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ABSTRACT

This document was prepared as part of the requirement for con-
sidering changes in regulations on * ommissioning of commercial nucle
{.cilities. Specifically, it addresses the final steps needed to ensu
that a site which has been decontaminated can be released for unrestri
use. Consideration is given to preliminary and termination (certifica
survey designs and procedures which might be used for licensed nuclear
fuel cycle and non-fuel cycle facilities. In addition, information on
instrumentation, evaluation and interpretation of monitoring data, and
cost-effectiveness of monitoring is given.

This guide was designed to be a general purpose document both for
licensees and regulatory agency inspectors who are concerned with spec
fications of a monitoring program, complete with checks and audits, wh
can be used to verify compliance with decommissioning criteria. Moreo
much of the information and methodology presented here furnishes part ¢
the data base being established by the U.S. Nuclear Regulatory Commiss
in its reappraisal of regulations for decommissioning of licensed
facilities.
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FOREWORD
BY
NUCLEAR REGULATORY COMMISSION STAFF

The NRC staff is reappraising its regulatory position relative to
the decommissioning of nuclear facilities. 1) As a part of this activ-
ity, the NRC has initiated series of studies through technical assistance
contracts. These contracts are being undertaken to develop information
to support the preparation of new standards covering decommissioning.

The basic series of studies will cover the technology, safety, and
costs of deconmissioning reference nuclear facilities. Light water
reactors and fuel cycle and non-fuel-cycle facilities are included.
Facilities of current design on typical sites are selected for the
studies. Separate reports will be prepared as the studies of the various
facilities are completed.

The first report in this series was published in FY 1977 and covered
a fuel reprocessing plant; (2) the second was published in FY 1978 and
covered a pressurized water reactor; (3) the third of the series was
published in FY 1979 and dealt with a small mixed oxide fuel fabrication
plant. (4) An addendum to the pres.urized water reactor report, () which
examined the relationship between reac’ .r size and decommissioning cost,
the cost of entombment, and the sensitivity of cost to radiation levels,
contractual arrangements, and disposal site charges, was issued during
FY 1979. The fifth report in this series dealt with a Tow-level waste
burial ground. (6) The sixth report dealt with a large boiling water
reactor power station. (7) The seventh report provided information on
the technology, safety, and costs of decommissioning a uranium fuel fabri-
cation plant. (8) The eighth report in the series covers the decom-

missioning of non-fuel-cycle nuclear facilities. (9)

xi



A

Additional topi will be reported on the tentative schedule as

follows:

FY 1981 Multiple Reactor Facilities

FY 19&]
FY 1982

UF6 Conversion Plant

N
FY 1981 e Research/Test Reactors
®
® Independent Spent Fuel Storage Installation:

The second series of studies covers supporting information on the
decommissioning of nuclear facilities. Three reports have been issued

in the second series. The first consists of an annotated bibliography

O e (e als (10) .
on the decommissioning of nuclear facilities. “ The second is a
f11\
. ’ . . . . (1) +
review and analysis of current decommissioning regulations. ‘'’ The

third covers the facilitation of the deconmissioning of light water

4 ”\
12) , ' i . . .
reactors, ' ¢/ tdentifying modifications or design changes to facilities,

equipment, and procedures that will improve safety and/or reduce costs.

The following report, fourth in the series, covers establishment of

!

an information base concerning monitoring for compliance with decom
missioning survey criteria. A fifth repert on this same theme is intended
for FY 1981 entitled fechnology and Cost of Termination Surveys Associated
With Decommissioning of nuclear facilities.

The information provided !n this report on decommissioning survey
on compliance monitoring, incluc ng any comments, will be included in the
record for consideration by the Commission in establishing criteria and
new standards for decommissioning. Comments on this report should be
nmailed to:

Chief

Chemical Engineering Branch

Division of Engineering Technology

Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission

Washington, DC 20555

for technical implementation.
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1.0 INTRODUCTION

This guide is designed as a general purpose document for those
with concern for the final steps needed to ensure that a former radio-
logical site has been decontaminated to the point that . is safe to
release that site for unrestricted public use. It is especially designed
for two parties: (a) the licensee who wants to dispose of the site,
and (b) the regulatory agency inspector who wants to be sure that the
site is (or is not) safe to release.

1.1 Background to the Subject

To make the decision that a given site is or is not "safe" to
release, the Nuclear Regulatory Commission (NRC), hereinafter identified
or personified by the term "inspector," compares the results of a final
survey by the licensee with existing standards and regulations governing
or relating to such a decision. To check the validity of the licensee's
final survey, the inspector must perform a verification inspection. It
would be possible, especially for a small licensee lacking sufficient
expert staff or consultants, to make a final survey with inadequate
equipment, inappropriate procedures, and uninterpretable conclusions.
Therefore, it is the purpose of this guide to give guidance and direction
on how the licensee shall carvy out & final survey, such that its design,
procedures, results and interpretations can be compared with existing
standards with validity.

Thi. is not a trivial task for liceisee or inspector. Judgment is
involved at several steps in the process of adapting general procedures
to specific site situations. As pe. L 0f any regulatory process in the
public interest, an inspector must deal «ith the licensee "at arm's
length" to avoid any suggestion or "cellusion.” This cannot be true of
the licensee's data and conclusians, which latter being referred to
hereinafter as a portion of the avai'able "prior information" on the
site. Since the inspector's verification survey is of necessity much
less comprehensive (small sample sizes, etc.) than the licensee's final
survey, the former final survey needs to make optimal vse of previous
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2. Specifying the media to be sampled, and why in light of
prior information.

3. How the media are to be sampled for laboratory analyses.

4. What instrumentation is suitable for gamma or beta/gamma
radiation readings in the air, above ground level read-

ings on site.
5. What limitations exist for the instrumentation used.

6. wWhat limitations exist on laboratory analysis of media
taken from the site

7. How data shall be taken, collated, processed, analyzed,
stored, retrieved, used, and interpreted.

8. What quality control is exerted over the data and its

interpretation.
9. what temporary and permanent documentation is required.

1.1.1 Existing standards

Regulatory Guide 1.86, "Termination of Operating Licenses for
Nuclear Reactors," (June 1974), in process of revision, specifies that
the site frcm which a reactor has been removed must be decontaminated,
as necessary, and inspected to determine whether unrestricted access
can be approved. Acceptable surface contamination levels cannot exceed
those listed in Table I-1 of Appendix I.

It should be noted that though manual wiping with filter paper
(commonly Whatman No. 50) is inexpensive and simple, it is not very
accurate since applied pressure as well as the surface area wiped are
variable. Where cost-effective, standardized pressure and standardized
surface area should be used. One such standard system is an IBM smear
card in a device with a constant pressure pad and a 2.5-in wheel, one
revolution of which moves the IBM card exactly 100 cm? across the surface
to be wiped, producing a smear card suitable for counting and data pro-
cessing without cross contamination.2 There is at least one commercial
supplier of an automated system for taking, collating, measuring, and
analyzing standardized smears, or any portion of the system thereof, as

might be desired by a Iicensee.3
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3.  That combined 22%Ra and 228Ra in dissolved form shall
not exceed 5 pCi/L in water at a distance of 1 km from
the site.

The NRC Uranium Mill licensing requirements have been published in the
Federal Regisier, Volume 45, No. 194, Pages 65521-65538, October 3,
1980. An earth cover of 3 m or more, sufficient to reduce radon exhala-
tion to not more than 2 pCi/m?-s above natural background, is required.
Provision is made for state monitoring of 2%%Ra, only when local condi-
tions indicate the necessity, to keep sampling costs down.

The Safe Drinking Water Act of 1974 (Public Law 93-523) sets the
standard for radioactivity in drinking water as developed by EPA. In
addition, the Resource Conservation and Recovery Act of 1976 (Public
Law 94-530) provides for development of criteria to define hazardous
radioactive waste, which EPA has set at 5 pCi/g or more of 225Ra3. The
EPA has proposed also radiation dose limits for exposure from soil con-

taminated with p1utom‘um.7

1.1.2 Regulatory Guidance

Regulatory standards promulgatec by EPA and NRC and entered into
the Federal Code of Regulations, to implement Congressional legislation,
have strong legal compulsion with penalties for failure to comply. For
this reason, regulatory agencies are reluctant to publish standards
that .re not based upon "solid facts," which are extremely difficult to
come by and which can move no faster than "the state-of-the-art." In
the absenc: of specific standards for general or specific situations,
regulatory agencies are still responsible for the public welfare in
their mandated areas, and try to mect this obligation in the form of
regulatory guides. These in turn are adapted from recommendations of
acknowledged authoritative bodies such as International Commission on
Radiclogical Protection (ICRP), National Council on Radiation Protection
and Measurements (NCR™), International Atomic Energy Agency (IAEA),
United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), U.S. National Academy of Sciences/National Research Council



Advisory Committee on the Biological Effects of Ionizing Radiation
(BEIR), American National Standards Institute (ANSI), and others. The
authoritative bodies in turn base their recommendations upon published
works of resear_ ) investigators, including themselves. Reports from
UNSCEAR8 ad from BEIR9 provide information on the level of risk associ-
ated with radiation exposure. Relating human exposure to environmental
contamination requires validated pathway mode!s. Again, validation is
a state-of-the-art problem which includes sufficient reliable and perti-
nent data necessary to confirm theoretical and semi-empirical models.

In the absence of firm solid limit figures for nuc!lides of cleanup
significance, due to the variability of many factors, unofficial guidance
in the published works of responsible investigators is sometimes of
value, though without legal standing. In its earlier recommendations,
the ICPP published, maximum permissible concentrations of radionuclides
in air (MPC)a. and, maximum permissible concentrations of radionuc)ides
in water (MPC)W, but no maximum permissible concentrations of radio-
nuclides in soil values (MPC)S. Healy10 has recommended some soil limits
for a few nuclides as given in Table 1.1. The inhalation values for 205p
and '37Cs in Table 1.1 may seem relatively large. However, "real world"
values for air resuspension of respirable size soil particles generally
range from 10°% m=! (ref. 11). This would reduce actual inhalation of
radionuclide-containing soil particles to 2 pCi of %°Sr per gram of
resuspended soil (74 mBg/g) and to 7 pCi of '*7Cs per gram (259 mBq/g).
The resuspension default value for calculating residual soil activity
inhalation corresponding to a given exposure rate in mrem/y (Sieverts/y)
by the 1980 NRC model12 is 10°® per meter. Healy hac published two other

significant papers on soil contamination, rela ., to plutonium.n.l4

Schiager addressed the question of the risk from radium-bearing waste,lS

and Goldsmith the problem of uranium tailings cleanup.16

17

Criteria for
radioactive cleanup in Canada have been suggested.

Where specific national and state regulatory standards do not yet
exist, the licensee should look to national and state regulatory guidance.
Other guidance sources include NCRP, ICRP, IAEA, and journal liter.ture
such as the above. Licensees are advised to maintain a current set of
NRC, EPA, and state reyuiations, anc to watch the Federal Register.




Table 1.1. Recommended soil limits in pCi/g for home gardeners?
Nuclide Inhalation Ingestion External A1l pathways
231pa 50 150 250 40
227c 2,000 1,000 300 250
2327h 45 140 40 20
2287h 1,000 7,800 55 50
2307pP 300 940 36,000 280
238y-234y 750 8 6,000 40
gy 2,000,000 19 .o 100
137Cg 7,000,000 1 90 80

AReference 10.

bNo daughters.



The NRC is re-evaluating i.s policy on decommissioning with respect
‘o (a) what residual radioactivity levels would be related to a particu-
lar dose level, (b) which of the various exposure pathways are signifi-
cant, and (c) which ,uclides associated with a facility are significant
dose contributors.'® For light-water reactor decommissioning, ®°Co,
137Cs, and '34Cs, and external irradiation from deposited nuclides have
been identified as special problems.

A review of current regulations on drcommissioning nuclear facili-
ties by Schilling et al.1? is available.

As residual soil levels of radionuc]ides need to be related to
dose rates, so the latter need to be related to pathological (health)
effects upon human populations. The prime concern of cleanup crew: and
radiation surveyors in the field is with meeting residual soil limit
requirements, rather than with calculating dose rates or estimating
health effects. Residual soil limits similar i~ that promulgated by
EPA for 225Ra (ref. 5) are needed for other important nuclides such as
60Co, 137Cs, and 995r.

An intermediate step between recommending bodies such as ICRP and
promulgating bodies such as EPA and NRC, is the ANSI. An ANSI committee
with Health Physics Society representation proposed in 1980 an American
national standardz0 (Appendix II1) on control of radioactive surface
contamination. As with the 1976 NRC guidelines (Appendix 1), limits
were given in dpm/100 cm? for building and equipment surfaces, but none
in mBq/g for soil surfaces. Quality assurance requirements for nuclear
power plants published in 1979 (ref. 21) do not give specific standards
for decommissioning surveys. In conjunction with the American Society
for Quality Control, ANSI published a draft22 for non-nuclear facilities,
and with the American Institute of Chemical Engineers one for nuclear
processing plants, N46.2, which is identical with the old Na5.2 (ref. 23).

Thus, societies and federal and state agencies tend to march in
lock-step fashion which favors conservatism but which needs to give
timely guidance now on soil limits for decommissioning cleanup and survey
work. As demand increases for soil limits approaching those of back-
ground, the problem then becomes one of better data on background vari-
ability and ability to distinguish in the field contamination due to




man's artivities from activity due to natural soil and fallout back-

grounds.
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1.2 Definitions

AUDIT: Any off-site irspection of a site by examination of any or
all records, or other documentation, generated by the licensee
and by the NRC for the purpose of determining the suitability
of that site for a verification survey and possible unrestricted
release to the public domain.

BACKGROUND:  Natural unenhanced hackground (terrestrial + cosmic rays)
varies with such factors as snov cover, earth faults, prox-
imity of phosphate or uranium ore bodies, altitude. Tech-
nologically enhanced background results from global weapons
testing fallout, emissions from nuclear facilities, mining
and other human activities. Gamma background 1 meter above-
ground commonly varies from 30 to 160 nanoGrays/h (3 to
16 pyR/h) (Table 4.3) with an average of perhap. 40 nGy/h,
depending on how large an area is averaged and upon spatio-
temporal factors. Each radionuclide has its typical mean
background, e.¢., 26 milliBecquerels/g (0.7 pZi/g) of U,
26 mBq/q of ?2%Ra and 44 mBq/g (1.2 pCi/g) of 219Pb in soil
dust, respectively (ref. 24),

BIASED SAMPLING: A deficiency in the selection method which causes
each item in the population not to have an equal chance of
being selected.

CENTRAL LIMIT THEOREM: The central limit tneorem states that if all
samples of size n are selected from a population with a finite
mean, u, and a standard deviation, o, that the distribution
of sample means, x's, will tend toward a normal discribution
with a mean which is the same as the population mean, u, and
a standard deviation that is equal to o/Jn, called the stan-
dard error of the mean. The sample means will be normally
distributed even though the population from which samplings
are made may not be normally distributed, provided the sample
size is large enough, namely over 30.

CONFIDENCE LEVEL (OR INTERVAL): Range within which a mean value falls
with a given probability, say of 95%.

CONTINUQUS RANDOM VARIABLE: A random variable is continuous if, over a
range, it may assume any numerical value in the range.

DECOMMISSIONING: The process of post-operationally decontaminating,
demolishing, and decontaminating to levels approaching back-
ground for anticipated unrestricted reiease - or for restricted
release at higher ievels. A verification survey will ensure
that the decommissioned site condition is suitable for unre-
stricted release.

DISCRETE RANDOM VARIABLE: A random variable which may assume a couniable
or limited number of quantitative values.
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GRIDPOINT: Intersection of two lines at 90°, resulting from a land
survey and staking of the site. Four adjacent gridpoints
define a rectangle or square and a survey block. In special
circumstance, a gridpoint might be defined by pclar rather
than rectangular coordinates. 5oil, air or water sampling
and instrumental air readings are made at such grid points or
within defined points of the survey block created by such
gridpoints.

HAZARDOUS NUCLIDE: A long-lived nuclide (see same) in largs enough
quantity, improperly contained, as to constitute a somatic or
genetic risk in excess of the national rate (ref. 25).

INSTRUMENTAL GAMMA OR BETA/GAMMA DOSE RATE READINGS: Usually referring
to gamma readings taken 100 cm above soil surface, or to beta
and gamma readings taken 1 cm above the soil surface, or other
surtaces, such as interior walls of a building which is to
remain for unrestricted use. In general, any portable or
fixed instrument that measures radioactivity in the a‘r or
from a surface or object emitting detectable radiation such
as alpha, beta, gamma, bremstrahlung or neutron emission.

KURTOSIS: A measure of peakedness in distribution, normal being 3,
flattened or platykurtotic being less than 3, with more
sharply peaked than normal or leptokurtotic being greater
than 3. The average of the 4th power deviations from the mean
is called the fourth moment.

LOGNORMAL DISTRIBUTION: The density function of a variable, f(x),
whose logarithm follows the normal probability law. The mean
will be greater than the median which in turn is greater than
the mode. The lognormal curve can be described in terms of
skewness and kurtosis and has multiplicative instead of addi-
tive properties.

LONG-LIVED NUCLIDE: Arbitrarily taken to be a nuclide of radiological
half-1ife greater than 1 year, e.g., %°Co whose half-life is
about 5 years.

LOWER LIMITS OF DETECTION (LLP): Defined in the HASL Procedures Manual,
HASL=300 (Suppl. 2), August 1974, as that activity which has
a 100% 20 counting error. See also EG&G ORTEC technical
publication "LLD versus MDA," PSD No. 14, by W. H. Zimmer,
March 1980, defining LLD as that activity detected with 95%
probability, with only 5% probability of falsely concluding
that a blank observation represents a "real" signal. See
also NRC Reaulatory Guides 4.8 and 4.12.

MEAN: Average of two or nore values.

MODEL (DOSE): Procedure, including mathematical, for converting field
readings or laboratory analyses (e.g., pCi of 905 per gram
of soil) into population dose estimates (e.g., mrem per year)
assuming certain environmental transport and dosimetric values.
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MONITORING: Instrumental evaluation of a site using portable rate or
cumulative count meters while on-site. Media to be monitored
are usually surfaces or hollow interiors such as ducts, pipes,
core holes, air or water filled cavities. Units of measure-
ment or flux are commonly pR/hr, n/cm?/min. for a neutron
emitter such as “®2Cf, and the equivalent SI units such as
Grays (1 rad = 0.01 Gray).

NORMAL DISTRIBUTION: Sometimes referred to as the Gaussian curve, com-
pletely defined by two parameters, the mean ard the variance.
The normal curve is symmetrical, with a skewness of 0 and a
kurtosis of 3. The standardized normal curve (i.e., values
qiven in terms of z-scores as shown in Eq. 5.2), has a mean
0of zero, with about 95% of its area falling between -20
a1t 20 (Fig. 5.1).

OBSERVATION: A number or matched set of numbers such as . gamma reading
at 100 cm, a beta reading at 1 cm, a ??%Ra value in pCi/g of
soil and an ??7Ac value in pC /g of soil, all taken at the
same gridpoint constituting a matched set of numbers.

POPULATION: Closely allied to the question of stratification. Statis-
tically, a population is the total number of units to be
sampled énd is either finite or essentially infinite. One
may define a population: a) as the finite number of survey
blocks into which a site is fivided; b) the essentially in-
finite number of air gamma readings that could be taken on
the site; c¢) the essentially infinite number of atoms of a
key radionuciide (total inventory) heterogeneously distributed
over the site. For the case of naturally occurring radio-
nuclides such as “?®Ra or ot global fallout such as 23%py,
there is need to differentiate two populations of the same
nuclide, namely: a) by on- . e activities; b) that concentra-
tion of the same nuclide t-at was on-site preoperationally or
which is represented by unenhanced off-site concentration
postoperationally. (See Background.)

PRELIMINARY SURVEY: A survey, usually smaller than the main survey, by
licensee or inspector, for the purpose of designing a final
survey plan to establish whether or not a site is decontami-
nated sufficiently to warrant unrestricted release according
to federal and/or state standards. From the preliminary sur-
vey, decisions are then made such as grid size and layout,
whether to use a simple random, stratified random or systematic
sampling, total sample size, manpower and equipment needed, and
probable cost of the final survey. In some cases, where
independence of the inspector's final survey is not in danger
of compromise, the final survey of the licensee can serve as
the preliminary survey of the inspectr:.

QUALITY ASSURANCE: The planned, systematic actions necessary to provide
adequate confidence that a material, component, system, facil-
ity, or experiment will perform satisfactorily in service to
give a satisfactory result.
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QUALITY ASSURANCE AUDIT: A documented activity performed in accordance
with written procedures or check lists to ve s, by examina-
tion and evaluation of objective evidence, that applicable
elements of the QA program have been developed, documented
and effectively implemented in accordance with specified
requirements (Cf. ANSI N45 2.12).

RANDOM NUMBER: A number selected blindly from a table of random numbers
that have been tested thoroughly for complete randomness. To
draw numbered survey blocks at random for sampling, each block
number is selected from a random number table.

RANDOM VARIABLE: A variable whose value is determined by the chance
outcome of an experiment. Random variables usually arise
from sampling, and may be discrete or continuous.

SAMPLE: Two types are referred to in this guide: 1) A single analytical
sample such as a soil sample that has been analyzed in the
laboratory for one or more radionuclide concentrations, ex-
pressed commonly in pCi of nuclide per gram of wet or dry
weight soil, or in puG in the case of total uranium or thorium;
and 2) a statistical sample consisting of two or more obser-
vations, but preferably of 30 or more observations so that
the central limit theorem may be used, and other statistical
measures applied with confidence.

SAMPLING: Taking of soil, water, air, vegetation, etc. samples as
needed for transport to a field or more distant laboratory
for wet and/or dry analysis. Points of sampling shall be
identified by reference to a) physical on-site markers,
b) grid points and survey blocks on a suitable site map.
Sample containers shall not cause addition to, nor detraction
from the radioactivity of the sample due to the parents and
daughters contained therein, and shall be properly labeled.

SAMPLING DESIGN: Of several possible sampling procedures, such as simple
random sampling, stratified random sampling, systematic sam-
pling, cluster sampling, the particular procedure to select
and follow will depend upon prior information available ah-ut
the site characteristics.

SAMPLING DISTRIBUTION: The probability distribution of a statistic
such as the sample mean or the sample variance. For sample
sizes equal or greater than 30, the sampling distribution is
approximately normal with a mean, ., which approximates that
of the population mean, u, and with a sample standard error
of u/Jq, (See Central Limit Theorem. )

SITE CHA ACTERISTICS: Meteorology such as »ind and rain patterns; soil
.ent,>n properties; surface »n; underground water drainage;
stratigraphy and other geologic characteristics; manmade waste
drainage structures such as interior pipes and ducts, drainage
ditches, lagoons; location of former security fence and of
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former process buildings and areas; quantities of radioactive
materials entering, leaving and remaining on-site and the
long-lived nuclides of potential significance for that site
after unrestricted release; background for the site:; etc.

SKEWNESS: A measure of distribution symmetry, %0 to 0.5, being con-
considered symmetrical, $0.5 to 1 moderately skewed and
greater than t) 0, being highly skewed. Lognormal distribu-
tions are skewed to the right, in which case the mode is less
than the median which is less than the mean (Fig. 5.1).
Derived from the average of the cubed deviations from the
mean, it is called the third moment about the mean. See also
Kurtosis.

STANDARD DEVIATION: The positive square root of the variance. The stan-
dard deviation of the population is denoted by the symbol o,
while the standard deviation of a sample (set of observations)
taken from the population is denoted by the symbol s.

STANDARD ERROR: The standard deviation of a sampling distribution, or
in the case of the standard error of the sample mean: o/Jn.

STATISTICAL DESIGN: Design of sampling procedures and other aspects of
the site survey, such that generally accepted statistical
procedures may pe applied to ensure a given degree of confi-
dence in the survey results as part of quality assurance.

STRATUM: Division of a site into two or more groupings by: a) geography;

b) survey blocks; c) homogeneity of beta or gamma variance;

d) homogeneity of soil nuciides variance; e) operational or
processing areas; f) areas of decreasing hazard potential; or

a combination of same, for convenience of the surveyor or of
the statistican, or both. Appropriate stratification of a
site for sampling can be one of the more difficult aspects of
statistical design for large and complex sites.

SURVEY: Any overall inspection of a site, with or without instrumental
measurements and samplings of media on-site and immediately
off-site, for the purpose of radiological assessment of the
site prior to and/or at the time of survey.

SURVEY BLOCK: Square or rectangle defined by interaction of grid lines
(stakes, chalk points, etc.), laid out systematically upon an
exterior or interior surface with sufficient permanency to
give reproducible reference points until unrestricted release
of the site has been effected. (See also Gridpoint.)

TERMINATION SURVEY: Survey by the licensee of the site after it has
been decontaminated and believed ready for unrestricted re-
lease. This survey will be carried out in accordance with
NRC guidelines which are based on the present guide. The
survey wil! be audited and will serve as a basis for the
verification insnection.
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TYPE 1 ERROR: Declaring a site clean when it is actually contaminated
(H). This is a more serious error and should be given more
we?ght than a Type Il Error.

TYPE 11 ERROR: Declaring a site contaminated when it is actually clean
(Ha); the alternate hypothesis to the original hypothesis
(H)).
0

VARIANCE: The sum of the squsres ~f the deviations from the mean divided
by the degrees of freedom, which is commonly n=1, where n =
sample size.

VERIFICATION INSPECTION OR CERTIFICATION: Inspection by an NRC inspector
of the site to confirm the licensee's final survey data and
conclusions. Spot readings and soil samples to check licensee's
instrumental air readings and soil analysis results shall be
made. In addition, the inspector has discretionary power to
take additional observations, such as sampling in spot areas
not specifically sampled by the licensee.

7-SCORE: The z-score corresponding to a measured value, x, is the
number of standard deviations that x is from the population
mean, p. It is a means by which any normal curve can be com-
pared with any other normal curve, though expressed in dif-
ferent units, by converting the normal curves to be compared
into a standardized normal curve, for which z-tables are then
readily available.



16

1.3 Scope

This guide is structured around the following objectives and pro-
cedures.

1.3.1 Identification of monitoring requirements

Before a monitoring program to confirm compliance with decommis-
sioning criteria can be written or applied, all significant elements
pertinent to the site in question must be identified. This guide gives
general guidance, but it is also the responsibility of licensee and of
inspector to adapt, amplify or abbreviate the generalized procedures to
meet site specifics. Protection of the public health on a cost-effective
basis in conformity with standards existing when the final clearance
procedures begin can be a difficult task whose dimensions the present
guide attempts to circumscribe. Monitoring expe: ience from the Depart-
ment of Energy Formerly Utilized Sites - Remedial Action Program (FUSRAP)
is used in this guide as a basis for the identification and utilization
of pertinent methods and techniques for an adequate monitoring program.
This ‘ncludes instrumentation and their use. Monitoring requirements
are restricted to post-operational sites that involved storage, proces-
5ing and/or use of radioactive materials - sites being considered as
candidates for unrestricted release to the public domain. Final moni-
toring of the site by the licensee or his designated representative,
and the audit and verification survey by an inspector for the NRC, are
an integral and final part of the decocmmissioning process. Monitoring
by the licensee and the inspector with standardized procedures and equip-
ment is necessary to ensure compatability and interpretability of data.
[dentification of monitoring requirements is a first step in such stan-
dardization.

1.3.2 General specifications for a monitoring program
to ensure and coenfirm compliance

Having identified the essential site-specific elements of an ade-
quate monitoring program, using the generic elements of the present
report, the licensee or the inspector as the case may be then needs to
work out a detailed plan of action. A generalized reactor site and



17

mill site are given in Appendices I and II, respectively, which are to

aid in the process (see Section 1.3.4 below). Specifications must include:
1) a survey plan; 2) instrumentation used for the survey; 3) media sam-
pling methods; 4) protecting the integrity of data through proper storage
and documentatiocn: 5) ensu‘ing quality of the data through standard
quality assurance procedures; and 6) appropriate data analysis by gener-
ally accepted practices, including standard descriptive and inferential
statistics, and comparison with existing regulations and guidelines.

1.3.3 Development of a system of checks and audits

Though intended primarily for the inspector, this aspect of a
monitoring program can and should be used also by the licensee, espe-
cially when large and complex operations, including the post-operational
cleanup phase, are involved. Checks and internal audits are common
sense aspects of good housekeeping and quality contrnrl.

Check lists are a somewhat specialized form of checks and audits.
They are sometimes used in the form of worksheets, as illustrated in
the Ernst and Whinney workbook26 or other standard texts and workbooks

on the subject. See Section 6.1.2 for information on checklists.

1.3.4 Application of the monitoring program

This guide is intended to present not only generalities but enough
specificity that licensee and inspector can set' up and carry out a
monitoring program for compliance and verification, confidence in the
results of which will be sufficient to ensure that the released site
will not constitute a significant future radiological hazard as the
direct result of licensee's former use of radioactive material on the
site.

The reactor site and uranium mill site examples (Appendix IV and V),
though based upon real sites are generalized in order to smooth out
specifics that would not necessarily be applicable for all sites. The
generalized monitoring program presented here, which may be called a
Generic Monitoring Program, is a combination of real data experiences
encountered in the Formerly Utilized Sites Remedial Action Program
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coupled with a Reference Reactor Site composited from real data by
Battelle Northwest Laboratory.27

The reactor and mill site examples are intended to entail essen-
tially all of the types of monitoring activities that would be involved
in the decommissioning monitoring of a complex nuclear facility.

1.4 General Approach

The general approach to a Reference Radiological Monitoring Program
(RRMP) which could be used to demonstrate that a candidate site for
decommissioning meets all applicable radiological criteria prior to its
release for unrestricted use has already been implied and to some extent
spelled out by 1) the Index, 2) the Introduction, and 3) the Scope in
the preceding pages of this juide.

The inspector will be thinking in terms of several sites as his
responsibility; the licenser usually in terms of his own specific site.

The first step in & ,eneral approach by the inspector or licensee
is to consider a specific monitoring program for a specific site in
relation to the Refe 'nce Radiological Monitoring Program presented
herein (Fig. 1.1). :

The second step is to be sure that all applicable regulations,
guidelines, standards for decommissioning and verification of suitability
for unrestricted release are at hand. A check of the Federal Register,
Nuclear Regulatory Guides, NRC and EPA reports, correspondence with
regulatory offices, consultation with specialists, subscription to
private service, and so forth are ways of obtaining the latest updating.

The third step is to state clearly the objective if or to the extent
that it differs from that expressed in the first paragraph of this
Sect. 1.4.

The fourt’ step involves the formulation of a survey design and
procedures to accomplish the objective in terms of specific site pecu-

liarit .es or history. Design and procedures for indoor areas tend to
differ in some respects from those for outdoor and ave usually formulated
separately.
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The fifth step is selection, calibration, and use of suitable equip=
ment for the job, unless contracted out to someone who supplies the
necessary hardware and software. Small licensees with fewer than 5 or
10 employees, small radiological operations and sites not much more
than perhaps 0.01 km? (2.47 acres or 1 hectare) will not need as much
automated equipment as large and compliex operational sites.

The sixth step requires a good characterization of the natural
background surrounding the site area, preoperationally if possible;
otherwise from operational and postoperational surveys.

The seventh step is collection of postoperational statistics on
the site: results of soil, water, air, and other media fizld readings
and laboratory analyses for radiation and emitters responsible for the
radiation fields. Similar statistics taken during the operational phase
of the site help to extrapolate from higher to near-background levels.

A preliminary radiological survey and/or sufficient prior information
is needed for a statistical design that will optimize confidence in the
results and minimize the likelihood of overlooking significant amounts
of radioactivity that could be interpreted as a future hazard potential.
For old or abandoned sites prior information may be scanty. New sites
will have better documentation.

The eighth step requires good documentation of all procedures and
results, including the first seven steps above, and should result in
lower final survey costs.

The ninth step reviews for quality assurance purposes all preceding
(and successive) steps to ensure confidence in the data to be evaluated
and interpreted.

The tenth step by the licensee is that of data evaluation and inter-
pretation relative to regulatory guides and standards to assess radiolog~
ical status of the post-operational site ready to be certified for un-
restricted (or restricted) release.

The eleventh step is decision by the licensee that the site is
clean and ready for the certification survey by NRC. At this point,
work of the licensee is essentially complete.
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The twelfth step is then a certification survey by the NRC inspector,
after having reviewed all of the steps taken by the licensee to ensure
that the site is clean.

The thirteenth step is decision by the inspector that the site is
indeed clean and ready for unrestricted use, or in rare cases that more
cleanup is needed, or that the site should have restricted release, for
purposes to be specified in the deed for the site.

The fourteenth and final step is release by the inspecting agency
for the stated purpose, such as unrestricted release.

The first eleven steps are common to both the licensee's final
survey and the inspector's final (certification) survey. The major
difference between the two lies primarily in the larger sample sizes of
licensees. The inspector's province is that of auditing the licensee's
data, analysis and interpretation, and of comparing and confirming
licensee results against the inspection survey, which not only confirms
existing grid results reported by licensee, but may also sample at other
locations. If agreement is statistically sound for data taken at the
same locations by licensee and by inspector in the same manner, and if
there is no evidence (at the same or different grid points and/or survey
blocks) that above-background activity exists at a level sufficient to
be of future concern, then the main potential obstacle to release of

the site will nave been eliminated.

Quality assurance on the entire monitoring cycle, Fig. 3.9, includ-
ing the inspector's report, resides finally witn the Commission or
responsible department head.

The preceding steps of the monitoring cycle are summarized in flow-
sheet form in Fig. 1.1.
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2.0 OBJECTIVES OF THE MONITORING PROGRAM

This manual is concerned with (1) a Verification or Certification

Insp-ction, and (2) a licensee's Termination Survey as defined in Sec-
tion 1.2. The NRC inspector's audit of the site history up to and
including the licensee's final survey generates the prior information
needed by the inspector to plan, carry out, and interpret his verifica-
tion inspection. The NRC inspectyor then does an inspection which will
include, in all probgbility a minor survey but will consist largely of
verifying the licensee's survey and inspecting other items for clearance.
If the site was cleaned up to specifications for unrestricted release,
as demonstrated by a properly executed final monitoring survey of the
site by its licensee, then an independent field sampling check on the
licensee's results by the inspector should confirm this, and the site
can then be released. However, if any inconsistencies are found, then
one or several options must be invoked: (1) discrepancies must be shown
to fall within expected statistical sampling variability; (2) an acci-
dental or systematic error at one or more steps of the quality assurance
cycle must be identified which would explain the discrepancy; (3) addi-
tional sampling may be needed by the licensee and/or inspector;
‘4) additional information on the site's entire operational history may
be needed if available and not previously utilized; and (5) the survey
design chosen and implemented may have been inadequate and is in need
of reassessment.

More specific objectives are covered in Sections 1.1, 1.3, and 1.4,
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3.0 SURVEY DESIGN AND PROCEDURES

3.1 Preliminary Survey

It is important to conduct a relatively brief preliminary study of
the site, at some time before the formal survey, in order to formulate
plans for an efficient, comprehensive survey. During the preliminary
survey, decisions are made concerning logical divisions of the site
into separate survey units or strata. A survey unit may consist of a
tract of land, one story of a building, a roof, a loading dock, or any
area naturally distinguishable from the remainder of the site. Since
some minimum number of measurements are to be made in each unit, the
site should not be divided into a prohibitively large number of units.
In particular, several adjoining rooms could be combined as one unit.
If possible each unit should cover an area of at least 30 m?. Dimen-
sions of the survey units are obtained so that a scaled drawing of each
unit can be prepared prior to the formal su“vey.

