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This appendix is applicable to Decommissioning Groups 2–7.

NRC regulations in 10 CFR 20.1501(a) require licensees to make or cause to be made surveys
that may be necessary for the licensee to comply with the regulations in Part 20.

The final status survey (FSS) is the radiation survey performed after an area has been fully
characterized, remediation has been completed, and the licensee believes that the area is ready to
be released.  The purpose of the FSS is to demonstrate that the area meets the radiological
criteria for license termination.  The FSS is not conducted for the purpose of locating residual
radioactivity; the historical site assessment (HSA) and the characterization survey perform that
function.

NRC endorses the FSS method described in MARSSIM.  This appendix (a) provides an
overview of the MARSSIM approach for conducting a final radiological survey, (b) provides
additional specific guidance on acceptable values for use in the MARSSIM method, (c) describes
how to use the MARSSIM method in a way that is consistent with the dose modeling,
(d) describes how to use the MARSSIM method to meet NRC’s regulations, and (e) describes
how to extend or supplement the MARSSIM method to certain complex situations that may be
encountered, such as how to address subsurface residual radioactivity.  Note that the guidance in
this appendix does not replace the MARSSIM, and licensees and reviewers should refer to, and
use, the MARSSIM for designing final radiological surveys to support decommissioning.  This
guidance assumes a working knowledge of the MARSSIM approach and terminology and does
not attempt to provide a comprehensive overview of the entire MARSSIM.  In addition, for
Decommissioning Groups 1–3, licensees may also use the alternative, simpler final survey
methods described in Appendix B of this volume.  Refer to Appendix O of this volume for
information on lessons learned from recently submitted DPs and questions and answers to clarify
existing license termination guidance related to implementing the MARSSIM approach.

Survey checklists are found in Chapter 5 of MARSSIM.  These checklists are useful in
implementing the steps of the Radiation Site Survey and Investigation (RSSI) process
(Decommissioning Groups 3–7).  These checklists present a useful tool for visualizing the
sequential steps (i.e., design, performance, and evaluation) of the survey process.  Furthermore,
the use of these checklists should ensure that the necessary information is collected for each type
of survey.  Sites not using the Radiation Site Survey and Investigation (RSSI) process, such as
Decommissioning Groups 1 and 2, should also find these checklists or parts of these checklists
useful.

A.1 Classification of Areas by Residual Radioactivity Levels

The licensee should classify site areas based on levels of residual radioactivity from licensed
activities.  The area classification method contained in Section 4.4 of MARSSIM is acceptable to
NRC staff.  Its essential features are described below.
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The licensee should first classify site areas as impacted or non-impacted.  Impacted areas are
areas that may have residual radioactivity from the licensed activities.  Non-impacted areas are
areas without residual radioactivity from licensed activities.  Impacted areas should be identified
by using knowledge of past site operations together with site characterization surveys.  In the
FSS, radiation surveys do not need to be conducted in non-impacted areas. The licensee should
classify impacted areas into one of the three classes, listed below, based on levels of residual
radioactivity.

C Class 1 Areas: Class 1 areas are impacted areas that are expected to have concentrations of
residual radioactivity that exceed the DCGLW.  (DCGLW is defined in the Glossary of this
volume.)

C Class 2 Areas: Class 2 areas are impacted areas that are not likely to have concentrations of
residual radioactivity that exceed the DCGLW.

C Class 3 Areas: Class 3 areas are impacted areas that have a low probability of containing
residual radioactivity.

Surveys conducted during operations or during characterization at the start of decommissioning
are the bases for classifying areas.  If the available information is not sufficient to designate an
area as a particular class, the area either should be classified as Class 1 or should be further
characterized.  Areas that are considered to be on the borderline between classes should receive
the more restrictive classification.

NRC staff recognizes that there may be a need for a licensee to reclassify Class 1 Areas to
Class 2, when insufficient information was available for the initial classification.  If more
information becomes available to indicate that another classification is more appropriate, the
guidance in MARSSIM allows for classifications to be changed at any time before the FSS.  For
more guidance on criteria for downgrading classifications (e.g., from Class 1 to Class 2), a
licensee should refer to MARSSIM, in particular, Sections 2.2, 2.5.2, and 5.5.3.  If a licensee
plans to make use of reclassification during the RSSI process, the licensee should provide in the
DP the criteria and methodology the licensee plans to use for reclassification.  In addition, a
licensee contemplating use of reclassification is encouraged to consult with NRC staff.

For soils, impacted areas in Classes 1 and 2 should also be classified by whether they have
substantial amounts of subsurface residual radioactivity.  This classification should be based on
the HSA and site characterization.  In this context “substantial amounts of subsurface residual
radioactivity” would be defined as an amount of radioactivity, or contaminated material (such as
soil) that could contribute at least 10 % of the potential dose to the average member of the
critical group or soil that exceeded the DCGLEMC.

