there be a determination of whether or not any of those
parameters are correlated. Once that has been established, the combined standard uncertainty
may be calculated using the individual standard uncertainties and the estimated covariances.
(Equation 6-18 in Chapter 6 assumes that none of the standard uncertainties of the input parame-
ters are correlated.) A reference to how to include covariances on two correlated measurement
parameters should be included. Furthermore, it should be stated that the measurement uncertainty
is referring to the combined standard uncertainty (this is the one sigma uncertainty that includes
all components of uncertainty), or the expanded uncertainty with the coverage factor, k. This is
not present in the current draft MARSSIM document.

The description of measurement uncertainties is continued on Page 6-29, lines 8-12, and assumes
that uncertainties for correction factors are small, symmetrical about zero and non-correlated.
This is seldom the case. The SAB believes that additional text is necessary to indicate to the
reader what to do in the case where the individual uncertainties are not small, not symmetric
about zero, and not independent of one another. When uncertainties are on the order of 10-20%,
the second order effects to the Taylor Expansion must be considered. The effect on Equation 6-
18 will be more significant when the uncertainties get larger approaching the MDC (although the
uncertainty at the MDC or LBGR should both be less than a required method uncertainty. Again,
this needs to be identified in this document). Utilizing measurement technology with higher sen-
sitivity may offer a viable option to limit the expansion of Equation 6-18.

On Page 6-31, line 1, Example 8 illustrates the point for computing an expanded uncertainty at a

given confidence level. However, the number of background counts is only one part of a meas-
urement equation or the total uncertainty. Inclusion of a more complete example would be much
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more instructive thus taking the reader through the whole process: measurement equation, addi-
tional sources of Type B uncertainties, list of uncertainty components, estimating values for un-
certainty components, sensitivity factors, correlated uncertainties, combining the uncertainty
components into the standard combined uncertainty, expanding the uncertainty at confidence lev-
els, and reporting the uncertainties. Additionally, it would be advantageous to the reader to move
Example 8 into Chapter 4.

The SAB has some concerns with how the material on uncertainty is organized in the manual.
Chapter 4, in Section 4.8.2, briefly mentions measurement uncertainty as a possible MQO and
refers to Chapter 6 in regard to how to calculate it but does not mention Appendix D at all. Chap-
ter 6, in Section 6.4.2, gives a basic calculation of counting uncertainty and in Section 6.4.3 gives
basic propagation of error formulae, but does not give any other examples, and again does not
mention Appendix D. Example 8 in Section 6.4.4 shows how to calculate measurement uncer-
tainty as a very simple and uncomplicated case. This is not what will be encountered in a real
project where many different sources of uncertainty must be determined. Specifically, the types
of uncertainty used should be categorized as:
e Type A uncertainty: “A Type A evaluation of standard uncertainty may be based on any
valid statistical method for treating data.”
e Type B uncertainty: “A Type B evaluation of standard uncertainty is usually based on sci-
entific judgment using all the relevant information available.

Then their method of determination has to be described in the project documents before includ-
ing in the final determination of measurement uncertainty. For users of this manual, the only cal-
culation shown would be misinformative and leave them with lack of direction on how to apply
uncertainty calculations to more complicated situations that will be encountered.

2.1.3.3 Charge Question 1.3c. Is the method appropriate and practical for both laboratory and
field (including scan) measurements?

This part of the question deals with the application of calculating measurement uncertainty as it
applies to field as well as laboratory measurements. Both laboratory and field measurements in-
cluding scan-only are discussed in the draft MARSSIM document, with Chapter 6 covering top-
ics relevant to the use of scan-only and other field instrumentation. The computation of minimum
detectable concentrations is extended to field measurements, especially measurements based on
scan-only instrumentation. While the treatment of scan-only and other field measurements is
overall quite strong in Chapter 6, there are some issues that need further attention. For example,
for scan-only surveys detectability is emphasized as opposed to estimation, as in the extended
discussion around Example 2 and Example 3. Section 6.6.1 explicitly states that (page 6-33)
“Scanning is used in surveys to locate radiation anomalies by searching for variations in read-
ings, indicating gross activity levels that may require further investigation or action.” This state-
ment, however, is partially contradicted on page 6-34 which in reference to scan-only surveys
states:

“Important considerations include that the scan MDC and measurement method uncer-

tainty are sufficient to meet MQOs to both quantify the average concentration of the radi-
oactive material and to identify areas of elevated activity.”
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It is unclear on what basis scanning would be precluded as a tool for quantifying the amount of
radiation at a site. Presumably this would imply there are systematic errors or uncertainties in the
scanning methods that are consistently greater in magnitude than in the laboratory-based meth-
ods. If this is the case, then these uncertainties should be listed to support the advice given. An-
other gap in the treatment arises regarding the contribution to measurement uncertainty of sys-
tematic versus random uncertainties. This can be seen in the discussion of Equation 6-5 where
random uncertainties in the counts data are carefully characterized, but (systematic) uncertainties
in the calibration factor C are only fleetingly described. As increasingly large fractions of the site
are measured for the purpose of quantification, the errors in the factor C will become the domi-
nant source of uncertainty in the system, so that characterizing their uncertainties is crucial. It
would be helpful if the discussion around Equation 6-5 would consider the limiting case when
the total number of readings or count times are so large that random uncertainties in the mean
concentration estimate shrink to negligibility, but the error distribution of C remains unchanged.
Further description of the sorts of experiments that can be performed to characterize uncertainty
in the factor C (which is assumed to affect all measurements equally) may be helpful to those us-
ers faced with the problem of characterizing measurement uncertainty in field (especially scan-
only) measurements. Detailed discussion of the derivation of detection probabilities for alpha
scanning is given in appendix J, but no uncertainties in scanning efficiencies are considered
therein. Nothing is said either about quantification rather than detection as a goal of such scan-
ning.

Section 6.4 provides a discussion of measurement uncertainties including discussion of system-
atic vs. random uncertainties. As noted elsewhere in the SAB review, the advice provided in Sec-
tion 6.4.1 emphasizes the minimization of systematic uncertainties, e.g., by developing and fol-
lowing standard operating procedures and by selection of suitable instruments for the problem at
hand; for example, the section advises beta scanning rather than alpha scanning of a porous con-
crete surface. Overall, the discussion in Section 6.4 seems helpful for those conducting both la-
boratory and field measurements, however all derivations of measurement uncertainties refer to
random uncertainties. Section 6.4 does not attempt to incorporate systematic error into formal
error propagation (e.g., through modifications of the error propagation equation, 6-18). Page 6-
28) states that,

“It is difficult to evaluate the systematic uncertainty for a measurement process, but
bounds should always be estimated and made small compared to the random uncertainty,
if possible. If no other information on systematic uncertainty is available, Currie (NRC,
1984) recommends using 16 percent as an estimate for systematic uncertainties (1 percent
for blanks, 5 percent for baseline, and 10 percent for calibration factors).”