During the preliminary study of the site, each survey unit is given
a brief beta-gamma and gamma survey. For indoor areas, direct alpha
measurements are also made. Individual measurements are made at roughly
uniformly spaced puints.  Then the averages x(a), x(B-y), and x(y) and
the corresponding sample standard deviations s(a), s(p-y), and s(y) are
computed for the alpha, beta-gamma, and gamma measurements, respectively.
For indoor areas, the maximum (M) of the set s(a)/x(a), s(B-u)/x(B Y),
s(y)/x(y). 0.82 is found. 1f all measurements are at background, set
maximum M = 0.82; the quantity 0.82 will lead to at least 30 measure-
ments. The maximum number of survey blocks needed in the survey will be

given by
N - 45 M2 | (3.1)

This statistical approach was used in the FUSRAP surveys and is docu-
mented in refs. 1 and 2. For outdoor areas, the variance of the pre-
)iminary measurements can be used to establish strata boundaries which
will be the survey units for the formal survey. A more detailed dis-
cussion of stratified random sampling can be found in Section 3.5.
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the preliminary survey will usually mean a survey taken immediately
before the licensee's final survey. A preliminary survey ensu:es the
presence of grid markers on the site for defining survey block numbers
and locations, and a grid map of the site for locating and recording
preliminary air beta and gamma readings, and the analytical results on
a few randomly selected soil samples to confirm any prior information
about the sites radiological conditions during or after decommissioning
steps have been taken. The preliminary survey aids in deciding how to
sample the site, that is, whether by random sampling, stratiiied random
sampling, systematic sampling, some comt 1ation, and so forth. If little
is known about the sites radiological condition, then an expensive sys-
tematic sampling, block by block, may be indicated. If it is known that
only certain areas of the site have potential for significant contamina-
tion, then a stratification approach may be in order. If contamination
origirates from a central source as from a tailings pile, burial spot,
underground test explosion, etc., a simple random sampling assuming
exponential falloff modified by wind or water patterns might be con-
sidered.

while a monitoring program specifically designed to verify compli-
ance with deccmmissioning criteria has certain unique features, it also
has many principles in common with other radiological surveillance
programs.2 Many sampling and measurement techniques or procedures are
applicable to environmental surveillance in general. Much of the
material on quality assurance and data, including statistical, analysis

would generally apply.

3.2.1 General approach

Elements of a survey design include (1) sampling techniques,
(2).externa. radiation measurement, (3) soil sampling, (4) water sam-
pling, (5) air sampling, and (6) measurement techniques. Statistical
design is covered in Section 3.5. A good general approach to elements
of a survey design can be found in - f. 4.

3.2.1.1 Sampling technigues. Substantial information has been

published on sample collection procedures. Only a few points covering
elements of accepted practice are discussed here. The key to correct
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assessment of the radiological status of a given site is the procurement
of representative samples and, consequently, data of the environmental
media of interest.

Sampling locations are best selected randomly in order to describe
the site without bias. Occasionally, this results in the selection of
an inaccessible or otherwise undesirable site such as a large rock where
a soil sample is to be taken. Provision must be made beforehand to cope
with such conditions. In general, this can be handled by having surplus
randomly selected locations which replace the problematic Jocation. In
practice, this can be done by picking 10% more random coordinates than
necessary (i.e., 10% more than the requisite number of samples) and using
the coordinates in the order generated until an "impossible" location
is encountered. This lccation may be skipped and the next pair of
coordinates used. This procedure continues until the requisite number
of samples are acquired.

Consistency in taking samples requires careful attention to detail
in sampling procedures. The procedures must be written clearly and con-
cisely, but with sufficient detail that there can be no unacceptable
alternative that has not been precluded by specification. For example,
care must be exercised to prevent contamination of a sample. It is easy
for samples to get cross-contaminated in the field. A sampling tool
should not be used on two consecutive samples without cleaning. Samples
must be separated and packaged promptly to avoid mixing or confusing
with other samples. Field labeling with identifying marks such as
coordinates of location, data, and other pertinent data or remark, is
critical to the production of uncontaminated and usable samples.

One common difficulty in sampling is the loss of radionuclides to
apparatus and/or container surfaces through chemical, physical, and/or
biological action. Selection of relatively nonreactive and nonretentive
materials and the minimization of areas of sample contact and of sample
storage time are of value, as is flushing of containers with the sample
stream before final collection of grab samples. Perishable samples which
must be preserved for later analysis should be refrigerated or chemically
preserved5 with proper caution not to affect any radiochemical analysis
which may be required later.
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3.2.1.1.1 External radiation. In most -cases, gamma tends to be
the main source of external radiation exposure because of its more
penetrating nature than alpha or beta, especially with 6°Co and 137Cs.
where strong beta emission is present, the monitoring program needs to
be correspondingly more responsive. At sites where dose rate is about
5 microrads/h, assuming 0.956 rad/R, in situ gamma spectrometry may
provide sufficient discrimination6 to distinguish an annual incremental
dose equivalent of 5 millirems, but many of the EGAG reports (Table 4.3)
give background gamma levels as high as 12 pR/h. The range of natural
background variability at a given site determines whether a dose equiva-
lent of 5 to 10 millirems/y is feasible and cost-effective. Statistical
methods in Sects. 3.4, 3.5, and 5.3 provide some help. The ability to
differentiate artificial enhancement from natural background needs
further study, especially fer external gamma due to nuclides which also

occur naturally.

Integrating dosimeters include thermoluminescent dosimeters (TLD),
film, and ionization chambers; however, TLD is the dosimeter of choice
based on demonstrated sensitivity, reproducibility, reliability and
stability.7 An Americar National Standards Institute (ANSI) standard8
gives performance, testing, and procedura’ specifications for TLD's in
environmental application. Corrections must be made for transient
exposures. Specific survey techniques and their sensitivies are covered
in Section 4.2.

3.2.1.1.2 Soil sampling. For termination surveys of land areas,

soil sampling will constitute one of the most significant parts of the
total survey. In many cases, assessment of both surface and subsurface
radionuclide concentrations is required. Surface sampling can be used
to assess the amount of deposition of radioactive material from an
effluent stream. Alternatively, special procedures have been developed
for assessing surface contamination by direct instrument measurements.
For example, a portable phoswich9 detector has been developed to survey
large surface areas for possible plutonium contamination. The use of
soil sampling for the same kind of assessment is provided by the NRC.10
This guideline calls for surface samples of 5 cm depth, which may not

be generally applicable since others have used depths of 1-10 cm.
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Under some circumstances, it will be necessary to preserve the
sample by addition of chemicals. Appropriate r'e!fer'encesﬁ'm-13 should
be consulted for specific cases since this problem can be exceedingly
complex. For example, acide added as biocides can oxidize iodide to
jodine, resulting in volatilization loss.

3.2.1.1.4 Air sampling. Radioactivity in air may be composed of
a large variety of different radionuclides in several physical states.
In general, air contaminants can be divided into two broad classes:
(1) gases and (2) particulates (and occasionally liquid aerosols).
Since the physical and chemical behavior of radioactive gases and par-
ticulates do not differ significantly from those of nonradioactive gases
and particulates, the same properties and characteristics are used fpr
sampling.

Three methods of air sampling which find common application are
grab sampling, continuous sampling, and integrated sampling. Grab sam-
pling refers to the collection of an air sample at a point in time and
space. Grab sampling provides only a single concentration measurement
with an averaging time that is equal to the duration of the sampling.
An advantage of grab sampling is that samples can be taken from many
locations simultaneously and analyzed afterward.8 Continuous sampling
produces a profile of the pollution concentration as a function of time
governed by the response time of the instrument and the readout cycle
of the system. Continuous sampling provides information on short-term
fluctuations in airborne concentrations. Integrated sampling provides
for "long-term" averaging of radionuclide levels. Integration periods
can run from hours to months.

Several techniques exist for sampling radioactive gases each with
its own advantages and disadvantages that should be recognized and com-
pensated for. Instantaneous or grab samples are collected with evacuated
flasks or by water displacement. Continuous or integral sampling makes
use of techniques such as adsorption, absorption, and freeze-out. The
adsorption technique commonly is used for iodine and a few other radio-
active gases such as those containing 14C (notably CO,, CHg). The
freeze-out technique has been successfully applied to noble gases (such
as radon), carbon dioxide and tritium as water vapor.
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Other techniques exist for particulate sampling. These include
sedimentation, inertial devices, electrostatic precipitation, and fil-
tration. Inertial devices include the centrifugal collectors such as
cyclones, impingers, and impactors. Filtration is versatile and requires
a minimum of specialized equipment. A variety of filters are available
to sample particulate media with various physical and chemical charac-
teristics.

3.2.1.2 Measurement techniques. A large variety of measurement
techniques are available for determining the radioactivity in samples
which have been taken from a site which is to be decommissioned. The
measurement techniques of choice will depend on the media being sampled,
the type of radiation or radioactive contamination, the number of sam-
ples to be analyzed, the required sensitivity, accuracy and precision,
and the rapidity with which results are needed. Some general guidance
is provided below for the measurement of external radiation and of soil,
water, and air contamination.

3.2.1.2.1 Exte.nai radiation. A portable survey meter using a

Nal scintillation probe may be used to measure low-level gamma radiation
exposure. One acceptable scintillation probe is a 3.2 cm-diam x 3.8
cm-long Nal crystal coupled to a photomultiplier tube. This probe may
be connected to a suitable ratemeter or scaler to compose a unit capable
of measuring radiation levels from a few to several hundred microroent-
gens per hour. Typical calibration factors are of the order of 500
cpm/puR hr='.  The required sensitivity for an instrument to measure
external gamma radiation exposure rates is of the order of a few micro-
roentgens per hour with the capability of detecting variations of
t1 puR/hr.  However, background itself may vary spatially and temporally
£5 puR/hr, as in the vicinity of ground faults or with diurnal variation
in radon.

3.2.1.2.2 5Soil analysis. Samples of soil may be analyzed using
radiochemical methods.ﬁ’H

These methods are radi ‘nuclide specific
and sometimes involve long, tedious extractions or fu_ion. The advan-
tages of radiochemical analysis are high specificity and high sensitiv-
ity.
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a problem. Water volumes of up to several liters may be placed in a
Marinelli beaker19 and counted with either a NaI(T1) or Ge(Li) detector;
the former detector would have superior sensitivity, but a Ge(Li)
detector would have superior resolution. A number or gamma-ray emitters
may be analyzed conveniently and quickly using this method.

3.2.1.2.4 Air sample analysis. When one is dealing with comnli-

cated mixtures of radionuclides such as are found in environmental air
samples, instrumental techniques for identification become extremely

difficult, if not impossible. As a result, for positive determination
of the type and quantity of radionuclides present, chemical analysis of
air samples must be undertaken. A number of variations in analytica’

procedures are available; however, all procedures have two character-

istics in common: (1) the high specificity of the procedures for the

nuclide of concern, and (2) the high purity of the recovered product.

The chemical analysis of air filters or other samples is a very tedious
and difficult operation under the best of conditions. The problems of
analysis are increased greatly when a large number of radionuclides are
to be determined at low concentrations. Thus, radiochemical analysis

of air samples should be performed only when other simpler methods of

analysis will not provide the desired information.

The gross beta activity of air is composed of both natural and
man-made beta enitters. Thus, if one wants to determine the extent of
man-made contamination, the activity due to artificial radionuclides
must be distinguished from that due to natural radioactive materials.
The natural radioactivity in air is primarily a mixture of 229Rpn (radon)
and ?22gn (thoron) and their associated daughter products. Filtration
collects only the particulate daughter products which have relatively
short half-1ives (0.5 hours for 2!'4ph and 10.6 hours for 212pp). By
Judicious se-ection of counting times the problem~ associated with
natural emittors can be minimized. Sample counting for beta emitters
is frequently done with an internal proportional counter.

In some cases (e.g., uranium mil) tailings sites and radium con-
taminated sites;, the analysis of radon and radon daughter products
themselves will be of primary concern. Further details on radon and
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radon daughter measurements are contained in Sections 3.3.2.3 and 4.2.2
of this report.

Weak beta emitters such as 34 or '4C are assayed by either gas
counting or liquid scintillation counting. The beta emitter is actually
incorporated into the counting gas in ionization chambers, proportional
counters, or Geiger-Mueller counters.

Some gamma emitters may be analyzed by direct counting of the sam~
pling canister using a Nal crystal.

Alpha emitters on filter media may be counted directly with scintil-
lators such as ZnS or with surface barrier detectors which provide excel-
lent energy resolution to identify specific alpha emitters. If the
sample is from a dusty environment, the analysis may not proceed directly
due to excessive self-absorption. In that case, separation of the pure
alpha emitter before analysis may be needed.

3.2.1.3 Sampling and measurement of surface contamination. Surface

contamination refers to radioactive material which is lying on, attached
to, or embedded in surfaces of equipment, materials, and facilities.
surface contamination may be either removable (i.e., lying on or loosely
attached to surfaces) or nonremovable (i.e., firmly attached to or
embedded in material).

Both alpha and beta surface contamination usually can be detected
by direct monitoring methods. In some cases (such as where high back-
ground raaia*ion levels prevail, or available instrumentation lacks the
required senvitivity, or where lack of accessibility prevents instru-
mental monitcring), an indirect or smear method may be used. Both
methods should be applied where possible to give a complete assessment
of surface contamination. The direct monitoring method gives an estima-
tion of the total contamination (both removable and nonremovable) whereas
the indirect method gives a measure of the removable contamination.

Direct monitoring of a surface is done by making sequential measure-
ments at the surface with a survey meter. In practice for beta monitor-
ing the detector is slowly swept over the surface while for alpha
monitoring, the detector is held stationary for a period of time suffi-
cient to give a statistically significant measurement. Aural indicators

of instrument response should be used while monitoring.
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where

n=req J1sample size,
2.2 © confidence tails in terms of z-score,

$ = unknown true population standard deviation which is
estimated by the sample standard deviation(s), and

e = error allowed on the standard deviation.

Using this equation, a table (such as Table 3.1 illustrated) can be con-
scwructec. As the allowable error decreases, sample size must increase
for a given standard deviation and stratum. For example, given three
strata (1, 2, and 3) with respective standard deviations of 0.3, 0.6,
and 0.9, the sample size for stratum 1 should be 35; for stratum 2,
138; and for stratum 3, 311; if the required confidence level is to be
95% with an allowable error of 10% in each case. Using a formula such
as the preceding Ey. 3.3, gives a statistical basis for selecting sample
sizes that will maintain a high confidence level and yet give a sample
size that is not prohibitive. This can only be accomplished if the
standard deviation is not tco large. If it is, then an attempt should
be made to redraw stratum boundaries to minimize within stratum standard
deviation or variance. If this cannot be done, then one must live with
larger sample sizes, or consider additional site cleanup to reduce the
variance.

When systematic sampling of the entire site is to be used, as would
likely be the case for a site about which little is known, sizes of the
survey blocks will control the total sample size, where the same number
of samples are to b taken per block regardless of block size. Block
size, then, is determined from whatever limited prior information is
available upc. which to assign block sizes. For example, not more than
5 x 5 m for areas behind the former security fence, and between 1 and 3 m
for inside areas, etc. The more prior information known about the site
vire lover the sample cos¢’ nossible, subject to the above restrictions
and ccher factors such as radiological half-life, radiotoxicity, and ease



41

Table 3.1. Sample size vs standard deviation
at the 95% confidence level“

Standard deviation of sample

Allowable error vs. sample size

(%)
0.3 0.6 0.9
50 2 6 12
25 6 22 50
20 9 35 78
10 35 138 311
138 553 1245
2 “F3 3453 7770

o i 1.96).

aj2 -
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of environmental transport to man which are built into the standards and
moce 5 aporoved by EPA, NRC, and other regulatory agencies.zz_za
'‘hereas the licensee is likely to choose stratified random sampling
as the basic design for outdoor sampling because of its potential for
holding sample costs down on a statistically sound basis, the inspector
whose sampling program can be much more modest (verification of an
alreaay established clean situation) is likely to use a simple random
sampling over the entire site At his discretion, however, he may
decide to do extra sampling in an area of which he has reason for con-
cern. Frofessional judgment is an essential adjunct to any statistical

design

Additional information on outdoor areas is presented in Secti.

survey Procedures

Indoor survey
For the final survey by licensee o the verification survey by the
inspector, each indoor survey unit is divided into two subunits:

(1) lower surfa es, comprised of floor surfaces, wall surfaces, up to a

height of 2 m, and any other surface easily accessible to a surveyor

standing on the floor; and (2) overhead surfaces, comprised of ceiling
surfaces, wall surfaces more than 2 m above the floor, and all other
surfaces not described in (1 )

f

The floors and lower 111s are divided by a rectangular grid system

such as that shown in Fi¢ 3.1. The smaller blocks formed it 1S manner
are referred to as "survey blocks," and the corners of the survey blocks

are called grid points The choice of the particuiar (;.'1.’} 1},3‘{(>Jm 18

guided by the following rules
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(b) No survey block should measure more than 3 m on a side.
Survey blocks larger than 3 m on a side could lead to
large uncertainties as to the precise location of the
contamination.

(c) There should be at least N survey blocks in the popula-
tion (N defined in Eq. 3.1), unless this violates
Rule (a). (Note that N = 30.)

The radiological cenditions to be characterized on th: lower sur-
faces include alpha contamination levels (by direct reading), beta-gamma
dose rates at 1 cm above the surface, external gamma radiation levels
at 1 m above the floor, -nd removable alpha and beta contamination
levels. Clearly, these radiological conditions are not independent,
and best results are obtained by using a unified approach for the
selection of survey points.

At 1 m above the center of each survey block, the external gamma
radiation level is measured. At the surface in each survey block, five
direct measurements each of alpha contamination levels, beta-gamma dose
rates, and gamma radiation levels are made at uniformly spaced points
in 1 m®* area in the center of the survey blocks as shown in Fig. 3.2.
(If the entire survey block has an area of approximately 1 m?, then the
“corner" measurements shown in the 1 m? area in Fig. 3.2 are moved 30 cm
toward the center of the block.) For each type of measurement, the
average value and the local varability in this 1 m? area can be estimated.
For an area of only 1 m?, it appears that five alpha or beta-gamma
measurements will usually yield a good estimate of the average in that
area. This is also in line with previous guidelines (see refs. 1 and 4
of Section 1) which required a knowledge of the average alpha nr beta-
gamma level. See Regulatory Guide 1.86 (Table i.1l). For soil cleanup
purposes, it is also necessary to spacify soil limits in millibecquerels
per gram (mBqg/g) of soil, or picocuries per gram, as they can be related
to total human dose rates (Sieverts/y or millirems/y) through validated
and realistic pathway analysis. By "realistic", it is meant experiment-
a'ly dztermined rather than theoretically calculated or assumed model
parameters. As mentioned earlier (Section 1.1.2 on Regulatory Guidance),
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soil limit values are needed for all nuclides significant tc nuclear
facilities before this procedure can be implemented fully.

The survey block is next scanned with a G-M meter (open~window),
the point showing the maximum reading (if any) is located, and each
type of measurement (including smear samples of measurements of trans-
ferable alpha and beta contamination levels) is made at this "beta-gamma
maximum point." Because of the interdependence of the conditions being
considere?, these measurements are likely candidates for the maximum or
near-maximum of each radiological condition.

Although the surveyor records all measurements, some of the data
should be reduced before results are reported. In particular, the aver-
age of five measurements of each type in each block should be reported
as an "unbiased" measurement for that block, and the measurements at
the "beta-gamma maximum point" should be repurted as "biased" measure-
ments. Smear or dust samples should be taken at some of the beta-gamma
maximum points for correlation study or to utilize former correlation
formulas.

Horizontal and vertical overhead surfaces usually show somewhat
uniform contamination, but the horizontal surfaces often show higher
contamination levels than do the vertical surfaces. The apparent
reason for this situation is that contamination on overhead surfaces
(unlike floor and lower wall surfaces) generally results from the
settling out of contaminated dust particles in the air. A sufficient
characterization of alpha and beta-gamma levels (both directly measured
and removable) on overhead surfaces usually can be accomplished with
30 measurements of each type on vertical surfaces and 30 measurements
of each type on horizontal surfaces, provided the points of measurements
are uniformly spaced and spread over the upper surfaces.

Because smear and dust samples are more expensive to analyze than
corresponding (matched) beta-gamma maximum readings, the ratio of beta-
gamma maximum readings to smear or dust samples needs to be more than
one. Sample size for smear or dust is similar to that for soil sampling,
and is discussed in Sections 3.2.3 and 3.5 on Outdoor Areas.



A typical fioor plan for an indoor survey is “llustrated by
Fig. 3.3, taken from cn actual intermediate survey of a site Since
this was not the final verification survey of a completely cleaned up
site, actual readine ;hown should not be taken as typical of & final

survey The figure s0 represents systematic sampling rather than
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Fig. 3.3. Sample floor plan for an indoor survey showing
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These data needs are also generaliy oplicable to outdoor surveys.
Additional illustrations are presented in Appendix IV, including approx-

imate times needed for indoor surveys (Table IV-10), useful for cost
estimation.

3.3.2 Outdoor survey

Many small outdoor areas, such as roofs, loading docks, or concrete
pads, may be surveyed using the approach described for indoor surveying.
Surveys of large tracts of land (e.g., greater than 3000 m?) require a
somewhat different survey procedure.

First the land is divided by a rectangular grid system such as that
shown in Fig. 3.4.16 This figure also shows that the site was divided
into three geographic parcels (A, B, and C) or strata for sampling
purposes. In this case, a common survey taseline was used. The choice
of the particular grid system is guided by the following set of rules:

(a) No survey block should measure less than 5 m on a side.
(b) No survey block should measure more than 15 m on a side.
(c) There should be at least N grid points (N defined by
Eq. 3.1, unless this violates Rule (a). (Note that N 2 30.)

At each grid point, beta-gamma measurements are made within 1 cm of
the surface and a second gamma measurement is made at 1 m above the
surface. These grid-point measurements are considered "unbiased" and
are used to estimate average gross gamma and beta-gamma radiation levels
on the tract of land. On most sites, each outdoor survey block can be
quickly scanned with a gamma scintillation survey meter. However, if
soil samples collected independently of the gamma and beta-gamma readings
during the preliminary survey have indicated that the contamination
consists largely of beta-emitting nuclides such as %80 with its short-
lived daughters, the survey block should be scanned with a G-M meter,
with the open-window probe held no more than a few centimeters from the
surface. If a maximum gamma (or beta-gamma) point in the survey block
1s found during the scan, gamma measurements at the surface and at a
1 mand a beta-gamma measurement at the surface are recorded for this



ajqgedi|dde pepaadxs

NS (— e =

B TI38.5 J09039 <
O+9 O+ O+» o AR
v < 4 . »
Bhdhdhd B Bl b e —————

> \/N/
\\. ~

.\«#.-

,r

“ ¢
L ~ \




point These latter measurements ) stimates
the radiological conditions undey

The outdooy yurvey l“"ll'!’r'; 1nc ludes

samples for determinati yf radionuclide cond

are taken in the upper Max i mum

radionuclides in surface sof timated from samp

points showing highest gamma or beta-gamma radiation

radionuc itdes concentrations are estimated from "unbi

it randomly selected p within each

-!'”&"6‘ points s discussed further
Ihe general approac! 0 monit

same whether 1ndoor o1

block { ) Lo take ytemat ¢

0f YY‘O'

water
;amp

Oore

rmat

taked




53

an NRC inspector would more likely be something like 0.05 mrad/h,
assuming a background range of 0.01 to 0.1 mrad/h normally distributed,
with an instrument lower sensitivity limit of 0.02 mrad/h. A beta-gamma
instrument typically reads 30 to 40 c/m, with a calibration factor of
2000 ¢/m = 1 mrad/h, for uranium in equilibrium with its daughters
(personal communications from H. W. Dickson, W. D. Cottrell, and T. E.
Myrick at ORNL). It is assumed that the instrument sensitivity limit
of 0.01 to 0.02 mrad/h represents background, with readinys of 80 c/m
or 0.04 mrad/h taken to ‘ndicate above background, with readings of
80 c¢/m or 0.04 mrad/h taken to indicate above background. There are
several variables, locatior, depth, nuclide mix, and so forth, which
affect beta-gamma readings. A statistical analysis of beta-gamma data
from FUSRAP and other sources is needed. The FUSRAP data in general
involve the naturally occurring nuclides and not those of reactor site
interest.

Figure 3.5 illustrates the use of a survey unit (parcel) C for
showing gamma gradients prior to complete decontamination, where over
50% of the C stratum was contaminated from 5 to over 50 times normal
gamma background taken 100 cm above ground level, and assuming normal
gamma for the area to be 10 uR/h. Such information prior to final
cleanup and final licensee survey can be helpful to the NRC inspector
in planning his or her certification survey.

Figure 3.6 presents a third appiication of the gridded map, namely
to identify drill hoes for subsurface sampling.

Examples of d»"a collected relative to map coordinates and marked
locations are shown in Tables 3.3 and 3.4. The first table tabulates
instrumental air readings of gamma at 100 cm and beta-gamma at 1 cm;
the second table soil nuclide concentrations at various core drilling
depths. Values shown are indicative of a contaminated site before final
cleanup, and should be taken as representative of a methodology that
has been applied in the field, and not of values that an NRC inspector
or licensee would expect to find in a final site survey. Figures,

16 were systematically

tables, and data taken from a real site survey
surveyed for land parcels A, B, and C, representing convenient adminis-

trative subdivicion rather than stratification. Prior information on



54

ORNL -DWG.

oo Bt w’m‘\r
-~ 50-100 R/ hr

= 100-250 uR/he

— 250-780 R/ he

I \
= = __’_‘1,, "—"‘-‘T e o 6 1 1 1240 3:1:_‘3"0
PENN o s L ) e e s e S S e |
CENTRAL = f;]x s S — — — — — — s e T e e
e R - Z_—I:-J— - e e h 4 I

1 ) m—— -

SCALE
100 Ft.

Fi1g. 3.5

in this case gives the gamma exposure rates at 1 m above

77-15658

Example of the presentation of radiation profiles which

the surface.



ORNL-DWG. 77-11262

L-800

L-700

L~ 600 3

L~-500-

L-400

L=300~

X

PN CENTRAL R ] ——
B P
= 1 S ) | —
SCALE
100 Fy

Fig. 3.6. Illustration of how to iocate drilling locations for subsurface soil
sampling.

SS



Table 3.3.

56

Beta-gamma dose rates at 1 cm and external gamma radiation

levels at 1 m above grid points, outdoors on the site

Coordinates shown in

Fig. 3.4 and 3.6

Beta-gamma dose
rate at 1 cm
above surfaces

External gamma
radiation level
at 1 m above

Base line L::;hilzngr (millirad/hr) surface (uR/hr)
0+0 0 0.30 140
0+ 50 0 0.13 90
0+ 50 L 50 0.16 110
0+ 50 L 100 0.50 130
1+0 0 0.25 130
1+0 L 50 0.15 80
1+0 L 100 0.10 90
1+0 L 150 0.18 120
1+0 L 200 0.28 120
1+ 50 0 0.15 150
1+ 50 L 50 0.14 100
1+ 50 L 100 0.28 140
1+ 50 L 150 0.13 110
1+ 50 L 200 0.30 160
1 + 50 L 300 0.34 130
2+0 0 0.08 95
2+ 0 L 100 0.30 80
2+ 0 L 150 0.06 65
2+ 0 L 195 0.15 85
2+ 0 L 250 0.2 65
2+ 0 L 400 0.13 95
2+ 0 L 450 0.04 35
2 + 50 0 0.35 330
2 + 50 L 200 0.10 60
2 + 50 L 250 0.14 100
2+ 50 L 350 0.18 100
2 + 50 L 400 0.08 85
2 + 50 L 450 0.15 110
2 + 50 L 500 0.40 190
e+ L 250 0.05 50
3+0 L@ 0.70 280
3+0 L 350 0.23 140
3+ 60 L 400 0.29 170
3+90 L 450 0.17 110
3+ 0 L 500 0.09 65
3 %0 L 550 0.09 80
3+ 0 L 600 0.25 140
3+0 L 650 0.08 60
3+ 50 0 0.16 140
3+ 50 L S0 0.40 210
3+ 50 L 300 0.3% 180
3+5) L 400 0.11 95
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Table 3.4, Concentrations of 226Ra, 23%y, and 227Ac in soil
samples taken from core holes outdoors
Dept 226Q, 238 227p¢
e (ft) (pCi/g)  (pCi/Q) (pCi/g)
1 0-0.5 24 NDZ ND
0.5-1.0 19 105 ND
1.6-1.5 100 1200 ND
1.5-2.0 95 120 ND
2.0-3.0 2.3 53 ND
3.0-4.0 2.0 8.6 ND
4.0-5.0 1.8 3.4 ND
5.0-6.0 3.3 2.0 ND
6.0-7.5 1.2 1.5 ND
10 0-0.5 48 104 14
0.5%1.0 5.7 7.0 1.9
1.0-1.5 630 420 46
2.5-3.5 850 190 ND
3.5-4.5 78 450 5.0
4.5-5.5 480 200 36
5.5-6.5 110 230 ND
12 0-0.5 4.8 5.9 ND
1.0-2.0 72 45 ND
2.0-3.0 150 200 18
3.0-4.0 130 260 17
4..-5.0 7.0 46 0.73
5.0-6.0 1.8 47 0.83
17 0-1.0 43 31 11
1.0-2.0 15 35 4.0
2.0-3.0 14 12 ND
3.0-4.0 2.0 2.4 ND
4.0-5.0 [ P ND
5.0-5.5 1.0 1.0 ND
22 0-0.5 7.2 12.0 1.2
0.5-1.0 ND 5.1 ND
1.0=1.5 53 42 ND
1.9-~2.0 630 280 86
2.0-2.5 2600 180 400
2.5~3.0 11 68 ND
3.0-3.5 5.1 54 ND
3.5-4.0 ND 8.0 ND
4.0-5.0 3.8 4.1 ND
5.0-5.5 14.0 17.0 ND
5.5-6.5 2.6 4.3 ND
30 0-1.0 120 240 L
1.0-2.0 1900 3400 710
$.5°6.5 39 160 ND

IND indicates not detectable.



the site indicated widespread contamination because of extensive earth
movements carried out at the site during its previous post-operational
history. The general methodology of summarizing and documenting data
on grid maps for decision-making, however, is applica le to final
licensee and NRC survey results.

Surface and subsurface soil costs affect final survey design.
Deposition limits for farming use are 8 x 10-° Ci/m? for '37Cs and
2 % 10-* Ci/n? for 205r. 2% The cost of reducing soil levels to this or
any other specified concentration will depend upon the method used,
such as: (a) removing top soil, (b) waiting for decay, (c) leaching
the top soil, (d) cover ng the top soil (with clean soil, asphalt, etc.),
or (e) diluting the top soil by plowing and disking. Cost figures for
these operations are charged to cleanup, but can influence final survey
charges and should be costed from this viewpoint. For example, in
(a) sampling is needed where (1) top soil removal was obviously missed,
(2) top soil permeadlity suggests likelihood of downward migration of
nuclides below top soil removal zone, (3) top soil was spilled along
removal route. In (b), waiting for decay (applicable only to short-
lived isotopes) there may be lost opportunity cost of land while waiting,
minus some cost recovery by restricted (controlled) use of the land,
which may or may not need to be charged in part to final survey cost.

S0l concentration of fallout or aged releases of radionuclides is
sometimes taken to decrease exponentially with depth. This could be
used as a cutoff point in deciding how deep to sample. Daily rental
rates for a simple drilling rig are in the range of $400 to $500 in
1979, plus $4 to $10 per foot. It would require a 100 ft depth sampling
for the per foot charge to equal the initial rental charge for one core
drilling, 10 ft for 10 core drillings, 1 ft for 100 core drillings.
A cost formula with two terms: (1) fixed daily rental + (2) variable
cost as a function of total linear feet of depth drilling and average
drilling time per foot yields a cost approximation that will be a func-
tion of (a) the number of samples (vore drill ngs) required and (b) labo-
ratory analysis cost on the samples. At Savannah, 10% of the nlutonium
was detectable ut a depth of 15 cm, with 84X within the first 5 cm?”
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and at Hanford, trench-discharged solutions of 23%Pu, totaling 30 kg of
plutonium in about 1 million L of waste solutions over a 2 y period,
gave a concentration of about 50,000 uCi of 239py/L of sediment 50 cm
below trench bottom, decreasing to 10 pCi/L at a depth of 9 ”'25 Where
the problem of downward soil leaching may become a future threat to
underlying aquifers, but the need exists to keep core 4 i11ing costs
down, .onsideration might be given to predicting nuc!ide depth penetra-
tion from a field knowledge of the underlying geology coupled with
laboratory study of nuclide percolation through columns of core samples
representative of the site. Core drilling locations and depths might
then be selected according to likelihood of eventual contact with under-
ground water.

3.3.2.1 Subzurface soil sampling. If there is any reason to
suspect (from records or measurements or nature of the operations con-
ducted on the site) subsurface contamination in the outdoor areas tc be
surveyed or under buildings, a subsurface soil sampling plan should be
implemented. In the area of suspected contamination, holes should be

drilled with a motorized rig equipped with an 30-cm-diam auger to a
depth of approximately 5 m. After casing the auger hole with a 10-cm-
diam plastic pipe, a collimated Nal scintillation probe can be lowered
inside the pipe to measure the gamma radiation intensities resulting
from contamination within small fractions of the hole depth.

Measurements are usually made at 15 to 30 cm imervals, depending
on the variation of gamma radiation as a function of depth beneath the
surface. This "logging” of the core holes is done as a first step in
determining the extent of subsurface contamination at each location.
Log gamma readings are related to soil concentrations by empired formu-
las. For example, the empirical formula for relating #*®Ra concentra-
tions in pCi/g (Y) to logging meter readings in thousand cpm (X) was
given as Y = 7.3 (x-z) for the Pennsylvania Railroad Landfill site (see
ref. 12 of Table 3.9). From each of approximately half of the auger
holes, a soil sample should be taken at the point showing the highest
gamma radiation level. These samples are analyzed for .hatever radio-
nuclides are suspected for the site.
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The auger hole loggings are used to select outdoor locations where
further soil sampling would be useful. At points as close as practical
to selected auger holes, a split-spoon sampler is used to collect soil
samples at 15 to 30 cm intervals throughout the contaminated zone. The
concentrations of radionuciides of interest are determined for these
samples. If it is suspected that the elevated gamma in the auger hole
may represent migration, additional soil samples should be taken around
the hole (e.g., on a 10 m radius). If gamma emitters on a given site
are known to be accompanied by alpha and/or beta emitters, then the
additional soil samples sould be analyzed for 3lpha and beta, as well.

3.3.2.2. Water sampling. Water samples should be taken from each

source of potable, surface and ground water on the site. Also, water
samples should be taken from each auger hole in which water is found.
These samples should be analyzed for any radionuclides suspected of

being present in significant quantity.

wWhen liquid effluents are released to streams, rivers, lakes or
impounded water, samples of these waters should be taken. Groundwater
may accumulate detectable activity from liquid effluent discharges to
surface bodies of water. Drinking water supplied from any source (sur-
face or around water) should be sampled as a possible <ource of radiation
dose to man. The sampling of sediment from streams or ponds can provide
4 measure of the undissolved radionuclides which may lead to exposure
to man through aquatic species, through aqueous resuspension, or as an
external source of radiation.

A possible sampling scheme is to take weekly grab samples of sur-
face water composited for a month and daily grab samples of drinking
water composited for either a week or perhaps a month. Periodic grab
sampling is also the method cf choice for groundwater. The composite
sample for analysis should total 3.5 to 4 L.

Samples of sediment can be collected by hand. These samples should
be oven dried and analyzed much like a soil sample, reporting the activ-
ity per gram dry weight (pCi/g).

3.3.2.3 Air sampling. Since air is a primary pathway to man for
many radionuclides, air sampiing is a critical part of the monitoring
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program. Two categories of airborne radionuc)ides normally require
measurement: particulates and gaseous products. For sites contaminated
with 228Ra, the short-lived daughters of 222Rn are of particular concern
since most of the dose to the human respiratory tract comes from the
daughter products. Some recommended general guides to air sampling are
available.26'27

Long=lived alpha emitters may be collected using a high-volume air
sampler with glass fiber filters having an efficiency of nearly 100%
for 0.3 ym particles. A sample should be collected for 8 h or longer
at an average flow rate of at least 10 cfm.

