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ABSTRACT 

\u 

This document describes a process for conducting radiological surveys during decommissioning, 
to demonstrate that residual radioactive material satisfies criteria established by the U.S. Nuclear 
ReguIatory Commission W C )  for termination of a license. The Manual describes procedures 
for design and conduct of surveys in a manner which will provide a high degree of assurance 
that NRC guidelines and conditions have been satisfied. The manual also describes methods for 
documenting the survey findings in a final report to the NRC. This Manual updates information 
contained in NUREGICR-2082, Monitoring for Compliance With Decommissioning Termination 
Survey Criteria, (ORNL 1981). It incorporates statistical approaches to survey design and data 
interpretation used by the Environmental Protection Agency for evaluation of hazardous 
materials sites under Superfund (CERCLA). Quality assurance is emphasized throughout. 
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1.0 INTRODUCTION 

Sites that use radioactive material for any activity - manufacturing, research and development, 
education and training, or power production - all face the same eventuality: 

That activity will one day be concluded, and - 

Precautions must be taken to ensure that future occupants and the environment are 
not subjected to unacceptable risks from residual radioactivity. 

Many operations which have the potential to pose radiological risks are licensed by the U.S. 
Nuclear Regulatory Commission (NRC). As part of its regulatory responsibilities, the NRC has 
also established requirements for ceasing operations, removing residual radioactivity, and 
terminating the license. This process is known as decommissioning. Generally, in order for 
a license to be terminated the residual radioactivity must satisfy criteria which the NRC has 
determined to be environmentally acceptable. These criteria, known as release criteria, include 
numerical guideline levels for direct radiation radioactivity in soil and on surfaces and a set of 
conditions for applicaton of the guidelines. If the residual activity concentrations and amounts 
are below the release criteria, a site is considered acceptable for unrestricted use, i.e. without 
need for future radiological controls. The release criteria NRC has been using for license 
termination include those found in the following: - - - A+- -: . . . 

Regulatory Guide 1.86, Termination of Operating Licenses for Nuclear Reactors 
(NRC 1974), 

Guidelines for Decontamination of Facilities and Equipment Prior to Release for 
Unrestricted Use or Tennim-on of Licenses for Byproduct, Source, or Special 
Nuclear Materials (NRC 1987), Office of Nuclear Material Safety and Safeguards 
(NMSS), and 

Branch Technical Position for Disposal or Onsite Storage of Thorium or Uranium 
Waterfi-om Past Operations (46 FR 52061, October 23, 1981). 



A site or facility is considered to be contaminated, when the radioactivity levels exceed the 
established release criteria. Usually, a site ceasing licensed operations can be adequately 

-.-, 
decontaminated, or remediated, i.e. the residual contamination reduced to acceptable levels 
for unrestricted release. However, some situations are encountered where decontamination to 
release criteria is not practical (for example, where the quantity of contaminated material is 
extremely large). In these cases, an alternative method of closure will be developed. An 
example of such a case is the cleanup of uranium mill tailings by stabilizing them in an 
engineered containment cell. 

Over the years, many licensed sites used as facilities have been decommissioned. Occasionally, 
however, follow-up surveys have revealed residual radioactive contamination at levels exceeding 
the release criteria. This condition was usually attributed to an inadequate final radiological 
survey; problems primarily resulted because: 

Contaminated portions of the site were not all adequately sumeyed, andlor 

Survey equipment and techniques were either inappropriate or -were not 
sufficiently sensitive to measure specific potential contaminants at the levels 
established for release. 

In addition, documentation was often incomplete, preventing independent assessment of 
conditions. The need for more detailed instructions for both performing and documenting a final 
survey in support of license termination became apparent. 

d 

1 .  Purpose 

This Manual, contains procedures for conducting radiological surveys during 
decommissioning, to demonstrate that residual radioactive material satisfies release 
criteria. The purpose of this Manual is to assist the licensee in: 

A 

Designing and conducting radiological surveys in a nianner wMch will provide a. 
high degree of assurance that NRC criteria have been satisfied, and 

Documenting the survey findings in a final survey report to NRC. 

This Manual updates information contained in NUREGICR-2082, Monitoring for 
Compliance With Decommissioning Temination Survey Criteria, ( O W  198 1). It 
incorporates statistical approaches to survey design and data interpretation, used by the 
Environmental Protection Agency for evaluation of hazardous materials sites under 
Superfund (CERCLA). Quality assurance is emphasized throughout. Survey 
methodologies described in the Manual utilize state-of-the-art, commercially available 



instrumentation and procedures for conducting radiological surveys for decommissioning 
purposes. 

Although this Manual is written primarily to assist the licensee in conducting radiological 
surveys for decommissioning purposes, its principles and methodologies will be useful 
for conducting other types of radiological surveys performed by license&, NRC 
inspectors, and their contractors. It may also be useful for advanced planning by current 
nuclear facility operators or by those in the process of bringing a new facility on line. 
Surveys for certain purposes, however, such as providing radiological control in an 
operating facility; determining suitability for release or recycle of contaminated material; 
and designing decontamination or remedial actions plans, are outside the scope of this 
document. 

Using This Manual 

This Manual is intended to provide instructions for performing survey procedures that 
will generate sound data to support a facility's license termination application. It has 
been assumed that the user possesses a basic knowledge of radiation terms and 
fundamentals because, without such a background, authorization to possess and use 
radioactive material would not have been granted by the NRC. The Manual could not 
presume to anticipate all the possible combinations of operational, geological, financial, 
and personnel constraints that may affect each site's decommissioning process. 
Nevertheless, the basic steps that are required for decommissioning, regardless of the 
complexity of the facility, are outlined in the Manual (Section 2.0), and survey activities 
related to those various decommissioning steps are described. 