The advice given by Currie does not seem relevant to field measurements and may, for labora-
tory measurements, be overly optimistic or aspirational rather than constituting worthwhile ex-
pert advice. It is important to use whatever information is available to back up generic statements
as these, or perhaps rephrase them to indicate that assigning 16 percent or other estimates to total
systematic uncertainty should be technically defensible. Section 6.6.5 describes instrument cali-
bration in some detail. Factors that affect calibration validity are also described as well for a vari-
ety of field measurements.
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Overall, the SAB finds that the methods for characterizing uncertainty in measurements de-
scribed in the draft MARSSIM document are generally valid for both laboratory and field meas-
urements. The two suggestions provided in reference to this charge question are: (1) to describe
in more detail the role of scan-only methods in quantification of mean concentration, as well as
in detection of anomalies, and (2) to further develop examples to include systematic uncertainties
in error propagation, i.e., to include systematic uncertainties in the total measurement uncer-
tainty.

2.1.3.4 Charge Question 1.3d. Please comment on the concerns of stakeholders that calculating
measurement uncertainty for field measurements makes the survey process difficult to implement.

Quantifying measurement uncertainty for field measurements (which is understood to be for
scan-only and in situ measurements), is important, most especially for documentation of final
status survey (FSS) results. The scan-only approach in which a large fraction of the site to be sur-
veyed is measured in theory captures mean concentration much better than would be achievable
with sampling, so long as the measurement characteristics of the scanner (and operator) meet ap-
propriate criteria. The factors affecting the performance of scan-only designs are largely detailed
in Chapter 6 and would seem to be useful to the stakeholders. Also, after implementing the rec-
ommendations from the panel (with more detailed explanations and worked examples) the re-
vised MARRSIM revision 2 should be clearer and easier to use in calculating measurement un-
certainty. It is noted on page 6-27 of the draft MARSSIM document that rigorous uncertainty as-
sessment for field measurements is generally only necessary for final site survey documentation,
and generally not required in scoping or characterization surveys. Surveys prior to the FSS will
need to exhibit good detection ability, but issues regarding calibration uncertainty can be post-
poned to the FSS.

2.1.3.5 Charge Question 1.3e. Please comment on whether recommendations provided by NIST,
ANSI/IEEE and MARLAP for measurement quantifiability should be incorporated further into
MARSSIM, Revision 2, or whether the current recommendations should be left as is (e.g., the
original MARSSIM requirement that the MDC/MDA should be set at 10-50% of the action level).

The discussions in MARLAP, and other MAR series manuals, around MDC/MDA, focus on
Poisson variability in individual laboratory measurements (counts) without consideration of the
variability of the concentrations over the site being investigated. The latter source of variability
was seen by MARSSIM Revision 1 (U.S. EPA, 2000) as the dominant source of uncertainty af-
fecting study design and relatively little was said about the calculation of MDCs. Poisson varia-
bility for scan-only instruments used over the entire survey site would likely shrink to negligibil-
ity because the average of a very large number of readings taken by the scanner will exhibit very
little such variability. However, the SAB recognizes there may still be requirements to validate
the scan-based methods against radiochemical laboratory-based readings for which the additional
Poisson counting material in MARLARP is at least partly relevant.

Regarding the issue of controlling for quantifiability versus detection, the expanded uncertainty
with a stated coverage factor when it is based on factors relating to the DQOs controls the distri-
bution of possible values around the MDC. The MQC is a different method of controlling the un-
certainty of measured values usually at the UBGR and below. Either of these concepts (MDC or
MQC) can be used for determining an MQO of optimal detection, but not both simultaneously;
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either method will provide a satisfactory control on the distribution of values measured in the
gray region as long as consideration is given for the DQOs and the methods of analysis.

Regarding the issue of the setting of quantifiability criterion, 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. (Section 4.8.2 of the draft MARSSIM document is less ex-
plicit saying only that the MDC should be less than 50 percent of the UBGR region. This should
have little practical effect on study design compared to the original MARSSIM requirement.) It
is noted in Appendix C of MARLAP that setting the MDC to 10 to 50 percent at the action level
is tantamount to setting the relative standard deviation to between 0.03 to 0.17, i.e., roughly 10
percent at the action level, assuming a tolerable error rate of 5 percent for Type I and Type II er-
rors. Therefore, in this case the MQC will be close to the action level. Since the two criteria (set-
ting the MDC to between 10 to 50 percent of the action level, vs. setting the MQC to give a rela-
tive standard deviation of 0.10 at the action level) are nearly equivalent, it seems that either crite-
rion will function well as an MQO. Of course, there may be situations when this requirement is
not strict enough and either the required MQC or the MDC should be strengthened (i.e., low-
ered). The SAB agrees with MARLAP (Chapter 3 page 3-12 to 3-13) that the value of including
the MQC as a possible performance characteristic is to emphasize the importance of the quantifi-
cation capability of a method for those instances where the issue is not whether an analyte is pre-
sent or not, but rather how precisely the analyte can be quantified. The case of quantifying low
levels of *8U in soil is mentioned, for which presence of the analyte is expected in the back-
ground. This discussion could be expanded (perhaps into a full example) if a realistic scenario
can be found.

Overall Recommendations for Charge Question 1.3:

e The subsection on the first MQO, Measurement Method Uncertainty in Section 4.8.4.1,
should be expanded, with clear descriptions of the concepts of Measurement Method Un-
certainty, Required Method Uncertainty, the calculation of the Required Method Uncer-
tainty, and its use in the DQO process.

e Include detailed, step-by-step, worked out examples of setting up ¢ and umr (this is the
required method uncertainty as defined in MARLAP) uncertainty component lists for a
few cleanup scenarios with the expected measurement systems to be used. This would
make this document easier to implement for real projects.

e Specific, detailed examples of how to calculate the CSU for different measure-
ments/methods are needed.

e A fully worked out example of determining an MDC should be provided in Chapter 6.
e It should be emphasized that regardless of the difficulty of calculating or estimating un-

certainty of a measurement, each measurement should have an associated uncertainty that
is used in the final standard combined uncertainty.
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2.1.4.

Use of standard statistical terms, such as Type A and Type B uncertainties, and specific
examples of how they are used in the case studies will provide excellent guidance for the
user. This also includes use of coverage factors, sensitivity coefficients, correlated/uncor-
related uncertainties.

A measurement equation model for the selected survey scenarios and measurement pro-
cesses should be included as part of the examples.

The manual should give due consideration regarding the overall definition of MDC or
MDA because the manual references many measurement methods that do not follow the
normal counting statistics used in the rudimentary examples given in Chapter 6.

The descriptions in MARSSIM of measurement uncertainty, MDC, MDA and detection
should be the same as they are in MARLAP as the two documents are complementary.
Exceptions are permitted in MARSSIM to accommodate field measurement techniques
that differ from laboratory analyses of collected samples but should be accompanied by a
clear description of the rationale.