Radon-222 and radon daughter concentrations at both indoor and
outdoor locations may be determined using any of several continuous or
integrating measurement nethods.ze.:’7 [t has been found that the level
of radon in the atmosphere in any given location is time dependent,
exhibiting diurnal and seasonal variations. Sampling must be conducted
over a suitable period of time to obtain a representative average concen-
tration. One recommended procedure38 is to average the results of 6
air samples, each of at least 100 h duration, and taken at a minimum of
4 week intervals throughout the year. At least one such integrated
measurement should be made in each structure on the site being surveyed.
The location of this measurement should be in the occupied area having
the highest radon level or in other suspect areas as determined by a

grab sample technique.32-34,37

38,39 frequently specify limits on

Since decontamination criteria
radon daughter concentrations in terms of working level (WL), it will
be necessary to either measure the equilibrium ratios for radon daughter
products so the radon concentrations can be converted to WL (r measure
radon daughter concentrations directly over the requisite period of
time. One method for the measurement of radon daughter concentrations
in air is to sample air for approximately 10 min at 10 to 15 L/min
through a membrane filter with maximum pore size of 0.4 ym. The filter
is counted with a surface-barrier detector and the daughter concentra-

tions determined by an alpha spectroscopy technique.33'34
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3.3.3 Areas of limited accessibility

Limited accessibility to sampling was discussed briefly in Section
3.2.1.1 on Sampling Techniques, where it was pointed out that provision
must be made beforehand to cope with the situation of a large rock
covering soil beneath that randomly selected for sampling. Another
situation may be a paved area covering the desired soil sample area.
This latter is iikely to be more of a problem than the natural rock
obstacle, since it could represent a temporary solution to a below-
surface contamination problem prior to restrictions on such practice.
Before incurring the expense of core drilling through the pavement,
effort should be made to evaluate the area paved from prior information,
in terms of former use and of intended future use, unless air readings
taken at the pavement surface give values well above natural background.
If readings are unacceptably high, core drilling is indicated automati-
cally. Buildings rehabitated for use may have been replastered,.or
otherwise resurfaced to reduce radiation levels to background. Again
it is important to know the prior use of that building, and n case of
doubt to take subsurface sampies at locations where visual damage will
not be visible or too obvious, as with a staff lunchroom. Contaminated
soil may have been covered with a foot or more of clean soil as part of
an old decontamination program.

Limited accessibility areas are more likely to be a problem of
older sites, and accentuate the importance of an inspection survey
before backfilling of excavated areas. 01d covered up drainage ditches
from areas involving former radicnuclide operations are to be strongly
suspect. These can often be located on site maps filed with the AEC
subsequent to initiation of the docket file system in 1957 or there-
abouts. Earlier records become increasingly spotty. A few sites were
engaged in radium extraction and other activities as early as 1910,
about which little is now known. When the government began to restrict
its guaranteed purchases of uranium, some operations were forced out of
business prematurely. Any licensees who purchased land used by previous
owners for radiological operations should be aware of the possible com-
plications this may engender. Ffortunately, these situations are probably
few.
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One of the surest ways to solve a building potential-contanination
problem is to demolish it down to and including the foundation earth
beneath. If this constitutes an unacceptable expense, and if radiologi-
cal operations were formerly carried out in the building, then constric-
tions, sharp turns, etc. in air and sewage duct systems servicing the
building must be sampled even though not readily accessible, and in
some cases removed entirely, depending on radionuclide half-life and
potential quantities that could have built up.

3 4 Dotermination of Background Radiation Levels

Since decommissioning criteria frequently are writcen to indicate
acceptable levels of radioactivity above site background, the importance
of reliable background data cannot be overemphasized. Those features
known to contribute to good background data are (1) survey design to
provide representative, unbiased sampling, (2) proper allocation of
sampling, (3) selection of area Jeast likely to have been affected by
facility activity (such as upwind or upper side of sloping terrain),
(4) high sensitivity, calibrated and stable instrumentation, and
(5) quality assureu analysis. fqually critical is the selection of a
sampling area which closely resembles the site in question, yet, for
all intent; and purposes, has not been affected by site activity.

The wide variety of decommissioned sites and future candidates for
decommissioning makes it difficult to use tne same ororoach for all
background measurement. This will require a judgmental decision on the
part of the surveyor as to the proper apprvach to the problem. The
best answer for new sites in the future will be to use a preoperational
survey of the candidate site, properly executed with sufficient detail.
The problem of designing a generic background survey is suggested by
the following types of sites which may be encountered:

Nuc lear reactor (power and research).
Fue! fabrication plant.

Fuel reprocessing plant.

Uranium and thorium mill.

U S W N

UF, conversion plant.
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6. Radiochemical laboratory.
7. Radioactive disposal site.

One sampling scheme for background is the concept of a wheel with
its emanating spokes or concentric circles drawn around the site with
varying radii which may be adopted for the sake of survey planning.
Before a decision has been reached as to the survey units to be included,
consideration should be given to the elimination of those segments of
the "pie" represented as downwind, downstream and the lower slope of
the site since these locations may be influenced by contamination from
the site. However, rectangular grids elim. .ate ne~d for polar coordi-
nates, thus simplifying data treatment. From the boundries of the site,
background readings or semples may be taken at distances of 0.50, 1.5,
and 3.0 km in the various compass directions. There should be at least
30 (and preferably many more depending on site size, terrain homogeneity,
etc.) background measurements of each of the following:

) concentration of suspected radionuc!lides in surface soil,
water, and other environme tal media of concern;,

2. concentration of ?22Rn daughters and long-lived alpha
mitters in air within structures;

3. external gamma radiation levels a. 1 m above the surface,
both indoors and outdoors; and

4. beta-gamma radiation levels at 1 cm from building and
ground surfaces.

As the easiest and least expensive samples, many air gamma readings
should be taken. If gamma logging of auger holes i included in the
site survey, background subsurface gamma radiation levels should be
measured at various depths in at least three auger holes drilled at
backgrouna locations. Concentrations of radionuclides should be deter-
mined in background water samples taken near the site, but from sources
which could not receive water originating at the site or from any other
nearby nuclear operations,

Background measurements may vary considerably from point to point.
However, for each type of measurement, there is the need to determine a
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"background level," B, above which an on-site measurement may be inter-
preted as reflecting contamination. The definition of a "background
level” is based on the assumption that the distribution of background
data are lognormally distributed (i.e., their logarithms fit a normal
[Gaussian] distribution).

The fit of the data to the lognormal distribution may be tested
with statistical tests, but is usually estimated by "eyeballing" the
data and the line through it. From a log-probability plot of the data
it is possible to determine whether the data represent the distribution
of a single or mixed lognormal population. The linear data plot, whose
geometric standard deviation is generally around 2, describes the distri-
bution of the background population while other constituents of higher
value are due to contaminating sources. This conceivably might be used
as an identifying test for background levels in the environment in which
a small number of samples (£10) are measured.

For a given radiological condition, it is desired to determine a
background level such that all future measurements less than or equal
to B will be considered background and all measurements greater than B
will be interpreted as reflecting contamination. We have elected to
determine B so that the probability that x (the random variable for the
given radiological condition) is less than or equal to B is 90%, or
symbolically, probability (x < B) = 0.9. Some measurements less than B
could be due to slight contamination, but there are background measure-
ments at the same levels. However, future measurements that are above
B will have a small likelihood of being background measurements or,
conversely, a large likelihood of reflecting contamination.

It is desirable to have a large number (n 2 30) of background
measurements. Statistical interpretation becomes less precise with
smaller numbers of measurements.

Once the n sample background measurements x,, Xz, . . . X are
made, the natural logarithms log x,, log xz, . . . log X, are found,
anu the sample mean (log x) and sample standard deviation s, are com-
puted:



n
(Tog x) = (kll log xk)/n (3.4)
n
$ = J‘I ((Tog x) - log x‘)z (3.5)
=]
n-1

It can be shown that the "maximum likelihood" estimate of log B is then

log B = (Tog x + 1.28 «g s) , (3.6)
50 that B can be estimated from the formula
B = exp [(Tog x + 1.28 ﬂn—‘ s]  (ref. 1) (3.7)

The preceding equation, therefore, is used to obtain an estimate of the
background level B for each radiological condition of interest.

Hickey‘o has asked what is meant by "natural background." Should
20 pCi of “2%Ra/L of well water be classed as “natural background,"
some waters from sandstone sources running this high or more. Soil
#2%Ra ranges from about 0.1 to 4 pCi/g.41 Florida sands and soils may
contain up to 9 pCi/g.42 A preoperational survey of soil radium in the
vicinity of the Maine Yankee Atomic Power plant at Hiscaset43 ranged
from less than 0.02 to over 3 pCi/g. Healy4‘ suggested some permissible
limits on soil radium in order to limit radon daughters in indoor air,
as shown in Table 3.5,

Thus, the variability of background nuclides from state to state,

from site to site and even within a site requires adequate sampnling to
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Table 3.5. Permissible radium levels in soils
to limit radon daughters in womes (ref. 44)

Depth of contaminated Soil type
soil (cm) sand (pCi/g) Loam (p2i/g)
1 150 15C
10 15 15
100 2 3

1000 1 2.7
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obtain average and maximum background values against which to assess
slight to significant residual contamination that can be attributable

to former radiological operations at the site in question. The EPA 1imit
of 5 pCi of ?2%Ra/g of soil after completion of cleanup (Section 1.1.2)
is thus a conservative standard to apply to other than uranium mil)
tailings sites for which it is specifically des .gned. “

Since natural radtation exposures in the United States range from
about 50 to 150 mrem/y. (terrestrial and cosmic) a variation of perhaps
25 mrem/y (one-fourth of natural background) would suggest a verifiable
figure of 25 mrem/y, increasingly difficult to Justify in piogressing
from 25 to 10 to 5 mrem/y when trying to estanlish a realistic cleanup
value for soil (Table IV-4 of Appendix IV). More data is needed to estab-
Tish firm values for natural radiation exposure, county by county, afier
which a value such as 10 or 25 mrem/y will have to be established by leg-
islation. as was done for the Grand Junction remedial action program.38

3.5 Statistical Basis for Survey Desi.

The basic goal in conducting a radiological survey is to obtain an
accurate characterization of the radiological condition of the site.
In the interest of performing » creditable survey, provided adequate
instrumentation is available, one is obligated to obtain sufficient
data tu satisfy a predetermined level of confidence in the results. In
order to avoid biasing the data, a statistically sound plan for surveying
and obtaining data must be devised prior to the survey. Sampling points
whether they be for smears, direct readings, or soil samples should be
governed by random sampling or stratified random sampling or systematic
sampling based on a grid arrangement. Judgmental sampling offers too
much opportunity for bias; furthermore, it is difficult, if not impcs-
sible, for the regulatory inspector to verify the results of such termi-
nation surveys by accepted statistical procedures. To fulfill these
requirements, it is ne- sary to determine the number of data points or
survey readings required to yield data with the desired level of con-
fidence.



69

3,5.1 Selecting the sample size for estimating population mean

in order to compare measurements with applicable numerical guide-
lines, it is generally necessary to estimate the average and worst case
(maximum) conditions in relatively small areas. Furthermore, comparison
with existing guidelineszz.z‘;‘45 often requires a knowledge of the vari-
ability of conditions including natural background in small subregions.
In the following paragraphs, the basic principles45 involved in estimat-
ing the average value and variability of a radiological condition in a
relatively small region (stratum) are described. The survey approach
also deals with the problem of estimating the maximum of a radiological
condition.

A1l possible measurements of a radiological condition may be .
sidered to be a statistical population, that is, a set >f quantifiable
data. The frequency distributions of the populations encountered in
surveying are usually not familiar statistical distributions; for exam-
ple, the distributions are rarely normal. The Central Limit Theorem
states that if repeated random samples of a size n are drawn from any
population (not necessarily normal) that has mean p and standard devia-
tion o, the frequency distribution of the sample mean x in repeated
random samples of size n tends ‘n become normal as n increases.

The Central Limit Theorem suggests that the population mean (p) of
a radiological condition, along with associated confidence intervals,
can be estimated from a random sample of size n, where n is small com-
pared with the size cf the population. The values x and s (sample mean
and sarmple standard deviation) from the sample population are usuatly
used te estimate p and o, respectively, of the parent population. It
is suggested in many statistics texts that n = 30 is usually adequate
when making use of the Central Limit Theorem. However, a considerab'y
larger sample may be desirable for estimating the mean of some popula-
tions encountered in radiological surveying.

To cleck whether the average of a rad{ological condition has been
adequately approximated with n measurements, the following test is
applied: the sample mean x and sample standard deviation s of the n
~easurements are calculated, and the approximation of the population
mean is considered adequate if and only if
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t(n)syn < 0.25 x (3.8)

Here t(n) is the distribution number associated with the number of mea-
surements, n, and the 90% confidence interval. For large n (say n > 30),
t(n) is approximately 1.7. Hence, for n 2 30, inequality (3.&) reduces
to

s/yn < 0.15 x. (ref. 1 and 2) (3.9)

This test means that the population mean is adequately approxirated
whenever it is known with less than a 25% error at the 90% contidence
Tavel. The value 0.15 in equality (Eq. 3.9) was, in a sense, empirically
determined. It has been observed, based on actual measurements of
various radiological conditions (alpha ccntamination levels, beta-gamma
dose rates, external gamma radiation levels, concentrations of radio-
16,47,48 that the satisfaction
of inequality (Eq. 3.9) (with n > 30) is generally a reasonably attain-
able goal. Inequality (Eg. 3.9) can be used to estimate the number of
measurements needed in a population in order to allow an =f ficient yet

nuclides in soil, etc.) at several sites,

thorough survey.

Before detailed alpha, beta-gamma, and gamma measurements are made
in an area, several (perhaps 30) guick measurements of each type should
be taken at randonly chosen points over the area. The average and stan-
dard deviation, determined from this quick survey for each type of
instrument, are inserted into inequality (Eq. 3.9), which is then
"solved" for n:

nzas & (3.10)
,(2

Inequalicy (Eq. 3.10) provides a first estimate of the number of
measurements of each type needed. If the right hand of inequality
(Eq. 3.10; is less than 30, the inspector should still make at least 30
air measurements per stratum. The number of air radiation measurements
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needed by the licensee will be much greater. Soil samples for labor-
atory analysis of nuclides must be taken more sparingly because of higher
cost, for example, one soil sample for every hundred air radiation read-
ings. The higher the correlation between air readings and soil nuclide
concentrations, the fewer the number of soil samples needed per 1000
air radiation readings, with a minimum of 30 for statistical confidence.

If the entire site is divided into an equal number of equal-sized
survey blocks, say 1000 blocks, each and every one measuring 50' 50'
as illustrated in Fig. 3.7, the survey designer must then decide from
results of the preliminary survey and/or other prior information whether
to specify (1) systematic, (2) simple random and/or (3) stratified
random samp!ing of the survey blocks.

For a very thorough instrumental survey of 2 site, about which
little is known, every block might be measured for beta and gamma read-
ings for a mirimum of 1000 x 5 = 5000 beta-gamma readings if the four
~orners of each block were to be measured (grid points) plus a reading
in the center, or a maximum reading wherever found in each block. This
would constitute a maximum systeméi?c'instrumental sampling (observa-
tions). Sampling of every fifth or nth block would be a partial system-
atic sampling. The question of sample size is also covered in Section
5.1 on Statistics. For an uncomplicated uranium mill site in which beta
and/or gamma readings might fall out exponentially with distance from
the tailings pile periphery, simple random instrumental sampling along
spoke lines radiating out from the pile perimeter might be a2mployed, 1n
that case using polar rather than rectangular coordinates. For a site
reasonatly well-defined from prior surveys as will be the case for new
sites not yet decommissioned, stratified random sampling may be the
most cost-effective. Where prior information on a cleaned-up site
indicates variation in instrument readings and/or soil analyses by a
factor of tnree or more, stratification may be indicated as a likely
means of reducing sampling costs. Stratification of a site may be
effected in one or more of several ways. To avoid possible confusion,
the method or methods of stratification must be clearly stated. In
addition to dividing a site into survey blocks, a site may be strati-
fied (a) geographically, (b) by gamma readings (in pR/h), (c) by key
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soil nuclide values (in pCi/g of soil), (d) substratified by variance

of mean gamma readings for selected numbers of survey blocks (e) sub-
stratified by variance of mean key soil nuclide values, and (f) any
combination of the preceding. In contrast to simple random sampling
such as a 1% or 10% sampling of the 1000 survey blocks, stratified random
sampling divides the site (or survey blocks) into two or more survey
units. Site size and complexity of former operations or movements of
nuclides on the site affect choice of survey design for anv specific
site. The folloving is the generic recommended approach.

For a very large site (more than 1050 acres), start with a reference
site and scale down or up according to: (1) site size, (2) actual build-
ing sizes, and (3) former processi.g areas, usually behind the old
security fence, in accordance with Tables 3.6 and 3.7.

fach stratuin is defined simultaneously by: (a) geographic areas
for the convenience of the surveyors and in terms of probable hazard
potential, and (b) by the survey blocks into which the geographic areas
and the site as a whole have been divided. In the past it has been
customary in the United States to work in terms of English units such
as 30 ft, but even numbers in metric units will now be more appropriate.
Thus, assuming the entire site is to be divided into 10 m < 10 m survey
blocks, those blocks defining (former) buildings should in turn be sub~
divided into 1 m = 1 m blocks. Table 3.7/ presents some latitude in
block size according to the estimated hazard potential, consistent with
recommended block sizes specified in Sections 3.3.1 and 3.3.2. Areas
near site boundaries (Stratum 4 of Fig. 3.7) where hazard potential
from prior information is low, and which could constitute as much as
99% of the total site unless a significant portion is known or suspected
of being highly or moderately contaminated, could have grid size up to
20m. Off-site survey block sizes can be even larger, especially upwind
and uphill, from which %o sample.

To avoid confusion, “population” as used must be defined, especially
when used in more than one sense (see Section 1.2 on Definitions). In
the mathematical derivations which follow, the population under cons ider-
ation is the total number of survey Liocks (N) into which the entire

site is subdivided. The subpopulations, N,, N, ¢+ ..., are the strata,
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Table 3.6. Stratification of a reference site?

Stratum no. Stratum Area (mz)
Process buildings/areas 2,745

Fenced area exclusive of 1 12,000

3b Sewage lagoons and drainage routes 2,000

p Remaining site 4,700,000
Off-site background 12,000

(upwind, upstream, etc,)

eference site: 4.8 km2 (1200 acres). Fenced area:

8
0.1 km (25 acres).

hHod1f1ed as needed to include or exclude hazardous areas

such as burial, incireration or former storage sites,

Table 3.7. Stratified sampling of ¢ veference site

Grid size

Stratum (m) Region Hazard potential
1 1-3 fenced highest”
2 1-5 fenced next highest
3 5-15 outside moderate
4 10-20 outside Tow
5 >20 off site background

“Process buildings and/or areas (10 m grid =
1000 ft 5 area of a small future residence).
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those blocks composing each stratum as defined in Fig. 3.2 and 3.3. At
this point the survey designer for the site must make a decision:

(a) that each stratum shall be subject to simple random sampling, or
(b) that an attempt will be made to minimize variance for statistical
reasons (primarily to reduce totdl sample size and cost for the entire
site) by subdividing each stratum in such a manner &s to minimize vari-
ance within substrata and maximizing variance between substrata. One
way to subdivide each stratum is to arrange survey blocks according to
their decreasing average gamma readings, or to arrange the gamma readings
themselves without regard to block numbers in which they occur. Having
arranged gamma readings (or soil concentrations) by decreasing values,
sha . breaks between readings may suggest where to break into substrata.
Kinnisen and Jamis‘9 use a cumulative normal probability plot of soil
nuclide values such as '34Cs to look for breaks, for deciding whether
they are dealing with more than one population of '34Cs values on a
site, as shown in Fig. 3.8. The frequency dist-ibution of air gamma or
beta, and/or soil nuclide concentrations 1s not necessarily normal. It
may be lognormal or exponential. A single straightline on cumulative
lognormal probability plot suggests one lognormally distributed popula-
tion,

Sampling every survey block on a small site or stratum, say less
than 0.1 km?, might be feasible costwise for survey blocks considerably
larger than 1 m?, but certainly not for large sites with survey blocks
on the smaller side. Accordingly, all survey blocks are numbered con-
secutively, and a subset of them, such as 1%, randomly selected for
s0il sampling, using a random number table to select the numbers. The
total number of sampling units, N, survey blocks in this case, having
been determined by Eq. (3.1) of Section 3.1 for the entire site (sim.ie
random sampling) or for one stratum of the site (stratified random sam-
pling), allocation of sample- by substrata must then be decided according
to one or more criteria such as cost per stratum or variance between
substrata. These factors are considered below, more detail on which is

avatladle from Scheeffer ot o1, 0
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With stratified random sampling the population (radiological sur-
vey area) of N units (grid blocks) is divided into subpopulations of
Ny, Ny, .... Ny units (grid blocks), respectively. These subpopulations
or subgrid areas, differentiated by markedly different levels of radio-
activity yet fairly homogeneous within a subgrid area are nonoverlapping,
and together they comprise the whole of the survey grid units, so that,

N.’Nz’....NL=N.

Ihe subgrid areas are called strata. To obtain the full benefit from
stratification, the values of the Nh (total number of units) must be
known. When the strata have been determined, a sample is drawn from
each, the drawings being made independently in different strata. The
sample sizes within the strata are denoted by Ny, N, ... NL’ respec-
tively.

If a simple random sample is taken in each stratum, the whole
procequre is dese-il~d as stratified random sampling.

If strata are constructed in such a manner as to make the units
within each stratum homogeneous compared to the variation between the
stratum mezns, the stratified ra.uom sample will have greater precision
than the simple random sample. The basis for making effective strat-
ification of a radiological cu fition may be related to different levels
of activity (perhaps an order of magnitude), previous knowledge about
the distribution of radioactivity processing activity, building floors
versus ceilings and walls or outside storage areas, and surrounding
terrain. Any prior information or information derived from preliminary
random sampling which will aid in making homogenous groups of units of
the population can be used.

In general, the more stratification, the greater then increase in
precision. Precision increases at a decreasing rate as strata are
divided into smaller units until a point is reached where no further
gain in precision is obtained fhe additional strata also complicate
the analysis so that the gain in precision must be considered in relation
to the cost to obtain it.
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The total number of sampling units, N, is usually allocated to the
strata proportionally (e.q., if a stratum contains 20% of the population
then 20% of the sampling units will be taken from that stratum). This
allocation is not optimum in “he sense that the variance of the mean
will be a minimum; however, uniess the variation within the strata
differs markedly from stratum to stratum it will be nearly as good an
allocation as is possible. Optimum allocation with unequal costs per
unit in different strata is discussed later,

The estimate of the mean overall strata, Yst (st for stratified),
and the variance for this mean, V(Yst), are given by

L
l v ) ’
Tst=ge® B oM Voo 0N " ‘=gt i M v, (3.11)
2
s 1 L Ni LT T
V(Yst) = -= 2 N? (—~n—-—) == 3 i=1,2,3 (3.12)
N i=1] i |

where N, is the total number of units (grid blocks) in the ith stratum,
L is the total number of strata, N is the total number of units in all
strata, and

s A
i &
= v . (3.13)

V(Vi) is the variance of the mean, ?i' of the ith sampling unit as shown

below

{3 iv‘.)mi ‘ (3.14)

N - 8 2
V(Y = 2 (Yi'Y) /Ni(N‘-l) = si/Ni N (3.15)
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2 2
and s; is the sample vari:nce for ith stratum. s, estimates the cor-
responding true variance o,

3.5.1 Selecting the sample size for estimating population mean

The amc 'nt of information in a sample depends on the sample size n,
since V(Vst) decreases as n decreases. A method for choosing the sample
size to obtain a fixed amount of information for estimating a population
parameter follows. Where the survey specifies that the estimate, ¥st,
should lie within 8 units of the activity level mean, with probability
approximately equal to 0.95, the variance will be estimated by

2
WWy=oL i W ("—T—‘ e} o (3.16)
S = — % e .
N =1 R Ty
by substituting n, = nw, in Eq. (3.12)
; N2i o
i=1 ¥ (3.17)
n -4
L 2
N:D + 2 N, o
i=1
» . » . » 2 2
we must obtain approximation of the activity variances 0,, Oz, ..,

2

o before we can use the above formula. One method of obtaining these
approximations is to note the range of activity levels within each
stratum from preliminary surveys.

Methods of choosing the fractions w,, wp, ..., W, are given below.

L
3.5.2 A'location of the samples

The objective of the sample survey design is to provide estimation
with smal)l variances at the lowest possible cost. After the sample
size, n, is chosen, there are several ways to divide n into the individ-
ual stratum sample sizes, n,, ng, ... n . Each division may result in

L
a different variance for the sample mean. The objective is to use an
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allocation which gives a specified amount of information at minimum
cost,

The best allocation scheme is affected by the following three
factors:

1. the total number of elements in each stratum,
2. the variability of observation with each stratum, and
3. the cost of obtaining an observation from each stratum,

as expressed in the following equation.so
L 2 N“ﬂ 2
B = JV(Vst) =2§; 2N (Tl)(':—i' (3.18)
- i

The multiplier (2) above represents two standard divisions (s), the
equivalent to 95% probability of error of variance.
The equation (3.18) may be expressed as

B =2 V(Yst) (3.19)
or,
g2 . . , 3
v(Yst) = 4+ which contains the actual activity variance of Vst rather

than the estimated variance.

Although we set V(Yst) equal to gf' we cannot solve for n unless
we know something about the relationships amung n,, n,, ... n, and n.
Ihere are many ways of allocating a sample of size n among the various
strata. In each case, however, the number of observations UF allocated
to the ith stratum is some fraction of the total sample size n. We

denote this fraction by Wi Hence, we can write

. 2
Using this equation, we can set V(Yst) equal to %— and solve for n.




81

2
D= %— when estimating the activity mean ().

The number of elements in each stratum affects the quantity of in-

formation in the sample, therefore, large samplz sizes should be assigned
to strata containing large numbers of elements.

3.5.3 Cost aspect of sample allocation

Variability must be considered, because a larger sample is needed to
obtain a good estimate of an activity parameter when the measurements are
less homogeneous.

If the cost of making a measurement varies from stratum to stratum,
one may take fewer samples from strata with high costs. This would be
done because one objective is to keep costs at a minimum.

The approximate allocation which minimizes cost for a fixed value
of V(Vst) or minimizes V(Yst) for a fixed cost: 20

n. = n N 9T . (3.20)
N, ni/JC;

Ry =0T (3.21)
iil Ni (!i/\(t;

o

where N, denotes the size of the ith stratum, n: denotes the measurement
variance for the ith stratum, and C, denotes the cost of obtaining a
single measurement from the ith stratum.

Statistical design to minimize cost may increase the probability
of missing a hot spot (Section 5.3.1). However, if prior information on
the site has been reasonably accurate and is in agreement with the pre-
liminary site stratification suggested by Fig. 3.3, then cost reduction
and hot spot identification are not likely to be incompatible goals.
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The less dependence upon good prior information by the licensee, the
higher the final survey cost must be. Similarly, for the inspector,
the less dependence on raw data generated by the licensee, the more
elaborate must be his verification survey. In the extreme case of no
available prior information from licensee and from NRC files, as might
be the case of a pre-World War | site before the Atomic Energy Act of
1954, the inspector, or & designated survey team, would need to make a
full-scale survey of the site for any or all possible radionuclides at
any or all areas and depths of the site. The situation for a current
licensee would be more complicated if a candidate site for release were
on a pre-World War | or Il site operated by a different organization
than the current licensee.

For further discussion of Survey Cost Estimation, see Appendix VI.

3.6 Documentation

Proper documentation of every aspect of the program is necessary
for future references to the decommissioning survey. Without firm docu-
mentation it would be impossible for a regulatory inspector to verify
the results obtained by the licensee or a contractcr. One of the most

asic requirements of the licensee should be that an accurate mar “ing
of the survey site with its relationship to the surrounding area be
provided.

Instrumental measurements and analytical results should be reported
in the foliowing manner:

Location of the measurement or sample.

2. Date or dates of measurements or sample collection.
The measured concentration of the specifi: nuclides in
pCi or mBg/m* for air samples, pCi or mBg/L for water
samples, pCi or mBq/g for soil or sediment samples and
mBq/kg for vegetation or food samples.

4. Measurements of radiation sources should be reported as
follows: alpha in dpm/100 cm?, beta-gamma dose rate at

1 cm in pR/h, and gamma at 1 m above surface in uR/h.
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5. The analytical error at 95% confidence level should be
reported for all analyses.

Name of surveyor, sampler, or analyst.

Analysis date.

Instrument specifications and calibration data.
Confidence level, standard error, etc. attached to analy-
tical results.

10, Name of person verifying results.

o e N

The actual net measured values (including negative values) and their
associated errors should be reported. For values lower than the lower
limit of detection (LID) as defined in ref. 51, the term "not detected"
and less than values or zeros shall not be used. Values lower than the
LLD should be reported in the following manner: 11.1 ¢ 18.5 pCi or
mBq/L or 7.4 ¢ 18.5 pCi or mBg/g. ‘he LLD question is discussed in more
detail by ref. 4.

The following supplemental information should be included:

1. description of survey and sampling equipment;

2. survey and sampling procedures, including sampling times,
rates, and volumes;

analytical ,rocedures;

calculational methods,

calculation of the lower limit of detection;

calibration procedures; and

~ O U & W

discussion of the program for ensuring the quality of
results.

A survey conducted in the manner previously described (see Section
3.5, will produce a large quantity of data for even relatively small
sites. It is important that the data be presented in such a manner
that: (1) the radiological condition of the site is completely and
accurately depicted; (2) the inspector can ascertain the radiological
condition of the site without further ai :lysis and manipulation of the
data: and (3) the inspector can readily ascertain types and locations
of conditions exceeding guidelines. In order that these goals can be
met, the radiological survey report is written on two levels. The first
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level consists of an overview of the radiological condition of the site
given in the text with figures illustrating specific radiological con-
ditions, such as the gamma radiation levels at 1 m above the surface on
a tract of lard. The second level consists of a detailed presentiation
of data in the form of tables or figures.

Examples of methods of data presentation, taken from rof. 16, are
shown in Figs. 3.3, 3.4, and 3.5. It should be pointed out that, while
the radiological survesy described in this reference was conducted using
methods similar to those described in the preceding sections of this
document, the methods were in some cases not refined to the point
described in this article. Hence, there are discrepencies in some cases
between measurements suggested here and measurements presented in the
tables and figures taken from the referenced report.

A scaled drawing of the site, together with the grid system used
for the outdoor survey, is shown in Fig. 3.7. There are three outdoor
survey units, parcels A, B, and C, shown in the figure. The grid system
for all three survey units was referenced to a common baseline.

The beta-gamma dose rates at 1 cm and surface alpha radiation shown
in Fig. 3.3 were reported in tabular form, superimposed on a grid map.
In addition, an overview of outdoor radiation levels on the site is
given in figures. For example, Fig. 3.5 provides a profile of gamma
radiation levels at 1 m above the surface on parcel C. The division of
gamma radiation levels at 50, 100, and 250 pR/h ) Fig. 3.5 was some-
what arbitrary, but provided a simple profile. This profile was based
on grid point gamma measurements together with information jotted on a
scaled drawing of parcel! C during a gamma scan of individual survey
blocks. Such a profile is meaningful for gamma radiatic . levels at 1 m
because of the relatively ~tinuous spatial changes of that parameter.

A different kind of overview for beta-gamma dose rates at 1 cm
above the ground on the site is given in Fig. 3.4. This figure shows

20 (in this case.

those survey blocks where the appliceble guideline
2 uGy/h averaged over any area of no more than 1 m?) was exceeded. In
each block where the guideline was exceeded, the highest beta-gamma dose

rate in that block was shown. The type of profile shown in Fig. 3.5 is



not appropriate for beta-gamma dose rates at 1 cm or other conditions
which typically show large variation over relatively small areas.

Descriptions ot some radiological conditions may be treated using
figures showing measurement locations together with tables of data taken
at those locations. This may be the case, if the data describe a con-
dition in more than two dimensions, such as subsurface contamination
levels in some tracts of land. As an illustration, Fig. 3.6 shows dril-
ling locations on a site, and Table 3.4 gives concentrations of 226Ra,
238 ana 227Ac in subsurface soil samples taken from selected locations
shown in Fig. 3.6.

As another example, consider methods of reporting measurements
made on the lower surfaces of a building interior. An overview of con-
ditions exceeding guidelines can be given by figure. For example,
Fig. 3.3 shows maximum measurements of beta-gamma dose rates at 1 cm
and sample alpha contamination levels in the survey blocks. Entries
are made only in blocks where guidelines were exceeded. Hence, the
reader can readily ascertain where guidelines are exceeded. More com-
plete information concerning contamination and radiation levels must be
given in tables, (for example, Table 3.2), so that intermediate data
compilation and final conclusions can be checked if needed.

Original data as illustrated by Tables 3.2, 3.3, and 3.4 need not
be stored on computer tape nor as a report, but must be available in
some form such as the original field logbooks which are numbered and
stored such as to be readily accessible. An unbroken trail should exist
from raw data to condensed (histograms, etc.) to fitted equations (with
appropriate measures and tests such as correlation coefficients to
estimated, potential human exposure under realistic environmental con-
ditions, and the degree of confidence that can be expected at each stage,
of which the overall confidence will be a composite.

The simplest standards to follow are maximum soil Timits for nuclide
concentrations, such as 185 mBq (5 pCi) of %2%Ra per gram of dry weight
soil. As models for conversion of soil limits to human exposure rates
become validated for realistic parameters, cleanup to some exposure limit
such as 0.1 arem/y or 10 mSv/y will probably replace or supplement soil
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limits.* See Tables IV-3, IV-4, and IV-5 of Appendix I for documentation
in terms of human exposure rates.

Since documentation is closely associated with quality assurance,
Sect. 3.7 should be consulted for general guidance on documentation
procedures. Additional guidance in the form of general and specific
checklists can be found in Sections 1.1., 1.3, 1.4, 3.2., 3.3, and 6.1.

3.7 Quality Assurance

One definition of "Quality Assurance" has been given by the Ameri-
can National Standards lnstitute.SZ Quality assurance comprises those
planned and systematic actions necessary to provide adequate confidence
that a structure, system, or compcnent will perform satisfactorily in
service. Quality assurance has been given added emphasis by AEC, EPA,
DOE, and NRC during the past decade. Any reputable organization or
professional person has always practiced quality assurance to a degree,
but the increasing complexities of large engin-ering programs such as
space and energy have required that nothing be left to chance except
statistics. The objective of a quality assurance program on monitoring
for compliance with decommissioning criteria is to ensure conficence in
the sampling, analysis, interpretation and use of data nenerated for
this purpose, on a cost effective basis that will not compromi.2 the
public health. Such Guality assurance must start with the original
program design and be maintained at each significant step to final
decision on whether to release the site totally, or in part, for un-
restricted or restricted use. A good proportion of cummon sense aided
by a manual of standard procedures and confirmed by a final survey will
meet the objective.

*for example, if soil resuspension factor of 10°° m~! can be taken
as more realistic than 10~ (Section 1, ref. 11) and if natural backg-
round mean and stardard deviation can be defined more precisely for a
given site or county (Section 3.2.1.1.1, Table 4.3), then soil and
exposure limits for cleanup can be defined more realistically in terms
of actual health hazard and decommissioning costs.
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A basic document for the nuclear field has been Appendix B of
10CFR50 (ref. 53) in which 18 basic criteria are identified as composing
an adequate quality assurance (QA) program. The American National Stand-
ards Institute has taken Appendix B and made minor modifications,s‘ for
a total of 19 categories.

0f the 19 QA categories given by ANSI
adapted 12 and added two (9 and 14) as given in Table 3.8.

54 the present manual has

3.7.1 An identifiable guality assurance program

Depending on the size of the company or its nuclear operations,
responsibility for QA of company activities and products should rest in
one man or office with direct access to higher management. In addition,
a very large organization might have one person concerned at least part-
time with QA for his building, department, or plant. No single set of
QA requirements can be entirely applicable to every specific site or
program. Field variables have different components than laboratory or
office variables, even though each may find all 14 of the above cate-
goriec applicable in one respect or another. The intensity of QA effort
should be commensurate with the seriousness of breakdown in quality of
a given step. Many elaborate CA manuals are in use by large organiza-
tions of the nuclear industry, and a QA program leading to eventual or
immediate decommissioning of a nuclear facility should be an integral
part of any larger QA program. For example, DUE contractors and sub-
contractors are subject to DOE QA procedures, and NRC licensees attempt
to conform not only to NRC regulations, but to EPA and state regula-
tions - all of which should be compatib’e for simplicity and cost-
effectiveness. A QA coordinating office or officer is needed.

3.7.2 Design control of the monitoring program

The spec:fics of design are covered in other sections. Concern in
th', section is with QA designs, for whatever purposes. To a consider-
able extent, QA steps parallel the monitoring steps that the program QA
is interded to monitor. The monitoring steps must be differentiated at

all times from the QA steps.



Table 3.9. Essential elements of a quality assurance program on
monitoring for compliance with decommissioning criteria

. An identifiable Quality Assurance Program.

Design control of the monitoring program.

Instructions, procedures, drawings, computer files, etc.
Document control.

Identification and control of component parts of the monitoring
system.” :

6. Control of special processes (e.qg., sampling procedures,
statistical models).”

7. Control of measuring and test equipment.?

8. Handling, storage and shipment of field samples, records,
(and preservation).?

9. Timeliness.

s W N -
.. % ..