Determining whether there is a substantial amount of subsurface residual radioactivity (deeper
than 15 centimeters) should not require a complex set of characterization measurements.  In most
cases there will be either substantial amounts of residual radioactivity or only traces (such as in
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occasional small pockets or from leaching from surface layers by rainwater).  When there are
small amounts of residual radioactivity below 15 centimeters, the MARSSIM survey methods for
surface measurements are acceptable.  When there are substantial amounts of residual
radioactivity below 15 centimeters, the dose modeling and the survey methods should be
modified to account for the subsurface residual radioactivity.

The presence of subsurface residual radioactivity is usually determined by the HSA (see
Chapter 3 of MARSSIM), applying knowledge of how the residual radioactivity was deposited. 
Characterization surveys to detect subsurface residual radioactivity in soil are not routinely
conducted unless there is reason to expect that subsurface residual radioactivity may be present. 
The need to survey or sample subsurface soil will depend, in large part, on the quality of the
information used to develop the HSA, the environmental conditions at the site, the types and
forms (chemical and radiological) of the radioactive material used at the site, the authorized
activities and the manner in which licensed material was managed during operations.

NRC staff’s experience has shown that submittal of the DP should occur only after sufficient
site characterization has occurred.  NRC staff suggests that the DP provide sufficient
information demonstrating the characterization of the radiological conditions of site
structures, facilities, surface and subsurface soils, and ground water.  NRC staff has observed
that some DPs have been submitted with incomplete or inadequate characterizations of
radiological conditions.  A review of such DPs has shown that the lack of information makes
it difficult to agree with the rationale justifying the proposed classification of survey units. 
NRC staff suggests that the following issues related to the use of characterization survey
results and classification of survey units be considered when developing a DP:

C use of operational, post-shutdown scoping, or turnover surveys as characterization surveys;

C reclassification of survey units; and

C completeness of characterization survey design and results.

Regulatory Issue Summary 2002–02 provides a detailed discussion of this issue. 

A.2 Selection and Size of Survey Units

The licensee should divide the impacted area into survey units based on the classification
described above.  A survey unit is a portion of a building or site that is surveyed, evaluated, and
released as a single unit.  The entire survey unit should be given the same area classification. 
Section 4.6 of MARSSIM contains a method acceptable to NRC staff for dividing impacted
areas into survey units.  The important features of this method are summarized here. 

For buildings, it is normally appropriate to designate each separate room as either 1 or 2 survey
units (e.g., floors with the lower half of walls and upper half of walls with ceiling) based on the
pattern of potential of residual radioactivity.  It is generally not appropriate to divide rooms of
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normal size (100 m2 area or less) into more than two survey units because the dose modeling is
based on the room being considered as a single unit.  However, very large spaces such as
warehouses may be divided into multiple survey units.

For soil, survey units should be areas with similar operational history or similar potential for
residual radioactivity to the extent practical.  Survey units should be formed from areas with the
same classification to the extent practical, but if areas with more than one class are combined
into one survey unit, the entire survey unit should be given the more restrictive classification. 
Survey units should have relatively compact shapes and should not have highly irregular
(gerrymandered) shapes unless the unusual shape is appropriate for the site operational history or
the site topography. 

Suggested survey unit areas from MARSSIM are given in Table A.1.  These areas are suggested
in MARSSIM because they give a reasonable sampling density and they are consistent with most
commonly used dose modeling codes.  However, the size and shape of a particular survey unit
may be adjusted to conform to the existing features of the particular site area.

Table A.1 Suggested Survey Unit Areas (MARSSIM, Roadmap Table 1)

 
Suggested Survey Unit Area

Class Structures Land

1 up to 100 m2 up to 2000 m2

2 100 to 1000 m2 2000 to 10,000 m2

3 no limit no limit

A.3 Selection of Background Reference Areas and Background
Reference Materials

A.3.1 Need for Background Reference Areas

Background reference areas are not needed when radionuclide-specific measurements will be
used to measure concentrations of a radionuclide that is not present in background.  Background
reference areas are needed for the MARSSIM method if (a) the residual radioactivity contains a
radionuclide that occurs in background, or (b) the sample measurements to be made are not
radionuclide-specific.  However, a licensee may find cost benefits to consider the background for
a particular radionuclide as zero or some other appropriately low value approved by the staff,
recognizing that this is a risk-informed approach.  The survey unit itself may serve as the
reference area when a surrogate radionuclide in the survey unit can be used to determine
background.  For example, it may be possible to use radium-226 as a surrogate for natural
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uranium.  (More information on the use of surrogate radionuclides is provided in Section 4.3.2 of
MARSSIM.)

Multiple reference areas may be used if reference areas have significantly different background
levels because of the variability in background between areas.  (See Section A.3.4 below and
Section 13.2 of NUREG–1505.)  A derived reference area may be used when it is necessary to
extract background information from the survey unit because a suitable reference area is not
readily available.  For example, it may be possible to derive a background distribution based on
areas of the survey unit where residual radioactivity is not present.