The sections in the Manual are modular, and each module contains information related 
to a particular aspect of the surveys in support of the license termination process. While 
this modular approach creates some redundancy in information, it should allow each 
reader to concentrate only on those portions of the Manual that a p p l ~ ~ t o  his +or ,her 
responsibilities. In addition, since the procedures within each module are-listed in order 

- 
of performance, options are provided to guide the user past portions of the Manual that 
may not be specifically applicable to hislher particular situation. Where appropriate, 
checklists, which condense and summarize each major point in the procedure, are 
provided. These checklists may be used to verify that all suggested procedures were 
followed or used to flag a condition where documentation would be required to explain 
why that step was unnecessary. 

Examples of calculations are included to assist the user in application of the various 
mathematical formulae. A glossary of terms used in this Manual is provided in Section 
12.0. Finally, a sample survey plan and a sample final survey report for a hypothetical 
reference uranium fuel fabrication facility, based on the methodologies and procedures 
presented in this Manual, are provided as Appendices C and D, respectively. 



Throughout the manual, specific parameter values (e.g. grid sizes) are specified for use 
when conducting and documenting surveys. This is done to encourage standardization 
to the extent practicable and to facilitate evaluation of survey results. Where the 
parameter used is critical to the quality of the survey or is spedfied to ensure a minimum 
level of statistical accuracy, this is so stated. However, in many cases parameter values 
were selected either because they have become standard practice over the years and there 
appears to be no compelling reason to change them, or because the authors have found 
them to be practical, based on extensive field experience in conducting and documenting 
these types of surveys. Users are encouraged to comment on the usefulness of parameter 
values in this draft manual and to suggest alternatives. 



2.0 THE DECOMMISSIONING PROCESS 

General 

Decommissioning is an interactive process between the NRC and the licensee leading to 
the termination of a facility license and release of the facility for unrestricted use. This 
process may be simple or complex, depending upon the composite topography (the type 
and number of buildings, the amount of open or paved ground, or the combination of the 
two); the type of facility and its general use; the type and variety of radionuclides used 
in its processes and operations; and the extent to which the facility may have become 
contaminated. These same factors also affect the complexity of radiological surveys 
required to provide the necessary information to eventually demonstrate that residual 
radioactivity levels satisfy the criteria for license termination. The decommissioning 
process and the relationship of radiological surveys to that process are illustrated in flow 
chart format in Figure 2-1. This Manual is intended to assist the user in design and 
performance of surveys required for decommissioning, regardless of the level of 
complexity. 

Responsibilities of the licensee are detailed in regulations concerning byproduct, source, 
and special nuclear materials as set forth in Title 10 of the Code of Federal Regulations 
(10 CFR); Parts 30.36 for byproduct material, 40.42 for- source- xuater&&, 50.82 for - 
reactors, 70.38 for special nuclear material, and 72.54 for spent fuel and high-level \Laste 

- 
storage facilities. These regulations provide that if a licensee does not renew a license, 
that licensee shall, on or before the expiration date of the license, perform the activities 
required for decommissioning a nuclear facility. The licensee must request in writing 
that the license be terminated. In most cases, this request must also be accompanied by 
a written decommissioning plan (see applicable 10 CFR section for conditions that may 
provide for alternative actions). The licensee then: 

Terminates the use of the licensed material, 

Removes radioactive contamination from the facility to the extent practicable, 

Properly disposes of any radioactive material removed, 
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FIGURE 2-1 : Flow Diagram Illustrating General Decommissioning Process 



Submits a report form NRC-314, which certifies information concerning the 
disposition of licensed materials, 

Conducts a radiation survey and/or evaluation of the premises where licensed 
activities were carried out, and 

o Submits to the NRC a report of the final survey or other information to 
sufficiently demonstrate that the premises are suitable for release for unrestricted 
use. 

The NRC reviews and evaluates the information provided by the licensee; performs 
independent confirmation of site conditions, as appropriate; and makes a determination 
on termination of the license. 

2.2 Decommissioning Criteria and Guidelines 

The ultimate goal of the decommissioning process is to assure that future uses of any 
licensed facility will not result in individuals being exposed to unacceptable levels of 
radiation and/or radioactive materials. The NRC establishes the acceptable radiation dose 
to a potentially exposed individual, based on considerations of risk and scientific data 
relating dose to risk. (For the purpose of this Manual, the terms dose and radiation dose 
refer to total effective dose equivalent.) Residual levels of radioactive material that could 
be present and still assure that an individual would not exceed that acceptable radiation 
dose are then calculated by the analyses of various pathways and scenarios (direct 
radiation, inhalation, ingestion, etc.) through which exposure could occur. These derived 
levels, known as guideline values, release guidelines, or simply, guidelines, are 
presented in terms of direct radiation levels, surface activity levels, volume 
concentrations of radioactive material in soil and building materials, and site inventory 
limits. These guideline values refer to radiation and radioactivity above normal 
background levels. Guidelines for direct radiation levels are expressed in units of 
exposure rate, i.e. microroentgens per hour (pRlh). Surface acthity g$aeline 'values, - 
applicable to building or equipment surfaces, are expressed in units of activity per 
surface area [typically disintegrations per minute per 100 cm2 (dpm/100 cm2)]. Volume 
concentration guideline values, which apply to soil, induced activity, and debris, are 
expressed in terms of activity per unit mass [typically, picocuries per gram @Ci/g)]. Site 
inventory limit refers to the total quantity of residual radioactive material from formerly 
licensed operations, permitted to remain on the site following decommissioning; this 
value is expressed in units of activity, i.e. microcuries (pCi) or millicuries (mCi). The 
guideline value for direct radiation is not a function of the source of the radiation, i.e., 
it is independent of the specific radionuclide or its chemical/physical form. However, 
because of differences in environmental behavior and associated radiation doses through 
other exposure pathways, the guideline values for surface activity, volume concentration, 
and site inventory will depend upon the specific radionuclide or radionuclides present. 
If more than one radionuclide is present, the individual contributions from each 



radionuclide are limited, such that the sum of the radiation doses from all sources does 
not, over time, exceed the established acceptable dose. 

u 

This Manual assumes the following conditions for application of guideline values to 
decommissioning. 