10. Quality assurance records (as controls on other records).

11. Audits.

12. Nonconforming items (samples, sample analyses).?

13. Corrective action.”

14, Health and safety quality assurance for decommissioning personnel.

“To the extent that monitoring requires hardware (analysis equip-
ment, calibration standards, supplies, etc.) as contrasted with services
(computer programmin?, data storage and analysis routines, interpretation,
etc.) the footnoted items (5, 6, 7, 8, 12, and 13) may not apply to the
extent that physical aspects of the monitoring program are contracted
out to a specialized company with the hardware. Quality assurarce of
these categories then becomes the primary responsibility of the contractor
or subcontractor. However, the site owner is jointly responsible for
QA on the final results, namely compliance with the decommissioning
criteria.
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Quality assurance of survey design prior to actual instrumental
survey of the site is intended to ensure that sampling desion is based
upon sound statistics with respect to statistical procedures used (not
selected), and implementation (not selection) of the sampling design
chosen. Selection, rationale, use and interpretation of designs are to
be found in the corresponding sections. As generalists, QA staff are
not expected to be specialists in accounting, statistics, nuclear
physics, economics, computer science, graphic arts, etc., but in pro-
cedures for ensuring and coordinating quality assurance in and between
all specialties required to accomplish the job. In particular, QA
should identify oversights, gaps and errors that would compromise sig-
nificantly the validity of the final decision (verification of complianc:
with decommissioning criteria).

3.7.2.1 Survey design. A pilot study of the site by licensee and
by an NRC inspector should be made from the specific viewpoint of final
site survey preparatory to decommissioning. At this time, company
records are essential to furnish maps, identify buildings where radio-
active materials were handled, offer results and summaries of soil and
other analyses, identify subsoil hydrogeology characteristics, prevailing
wind direction and other meteorological characteristics, preoperational
radioactiyity background levels on- and off-site, production losses,
and so forth. In addition to this paper study, on- and off-site spot
field samples should be taken of soil, water, air, vegetation with deep
roots, and possibly a core urilling should be taken. Each sample and
reading must be identified on a survey grid map when taken, by whom,
for what purpose. and with what precautions. From the pilot samples a
survey design can be constructed making better use of the main sampling
program.

Quality assurance on the company records used and the pilot sampies
taken is a first step toward QA on the survey design that will be based
on the pilot sampling. Where radioactivity levels differ significantly
from area to area, each of those areas may need to be treated separately
(see Section 3.5 on stratification) in order to reduce variability and
therefore number of samples needed, thus, keeping sampling costs down
without sacrificing statistical validity.
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3.7.2.2 Sampling design. Actual design of the sampling program
is a problem for the technical staff, but ensuring that the selected
design and steps for sampling are within specified standards can be a
joint responsibility with QA staff. 1In a sense, this is how health
physics came into being as an identifiable discipline for radiation
control of experiments designed by physicists.

Although samp.ing design is a recognized fieldss-s8 of research
and application, there is no single recognized standard or guideline
for sampling. Practical experience in the FUSRAP Program59 has led to
a standardized procedurel for that program which can serve as a guide
for sampling design. Accepting this as a general guide, QA steps can
then be taken to ensure adherence to such a design in order to optimize
the procedure. Ffor example, the use of layout maps, field data entry
sheets, use of instruments, etc. can be standardized and dove-tailed
with more generalized procedures for document control. Table 3.9 lists
the earlier FUSRAP reports. Since sampling design is heavily dependent
upon statistical design, the technical aspects is covered in the appro-
priate section on statistics.

3.7.3 Statistical design

In this section, how QA is selected or formulated remains the
issue, technical aspects being covered in another section. As with
sampling design, of which statistical design is a more general aspect,
QA steps begin when the design to be followed is selected. Statistical
design for monitoring begins with a map of the site - how, where, and
why to sample various subsections of the site with a minimum number of
samples to keep cost down and an optimum number of samples to ensure
statistical reliability. Once the manner in which the site is to be
subdivided has been selected, the manner in which samplings are to be
taken, preserved, stored, shipped, analyzed, and the resulting data
recorded, stored, processed, analyzed and used, all become subject to
quality control. Inadequate control on any of these steps could com-
promise the validity of a careful statistical design. Quality assurance
at each step will be considered as each step is covered. For example,
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Table 3.9. Formerly utilized MED/AEC sites - remedial action program

Report No. Title

1. DOE/EV-0005/1 Radiological Survey of the Middlesex Sampling
Plant, Middlesex, New Jersey ;

2. DOE/EV-0005/2 Radiological Survey of the Hooker Chemical Company,
Niagara Falls, New York

3. DOE/EV-0005/3 Radiological Swurvey of the Former VITRO Rare Metals
Plant, Canonsburg, Pennsy lvania )

4. DOE/EV-0005/4 Radiological Swrvey of the Ashland 0il Company,
Tonawanda, New York

5. DOE/EV-0005/5 Radiological Survey of the Former Linde Uranium
Refinery, Tonawanda, New York

6. DOE/EV-0005/6 Radiological Survey of the Szaway Industrial Park,
Tonawanda, New York

7. DOE,FV-0005/7 Radiological Survey of Site A, Palos Park Forest
Preserve, Chicago, Illinois

8. DOE/EV-0005/8 Radiological Survey of the E. I. DuPont deNemours
and Company, Deepwater, New Jereey

9. DOE/EV-0005/9 Radiological Survey of the Former GSA 39th Street
Warehouge, 1716 Pershing Road, Chicago, Illinois

10. DOE/EV-0005/10 Radiological Survey of the Former Horizoms, Inc.,
Metal Handling Facility, Cleveland, Ohio

11. DOE/EV-0005/11 Radiological Survey of the Semeca Army Depot,
Romulue, New York

12. DOE/EV-0005/12 Radiological Survey of the Pennsylvamia Railroad
Landfill Site, Burrell Toumship, Pennsylvania

13. DOE/EV-0005/13 Radiological Survey of the Museum of Science and
Industry, 57th Street and Lakeshore Drive,
Chicago, Illinotis

14, DOE/EV-0005/14 Radiological Survey of a Comtaminated Industrial
Wagte Line, Los Alamos, New Mexico

15. DOE/EV-0005/16 Radiological Survey of the St. Louis Airport
Storage Site, St. Louie, Missourt

16. DOE/EV-0005/17 Radiological Survey of the Former Simonds Saw and
Steel Company, Lockport, New York

17. DOE/EV-0005/18 Radiologiecal Survey of the Former Virginia-Carolina
Chemical Corporation Uranium Recovery Pilot Plant,
Nichols, Florida

18. DOE/EV-0005/19 Radiological Survey of the Building Site 421,

United States Watertowm Arsenal, Watertoum,
Massachusetts
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cost effectiveness of the monitoring program is significantly affected
by the number of samples required, the degree of sensitivity required,
and the natural background variability. The role of statistical design
in optimizing parameters will be considered in those sections where
statistical design is particularly important to the intermediate or end
result, and therefore, in need of QA,

3.7.4 Procedures, forms, records, and special paperwork

It is in the areas involving flow of information via paper (memos,
laboratory procedures, maps, blueprints, computer programming, printout
formats, etc.) that QA can be particularly helpful. Thousands of
measurements in field and laboratory, and conversion to computer files,
are best handled by forms designed for the purpose. Existing standards
for blueprints, maps, drawings, etc. can be used with little or no
special adaptation to a monitoring program. The NRC Regulatory Guides
listed in Table 3.10 all give some guidance on means of assuring quality
of measurements of radioactive materials in effluents and in the envi-
ronment.

3.7.5 Document control

Since document coi *rol permeates all or many steps of a program as
the major tool of QA, the licensee organization with the aid of its QA
officer should visualize via a flow sheet or other form each step of
the final monitoring program for verifying compliance so that this final
step can be executed in a timely manne. *o minimize labor, equipment,
and other costs incurred. A generalized flow t<heet will include the
elements in Fig. 3.9. As the licensee works through the steps in this
diagram, QA can be reqarded as a moving pointer, focusing on each step.
Many of these ste’s, of course, will be in progress simultaneously,
which results in a managerial QA function. Most, if not all. of these

steps require documentation as part of the QA program.
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Table 3.10. NRC guides relating to quality assurance

of monitoring measurements and reporting

Regulatory
Guide Subject
1.21 Measuring, Evaluating and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materials in Liquid
and Gaseous Effluents from Light-Water-Cooled Nuclear
Power Plants
4.1 Programs for Monitoring Radioactivity in the Environs
of Nuclear Power Plants
4.8 Environmental Technical Specifications for Nuclear
Power Plants
4.14 Measuring, Evaluating and Reporting Radioactivity in

Releases of Radioactive Materials in Liquid and Airborne
Effluents from Uranium Mills
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ORNL-DWG. 80-14052
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Fig. 3.9. Quality assurance for monitoring aspects of
decommissioning compliance,
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3.7.6 Control of special processes

This adapted ANSI category cuts across several operations, depend-
ing on how “special processes" is defined. For the present purpose,
special sampling processes, special statistical procedures, special
equipment, etc. would refer to processes not generally used by survey
teams, established analytical laboratories, or statisticians for routine
problems. Such processes are less likely to come under routine control
as a result, and for that reason may require special attention or han-
dling to ensure quality of product or performance. An example would be
a delicate radiation measuring instrument not commerically available.
In general, special processes (equipnent or procedures) are to be avoided
uniess unusual circumstances exist. When a circumstance becomes "un-
usual” it requires definition. This may be defined as a circumstance
that cannot be handled by existing regulations, standards, guides,
criteria, or recommendations of governmental agencies, recognized scien-
tific organizations or professional societies. Where official standards
are lacking, it becomes necessary to fall back on publications of pro-
fessional societies and organizations. If quasi-official guidance or
concensus is lacking, in critical cases, a ruling may be required - the
Surgeon General's promulgation of radon criteria for indoor air of
schools and dwellings at Grand Junction being a case in point.

3.7.7 Control of measuring and test equipment

In general terms, ANSI Category 13 on Control of Measuring and
Test Equipment54 and NR® Category 12 on the same Lopic53 specify that a
test program be eslanlished to assure that the item will perform satis-
factorily in service. Equipment shal: be tested in accordance with
written test procedures which incorporate or reference the requirements
and acceptance limits contained in applica’ ie design documents. Pre-
requisites include such items as calibrated instrumentation, appropriate
equipment, trained personnei, condition of test equipment and provisions
for data acquisition. Test results shall be documented and evaluated
by responsible authority to assure that test requirements have been
met. Measures shall be established and documented that tools, gauges,

instruments and other inspection, measuring and testing equipment and
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devices used in activities affecting quality are of the proper range,
type and accuracy to verify conformance to established requirements.

To assure accuracy, inspection, measuring and test equipnent shall be
controlled, calibrated, adjusted and maintained at prescribed intervals
or prior to use, against certified equipment having known valid relation-
ships to nationally recognized standards.

There are no specific QA standards to apply in deciding on the
purchase of equipment for quantitative measurement of radiocactivity;
however, for a given instrument there are isotope standards available
from the National Bureau of Standards, EPA,60 ana elsewhere by which
the instrument can be calibrated within the limits of its sensitivity
for a given radionuclide. The detection limit problem is discussed in
Section 4.2,

Within the limitations of the given piece of availablo equipment,
the generalized ANSI standards can be implemented, such as periodic
maintenance by a trained electronics service person, documentation of
the test results, etc. Another overall control on measuring equipment
is participatidn in intercomparison studies between laboratories. Such
intercomparisons are available through EPA‘GI'GZ DOE.63 and other organ-

64

izations, and should be part of any significant monitoring program.

3.7.8 Handling, shipment, storage, and preservation
of samples and records

Quality assurance procedures for manual handling of samples and
records can be obtained from NRC, DOE, and EPA. The IAEA65
active in this area. Shipping low volume, low radioactivity samples

is also

from field to laboratory and elsewhere comes under existing transpor-
tation and interstate commerce regulations. A important question that
always comes up is that of deciding when to clean out old files, to
destroy original records. Preservation needs for records may vary from
a day to the facility's lifetime of 40 years or more. Likewise, the
value of stable samples such as soil or core drillings may increase
with time as reference standards for the site, even after rewurn to the
public domain. General guidance is given by the General Services admin-

istrati0066 and by ANSI.54
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As a relatively new storage and print-on-demand type of record,
the handling, storage and preservation of computer programs and records
has not received as much QA attention, Recognizing the need for QA
standards on computer pMbgrams, Sicilian and Pryor published an informal
roport67 for the NRC which may be considered a forerunner of QA standards
for computer programs and data storage. To the extent applicable,
licensees using or contemplating use of computerized records as part of
the decommissioning compliance procedure should be aware of the need
for QA for computerizec data and other record storage.

3.7.9 Quality assurance record.

An auxiliary set of QA records complement the basic operational
records as a result of QA work on the monitoring program (Fig. 3.9).
These ensure the quality of each step from survey design to data inter-
pretation and final decision on whether or not decommissioning criteria
have been met. Large organizations with established QA offices will
usually have rather elaborate programs, compactly summarized as one or
more QA manuals. A typical majual would include not only sample record
forms but procedures and explanations, organized in major categories.

As an example, the QA manual would also include QA guide sheets such as
illustrated in lTable 3.11.

[n anticipation of final site decommissioning, the QA program should
incorporate decommissioning steps. If the site is already inactive, or
on standby basis, checklists for the monitoring program will become a
primary tool, and QA on same may not have the luxury of control by an
existing QA office or «fficer. The present guide covers general aspects
of quality assurance for design planning, data generation and interpreta-
tion, in line with the NRC plan for reevaluation of its policy on decom-

68 Sufficient records of suitable quality

missioning nuclear facilities.
are required to stand up in court or elsewhere as reasonable proof that

the monitored site meets decommissioning criteria.



Table 7.11.

Sample contents of a typical QA manual

Etc.

QA Guide No. Topic Issuance date
QA-P-05] Quality assurance program XX XX=XX
QA-P-002 QA planning XX= XX~ XX
QA-P-003 QA assessment XX X X=X X
QA-P-004 QA procedures KX= XK= XX
QA-P-005 QA operations XK= XK= XX
Q0A-P-006 Document and record contro) XXX X=X X
QA-P-007 Project technical review - general KX=Xn= XX
QA-P-0D07A Project technical review - monitoring XX = XX~ XX
QA-P-008 Instrumentation control and calibration XX=XX=XX
QA-P-009 Quality deficiency X=X X=X X
QA-P-010 Identificat’on and control of nonconforming xx-xx-xx

items
QA-P-011 Deviation approval XK= XX = XX
QA-P-012 Corrective action XX= XX = XX
QA-P-013 QA audits XX= XX = XX




3.7.10 Audits

Abandoned sites will become a thing of the past after the present
backlog has been inventoried, inspected and decommissioned. Audits for
abandoned sites may consist only of a final check on the procedures of
a government-sponsored monitoring team. In such cases, only the site
can be in compliance. More typically, an ongoing licensee program will
be in progress, though frequently in a stace approaching decommissioning.
In such a case, previous audits will be available, and corrective actions
and orderly planning for final decommissioning will have been instituted
with guidance from a QA company officer or consultant. Such audits,
along with radionuclide inventories, operational locations etc., will
offer a tirm base on which to design and carry out the necessary monitor-
ing program. From the audits one should be able to obtain the following

information:

Areas audited.

Area operations.

Area inventories.
Available records on area.

W S W N

Quality assurance on area records.

0f the total nember of samples taken by the licensee in replicate, 0.1
to 10% should be reserved for analysis by an independent laboratory as
part of a quality assurance audit, depending on site size and complexity

of nuclear operations.

3.7.11 Nonconforming items

" (termed corrective action by

The nciconforming items of ANSI
NRC53) applied to the monitoring program could range from incorrect
calibration of a measuring instrument, or a Type 2 statistical error in
deciding whether above-background levels of radicactivity exist in the
monitored area, to the final decision that site status is not in com-
pliance with decommissioning criteria. Procedures are then needed to
ensure that the necessary corrective action is taken. This may be a

simple or a complex procedure. To remain cost effective, prompt action

is needed, control of which should be ensured by a good QA program.
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The QA procedures themse)ves should not be a hindrance and should be
based on good techrical theory and practice. Practical and theoretical
treatment of the above aad other potentially nonconforming items are
discussed in the various sections of this manual.

3.7.12 Corrective action

If corrective action is involved, then a sequential checklist or
other courses of action may be indicated. Nonconformance of an item
may be due to an undetected error or condition at one or more steps
prior to the nonconforming item. The immediate and original causes of
item nonconformance must first be identified. Cause of nonconformance
may have originated in the original survey design, statistical proce-
dures, instrument calibration, etc. Review of the QA steps taken at
each stage of the program (Fig. 3.9) may, in a majority of the cases,
locate the step where an original error developed which led to the non-
conforming item, and perhaps one or more additional dependent or inde-
pendent errors or inadequate measures contributing to the nonconformance.
I'f noncompliance is confirmed, then further cleanup, restriction of the
area, or other steps beyond the scope of the monitoring program may be
necessary.

3.7.13 Health and safety quality assurance for monitoring personnel
An examination69 of incidents at Sandia Corporation, Albuquerque
suggested that proven principles and techniques of QA can be used or
modified to support health and safety programs. Concern for decommis-
sfoning and monitoring personnel should be as great as for the general
public since such personnel are more likely to encounter a higher radia-
tion background before fina® cleanup, or while in the process of locating
areas in need of cleanup. The concern for such personnel is of course
short term and such personnel generally are protected (respirators,
etc. ). Quality assurance in health for both workers and the public is
built into the entire nucliear program in a generalized way, attempts to
isolate it specifically from a QA viewpoint being more recent. The
Health Effects Research Laboratory at Research Triangle Park, North

Carolina, is developing this approach for the EP .70’71
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4.0 INSTRUMENTATION

Analytical instrumentation used to generate data is of two types:
(1) portable in the field, and (2) fixed in the laboratory. The licen-
see whose radiological operations are small may not be able to afford
investment in the second type. Some cost figures for instrumentation
are listed in Appendix VI. In the latter case, samples are sent out for
analysis. At the other extreme, large licensees such as chemical corpo-
raticns maintain their own radiological laboratories for soil and re-
lated analyses.

4.1 Instrument Selection

Perhaps the best approach for a small (less than five employees)
licensee is to talk with sales representatives of instrument manufac-
turers, study their literature, visit a radiological laboratory, figure
cost estimates, and otherwise become familiar with the problem, before
deciding on whether to invest in equipment and its use. For the winding
down of a small-scale radiological operation, the services of a commer-
cial surveying group known to the field as reputabie is likely to be
the preferred route.

The large licensee who has been in operation for some years will
have accumi lated the necessary basic instrumentation, and will be more
interessted in such questions as expected sensitivity for his surveys,
including the final one. Some of the basic instrumentation used is
referred to in Section 4.2.

4.2 Survey Techniques and Sensitivities

A critical element of a monitoring program designed to verify com-
pliance with decommissioning criteria is the selection of sufficiently
sensitive radiation detection techniques. In general it is desirable
to use those techniques which provide all the advantages in terms of
cost, time, ease of measurement, etc., and at ths same time provide
sufficient sensitivity. Unfortunately, it is not always possible to
enjoy this ideal situation. Frequently, trade-offs are necessary to
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select the optimum detection techniques. Three general types of monitor-
ing can be readily identified These are:

1. Environmental sample analysis.
2. Real-time environmental measurements,
3. Direct surveys with portable instruments.

In the interest of time and expense, it would be advantageous if
termination surveys consisted largely of the latte- type, supplemented
as necessary by environmental sampling and in situ measurements.

A search of the literature along with experience gained in the
environmental monitoring and off-site measurements programs at the QOak
Ridge National Laboratcry have provided approximate sensitivities for
the various types of radiation detection techniques.

4.2.1 Environmental sample analysis

In many cases it may be necessary to take samples of soil, water,
or some other envircnmental medium and perform laboratory analyses in
order to obtain the necessary sensitivity when portable survey instru-
ments cannot give the necessary sensitivity and/or specifi.ity. The
required sensitivity will be dictated by the decommissioning criteria
which are applicable. Environmental monitoring with laboratory analysis
is the most expensive and time consuming type of monitoring, yet provides
the best sensitivity and specificity.

Frequently, in performing termination surveys it will be necessary
to determine the isotopic composition of contaminants. In some instances,
adequate information on the nature ot the contaminants will be available
from previous site documentation. In general, this will require spectro-
scopic analysis of various media, includirg smears on surfaces. This
would represent the minimum need for environmental sample analysis. In
complex surveys, it may be necessary to determine radionuclide distri-
butions in subsurface soil. Cost considerations may necessitate simul-
taneous monitoring for nonradioactive contaminants. Consequently, the
sampling program could be rather extensive.
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From experience with environmental sample analysis at ORNL and
information availacle in the literature,1™® Table 4.1 has been prepared
to give an estimation of the approximate sensitivities for various
radioisotopes. Required rinimum sensitivities for nonradiocactive con-
taminants are listed in Table A of the EPA Proposed Standards given in

Appendix I1.

4. 2.2 Real-time environmental measurements

Like environmental s.mple analysis, real-time environmental measure-
ments are both expensive and time-consuming. Most detector systems
used for these real-time measurements require a large initial ‘nvestment.
The cost may be amortized over the useful lifetime of such systems pro-
vided they can be used repeatedly in termination surveys or the licensee
may opt to subcontract the survey. Real-time environmental measurements
may be prohibitively expensive for those having a one-time-only appli-
cation. Another drawback is that most of these systems require fixed
placement for lengths of time running from a few minutes to many hours.
Then one obtains a measurement which is characteristic of the point of
measurement rather than the whole site. To take many such measurements
would require a prohibitively long period of time. This type of moni=
toring would be useful for spot inspection of . site to certify its
compliance with the applicable guidelines.

In situ Ge(Li) detector systems7'9 are capable of measuring gamma
ray emitters from the natural decay chains (U, Th) and from 4°K at
levels of 1 pCi/g or less. Fallout nuclides such as '37Cs and ®°Co may
be measured at levels of a few pCi/cm?. Direct measurement of uranium
in soil also may be done with a high resolution Ge(Li) spectrometerlo
at the parts per millioy 1. vel. *

*Only by spectral analysis can one "see" the small incremental
contribution to background due to the smail iesidual leveis allowed for
unrestricted release.
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Table 4.1. Detection sensitivities for environmental sample analysis

Sensitivityd
Analysis water (pCi/L) Soil (pCi/g)”*°

a0y 0.05

S4Mn 15 0.05

"9Fe 30 0.10

600 15 0.05

552n 30 0.10

sog,d 2 0.v.

957 p=Nb 10 0.10

1370 15 0.n%
226Q, 2 0.5 (0.03)¢
2327 0.04
2anC 2 0.04

239p,, 0.01 0.004

2410m 0.004

“Sensitivity is taken to mean the limit of detection.

PGanma emitters may be counted with Nal(T1) or Ge(Li) detectors
depending on the complexity of the sample spectrum. Sensitivity
depends on the number of interfering radionuclides. The actual
sample size may vary but be of the order of several hundred grams.
Alpha cnd beta emitters require special treatment.

“37 mBq = 1 pCi.

dRequires prior chemical separation followed by alpha or beta
counting as appropriate.

“By 222Rn emanation technique.
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11 have been used to measure

Pressurized ionization chambers
environmental exposure rates of a few uyR/h.*

Some radon and radon daughter measurements may also be includec in
this type of monitoring. The sensitivities of several monitoring

techﬂiquesu.16 for radon and radon daughters are listed in Table 4.2,

4.2.3 Direct surveys with portable instruments

A great deal of the actual monitnring necessary in a termination
survey will have to be conducted with portable instrumentation. Due to
the difficult accessibility of many areas that will have to be monitored
and the need to have thorcugh coverage of all areas, portable instruments
will be needed for most of the measurements to be taken “n a termination
survey. Also of practical consideration is the length of time to com-
plete a termination survey. Here again portable instruments provide
the most expedient mea<curements.

Geiger-Mueller (G-M) and scintillation survey instruments are also
recommended for contamination monitoring. Several factors, however,
need to be considered in evaluating instrument sensitivity including
wall thickness, scanning speed and bcta energy.

Beta emitters can be measured with a glass or aluminum-wallea
30 mg/cm? G-M tube or with a thin-window 1 to 2 ig/cm? probe. Thin-
window probes can measure beta particles down to (.16 MeV ('%C) and
energetic alpha particles. It should be noted that it will not be pos-
sible to detect tritium cuntamination with a survey meter (0.0186 MeV
Beta). Sampling following by liquid scintillation counting must be
used for tritium measurements. A 30 mg/cm? wall tube <an measure beta

*For several years EGA&G has been generating aerial gomma isopleth
maps of active sites. Reference 17 is a typical report, showing that,
except for an area centered on the plant, natural radiation background
lcvrls over the western half of the site were generally 6 to 8 pR/h (60
to 80 nGrays/h), and over the more rugged eastern half 6 to 17 pR/h (60
to 170 nGrays/h), calculated for 1 m above ground level, actual heli-
copter altitude being 90 m above ground lcvel. From typical EG&G data
shown in (able 4.3, it can be assumed that 1 m gamma readings exceeding
12 yR/h (120 nanoGray/h) are likely to represent man-made contamination.
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Table 4.2. Detection sensitivities for radon and radon
daughter measurements
Method Detection technique Sensitivity
Radon-air InS scintillation flask 0.1 -03pCi/liter

(grab sample)

Radon-air
(integrating)

Radon-air
(continuous)

Radon daughter
(grab sample)

Radon daughter
(integrating)

Thermoluminescent dosimeter
Wrenn Chamber
Alpha spectroscopy count of

filter sample

Thermoluminescent dosimeter

15 pCi/he/liter

0.01 pCi/liter

0.0005 wL

0.1 WL/h




Table 4.3 Variability in gamma background at 1 & above ground level, according to

some EG&G aerial surveys, 1972-1980

: : Survey Report No.
State City Site pR/h Date EGG-1183-
California Clay Station Rancho Seco Nuclear Power Plant 6-16 Jan 1980 1761
Minnesota Monticello, Elk River Monticello & Elk River Power Plants 8-10 May 1972 1659
Missouri St. Louis Mallinkrodt Nuclear, Maryland Height 8-11 Oct 1977 1721
Wisconsin Genoa LaCrosse Boiling Water Reactor Site 7-10 Oct 1977 1720
I1linois Morris Dresden Nuclear Power Plant 8-10 Jun 1978 1657
Sheffield Nuclear Engineering “ompany (NECO) 8-11 Sep 1979 1772
Ohio West Jefferson Battelle Nuclear St 'nce Facility 9-13. May 1979 1739
Miamisburg Mound Facility 7-11 Mar 1978 1722
Portsmouth Portsmouth Gaseous Jiffusior Plant 6-8 Jul 1976 1719
Pennsylvania Goldsboro Three Mile Island Nuclear Plant 3-10 Aug 1976 1710
Michigan Big Rock Point Big Rock Point Nuclear Power Plant 7-11 Apr 1978 11
Kentucky Paducah Paducah Gaseous Diffusion Plant 7-11 Apr 1978 1727
Tennessee Daisy Sequoyah Nuclear Power Piant E g Nov 1977 1755
Erwin Nuclear Fuel Services Fa:’iity 9-12 May 1979 1748
Alabama Dothan Joseph M. Farley Nuclear Power Plant 6-10 Nov 1978 1734
Florida Red Level Crystal River Nuclear Power Plant 4-6.5 Jun 1979 1746
Georgia Baxley Edwin 1. Hatch Nuclear Power Plant 6-10 Nov 1978 1726
S. Carolina Seneca Oconee Nuclear Power Plant 7-10 Apr 1977 1648
New York Scriba Nine Mile Point Nuclear Power Plant 4-8 Sep 1972 1656
Untario Robert Emma Ginna Power Plant 4-10 Fep 1978 1658
Rhode Island Wood River Junction UNC Recovery Systems Facility 3-4 Aug 1979 1756
Massachusetts Billerica New England Nuclear Corp. Facility 3-4 Aug 1979 1753

According to the above EG&G reports, u. S. background (including cosmic ray contribution) varies in

general from 3 to 16 uR/h (30 to 160 nanoGray/h). roughly by a factor of 5.

Examination of the above upper

values will suggest that gamma readings exceeding 12 pR/h (120 nGy/h) are likely to represent man-made con-
tamination or contribution to natural unenhanced gamma background 1 m above ground level, barring natural

ore bodies such as phosphate or uranium, or volcanic extrusions.
likely to represent above-background levels anywhere in the United States.

such as 40 nGy/h, readings above 80 nGy/h might be suggestive of slight contamination.

Gamma readings exceeding 120 nGy/h are
For very low background areas

More extensive
background data by counties is needed, where present or past nuclear operations have been absent.
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emitters with energies down to about 0.3 MeV. It is recommended that
the scanning speed stall be slow enough to ensure a source detection
probability of 50%.‘8 A scanning speed of 5 cm/s was shown to be
adequate to dete.t a source of 200 betas/min with a 50% detection
frequency.la Heta contamination below 200 dpm/.00 cm? would be very
difficult to detect. Investigations by Somersl9 showed that at more
realistic survey velocities, 10 to 15 cm/s, it takes a source of 10,000
to 15,000 betas/min to provide a detection frequency of 90%. The above
observations were made in an area producing a background count rate of
120 counts/min. If higher backgrounds are encountered, the probability
of detection will be lower.

Minimum detection levels for direct surveys with G-M type instru-
ments are generaily limited to the equivalent of bockground reading at
the survey location (e.g., a detection level of 100 counts/min above a
background level of 100 counts/min.

Floor monitors utilizing an array of G-M wubes with an active
length of 18 inches and a wall thickness of 30 mg/cm? are available that
provide lead shielding which will lower the background. These are use-
ful for smooth floor surfaces and can be modified to survey walls.

A sensitivity similar to a hand-held G-M probe is attaintable. Another
mode of beta monitoring is with a walking stick using a G-M probe at
the end and a count-rate meter carried from a shoulder strap.

A summary of beta-gamma contamination monitoring instrumentation
15 given in Table 4.4,

Because of the short range of alpha particles, direct field measure-
m.nts with portable survey instruments is a tedious, time-consuming
process. On rough surfaces like soil, the sensitivity and reproducibil-
ity of these measurements is reduced tremendously. Even a layer of dew
over alpha emitters can result in the activity being shielded from
detection. I. is recommended that the dictance of the probe window to

surface not exceed 0.5 cm.18

when monitoring for the more hazardous
alpha emitters, the scanning speed should not exceed in cm/s one-third
the numerical value of the detector window dimension (in centimeters)

in the direction of the scan. This is a very slow scanning speed; a



Table 4.4.

Instrumentation and methods for beta-gamma contaminatirn monitoring

Instrument or method

Nuclide

Aplication

Sensitivity

GM thin-walled probe

GM end window or pancake

GM floor monitor

Phoswich

Intrinsic Germanium

In situ Geli or Na!

Nal or Geli counting

Gross beta counting

Liquid scintillation

Radiochemistry

Gross beta
Gross beta
Gross beta
Beta and low
energy gamma
20gy

Gamma emitter

Gamma emitters

Gross beta

3", 14c

Beta gamma emitters

Surveying by hand or
with walking stick

Hand surveying for
beta contamination

Surveying smooth
surfaces

Special phoswich for
90Sr surveying

Used for well logging
and soil measurement

Site evaluation move-
able by net for survey

Counting samples

Counting swipes
or soil

Counting 2 or '4C

Measurement at
low levels

2000-3000
dpm/100 cm?

1500 dpm/
100 cm?

2000 dpm/
100 cm?

1 nCi/g in
4 pCi/cm?

3C pCi/g
<50 nCi/m?

100 pCi/sampie
20 pCi/sample
200 pCi/2
of water

Variable

L1
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detector with a window that is 20 «m long in the direction of the scan
should traverse only 40 cm in one minute,

For hard nonporous surfaces such as floors, walls, and smooth equip-
ment, direct alpha monitoring can be used. |If surfaces are to be scanned
in search of activity, the scanning speed is slow as mentioned above.

If measurements are made at fixed points on a grid, an activity of 200
d/m per detector area can be measured (~20 nCi/m?). If measurements
are made in a scanning mode, the level that can be expected to be
measured is 50 to 100 nCi/m?. Again, it should be emphasized that these
leveis are under ideal conditions with the alpha activity in a thin
layver on a smooth surface.

One of the most viable means of field measurement for plutonium,
americium or other alpha emitters that emit low energy X or gamma rays
15 the FIDLER (Field Instrument for Detecting Low Energy Radiation)
instrument. The FIDLER uses a thin Nal or CaF, crystal and photon pulse
height discrimination to detect 17-KeV x-rays from the progeny of pluto-
nium, or the 60-KeV photon of “*'Am. Although the sensitivity of the
FIDLER instrument, ideally about 130 nCi/m?, is about two orders of
magnitude above ambient background levels of plutonium (nominally 1 to
2 nCi/m? of “3%Pu) it provides significantly greater utility for con-
tamination surveys than alpha detection survey instruments.zo

Although the minimum sensitivity of the FIDLER is indicated as
130 nCi/m? for 23%Py, this relates to only 75 cpm above minimum back-
ground values of 200 cpm. Given the variability of background with
values up to 400 cpm, or more, extreme care should be exercised to
accurately access net contamination at 200 or even 500 nCi/m“. Without
an accurate knowledge of background, values at these levels would have
uncertainties approaching 50 to 100 percent.

The Los Alamos Scientific Laboratory (LASL) has adapted a phoswich

detector for use as a field survey instrument.ZI'zz

This semiportable
instrument has a background which is two to three times lower than an
FIDLER probe. This instrument utilizes standard NIM electronics carried
inatruck with a 30 m umbiiical cord attached to the probe. The elec-

tronics are operated by a power inverter from the vehicle battery.
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With a 500 cpm background, the detection limit is considered 1200 pCi/g
for a signal equal to bac ground. This instrument is now commercially
available in a portable mec jel.

Finally, lower sensitivities can be reached for alpha emitters with
Enewetak or Princeton Gamma Tech (PGT) instruments by making integral
counts over Petri dishes containing soil. Minimum sensitivities below
1 pCi/g car. e achieved with these instruments. The additional survey
time and cus's associated with these detection devices may be necessary
in certain situations.

Table 4.5 lists instrumentation and methods for alpha contamination
monitoring.

For monitoring contamination levels on surfaces and in soil, it is
expected that portable survey meters backed up by some sampling and
laboratory analysis will be used. Laboratory analysis can provide data
that may allow "index isotopes" to be selected which are more readily
measured with survey instruments and allowing other nuclide concentra-

tions to be estimated by use of ratios. Examples of such ratios are
137Cs/90 Sr or 241Am/239%py,



Table 4.5. Instrumentation and methods for alpha contamination monitoring

Instrument or method Nuclide Application Sensisivity
pCi/g soil dpm/100 cm
Alpha survey (scint. prop) Gross alpha Smooth surfaces 200
FIDLER Pu Sur“ace or soil-count 2000
Z4ipm rate made
Phoswich 239py Soil-count 1000
241aM rate made 100
Phoswich 239p, Soil-integrate 20
241 Am mode 2
In S Scint. Gross alpha Soil or swipes 25
Intrinsic germanium? 239y Soil, petri dish sample 4
2417y 0.5
Enewetak - Proportional Gross alpha Petri soil - integrate 5
mode (5-10 min)
Enewetak - IMP 241pm In situ soil - integrate 0.5
mode (15 min)
Radiochemistry 239py Low-level measurements 0.002
241ppm for specific nuclides 0.002
226Q, 0.1

“Princeton Gamma Tech (PGT-IGe) minimum sensitivity with 240 min count is 0.04 pCi 24'Am/g
soil and 5 pCi 23%Pu/g soil.

ozt
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5.0 EVALUATION AND INTERPRETATION OF MONITORING DATA

5.1 Statistics

In Section 3.5 the importance of the Central Limit Theorem was
stressed, with the need for sample sizes to be no less thar 30 for
significant univariate (one-variable) statistics and comparisons. By
the Eq. (3.18) test, the unknown population mean, of which the average
of sample means is an approximation, was considered adequately approxi-
mated whenever the former mean was known with less than 25% error at the
90% confidence level, In stratified random sampling, the population of
survey blocks into which the entire site was further subdivided (strati-
fied), and a subset of blocks randomly selected from each stratum for
air measurements and scil <3 pring. An alternative procedure for small
sites or for a controversial site, and potentially iore expensive as a
survey procedure, was systematic sampling of every survey block. A site
requiring measurements on every block might be one of high hazard poten-
tial in a high-density population area for which inadequate prior infor-
mation exists. The block dimensions might be 1 m x 1 m for indoor high
hazard potential areas to 10 m x 10 m or higher for outdoor moderate to
low hazard potential. If a rough prior estimate of hazard potential is
not available, then smaller block sizes would be required. For newer
sites, a rough estimate of hazard potential will probabiy be available
in terms of such prior information as (1) nuclides invol.ed, (2) their
radiological half-lives, (3) quantities (throughput) invelved during
the operational lifetime of the site, (4) unidentified losses during
the operational period, (5) on-site burial of cc  .aminated rubble,
(6) indications from the licensee's final survey that the site has been
cleaned up to existing standards. Adequate prior information of this
type allows for selection cf larger block sizes for simple random or
stratified random sampling, and hence lower survey costs. A common
procedure is to take 5 to 10 radiation readings per block, more if
readings suggested a hot spot in that block, obtaining both average and
maximum readings for each block. In addition, soil samples are taken
from some blocks, the higher the correlation between soil nuclide
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concentration and readings the fewer the soil samples needed per
100 radiation readings. This requires some matched "observations," as
defined in Section 1.2 to evaluate the corre ation or lack of it. In
Section 3.5 questions of total sample size for the entire site and how
to allocate samples between strata relate to variance and cost were
presented.