A.3.2 Characteristics of Soil Reference Areas

The objective is to select non-impacted background reference areas where the distribution of
measurements should be the same as that which would be expected in the survey unit if that
survey unit had never been contaminated.  An acceptable method for selecting background areas
is contained in Section 4.5 of MARSSIM and is briefly described below. 

For soils, reference areas should have a soil type as similar to the soil type in the survey unit as
possible.  If there is a choice of possible reference areas with similar soil types, consideration
should be given to selecting reference areas that are most similar in terms of other physical,
chemical, geological, and biological characteristics.  Each reference area should have an area at
least as large as the survey unit, if practical, in order to include the full potential spatial
variability in background concentrations.  Reference areas may be offsite or onsite, as long as
they are non-impacted.  NUREG–1506 provides additional information on reference area
selection.  Licensees should consult with NRC staff when they are unable to find a reference area
that satisfies the above criteria.

A.3.3 Different Materials in a Survey Unit

Survey units may contain a variety of materials with markedly different backgrounds.  An
example might be a room with drywall walls, concrete floor, glass windows, metal doors, wood
trim, and plastic fixtures.  It is not appropriate to make each material a separate survey unit
because the dose modeling is based on the dose from the room as a whole and because a large
number of survey units in a room would require an inappropriate number of samples.  

When there are different materials with substantially different backgrounds in a survey unit, the
licensee may use a reference area that is a non-impacted room with roughly the same mix of
materials as the survey unit.

If a survey unit contains several different materials, but one material is predominant or if there is
not too great a variation in background among materials, a background from a reference area
containing only a single material may still be appropriate.  For example, a room may be mostly
concrete but with some metal beams, and the residual radioactivity may be mostly on the
concrete.  In this situation where the concrete predominates, it would be acceptable to use a
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reference area that contained only concrete. However, the licensee should demonstrate that the
selected reference area will not result in underestimating the residual radioactivity on other
materials.

The licensee may also use measured backgrounds for the different materials or for groups of
similar materials.  When the licensee decides to use different measured backgrounds for different
materials or for a group of materials with similar backgrounds, it is acceptable to perform a
one-sample test on the difference between the paired measurements from the survey unit and
from the appropriate reference material.  An acceptable method to do this is described in detail in
Chapter 2 of  NUREG–1505.

For onsite materials, present either in buildings or as nonsoil materials present in outdoor survey
units (e.g., concrete, brick, drywall, fly ash, petroleum product wastes), the licensee should
attempt to find non-impacted materials that are as similar as possible to the materials on the site. 
Sometimes such materials will not be available.  In those situations, the licensee should make a
good faith effort to find the most similar materials readily available or use appropriate published
estimates.

A.3.4 Differences in Backgrounds Between Areas

When using a single reference area, any difference in the mean radionuclide concentration
between the survey unit and the reference area would be interpreted as caused by residual
radioactivity from site operations.  This interpretation may not be appropriate when the
variability in mean background concentrations among different reference areas is a substantial
fraction of the DCGLW.  When there may be a significant difference in backgrounds between
different areas, a Kruskal–Wallis test, as described in Chapter 13 of NUREG–1505, can be
conducted to determine whether there are, in fact, significant differences in mean background
concentrations among potential reference areas.

While NUREG–1505 does not recommend specific values for the Kruskal–Wallis test, NRC
staff recommends at least 15 samples in each of at least 4 reference areas and a Type I error rate
of "KW = 0.2 to provide an adequate number of measurements for the determination of whether
there is a significant difference in the background concentrations.  However, different values
may be appropriate on a site–specific basis.  

If significant differences in backgrounds among reference areas are found, NRC staff
recommends that a value of three times the standard deviation of the mean of the reference area
background values should be added to the mean of the reference area background to define a
background concentration.  A value of three times the standard deviation of the mean is chosen
to minimize the likelihood that a survey unit that contains only background would fail the
statistical test for release.  A two-sample test (see Section A.4, below) should then be used to test
whether the survey unit meets the radiological criteria for license termination.  This method is
described in detail in Chapter 13 of NUREG–1505.
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A.3.5 Background Survey Design

This survey constitutes measurements of non-impacted areas on and surrounding the site in order
to establish the baseline, that is, the normal background levels of radiation and radioactivity.  In
some situations, historical measurements may be available from surveys performed before the
construction and operation of a facility.  Areas such as roads, parking lots, and other large paved
surfaces that may have been impacted or disturbed by site-related activities should be avoided. 
The background survey takes on added importance since the licensee may decide to use a
statistical test that compares impacted areas to off or onsite reference areas in order to
demonstrate compliance with the release criteria in 10 CFR Part 20, Subpart E.  To minimize
systematic biases in the comparison, the same sampling procedure, measurement techniques, and
type of instrumentation (e.g., detection sensitivity and accuracy) should be used at both the
survey unit and the reference area.