If the uncertainty process is too difficult to implement in some very limited circum-
stances, a summary table of various approaches or considerations that might be employed
instead could be included. Such a table would assist in data analysis and decision making
and may be a useful addition.

In order to ensure that both non-correlated and correlated uncertainties are appropriately
accounted for, the description for Equation 6-18 should reference Equation 19-11 from
MARLAP.

MARSSIM should add to Section 6.2.2.3 that spike samples and standards need to be
confirmed for commutability, i.e., that they are representative of the areas being sur-
veyed.

A small section should be added on how to perform the assessment of final measurements
and their uncertainties with regards to the MQOs, and what actions need to be taken if the
MQOs are not achieved.

The original MARSSIM requirement of a measurement method with MDC equal to be-
tween 10 and 50% of the UBGR should be used in setting the quantifiability criterion.

Charge Question 1.4. Unity Rule

2.1.4.1 Charge Question 1.4a. Is the discussion of survey requirements for areas of elevated ac-
tivity technically accurate, appropriate and clear?

The SAB finds the discussion of survey requirements for multiple areas of elevated areas of radi-
oactivity to be overall technically appropriate and useful, but ambiguous in some instances. For
large survey areas, MARSSIM assumes a relatively uniform distribution of radioactive material.
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The average concentration of radionuclide of concern over the entire area is used to determine if
the concentration is below the Derived Concentration Guideline Levels (DCGLy) using statisti-
cal tests (see response to Charge Question 1.2). For small areas of elevated concentrations of ra-
dioactive material, MARSSIM recommends simple comparison of the results of individual meas-
urements to an investigation level, DCGLEwmc, using the elevated measurement comparison
(EMC) approach. Individual concentration is compared to the DCGLEgwmc (the Derived Concen-
tration Guideline Level used for EMC) for compliance evaluation. The DCGLEwmc is derived (by
the licensee or operator) separately for these small areas, generally using different exposure as-
sumptions than those used for large areas and is > DCGLyw. Any measurement from the survey
unit that is equal to or greater than the DCGLEwmc indicates an area of relatively high concentra-
tions that should be investigated. If elevated levels of residual radioactive material are found in
an isolated area in addition to residual radioactive material distributed relatively uniformly across
the survey unit, the Unity Rule (discussed below) can be used to ensure that the total dose or risk
meets the release criteria. If there is more than one of these areas, a separate term should be in-
cluded in the calculation for each area of elevated activity. The SAB finds the EMC approach ap-
propriate and accurate. The DCGLEgMmc can be higher than the DCGLw due to the lower dose or
risk resulting from exposure in a smaller area of radioactive material. This concept of DCGLEwmc,
highlighted elsewhere in the draft revision, needs clarification in Section 8.6.1 to enhance the
document. The survey requirements in Chapters 4 and 5 provide a practical and comprehensive
approach to completing a radiological survey of surface soils and building surfaces. Additional
details would be helpful, including more detailed examples. Examples 7 and 8 in Section 5.3.5
on pages 5-39 and 5-40 provide the calculation for the number of chosen samples. Greater under-
standing could be achieved if additional details, such as showing all the steps, including assump-
tions to simulate a real case, were provided and the context broadened.

Clarity in the survey development process (page 5-36, line 30), can be achieved if the narrative
provides insight into the decision on selection of a triangular or rectangular grid for systematic
sampling. There are certainly advantages/disadvantages to both. These should be briefly pre-
sented before referring the reader to another EPA publication (U.S. EPA, 1994) for an in-depth
explanation.

2.1.4.2. Charge Question 1.4b. In particular, please comment on the decision to maintain the
use of the Unity Rule for multiple areas of elevated activity (Section 5.3.5, Section 8.6 and Ap-
pendix O.4).

The Unity Rule is used to ensure that the total dose (risk) from all sources (or media) and all ra-
dionuclides associated with each source does not exceed the release criteria. It is to be used when
more than one radionuclide is present and distinguishable from background and a single concen-
tration does not apply. Essentially, this means that if measurements of different quantities are
made at a location, then the Unity Rule must be used. For example, the Unity Rule would be
used if two radionuclides are measured in each soil sample or if gross alpha and gross beta meas-
urements are made at each location and the results are being compared to specific DCGLs.

31



<Dose or Risk Component) 3 zn: C
Release Criterion | -
i=

i
<
DCGL, = (4-5)

n
i=1

where
e (; is the concentration of the ith component (e.g., radionuclide or source) leading to dose or
risk.

e DCGL; is the derived concentration guideline level of the ith component (e.g., radionuclide
or source) leading to dose or risk.

If residual radioactive material is found in an isolated area of elevated activity—in addition to
residual radioactive material distributed relatively uniformly across the survey unit—the unity
rule (above) can be used to ensure that the total dose is within the release criteria, as shown in
Equation 8-4:

6 (mean concentration in elevated area — &)
+ <1 (0-2)
DCGLy DCGLgyc

where
e J is the estimate of the mean concentration of residual radioactive material in the survey unit.

If there is more than one elevated area, a separate term could be included in Equation 8-4 for
each area. The use of the Unity Rule for more than one elevated area implies that a person is ex-
posed simultaneously from each elevated area.

The SAB believes the Unity Rule should be maintained in MARSSIM Revision 2. The rule pro-
vides a consistent and conservative approach for a reasonable dose assessment.

While there are significant limitations to the Unity Rule (see Section 8.6.2), the SAB believes the
use of the Unity Rule, will yield a conservative (protective) result. The Unity Rule limitations
include:

e The implication that a person is centered on each area of elevated radioactive material
and exposed simultaneously when there are more than one elevated areas.
e This simultaneous exposure at many elevated areas will overestimate doses/risk level.

In addition to the limitation noted above, the use of the Unity Rule when discrete radioactive par-
ticles (DRPs) are present is not recommended. DRPs are point sources, usually on the order of
millimeters to micrometers in size. They often consist of more than one radionuclide and because
of the intense electromagnetic field generated by the high activity density, the emissions of all
the radionuclides can be anisotropic. This characteristic can make the DRPs easily missed when
performing scanning surveys. DRPs also dry out fast and take on an electrostatic charge, allow-
ing them to be very mobile and thus overlooked. When the historical site assessment (HAS)
identifies the possibility of DRPs and one is found, that is a strong indication that there will be
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others. Removal of DRPs should occur soon after their discovery during characterization sur-
veys. DRPs do not conform to the concept of dispersed area or volumetric sources assumed by
the risk pathway models included in either the DCGLw or DCGLEwmc situations. Since DRPs are
classically treated as point sources, the guidance established for area sources or volumetric
sources used in MARSSIM is not appropriate for DRPs. Treating the area around a DRP as an
EMC creates an extreme sampling situation due to the small area created by the microscopic
DRPs. The Unity Rule is used for dose assessment (and compliance with dose limits), averaging
out area doses based on occupancy over the entire area, and fails to take into account the com-
plexities of DRPs.