Surface Activity 

Average surface activity levels (total of fixed and removable activity) are at or below 
guideline values established as acceptable by NRC. 

Reasonable efforts have been made to identify, evaluate, and remove, if 
necessary, areas of residual activity exceeding the guideline values. Small areas 
of residual activity exceeding the guideline value, known as elevated areas, may 
be acceptable to the NRC. This Manual assumes that activity levels of elevated 
areas, less than three times the guideline values when averaged over a surface 
region of 100 cm2, are acceptable, provided the average level within a 1 m2 area 
containing the elevated area is within the guideline value. 

Reasonable efforts have been made to clean up removable activity and removable 
activity in any 100 cm2 area does not exceed 20% of the average surface activity 
guideline values. 

Soil Activity 

Average radionuclide concentrations are at or below guideline values, established 
as acceptable by the NRC. For your land areas, averaging is based on a 100 m2 
(10 m x 10 m) grid area. 

Reasonable efforts have been made to identify, evaluate, and remove, if 
necessary, areas of residual activity exceeding the guideline v&s.cThis Manu4 
assumes that areas of residual activity exceeding the guideline value, known as 
elevated areas, are acceptable, provided they do not exceed the guideline value 
by greater than a factor of (lOO/A)lR, where A is the area of residual activity in 
m2, and provided the activity level at any location does not exceed three times the 
guideline value. 

Ex~osure Rate 

Exposure rates do not exceed background levels by greater than the exposure rate 
limit, at 1 m from the surface. In occupiable building locations, exposure rates 
are measured at 1 m from floorflower wall surfaces and may be averaged over 
floor areas, not to exceed the size of a small office (i.e., about 10 m2.) For open 
land areas, exposure rates are measured at 1 m above the surface and may be 
averaged over 100 m2 grid areas. This Manual assumes that maximum exposurc 
rates over any discrete area may not exceed two times the limit, above background. 



The objective of the survey, as presented in this Manual, is to demonstrate at a 95% 
(minimum) level of confidence, that the above conditions have been met. For the 
purpose of this demonstration, each survey unit (Section 4.2.2) is independently 
evaluated. 

Finally, the total inventory of residual radioactive material from licensed operations may 
require calculation. It is assumed that this calculation will include surface activity, 
activity in surface and subsurface soil, activity induced in building materials and 
components, and activity that may remain from previous onsite disposals. 

2.3 Radiological Surveys Supporting Decommissioning 

Several different surveys may be required as part of the decommissioning process. Since 
each is intended to provide radiological data for different primary applications or 
objectives, the survey techniques, thoroughness, data accuracy, and documentation 
requirements may vary. This section identifies and briefly describes the types of 
radiological surveys. Additional details on conducting surveys are provided in 
Section 6.0. 

The major steps in the decommissioning process are sequential and each step builds on 
information gathered from earlier activities. Although the various surveys may appear 
to be independent, survey results may, in practice, serve multiple purposes. For 
example, survey measurements obtained during the scoping phase or the characterization 
phase, may be useable in describing the final site conditions, if the location where those 
measurements were performed has not experienced subsequent activities which may have 
altered the radiological status. Conversely, data obtained following remedial action may, 
if they indicate residual contamination, serve as characterization information to guide 
further cleanup. Survey activities should be planned to enable optimum use of the data, 
thereby reducing the level of survey effort associated with a decommissioning project. 
Such planning should consider the accuracy and specificity of m~suremen_ts,.xelative to . - . . 
time constraints and cost, at each stage of the survey. 

2.3.1 Background Survey 

Because guidelines for residual radioactivity at decommissioned sites are 
presented in terms of radiation levels or activity levels above normal background 
for the area or facility, it will also be necessary to perform a background 
survey. This survey will require measuring both direct radiation levels (usually 
gamma exposure rates) and concentrations of the potential radionuclide 
contaminants in construction materials and in soil (and sometimes in groundwater) 
in the vicinity of the site. Where only gamma emitting contaminants are present 
and soils are not affected, it may be adequate to perform only background 
exposure rate determinations. It is useful to perform such a survey prior to 
commencing licensed operations; such surveys may be part of the environmental 



baseline surveys required at some of the more complex types of facilities. If such 
information is already available, it may be used. Otherwise, a survey to establish 
background will have to be conducted. 

Background is determined by measurements andlor sampling at locations on site 
or in the immediate vicinity of the site (out to several kilometers from the site 
boundary), which are unaffected by site operations. Preferable locations for 
interior background determinations are within on-site buildings of similar 
construction, but having no history of licensed operations. Background direct 
radiation levels within buildings may differ from those in open land areas, 
because of the presence of naturally occumng radioactive materials in 
construction materials and the shielding effect that construction materials may also 
provide. Background samples and measurements for land areas should be 
collected at locations which are unaffected by effluent releases (upwind and 
upstream) and other site operations (upgradient from disposal areas). Locations 
of potential runoff from areas of surface contamination should also be avoided. 
Other locations which may have been affected or disturbed by non-site activities 
and should be avoided include waste management areas and their drainage 
pathways; roads, parking lots, and other large paved surfaces; storm drains and 
ditches, receiving industrial or agricultural ranoff; railroad tracks; material 
handling areas such as truck and rail loading facilities; and fill areas. 