NUREG–1505 provides additional guidance on survey design, the methods of accounting for
background radiation, and the nonparametric statistical methods for testing compliance with the
decommissioning criteria in 10 CFR Part 20, Subpart E.  Formulas contained in NUREG–1505
can be used to compute the required number of samples (measurement points) that will be
needed in both the background reference and survey areas. 

A.4 Methods to Evaluate Survey Results

All survey units should be evaluated to determine whether the average concentration in the
survey unit as a whole is below the DCGLW.  If the radionuclide is not present in background
and the measurement technique is radionuclide-specific so that comparison with a reference area
is not necessary, a one-sample test, the Sign test, should be used.  This test is described in
Section 8.3 of MARSSIM.

When the residual radioactivity contains a radionuclide present in the environment or when the
measurements are not radionuclide-specific, the survey unit should be compared to a reference
area.  When the survey unit will be compared to a reference area, a two-sample test, the
Wilcoxon Rank Sum (WRS) test, should be used.  This test is described in Section 8.4 of
MARSSIM.

A.4.1 A Case for Not Subtracting Background

An exception to using a two-sample test when a radionuclide is present in background is when
the licensee plans to assume that all the radionuclide activity in the survey unit is caused by
licensed operations and none is from background.  This could be the case for cesium-137, for
example, because the levels in the environment are often so much less than the DCGLW that
background concentrations may be ignored.
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(A–1)

A.4.2 Elevated Measurements Comparison 

Class 1 survey units that pass the Sign test or WRS test but have small areas with concentrations
exceeding the DCGLW should also be tested to demonstrate that those small areas meet the dose
criteria for license termination.  This test is called the elevated measurement comparison (EMC). 
It is described in Section 8.5.1 of MARSSIM and summarized here.

To perform the EMC, the size of the area in the survey unit with a concentration greater than the
DCGLW is determined, then the area factor for an area of that size is determined.  (The area
factor is the multiple of the DCGLW  that is permitted in a limited area of a survey unit.  See
Section A.7.5.) The average concentration in the area is also determined.  The EMC is
acceptable if the following condition is met as shown in Equation A–1 (adapted from MARSSIM
Equation 8-2):

where * = the average residual radioactivity concentration for all sample points in the survey
unit only.

If there is more than one elevated area, a separate term should be included for each one.

As an alternative to the unity rule expressed in Equation A–1, the dose from the actual
distribution of residual radioactivity can be calculated if there is an appropriate exposure
pathway model available.

A.5 Instrument Selection and Calibration

To demonstrate that the radiological criteria for license termination have been met, the
measurement instruments should have an adequate sensitivity, be calibrated properly, and be
checked periodically for proper response.

A.5.1 Calculation of Minimum Detectable Concentrations

The licensee should determine the MDC for the instruments and techniques that will be used. 
The MDC is the concentration that a specific instrument and technique can be expected to detect
95 % of the time under actual conditions of use.

For scanning building surfaces for beta and gamma emitters, the MDCscan should be determined
from the following equation (obtained by combining MARSSIM Equations 6-8, 6-9, and 6-10
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(A–2)

(A–3)

and using a value recommended in this appendix for the index of sensitivity dN of 1.38, which is
for 95 % detection of a concentration equal to MDCscan with a 60 % false-positive rate).

where MDCscan = minimum detectable concentration for scanning building surfaces in
pCi/m2

270,000 = conversion factor to convert to pCi/m2

1.38 = index of sensitivity dN
B = number of background counts in time interval t
p = surveyor efficiency
, i = instrument efficiency for the emitted radiation
, s = source efficiency in emissions/disintegration
A = probe’s sensitive area in cm2

t = time interval of the observation while the probe passes over the source
in seconds

Based on the measurements described in  NUREG/CR–6364, a surveyor efficiency p of 0.5
represents a mean value for normal field conditions and its use is generally acceptable.  If the
licensee wants to determine a value appropriate for particular measurement techniques, the
information in NUREG/CR–6364 describes how the value can be determined.  NUREG–1507
provides additional information on the interpretation of results reported in NUREG/CR–6364.

For scanning soil with a sodium iodide gamma detector, the MDCscan values given in Table 6.7 of
MARSSIM provide an acceptable estimate of MDCscan.  

For static measurements of surface concentrations, the MDCstatic may be calculated using the
following equation (from NUREG–1507, Equation 3-10):

where MDCstatic = minimum detectable concentration in pCi/m2 or pCi/g
B = background counts during measurement time interval t
t = counting time in seconds
K = a calibration constant (best estimate) to convert counts/second to pCi/m2

or pCi/g and is discussed further in NUREG–1507.

An example using this equation is shown in Section 6.7.1 of MARSSIM.