As an initial default position, the Unity Rule is preferable to another (weaker) rule that may be
easier to use but is not conservative and leads to inappropriate site release. In situations where
multiple radionuclides exist, in an unrelated or non-equilibrium state, the Unity Rule would pro-
vide a more reasonable estimate of dose since each would have a different DCGLgmc. The use of
the Unity Rule is consistent in these uses with other agency rules. A fuller derivation of the Unity
Rule in Section 4.4 (or in an appendix) is recommended. Additionally, examples of the EMC
Unity Rule should be provided: one showing acceptance (<1) and one showing failure (>1).

Coordination with the applicable federal or state regulators is encouraged. Using the Unity Rule
to ensure total dose is within the release criteria can cause unnecessary effort and expense. As
shown in Abelquist (2008), doses from elevated areas other than a single primary area can be rel-
atively small and negligible. Additional consideration from a second (or additional) elevated area
may require changes to the underlying exposure scenario (e.g., percentage time at a given loca-
tion). To accomplish these changes, the regulatory agency will need to be notified, briefed and
concurrence obtained. Section 4.5.2 indicates the implementer can justify to the regulator when
no DCGLEgwmc requirement is needed. In most cases, early remediation of multiple elevated areas
will circumvent the need to use a complex unity formula with additional terms addressing indi-
vidual elevated areas.

In the narrative in Chapter 8 Section 6, use of the Unity Rule is suggested to ensure the total dose
is within the release criteria. Using the Unity Rule for a single elevated primary area is a good
decision, however, the Unity Rule for two or more elevated areas has a potential to cause an
overly conservative (and potentially impossible) scenario. These types of scenarios lend them-
selves to alternative approaches, which are alluded to in the text. The user needs to be well
versed in the modeling software being used to develop DCGL’s. When defaults are no longer
properly used (e.g., resident time as a percentage at a location), the user needs to discuss the is-
sue and obtain concurrence from the regulatory body overseeing the remediation and release of
the building and/or grounds.

2.1.4.3. Charge Question 1.4c. Are there suggested alternatives to the use of the Unity Rule?
A critical criterion for any alternative to the Unity rule is whether it can accurately reflect the po-

tential dose and thus compliance for site release. Some panel members conducted a limited liter-
ature search on this question but had no success in finding a well-documented alternative.
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The only alternatives cited were those provided in Section 8.6.2 of the draft MARSSIM docu-

ment:

1.

The MARSSIM user could determine the elevated area (primary area) that contributes the
most to the total dose or risk. As shown by Abelquist (2008), the doses from elevated areas
other than the primary area can be very small and might be negligible.

The dose or risk due to the actual residual radioactive material distribution could be calcu-
lated if an appropriate exposure pathway model is available.

Comparing the two alternatives provided by the draft MARSSIM document, the first alternative
relies on an assumption that the doses from other than a primary area are relatively insignificant.
If the assumption is true, this implies the Unity Rule would not be constrained by simultaneous
two (or more) location exposure concerns and thus reducing unnecessary remediation efforts.
The second alternative would always be an option, providing that it can be implemented using
sufficient characterization data about the pathways of interest.

Recommendations:

The concept of DCGLEwmc, needs clarification in Section 8.6.1 to enhance the document.
Additional details would be helpful, including more detailed examples.

Greater understanding of the DCGLEwmc could be achieved if additional details, such as
showing all the steps, including assumptions to simulate a real case, were provided and
the context broadened.

Clarity in the survey development process (page 5-36, line 30), can be achieved if the
narrative provides insight into the decision on selection of a triangular or rectangular grid
for systematic sampling.

DRPs should be removed before applying the Unity Rule to a site.

The SAB believes the Unity Rule should be maintained in MARSSIM Revision 2. The
rule provides a consistent and conservative approach for a reasonable dose assessment.

Detailed examples of using the EMC Unity Rule should be provided: one showing ac-
ceptance (<1) and one showing failure (>1).

Coordination with the applicable federal or state regulators is encouraged. Without regu-
latory guidance, using the Unity Rule to ensure total dose is within the release criteria can
cause unnecessary effort and expense.

In lieu of the Unity Rule, if actual radioactive material characterization data are availa-

ble, site-specific exposure dose/risk calculations can be performed using an acceptable
exposure pathway model.
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2.1.5. Charge Question 1.5. Discrete Radioactive Particles

Is the discussion of the use of MARSSIM surveys for addressing sites containing discrete radio-
active particles technically sound and appropriate, and is the description accurate? In particu-
lar, please comment on the rule-of-thumb for determining when use of MARSSIM may not be ap-

propriate for survey units containing discrete radioactive particles (Section 4.12.8 and Appendix
0.5).

The SAB finds the discussion of DRPs currently provided in the draft MARSSIM document to
be inadequate and should be augmented with information described below. DRPs, sometimes
called hot particles, specks or fleas, refer to very small ( usually on the order of millimeters to
micrometers), highly radioactive particles. The draft MARSSIM document devotes one section
only to the subject of DRPs (Section 4.12.8) that is two paragraphs in length. This section is re-
produced verbatim in Appendix O.5. Therefore, the Appendix provides little added value. The
draft 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 presence of DRPs creates issues not discussed in MARSSIM that ex-
pand beyond the avoidance of the EMC survey design and concomitant data analysis processes.
The absence of information regarding the impacts DRPs will impart to the overall site survey
process makes MARSSIM incomplete and less useful for controlling the special risks when such
sources are present. DRPs pose unique hazards with implications that require more visibility and
consideration within the Manual. Presently, the draft MARSSIM document focuses on avoiding
impractical survey designs through the use of an inadequate rule of thumb aimed at distinguish-
ing a point radioactive source from a source of radiation arising from radionuclides distributed
across a large area such as on the surfaces of buildings or within a large volume of surface soil.
Elevated areas of radiation trigger special survey designs to assess whether the elevated concen-
trations of radioactive material exceed Derived Concentration Guideline Levels for Elevated
Measurement Comparisons (DCGLEwmc).

Dose pathways are different for DRPs compared to volumetric or bulk radioactive contamina-
tion of building surfaces and surface soils. The concept of DCGLs as used in MARSSIM is un-
likely to be effective for DRPs. DRPs present varied risks depending on the radionuclide compo-
sition, activity level and prevalence at the site. DRPs tend not to be singular and the discovery of
multiple DRPs should be anticipated. General guidance has not been sufficiently developed and
the treatment of DRPs will likely entail site-specific negotiations among the stakeholders as to
the risks posed by DRPs, the level of effort to discover poorly detectable particles and the conse-
quences of leaving DRPs in place.