In Section 5.3 the paramount question of distinguishing between
natural or unenhanced background variability (distibution) and enhanced
background distribution specifically due to radiological operations
formerly carried out on that site by the application of statistical
tests (inferential statistics) is addressed. In this section, some
characteristics of the normal distribution (Gaussian) curve and the
question of non-normality are considered briefly.

Two parameters, the mean and the standard deviation completely
define the normal curve, with a skewness of zero and a kurtosis of three.
The skewness statistic is useful if more than 200 measurements are avail-
able, kurtosis if 1000 measurements are available.1 Unlike the normal
curve, the lognormal curve mode, median and mean do not coincide (see
Fig. 5.1). Soil nuclide distribution is likely to be lognormally distri-
buted, in which case transformation to normal distribution by taking
logs can be effected. A straight-line plot on normal probabi.ity paper
indicates normality, while a straight-line plot on lognormal probability
paper indicates lognormality. Assuming erroneously that a distribution
is normal can result in (1) overestimating the mean and values near the
mean, and (2) underestimating values far ‘rom the mean.z Outdoor pluto-

nium has been reported to be lognormally distributed.3

At Livermore,
radioactivity has been reported to be lognormally distributed in all
types of samples (soil, water, air, sewage, vegetation) with a geometric
standard deviation of about two.4 On the other hand, to assume that
all measurements are lognormally distributed can result in errononeous
conclusions too, according to Ong and LeClare.5 It is convenient to
assume normal or parametric statistics, ar alternative being to use
nonparametric statistics which is relatively distribution-free but less

informative for umall sample sizes.
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According to the Central Limit Theorem, if a series of means (x's)
of scmples taken from the unknown population is large enough (n230 for
each sampie), then their distribution will be normal (even though the
population thus sampled may not be), and the Grand Mean (i) of these
means (;'s) will be an unbiased estimate of the unknown population
mean (u). A bar over the x inuicates a mean or average value of
several x's. The standard deviation of the sampling distribution of
%'s is known as the standard error cf the mean (o;) and the relation

. % T
o5 (5.1)

Jn

is used to answer in Section 5.3 the question: Does samplz x come from
the same population as Sample B (B for Background)? Tris cuestion
becomes increasingly significant as the condition of the cleaned-up
site approaches that of background characteristic for the site area,
and the sample distribution curves begin to overlap. Given a <pecific
populatior such as background values of 22%Ra in pCi/g of soil, an
average of 30 values taken on one day will probably differ from an aver-
age of 30 values sampled the next day, and so forth, until a distribution
of averages is obtained whose grand mean is the most probably background
mean. If the residual ?2%Ra contamination of the site from former 22%Ra
operations on that site is only slightly higher in terms of the mean
and ctandard deviation than for background %2%Ra, then the acceptability
or nen-acceptability of the site for unrestricted release depends upon
how rigid the standard and how confident one can be about the results.
Using the EPA standard that the average concentration of 22%Ra in the

5 cm or smaller thickness of soil shall not exceed 5 pCi/g after comple-
tion of the remedial actions (Section 1.1.2), it remains to be decided
at what confidence level and with what allowable error on that confidence
level the *%Ra is conceded to be about 5 pCi/g. This depends in part
on the state-of-the-art (detection limit of 22€Ra). It is possible to
measure 1 pCi/g of ??%Ra with an error of +10% using a 300 cm® soil
sample and a 50 cm® Ge(Li) detector in a graded shield. On- and off-

site natural background heterogeneity of ?2%Ra concentration is another
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factor. To the extent that beta and gamma air readings reflect soil
concentrations of beta »nd gamma emitting nuclides, the same problem
exisis for distinguishing natural background air gamma readings from
air gamma readings due to the former use of gamma smitters on that site.
The question of differentiating near-background contamination from un-
enhanced background is treated in Section 5.3.

In order to facilitate comparison of non-standard normal curves
with the standard normal curve, values such as pR/hr or pCi/g are con-
verted to z values or z scores as follows:

Z score = 5%“ : .53

where

population (or sample) mean, and
population (or sample) standard deviation.

M

L4 4

i

when it becomes necessary to differentiate population mean from
sample mean, most texts will use x for the latter. To differentiate
population standard deviation from sample standard deviation, it is
common to use either ox or s to signify the latter.

In other words, a z score expresses the deviation from the mean in
standard deviation units (i.e., how many standard deviations away from
the mean is x. Having converted raw scores into z scores, the mean is
now zero and the standard deviation is one. According to the theorem
of Tchebysheff (Chebyshev), the range of a normal distribution is roughly
4 to 6 standard deviations. Stated another way by Tchebycheff's in-
equality: the probability that a standardized score drawn at random
from a distribution has an absolute magnitude greater than or equal to
some positive number, k, is always less than or equal to 1/k*. for
example, tie probability of a standardized score (z score) of three or
more is no more than 1/9. One rough test of an "outlier," that is a
value that does not belong to the population under consideration, is
whether that value is more than 4 standard deviations from the mean of
that population. 1f stratification is to be made on the basis of
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minimizing variance (square of the standard deviation) within the strata
while maximizing the dif.arence between strata, then a rough test for
stratification by populations is helpful.

A surveyor in the field tends to favor stratification by geography
(grouping contiguous survey blocks together), while a statistician tends
to favor stratification by variance regardiess of where the survey blocks
lie. Where feasible a combination of the two has some merit. It is
important to keep in mind when the population under consideration is
the total number of survey blocks (from which readings and soil samples
are taken) and when the population is taken to mean the total number of
air gamma readings or soil samples taken. In stratified random sampling,
air readings and soil samples are taken from a randomly selected subset
of numbered survey blocks constituting the stratum. Sampling from one
stratum can be considered simple random sampling. In systematic sampling
of air readings over the entire site, readings are taken on every survey
block. The sampling statistics given in Section 3.5 can be used to
determine sample size for simple random or stratified random sampling.

5.1.1 Field measurements

For each variable measured in the field, at least 30 measurements
should be taken fo: each stratum in the licensee's final survey. Since
the inspector's final survey is only confirmatory, he may take only 30
measurements for the entire site. Measurements on each variable (air,
gamma, soil, ?2%Ra, etc.) should be averaged, the standard deviation
calculated, and measurements converted to z scores. Confidence levels
or limits should be set on the averages obtained. Finally, the field
measurements should be compared against existing standards and guide-
lines.

An important aspect of fiela ..2ac.. =~ents are the points chosen
for the instrumental readings and soil samplings. Points chosen are in
reference to randomly selected survey blocks. Number the blocks con-
secutively, starting in the upper left corner of the grided site map,
numbering horizontally, ending in the lower right. In theory each block
number could be written on a piece of paper, all pieces thoroughly mixed,
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and pieces removed randomly until the calculated sample size is reached.
A simpler procedure is to use a pub!ished random number table from which
to select the calculated subset of survey block numbers to be measured.
Calculation of sample size is covered in Section 3.5.

5.1.2 Laboratory measurements

Laboratory analyses of field samples have long been under quality
control. Small licensees will send their samples out ior radiochemical
analysis. Large licenses will have their own analytical laboratories.
Those desiring detailed infermation on statistical aspects of laboratory
analysis should consult standard references. One such statistical
reference might be that of Kolthoff and Elving,6
Volume 1, Chapter 4 by L. A. Currie on nSources of Error and the Approach

especially Part I,

to Accuracy in Analytical Chemistry" and Chapter 5 by J. Mandel on
“Accuracy and Precision: Evcluation and Interpretation of Analytical
Results."

5.2 Analysis of Data

fach of the 87 Department of Energy sites declared surplus before
Nctober of 1976 and to be decommissioned over the next 20 years.7 will
have its own special site claracteristics. The public is concerned
about the few large sites, but the NRC must also concern itself with
literally thousands of small by-product licensees. Analysis of data
may range, therefore, from complex to simpie. General principles of
statistical analysis presented below may be scaled up or down according
to the licensee's scale of operation.

In the course of data reduction, univariate (one-variable) raw
data will have been sumamrized in terms of range, mean, median, standard
deviation, variance, a frequency histogram, skewness, kurtosis, and
other sample statistics as needed to use in estimating population
parameters (total site contamination if any). Bivariate comparisons
and perha, . multivariate correlations may have been made to see if or
to what exte.' one variable such as air gamma readings might or might
not serve as a useful predictor for another . ariable such as ?2%Ra or
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137Cs. Normal distribution statistics can be used with greater confi-
dence if sample sizes are larger than 30 each, according to the Central
Limit Theorem. If a discrete histogram is skewed, as illustrated by
the smoothed curve shown in Fig. 5.1, a lognorma) (Eq. 3.4) or exponen-
tial transformation may convert the data to a normal distribution so
that normal statistics can be used. If the sample size of concern is
less than 30, or if the distribution cannot be defined as ¢ transformed
to normality, then ncnparametric statisticse
of some information loss.

Sample means are commonly used as the least biased estimate of the
unknown population mean. For example, air gamma or soil nuclide mean
for the entire site. The confidence limits to be set upon such a sample
mean are needed to assess the significance or degree of confidence one
can place in such a value. The use of the standard error of the mean
(Ey. 5.1) to set confidence limits ca be i)lustrated by an example.
Assume a 50-acre (0.2 km?) site was o ven a final systematic gamma sur-
vey by the licensee (no alpha or beta emitters involved at the site).
One thousand, three hundred and sixty gamma readings were taken at 0.2 m

can be used at the expense

above the surface with an instrument having a minimum detection capabil-
ity of 1 uR/h at this distance. Readings have been grouped into 6 class
intervals, and columns set up for calculating the sample standard devia-
tion (ox) as shown in Table 5.1, in puR/h. To convert to pGy/h, use the
conversion factor, 1 pR/h = 0.01 pGy/h.

Table 5.1. Setting confidence limits on a mean for a given stundard error

(h?:n;:::rul Midpoint q:;‘u:'::’:"m P;‘!:::::":); (l_;)? ’(l.;};‘J
0-1.99 1 118 18 « 1= 118 (1-5,03)° 118 « 16.24 = 1916.4
2199 3 w 237 3+ M1 (3-5.03)° 237 « 4.12 = 976.4
5.9 5 680 680 « 5 + 300 (5-5.03)° 680 » 0.001 = 0.07
6-7.99 ? 195 195 « 7 = 1365 (7-5.00° 195 « 1.88 « 796.6
#-9.99 4 % 92 « 9+ 828 (9-5.02)% 92 « 15.76 = 1449.9
10-11.99 i 18 W« 11~ 418 (11-5.09% 38 « 35.60 « 1354.3

Totals 1360 6840 6454 .3

f(x-2)? 4.3 .
"Standard deviation of the mean = .. = (',." . 6:130 . 2,18,
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Completing the analysis, the

standard error of the mean = - 2.18 0.06,

J1360

mean of the readings = 5.03 ¢ 0.06 = x; and

the 99% confidence level = 2.57. (From Table 5.2.)

Therefore, the confidence limits for a standard error of

0.06 = x + (2.57 x 0.06) = 5.03 £ 0.15 = 4.83 to 5.18 uR/h,
or 0.049 to 0.052 uGy/h.

We can be 99% confident that the population mean lies between 4.88
and 5.18 pR/h for the 0.2 km? site surveyed. If natural barkground for
the area were 5 puR/h, then the site would be clean. No situation would
be this ideal. Natural backgrounc¢ itself exhibits variability, perhaps
as high as 10 pyR/h or more. Since the minimum detection capability of
the instrument used was stated to be 1 uR/h with no variability range
given, at best it could rot be less th7 , £0.1 pR/h, since class intervals
were given to +0.01 to avoid overlap of class values.

If a set of analytical values is normally distributed, then 68% of
the values will fall within :.u (une standard deviation) of the stand-
ardized mean. Values above and below the mean that cover a given per-
centage of the normal curve 2re known as confidence limits, some of the
most commonly used of which are given in Table 5.2.

The most commonly used confidence levels are the 90%, 95%, and
99%, corresponding to z-scores of 1.64, 1.96, and 2.57, respectively.
Most statistics texts will have a table of z-scores versus normal curve
areas, but it is important to check before using to see if the areas
are (1) from -z to +z as in Table 5.2, (2) for the area (a) in the two
tails. (3) for the area (u/2) in one tail (Table 5.3), (4) for the area
from mean to z, or (5) for the area excluding one tail. For a z-score
of 2.0, the corresponding values are 0.9544, 0.0456, 0.0228, 0.4772,
and 0.9772. The total area under the normal curve (Fig. 5.1) is 1.0.
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Table 5.3 refers to a one-tail o-level of 0.05, the z-score for which
is 1.645.

5.3 Statistical Interpretation

A site sufficiently cleaned up as to be a candidate for unrestricted
release will be close to the unknown natural background characteristic
for that area. The problem then is one of deciding whether one or more
sets of means differ sufficiently from the accepted natural background
mean as to 2 the result of slight residual contamination due to opera-
tional or pust-operational activities on the site. It is to be expected
that several sets of 30 observations, each will not give the same mean
each time. Rather, they will form a normal, lognormal, exponential, or
other distribution of sample means, centering around the hypothetical
(unknown) population mean representing the contaminated population of
data readings. This is also true for the single sample value mean taken
to be representative of the unknown natural background population.
Systematic surface survey of the entire site ard surroundings for gamma
may be possible by aerial survey, but is expensive. This is not true
for below-surface soil analysis for specific radionuclides, nor for the
state-of-the-art field analysis for two or more nuclides in surface

Table 5.2. Some useful confidence limits

Percent of normal

curve area -
99.73 3.0
49.0 2.57
98.0 2.33
97.00 2.17
95.44 2.00
95 1.96
90 1.64
80 1.28
75 1.15
68.27 1.0
50 0.67
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svil (0 to 5 cm depth). Laboratory analysis of soil versus instrumental
field readings is expensive, especial’ s when using heavy soil-drilling
equipment for subsurface samplings (see Table Il11-1 of Appendix 111 on
Cost-Effectiveness of Monitoring). The worst case is unpredictable
variation in the ratios of radionuclide mixes. Where ratios are reason-
ably constant, the concentration on one (unmeasured) nuclide can some-
times be estimated from the measured concentration of another. The
greater the site disturbance by earth movements, the less predictable
one nuclide by another is likely to become, except for daughter nuclides
which have not been subject to differential leaching action by physical
or biological agents, or for unp,edictable spatial separation of pre-
viously associated nuclides as a result of processing at the site during
the operatioral phase of the facility. A specific example will serve
to illustrate a statistical approach to the problem of differentiating
near-background artificial contamination from natural hbackground contami-
nation.

A background sample (mean of 30 observations) of gamma readings in
air taken 100 cm above the surface soil level gave a value of 10 pR/h,
designated as Sample B. This sample was taken sufficiently far from
the site (upwind, uphill, etc.) as to give reasonable assurance that
unenhanced (natural) background air gamma was being measured. An on-site
stratum sample (mean of 50 observations) of air gamma readings taken
100 cm above the soil surface gave a value of 14 pR/h, designated as
Sample X. The problem is: Does Sample X come from the same population
as Sample B? Or is it perhaps on the extreme edge of even higher read-
ings nearby that might otherwise be missed? In other words, if the
standard deviation of Sample B is small enough, and the stakes are
potentially high (from prior information) for this particular stratum,
then we want to be very sure that the Sample ¥ mean of 14 uR/k is from
the same population (unenhanced background) as the Sample B mean of
10 [%/h. We want to be sure to the 95% confidence level. Thic examole
is the most severe test that will be encountered (less than twice back-
ground), and illustrates the following tests and procedures:
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Setting up null and alternate hypotheses.

Calculating standard deviation and standard error.
Accepting or rejectirg the nui’ hypothesis (Ho).

Use of z score versus significance ievel (e) table to
accept or reject Ho at the 95% confidence level.

5. Probability of making a Type II error.

H W N =

The use of stancard statistical tests such as these not only makes the
licensee's conclusions more objective (testable) if brought into ques-
tion, Lut facilitates work of the inspector.

The Null Hypothesis is to prove that the on-site stratu» sample
having a mean of 14 pR/h is actually 10 pR/h; in other words, thct there
is no contamination on the site. It should be noted that we hav. assumed
the off-site sample mean of 10 pR/h to be identical with the ui known
population of unenhanced background readings. This is not probahle,
since another unenhanced background sample might average 8, 9, or 11,
Hence, additional unehanced background samples should be measured (or
taken from other published data available for the area) and all of the
available means averaged to get a grand mean. For simplicity we shall
assume that the grand mean did turn out to be 10 pR/h for technologically
unenhanced background.

Null hypothesis (Ho): Sample X mean = 10 pR/h = background.

Alternate hypothesis (Ha): Sample X mean is greater than
10 pR/h # background.

We wish to test at an alpha level (a) = 0.05, 1-tail since we do not
care if Sample X mean is less th.n background (10 pR/:). A 2-tail test
would be /2. Ho will be ‘ejected if the Sample mean (x) is more than
1.645 standard errors above the population mean of 10 pR/h:

Reject H_ if x > 10 + 1.645 oy ,

where 1.645 corresponds to an alpha level = 0.0% by Table 5.1 (extrapo-
lated value between a = 0.0495 and 0.0505). The standard error (o;) is
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a 14

~= = 2.0, when n230.
Jn /50

where o will have been determined from the relation:

(x; - 0)°
O =HT
where
n = sample size of 50,
x = the mean of 50 gamma readings, and
X = each individual gamma reading entered in the field logbook.

Thus, H  is rejected if x > 10 + 1.645 x 2 > 13.3, and is not rejected
if x $13.3. For a normal sampling distribution with a mean of 14 and
a standard error of 2.0, an x value of 13.3 corresponds to a z score

of:

2= B3 1o g3 (5.3)

The absolute value, 0.35, rom Table 5.3 has a probability (o level)
of 0.3632.

The left hand tail probability below 13.5 for the normal distribu-
tion having a mean of 14 is 0.3632 for a sample size of 50. This means
that for a sample size of 50 there is a 0.3632 probability of not reject-
ing HO: mean = 10, if in fact the mean = 14, If the actual value of
the mean is 14, and not 10, then the probability of comm tting a Type 11
error is the probability that x is less than 13.3, where a Type 11 error
is defined as below:
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Type 1 Error: When "o is rejected, even though it is true.
In the example, the null hypothesis (Ho) is
that the on-site stratum sample with a found
mean of 14 uR/h is actually 10 uR/h, the latter
being off-site unenhanced background.

Type I1 Error: When Ho is not rejected even though it is false.
It is more serious to think that on-site stratum
sample X is a part of unenhanced background
when in fact it is not.

The probability of making 3 Type 11 error for the alternative hypothesis
(H‘) is 0.3.32. Consult standard statistics books such as Agresti9 for
more detail. The prcbability of a Type Il error is a function of the
sample size, and can be reduced by increasing the sample size.10 It is
also a function of the extent to which the null hypothesis (Ho) is false.
It is common to think of the decision to accept Ho as being a weak con-
clusion unless it is known that beta is acceptably small. The probabil-
ity of a Type 11 error = P (accept HOIH0 is false) = B. The vertical
bar (') is interpreted to mean "given that." The four types of decisions

are:

HO true H0 false
Accept Ho No error Type 1l error
Reject Ho Type 1 error No error

Rejection of Ho is always a strong conciusion when the probability of
wrongly rejection Ho car be controlled by the decision maker. The
example given above to illustrate some statistic:] tests can be summar-

jzed by Fig. 5.2 as adapted from Agresti.9

A = Normal distribution of unenhanced background (Popula-
tion A), the nu ~ hypothesis (Ho) being true;
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Fig. 5.2. Testing the null hypothesis that Population B is the same as
Population A versus the alternate hypothesis that it is not.
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B = Normal distribution of sample means (x's), the null
hypothesis being false;

C = Light-shaded area r.presenting the probability that
”o will not be rejec .d when the sample mean is 14,
the null hypothesis being false.

o
"

Dark-shaded area representing a one-tail alpha level
of 0.05, corresponding to a 95% confidence level.

"o = Null hypothesis that the sample mein is the same as
unenhanced background = 10 pR/h;
Ha = Alternate hypothesis that the sample mean is greater
than 10 pR/h;
ox = Standard deviation of the sample mean = the standard
error = 2.0;
1.645 = z-score corresponding to a one-tail alpha level of
0.05;
-0.35 = (13.3-14)/2.0.

Ho is rejected if the sample mean (Population B) is more than 1.645
standard errors above the natural background (Population A) mean of
10 pR/h, namely, more than 13.3 pR/h.

In summary, the standard error for the on-site sample of 50 gamma
readings having a mean of 14 pR/h was 14/J50 = 2.0 for the illustration
given. A one-tail alpha level of 0.05 (corresponding to a 95% confidence
level) has a corresponding z-score of 1.645. 10 + 1.645 x 2 = 13.3.

A mean (x) of 13.3 corresponds to a z-score of -0.35. Since the on-site
stratum sample of 50 observations (gamma readings) had a mean of 14,
which exceeds 13.3, it is concluded (Ha) that the stratum sample does
not represent a normal variability value of unenhan~ed background (which
had a grand mean of off-site samples equal to 10 pR/h). Therefore,
this on-site stratum sample is s)lightly contaminated because its mean

is aruut two standard deviations (1.64 + 0.35 = 1.99) from the unenhanced
mean of 1L ~%/h. Since prior information was postulated to have led us
to believe that any contamination at all in this particular stratum
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might be potentially serious, an additional set of gamma readings would
probably be taken - unless it could be shown that unenhanced background
variability for that area varied by more than two standard deviations
(s«amping effect). Information on the control of Type | (alpha) ai 1
Type Il (beta) errors can be found in Holf.11 If a Type Il error is
considered more serious than a Type I error, then the probability of a
‘ype Il should be decreased, even though it automatically means an
increased probability of a Type | error.

5.3.1 Probability of not detecting significant highiy
localized contamination

when all is said and done, licensee having done his best to clean
up his site to specifications and inspector feeling rearonably certain
that the site is indeed clean, there will always remain some shadow of
doubt. Since the site was not given a 100% area survey at all depths
down to, say, 10 m (32.8 ft) for all nuclides in all media (soil, water,
vegetation, etc.) with instruments of complete specificity and infinite
sensitivity, what is the probability that a one or more significant hot
spots may (-ave been missed?

It 15 nece sary first to define a "hot spot." It might be defined
for a gamma emitter for example as a sufficient quantity of radioactivity
of high enough energy (>50 keV) confined in a limited volume (e.g., 1 kg
of soi! weight, or less than 1 m? of soi) surface) to measure more than
an order of magnitude above the average unenhanced background character-
istic for the site and immediate surrounding area at a distance of ' m
or less in any straight line direction from the essentially point-source
material.

This definition does not address the problem of alpha, beta, or
weak gamma emitters buried more than a few centimeters below the surface,
which arz below instrument detection limits, and which might conceivably
constitute a potencial health effect under most unfavorable conditions.
This situation must be handled from prior information about type and
maanitude of long-lived isotope quantities formerly used at the site,
where and how used within the site, the results of core drillings,
instrumental checks or excavations before backfills, and so forth.
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The probability of missing a hot spot is a function of, or is
dependent upon a number of factors, including:

» B Type of radiation

2.  Radiation energy spectrum and percentage of each decay
event

3. Area covered by the hot spot relative to survey block
dimensions, survey paths taken, number of blocks sampled.

4. Depth of hot spot.

5. Detection limits of the field instrument.

6. Survey conditions, e.g., whether all or some measurements
were made at 1000 m (aeria: survey), 1m, 0.01 m, or
other distances.

7. Acceptable confidence level and error in ability to
differentiate from unenhanced background normal for that
site and immediate area.

The probability statistics for missing hot spots on a decontaminated
site is stil) developmental, and sc specific guidance cannot be offered
at this time. Some indication on how the question may be approached is
aiven in Appendix VII.
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6.0 VERIFICATION INSPECTION

6.1 Auditing tne Termination Survey Report from a Licensee

The auditing inspector should find the task relatively easy if the
licensee has written his final report along the lines of this manual,

specifically:
1. Introduction,
2. Objectives,
3. Survey design and procedures,
4, Instrumentation, and
5. Evaluation and interpretation of monitoring data,

as expanded in accordance with the index for this manual. The inspector
may wish to check in some detail the quality assurance steps taken by
the licensee with respect to instrumentation and record handling.
Nurmally, the inspector's audit should precede his own verification
survey in order to take maximum advantage of the licensee's prior infor-
mation for planning the verification survey. The licensee's final survey
should be checked against all docket folder information on the site
which may be available in regional files or at the central repository,
taking special care to check whether radiological operations were carried
out at the site by other than the present licensee, and including users
of the site prior to creation of the AEC docket file system in the
1950's. Planning the verification survey will in itself create needs
for certain information, automatically ensuring examination of the
licensee's final surve, from such viewpoints. For example, the exist-
ence, and design of survey maps including survey block dimensions used
and survey results by blocks will need to be checked relative to field
verification by sampling.

Checklists, both general and specific, useful for planning the
audit, are given in Sections 1.1, 1.3, 1.4, 3.2, 3.3, and 6.1 as was
mentioned under Section 3.6 on Documentation.

The inspector's audit will be a technical one. In addition, the
Comnission may wish to consider a standard CPA audit of both licensee

and inspector reports in spe_ial circumstances.
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Since the agency must assume final responsibility for unrestricted
clearance of a site, the inspector's verification survey report with
its recommendations may also be audited by the Commission. Normally,
it would be expected that at least one inspector is assigned to a given
site during and after decommissioning and until he has made his final
verification survey and turned in the rompleted report. The inspector
would be expected to make at least one quality assurance audit of the
site during or following the licensee's decommissioning steps to estab-
lish a baseline and prior information for the final verification survey.
For a small operation, the audit would normally be straight forward,
and more involved for a large and complex operation with high potential
for future population hazard.

Much of what is p-esented in the next few paragraphs is taken from
Ernst and whinney.l

The 1972-73 Report of the Committee on Auditing of the American
Accounting Association suggests that basic auditing should give signifi-
cant attention to statistical inference because the audit evidence
obtained in many situations can best be evaluated by statistical tech-
niques.

The Committee on Auditing Procedure of the American Institute of
Certified Public Accountants in Section 320B.04 of "Statement on Audit-
ing Standards No. 1" has stated that statistical sampling should: "be
used only by auditors who have adequate statistical knowledge to
(a) decide when statistical audit samples may be aopropriate, (b) design
and seiect a valid sample, (c) evaluate the audit evidence from the
sample, and (d) apply the evaluation in the overall context of the
audit."

Some basic auditing issues include: (a) defining ultimate risk;
(b) identifying how sampling is to be used in the audit process; (c) de-
scribing the two common types of audit risks (alpha and beta risks) and
their causes; and (d) the pros and cons of judgmental vs. statistical
sampling.

The objective of an audit is an unqualified opinion, the opinion
paragraph summarizing the conclusions of detailed audit procedures.
The auditor's opinion concludes that: (a) lack of potential hazard to
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the public is fairly presented, and (b) is in confirmity with generally
accepted accounting principles applied cn a consistent basis.

The term "fairly preserted" includes: (a) acceptability of the
accounting procedures applied, (b) adequacy of disclosures, ard (c) free-
dom from material errors,

The Commission inspector is more likely to have a science or engi-
neering degree than an accounting degree, but should acquaint himself
or herself with acceptable accounting procedures if that person is to
audit licensee's operations and records for regulatory and prior informa-
tion purposes. The final audit by the Commissicn should probably be
done by a certified public accountant under contract to the NRC.

An examination of the licensee's decommissioning activities begins
with a familiarization with the licensee's operations, including account-
ing procedures, which leads to the identification of risks of material
errors in the accounting records.

Statements on Auditing Standards (SAS), Section 320A by the Commit-
tee on Auditing Procedures of the American Institute of Certified Public
Accountants states that:

" 14... The ultimite risk against which the auditor and those
who rely on his opinion require reasonable protection is a
comhination of two separate risks. The first of these is that
material errors will occur in the accounting process by which
the financial statements are developed. The second is that
any material errors that occur will not be detected in the

auditor's examination,

15... The auditor relies on internal control to reduce the
first risk and on his tests of details and his other auditing

procedures to reduce the second.

19... The second standard of fieldwork recognizes that the
extent of tests required to constitute sufficient evidential
matter under the third standard should vary inversely with

the auditor's reliance on internal control and on his auditing

procedures should provide a reasonable basis for his opinion
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in all cases, although the portion of reliance derived from
the respective sources may properly vary between cases."

The above are intended only to introduce the need for standard
audit procedures. The original reference1
for more detail.

and others should be consulted

To determine sample size for an audit, according to acceptable
accounting procedures, the following should be specified:

(a) desired reliability (confidence 1imit);
(b) desired upper precision limit; and
(c) expected occurrence rate.

In other words, the technical monitor and/or his statistical advisor
and/or the accountant who makes the final audit of licensee and/or

inspector final survey reports should be aware of the need oi compat-
ability

6.1.1 Technical points for an inspector's audit of
licensee's records

Every site will have its special aspects and special check needs.

The following list is suggestive only and a specific site checklist
will need to be formulated for each site.

A.  Operational history of the site

Types and quantities of long-lived (more than 1 yr radio=
logical half-life) radionuclides entering, leaving, and
remaining un-site from start to finish.

All previous owners of the site.

Buried waste (including building rubble, etc.) on the
site.

Waste removed from the site (type and amounts).

B. Monitoring history of site

Results of all known radiological surveys of the site by
licensee, AEC, NRC, EPA, state, and any other regulatory
or consulting agency.

Instruments used, their calibration, sensitivity speci-
ficity, mode! numbers. etc.
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Radiological procedures used, including sample sizes,
areas of site surveyed, sampling procedures, site condi-
tions before, during, after surveys, etc.

Characteristics of the site

Meteorology (including rainfall, average wind direction);
water drainage patterns (both surface and subsurface);
soil retention properties; technologically unenhanced
background microheterogeneity (less than 1 m?) and macro-
heterogeneity (more than 1 km?) averaged on- and off-site.
Location of former security fence, buildings, etc.

Decommissioning procedures for the site

which structures were demolished and why, including extent
of radioactive contamination and disposition of rubble
and other contaminated materials (both on- and off-site
disposition). Pathways taken by trucks and other moving
vehicles to move contaminated materials for disposition.
Extent of soil transfer and coverage (including depth of
coverage, and original and final locations of soil loads
transferred). Extent of dust raising, settling, and re-
suspension during demolishing and physical decontaminating
procedures. Types (e.g., water, organic solvents, chelat-
ing agents, etc.) and amounts of decontaminating agents
used, their movement and disposition.

Names of responsible licensee staff persons, contractors,
consultants who could be contacted in potentially serious
or significant situations or operations for corroborative
or additional information needed to assess an operation,
procedure, or condition of consequence.

Survey design and procedures followed by licensee

Deviations from the general design and procedures given
as guidelines and reasons. Transit survey and staking

of the post-operational site. Gridding and stratification
of the site. Survey block sizes according to potential
hazard and magnitude of area. Method(s) of taking obser-
vations (air instrumental readings, and media sampling
for laboratory analyses. Selection and definition of
“population(s}” to be sampled.

Modes of sampling.
Recording of data.

Processing of data.

Storage of 1lyzed data.
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Quality Assurance on recording, processing, analyzing, storing,
interpretating, etc.

Interpreting analyzed data (including comparison with
regulations, guidelines, and decision among available
options - unrestricted release, restricted release,
second round of decontamination or cleanup, re-examination
of prior information, or independent radiological survey,
etc. ).

Six major areas (A-f) broken down into approximately 100 major and
minor points have heen enumerated above. This listing could be numbered
in more detail and expanded (or contracted) according to the magnitude
and hazard putential of a particular licensee's operation. Ffor example,
the use of a single short-lived isotope in small quantities would not
constitute a potential long-term hazard to the public if such a site
were approved for unrestricted release. Accordingly, many of the above
points could be eliminated or given minimum consideration. For the
case of a site using a single short-lived isotope, some of the main
points to confirm woula be: (1) that no previous long=1lived rad.o-
nuclides have been used by another licensee on that same site which is
a candidate for unrestricted release; (2) that the site not be released
for 10 half-lives or until the single nuclide invo’ ‘ed had decayed to
not more than three times unenhanced background typical for that area
whichever gives a smaller value; (3) that unenhanced background has
been reasonably well defined for the site and/or its immediate surround-
ing area; (4) that records are complete, accurate and adequate for the
cite as to ensure that no known storage or processing of radiocactive
materials occurred at the site since 1900, prior to the current licensee
with one or a few short-lived nuclides, or that survey design and pro-
cedures were adequate to include all previous storage or processing
operations,

6.1.2 Standardized checklists

Variety in purpose, form and detail for checklists is so great
that a single generalized form is not practical. The index for this
guide could constitute a generalized checklist. As an illustration of

a more detailed checklist th.t could be expanded into minute detail,
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and probabily unnecessarily so uniess a computerized data base for a
large organization is contemplated, see Table 6.1. Here each number
could signify a checklist. For example, checklist 263 (Table 6.1) would
represent documentation aspec’s of data collection, beginning with field
notebooks and how they could be formated to facilitate data collection
on-site, including such information as survey block number, type, size
and location of sample collected for laboratory analysis, of beta and
gamma readings taken 1 cm above soil surface, etc. The checklist 266
might include such guality assurance aspects of documentation as types
of documents to check (e.g., laberatory reports) frequency of checking,
how sampled, by whom, for what purpose, how verified, etc. A three-man
licensee operation would have little need for some checkiists that would
be essential to a large corporation.

Checklists as a methodology for control and decision-making have
been reviewed by Canter.2 For example, the U.S. Department of Trans-
portation has devised a checklist similar to a computerized interaction
matrix. The problem, such as monitoring, is divided into X areas and
subdivided into Y parameters.3 The U.S. Soil Conservation Service has
deveioped a scaling checklist.4 For additional information on scaling-
weighting and other types of checklists, see Canter.2

The chief caution is to make checklists no more elaborate than
necessary, to facilitate auditing, recordkeeping, quality control, legal
requirements and to hold costs down, consistent with the overall objec-
tive and moral responsibility of protecting the public health from
adverse effects of previous operations by the licensee.

There is no fine line of distinction between checklists and some
types of recordk2eping forms which are a form of checking. One such
form is illustrated in Fig. 6-1.