Because the background levels will be subtracted from total radiation or 
radioactivity levels to determine the net residual activity from licensed operations, 
it is necessary that backgrounds be determined with a detection sensitivity and 
accuracy at least equivalent to data from which it will be subtracted. This can be 
achieved by using the same instruments and techniques for background surveys 
as are used in assessing final site conditions. 

The degree to which the average background of a particular radiological 
parameter, determined for a specific site, is representative of the true background 
level is a factor in determining the number of background mdements-required 
for that determination. Many radionuclides are not present in the environment 
at levels which are sufficient to be either quantifiable using reasonable, standard 
measurement techniques or which are significant, relative to the guideline values 
for unrestricted release. On the other hand, levels of direct radiation (exposure 
rates) and some naturally occurring (uranium and thorium decay series) or man- 
made (Cs-137) radionuclides are typically present in the environment at levels 
which are easily quantifiable and may have background levels which are 
significant, relative to guideline values. Experience has indicated the variance in 
the average background value from a set of 6 to 10 measurements will usually not 
exceed f 40% to 60% of the average at the 95 % confidence level. However, 
localized geologic formations, different types of soil, and construction materials 
at the-background measurement locations may result in individual background 
values which have greater variability. Consequently, additional measurements 
and samples may be required to assure a representative average value. 



For practical purposes, it is recommended that 6 to 10 measurements for each 
parameter of concern be initially performed and the average and 95 % confidence 
level be determined. If the upper 95% level bound on the background average 
is less than 10% of the guideline value for that parameter, variations in 
background may be considered insignificant and no further determination are 
necessary. However, if the upper 95% level bound on the background-average 
is greater than 10% of the guideline value, the background data should be tested 
to assure that the average represents the true mean to within f 20% at the 95% 
confidence level. If necessary, additional background determinations should be 
performed to satisfy this level of representativeness. The procedure for testing 
the data and determining the number of additional samples needed is described 
in Section 8.7. 

2.3.2 Scoping Survey 

Early in the decommissioning process, it will be necessary to identify the 
potential radionuclide contaminants at the site; the relative ratios of these 
nuclides; and the general extent of contamination (if any) - both in activity levels 
and affected area or volume. Although the license and operational history 
documentation will assist to varying degrees in providing this information, it will 
usually be necessary to supplement that information with actual survey data. A 
scoping survey is therefore performed. The scoping survey typically consists of 
limited direct measurements (exposure rates and surface activity levels) and 
samples (smears, soil, water, and material with induced activity), obtained from 
site locations considered to be the most likely to contain residual activity, and 

, from other site locations both immediately adjacent to the radioactive materials 
use areas and in areas not expected to have been affected by the site operations. 
This survey provides a preliminary assessment of site conditions, relative to 
guideline values, and enables initial guidance in classification of the site into 
"affected" and "unaffected" areas (see Section 4.2.1 for furt_her information on 

-7 - - 
classification of areas by contamination potential). The scoping survey prdvides - 
the basis for initial estimates of the level of effort required for decommissioning 
and for planning the characterization survey. 

Measurements and sampling in known areas of residual contamination need not 
be as comprehensive or be performed to the same sensitivity level as will be 
required for the characterization or final status surveys. However, when planning 
and conducting this scoping survey, the licensee should remember that some of 
the data, particularly that from locations not affected by site operations, may be 
used as final status results or to supplement the characterization and/or final 
survey results. Similar measuring and sampling techniques as used for those 
categories of surveys may, therefore, be warranted. 



2.3.3 Characterization Survey 4 

After locations which may require decontamination have been identified, a 
characterization survey is performed to more precisely define the extent and 
magnitude of contamination. The characterization survey should be in sufficient 
detail to provide data for planning the decontamination effort, including the 
decontamination techniques, schedules, costs, and waste volumes and necessary 
health and safety considerations during decontamination. Characterization is 
typically concentrated on those portions of the site which are known to have been 
or are suspected of having been affected by site operations involving radioactive 
materials. The type of information obtained from a characterization survey is 
often limited to that necessary to differentiate a surface or area as contaminated 
or non-contaminated. A high degree of accuracy may not be required for such 
a decision, when the data indicate levels well above the guidelines. On the other 
hand, when data are near the guideline values, a higher degree of accuracy is 
usually necessary to assure the appropriate decision regarding the true radiological 
conditions. Also, one category of radiological data, such as soil radionuclide 
concentration or total surface activity, may be sufficient to determine the status 
as contaminated, and other measurements, e.g. exposure rates or removable 
contamination levels, may therefore not be performed during characterization. 

As was the situation with the scoping survey, the choice of survey technique 
should be commensurate with the intended use of the data, includin~ ,, 
considerations for possible future use of the results to supplement the final status 
survey data. 