Some DRPs may present significant health hazards. The high radioactivity levels and associ-
ated dose rates from some radionuclides known to comprise DRPs may, depending on the dura-
tion of exposure, induce tissue reactions (formerly known as non-stochastic or deterministic ef-
fects) should a DRP become attached to the skin or be introduced to the internal organs of the
body. More information regarding tissue reactions can be found in ICRP Publication 118 (ICRP,
2012). The National Council on Radiation Protection and Measurements recommended limits for
skin exposure to “hot particles” in 1989 (NCRP, 1989) following the Nuclear Regulatory Com-
mission’s issuance of Information Notice 8§7-39 (NRC, 1987) about controlling hot particles at
nuclear power plants. The Nuclear Regulatory Commission has made available a computer code
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for calculating the skin dose arising from various contamination scenarios as an aid for demon-
strating compliance with regulatory dose limits (NRC, 2018).

The presence of DRPs will impact many planning decisions, quality assurance considerations
and survey procedures. The ability to detect DRPs depends on the radionuclide composition, the
radioactive emission rate, the radiation types emitted, the shielding effects of soil thickness and
surface coatings, and measurement instrument capability. Scanning methodologies will most
likely be the preferred means of discovering DRPs causing operator performance to be a consid-
eration. DRPs will influence the process and selection of DQOs and Measurement Quality Ob-
jectives (MQOs) as well as requiring appropriate radiation protection procedures. A site contami-
nated with DRPs cannot conform to the basic tenets contained in the draft MARSSIM document.
DRPs do not distribute uniformly and the radionuclides contained within a DRP cannot be relied
upon to exhibit the same type and ratios of radionuclides expected to be more widely dispersed
across the site.

DRPs can be extremely mobile presenting possible contamination concerns. The high radio-
activity levels associated with some DRPs can impart an electrostatic charge causing DRPs to be
very mobile potentially causing them to jump to adjacent areas, attach to clothing, and contami-
nate instruments thus leading to the term, fleas. DRPs may be difficult to detect depending on the
composition and quantity of radionuclides and their emitted radiation qualities. This will influ-
ence instrument selection and the development of investigation or action levels. It will be im-
portant to understand instrumentation characteristics to enable the discovery and localization of
DRPs on personnel and equipment as such discovery during the operational radiation protection
program may be useful indicators of risk.

The rule of thumb presented as Equation 4-26 in the Manual may be difficult to implement
and may not have the intended effect of avoiding the use of the EMC process. The draft
MARSSIM document introduces a rule of thumb to identify those conditions in which the dis-
covery of a DRP would preclude the use of the EMC process. The rule features equation 4-26
from Section 4.12.8

d> 3L (4-26)

where L is the estimated longest dimension of the area of elevated activity, and d is the distance
to the detector.

The rule requires the distance, d, between the DRP and detector to exceed by three times the
longest dimension of the area of elevated activity, L, created by the DRP. This relationship be-
tween d and L attempts to describe the condition when a source would appear to a detector as a
point source; however, there are several practical impediments to using a rule of thumb of this
type. First, given the size and unknown location of the particle, it appears that d, the distance be-
tween the source and detector, would be difficult to establish; particularly with instruments that
present several square centimeters of active detection area. The DRP may reside at some un-
known depth in soil or in a crack in a building surface. Secondly, L must be established accord-
ing to some quantitative criterion that clearly defines an area of elevated activity. DRPs may ex-
ist in a larger area of elevated activity created by the volumetric or areal dispersion of other radi-
oactive material. The area of elevated activity around a DRP will depend on the types of
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radiations emitted; radionuclides emitting gamma rays are able to create an elevated area much
larger than those emitting beta particles. Many DRPs consist of a mix of radionuclides emitting
both gamma and beta particles to create a complex pattern of measured elevated activity. DRPs
consisting of radionuclides emitting primarily alpha particles will be extremely difficult to dis-
cover such that neither d nor L can be ascertained reliably if at all in many field conditions. One
can postulate conditions for d and L for a DRP that would fail to avoid the use of the EMC pro-
cess. Thirdly, the rule assumes that a single particle may be responsible for the elevated reading
when in fact multiple DRPs may be present.

Recommendations:

e The unique issues created by DRPs should be introduced early in the MARSSIM docu-
ment, preferably in Chapter 2 that introduces the main concepts and the overall order of
information contained in the document, but certainly by Chapter 3 that deals with the
Historical Site Assessment (HSA) during which the potential existence of DRPs will
most likely be discovered. Sections of subsequent chapters should address specific ac-
tions or decisions impacted by the need to consider DRPs.

e Decision aids, perhaps site-specific guidelines, would be beneficial when additional treat-
ment of DRPs is warranted. Such decision aids will allow resources to be directed to
those aspects most important in terms of dose and risk. Dose and risk criteria are beyond
the scope of the MARSSIM document, but some means are needed on which to judge the
priority required for addressing the presence of DRPs.

e The MARSSIM document should call special attention to the implementation of radiation
protection controls to prevent excessive doses to workers or others present during surveys
and remedial activities at sites expected to contain DRPs. At a minimum, the hazards po-
tentially presented by DRPs should be discussed in Section 4.10. Operational insights
gained from records of radiation protection programs enacted during facility operation
and/or decommissioning may suggest the likelihood of discovering DRPs.

e Given the potential health hazards arising from contact exposures to DRPs, survey activi-
ties aimed at discovering particles deemed to be hazardous should be conducted early in
the sequence of survey types, for example, as part of the scoping surveys of areas likely
to contain DRPs. According to Section 2.2.2 of the MARSSIM document, areas of sites
expected to contain DRPs will be appropriately identified as Class 1 invoking the neces-
sary planning and 100% survey coverage. If discovered, DRPs should be removed
promptly and the remediated area rescanned to validate removal. Removal of DRPs may
enable the EMC process to be appropriately used without the presence of DRP measure-
ments affecting the statistical data analyses that could result in the inadvisable use of the
EMC process. Prompt removal may also avoid the need to develop and use site-specific
rules of thumb as to whether the EMC process is advisable.

e The discussion of the DQO and MQO processes in Chapter 4 should address the influ-

ence DRPs will exert on the requirements for measurement methods and their uncertain-
ties. Detection and uncertainty requirements will affect instrument selection and survey
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procedures. DRPs are most likely to be discovered by scanning techniques and the DQO
and MQO processes should identify instrument response patterns that would indicate the
presence of DRPs. A figure devoted to summarizing the planning processes for DRPs
would be beneficial. If historical analyses or preliminary surveys reveal the presence of
DRPs, then the Measurement Quality Objectives for all remaining survey activities
should anticipate the measurement of area/volumetric and point sources. This naturally
leads to establishing separate measurement detection limits and measurement uncertainty
requirements that may have an effect on the selection of instrumentation and scanning
procedures.

e The MARSSIM document should include cautionary statements about the mobility and
contamination risks posed by DRPs.

e An alternate rule of thumb or rules of thumb should be evaluated. The aim of the rule is
to identify simple measurement data available from scans that indicate the presence of
small, discrete radioactive particles that either individually or collectively pose a material
risk if not identified and removed. One possible approach might be to establish a thresh-
old distance between the point or location a detector reads a maximum count rate and that
point when the detector reads a fraction of that maximum, perhaps one-half the maxi-
mum. If this change in count rate occurs over a small distance as might be expected from
a small source, then a DRP might be present and a targeted investigation initiated.