Table 6.1 Example of elaborate checklist system

DATA

Cost
Survey . Instrument- - . Interpre- Quality effect-
design HICRLFons ation Collection Analysis tation assurance ness
Survey design 000 001 002 003 004 005 006 007
Air 010 011 012 013 014 015 016 017
Soil 020 021 022 023 024 025 026 027
Water 030 031 032 033 034 035 036 037
Vegetation 040 041 042 043 044 045 046 047
Real estate J50 051 052 053 £54 055 056 057
Locations 060 061 062 063 064 0€5 066 067
Outdoor 070 071 072 073 074 07Y 076 077
Grid No. 080 081 082 083 084 085 086 087
Surface 090 091 092 093 094 095 096 097 -
Volume 100 101 102 103 104 105 106 107 S
Indoor 110 111 112 113 114 115 116 117
Grid No. 120 121 122 123 124 125 126 127
Instrumentation 130 131 132 133 134 135 136 137
Selection 140 141 142 143 144 145 146 147
Calibration 150 151 152 153 154 155 156 157
Sensitivity 160 161 162 163 164 165 166 167
Specificity 170 171 172 173 174 175 176 177
Durability 180 181 182 183 184 185 186 187
Cost 130 191 192 193 194 195 196 197
Data 200 201 202 203 204 205 206 207
Collection/Format 210 211 212 213 214 215 216 217
Analysis 220 221 222 223 224 225 226 227
Interpretation 230 231 232 233 234 235 236 237
Comparison 240 241 242 243 244 245 246 247
Computerization 250 251 252 253 254 255 256 257
Documentation 260 261 262 263 264 265 266 267
Standards 270 271 272 273 274 275 276 277

Compliance 280 281 282 283 284 285 286 287
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6.2 Inspection Survey

In essence, this is a manual of design and procedures for a verifi-
cation survey, except that it has a dual function since it serves the
same purposes for the licensee's final survey. The two surveys are
inextricably linked from an inspection viewpoint in that the verification
survey can only be an independent samplinc of the licensee's more elabo-
rate survey, and not a complete duplicat.on. Where the licensee may
have taken, for example, thousands of air gamma readings, the inspector
will take only a few hundred. As a rough guide, the inspector's survey
efforts may be a 1 to 10% sampling of licensee's results, using the
same survey block system staked or otherwise marked out. For a small,
simple, straightforwa~d site of relatively low hazard potential in terms
of quantities and radiolcgical half-lives, a 0.1% sampling might suffice.
Because of the wide variety of sites, hard and fast rules cannot be
stated before the fact.

As with the licensee, the inspection survey starts with some prior
information on which to base a survey design (Section 3.2) and procedures
to follow (Section 3.3). tailored to the specific site in question.
Background for the site area must be well-defined, the design and pro-
cedures should be statistically defensible such as sample size selection,
all aspects of planning and implementation properly documented and sub-
jected to standard quality control procedures, including proper instru-
mentation and use, and correct evaluation and interpr tacion of resuits
made in terms of existing standards and regulations. These aspects of
the inspection survey plan and implerentation are treated in the respec-
tive sections, as shown in the index.

Specific aids for conducting the inspection or verification survey
are ennumerated in Appendix IV under Inspection for Certification.

6.2.1 Field measurements and sampling by inspector

Having studied all available prior information on the specific
site to be visited for the verification survey, including especially
the licensee's final survey, the inspector is now ready to go on-site
for three reasons:
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(1) to take radiation readings (beta, gam=z and/or alpha
according to the site),

(2) to take soil and other media samples as projected from
his plan, and

(3) to select split samples held in reserve by the licensee,
or designated representative, if not picked up at an
earlier date, at tne designated repository. (In some
cases no buildings will be left on the site and the
licensee will not be in residence.)

Verification survey must be made while stakes, flags, or other temporary
markers still define the survey blocks used by the licensee for his
final survey. If the inspector has made an earlier visit to survey
cxcavated areas before backfilling with clean fill, these results should
be considered part of the verification survey.

Radiation readings will be taken according to plan, and if while
being taken there is indication or desire to take additional readings
not included inr the plan, the inspector should exercise this option.
Air sampling is covered in Section 3.2.1.1.4, soil in 3.2.1.1.2, and
water in 3.2.1.1.3. In many cases a simple random sampling at known
grid points or within survey blocks selected at random may suffice.
For more complex situations, a simple stratification into inside and
outside operational areas, allocating more measurements and samples
within, may suffice. For high-hazard potential sites, a sampling scheme
approaching that of the licensee's may be required. In view of the
fact that a site may range from a one-man to a thousand-man operation
and more, hard and fast rules cannot be given before the specific facts
are known and studied.

See Appendix V for some specific recommendations that the inspector
~eeds to consider. Although Appendices IV and V are meant to be generic
applications of the marual design and procedures to reactor and mill
sites in general, they are sufficiently general to be applicable to
other former nuclear operations sites.



6.2.2 Split and replicate sampling
In the trade, several types of samples may be used:

1. Split sample. A large sample taken from a coordinate
point is divided into two or more smaller sawples ard
given to two or more parties. Results of independent
analyses by the two or more parties may differ signifi-
cantly, to the extent that each party subjects each
sample to differing degrees of drying, grinding and/or
mixing. To be a good split sample, drying, grinding,
and mixing should be done under standard conditions
before splitting into two or more sampiers for two or more
parties.

s Replicate sample. When more than one sample is taken
from the same spot, the samples are known as replicate
samples. Technically speaking, once a <oil sample has
been removed, a hole remains which cannot be sampled
again. A second adjacent sample to the hole could be
somewhat different. A sample taken after a rain would
have a higher water content than one taken in the same
area before the rain, which might or might not be signif-
icant. A split sample is to be preferred to a replicate
sample when available.

3. Grab sampie. A random sample, not taken from a grid.

4. Biased sample. Taking a sample where at least trace
contaminatior is known or believed to exist.

-3 Composite sample. Two or more samples combined into a
larger one.

[f as part of the survey plan filed by the licensee it was stated
that all or some proportion of samples taken during the final licensee
survey would be split and held in reserve, then the inspector has avail-
able to him such samples from which to select and send out for analysis
as an independen* check on licensee's reported results. If split sam-
pling had not been agreed upon between licensee and the license-issuing
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agency beforehand, then split samples are not likely to be available.
In this case, or in addition, the inspector must select his own biased
and/or unbiased samples at the site. The advantage of taking some biased
samples lies in the fact that measurable readings in air can be taken
at the soil sampling spot for generating correlation curves between
readings and soil concentrations. Where correlations -re sufficient to
be usable, more air readings and fewer soil samples car be taken. To
cut down on bagying and tagging, several scattered samples of soil may
be combined in one bag in an area where contamination potential! is known
to be low, such as background areas, provided a minimum of 30 separate
s0il samples are taken for separate analyses in an area where background
has not been thoroughly defined, especially for the iicensee. A 10%
background sampling by the inspector in such a case would mean a minimum
of 3 soil bags properly tagged for contents.

6.3 Duplicate Sample Analysis Comparison by an
NRC or Independent Laboratory

For legal validity there must be an unbroken chain defining the
sample from the moment it is removed from its resident spot on the site,
bagyged, tagged, dried, ground, mixed, split, stored, shipped, analyzed,
and recorded. Results of analysi. on several split soil samples that
were also analyzed by the licensee are averaged, the standard deviation
and confidence interval for the true mean calculated at the 95% confi-
dence level and compared with results obtained by the inspector. The
usual precautions must be taken, such as use of NBS standard samples
where available, the same standardized procedure (such as an ASTM method)
as was used by the licensee. It is important that the sample used for
analysis be of adequate size, not less than 0.2 gram. Occasional inter-
comparisons between laboratories by analysis of common ¢ Landards should
be an integral part of quality assurance. The EPA, NRC, and other
regulatory agencies will be requiring such documentation to ensure the
validity of duplicate sample analyses by licensees and licensors.
Detailed considerations on sample analysis can be found in Kolthoff and

Elving.5
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7.0 FUTURE RESEARCH AND EFFORT

Areas that should be investigated or stressed relative to final
surveys by licensees, and certification surveys by the NRC inspectors,
for unrestricted release of sites include the following:

1. More extensive information on natural radiation back-
ground variability in the United States, county by
county.

2. More extensive information on technological enhancement
of radiation background due to fallout from weapons
testing, from operating nuclear facilities, and other
man-made sources of increased radiation background.

3. Continued development of low-cost, rugged, high sensi-
tivity/specificity instrumentation for field use, for
both measurement and data processing of the measure=
ments.

4. FEstablishment of usable correlations where feasible be-
tween air radiation readings and soil nuclide con.en-
trations to de:rease soil sampling costs.

5 Increased use of statistical quality control on cleanups
and surveys to help hold costs down.

6. Increased use of inter-l.ocratory comparisons of instru-
ments, and of standard soil and core samples.

7. More extensive documentation of published experimental
data for statistical analysis.

8. Residual soil limit standards for all radionuclides
produced in significant quantities by nuclear facilities,
to facilitate cleanup and survey operations.

9. Further investigation into the probability and conse-
quences of missing significant hot spots in the final
certification survey.

10. Realistic pathway parameters, based on new experimental

results to verify and improve existing models.
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11.

12.

158

Improved dose calculations based upon more experimental
data designed specifically for ICRP and NCRP.

Realistic correlation between dose calculations and
pathological effects of low-level radiation upon human

populations.
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GUIDELINES FOR JECONTAMINATION OF FACILITIES AND EQUIPMENT
PRIOR TO RELEASE FOR UNRESTRICTED USE
OR TERMINATION OF LICENSES FOR BYPRODUCT, SOURCE,
OR SPECIAL NUCLEAR MATERIAL

U. 5. Nuclear Regulatory Commission
Division of Fuel Cycle
and Material Saiety
washington, D. C. 20555

November 1376
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The instructions in this guide in conjunction with Table 1.1 specify
the radioactivity and radiation . xposure rate limits which should be
used in accomplishing the decontamination and survey of surfaces or
premises and equipment prior to abandonment or release for unrestricted
use. The limits in Table 1.1 do not apply to premises, equipment, or
scrap containing induced radioactivity for which the radiological con-
sideraticns pertinent to theiy use may be different. The release of
such facilities or items from regulatory control will be considered on

a case-by-case basis.

1. The licensee shall make a reasonable effort to eliminate
residual contamination.

2. Radioactivity on equipment or surfaces shall not be
covered by paint, plating, or other covering material
unless contamination levels, as determined by a survey
and documented, are below the limits specified in
Table 1.1 prior to applying the covering. A reasonable
efiort must be made to minimize the contamination prior
to use of any covering.

3. The radioactivity on the interior surfaces of pipes,
drain ‘ines, or ductwork shall be determined by making
measurements at all traps, and other appropriate access
poinis, provided that contamination at these locations
is likely to be representative of contamination on the
interior of the pipes, drain lines, or ductwork. Surfaces
of premises, equipment, or scrap which are likely to be
contaminated but are of such size, construction, or
location as to make the surface inaccessible for purposes
of measurement shail be presumed to be contaminated in
excess of the limits.

4. Upon request, the Commission may authorize a licensee to
relinquish possession or control of premises, equipment,
or scrap having surfaces contaminated with materials in

excess of the limits specified. This may include, but
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Table I-1. Acceptable surface contamination levels

- r
Nuclides® Avcrueb'a" min-b'd"( lcloubleb"'
U-nat, U-235, U-238, and 5,000 dpm 2/100 cm® 15,000 dpm /100 cm® 1,000 Aom /100 cm’
associated decay products
Transuranics, Ra-226, Ra-228, 100 dpm/100 cm® 300 dpm/100 cm® 20 dpm/100 cm?

Th-230, Th-228, Pa-231,
Ac-227, 1-125, 1-129

Th-nat, Th-232, Sr-350 1,000 dpm/100 cm® 3,000 dpm/100 cm?® 200 dpm/100 cm®
Ra-223, Ra-224, U-232, I-126,

[-131, 1-133

Beta-gamma emitters (nuclides 5,000 dpm 2y/100 cm’ 15,000 dpm £y/100 cm’ 1,000 dpm £y/100 cm?

with decay modes other than
alpha emission or spontaneous
fissior) except Sr-90 and
other noted above,

vo1

“Where surface contamination by both alpha- and beta-gamma-emitting nuclides exists, the limits established for alpha-
and beta-gamma-emitting nuclides should apply independently.

bAs used in this tab.e, dpm (disintegrations per minute) means the rate of emission by radioactive material as
determined by correcting the counts per minute observ:d by an appropriate detector for background, efficiency, and geometric
factors associated with the instrumentation.

cMeasure-ents of average contaminant should not be averaged over more than 1 square meter. For objects of less surface
area, the average should be derived fcr each such object.

€ maximum contamination level applies to an area of not more than 100 cm®.

“The amount of removable radioactive material per 100 cm’ of surface area should be determined by wiping that area with
dry filter or soft absorbent pever, applying moderate pres_ure, «ud assessing the amount of radioactive material on the wipe
with an appropriate instrument of known efficiency. When removable contamination on objects of less surface area is
determined, the pertinent levels should be reduced proportionally and the entire surface should be wiped.

&~

“The average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters
should not e: “eed 0.2 mrad/hr at 1 cm and 1.0 mrad/hr at 1 cr, respectively, measured through not more than 7 milligrams
per square centimeter of total absorber.
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would not be limited to, special circumstances such as

razing of buildings, cransfer or premises to another

organization continuing work with radioactive materials,

or conversion of facilities to a long term storage or

standby status. Such reguest must:

a. Provide detailed, spccific information describing
the premises, equipment or scrap, radioactive

contaminants, and the nature, extent, and degree
of residual surface contamination.

b. Provide a detailed health and safety analysis
which reflects that the residual amounts of
materials on surface areas, together with other
considerations such as prospective use of the
premises, equipment or scrap, are unlikely to
result in an unreasonable risk to the nealth and
safety of tha public.

S. Prior to release of premises for unrestricted use, the
lirensee shall make a comprehensive radiation survey
which establishes that contamination is within the limits
specified in Table 1.1. A copy of the survey report shall
be filed with the Division of Fuel Cycle and Material
Safety, USNRC, Washington, D.C. 20555, and also the
Director of the Regional Office of the Office of Inspec-
tion and Enforcement, USNRC, having jurisdiction. The
report should be filed at least 30 days prior to the

planned date of abandonment. The survey report shall:
a. Identify the premises.

b. Show that reasonable effort has been made to
eliminate residual contamination.

c. Describe the scope of the survey and general
procedures followed.

d. State the findings of the survey in units speci-
fied in the instruction.

Following review of the report, the NRC will consider visiting the
facilities to confirm the survey.
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PROPOSED STANDARDS

The Administrator of the EPA hereby proposes to add a Part 192 to
Title 40 of the Code of Federal Regulations as follows:

Part 192 - ENVIACNMENTAL PROTECTION STANDARDS FOR
URANIUM MILL TAILINGS

Subpart A -- Environmental Standards for the Disposal of Uranium
Mill Tailings from Inactive Sites

Sec.

192.01 Applicability
192.02 Definitions
193.03 Standards

Subpart B -- Environmental Standards for Remedial Action for
Cpen Lands and Buildings Contaminated due to Uranium
Mill Tailings from Inactive Processing Sites

Sec.

192.10 Applicability
192.11 pDefinitions
192.12 Standards

Subpart C -- Variances

Sec.

192.20 Application for granting of a variance

(Authority: Section 275 of the Atomic Energy Act of 1954, 42 U.5.C.
2022, as amended by the Uranium Mill Tailings Radiation Control Act
of 1978, PL 95-604.)



Subpart A -- Environmental Standards tor Disposal of Uranium
Mill Tailings from Inactive Processing Sites

132.01 Applicability
This subpart applies to the disposal of residual radioactive mate-
rial at any designated processing site or depository site as part of any

remedial action conducted under Title I of the Uranium Mill Tailings
Radiation Control Act of 1978 (PL 95-604)

192.02 Definitions

(a) Unless otherwise indicated in this subpart, all terms shall
have the same meaning as that provided by Title I of the Uranium Mill
Tailings Radiation Control Act of 1978.

(b) Remedial action means any action performed under Section 108
of the Uranium Mil] Tailings Radiation Control Act of 1978.

(c) Disposal means any remedial action intended to assure the safe
and environmentally sound stabilization of residual radioactive materials
on a long-term basis.

(d) Disposal site means the region within the smallest practical
boundaries around residual radioactive material following completion
of disposal.

(e) Depository site means a site selected under Section 104(b) or
105(b) of the Uranium Mil) Tailings Radiation Control Act of 1978.

(f) Aquifer means a geologic formation, group of formations, or
portion of a formation capable of yielding usable quantities of greund-
water to wells or springs.

(g) Contaminate means to introduce a substance that would cause:

(1) the concentration of that substance in an aquifer
to exceed the maximum level specified in Table A, or

(2) an increase in the concentration of that substance
in an aquifer, when the existing concentration of that
substance exceeds the mavimum level specified in Table A.

(h) Groundwater means water below the land surface in the zone of
saturation.
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(i) Underground drinking water source means:
(1) an aquifer supplying drinking water for human
consumption, or
(2) an aquifer in which the groundwater contains
less than 10,000 mg/P total dissolved solids.
(j) Curie (Ci) means that quantity of a radioactive meterial which
produces 37 billion nuclear transformations per second. (One picucurie
(pCi) = 10-12 Ci.)

192.03 Standards
(a) The disposal of residual radioactive materials shall be con-

ducted in a way that provides reasonable assurance that for one thousand
years following the disposal:

(1) The average annual release of ?*“Rn from the

residual radioactive materials to the atmosphere

shall not exceed 2 pCi/m???-sec, and

(2) No underground drinking water source shall be con-

taminated by substances released from the residual radio-

active materials.

(3) Releases from the residual radioactive material to

surface waters shall not cause a violation of any

promulgated and approved standards under Section 303

of the Clean Water Aci, PL 95-217.

(b) The values in Table A shall apply to the dissolved portion of

any listed substance at a distance of

(1) 1.0 kilometer from the disposal site if the

disposal site is part of an inactive processing

site, or

(2) 0.1 kilometers from the disposal site if

the disposal site is a depository site.



172

Subpart B -- Environmental Standards for Remedial Actions for
Open Lands and Buildings Contaminated due to Uranium Mill
Tailings from Inactive Processing Sites

192.10 Applicability
This subpart applies to open lands and buildings which are part of
any designated processing site.

192.11 Defini

(a) Unle: <»wise indicated in this subpart, all terms shall
have the same meaning as that provided by Title I of the Uranium Mil]
Tailings Radiation Control Act of 1978, or by subpart A of this part.

(b) Open land means any land (surface and subsurface) not covered
by a building, which is part of a designated processing site, but which
is not a disposal site.

(c) Working level (WL) mears any combiration of short-lived radon
daughters in one liter of air that will result in the ultimate emission
of alpha rays with a total energy of 1.3 x 10° miliion electron volts.

(d) Dose equivalent means the product of absorbed dose and ap-
propriate factors to account for differences in biological effectiveness
due to the quality of radiation and its spatial distribution in the body.
The unit of dose equivalent is the "rem."

192.12 Standards

(a) The average concentration of 22%Ra in a 5 centimeter or smaller
thickness of soil or other materials shall not exceed 5 pCi/gm after the
completion of remedial actions.

(b) Section (a) of this subpart shall not apply to soil or other
materials for which residual radioactive materials appear to play no
role in causing the average concentration of 22%Ra to be greater tnan
5 pCi/gm.

(c) The levels of radioactivity in any occupied or occupiable
building at any designated processing site shall not exceed the values
specified in Tabie B after the completion of remedial action at that
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site, except wnere residual radicactiv. materials appear to play no
role in causing the values in 1able B to be exceeded.

(d) The cumulative lifetime radiation dose equivalent to any organ
of the body of a maximally exposed person due to radionuclides other
than 22%Ra and its daughters, resulting from the presence of residual
radioactive materials, shall not exceed the maximum doses which could
occur from 226Ra and its daughters under paragraphs (a), (b), and (c)
of this section.

Subpart C == V-. ances

192.20 Application for granting of a variance

The Administrator of the EPA may wa.ve or reduce the requirements
of Sections 192.03 and 192.12 upon application by the implementing
authorities. Any such application sha'l be a public record stating the
specific conditions and reasons for which the exception is requested.
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Table A
e e S s I R T I N R 0.05 mg/g
R L e o 2 a e i Ty e el 1.0 mg/P
R, i 0 i f e f iy et st e 0.01 mg/P
BIBEE S 5 o 0™ 1% b v b w e e Sy 0.05 mg/P
e R b R 0.05 mg/P
A T e et 0.05 mg/P
L e o S R 0.002 mg/P
Molybdenum . . . . . . . . . . .. ... ... ... 1.0 mg/P
RERRE « s s a0 o e ek T | e ke g T RS 0.2 mg/P
L e (MMt R S o S s 0.01 mg/P
IR S W aie s ek Ay ik B e L 0.05 mg/P
Combined “2%Ra and 22%Ra ., ., , . ., . . . . . . . . .. 5.0 pCi/p
Gross alpha particle activity (including 226Ra, but
excluding radon and uranium) . . . . . . . . . .« . .15.0 pCi/p
Table B
Average Annual Radon Daughter Concentration . . . . . 0.005 wL

(above average background)

External Gamma Radiation. . . . . . . . . . . . . .. 0.010 mR/h
(above background)
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Property shall not be released for uncontro!led use unless documented
measurements show the total and removable contamination levels tu be
no greater than the values in Table [II-1 or Takle II1-2. (Table 1I1-2
is easier to apply when the contaminants cannot be individually
identified.)

wWhere potentially contaminated surfaces are not accessible for measure-
ment (as in some pipes, drains, and ductwork), such property shall not
be released pursuant to this standard, but made the subject of case-by-
case evaluation. Credit shal! not be taken for coatings over contam-

ination,
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Table I11-1
Surface Contamination Limits
The levels may be averageda over the 1 m? provided the maximum activity

in any area of 100 cm? is less than 3 times the limit value.

Limit (activity)
Nucide dpm/100 cm?

Total Removable

Grou% 1: Nuclides for which the nonoccupational

MPC “ is 2 x 10-'3 Ci/m® or less or for which the

non8ccupational MPC @ is 2 x 10-7 Ci/m® or less;

includes Ac-227; Am¥241; -242m, -243; Cf-249; 100 20
-250, =251, -252; Cm-243, -244, -245, -246, -247,

-248; 1-125, -129; Np-237; Pa-231; Pb-210; Pu-238, d

-239, -240, -242, -249, Ra-226, -228; Th-228, -238.

Group 2: Those nuclides not in Group 1 10r which

the nonoccupational MPC_P is 1 x 10-12 Ci/m® or

less or for which the nﬁnoccupational MPC © is 1000 200
1 = 10-% Ci/m® or less; includes Es-254; “Fm-256; 3
[-126, -131, -133; Po-210; Ra-223; Sr-90; Th-232,

u-232.4

Group 3: Those nuclides not in Group 1 or
Group 2. 5000 1000

“see note following table on applications of limits.

bHPC © Maximum Permissible Concentration in Air applicable to
continuou exposure of members of the public as published by or derived
from an authoritative source such as NCRP, ICRP, or NRC (10 CFR 20,
Appendix B. Table 2, Column 1)

“MPC : Maximum Permissible Concentration in Water applicable to
members of the public.

dValues presented here are obtained from 10 CFR Part 20. The most
limiting of all given MPC values (e.g., soluble vs. insoluble) are to
be used. In the event of the occurrence of a mixture of radionuclides,
the fraction contributed by each constituent of its own limit shall be
determined and the sum of the fractions must be less than one.



180
Table 111-2

Alternate Surface Contamination Limits

(A1l alpha emitters, except U-nat and Th-nat are considered as a group. )
The levels may be averaged over 1 m?“ provided the maximum activity in
any area of 100 cm® is less than 3 times the limit value.

Limit (activity)
Nuc | ide dpm/100 cm?

Total Removable

If the contaminant carnot be identified; or
if alpha emitters other than v nat and Th-nat 100 20

are present; or if the beta emitters comprise
Ac-227, Ra-226, Ra-228, 1-125, and 1-129.

[f it is known that all alpha emitters are

generated from U-nat and Th-nat; and beta

emitters are present which, while not 1000 200
identified, do not include Ac-227, 1-125,

1-129, Ra-226, and Ra-228.

If it is known that alpha emitters are

generated on.y from U-nat and Th-nat; and

the beta emitters, while not identified, 5000 1000
do not include Ac-227, 1-125, 1-129, Sr-90,

Ra-223, Ra-228, 1-126, 1-131, and I-133.

aNote on applicatiza of Tables 2 and 3 to isolated spots or activity:

For purposes of averaging, any m? of surface shall be considered to be
contaminatea above the limit, L, appiicable to 100 cm? if:

3, From measurements of a representatiie number, n, of sections, it
is determined that 1/n ﬁSi > L, where Si is the dpm/100 cm? determined

from measurement of section i; or

b. On surfaces less than 1 m*, it is determined that 1/n ﬁSi 2 AL,
where A is the area of the surface in units of m?; or

¢ It is determined that the activitz of all isolated spots or
particles in any area less than 100 cm? exceeds 3L.



APPENDIX IV

APPLICATION OF A REFERENCE MONITORING SURVEY
TO A REFERENCE REACTOR SITE



183

APPLICATION OF A REFERENCE MONITORING SURVEY
T0 A REFERENCE REACTOR SITE

This appencix deals with the application of the termination survey
monitoring methodology described in the body of this raport. The partic-
ular application involves a reference light-water reactor site which
has been used previously1 for determination of decommissioning costs.
while the reference site bears close resemblance to an existing pres-
surized water reactor, the site description is generic enough to apply
to the decommissioning of power reactors in general. A few changes
would be in order for the survey of a boiling water reactor but would
not represent extensive modificatio of the survey design discussed in
this appendix.

The reactor site is generally located in a rural a“ea with charac-
teristics similar to those found in midwestern or south mideastern
United States. A power reactor may occupy an area of 4.7 kv? (1160
acres) in a rectangular shape (2 km x 2.35 km) with a moderate size
river running by sne corner of the site. The plant facilities are
located inside a much smaller fenced in portion of the site (~0.1 km? )}
(see Fig. Iv-1 and Table 3.6).

The site occupies a low bluff that forms a bank of the river running
through one corner. Several flat alluvial terraces comprise the main
topographic features of the property. These terraces lie at average
elevations of 280 to 284 m above sea level and slope away from the river
at grades of 2 to 3%. The river is used for disposal of acceptable
liquid effluents from the reactor facility.

The major structures on the reference site include the r=ictor
building, turbine building, auxiliary building, fuel building, control
builaing, condensate demineralizer building, chlorine building, adminis~
tration building, cooling tower and the shop and warehouse.

The reactor building, designed to house the primary nuclear system,
is in the shape of a right circular cylinder. It has a hemispherical
dome and a flat base slab with a central cavity and instrumentation
tunnel. The building is constructed of reinforced concrete prestressed

by post-tensioned tendons in the cylinder walls and dome. The interior
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Fig. IV-1. Reference reactor site used for illustrating
termination survey application. Shaded structures are assumed to be
removed during decontamination. Actual structures retained will
depend upon the specific site.
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is lined with steel plates welded to form a leak-tight barrier. It
consists of essentially two structures on a common foundation. The
primary function of the outer structure is to provide a leak-tight vessel
and biological shielding for normal and accident situations. The
interior structure, constructed of reinforced concrete, provides biolog-
ical shielding around the nuclear steam supply system and consists of
the reactor cavity, biological shield, steam generator and pressurizer
compartments, and the refueling pool.

The reactor site has the potential for contamination with a greater
number of radionuclides than any other prospective decommissioned site
with the exception of a spent fuel processing facility. Because of
their functions, the auxiliary and fuel buildings have a potential for
sontamination approaching that of the reactor pbuilding. Part of the
contaminating radionuclides are derived from neutron induced reactions
on reactor components, exclusive of fuel, and structural materials,
concrete and reinforcing steel. Also, contaminating fission-derived
radionuclides may have escaped through a rupture in the fuel cladding,
generally, in the gaseous phase, and, therefore, tending to diffuse off
the site. Another aspect to be considered in the planning process of a
decommissioning survey is the fact that the half-1ives of most of the
contaminants are in excess of one year of which approximately 25%,
exclusive of the fuel related radionuclides, are solely beta or beta-
gamma emitters. This is evident from a review of Table IV-1 which lists
many of the possit’e contaminants according to their origin, half-life,
and particle energy

0f the radionuclides listed in Table IV-1, exclusive of the fuel
sources. there is no single identifying feature other than the fact that
all, except one, can be measured with an open mica window (1.5 to
2.5 mg/cm?) Geiger-Mueller (G-M) probe. Since the beta radiation energy
threshold for this probe is approximately 40 KeV, tritium is the only |
potential surface contaminant not detectable with this instrument.
Therefore, the surveyor is encouraged to use this type of instrument
for beta-gamma measurements for preliminary and formal surface surveys.
Although surface beta-gamma measurements will entail more time than the
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Table IV-1. Partia) listing of reactor site radionuclides
Source and Energy of major emissions
radionuclide Half-life Beta Alpha
(MeV) (Mev) (MeV)
Activation products
34 12. 3y 0.018
14C 5730y 0.156
54Mn 312d 0.835
55Fe 2.74y 0.25
57Co 270d 0.122
60Co 5.26y .17, 0.31
1. 33
6IN§ 100y
657n 245d 1.11 0.327
93 3 x 103y 1.03
108 5y 0.614
110%Aq 253d 0.658 0.039
Fission products
90Spr-90y 27.7y 0.546,
- % 4
937p 9.5 x 105y v.030 0.063
103Ry 39.5d 0.497 0.70
106Ry 369y 0.511 0.0394
1291 1.59 x 107y 0.040 0.15
1255h 2.73y 0.41 N.61
134Cs 2.06y 0.605 0.662
137Cs 30. 1y 0.662 0.512
l4hCe 284d 0.134 0.31,
8 99
Fuel
235y 7.1 x 108y 0.185 4.58
238y 4.5 x 10% 0.063 4.20
237Np 2.14 « 106y 0.086 4,78
239py 2.44 « 104y 0.052 5.16
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1 m air gamma measurements, they will better characterize the heteroge-
neous conditions likely to exist at a reactor site. Beta measurements
are determined by the difference between open~ and closed-window readings
taken with a G-M probe at 1 cm from the surface. Nal crystals are more
sensitive than G-M probes.

Nose Assessment Methodology

To place in perspective the residual radioactivity levels for the
spectra of radionuclides associated with the operation of the reference
reactor site, numerical estimates of radiation dose to man were devel-
oped.z‘3 These estimates provide insight into: a) what residual radio-
activity level would not exceed a given dose limit; b) which of the
various exposure pathways are significant; and ¢) which radionuclides
are significant for the reference reactor site. Calculations of the
relative contribution of the radionuclides4 on the reference reactor
site are presented in Table IV-2. The doses from the major radionuclides
were calculateds'6 for various pathways to man and the results given in
Table IV-3.

In these calculations, it was assumed that the reactor was decom-
missioned four years after shutdown and that wooden frame houses were
constructed on the site for residential use at six years following shut-
down. Residence in wooden houses reasonably represents the most re-
strictive use of the decommissioned site. It was further assumed that
surface activity levels at six years following shutdown1 represented
soil contamination to a depth of 15 cm. Tho resulting total contamina-
tion levels (pCi/g) to produce annual doses of 1, 5 and 25 mrem are
given in Table IV-4. In Table IV-3 it can be seen that three radio-
nuclides contribute more than 99% to the total dose from all pathways;
those being ©°Co, %7Sr, and '37Cs. These are the contamination levels
that should be measured in the soil to verify compliance with decommis-
sioning criteria. Due to its longer half-life, 137Cs will become a
major contributor ten years or more after shutdown.

If only the direct and inhalation exposure pathways are operative,
as is the case for contaminated building surfaces, the total limiting
surface contamination level can be determined as given in Table IV-5.
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Table IV-2. Calculated isotopic composition of radioactive
surface contamination on the reference reactor site

Radionuc) ide Half-1ife Fractional contamzn;tion at deca{ot;me
54Mn 312d 2.4E-2 1.26-3 1.2E-5
58Co 71d 8.6E-3 b ;
60Co 5.26y 3.0E-1 2.4E-1 1.8E-1
59Fe 45.6d 3.6E-4 b b
895y 50. 3d 4,3E-4 b b
ELINS 27.7y 5.1E-2 6.1€-2 6.8E-2
90y 64h (27.7y)° 5.1E-2 6.1€-2 6.86-2

1311 8.08d 1.6E-3 b b

1331 20.3h 1.6E-4 b b

134cg 2.06y 3.0E-2 1.0€-2 1.76-3

137cg 30. 1y 5.3E-1 6.3E-1 7.2E-1
1.060 1.0E 1.0E0

!
|

“Composition of residual radioactive contamination taken from
ref. 4, Final Generic Environmental Statement om the Use of Recyeled
Plutonium in Mixed Orxide Fuel in Light Water Cooled Reactore, NUREG-0002,
Vol. 3 (Augqust 1976).

bVa1ues less than 1.0E-6.

“Daughter isotope seemingly decays with half-life of parent if not
chemically separated.




Table IV-3. Dose from pathways considered for the reference reactor site

: > ncentration r b
BN T - ?SCi/;)ao Direct® InhalationCI Doi:g::t::£ig Subnersionf. lotal
S4Mn 1.2E-5 7.4E-5 6.1E-14 6.2E-8 5.2E-15 7.4E-5
69Co 1.0E-2 1.8E-1 1.2E-9 2.2E-3 1.4E-11 1.8E-1
"Sr 3.3E-3 0 3.4E-9 7.8E-3 0 7.8E-3
had | 3.3 1.3E-8 2.1E-11 9.8E-6 1.7E-19 9.8E-6
e X 3.0E-4 3.8E-3 1.1E-11 3.7E-5 2.4E-13 3.8E-3
*a7Cs 3.4E-2 1.5E-1 9.0E-10 2.9E-3 1.2E-11 1.5E-1
Total 3.4E-1

@concentraction in soil at 6 years after shutdown (ref. 1).
bTotal body dose equivalent (ICRP26).

®Individual resicdes in a wooden frame house (shielding factor 0.4). Home occupancy
6062 hr/y, outdoor occupancy 130 hr/y.

di.dividual on site 6192 hr/y, resuspended radioactivity is 10-!! of the top cm of
surface soil.

€0ne-third of diet iz from home garden.

fsame as for inhalation pathway.

681
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Table IV-4. Concentrations of radionuclides in soil on
reference reactor site which produces specified doses

Combined “ concentration in

Radionuclide pCi/g to produce dose of
1 mrem/y 5 mrem/y 25 mrem/y
“4Mn 3.5€-5 1.8E-4 8.8E-4
¢0Co 2.9E-2 1.5E-1 1.3¢-1
it 9.7E-3 4.9E-2 2.4E-1
"y 9.7%-3 4.9E-2 2.4€-1
¥4 Cs 8.8E-4 4.4E-3 2.2E-2
il " 1.0E-1 5.0€E-1 2.5E+0

a . . R . :

The sum of the radionuclide concentrations in a given
column will produce the anual dose given at the heat of that
column.

fable IV-5. Limiting surface contamination levels to
produce specific dose limit

Combined”® surface contamination?

Radionuc]ide (pCi/m?) to produce
1 mrem/y 5 mrem/y 25 mrem/y
54Mn 6.7E+1 3.4E+2 1.76+3
50Co 4.1E+3 2.1E+4 1. 0E+5
*0sr, 90y 2.3E+4 1. 1645 5.6E+5
134Cs 2.4E+2 1.2E+3 6.0E+3
137Cs 4.4E+4 2.2E+45 1. 1E+6

“The sum of the radionuclide concentrations in a given
column will produce the anual dose given at the heat of that
column,

b surtace contamination in a 10 x 10 x 3 m room. Individual
is exposed to direct radiation and inhalation of 10-% resus-
F:nded surface activity for 2000 h/y.
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surface contamination is of concern only in the buildings remaining on
the site. A slightiy different isotopic composition was assumed for
contamination inside buildingsl as compared to contamination spread over
the site itself. A comparison indicates that the contamination level
at the proposed 5 mrem/y is compatible with other regulatory guidance.7
The total contamination level of 3.5 x 105 pCi/m? corresponds to 7,770
dpm/100 cm? and present regulatory guidance specifies a maximum residual
contamination of 15,000 dpm/100 cm?. Nevertheless, it is prudent to
examine termination surveys which could be conducted over a range of
dose limits from 1 mrem/y (0.01 mSv/v) to 25 mrem/y (0.25 mSv/y) since
this criterion has not been established.

Reactor Site Conditions before Termination Survey

It is anticipated that a reactor site ready for a termination
survey has been restored, in the opinion of the licensee, to its pre-
oporational radiological condition within defined statistical certainty
limits. The termination survey, confirms or documents that desired con-
dition. In the process of preparing for the survey, a vigorous dis-
mant1ing and decontaminating program has been conducted in which equip~
ment and buildings have been decontaminated and some or all removed.
The reactor and related equipment have been removed to another and
approved burial or storage site. (Alternatively, the reactor may remain
intact or stabilized in concrete, in place.) If the reactor has been
removed, al) structural materials subjected to neutron induced contami-
nation have also been removed down to and including basic foundation
earth. Equipment and buildings supportive of the reactor operation have
also been dismantled and removed, typically.* In particular, the reactor

*The number and type of buildings actually demolished will depend
upon the specific site. This appendix is illustrative of tne applica-
tion of a methodology. Should one encounter a different set of build-
ings in an actual survey, the same procedures would be extended to cover
all existing structures.
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building, fuel building, auxiliary building, condensate demineralizer
building and cooling (ower could be demolished and removed. However,
removal of radioactive decontamination, and not of structures is the
primary aim of site decowmissioning, and is the bavis of an ORNL report8
on technology versus cost where it is assumed that al) buildings can be
decontaminated, and none demolished (see also ref. 1). Other buildings
on the site may be decontaminated successfully and released for unre-
stricted use. Contaminated surface soil and soil adjacent to the reactor
activated by neutron inducticn have also been removed. It has been
assumed that planning for decommissioning and decontamination phases
have occurred in the first four years after shutdown.