APPENDIX A

NUREG-1757, Vol. 2, Rev. 1 A-10

The instruments used for sample measurements at the specific sample locations should have an
MDCstatic less than 50 % of the DCGLW as recommended in Section 4.7.1 of MARSSIM.  There
is no specific recommendation for the MDCscan, but the MDCscan will determine the number of
samples needed, as discussed in Section A.7.6 of this appendix.

The licensee should record all numerical values measured, even values below the “minimum
detectable concentration” or  “critical level,” including values that are negative (when the
measured value is below the average background).  Entries for measurement results should not
be “nondetect,” “below MDC,” or similar entries because the statistical tests can only tolerate a
maximum of 40% nondetects.

A.5.2 Instrument Calibration and Response Checks  

NRC regulations at 10 CFR 20.1501(b) require that the licensee periodically calibrate radiation
measurement instruments used in surveys such as the FSS. 

For in situ gamma measurements, the detector efficiency (count rate per unit fluence rate) should
be determined for the gamma energies of interest and the assumed representative depth
distribution.  The surface and volumetric distributions should be explicitly considered to evaluate
potential elevated areas.  To calibrate for the representative depth distribution, acceptable
methods are to (a) use a test bed with radioactive sources distributed appropriately or (b) use
primarily theoretical calculations that are normalized or verified experimentally using a source
approximating a point source.  The calibration of the source used for the verification source
should be traceable to a recognized standards or calibration organization, for example, the
National Institute of Standards and Technology.  

Some modern instruments are very stable in their response.  Thus, as long as instrument response
checks are performed periodically to verify that the detector is operating properly, it may be
acceptable to calibrate only initially without periodic recalibrations.  The initial calibration may
be performed by either the instrument supplier or the licensee, but in either case,
10 CFR 20.2103(a) requires that a record describing the calibration be available for inspection
by NRC.

A.5.3 Instrument Response Checks

The response of survey instruments should be checked with a check source to confirm constancy
in instrument response each day before use.  Licensees should establish criteria for acceptable
response.  If the response is not acceptable, the instrument should be considered as not
responding properly and should not be used until the problem has been resolved.  Measurements
made after the last acceptable response check should be evaluated and discarded, if appropriate.

The check source should emit the same type of radiation (i.e., alpha, beta, gamma) as the
radiation being measured and should give a similar instrument response, but the check source
does not have to use the same radionuclide as the radionuclide being measured.
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A.6 Scanning Coverage Fractions and Investigation Levels

Scanning is performed to locate small areas of elevated concentrations of residual radioactivity
to determine whether they meet the radiological criteria for license termination.  The licensee
should perform scanning in each survey unit to detect areas of elevated concentrations.  The
licensee should establish investigation levels for investigating significantly elevated
concentrations of residual radioactivity.  Acceptable scanning coverage fractions and scanning
investigation levels for buildings and land areas are shown in Table A.2.  This table is based on
MARSSIM Roadmap Tables 2 and 5.8.

Systematic scans are those conducted according to a preset pattern.  Judgmental scans are those
conducted to include areas with a greater potential for residual radioactivity.  In Class 2 areas, a
10 % scanning coverage would be appropriate when there is high confidence that all locations
would be below the DCGLW.  A coverage of 25 % to 50 % would be appropriate when there may
be locations with concentrations near the DCGLW.  A coverage of 100 % would be appropriate if
there is any concern that the area should have had a Class 1 classification rather than a Class 2
classification.  In Class 3 areas, scanning coverage is usually less than 10 %.  If any location
exceeds the scanning investigation level, scanning coverage in the vicinity of that location
should be increased to delineate the elevated area.

Table A.2 Scanning Coverage Fractions and Scanning Investigation Levels

 Class Scanning Coverage Fraction Scanning Investigation Levels

1 100 % >DCGLEMC 

2 10 to 100 % for soil and for floors and
lower walls of buildings, 10 to 50 % for
upper walls and ceilings of buildings,
systematic and judgmental 

>DCGLW or >MDCscan if MDCscan is
greater than DCGLW

3 Judgmental >DCGLW or >MDCscan if MDCscan is
greater than DCGLW

Sometimes the sensitivity of static measurements at designated sample points is high enough to
detect significantly elevated areas between sample points.  If the sensitivity is high enough, only
this single set of measurements is necessary.  For example, both scanning and sampling for
cobalt-60, which emits an easily detectable gamma, can be done with a single set of in situ
measurements in some cases. 
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(A–4)

A.7 Determining the Number of Samples Needed

A minimum number of samples are needed to obtain sufficient statistical confidence that the
conclusions drawn from the samples are correct.  The method described below from Chapter 5 of
MARSSIM is acceptable for determining the number of samples needed.

A.7.1 Determination of the Relative Shift

The number of samples needed will depend on a ratio involving the concentration to be
measured relative to the variability in the concentration.  The ratio to be used is called the
relative shift, )/Fs.  The relative shift, )/Fs, is defined in Section 5.5.2.2 of MARSSIM as:

where DCGLW = derived concentration guideline
LBGR = concentration at the lower bound of the gray region.  The LBGR is the

concentration to which the survey unit must be cleaned in order to have
an acceptable probability of passing the test (i.e., 1!$).  