2.2. Charge Question 2. Technical Approaches and Examples
Does MARSSIM, Revision 2 provide useful, appropriate and clear examples and descriptions of
technical approaches to implementing surveys and the statistics by which they are interpreted?

The SAB finds technical approaches and statistics for implementing surveys are generally useful
and accurate, but recommends improvements in Chapter 6 to:
e incorporate uncertainties in the C conversion factor of the Minimum Detectable Concen-
tration (MDC),
e acknowledge when differences between ideal and realistic conditions merit specific treat-
ment in the technical approaches,
e provide updated statistical techniques for modern data-logging systems that no longer
rely on human surveyor data interpretation to perform the survey, and
¢ include updated information on measuring radon and its decay progeny.

Additionally, the SAB finds that Appendix H is useful and generally accurate in communicating
valuable summary information but could be improved by a more consistent presentation. Several
suggestions are provided to this end.

Regarding the examples in Chapter 6, the SAB recommends that Example 9 be improved with a
more complete representation of combined uncertainty that includes uncertainties in instrument
efficiency. In Section 6.4.4 on confidence intervals, Example 8 on uncertainty propagation is so
simple that it is unlikely to be representative of a real project for which many different sources of
uncertainty must be determined. Inclusion of a more complete example would be much more
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instructive by taking the reader through the whole process of calculating measurement uncer-
tainty in implementing site surveys.

Regarding the use of Ranked Set Sampling for hard-to-detect radionuclides, the idea is to use
some alternative “easy-to-measure attribute” which is highly correlated with the substance of in-
terest to rank the sites by their projected level of contamination, and thereby to select a subset of
sites to measure the hard-to-detect substance, in the hope that this will give a more representative
distribution of measurements than would be achieved by simple random sampling (SRS). How-
ever, Appendix E has not included discussion on how highly correlated the attributes need to be,
and how should one assess, in practice, whether the conditions for RSS are met.

The SAB finds two examples in Appendix E not useful, appropriate, and clear. Example 1 shows
that of the 12 sites for which both laboratory analyses and field screening measurements are
given, the sample correlation coefficient of the two sets of measurements is 0.998. This leads to
the suspicion that this is just a made-up example, not even based on any real dataset. If this is
true, that might still be acceptable for the purposes of illustrating the sampling method, but the
report should acknowledge that fact and make clear that real data sets are extremely unlikely to
display such high correlations.

Example 5 is a much more carefully laid out example with a lot of specific experimental detail,
but it still raised concerns where the example came from. While clearly working from a real da-
taset, the concern is whether or not Example 5 is a one off, or whether many such datasets (for
different analytes) could be developed. The specific concern is whether many pairs of easy-to-
measure and hard-to-measure pairs with a high correlation between the two can be adduced in
this setting. If only a few realistic examples could be developed then this raises a question about
the relevance of the approach to cleanup and FSS determination, and in particular whether a
lengthy discussion of the method is worthwhile. While the Ranked Set Sampling method is
widely known in some fields (e.g., Ecology), the one realistic example provided in the draft
MARSSIM Revision 2 did not increase the confidence of the SAB that this method is helpful
enough to be included in the MARSSIM revision 2.

The SAB finds the examples in Chapter 5 of the draft MARSSIM document to be useful, appro-
priate, and clear. However, many of the examples should include additional detail on the calcula-
tions and use of tables, and more references to other appropriate sections of the MARSSIM doc-
ument. About half of the examples are unchanged from MARSSIM, Revision 1(U.S. EPA, 2000)
and half are modified. There is one new example that was needed to support the process for im-
plementing Scenario B. Overall, the reformatting and modifications of examples in Chapter 5 are
a marked improvement over examples in MARSSIM, Revision 1, but additional detail would be
useful for better clarity.

2.2.1. Charge Question 2.1. Measurement Methods and Instrumentation

Please comment on whether the description of updated measurement methods and instrumenta-
tion information (Chapter 6 and Appendix H) is useful, appropriate and clear.
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Chapter 6:

The description of measurement methods and instrumentation information in Chapter 6 is gener-
ally useful and in large part appropriate and clear. The content of Chapter 6 is laid out well with
the inclusion of excellent tables, examples and sample calculations. The chapter presents com-
mon sense approaches for how to choose the best detection method for a given radionuclide that
may emit more than one type of radiation as well as an excellent discussion of measurement un-
certainties and how to manage them. However, there are descriptions of concepts and operations
that could be made clearer and more useful.

The SAB finds that the treatment of uncertainties in various quantities needs improvement for
clarity and completeness. First, it needs to be made clear to the reader that the minimum detecta-
ble concentration (MDC) is an a priori estimate. NUREG-1507 Revision 1 [Nuclear Regulatory
Commission (NRC), 2020] clearly shows an MDC calculated under ideal conditions should be
considered as providing information on the general detection capability of the measurement sys-
tem and not as absolute levels of activity that can or cannot be detected [in the field]. Equation 6-
5 only applies to detection systems that operate in pulse or counting mode; it is not applicable to
current mode detection systems, such as an ion chamber or thermoluminescent dosimeter (TLD).
Furthermore, equation 6-5 is only applicable when the sample is to be counted for the same
length of time as the blank.

It is properly stated (p. 6-9, lines 14-26) that the MDC is dependent on “C,” the factor that con-
verts the Detection Limit from blank/background counting signal to concentration measurement.
This factor is composed of several subfactors that have associated uncertainties (e.g., surface
type, source efficiency, source-to-detector geometry, source count time, and mean counting effi-
ciency).

It is recommended that Equation 6-5 be rewritten to include the uncertainty in C and provide an
example illustrating how neglecting these uncertainties can lead to an erroneous MDC. Clarifica-
tion is needed to differentiate MDC in units of Bq/kg and MDC in units of Bq/m?. Surface (areal)
concentration would be reported in units of Bq/m? while soil concentration would be reported in
units of Bg/kg. Designation of concentration units of Bq/m? and Bg/kg will inevitably lead to
confusion. The SAB recommends Chapter 6 address surveying soil that is volumetrically con-
taminated with a radionuclide that emits medium energy gamma-rays to highlight differences in
the concentration (Bq/kg) compared to areal concentration (Bg/m?).