Planning the Termination Survey

The designer of the termination survey, whether Ticensee or agent,
should be thoroughly familiar with the dismantling and decontaminating
process. It would help if the designer could observe and/or participate
in the total decurmissioning activity, because surveys prior to, during
and after decommissioning operations are an essential planning aid for
the final survey.

For purposes of the final site survey, the following elements of
the site should be considered:

1. Ground areas of the site including soil-covered and paved
areas and the cavity (not backfilled before firal inspec-
tion survey) once occupied by the reactor, fuel and any
other buildings having a potential for elevated residual
activity.

2. Residual contamination on and in buildings, other struc-
tures and environment (soil, water, air, biota) remaining
on the site after decontamination.

3. Sites of demolished buildings or outside dismantled equip-
ment where radioirtive material may have been stored or
processed.



193

4. Paved, painted or otherwise covered areas suspected of
shielding radioactive deposits.
Surface and ground water within or adjacent to the reactor

wn

site, and drainage systems.

6. Air sampling for the purpose of identifying airborne radio-
activity indicative of soil or building contamination.

7. The stream bed adjacent to or in close proximity to the
steam turbine building and drainage systems.

Termination Survey Procedure

The licensee or his agent should plan to take the following course
of action to fulfill the monitoring requirements for decommissioning a
reactor or other type of site:

1. Evaluation of natural radiation background levels for the

site and immediate environs.

For large sites of many square kilometers, an aerial survey

at 50 to 150 m altitude is one possible option, with data

processing equipment in the plane of on the ground in a mobile
van. Gamma signals from NAI(T1) detectors mounted on the
plane or helicopter are summed and routed through an analog-
to-digital converter and pulse-height analyzer and recorded
on tape, along with altitude, map coordinates, and so forth

(see for example Table 4.3). For small sites less than

a square kilometer, and for alpha anr beta measurements,

surveys on foot are needed. For sufficiently energetic betas

and gammas, detectors mounted under a moving vehicle are an
alternative to foot surveys. Upwind, upsiream, uphill, and
off-site are normal requirements for background readings, with
no other nuclear facilities in the general area. Otherwise,
both facilities need to be analyzed in common Distances of
| but no more than 5 km from the site boundary should be suit-
able for background measurements. At greater distances, back-
ground may be significantly different from the local site
unenhanced background. For decommissioned reactor sites,
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preoperational survey for reactor-oriented nuclides such as
60Co, 137Cs, 134Cs. and 5*Mn would be optimum, but for older
sites may not be available in detail. If not, their determi-
nation in surface and subsurface soil and in water is required.
At least 30 background soil samples should be taken, document-
ing that background soil has the same general characteristics
as site soil where for the latter the likelihood of contamina-
tion is significant.

2. Evaluation of on-site radiation background levels where
there is more likelihood that some areas and buildings
may still have residual contamination.

Where prior information indicates or suggests contaminated
spots to be more likaly, stratification accordingly may be a
way of ailocating sampling to keep within reasonable size the
total number of samples needed for the entire site. Where
there is indication that the site is more or less homogene-
nusly contaminated, stratification may be unnecessary. Where
operational environmental monitoring data are incomplete or
insufficient, a preliminary post-operational survey will be
necessary to plan the final survey.

3. Evaluation of background levels within buildings where
there is greatest likelihood of residual contamination.

Since buildings where radionuclide activities were involved
tend to confine the activity, they frequently require more
detailed survey in the form of smear samples of surfaces for
residual contaminatior. due to insufficient cleanup or measure-
ment. Effluent routes (air, water) from buildings to outside
environment not removed by cleanup need particular survey
attention for possible residual contamination.
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Preliminary Survey

In preparation for a preliminary survey, establish the limits of
each survey unit along the following lines:

1. Floors, walls extending 2 m from the floor, ard roofs of
decontaminated buildings (Stratum 1 of Table 3.6).

2. Upper walls (extending above Z m from the floor), ceilings
and overhead structures in decontaminated buildings
(Stratum 1 of Table 3.6).

Excavated areas prior to backfill (Stratum 1 of Table 3.6).
Dismantled building sites (Stratum 1 of Table 3.6).
Outdoor areas within 10 m of buildings (Stratum 1 of
Table 3.6).

6. Outdoor controlled areas beyond 10 m but within the main
plant facilities area (typically 100-200 m radius around
reactor building) (Stratum 2 of Table 3.6).

7. Utility property beyond main plant area (typically 3-5 km? )
(Stratum 4 of lable 3.6).

8. Any other logical geographic area or localized area of
contamination (such as Stratum 3 of Table 3.6).

Make at leasi 30 beta-gamma measurements with an open-window Geiger-
Mueller probe 1 cm above the surface, at roughly uniformly spaced points
in each survey unit, to determine optimum number of grid or survey blocks
required for each survey unit. Use Eq. (3.1) and Table 3.7 with appro-
priate limitations to deteimine the grid structure. Once the survey
unit sizes have been decided upon, layout a grid for dimensioned indoor
and outdoor areas of each survey unit as indicated by the prior determi-
nation.

For indoor surveys, measure at ! cm above ."e surface with an open-
and closed-window G-M probe for beta-gamma and gamma activity levels at
a minimum of five points in the survey block. Scan the survey block
with tne open-window G-M probe to locate the maximum. At the beta-
gamma maximum point, e~.h type of measurement is taken, including smear

samples for measurement of transferable alpha and beta contamination.
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The five-measurement average of beta-gamma and gamma, and the gamma
measurement at 1 m above the center of the block ire reported.

For outside area surveys, measurements will be made at grid points
with both open- and closed-window G-M probe at ! cm from the surface
and with a gamma scintillator at 1 m above the surface. Scan each survey
block a few centimeters from the surface with the open-window probe for
the location of a maximum reading. After a maximum point is tound,
record the 1 cm surface beta-gamma and 1 m gamma reading.

Use of Preliminary Survey Data

Having determined the average and maximum beta-gamma measurements
for each survey block within the "unit." Decide whether simple or
stratified random sampling (see Section 3.5) of surface and subsurface
soil would best characterize the radionuclide level, and whether soil
samples should be taken at: (1) same points where beta, gamma readings
were taken, or (2) at different points from where beta, gamma readings
were taken, or (3) both (matched vs. unmatched observations).

Except where specified ~therwise, "unit" should be taken to mean
stratum. “Stratum" is defined in one of the following ways:

1. By variance - Collecting all values of observations fall-
ing within 1, 2, or 3 standard deviations ~f a selected
mean (i.e., grouping observations into Z or more strata.
Disadvantage: though preferred by statisticans, stratifi-
cation by variance destroys geographic relations of obser-
vations for surveyor's convonience.

2. Ry geography - Collecting all values of observations taken
on former processing building sites, and/or inside former
security fence area, etc

3. By geography and variance (e.g., two or more substrata by
variance within fenced area, main stratum). There can
be, or may have to be more than one stratification or sub-
stratification scheme [(1) one stratification by beta,
gamma readings 1 cm above soil surface, and (2) a second
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stratification of the site by a key nuclide whose geo-
graphic distribution pattern of soil concentration does
not coincide with the geographic distribution pattern of
air beta, gamma readings (because the latter air readings
include radiation fiom other beta and/or gamma emitters
than the key nuclide in question, and/or because the key
nuclide is not a beta and/or gamma emitter)].

To avoid two or more stratification schemes, one tries
to resort to a combined single stratification compromise
scheme, (e.g., by using a weighted sampie allocation
formula according to variance of each variable (beta,
gamma vs. nuclide A vs. nuclide B variances); the variable
with the greater variance getting the larger sample size
(at least between nuclide A and nuclide B since beta,
gamma readings can and should be large because of the low
cost per observation (reading). Consider stratified ran-
dom sampling if beta-gamma readings seem to exceed back-
ground in portions of the site. (See Sectiom 3.3.2 on
Outdoor Survey.)

Based on the hypothesis that a more or less direct relationship
exists between the open-window G-M measurements at 1 ¢cm from the soil
surface and th» radionuclide level in the topmost centimeters of soil,
it is possible to optimize the number of soil samples required to
characterize the survey unit. To find the number of soil samples, n,
required by simple random sampiing to estimate the mean of the soil
rad.onuclide concentration with a bound B on the error of the estimation
of 10% at the 95% level of confidence, use equation:

N o?

n= iz ¢+ (ref. 9) (1)

where

>
L]

number of soil samples for the survey unit,

number of survey blocks in the survey unit ("unit”
defined as stratum),
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2
D= (Z%l_ )
y = mean beta-gamma dose rate,
B = error expressed as a decimal, and
0? = population variance.

In practice, the population variance ic unknown. A sample variance,
s?, is available from the beta-gamma measurements from which we can
obtain an approximate sample size by replacing o? with s? in the above
equation.

I ¥y
52 =izl Jj (2)
where
y; = the ith beta- janma measurement, and

mean beta-gamma measurement.

~<
]

As an example of a situation at a reactor site ready for a decom-
missioning survey, consider the application of the above approach to a
survey unit of 100 grid blocks. Cheosing to sample beta-gamma readings
1 cm above suil samples at 30 random grid blocks (hypothetical measure-
ments given in Table IV-6), we obtain a sample variance from the mean
to estimate the number of soil samples required to furnish a radionuclide
mean within prescribed limits.

The calculation of sample size, n, is based upon beta-gamma variance
for 30 hypothetical survey blocks. Wherever possible, decision and cal-
culations should be based upon a minimum of 30 observations for statis-
tical reasons.
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Table IV-o. Beta-gamma (open-window) G-M survey measurements
1 cm above soil surface of hypothetical reactor site

g:;gk mrad/hr g:lgk mrad/hr g:;gk mrad/hrd
1 0.07 11 0.10 21 0.16
2 0.06 12 0.0% 22 0.07
3 0.09 3 0.04 23 0.07
4 0.15 14 0.07 24 0.08
5 0.11 15 0.12 25 0.11
6 0.10 16 0.14 26 0.10
7 0.21 17 0.08 27 0.09
8 0.09 18 0.10 28 0.12
9 0.08 19 0.11 29 0.10
10 0.12 20 0.07 30 0.10

A1o convert mrad/h to mGray/h, multiply by 0.01.

y = 0.102,
§¢ = 1,164E-3,
B = 0.10,
D = 2.60€-5, and
N = 100.
DR * R ¢ TIeEs - 3
10 + o2 BE-5) + 1.164E-

A sensitivity anaiysis has been performed for sampling with £qg.
(1) and the results are given in Table IV-7. The number of samples to
be taken from a survey unit having a fixed total site number (N) of grid
blocks wi'l depend on the sampie standard deviation, the acceptable
error, and the confidence level (see Table 3.1).
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Table IV-8.

Buildings on reference reactcr sitle

Butiding Dl?eg::gns ':?oo?': decg;;?g::ggnazgion
Reactor containment 22.5 m diam. -- Demo1lished
Auxiliary 19mx35m 6 Demolished
Fuel 19mx 54 m 4 Demolished
Londensate dimineralizer 10mx43 m 3 Demolished
Coeling tower 119 m diam -- Demolished
Turbine 49 m >~ 95 m 2 Decontaminated
Control 24 m x 31 m B Decontaminated
Chlorine 10mx=x15m 1 Decontaminated
Administration 12mx 27 m 2 Decontaminated
Shop and warehcuse 13w« 30 m 1 Decontaminated

€02
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ORNL-DWG 80-9527R
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FUEL
BUILDING
AUXILIARY
BUILDING —-
CONTAINMENT
CONTROL EACTOR BUILDING
BUILDING

CONDENSATE
DEMINERALIZER
BUILDING

| ADMINISTRATION
SN BUILDING

% 3m X 3m GRID SURVEY AREA

)

r-
‘.-_‘_—J 1Om X “Oin GRID SURVEY AREA

Fig. IV-2. Several major survey units for the reference
reactor site are cshown. These survey units are (1) separate
buildirgs, (2) area adjacent to buildings (cross hatched). and

(3) remainder of plant facilities area.
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recommended since a survey on a 10 m grid is within reasor per the as-
low-as-reasor.ably-achievable philosophy.

Survey of structures

For the purposes of a termination survey, building wall areas are
divided into upper and lower areas with the lower (2 m) arez to be:
surveyed in the same manner as floors or rcofs. The upper walls, ceil-
ings and overhead structures are all treated similarly. The building
survey measurements are indicated in Table IV-9 and summarized in
Table IV-10. The average time required to take an individual measure-
ment is approximateily 30 s for B-y, y measurements and smears. On this
basis it will require approximately 672 person hours to survey the
buildings remaining on the site and determine the average zontamination
levels. This does not include time for data processing. In addition,
each survey block must be scanned for potential hot spots and the maximum
point ir. each block identified and characterized. The time to scan a
block is estimated at five minutes and characterization of the maximum
pcint in each block requires an additional two minutes (i.e., three
measurements and a smear). Given 6431 survey blocks, an additional 750
h are required to complete these measurements and take -he necessary
smears. Once taken, the smears are taken to the counting laboratory
for analysis, where each smear is counted for a minimum of 1 min. to
determine removable B-y contamination levels. The counting time should
be doubled if alpha counting is also required. The time required to
analyze the smear samples is summarized in Table IV-11, which indicates
approximately 225 h are required to perform this part o! cthe survey.

Qutdoor survey
Tne outdoor survey includes three major components (see Fig. Iv-2).

1. An tensive survey in the area of demolished buildings
and extending 10 m beyond building foundations (existing
or demolished). (Stratum 1 of Tables 3.6 and 3.7)

2. A thorough survey of the plant facilities area (0.1 km? )
outside the intensive survey area.



Table I-9. Survey measurements performed in a termination survey of the reference reactor site

Sael No. of ; 3

10 Survey unit® Area No. of instrument readings = No. of
Suilding (No.) (m?) ;7;2:{ By surface y y‘gf—i m  smears
Turbine Floor (2) 9310 2328 11640 11640 2328 2328
Lower wali (3) 1728 432 2160 2160 432 432

Upper wall (2) 15552 - 90 90 90 90

Ceiling (2) 9310 - 60 60 60 60

Roof (1) 4655 1164 5870 5820 1164 1104

392% 19770 1977¢C 3074 3074

Control Floor (4) 2976 774 3720 3720 744 744
Lower wall (5) 1100 /5 1375 1375 275 275

Upper wall (5) 2860 "m 1590 150 150 150

Ceiling (4) 2976 - 120 120 120 120

Roof (1) 744 186 930 930 136 186

1205 6295 6735 1475 1375

Shop and Floor (1) 1170 293 1465 1465 293 253
warehouse Lower wall (2) 824 206 1030 1030 206 206
Upper wall (2) 4944 -~ 60 60 60 60

Ceiling (1) 1170 - 30 30 30 30

Roof (1) 1170 293 1465 1465 293 _293

792 4050 4050 887 882

Chlorine Floor (1) 150 38 190 190 38 38
Lower wall (2) 200 50 250 250 50 50

Upper wall (2) 300 e 60 60 60 60

Ceiling (1) 150 30 30 30 30

Roof (1) 150 __ 38 19 190 38 38

126 720 720 216 “216

Adminis- Floor (2) 702 176 830 880 176 176
tration Lower wall (3) 480 120 600 600 120 120
Upper wall (2) 1120 = 90 90 9u 90

Ceiling (2) 702 e 60 60 60 ol

Roof (1) 351 88 _440 440 88 __ 88

384 2,70 2070 534 534

A building may be considered a population, and the survey units tabulated as "strata."

902
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lable IV-10. Summary of building survey measurements

No. of No. of Time expended
Building blocks measurements (hrs)

Turbine 3324 47688 400
Control 1205 15540 130
Shop/warehouse 792 2864 82
Chiorine 126 1872 16
Admiristration _384 _5208 4

6431 80172 672

Table IV-11. Analysis of smear samples

Building RoutineNo. of ;::2;3m point T°§?;e:?::§§ng
Turbine 4074 3924 133
Control 1475 1295 45
Shop/warehouse 882 792 28
Chlorine 218 126 6
Administration 534 _384 15

Totals 7181 6431 227
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3. A cwsory survey over the remainder of the site with
thorough coverage in any areas found to contain contamina-
tion above twice bac!,round. (Stratum 4 of Tables 3.6
and 3.7.)

An intensive survey should be conducted on grid dimensions not to
exceed 3 m and should be performed on that area formerly occupied by
the dismantled fuel, auxiliary, condensate-demineralizer and reactcr
buildings and the cooling tower as well as a 10 m perimeter strip around
the major buildings (see Fig. IV-2). The total area represented is
29,569 m? which will form 3285 grid blocks. The survey should proceed
much as an irdoor survey would with five beta-gamma and gamma measure-
ments at the surface in each block, one gamma measurement at 1 m over
the center of each block, a scan of the biock and finally a -haracter-
ization of the maximum point in each block (one beta-gamma and one gamma
at the surface and one gamma measurement at 1 m over the point). The
time t. perform Lhese measurements is summarized in Table IV-12. Smear
samples are not appropriate for radiological surveys over land surfaces.
Soil samples are taken instead and the procedure for determining the
number and location of these is discussed later in this section.

The remaining area (62,971 m?) ir. the plant facilities area should
be surveyed on a 10 m grid (at the 5 or 25 mrem/y level) as an outdoor
parcel (see Section 3.3.2). This area will constitute approximately
630 grid blocks. A minimum of three measurements is required at 2ach
grid intersection, one open-window and one closed-window G-M reading
near the surface and one gumma reading at 1 m above the surface.
Because these readings wil' be taken and recorded in the field where
instruments and clipboard: must be carried, required time per measure-
ment has been estimated at one minute rather than one-half minute as
used in the more convenient environment in and around buildings. The
time required for this part of the survey is approximateiy 30 n.

In addition, the L 'ocks should be scanned with an open-window G-M
probe for hot spots. 1his would require approximately 10 minutes per
hlock or about 105 h. Any hot spots that are found should be character-
ized by taking open- and closed-window G-M readings near the surface
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Table IV-12. Summary of time required to survey
area forme ‘ly occupied by buildings and area
in clcie ) roximity to remaining buildings

Survey technique Time (hrs)
Block average 301
Block scan 274
Characterize maximum point 110

685
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and a gamma reading at 1 m above the location. In addition, a soil
sample should be taken at the hot spot. If the site has been properly
decontaminated, there should be very few hot spots (<10) so this proce-
dure would not add much to the overall effort of the survey.

The remainder of the site may be surveyed on a larger grid since
activities involving radioactivity presumably were not conducted on this
area. If the records indicate to the contrary, those areas where radio-
activity was handled should be treated as separate survey units and a
more intensive survey conducted. The area involved in this survey unit
is quite large (~4,600,000 m?) but should be relatively uncontaminated
$0 a grid dimension of 30 m is proposed for the 5 or 25 mrem/y level
(10 m for the 1 mrem/y level). This would produce 511 survey blocks.
The survey procedure is otherwise the same as the preceding one for the
plant facilities area. Scanning time is increased to 20 minutes per
block owing to *he increased size of the blocks. The time to conduct
this part of the survey would include 25 h for grid point measurements
1703 h for scanning, and an undetermined but presumably small amount of
time for characterizing hot spots, if found. The outdoor survey measure-
ments have been summarized in Tabie IV-13.

Soil sampling

The beta-gamma measurements taken for the three major outdoor sur-
vey units are used to determine the number of surface soil samples to
take in each unit. For illustrative purposes, assume the par.meters
given in Table IV-14 where survey unit 1 is the area around buildings,
survey unit 2 i< the main plant area exclusive of survey unit 1 behind
the former security fence, and survey unit 3 s the remainder of the
site. The innermost area is likely to have a higher average radiation
levei and be more variable than the other areas. Using Eq. (1), the
number of randomly located soil samples required to characterize these
survey units to within 10% 2t the 95% level of confidence are 64, 36,
and 14 for survey units 1, 2, and 3, respectively. Surface soil samples
are taken to a depth of 5-15 cm by a method that is convenient and
standardized for the type of soil encountered. Surface soil samples
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Outdoor survey at reference reactor site at the

5 to 25 mrem/y (0.05 to 0.25 mSv/y) level

Survey unit Area (#2) g?;z:i Instrument measurements
B-y Surface y yatlm
Former building 29,569 3,285 16,425 16,425 3,285
sites and close
proximity to
buildings
Plant facilities 62,971 630 630 630 630
area exclusive
of area adjacent
to buildings
Remainder of site 4,600,000 5,111 5,111 5,111 5,111
Total 4,700,000 9,026 26,166 22,166 22,166
Tabie IV-14  Hypothetical parcmeters for determining number of
soil samples on reference reactor site
Parameters Survey unit
1 2 3

Survey blocks (N) 3285 630 5111
Standard devietion 0.C5 0.03 0.015
of B~y measurements
Average P-y 0.15 mrad/h 0.10 mrad/h 0.08 mrad/h
measurement
Error bound +10% +10% +10%
Number of soil 64 36 14

samples required
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indicate contamination that could be involved in dose to man via ‘he
pathways previously discussed (see Table IV-3).

In addition to the random samples, soil samples are to be taken at
all "hot spots" located during the scanning survey. This may consist
of up to 10 samples per survey unit or 30 total hot spot samples.

It is assumed that 144 total surface soil samples will be required
for the hypothetical case just outlined. Assuming that it requires
10 minutes each to locate the random sampling locations and an additional
15 minutes each to collect a sample, the time to perfurm surface soil
sampling will amount to 60 h.

Should soil sample analysis reveal that the number of soil samples
taken do not give the requisite accuracy and precision, additional soil
samples may be required. Since the number of samples was based on the
surface B-y dose rate and the correlation between surface dose rat»
and soil concentration is less than perfect, it is reasonable to expect
that desired soil characterization may not be achieved from the first
sampling.

In general, subsurface soil samples should be taken to verify that
significant contamination does not exist at greater depths. While con-
tamination at greater depths would not be encountered normally by members
of the public, future excavation or construction on the site could bring
this contamination to the surface and in contact with man. In addition,
radioactivity could be leached from subsurface deposits and end up in
drinking water supplies. Surveys of sites with known burial of radio-
active material should emphasize subsurface soil sampling while surveys
of sites not suspected of having subsurface contamination should only
strive to confirm that presumption.

For the reference reactor site under consideration, subsurface soil
should be sampled in the area of survey unit 1 to the depth of excava-
tion for structures on the site, perhaps 10 m. Soil samples can be taken
with a split-spoon sampler at regular intervals of 30 cm, along the depth
of the sample hole. While the number of corings is somewhat arbitrary.
ranaomly coring about 1¥ of available survey blocks will result in at
least 30 core holes. Either samples may be taken at regular intervals
along the depth ot tha: core hole ur the radioactivity may be measured
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in situ by means of a collimated detector. Assuming that 10% of the
available samples (~900) are taken for comparison with in situ radiation
measurements, that means about 90 soil samples will require analysis.
The most practical means to accomplish this subsurface sampling program
is to auger 27 of the 30 holes at a cost of approximately $15.00 per m
and core the remainder at a cost of approximately $30.00 per m. As a
result of the proposed sampling program (outlined in Table IV-15), 90
soil samples would be taken that would require subsequent analysis and
810 in situ measurements would be made that require an average of 3 min
each to make, or about 40 h total. The 90 soil samples would require
about 22.5 h to collect.

Water sampling

Water samples should be taken from each and every source of water
on the site. While the primary source is the river which provided ser-
vice water, several other sources may be present. One should not over-
look standing surface water. This portion of the survey is not expected
to be a major part of the overall effort.

Table IV-15. Subsurface samplina of soil at
refarence reacter site

No. sample Samples or
Type locations Uepth measurements
Auger 27 10 m 810

10 m 90

Core 3
30 900
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INSPECTION FOR CERTIFICATION

Introduction

Though this guide considers the needs of both licensee and inspector
for design of their respective final surveys, the somewhat divergent
objectives of each should be kept in mind and not confused when text
switches from one viewpoint to the other. The two have not been sepa-
rated because one is an integral part of the other insofar as the
licensee's final information is input to the inspector's final survey
design for verification of the licensee's compliance. This premise is

predicated on a Bayesian approach10

to the problems addressed. The
licensee's final survey is prior information (but not the only prior
information) to be used by the inspector for design of his verification
survey. It is also premised in this guide that the inspector's final
recommendation is based not only upon an audit of the licensee's final
survey report and other records, and upon a third party analysis of
uupiicate samples held in reserve, but also upon an actual field survey
involving instrumental air measurements and environmental samplings
taken on-site at the same time to be analyzed by a third or fourth party.
Accordingly, the inspector's final report is partially dependent on the
licensee's data and interpretations as carried out by a survey design
agreed upon by licensee and the regulatory agency.

In general terms, Bayes' theorem takes into account prior informa-
tion to supplement or interpret the otherwise theoretical probability
approach to survey design. When B (licensee's survey) and A (inspector's
survey) are independent, then:

P (A/B) = P(A) P B/§l ,

where

©
]

probabi.ity of the right decision by the agency,
P(A)

encoding of the agency's state of knowledge
before knowing the priority probability B,

i ok e o
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P(A/B) = encoding of state of knowledge by B after
learning about the posteriority probabil-
ity A, and

P(B/A)/(P(B)) = the measure of relevance (when this ratio = 1,
information A is not relevant to B, any other
number larger or smaller than 1 indicates
relevancy and is reflected by the assignment
of a new value to the probability cf B
(i.e., P(A/B) # P(A).

This equation gives in principle a procedure for updating our state of
knowledge in the presence of new information. To utilize this approach
quantitatively on the problem at hand (whether or not to clear a site
for unrestricted use) is not a trivial problem. A major use of prior
information in the present situation is to relate theoretical statistics
which can be performed on any set of observations whether they be
generated from the real world or created from an imaginary situation)
and models to actual data obtained from specifi. sites. More specific-
ally, prior information is essential to a reasonable interpretation of
degrees of correlation obtained between two or more soil nuciide concen-
trations and between these soil nuclides and air gamma or beta, gamma
readings taken above the soil samples in-situ before removal to the
laboratory for analysis. Correlation, or lack of it, is controlled by
a number of factors, including instrumental specificity and sensitivity
(detection 1imit), the particular mixture of beta and/or gamma emitting
nuclides in the soil, air distance of instrument from the soil surface,
extent of soil disturbance/mixing, especially of two or more distinctly
different types of operations, or of the same operation at different
times which permit differential environmental transport of nuclide
mixtures, thus changing ratios and correlations (see also Appendix VII).
The survey plan prepared by the licensee (or his radiologica’l con-
tractor) should be reviewed by the certification inspecter prior to
initiation of the licensee's final survey plan. tor small licensees,
in particular, who are decommissioning a site for the first time, the
certification inspector should emphasize review of the analytical tech-
niques, quality assurance measures, and statistical Lases for sampling.
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The licensee (or his radiological contractor) should carefully consider
the incorporation of comments offered by the certification inspector.
This early agreement should minimize the need for a completely independ-
ent radiological survey by the certification inspect,or.11

Following the NRC protocol will ensure that the licensee collects
the appropriate number of duplicate samples. The certification inspector
will be concerned with samples obtained on a random basis from a repro-
ducible grid system. Samples taken from biased areas such as "hot" spots
indicated by field instrumentation will also be of interest as maxima.
The requisite number of sample splits, replicate analyses of identical
samples, and other details should be defined in the survey plans of the
licensee. It should be noted that state and local agencies may also be
interested in analyzing split samples or conducting similar non-
destructive analyses on the same sample.

Results which are much less than ideal may result from failure to
seek approval of the certification inspector at an early stage. Results
obtained by the certification inspector will, of course, determine
whether or not Che remedial action was successful. Consequently, the
licensee should seek advice from the certification inspector when major
changes in the survey plan are caused by discoveries during the deron-
tamination process (e.g., a "hidden" subsurface layer of an expected
radionuclide).

when the licensee has completed the cleanup and documented t.e
radiological condition of the site, the inspector is ready for the veri-
fication process. As an aide in conducting this verification phasec,
the following areas should be addressed:

1. Determine conditions under which background alpha, beta,
beta-gamma, and gamma measurements were made. Were cali-
brated instrunents of adequate sensitivity used in the
measurements? Were the locations of measurements docu-
mented so that verification of the measurements could be
made by the inspector if he desires?
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Determine if a grid layout of the reactor site was used
for the preliminary survey, commensurate with the contami-
nation probability of the various areas.

Determine if a sufficient number of soil samples were taken
to give the required confidence level in the results.
Within buildings on the reactor site used for storage of
radioactive material, if positive result: were obtained
by direct survey or the survey for removable contamination,
were samples of the suspect area taken for quantitative
and qualitative examination?

Determine if smears and/or samples of removable debris
were taken from systems within buildings used for the
storage or processing of radioactive materials.

Were subsurface soil samples taken in all areas of dis-
turbed soil or paved areas reading above background?
Have sediment samples been taken from beds of bodies of
water on the site?

If measurements or s2il sample analysis from an area are
more than background but less than twice background, verify
1% of all soil samples by repeating measurement or analy-
sis of replicate samples. For areas showing twice back-
grouna or above, repeat analysis 10% of all soil samples
for verification.

The inspector should be guided by the acceptable limits
mentioned earlier for surface radiation rates and scil
radionuclide levels and any subsequent decommissioning

criteria which may be developed.
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INTROCUCTION

The typical mill site is ‘ocated in the western United States, and
in an arid region with jow rolling hills and occasional steep ridges
and mesas. Occasionally mill sites are adjacent to populated areas but
as a rule are separated by several miles. A nearby stream serves as a
process water source or/and a means of disposal for treated process
liquids. Except for irrigated areas, the site and surrounding land
areas support only sparse vegetation so the unprotected soil is subject
to wind erosion. Generally, the site controlled area consists of several
hundred acres with 10 to 20% of it devoted to milling process and service
buildings, ore storage dumps, liquid waste retentior ponds and mill
tailings piles.

Characteristically, the site is identifiable by the mill tailings
pile, the solid ore refining waste, containing tens to hundreds of
curies of 225Ra and otner daughters of the 238U, 235U, and 232Th decay
chains. The pile could represent thousands of tons of solid waste
accumulated over a 5 to 15 year operational period. Some piles contair.
only a fraction of the daughters since the mill slimes, enriched in
uranium and daughters may have been transferred to another mill to com=
plete the refinement. They may have served as dumps for wastes from
some other process remote from source material refining. Contaminated
soil from around buildings, ore storage, and process areas may have been
incorporated in the pile. Although the authors are not aware of any
tailings pile of any magnitude having been removed from the mill site,
inere may be an isolates case. Unfortunately, there are instances in
v+ ~h some sand-like material has been removed for use as construction
rsterial and as fill dirt. In some cases the pile has been sparsely
covered while in others the pile nas been covered with several feet of
clean soil, sufficient to trap the gaseous daughters of 22€Ra from
entering the atmosphere. If vegetation was not shortly established on

the soil covering, spot exposure and subseguent transfer off-pile of
the taiiings material may be anticipated downwind.
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The tailings pond, an integral part of every mill, served as the
repository for mill liquid raffinate and pile drainage. At an inactive
uranius mill site it may be dried out 2nd/or filled with clean soil.

PLANNING FOR THE DECOMMISSIONING SURVEY

After the licensee or his agent has completed a program of decon-
taminating, dismantling, and general cleanup accompanied by spot radio-
logical surveys, he is in a position to plan for the decommissioning
survey.

The planner needs to consider the site overall in terms of geo-
graphic divisions, natural barriers, underground geological structure,
water table, drainage conditions, slope, prevailing wind direction, and
the sites' relation to po-_lated areas. He may view the site as being
composed of five identifiable regions from the standpoint of survey
treatment: (1) the mill tailings pile and pond, (2) intact buildings,
(3) process sites, (4) stream, and (5) the remaining controlled outdoor
area. With the exception of the pile and pond, the remaining areas may
potentially be contaminated at different levels, yet be within NRC
guidelines for release for unrestricted use.

As might be expected, the radionuc'ides within the boundaries of
the uranium mill site, exclusive of the tailings pile will be nonuni-
formly distributed. The ore storage area will have & distribution
equivalent to the natural form while the indoor and process area will
range from natural to all stage. of refinement. Since most of the
uranium chain daughters are characterized by hard gammas, this allows
their detection by gamma instrumentation. Because of this correlation
it is possible to use the air gamma measurements as a guide 'n estimating
the number of surface and subsurface soil samples required to adequately
assess the radiological condition of the survey unit.

The principle radionvclides, in order of appearance in decay chain,
likely to be found in the mill tailings pile are 230Th, 226Ry 222,
218pg, 214pyh 214§ 214pg  apnd 210ph.  Also to be fo.d, but of lesser

significance, is natural thorium (232Th) and daughters. In mill site
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areas removed from the tailings pile, one will probably find a distribu-
tion (1) similar to natural ore, (2) b'ended with tailings, or (3) equiv-
alent to tailings due to atmospheric transport.

The planner and/or survayor is referred to Section 3.0 of the main
body of this report for instruction as to the prcper survey design and
procedure to be used in indoor surveys. He should be further guided by
the criteria for the total and removavie activity 1eve11 and air radio-
nJclide concentration2 for the release of indoor facilities for unre-
stricted use. Should the air external gamma survey indicate isolated
hot spots under floors, or paved areas, in drains, crevices, and painted
surfaces, thev should be penetrated for sampling and laboratory analysis.
Samplirg of the indoor air for 222Rp and radon daughter determinaticn
should be done by one of several continuous or integrating measurement
methods (Section 2).

The outdoor area cshould initially be diviued by a selected grid
system as a guide in making a preliminary external gamma survey. Based
on recorded gamma readings made at each grid line intersection, the
planner is equipoed to make a decision as to what reas should be further
divided into swaller units or grid. for additional measurements. Where
maximum gamma measurements are greater than twice the background, those
areas should be divided into smaller units to assure a more accurate
assessment. By increasing the grid density of those questionable areas,
the likelihood of missing hot spots is minimized.

Further activities which the licensee must engage in to prepare
for the compliance inspection are the following:

1. Preoperational background of beta-gamma dose rates and
external air gamma 1 m above the surface would be optimum;
however, in lieu of this measurement, measurements 1 km
downwind of the site may be used for a background survey.

2. Preoperational site background for 238 2327 2307h,
226Ra, 220Ra, and 21°Pb is preferred; however, if such is
not available their determination in surface and subsur-
face so0il and water samples taken 1 km from the process
site is required.
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Divide the outdoor area, exclusive of the retention pond
and tailings pile, by a 30 m grid with an established
baseline for reference.

Meas're beta-gamma dose-rates within 1 cm of the surface
with an open-window (30-4. wng/cm?) G-M survey meter and
gamma exposure rates at 1 m above the surface. Record
the reading and location. Those grid point measurements
are used to estimate average gross gamma and beta-gamma
radiation levels on the tract of land.

Should further reduction in area of the survey block be
indicatea by initial beta-gamma maxima readings, divide
those areas with a 10 m grid and repeat the measurements
for lhe new grid intersections. Those areas most likely
to require grid reduction are ore storage sites, building
sites, areas adjacent to buildings, process sites, burial
sites, and tailings pile site following rznoval.

Scan each grid block with a gamma scintillation survey
meter. If a maximum point in the block is found, measure
beta-gamma at the surface and gamma 1 m above the surface,
recording the location.

If the beta-gamma and gamma measurements within a selected
grid of no less than 50 survey blocks are homogeneous ,
determine the number n of surface soil samples (to 5-15
cm depth) selected by simple random sampling to adequately
quaniify the nuclides in the soil.

The numter of samples needed to estimate the soil racio-
nuclide mean m with a bound on the error of estimation of
magnitude B at a 95% confidence level is found by setting
two standaiu devi:tions of the estimator, y, (average
beta-gamma) equal to B and solve for n.8 [See also Appen-
aix IV, Eq. {1).]