2.3.4 Remediation Control Survey 

The effectiveness of decontamination efforts in reducing residual radioactivity to 
A 

acceptable levels is monitored as the decontamination i e i n  ..progress by. a 
remediation control survey. This type of survey activity guides the cleanup in 
a real-time mode; it also assures that remediation workers, the public, and the 
environment are adequately protected against exposures to radiation and 
radioactive materials arising from the decontamination activities. The remediation 
control survey typically provides a simple radiological parameter, such as direct 
radiation near the surface being decontaminated. The level of radiation, below 
which there is reasonable assurance that the guideline values have been attained, 
is determined and used for immediate, in-field decisions. Such a survey is 
intended for expediency and does not provide thorough or accurate data 
describing the final radiological status of the site. The remediation control survey 
is applicable to monitoring of surfaces and soils or other bulk materials only if 
the radionuclides of concern are detectable by field survey techniques. For 
radionuclides and media which cannot be evaluated at guideline values by field 
procedures, samples are be collected and analyzed to evaluate effectiveness L u 

decontamination efforts. For large projects, use of mobile field laboratories can 



provide more timely decisions regarding the effectiveness of remedial actions. 
Examples of situations for which remediations control surveys would not be 
practicable are soil contaminated with pure alpha or beta emitting radionuclides 
and surfaces with very low energy beta contamination such as H-3. 

2.3.5 Final Status Survey 

A survey to determine the final condition of the site is performed after 
decontamination activities (if any were required), are complete. This survey is 
known by several titles, including termination survey, post remedial-action 
survey, final status survey and final survey. The term final status survey is 
used in this Manual. It is this survey which provides data to demonstrate that all 
radiological parameters (total surface activity, removable surface activity, 
exposure rate, and radionuclide concentrations in soil and other bulk materials) 
satisfy the established guideline values and conditions. Results of the survey are 
documented in a detailed report, which becomes part of the licensee's application 
to terminate a license and thereby release the facility for unrestricted use. This 
type of survey is the principal focus of this Manual. 

Although the final status survey is discussed here as if it were an activity 
performed at a single specified stage of the documenting process, this may not be 
the case. Data from surveys conducted at other stages of the decommissioning, 
such as the scoping survey and characterization survey, can, under proper 
conditions, be incorporated into the final status survey. 

2.3.6 Confirmatory Survey 

After acceptance of the licensee's termination survey report, the NRC may 
perform (or arrange for its agent to perform) a confirmatoa survey. As the 
name implies, a eonfiiatory survey is performed to confirm thi%de&iaty arid 
accuracy of the licensee's final status survey. The confirmatory survey develops 
radiological data of the same type as that presented by the licensee, but is usually 
limited in scope to spot-checking conditions at selected site locations, comparing 
findings with those of the licensee, and performing independent statistical 
evaluations of the data developed by the confirmatory survey and the licensee's 
final status survey. ~lthough the scope may v&, a c-onfirmatory survey 
typically addresses from 1 to 10% of the site, but may be extended, if questions 
or anomalies develop or are identified. The NRC uses the report of this survey 
in supporting a decision on the licensee's application to terminate a license and 
release the facility for unrestricted use. 



3.0 ASSESSING THE RADIOLOGICAL STATUS OF 
THE SITE 

The initial step in the decommissioning process is a preliminary assessment of the radiological 
status of the site. This assessment consists of: 

Identifying potential residual radioactive materials, 

Establishing the applicable release criteria, 

Determining the general locations and extent of activity, and 

Estimating the levels of activity. 

= Information from this assessment provides the basis for the licensee's decommissioning plan and 
the design for subsequent radiological surveys. This section describes the scoping of the site 
status. A flow diagram (Figure 3-1) and a checklist to assist the user in this assessment are 
included at the end of the section. 

Dotument and History Review 

The starting point in this assessment is a review of the site license and supporting or 
associated documentation, e.g . license conditions, license amendment applications, 
inspection records, material acquisition and disposal records, site maps and facility 
drawings, process flow charts, etc. These documents will specify quantities and chemical 
and physical forms of radioactive material authorized for possession, operations for 
which the materials could be used, locations of these operations at the site, and total 
quantities of material used at the site during its operating lifetime. Such records must be 
maintained by licensees, per provisions of 10 CFR 30.35 (g) 40.36 (0, and 70.25 (g), 
until the license is terminated by the NRC. Operating records will provide information 
on spills, fires or other incidents that may have resulted in the release or spread of 
radioactive contamination. 



These records may also include previous radiological surveys, which will assist in 
identifying potentially contaminated areas. Records should also identify the locations of 
potential subsurface radioactivity from former waste processing and disposal operations 
which may have been conducted in accordance with previous provisions of 
10 CFR 20.302 and 10 CFR 20.304. 

Information concerning past site activities and potential residual activity beyond expected 
locations is often available from unofficial sources, such as interviews with senior or 
former employees and area residents, old photographs, and Iocal newspaper articles. 
Ingenuity will be required in identifying such sources and extracting and evaluating the 
information obtained. 

Sometimes facilities, particularly those that used radioactive materials prior to the advent 
of the Atomic Energy Commission licensing, have residual material on site from prior, 
unlicensed operations. In these cases, records may be sketchy or non-existent, but 
knowledge of the general type of operations at that site will assist in determining the 
radionuclides which would most likely be present. 

3.2 Identifying Potential Contaminants 

After the radioactive materials that were used at the site have been identified, the 
potential for residual contamination by these materials is evaluated. Site operations 
greatly influence the potential for residual contamination. An operation which only 
handled encapsulated sources, for example, would be expected to have a low potential 
for contamination, assuming that the integrity of the sources was not compromised. A 
review of leak-test records for such sources may be adequate to dispel concern for 
residual contamination. A chemical manufacturing process facility would likely have 
contaminated piping, ductwork, and process areas, with soillland area contamination 
limited to locations where spills or leaks may have occurred. Sites using large quantities 
of radioactive ores and those with outside waste collection and treatment systems are 
more likely to have contaminated grounds. If loose, dispersible maMali were stored 
outside or process ventilation systems were poorly controlled, then windblown surface 
contamination may be possible. 