It is stated (P. 6-17, lines 5 - 6) that the surveyor efficiency was estimated between 0.5 and 0.75,
and the draft MARSSIM recommends a value toward the lower end of this range (i.e., 0.5) for
estimating the Scan MDC. The SAB recommends explaining how an implementer should deter-
mine the “surveyor efficiency” and how to assign uncertainty. Scanning surveys of land areas are
addressed within Section 6.3.2, and the minimum detectable count rate (MDCRsurveyor) 1s infused
in a majority of the equations and examples. However, it should be clarified that MDCRsurveyor 1S
not necessary for data-logging detection systems. Because data logging is included and available
in modern detection systems, current guidance pertaining to land area surveys in the draft
MARSSIM document is outdated. Many of the fundamental statistical principles introduced in
Section 6.3.1 still apply, so a minor revision of this section is highly recommended. The
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statement on scanning techniques in Section 6.6.1.1 reinforces this point, “Scanning equipment
coupled with GPS or other locational data is strongly recommended for scan-only surveys.”

Regarding recommendations in ISO-7503-1 (ISO, 1988), source efficiencies (page 6-40, lines
35-40) should include uncertainty estimates, and nonstatistical uncertainties [also referred to as
Type B by the National Institute of Standards and Technology (NIST, 1994)] should be incorpo-
rated into the determination of standard combined uncertainties. Monte Carlo simulations that
take into account source related factors such as type of radiation and its energy, source uni-
formity, surface roughness and coverings, and surface composition (e.g., wood, metal, concrete)
could be helpful in estimating the source efficiency. Regardless, estimating a source efficiency
without actual measurements should be accompanied with an uncertainty estimate that is to be
incorporated into the standard combined uncertainty of the measurements made by the measure-
ment systems. At a minimum a rectangular uncertainty distribution could be used.

Example 9 (Page 6-51) provides an opportunity to demystify handling the concept of uncertain-
ties. The SAB recommends including how the estimated uncertainty of the overall efficiency
would be calculated and mentioning the type of instrument corresponding to the stated instru-
ment efficiencies. Correcting for process blank, decay to a reference time, and radiation emission
probability in the conversion of counts to the derived concentration guideline level (DCGL) in
soil should be included in the following section (page 6-52, lines 3-5).

Uranium and thorium in the soil as a source of radon should be included in the discussion. The
effects of radon and its progeny on fixed and survey measurements of other radionuclides should
be discussed as a source of measurement interference and mentioned with the potential for con-
tamination of scanning instrumentation. The discussion of estimating contributions from radon
exposure should be part of the determination of the action level (AL) and DCGL.

More should be said about the needs to recalibrate when field conditions change (page 6-38,
lines 32-33). Calibrations should consider differences in field conditions and influences from en-
vironmental changes during the survey. Either a recalibration should be performed for each
measurement system using commutable certified reference sources that accommodate the new
measurement conditions, or when possible, computational bias corrections and uncertainties esti-
mates should be applied to the measurement systems to accommodate the new effects. Further-
more, calibrations should be checked at a prescribed interval including use of quality control
check sources to assure continued and stable operability between calibrations and compliance
with the MQO requirements.

There is a good discussion recognizing the many factors that complicate radon measurements.
Progress could be made by recognizing these complicating factors in the estimation of measure-
ment uncertainty. The reference to Jenkins 1986 (Page 6-53, line 14) could lead readers to be-
lieve that there have been no new developments over the last 3 decades for measuring radon and
radon progeny in air. The SAB compiled an updated list of references at the end of this section.
These updated reference(s) should be included in the MARSSIM Revision 2 manual.

Additional comments for improvement of Chapter 6 are listed below:
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e Page 6-26, Section 6.4 Measurement Uncertainty — Comments regarding vocabulary as-
sociated with uncertainty made in response to Charge Question 1.3 should be imple-
mented in this section.

e Page 6-35, lines 36 — Cadmium telluride is not a scintillator and should be removed from
the list or replaced with the scintillator that the MARSSIM authors were intending, e.g.
CdWOs.

e Page 6-36, line 9 — Reference is made to cadmium zinc telluride (CZT), but cadmium tel-
luride (CT) is commercially available. Recommend adding CT to the discussion.

e Page 6-37, line 2 — Recommend adding a sentence on the sensitivity of TLDs.

e Page 6-37, line 11 — Recommend adding a sentence on the capability of the electret ion
chambers (EIC).

e Page 6-41, line 14 — A more appropriate background exposure rate would be 10 uR/h.

e Page 6-46, Table 6.7 — Usage of “Good”, “Fair”, and “Poor” seems subjective. There
should be text that explains how these ratings were determined. Also, the basis for down-
grading of the instruments for the scanning surveys should be added.

o Table 6.8 provides useful information, but its presentation could be more effective
if divided into two tables. There are advantages and disadvantages to instruments,
and there are advantages and disadvantages to measurement technique; it becomes
very repetitive to try to address both in a single table.

o “Hand-Held Instruments” “Direct” “Advantages”, 3rd bullet — refers to the ability
to efficiently measure alpha, which is inconsistent with Table 6.7.

o “Hand-Held Instruments” “Scanning” “Advantages”, 3rd bullet — refers to effi-
ciently measure neutron radiation, which is inconsistent with Table 6.7.

e Page 6-56, Table 6.9, 1°' row — The SAB is not aware of putting activated charcoal into
liquid scintillation cocktail; the color quench must be pretty significant. “Not a true inte-
grating device” needs clarification. This is also mentioned on Page 6-58 without explana-
tion.

e Page 6-59, Line 4 — As mentioned in the previous paragraph, electrostatic attraction of
radon progeny to the surface of a detector is also an option.

Recommendations for Chapter 6:

e Incorporate uncertainties in the C conversion factor of the MDC.

e Acknowledge when differences between ideal and realistic conditions merit specific
treatment in the technical approach.
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e Provide updated statistical techniques for modern data-logging systems that no longer
rely on human surveyor data interpretation to perform the survey.

e Include updated information on measuring radon and its decay progeny.

e Revise Example 9 with a more complete representation of combined uncertainty that in-
cludes uncertainties in instrument efficiency.

e Recommend adding more discussion on available optically stimulated luminescence
(OSL) materials on page 6-37, similar to what is done with the TLD materials, and in-
cluding a sentence on the sensitivity of OSLs.

Suggestions for Chapter 6:

e Page 6-31, lines 2 - 3 — Suggest including radioanalytical service representatives in addi-
tion to service providers to perform field data collection activities. MARLAP (U.S. EPA,
2004, Chapter 5 on Lab Services) provides guidance for selecting a service provider, in-
cluding pre-award proficiency evaluation, assessment and audit. An appropriate accredi-
tation program, based on MARSSIM Revision 2, could provide interagency consistency
among capabilities, operations, quality of results and relieve programs from conducting
these quality improvement tasks on a case-by-case basis.

e Page 6-34, lines 25 - 28 — The metrologists and subject-matter experts can address situa-
tions other than radionuclides uniformly distributed on a plane or through a regularly
shaped volume (e.g., a disk or cylinder). Reference MARLAP (U.S. EPA, 2004) and
mention that traceable secondary reference laboratories and source producers should es-
tablish DQOs and MQOs for appropriate calibration sources.

e Page 6-39, lines 14-24 — MQOs need to be specified with the Calibration Source Provider
to assure the appropriately commutable certified reference standards are prepared for ac-
curate calibrations of direct measurement systems within necessary combined standard
uncertainty limits. Commutability relates to how well reference materials represent actual
conditions during the survey in addition to providing certified values and uncertainties for
analytes in certified reference materials.