Fs = an estimate of the standard deviation of the concentration of residual
radioactivity in the survey unit (which includes real spatial variability in
the concentration as well as the precision of the measurement system)

The value of Fs is determined either from existing measurements or by taking limited preliminary
measurements of the concentration of the residual radioactivity in the survey unit at about 5 to
20 locations as recommended in Section 5.5.2.2 of MARSSIM.  If a reference area will be used
and the estimate of the standard deviation in the reference area, Fr , is larger than the estimate of
the standard deviation in the survey unit, Fs , then the larger value should be used in the
equation.

The LBGR should be set at the mean concentration of residual radioactivity that is estimated to
be present in the survey unit.  However, if no other information is available regarding the survey
unit, the LBGR may be initially set equal to 0.5 DCGLW, as recommended by the MARSSIM.  If
the relative shift, )/Fs, exceeds 3, the LBGR should be increased until )/Fs is equal to 3.  The
licensee may refer to Section 5.5.2.2 of MARSSIM for additional details and information.

A.7.2 Determination of Acceptable Decision Errors

A decision error is the probability of making an error in the decision on a survey unit by failing a
survey unit that should pass or by passing a survey unit that should fail.  When using the
statistical tests, larger decision errors may be unavoidable when encountering difficult or adverse
measuring conditions.  This is particularly true when trying to measure residual radioactivity
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concentrations close to the variability in the concentration of those materials in natural
background.

The " decision error is the probability of passing a survey unit whose actual concentration
exceeds the release criterion.  A decision error " of 0.05 is acceptable under the more favorable
conditions when the relative shift, )/Fs, is large (about 3 or greater).  Larger values of " may be
considered when the relative shift is small to avoid an unreasonable number of samples.  The
$ decision error is the probability of failing a survey unit whose actual concentration is equal to
LBGR.  Any value of $ is acceptable to NRC. 

A.7.3 Number of Samples Needed for the Wilcoxon Rank Sum
(WRS) Test

The minimum number of samples, N, needed in each survey unit for the WRS test may be
determined from the following equation (adapted from MARSSIM Equation 5–1 with N
redefined as the number of samples in the survey unit):

where N = the number of samples in the survey unit
Z1!" = the percentile represented by the decision error "
Z1!$ = the percentile represented by the decision error $
Pr = the probability that a random measurement from the survey unit exceeds a

random measurement from the background reference area by less than the
DCGLW when the survey unit median is equal to the LBGR concentration
above background

½ = a factor added to MARSSIM Equation 5–1 because N always is defined in this
guide as the number of samples in the survey unit

Values of Pr , Z1!" , and Z1!$ ,  are tabulated in Tables 5.1 and 5.2 of MARSSIM.  N is the
minimum number of samples necessary in each survey unit.  An additional N samples will also
be needed in the reference area.  If N is not an integer, the number of samples is determined by
rounding up.  In addition, the licensee should consider taking some additional samples
(MARSSIM recommends 20 %) to protect against the possibility of lost or unusable data.  Fewer
samples increase the probability of an acceptable survey unit failing to demonstrate compliance
with the radiological criteria for release. 
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A.7.4 Number of Samples Needed for Sign Test

The number of samples N needed in a survey unit for the sign test may be determined from the
following equation (adapted from MARSSIM Equation 5–2):

where N = number of samples needed in a survey unit
Z1!" = percentile represented by the decision error "
Z1!$ = percentile represented by the decision error $
Sign p = estimated probability that a random measurement for the survey unit will

be less than the DCGLW when the survey unit median concentration is
actually at the LBGR.

Values of Z1!" ,  Z1!$ , and Sign p are tabulated in Tables 5.2 and 5.4 of MARSSIM.  In addition,
the licensee should consider taking some additional samples (MARSSIM recommends 20 %) to
protect against the possibility of lost or unusable data.  Fewer samples increase the probability of
an acceptable survey unit failing to demonstrate compliance with the radiological criteria for
release.  If a survey unit fails to demonstrate compliance because there were not enough samples
taken, a totally new sampling effort may be needed unless resampling was anticipated.

A.7.5 Use of Two-Stage or Double Sampling

It may be desirable for a licensee to sample a survey unit a second time to determine compliance. 
“Two-stage sampling” and “double sampling” are two methods by which additional survey unit
data can be acquired.  Two-stage sampling refers to survey designs specifically intended to be
conducted in two stages.  Double sampling refers to the case when the survey unit design is a
one-stage design, but allowance is made for a second set of samples to be taken if the
retrospective power of the test using the first set of samples does not meet the design objectives. 
Use of either method should be considered as part of the DQO process when developing the
design of the FSS.  Refer to Appendix C of this volume for information on the use of two-stage
or double sampling.