Consideration should be given to the amount of time that has passed since the site was 
in operation. Radionuclides with short half-lives may no longer be present in significant 
quantities, if enough time has elapsed since the site discontinued operations to allow for 
radioactive decay. In this case, calculations to prove that residual activity could not 
exceed guideline values may suffice, and surveys may not be required to demonstrate the 
site's radiological status, relative to license termination criteria. On the other hand, 
certain radionuclides, such as Th-232, may experience significant daughter product 
ingrowth, which must be considered in evaluating the potential residual contaminants at 
the time of decommissioning. 



Identifying PotentiaIIy Contaminated Locations 

Using information gathered from document and site history reviews and evaluation of 
potential contaminants, locations of likely residual contamination are identified. Such 
locations will include facilities or areas where radioactive materials were processed; 
where wastes were handled, stored, or disposed of; and where spills, fires, or other 
incidents occurred which may have released or spread contamination. These locations 
will be the principal targets for the scoping survey. 

Performing the Scoping Survey 

The scoping survey is performed to substantiate and, where necessary, better define the 
identity of potential radioactive contaminants and the general extent of residual activity. 
Based on the anticipated radionuclides, appropriate survey instruments are selected (refer 
to Section 5.0), and cursory measurements are conducted in suspect locations. These 
measurements typically consist of surface scanning (moving the detector at a consistent 
speed and distance near the surface) and measuring levels of direct radiation (surface 
activity and exposure rate) at representative points. Samples of surface soil and residues 
from surfaces, cracks, pipes, ducts, and other areas where contaminated material may 
have accumulated are collected and analyzed (refer to Section 7.0) for specific 
radionuclides. Bear in mind that these survey activities are more of a screening nature 
and are not intended to be as comprehensive or stringent as those required to demonstrate 
that final site conditions satisfy the release criteria. Results can, however, be utilized as 
valid data to supplement the final status survey reports, if appropriate procedures are 
followed and the subsequent decommissioning activities have not altered the survey 
location. 

One of the most difficult situations to evaluate is the presence of buried materials or 
possible subsurface contamination. Such subsurface material is usually covered by 
several feet of soil and the surface may be paved over ojpnay-be the site of-a- building. 

* . . . - 
Such conditions prevent detection of the residual actrvity by surface surveys only. - 
Methods, such as ground penetrating radar or electromagnetic measurements,to identify 
subsurface anomalies or disturbances, are used. Subsurface sampling can also be 
performed. These procedures are, however, usually beyond the scope of the scoping 
survey; such information is typically collected during the characterization and/or final 
status survey. 

Establishing Site Guideline Values 

Evaluation of license and document review and analyses of samples from the scoping 
survey are used to identify the residual radionuclides at the site. If a single radioactive 
material or a combination of radioactive materials with the same guideline values were 
used at the site, the guidelines can then be selected from tables developed by the NRC. 
In many cases, however, multiple radionuclides with different guideline values are 



present at the site; site-specific guidelines should then be established. The procedure for 
determining site-specific guideline values is described in Appendix A. 

- /* 

3.6 Comparison of Radiological Conditions with Guideline Values 

Scoping survey results are compared with the site guideline values, and locations of 
contamination, if any, are identified. Findings of the assessment, describing the review 
and evaluation of pertinent documents and results of the scoping survey are documented 
for submission to the NRC. If, based on the radionuclides used and activities conducted, 
it can be demonstrated that residual contamination would not be possible, the NRC may 
determine that no further actions by the licensee are necessary. If residual contamination 
is possible, but no conditions exceeding guidelines have been identified, plans for 
conducting additional surveys to demonstrate that the final site status satisfied release 
criteria should be developed. If residual site contamination is identified, the .licensee 
should develop and submit plans for characterizing and remediating contaminated 
locations and for conducting surveys to demonstrate that the final site status-meets the 
guideline values and conditions. 
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FIGURE 3-1 : Flow Diagram for Assessing Site Status 



Checklist for Conducting 
Assessment of Site Radiological Status 

Review license operating records, documentation supporting license arnmendment 
applications, and other pertinent documents. 

Discuss site history with senior and former employees and others who may have 
information on past operations. 

Identify radionuclides used. 

Determine which radionuclides could be site contaminants. 

Identify locations of likely residual activity. 

Perform scoping survey. 

Identify specific radionuclides at site. 

Establish guideline values; develop site-specific guidelines if applicable. 

Compare scoping survey findings with guideline values. 

Prepare report to NRC identifying locations of contamination (if any) and 
describing plans for decontamination and/or furthersurVey actions. .. - - 



4.0 Planning and Designing the 
Final Status Survey 

The purpose of the final status survey is to demonstrate that the release criteria established by 
the NRC have been met. Demonstrating that this has been achieved requires collection of data 
for determining surface activity levels, direct exposure rates, and radionuclide concentrations in 
soil. In addition, supplemental information, such as radionuclide concentrations in ground water 
and total site inventory of radioactive material, may be required by the NRC. The data should 
be accurate and reliable and should be adequate to satisfy other conditions and considerations 
which the NRC may impose. A well-documented, statistically based survey plan will be the 
basis for meeting these objectives. 

The survey plan should describe the survey design in detail. The plan should include: 

A list of the types, numbers, and locations of measurements and samples to be 
obtained; 

Information on the equipment and techniques to be used for measuring, sampling, 
and analyzing data; 

. The methods to be used to interpret and evaluate the survey -data~and; 

Quality control procedures for ensuring the validity of the data. 