Should the variance of the measuremernts within a chosen
survey unit be such as to demand a large number of soil
samples by virtue of extensive and intensive variabilities
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in nuclics concentrations over the site and environment,
then stratified random sampling should be considered.
Intact tailings piles should be beta-gamma and gamma sur-
veyed at 30 m intervals on 90° transaxial lines crossing
the pile.

Subsurface soil and water sampling should be done in areas
indicated by licensee records as having served as ore
storage, refined source material storage, process, solid
or .iquid raffinate storage and burial sites.

Take several 222Rn measurements not less than 1.5 km, 30
apart, downwind and also upwind from the mili site for
comparison with the off-site integrated background measure-
ments.

water and sadiment samples should be taken upstream, withiin
or adjacent to the site and downstream from a stream
suspecter of receiving drainage from the site.

Table V-1. Grid block external gamma survey
measurements at 1 m above the surface

(in pR/h)?
17 12 12 3 22
11 17 4 17 12
1 13 40 21
16 19 7 13
16 16 12 8
10 12 12 10
11 10 10 17
15 8 13 7
15 10 30 17
18 8 6 25

%10 convert pR/h to pGy/h, multiply by 0.01.
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14. Water samples should be taken from wells w'thin, adjacent
to and remote from the site to determine if lateral trans-
fer of radionuclides has occurred.

15. The location of all measurements and sampling sites chould
be adequately documented. The gquantity of all samples
take’ should be sufficient to allow for triplicate analy-
sis.

NRC Inspection _f Mill Site for Decommissioning Compliance

As a preliminary to any action taken, the compliance inspector
needs to become fully versed in the site's history, process, topography,
its relation to the uncontrolled adjacent areas, equipment site location,
decontamination and dismantling procedures and locations of areas with
a high probability of contamination. A briefing on the mill's history
should bring into focus events which may have a bearing on probable
locations of contaminated areas (i.e., leaks, burial sites, settling
basins, retention dam breaks and spills). An understanding of the
nature of the soil underlying the site and of differential movement of
nuclides through the type soil involved (e.g., sand, clay, loam) would
indicate the probability for prior movement of radic uclides into the
subsurface water supply. If, in the prccess of decontaminating and dis-
mantling buildings and equipment, the contaminated material is buried
on site at a depth not detectable by the surveyor, then the inspector
should be in a position to address the situation. Knowledge of the area
drainage profile and the prevailing wind direction should point out
possible contaminated arcas beyond the site boundaries. Since some of
the mill sites were engaged, prior to and after milling source materials,
in other types of materials, in other types of milling activities, the
inspector needs advised to consider them also in his overview. Opera-
tiona! surveys and environmental monitoring reports developed when the
mill was active is a source of excellent background information.

There is a possibility that one of two situations may exist at a
decommissioned mill site, either the tailings pile has been moved to a
remote pit or ravine for burial, or the tailings pile has been stab‘}ized
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in place with a layer of uncontaminated earth, subject to restricted
use. Also, the decontaminated buildings may have been removed or left
intact. If the stabilized pile remains then the inspector does not need
to be concerned with it since its use will be restricted.

The survey plan prepared by the licensee (or his radiologice! con-
tractor) should be reviewed by the certification inspector and épproved
by his agency prior to the initiation of remedial action in the final
stages of cleanup, and in few cases, after necessary reiteration of the
process, where standards may not have been met. The certifica ion
inspector should emphasize review of the analytical techniques, quality
assurance measures, anu statistical bases for sampling. The licensee
(or his radiological contractor) should incorporate comments and recom-
wondations of the certification instructor to minimize the need for u
com,. ztely independent radiological survey by the certification inspec-
tor.4

Prior agreements between the licensee and certification inspector
can also reduce the need for an :xcessive number of duplicate or tripli-
cate samples. The certification inspectcr will be concerned with
samples obtained on a randcm basis from a reproducible grid system.
Samples taken from biased areas such as "hot" spots indicated by field
instrumentation or soil sampling for nuclides rot detectable by field
instrumentation will also be of interest as maxima to supplement average
~onditions. The certificatien inspector may need to observe field and
laboratory techniques employed by the licensee or their contractor.
Agreements about sample splits, replicate analyses of identical samples,
and other details should be settled in advance of the remedial measure.
It should be nuted that state anu local agencies may also be interested
in analyzing split samples or of conducting non-destructive analyses on
the same sample.

The certification inspector must retain his independence and integ-
rity of results. This independence can be preserved without disrupting
the schrdule for backfilling excavated ai:as and without interfacing
with the time schedule fo- completing remedial action, if the proper

preliminary surveys are undertaken prior to beginning remedial action.
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Otherwise, expensive subsurfaces sampling may become necessary if sam-
pling is not done before filling in the excavation.
Relationships less than ideal may result from failure to incorporate
the ideas of the certification inspector at an early stage. Results
obtained by the certification inspector will determine whether or not
the remedial action was successful. Consequently, the licensee should
seek advice from the certification inspector when major changes in the
survey plan are caused by discoveries during the decontamination process
.€.g., a "hidden" subsurface layer of an unexpected radionuclide).
In evaluating the survey design to be followed in the decommis-
sioning survey, the inspector should determine if the grid layout
employed in measuring and sampling is of sufficient fineness to minimize
the probability of missing "hot spots" of significance. Assessment
surveys in the pasts.7 have adopted 30-50 m grids for outdoor areas known
to be unifo'mly contaminated with the same distribution pattern of
radionuclides. Other outdoor areas with a history of high contamination
and nonuniform distribution such as building or process sites and areas
adjacent to buildings would qualify for a grid structure of 3-10 m. In
areas of marked nonuniformity (i.e., an order of magnitude difference)
the measurement and sampling data should be treated on a stratified
random sampliny basis). See Section 6.1 for a realistic variance of
the data from the mean of the surveyed area. Floors and walls within
buildings may be treated on a 1 m ~rid basis, paying close attention to
possible deposits of contaminants in drains and floor cracks, under
floors, and on the top surface of overhead structural material.
The inspector, after having been satisfied that the survay design
which was used by the surveyor provides .he framework for a comprehensive
survey, is then in a position to (1) address the appropiateness, the
proper documentation, the adequacy of number and sensitivity of the
measurements, and (2) to plan his own survey strategy. Since gamma
measurements with a portable calibrated gamma scintillation survey
instrument held 1 m above the outside surface can be made rapidly, and
therefore cheaply, it is presumed all grid points were measured. They
should be reported as uR/h. This preliminary survey is a means by which
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the licensee refined his plans for final samp'ing and beta-gamma measure-
ments (alpha in the case of alpha emitters, unless correlation can be
established for use of gamma as an indirect measurement of alpha, e.g

24 ‘Am for z‘wpu)'

The inspector needs to evaluate the appropriateness of the instru-
ment used to make the measurement in terms of type of activity, energy,
interfering factors and instrument stability The manner in which the
measurement is made and the sample ta'en and prepared are factors that

should be considered. One needs to ask, does the measurement or sample

truly represent the condition at that point and surrounding location?

The sensitivity of the instrument must He such as to cover the guideline
values established for the particular radiological condition in
addition, the techniques and conditions for calibration of the instru-
ments shoul¢ be clearly identified and documented for the inspector’s
evaluation

It is particularily important in evaluating the adequacy of the
data to compare its form with that expressed in the decommissioning
criteria Should that not be possible, .he inspector needs Lo determine
if a pathway analysis has been proper ly addressed

In keeping with the exercise of quality assurance throughout the
licensee's decommissioning survey, the inspector 1s obligated to deter-
mine if the required level of confidence in the reported error has been
acteced to in sampling statistics when reporting laboratory analytical
data, the need to express 1t in terms of range of variability and degree
of confidence is self-evident. It is suggested that at least 0% of

the samples be subjected to quality assurance audit
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INTRODUCTION

Cost of Termination Survey

The cost of a terminatinn survey is highly variable depending upon
the number of measurements required and the number cf samples requiring
analysis. The cost of conducting a survey of a large, complex site will
greatly exceed the cost for a survey of a small site which handled small
quantities of a limited number of isotopes. Quoting an average or range
of costs would not be very helpful for anyone contemplating a termina-
tion survey for a specific site. Consequently, this guide attempts to
provide basic cost information which will allow calculation of the
approximate total survey cost. Most of the cost information has been
derived from FUSRAP experience1 with sites that have not been cleaned
up to ALARA (As-Low-as-Reasonably-Achievable) levels.

Major costs can be attributed to labor and materials. Additionally,
one should plan for services such as analytical measurements, drilling
and coring, land surveying, etc. For an offsite contractor, travel
expenses could constitute a significant portion of the total costs.

The effort required to survey a one acre site without buildings is
in the range of 3-6 person-weeks. A site of the same size with struc-
tures may require twice as much effort, particularly if alpha measure-
ments are required.

Materials

Materials that will be required for performing a decommissioning
survey, analyzing samples, interpreting the data and preparing a report
include such things as sampling tools, sample containers, plastic bags,
signs, labels, photographic film, protective clothing, etc. It is
difficult to estimate the costs for a typical survey since costs are
very dependent on the number anc kind of samples, but it would be
reasonable to assume $750-1000 (1980 dollars) for such materials. Other
costs will far overshadow the costs of materials, thus an error in
estimating material cost will have little bearing on the total estimated

cost of the survey.




Instrumentation and equipment

Should it be necessary to acquire the instrumentation for performing
a radiological survey and analyzing samples, additional large capital
outlays would be required.

For a large, complex site such as a nuclear power plant, the fol-

lowing instrumentation and equipment may be required.
g ] y

Portable survey instruments $12,000
Laboratory detectors and electronics 7,500
Sample analysis systems 55,000
Sample preparation equipment 2,500
Miscellaneous supplies and equipment 3,000

$85,000

Experience with FUSRAP! suggests that a mobile laboratory would be useful

if not essential for surveying remote sites. Such a laboratory would
cost a minimum of $25,000, assuming that it was supplied with instrumen-
tation and equipment from the 1ist abcve. . the mobile laboratory is

to be instrumented independently, additional capital outlay could exceed
$50,000.

501l samples

The cost for obtaining surface soil samples is largely determined
by labor cost. A relatively minor investment of a few hundred dollars
will cover the cost of sampling tools for this type of sample. Obtain-
ing subsurface soil samples requires additional effort and expenditures.
Generally, this involves the procurement of a motorized drilling rig on
some sort of contractural basis.

Orilling services are available on one of two general types of

contractual arrangements:

Daily rate for rent of a rig and crew.

Footage rate for augering or coring.

Both types of contracts may call for a one time mobilization charge of
$200-400. Daily rental rates for a simple driliing rig are $400-500
The cost for augering a hole in earth is generaily in the range of
$3.75-5.00 per ft while the cost of coring with a split-spoon sampler

is $7.00-10.00 per ft. Costs are highly variable depending on the
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location and the figures mentioned are only for purposes of rough esti-
mating. One should contact a local driller for specific costs.

Occasionally it is necessary to drill through asphalt, concrete,
or some other barrier to reach the soil that needs to be sampled.
Because such drilling requires specialized equipment, the costs are
considerably higher than for soil sam)ling alone. In addition, it will
generally be necessary to patch holes drilled in such barriers so as to
restore the surface. This service may cost $25.00 per hole but is some-
what dependent on the number of holes requiring patching.

Analytical costs

Analytical costs are subject to a great deal of variability depend-
ing on the type of analysis that must be done, the number of samples
requiring anilysis, and the level of radioactivity to be assayed.
Analysis of a sample for a single radionuclide may present little dif-
ficulty while analysis of the same sample for a large number of radio-
nuclides would be difficult and, consequently, expensive. Also, some
isotope quantifications are much easier (and cheaper) than others. The
sample medium makes some difference (e.g., water sam. .. can generally
be analyzed with less cost than soil samples for the same radionuclides).

It will not be prssible to present costs for all analytical services
for all types of samples. Instead, this report lists a few representa-
tive analyses for the types of samples generally encountered in radio-
logical surveys. Table VI-1 gives estimates of sample analysis costs
for sample lots of ten each. A smaller number of samples of any type
would result in higher per sample costs. Similarly, a significantly
larger number of samples may lead to some economy of scale.

The actual number of samples will be dictated by the statistical
accuracy and confidence limits required.

Land surveying

A minimum land survey would consist of surveying the site boundaries
and establishing a baseline for locating sampling sites. Based on a
20-acre site, the fee for such a survey would be approximately $3,000.
If the location of core holes needed to be documented by additional



Table VI-1. Estimate of sample analytical costs

Cost/$ sample

Analysis (1980)

Total uranium, 227Th, 2307h

s

;pr“. ;;hRa

Sediment Dissolved uranium, 230Th 226R,
Uranium, 226Ra, 230TH, ' 10pp

/

Total uranium, %%

'

Th SOTh. ?’”Po‘
<10ph 226R4

226Ra on)

Radon (“<“Rn)

Uranium, =Y n, <10pp
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survey work, the cost for the same size site could escalate to $6,000-
8,000 depending on the number of core holes that needed to be located.
Land survzy work generally costs $40-50 per hour.

Report preparation
After tn. site has been surveyed, samgles collected and analyzed,
the data must be evaluated and presented in a report which documents
the findings of the survey. Details of what goes in the report and how
the data may be presented are contained in Section 3.6 on Documentation.
The labor associated with report preparation can be broken down as

follows:
Person-weeks
Engineer 4
Graphic arts 1
Technical writer/editor 3
Clerical 2

Costs for these services vary, but for the purpose of estimating, may
be assumed as shown in Table VI-2.

In addition to the cost of labor, the cost of materials, such as
paper and film, and services, such as printing or copying, must be added.

Dependence on Specific Decommissioning Criteria

In general, standards for acceptable levels of residual contamina-
tion of radioactive material have not been established for nuclear sites
which are to be decommissioned and released for unrestricted use. Any
standard finally established should be applicable to all nuclear fuel
cycle sites. Since facilities to be '2commissioned have differing radio-
nuclide spectra, it will be necessary to estabiish a standard in terms
of a value which is not radionuclide de endent. However, once the radio-
nuclide spectrum has been determined qualitatively and quantitatively
through environmental sampling, radiological surveying or by experience
with specific facility types, it should be possible to ascertain whether
compliance with the standard has been achieved.
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Table VI-Z. Labor costs for preparation of survey report

Labor category Time (hr.) Rate ($/hr) Amount”
Engineer 160 18.75 $3,000
Graphic artist 40 10 400
Technical editor/writer 120 10 1,200
Clerical _80 5 __ 400
Total 400 $5,000

%1980 dollars.

Note: Costs in this appendix are i)lustrative only, since exact
figures depend on variable factors such as inflation rate and
local labor conditions.
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A standard that meets the characteristics proposed above is one
that specifies an annual dose equivaldent limit. Then a facility and
site or portions thereof may be deemed acceptable for unvestricted use
if the exposure from all significant pathways to a realistically exposed
individual does not exceed this limit.

while there is some disagreement over the exact dose limit which
should and can be imposed, suggested values seem to lie in the range of
1-25 mrem/y. For a number of radionuclides and pathways to man, this
dose range is close to that which can be measured with currentiy avail-
able instrumentation and monitoring procedures.

The choice of a termination survey depends on the choice of specific
decommissioning criteria; in particular, that of dose limit to be used.
The costs for performing a survey at three different levels: 1 mrem/y,
5 mrem/y, ani 25 mrem/y have been estimated. In general, the costs
increase with decreasing dose limits and the cost can be very high for
a survey near the state-of-the-art detection limits at high confidence
levels. There will exist a dose limit so low, that no expenditure is
sufficient to produce a satisfactory confirmation that the residual
levels of radioactive contamination would result in a dose of the pre-
scribed magnitude or less. Counting longer using a more sensitive and
discriminating detector, or taking more samples all have theoretical
limits individually and in combination relative to the ability for dis-
tinguishing between background and near background levels of residudl
radioactivity.

Detection sensitivities listed in Table 4.1 reflect the capabilities
of national laboratories and some of the better equipped commercial
analytical laboratories for routine measurement. Regulatory Guide 4.8
lists the following detection limits in terms of lower limit of detection
(LLD) for nuclides of reactor site interest (Table VI-3). Detection
sensitivities for these and additional nuclides can be furnished by com-
mercial radioanalytical laboratories. From the sparse data given, it
would seem that a more intensive compilation and critique of detection
sensitivities is needed.
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Table VI-3. Detection sensitivities (lower limits of detection) for
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environmental sample analysis

Soil Water
Nuc11de pCi/g  milliBq/g pCi/liter milliBa/1iter
dry wt dry wt v
134Cs, 1370 0.15 9. 99 15 255
$8Co, *0Cs -- -~ 15 555
920G 0.15 5.55 2 74 |
"“‘Mn - - - 15 555
Table VI-4. (i itical radionuclides at selected nuclear ?
fuel cycle facilities -
Facility Cr'tical radionuclides T
Light water reactor S4Mn, €0Co, 90§y 134cg 137(g
Mixed oxide fuel fabrication €38py, 239py, 240p, 241p, 241p,
U0, fuel fabrication ¢34y, 235y, 236y 233
Low level waste burial S4Mn, ©0Co, 134Cg, 137(g
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Fortunately, for many nuclear facilities the really critical
nuclides can be narrowed down to very few which result in the largest
percentage (>75%) of potential individual exposures occurring via the
important pathways. Table VI-4 identifies such nuciides for several
types of facilities. Monitoring is then reducible in scope to a con-
sideration of the few critical nuclides. Although these few critical
nuclides car be identified b operational quantities involved, radio-
logical half-lives, h .up ti-es according to soil characteristics,
resuspension potential, etc., confirmatory qualitative and quantitative
spectral analysis on preliminary soil and water samples are needed
beiore launching into the final survey. For reactor sites, the back-
ground problem is primarily one of differentiating reactor-generated
long-lived nuclides from those same nuclides deposited on the site from
global weapons testing fallo :. Natural background from *°K and the
uranium/thorium decay series can be differentiated and compensated for
by standard stripping technigue and application of correction factors
to gross gamma and beta observations.

Survey Cost for the Reference Reactor Site

Radiolngical strvey

A termination survey was described in Appendix IV for the reference
reactor site. The major elements of a radiological survey consist of
instrumental surveys of buildings and land areas and collection of
appropriate samples (soil, air, water, etc.). The land (or site) survey
is further broker, dowr into three or more distinct survey units with
different degrees ot measurement intensity. Much of the cost associated
with these efforts is labor. Several competent radiation surveyors
would be employed to take the instrument readings, and collect the
samples. Estimated labor is summarized in Table VI-5. The methods of
determining average and maximum contamination levels are discussed in
Appendix IV. A scan consists of essentially 100% coverage of the
respective survey unit at ieast in high probability areas and for small
sites (<10 acres). Logging was placed under san~ling but is meant to

cover instrument readings made in augered holes on the site.




Table VI-5.

Labor involved in radiological survey

of reference

reactor site

Activity

Labor purpose

Hours

1 mrem, y<

5-25 mrem/y?

Building survey

Survey unit 1

Survey unit 2

Survey unit 3

Sampling

Average
Scan/max imum
Smears

Average
Scan/maximum

Average
Scan/max imum

Average
Scan/maximum

Surface soil
Subsurface soil
Logging

Air, water, etc.

672
750
227

301
384

641
816

2,300
7,667

60
22.
40
10.5

17363t

672
750

301
384

1 . . ,
To convert from mrem/y to mSv/y multiply by 0.01

“A 25% contintency is added.
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In addition to survey labor, costs will include fringe benefits,
administration (including supervision, and overhead. It has been assumed
that the licensee or an on-site contractor perfcrmed the radiological
survey. Should an off-site contractor be used, travel and per diem costs
would have to be added. A 25% contingency can be added to labor cost

estimates tc cover unknowns.

Materials

Materials are not generally a major cost item in a termination
survey. Materials are required in the field to take samples, and in
the laboratory to prepare and store samples. Other traditional radiation
protection materials and supplies will be required. In the preparation
of the documentation, photographic and stationary supplies will be
required. An estimate of the cost of total materials is $2000 for the

termination survey at the reference reactor s’ te

Services

Several differrnt kinds of services will be required tu complete

the termination survey. The most significant costwise are:

1. Drilling, including augering, coring, and land restoration.
2. Land surveying, including location of property boundaries,
layout of grid network, and location of core holes and

other sampling points.

Repor* Preparation

About 10 man-weeks of labor wiil be required to prepare a report
documenting the results of the termination survey of a reference reactor

site

Sample Preparation

In some cases. observations (instrument readings) are taken in the
field while in other cases considerable off-site preparation must be

done. Smear samples generally are counted with no special preparation.
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Water and air samples may require special preparation. Soil samples
almost always require preparation prior to analysis.

Soil generally is dried, ground, and sieved as a minimum amount of
preparation. This usually involves handling the soil severa! times and
results in labor costs. Depending on the type of analysis that follows,
additional preparation may be required. As a minimum, the sample must
be placed in an appropriate container for counting. On the average, it
is anticipated that soil sample preparation will require 30 min/sample
at a cost approximately $25 per sample. For the to*al 234 soil samples
(144 surface samples and 90 subsurface samples) taken at the reference

reactor site, the cost for sample preparation would be approximately
$5,850.

Sample Analysis

Soil, water, air, and smear samples that were collected during the
termination survey, will require laboratory analysis. The cost for

analytical work will depend on the number of samples and the level of

radioactivity in each sampie. As the level of radioactivity approaches

the minimum detection limils (MDL), the cost goes up and the precision
of the measurement goes down (see Table VI-6). It would appear that
the practical MDL for competent commercial analytical laboratories
precludes the measurement of all but '37Cs at the residual levels pre-
dicted to lead to 1 mrem/y (see Table VI-6). The costs for analysis of
the critical radionuclides in the reactor site soil samples are given
in Table VI-6.

From the previous section, it was determined that approximately
144 surface soil samples and 90 subsurface soil samples would be required
based on assumed site characteristics. It would be appropriate at the
5 mrem/y (0.05 mSv/y) level to assume that these sampies could be counted
at above the MDL at a cost of about $53 each or a total of $12,400.
Should the decommissioning criteria be rclaxed to 25 mrem/y, the analyti-

cal costs would be approximately $9,360.




Table VI-6. Cost of soil sample analysis

Cost/sample
(1980 dollars)

Concentration in

soil (pCi/g)® Nuclides

5g-2b 600, 905y 137(g 80-100

1€-1°¢ 60Cq, 905y 137Cs 45-60

1609 600y, 905p, 137Cg 35-45

270 convert from pCi/g to mBg/g, multiply the former by 37.

b considered minimum detection limit (giving £100% error) for
competent commercial analytical laboratories using standard procedures.

®This concentration should be measurable with a +50% error.
dThis concentration should be measurable with a +10-20% error.
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Summary of Costs

Cost elements include labor for surveys (based on $10/hr), fringe

benefits, administration and overhead on the labor, materials and ser-
vices. These costs are summarized in Table VI-7. The value of $10/hr

in 1980 dollars may be low by a factor of at least two, depending on
local labor and related costs of travel, lodging and meals.




Table VI-7. summary of costs in 1980 dollars for termination
survey of reference reactor site

Element of cost Cost

1 mrem/v 5 mrem/y 25 mrem/y

Labor
Radiological survey 173,630
Report preparation 5,000
Fringe benefits @25% 44 657
Administration @15% 26,794
Overhead @31% 55,375

Materials? 2,000

Services

Drilling (auger, coring,
restoration) 6,100 6,100 6,100
Land surveying 10,000 8,000 8,000

Analytical 26,910 18,250 15,210

Total $350,466 $140,386 $137,346

1 " 2
“Exclusive of instruments and equipment.
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APPENDIX VII

ON THE PROBABILITY OF MISSING HOT SPOTS IN A ?RELlMINARY.
FINAL, OR CERTIFICATION SURVEY
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STATEMENT OF THE PROBLEM

Given an 0.08 km® site (20 acres) which has been declared clear of
radioactive materials by the licensee, assume a radiological survey will
be conducted to verify that the site is indeed “clean" or "safe." The
site is partitioned into square blocks (e.g., 3 m x 3 m). The number
of blocks cn the site, denoted by N, is known. The area surrounding a
site is referred to as background. For the background, a single number
is compiled, which is the number of microRoentgens per hour (uR/h) for
the background. Denote this number by “8," for Background.

Definition of "hot spot"

The ith block on the site will be called a hot spot if the maximum
number of uR/h for the ith block exceeds kB where k is a constant to be
defined by 10CFR, for example, the value 2. The number of hot spots
for the site is denoted by H. The expectation is to identify all hot
spots and to eliminate them. This could be done by checking each and
every block (systematic sampling). Such a complete survey would be
expensive and time-consuming. If sampling, n, of block, N, is to be
used, the problems becomes one of estimating the number of hot spots.
A 10% or 20% sample, for example, would be less expensive and risults
can be obtained more rapidly. With sampling, only a fraction of the
site is surveyed and there is the potential for missing some hot spots.
In the next section, a Bayesian model is presented for measuring the
probability of missing hot spots.

Mode! for determining the probability of missing hot spots

Assume a finite populaticn of size N and a Bayesian approach. The
population contains an unknown number of hot spots, H. Then, H is taken
to be a random variable with some prior distribution which it is assumed
a statistician can specify after discussion with the survey designer.
The surveyor and/or designer gives the statistician a subjective evalua-
tion on possible values of H. A convenient family of “prior" distribu-

1-3

tions for H is the beta-binomial distribution. This family is con-

venient because it permits a wide variety of shapes for the distribution
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of H and also because the mathematics is tractable. The general beta-
binomial distribution can be given by

fi(Hla,B,N) = (:) B(H + géuN ;)H *B) ¢or H=0, 1.

1 o-1 B-1
where B(o g) = j t {1*t) dt fora >0 and B > 0
0

The values of a and B are chosen to represent the state of prior know-
lege about H. Three examples are treated in the foilowing section
With f,(H|a,B,N) as the prior distribution, a random sample of

size n is taken and h, the number of hot spots in tie sample, is deter

mined. The parameter h has tF hypergeometric distribution given by

() ()
(

fo(h|H)

(Note that the distribution of h is dependent on H.)

The next step is to find fa(HIh) which is the “"posterior" distribu-
tion of H. That is, f,(H|h) utilizes subjective experience about the
distribution of H after obtaining the sample information [t can be

L,h()WH; that f,'(th) 18 given t‘y
N-n B(H + o, N
fa(HIh) (u-n) e

for H h, nh+1,.... N-n+ h. The probability distribution given in

Eq. (3) can be used to help one determine the probability of missing a
specific number of hot spots in *he unsampled population
Assume that the random sample of size n contains h h hot spots
)

Having observed hJ hot spots, there are at least h{ hot spots on the
C )

entire site and no more than N - (n=h : ). Thus, given that h hot spots
( 0
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have bee observed in the random sample of size n, the probability that
there are exactly "L hot spots left in the unsampled population is:
P (missing exactly “L hot spots given h = ho)

P(H=H +h |h=h)

fa(H_ + holhy)

O T e B i ke W Tl (4)
"L 4‘5(50 +a, n- ho +B

Also

©

(missing more than HL hot spots given h = ho)
0

P (h >HL° + holh = ho)

™

fa(H, + holhy) (5)

Numerical examples

Three examples will illustrate the content of the previous section.
In all three cases, assume that the site to be verified contains N = 1000
blocks. The three different prior distributions for H to bte considered
are f,(H]1,1,1000); f,(H|1,500,1090); and f,(H|1,1000,1000). Their
histograms are given in Figs. vii-i, VII-2, and VII-3.

The pricr distribution in example I is a uniform prior distribution.
This prior distribution is often used4 by Bayesian statisticians as that
prior distributie” which is appropriate when one does not know the values
of H, i.e., th s no strong (or weak) evidence to indicate that the
probability 7 auy one particular value of H is greater than another.

The prior distribution in example I1 suggests an initial feeling, or
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Fig. VII-2. Example II (Skewed Prior Distribution)

N 1,000 ,urvey blocks

L

Number of hot spots probably less than 9 from
prior lnformatlon
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Fig. VII-3. Example III (Skewed Prior Distribution)
N = 1,000 survey blocks
H = Num. 2r of hot spots definitely less than 9 from
prior information



reason to believe, that H is a small (less than 9) number. The prior
distribution in example [Il suggests an even stronger initial feeling
that H is a small number.

Tables on the probability of missing more than HL hot spots giver
ho in the sample are shown in Tables VII-1 through VII®9 for the three

examples. The corresponding graphs are given in Figs. VII-4 through
VII-12.

Concluding remarks

The use of sampling techniques in the decommissioning of sites
should be encouraged because of reduced cost, greater speed, greater
scope, and greater accuracy.5 However caution should be taken because
by sampling tF re is the finite chance of missing some hot spots,
especially for weaker gamma emitters in the soil, or where attenuated
by shielding.

The purpose of this Appendiy VII has been to present a model for
determining the probability of missing hot spots. The mcdel should not
be viewed as a final result or "the answer," but as a first step toward
the consideration of this important issue. Further research is needed,
and the following related questions need addressing:

Are there other models which are applicable?

How does one cdetermine the prior distribution, and what
information is neede! if the Bayesian model presented
here is used?

How does a change in blocksize affect the probability of
missing hot spots?

what is an appropriate sample size?

what about the stratification issue?

Can one use techniques which would make use of sample

6
surveys and censuses?

0f equal importance to the probability of missing one or more long-lived
hot spots on a cleaned-up site is the potential hazard significance of
missing such hot spot(s) after some of the radioactive atoms have passed
through the food chain to man.
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Table VII-1. The probability of missing more than three hot spots

given ho hot spots in a sample size n (Example 1)

n© 0 1 2 3

10 0.9566993 0.9989208 0.9999806 0.9999997
20 0.9185696 0.9959616 0.9998468 0.9999952
50 0.8109947 0.9769355 0.9977614 0.9998126
100 0.6530416 0.9176643 0.9840857 0.9973032
150 0.5193687 0.8340113 0.9524762 0.9879561
200 0.4073501 0.7358451 0.9007523 0.9667151
300 0.2385247 0.5265725 0.7434760 0.8738361
400 0.1285652 0.3354043 0.5430741 0.7096274
500 0.0618765 0.1862503 0.3423419 0.4989041
Table VII-2. The probability of missing more than five hot spots

given ho Hot spots in a sample size n (Example I)

h
n © 0 1 2 3

10 1.9356946 0.9977608 0.9999462 0.9999990
20 0.8802621 0.9917325 0.9995825 0.9999831

50 0.7301069 0.9546423 0.9941732 0.9993750
100 0.5273724 0.8485661 0.9616625 0.9917304
150 0.3738339 0.7143440 0.8941592 0.9661094
200 0.2595934 0.5742362 0.7958156 0.9142293
300 0.1161911 0.3270867 0.5498637 0.7287435
400 0.0459126 0.1569335 0.3133010 0.4808488
500 0.0152988 0.0615183 0.1428905 0.2519331




Table VII-3. The probability of missing more than seven hot spots
given hO hot spots in a sample size n (Example I)

. 9999975
. 9599569
. 9984837
. 9815326
. 9304172
. 8381984
. 9675005
. 2936753
.1113477

. 9151099
.8434791
.6571442
. 4256934
. 2689731
. 1652638
. 0565010
.0163517
. 0037672

. 9962073 . 9998861
. 9661826 ). 9951294
. 9271491 . 9883901
. 71720784 . 9252087
. 5961831 . 8188311
.4328814 0.6756796
. 1935145 . 3799744
. 0691773 0.1650318
. 0189728 0534611

oo oooo
OCoOC0Coocooco
cCooocococooo

Table VII-4. The probability of missing more than three hot spots
given ho hot spots in a sampie size n (Example I1)

1

. 1893560 . 4475687 .6673518 ). 8168161
. 1818091 4345919 0.6539802 .8061130
. 1605172 . 3965719 .6132844 . 1722649
. 1292541 . 3366137 . 5443201 . 7105964
. 1027967 0.2814542 . 4753483 . 6435456
. 0806253 0.2315283 .4079183 . 5727377
0472103 2. 4451949 . 2831226 . 4272621
0254464 . 0866812 . 1787381 . 2894036
.0122470 0.0443930 0.0996974 0.1727831
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Table VII-5. The probability of missing more than five hot spots
given h° hot spots in a sample size n (Example II)

n
n© 0 1 2 3

10 0.0822279 0.2506466 0.4516097 0.6340749
20 0.0773566 0.2389045 0.4354562 0.6174291
50 0.0641611 0.2058824 0.3882786 0.5669257
100 0.0463450 0.1580196 0.3148354 0.4824419
150 0.0328574 0.1186299 0.2491269 0.4002655
200 0.0228128 0.0869452 0.1920356 0.3231403
300 0.0102108 0.0430164 0.1044639 0.1921047
400 0.0040348 0.0186182 0.0493529 0.0986822
500 0.0013444 0 "067438 0.0193888 0.0419441

Table VII-6. The probability of missing more than seven hot spots
given h  hot spots in a sample size n (Example II)

h
n © 0 1 2 3

10 0.0356%80 0.1331680 0.2829645 0.4532030

20 0.0328669 0.1245065 0. 2680506 0.4343949

50 0.0256062 0.1011204 0.2262432 0.3796374
100 0.0165875 0.0699522 0.1664273 0.2%54925
150 0.0104808 0.0470089 0.1185585 0.2222815
20 0.0064396 0.0306092 0.0816009 0.1612244
300 0.0022016 n.0116455 0.0344192 0.0750756
400 0.0006372 ”J37119 0.0120546 0.0288147
500 0.0001468 0.v009339 0.0033071 0.00861,55
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Table VII-7. The probability of missing more than three hot spots
given ho hot spots in a sample size n (Example I11)

h
n© 0 1 2 3

10 0.0598534 0.1809997 0.3341784 0.4890471
20 0.0574630 0.1749376 0.3249395 0.4781009
50 0.0507378 0.1575008 0.2978445 0.4453674
100 0.0408559 0.13091%0 0.2549532 0.3915526
150 0.0324930 0.1073766 0.2151977 0.3393489
200 0.0254848 0.0867710 0.1788538 0.2895010
300 0.0149227 0.0537994 0.1170838 0.1994740
400 0.0080433 0.0306099 0.0701720 0.1256463
500 0.0038712 0.0155079 0.0373668 0.07c2101

Table VII-8. The probability of missing more than five hot spots
given ho hot spots in a sample size n (Example III)

n© 0 1 2 3

10 0.014,782 0.0589638 0.1375775 0.2436587
20 0.0137334 0.0558839 0.1313128 0.2341062
50 0.01139¢/ 0.0473795 0.1136778 0.2066908
100 0.0082278 0.0354611 0.0880216 0.1652792
150 0.00583"3 0.0260187 0.0667490 0.1293439
200 0.0040500 0.0186740 0.0494656 0.0988501
300 0.0018127 0.0089037 0.0250800 0.0531880
400 0.0007163 0.0037338 0.0111474 0.3250219
500 0.0002387 0.0013160 0.0041520 0.0098391




Table VII-9.

The probability

given ho not spots in a sa

of missing more than seven hot spotis

mple size n (Example 111)

0

1

2

3

0.0035532
0.0032750
0.0025515
0.0016529
0.0010444
0.0006417
0.0002194
0.0000635
0.0000146

0.0179656
0.0166909
0.0133111
0.0089547
0.0058677
0.0037341
0.0013647
0.0004205
0.0001027

o

o000 O0O0

.0508333
.0475890
.0388210
.0270919
.0183937
.0121145
.0047275
.0015492
.0004013

0.1063286
0.1002763
0.0836022
0.0604499
0.0424804
0.0289313
0.0120387
0.0041924
0.0011504
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Fig. VII-4. The Probability (P) of Missing More than Three Hot Spots
on a "Cleaned~Up" Site. Given h Hot spots Found in a
sample S5i1ze n (see Fig. 1) ,
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Fig. VII-5. The “vobability (P) of Missing More than Five Hot Spots
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Fig. VII-7. The Probability (P) of Missing More than Three Hot Spots
on a "Cleaned-Up Site, Given n_ Hot Spots Found in a
Sample Size n (see Fig. 2).
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Fig. VII-8. The Probability (P) of Missing More than Five Hot Spots
on a "Cleaned-Up" Site, Given h Hot Spots Found in a
Sample Size n (see Fig. 2) 0
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Fig. VII-9. The Probability (P) of Missing More than Seven Hot Spots

on a "Cleaned-Up" Site, Given ho Hot Spots Found in a

Sample Size n (see Fig. 2).
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Fig. VII-10. The Probability (P) of Missing More than Three Ho. Spots
on a "Cleaned-Up" Site, Given ho Hot Spots Found in a
Sample Size n (see Fig. 3).
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