A.7.6 Additional Samples for Elevated Measurement Comparison in
Class 1 Areas

Additional samples may be needed when the concentration that can be detected by scanning,
MDCscan, is larger than the DCGLW.  The licensee should determine whether additional samples
are needed in Class 1 survey units for the elevated measurement comparison when the
concentration that can be detected by scanning, MDCscan, is larger than the DCGLW.  The method
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in Section 5.5.2.4 of MARSSIM to determine whether additional samples are needed is
acceptable to NRC staff and is described here.

The area factor is the multiple of the DCGLW that is permitted in a limited portion of the survey
unit.  In Equation A–7, the ratio of the MDCscan to the DCGLW establishes the area factor (the
multiple of the DCGLW) that can be detected by scanning (adapted from MARSSIM
Equation 5–4):

Using the methods in NUREG–1549, the size of the area corresponding to the area factor, AEC,
can be determined.  The number of sample points that may be needed to detect this area of
elevated measurement concentration, NEMC, in a survey unit is:

where A = the area of the survey unit
AEC = the area of concentration greater than DCGLW

If NEMC is larger than N, additional samples may be needed to demonstrate that areas of elevated
concentrations meet the radiological criteria for license termination.  However, the number of
samples needed is not necessarily NEMC.  To determine how many additional samples may be
needed, the HSA and site characterization should be considered.  Based on what is known about
the site, it may be possible to estimate a concentration that is unlikely to be exceeded.  If there is
a maximum concentration, the size of the area corresponding to this area factor for this
concentration may be used for AEC in Equation A–8.  Similarly, based on knowledge of how the
radioactive material was handled or dispersed on the site, it may be possible to estimate the
smallest area likely to have elevated concentrations.  If this is so, that area can be used in
Equation A–8.  Likewise, knowledge of how the residual radioactivity would be likely to spread
or diffuse after deposition could be used to determine an area AEC for Equation A–8.  

It has been shown in Figure D–7 of Appendix D to MARSSIM and in Section 3.7.2 of
NUREG–1505 that a triangular grid is slightly more effective in locating areas of elevated
concentrations.  Therefore, a triangular grid generally should be used if NEMC is significantly
larger than N and if areas similar in size or smaller than the grid spacing are expected to have
concentrations at or above the area factor.
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A.8 Determining Sample Locations

The licensee should establish a reference coordinate system for the impacted areas.  A reference
coordinate system is a set of intersecting lines referenced to a fixed site location or benchmark. 
Reference coordinate systems are established so that the locations of any point in the survey unit
can be identified by coordinate numbers.  A reference coordinate system does not establish the
number of sample points or determine where samples are taken.  A single reference coordinate
system may be used for a site, or different coordinate systems may be used for each survey unit
or for a group of survey units.  Section 4.8.5 of MARSSIM describes an acceptable method to
establish a reference coordinate system. 

In Class 1 and Class 2 areas, the sampling locations are established in a regular pattern, either
square or triangular.  The method described below is from in Section 5.5.2.5 of MARSSIM.  

After the number of samples needed in the survey unit has been determined and the licensee has
decided whether to use a square or triangular grid, sample spacings, L, are determined from
Equations A–9 and A–10 (adapted from MARSSIM Equations 5–5, 5–6, 5–7, and 5–8).

where A = the survey unit area
N = the number of samples needed (in Class 1 areas, the larger of the number for

the statistical test or the EMC).

The calculated value of L is then often rounded downward to a shorter distance that is easily
measured in the field. 

A random starting point should be identified for the survey pattern.  The coordinate location of
the random starting point should be determined by a set of two random numbers with one
representing the x axis and the other, the y axis.  The random numbers can be generated by
calculator or computer or can be obtained from a table of random numbers.  Each random
number should be multiplied by the appropriate survey unit dimension to provide a coordinate
relative to the origin of the survey unit reference coordinate system.  
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Beginning at the random starting point, a row of points should be identified parallel to the x axis
at intervals of L.  For a square grid, the additional rows should be parallel to the first row at a
distance of L from the first row.  For a triangular grid, the distance between rows should be
0.866 L, and the sample locations in the adjacent rows should be midway on the x axis between
the sample locations in the first row.  Sample locations selected in this manner that either do not
fall within the survey unit area or cannot be surveyed because of site conditions should be
replaced with other sample locations determined using the same random selection process that
was used to select the starting point.  An example illustrating the triangular grid pattern is shown
in MARSSIM in Figure 5.5.

In Class 3 survey units and in reference areas, all samples should be taken at random locations. 
Each sample location should be determined by a set of two random numbers, one representing
the x axis and the other the y axis.  Each set of random numbers should be multiplied by the
appropriate survey unit dimension to provide coordinates relative to the origin of the survey unit
reference coordinate system.  Coordinates identified in this manner that do not fall within the
survey unit area or that cannot be surveyed because of site conditions should be replaced with
other sample locations determined in the same manner.  MARSSIM Figure 5.4 illustrates a
random sample location pattern.