This section discusses considerations for developing such a plan, including quality control 
procedures, and site information required to plan and design the survey. This section also 
describes how to select measurement/sampling locations and to determine the sampling frequency 
that will be required to assure the statistical significance of the data. A general flow chart for 
a radiological survey supporting license termination is provided in Figure 4-6; detailed flow 
charts for various activities related to the survey process are provided in Section 6.0. 
Appendix B provides a sample survey plan for a hypothetical reference fuel fabrication facility. 



4.1 General Considerations for Survey Planning 
d 

4.1.1 Quality Assurance 

Because the purpose of the final status survey is to demonstrate that a facility 
meets the established release criteria, the survey should be performed in a manner 
that assures the results are accurate and that uncertainties have been adequately 
considered. An effective QA program will define the data quality objectives of 
the survey and thereby determine, to a significant extent, the survey design. This 
program will operate in all stages of the survey through final validation of the 
data and the interpretation of the results. 

The consensus nuclear industry standard for quality assurance is 
ANWASME NQA-1, Quality Assurance Program Requirements for Nuclear 
Facilities (ANSI 1989). The NRC has also issued guidance for an acceptable QA 
program in Regulatory Guide 4.15, Quality Assurance for Radiological 
Monitoring Program - Effluent Streams and the Environment (NRC 1979). A 
quality assurance program, consistent with the information contained in these 
documents, should be developed. 

Surveys should be performed by trained individuals who are following standard, 
written procedures, and are using properly calibrated instruments which are 
sensitive to the suspected contaminant. The custody of samples should be tracked 4 

from collection to analysis. Data should be recorded in an orderly and verifiable 
way and reviewed for accuracy and consistency. Every step of the 
decommissioning process, from training personnel to calculating and interpreting 
the data, should be documented in a way that lends itself to audit. These 
requirements are achieved through a formal program of quality assurance. 
Failure to follow such requirements may limit the usefulness of portions of the 
survey data. 

QA Plans 

The decommissioning plan should include a written QA plan that describes the 
organizational structure under which the decommissioning efforts - and 
particularly the final status survey - will be conducted. Functional and 
administrative responsibilities and interfaces of key individuals should be clearly 
delineated. Education, experience, and any other requirements for each key 
position should be specified. The size and complexity of the organizational 
structure will be determined by the magnitude of the decommissioning action. 



OA Coordination 

One individual should be designated as the QA officer or QA coordinator. This 
individual should not be involved in survey activities that generate data and 
should report directly to the project manager. The QA officer/coordinator should 
be responsible for ensuring that all QA objectives of the survey are met, should 
review selected field and analytical data to ensure adherence to procedures, and 
should approve the quality of data before it us used to test hypotheses regarding 
attainment of cleanup standards. Specifically, this individual: 

Serves as the focal point for survey QA activities and ensures that they are 
conducted in accordance with established policies and procedures 

Oversees survey activities by conducting internal audits and/or surveillance. 

Documentation ReauirementS 
- 

All aspects of the survey should be documented in detail, For certain field or 
laboratory activities, consensus or industry-wide procedures, such as those 
developed by the Environmental Protection Agency (EPA), American Society of 
Testing and Materials (ASTM), DOE'S Environmental Measurements Laboratory 
(EML), or other such organizations may be either adopted in whole or adapted 
to meet the requirements of the specific decommissioning action. These 
procedures become part of the administrative record of the survey. The 
procedures should be approved by the individual responsible for the 
decommissioning project and the effective date of the procedure should be 
indicated. Changes or exceptions to established procedures are likely to be 
required; and these also should be properly documented, signed, and dated. 

Trainin~ICertification of Survev Staff 

All personnel conducting the surveys should receive &g~&fi&fy~in the 
procedures being performed. The extent of training and qualifications should be 
commensurate with the education, experience, and proficiency of the individual 
and the scope, complexity, and nature of the activity. Training should be 
designed to achieve initial proficiency and to maintain that proficiency at least 
over the course of the decommissioning process. Records of training, including 
testing to demonstrate qualification, should be maintained. 

Egui~ment Maintenance and Calibration 

Measuring equipment should be maintained, calibrated, and tested to assure the 
validity of the survey data. Further, the procedures, responsibilities, and 
schedules for calibrating and testing equipment should be documented. 

Proper maintenance of equipment varies, but maintenance information and use 
limitations should be provided in the vendor documentation. All measurement 



and analytical equipment should be tested and calibrated before initial use and 
should be recalibrated if maintenance or modifications could invalidate earlier -2 
calibrations. Field and laboratory equipment should be calibrated based on 
standards traceable to the National Institute of Standards and Technology (NIST). 
In those cases where NIST-traceable standards are not available, standards of an 
industry-recognized organization (for example, the New Brunswick Laboratory 
for various uranium standards) may be used. Minimum frequencies for 
calibrating equipment should be established and documented. 

Measuring equipment should be tested at least once each day the equipment is 
used. Test results should be recorded in tabular or graphic form and compared 
to predetermined, acceptable performance ranges. Equipment that does not 
conform to the performance criteria should be immediately removed from service 
until the deficiencies can be resolved. 

Data Mana~ement 

A consistent method of data generation, handling, computations, evaluation, and 
reporting should be developed and documented as part of the survey plan. In 
general, information and data should be recorded in bound logs or on 
standardized field and laboratory record forms. Analytical data should not be 
obliterated by erasing or the use of whiteout. Incorrect entries should be 
corrected by striking a single line across the entry and entering new data. The 
correction or change should be initialed and dated by the person making the 
entry. 