Appendix H:

Appendix H could be improved by a more consistent presentation of pros/cons/applications in
the text and tables. Sometimes the information is in the Description column, sometimes in the
Applications column and sometimes in the Remarks column. Additional effort on a consistent
organization would be beneficial to readers. Furthermore, consider technical editing of Appendix
H. For the most part, the descriptions of the individual instruments are good, but there are incon-
sistencies.
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To the extent practicable, listing prices in 2020 dollars is suggested. Some of the prices seem
low, and others are identical to the previous version of MARSSIM, which may no longer be ac-
curate. Although discussion on unavailable technologies in Appendix H is not immediately use-
ful, it is appropriate and should remain because technological advancements and market forces
over time tend to transform some unavailable technologies into widely available technologies.
Specific suggestions for improving Appendix H follow.

Specific comments on Appendix H:

Page H-1, line 26 — There can also be market contraction.

Page H-1, lines 14 and 79 other occurrences in Appendix H — Appendix H refers to “sen-
sitivity” while Chapter 6 refers to “capability”. Appendix H should refer to “capability”
so that there is consistency within MARSSIM and consistency with MARLAP (EPA
2004).

Page H-10 — The difference between this detector and the previous one (H-9) should be
clarified.

Page H-12, lines 42-43 — It appears that some of the cost estimates of the instruments
have not been updated since Revision 1 (U.S. EPA, 2000). This is a specific example of a
potential discrepancy, but there are others. The cost estimates on all the instruments
should be updated to 2020 dollars.

Page H-14, line 1 — Suggest including cadmium telluride (CdTe) detectors. Both CdTe
and Cadmium zinc telluride (CZT) detectors are commercially available and utilized in
research and Commercial off-the-shelf (COTS) instruments. Are these detectors peltier
cooled?

Page H-14, line 35 — The SAB suggests a brief discussion on segmented detectors.

Page H-14, lines 36-37 — Clarification should be added to these costs to indicate that this
is the cost of the detector without the associated data acquisition system. The MARSSIM
document should follow the example for the PIC (Page H-10, lines 34-37). The appendix
should strive for consistency in the reporting of costs. This is one example of the discrep-
ancy of reporting. There are other incidents. This becomes more of an issue when pre-
sented in Tables H.2 — H.8 where costs are presented for comparison where they are not
equivalent.

Page H-20, line 3 — There is no discussion of neutron detection.
Page H-20, lines 25-26 — Clarify how increasing flight altitude decreases the Minimum

Detectable Activity (MDA). Show the reduction in background contribution for this case
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with an infinite areal extent of the contaminant. Highlight differences when the contami-
nant is localized in a small area.

Page H-20, lines 23-28 — Replace MDA with MDC.

Page H-21, lines 27-31 — Some of these TLD materials are not listed in Chapter 6. The
SAB suggests that these lists be consistent.

Page H-28, line 3 — Suggest adding a definition of thoron. Recommend differentiating
thoron from radon.

Page H-33, line 7 — The equipment for the laboratory is commercially available, so is the
reference to the equipment being in the “testing phase” referring to the fieldable equip-
ment? Clarification is needed.

Page H-33, line 10 — Suggest adding a definition for “nondestructive.” Laser ablation is
destructive to the surface which is being ablated.

Page H-34, lines 8-9 Activity concentration values for the given mass of U or Th appear
to be incorrect. For 1 ppm, the 233U activity concentration is 12.3 Bg/kg (assuming pure
233U and not natural uranium or some other combination of uranium isotopes) and the
232Th activity concentration is 4.05 Bg/kg.

Page H-40, line 1 — Why repeated under “Beta Particle Analysis” for Laboratory equip-
ment. Why not use the same scheme as was done in the description of the field equip-
ment?

Page H-42, line 3 — Alpha should be listed as a primary mode of detection, not secondary.

Page H-43, line 38 — Suggest rephrasing “not totally linear” for the energy calibration
curve. Non-linearity is primarily manifested in the detector energy resolution.

Page H-46, line 21 — Suggest clarifying what “a reasonable price” is. What is reasonable
to one reader may not be reasonable to another.

Page H-50, line 12 — Suggest updating the data to 2020. There is/was a facility at the Uni-
versity of Georgia which was thought to be in place before 2012. Consider deleting the

reference to the number and where they are located.

Page H-53, line 16 — It is not a perfect vacuum, so “all” air molecules have not been
pumped out.
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e Page H-56, lines 5-6 — The instrument is commercially available. Not clear why Approxi-
mate Cost is “not available”.

e Page H-57, line 2 — Suggest either adding a discussion of field usage or removing the ref-
erence to it.

e Page H-59, Table H.2, column headers, 5" column — Update costs to 2020. Some of these
values seem to indicate only the cost of the probe, while others include the probe and the
instrument to read out the signal. Would be good to present consistently, but at least clar-
ify if it is just the cost of the probe.

e Page H-61, Table H.2, 2™ row — Clarification into what “low-resolution” spectrometers
are being referred to would help the reader. There is an indication that sample is under
vacuum, which indicates the best available energy resolution, assuming everything is op-
erating properly.

e Page H-62, Table H.3, 4" row, 4™ column — Should it read as The LSC process is highly
selective ...”. This is interesting since Alpha radiation was previously indicated (Page H-
42, line 3) to be a secondary radiation for alpha detection.

e Appendix H — It seems appropriate to include “Direct lon Storage” (DIS) devices in Ap-
pendix H. TLDs, OSLs, Electronic Dosimeters (EDs) are all presented, but DIS is not.
DIS devices are commercially available and are “drop in” replacements for TLD and
OSL.

e Pages H-59 — H-72, Tables H.2-H.8 — To the extent practicable and appropriate for the
purpose of implementing guidance, list performance specifications for each instrument.
These can include efficiency, energy range, energy linearity, resolution, signal to noise
ratio, spectral deconvolution, dead time, specialized operator/radiochemistry training,
transmission efficiency, isotopic fractionation effects, mass linearity, resolution, and sen-
sitivity.

e Pages H-59 — H-72, Tables H.2-H.8 — Information in Table H.1 is not consistent with that
in Table H.7.
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2.2.2. Charge Question 2.2. Ranked Set Sampling
Please comment on whether the additional optional methodology for the use of Ranked Set Sam-
pling (Appendix E) for 