A.9 Determination of Compliance

The licensee should first review the measurement data to confirm that the survey units were
properly classified.  MARSSIM Section 8.2.2, contains methods for this review that are
acceptable to NRC staff.  If the FSS shows that an area was misclassified with a less restrictive
classification, the area should receive the correct classification and the FSS for the area should
be repeated.  A pattern of misclassifications that are not restrictive enough indicates that the
characterization was not adequate.  In this case, the site or portions of the site in question should
be characterized again, reclassified, and resurveyed for the new classification.

The licensee should then determine whether the measurement results demonstrate that the survey
unit meets the radiological criteria for license termination.  Tables A.3 and A.4, below,
summarize an acceptable way to interpret the sample measurements.  The WRS test is described
in Section 8.4 of MARSSIM.  The Sign test is described in Section 8.3 of MARSSIM.  The EMC
is described in Section 8.5 of the MARSSIM.  The elevated measurement is applied to all sample
measurements and all scanning results that exceed the DCGLW.

In some cases, licensees may choose to use scanning or fixed measurement techniques that
assess 100 % of the population of potential direct measurements or samples within the survey
unit.  For these cases, it may be reasonable to demonstrate compliance by directly comparing the
average radionuclide concentrations determined from the survey with the appropriate DCGLW,
without the need for performing statistical tests.  Guidance has not yet been developed for using
such techniques without performing statistical tests; therefore, licensees should discuss such
techniques with NRC staff on a case-by-case basis.
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Table A.3 Interpretation of Sample Measurements when a Reference
Area is Used

 
Measurement Results Conclusion

Difference between maximum survey unit concentration and
minimum reference area concentration is less than DCGLW.

Survey unit meets release
criterion.

Difference between survey unit average concentration and
reference area average concentration is greater than DCGLW.

Survey unit fails.

Difference between any survey unit concentration and any
reference area concentration is greater than DCGLW and the
difference of survey unit average concentration and
reference area average concentration is less than DCGLW.

Conduct WRS test and EMC.

Table A.4 Interpretation of Sample Measurements when No Reference Area is
Used

 
Measurement Results Conclusion

All concentrations are less than DCGLW. Survey unit meets release
criterion.

Average concentration is greater than DCGLW. Survey unit fails.

Any concentration is greater than DCGLW and average
concentration less than DCGLW.

Conduct Sign test and EMC.

Some facilities may have residual radioactivity composed of more than one radionuclide.  When
there are multiple radionuclides rather than a single radionuclide, the dose contribution from
each radionuclide needs to be considered.  Refer to Section  2.7 of this volume for information
about using the sum of fractions approach for compliance when multiple radionuclides are
present. 

When there is a fixed ratio among the concentrations of the nuclides, a DCGLW for each nuclide
can be calculated.  Compliance with the radiological criteria for license termination may be
demonstrated by comparing the concentration of the single surrogate radionuclide that is easiest
to measure with its DCGLW (which has been modified to account for the other radionuclides
present).  For example, if Cs-137 and Sr-90 are present, using measured concentrations of
Cs-137 as a surrogate for the mix of Cs-137 and Sr-90 may be simpler than separately measuring
Cs-137 and Sr-90, and may thus save labor and analytical expenses.  When using a surrogate
radionuclide to represent the presence of other radionuclides, a sufficient number of
measurements, spatially distributed throughout the survey unit, should be used to establish a
consistent ratio between the surrogate and the other radionuclides.  Section 4.3.2 of MARSSIM
provides additional information on the use of surrogate radionuclides for surveys. 
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When there is no fixed ratio among the concentrations of the nuclides, it is necessary to evaluate
the concentration of each nuclide.  Compliance with the radiological criteria for license
termination is then demonstrated by considering the sum of the concentration of each nuclide
relative to its DCGLW, calculated as if it were the only nuclide present.  An acceptable method
for performing the evaluation is described in Chapter 11 of NUREG–1505.

In some cases in which multiple nuclides are present with no fixed ratio in their concentrations,
the dose contribution from one or more of the nuclides in the mixture will dominate the total
dose, and the dose from other radionuclides will be insignificant.  For example, at a nuclear
power plant, many different radionuclides could be present with no fixed ratio in their
concentrations, but almost all of the dose would come from just one or two of the nuclides.  For
guidance on elimination of radionuclides or pathways from consideration, refer to Section 3.3 of
this volume. 

If a survey unit fails, the licensee should evaluate the measurement results and determine why
the survey unit failed.  MARSSIM, in Sections 8.2.2 and 8.5.3 and in Appendix D, provides
acceptable methods for reviewing measurement results.  If it appears that the failure was caused
by the presence of residual radioactivity in excess of that permitted by the radiological release
criteria, the survey unit should be re-remediated and resurveyed.  However, some failures may
not be caused by the presence of residual radioactivity.  If it can be determined that this is the
case, the survey unit may be released.
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