A system of data review and validation is important to ensure consistency, 
thoroughness, and acceptability. This begins with regular (daily or weekly) 
reviews of calculations based on field data; and reviews of final reports by survey 
and laboratory supervisors, QA officials, and project managers. All reviews 
should be signed and dated. Any questionable or invalid data should be identified - 
in project records and in the survey report. Activ'e iefoids &6uld remain under 
direct control of a designated individual during report preparation; inactive 
records should be protected from loss or destruction by storage in access- 
controlled areas or files and in facilities with fire protection. It is also 
recommended that copies (microfilm, computer disc, photostats, etc.) of critical 
data be produced and stored at a separate location. 



Sample Chain-of-Custody 

One of the most important aspects of sample management is to ensure that the 
integrity of the sample is maintained; that is, that there is an accurate record of 
sample collection, transport, analysis, and disposal. This ensures that samples are 
neither lost nor tampered with and that the sample analyzed in the lab~ratory is 
actually and verifiably the sample taken from a specific location in the field. 

Sample custody should be assigned to one individual at a time. This will prevent 
confusion of responsibility. Custody is maintained when (1) the sample is under 
direct surveillance by the assigned individual, (2) the sample is maintained in a 
tamper-free container, or (3) the sample is within a controlled-access facility. 

A chain-of-custody record (a standard form) should be initiated by the individual 
collecting or overseeing the collection of samples. A copy of this form should 
accompany the samples throughout transportation and analyses; and any break in 
custody or evidence of tampering should be documented. - 

Periodic audits should be performed to verify that survey activities comply with 
established procedures and other aspects of the QA plan and to evaluate the 
overall effectiveness of the QA program. The audits should be conducted in 

C 
accordance with written guidelines or checklists, and should be performed by 
individuals not actively participating in the activities being audited. Audit results 
are reported to responsible management in writing, and actions to resolve 
identified deficiencies should be tracked and appropriately documented. 

4-1-2 Health and Safety 

Consistent with the approach for any operation, decommissioning aetivitiesshould 
be planned and monitored to assure the health and safety of the worker and other 
personnel, both on- and off-site, are adequately protected. 

Contamination control and radiation control support surveys are conducted for 
protection of personnel performing decontamination activities. These surveys are 
operational in nature, as opposed to determining the radiological status of a 
facility, and are typically conducted as part of a licensee's ongoing radiation 
protection program. However, at the stage of determining the final status of the 
site, residual radioactivity is expected to be below the guideline values for 
unrestricted release; therefore, the final status survey should not require radiation 
protection controls. 

The primary health and safety concerns during a final survey are the common 
potential industrial hazards typically found at a construction site. These include 
exposed electrical circuitry, excavations, enclosed work spaces, sharp objects or 



surfaces, falling objects, tripping hazards, and working at heights. The survey 
plan should incorporate requirements and procedures for eliminating, avoiding, 
or minimizing these potential safety hazards. -J 

4.1.3 Physical Characteristics of Site 

The physical characteristics of the site will have a significant impact on the 
complexity, schedule, and cost of a survey. These characteristics include the 
number and size of buildings, type of building construction, building condition, 
total area of grounds, topography, and ground cover. 

Building Interiors 

Building design and condition will have a marked influence on the survey efforts. 
The time required to conduct a survey of building interior surface is essentially 
directly proportional to the total surface area. For this reason the degree of 
survey coverage is decreased as the potential for residual activity decreases. - 

Building construction features such as ceiling height and incorporation of ducts, 
piping, and certain other services into the construction will determine the ease of 
accessibility of various surfaces. Scaffolding, cranes, manlifts, or ladders may 
be necessary to reach some surfaces. Accessing some locations may actually 
require dismantling portions of the building. If the building is constructed of 
porous materials, such as wood or concrete, and the surface was not sealed, 
contamination may have found its way into the walls, floors, and other surfaces. 
It may be necessary to obtain-cores for laboratory analysis. Another common 
difficulty is the presence of contamination beneath tile or other floor coverings. 
This occurs because the covering placed over contaminated surfaces or the joints 
in tile were not sealed to prevent penetration. It has been the practice in some 
facilities to "fix" contamination (particularly alpha emitters) by painting over the 
surface of the contaminated area. All this should be addressed in surveys. 

- .  - . - -  ,. s-- .: . . -  ,- 

The condition of surfaces after decontamination may affect the surveyprocess- 
Removing contamination that has penetrated a surface usually involves removing 
the surface as well. As a result, the floors and walls of decontaminated facilities 
are frequently badly scarred or broken up and are often very uneven. Such 
surfaces are more difficult to survey, because it is not possible to maintain a fixed 
distance between the detector and the surface and pitted or porous surfaces may 
significantly attenuate radiations - particularly alpha and low-energy beta 
particles. Use of monitoring equipment on wheels is precluded by rough 
surfaces, and such surfaces also pose an increased risk of damage to fragile 
detector probe faces. 

The presence of furnishings and equipment will restrict access to building surfaces 
and add additional items which the survey should address. Equipment that was 
used directly for processes or activities involving radioactive materials will like11 
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have been removed; however, in cases where such equipment remains, relatively 

4.6 



inaccessible surfaces may require evaluation. It may also become necessary to 
remove or relocate certain furnishings such as lab benches and hoods, to obtain 
access to potentially contaminated floors and walls. 

Piping, drains, sewers, sumps, tanks and other components of liquid handling 
systems present special difficulties because of the inaccessibility of interior 
surfaces. Process information, operating history, and preliminary monitoring at 
available access points will assist in evaluating the extent of sampling and 
measurements that will be required. Evaluation of inaccessible surfaces is 
addressed in Sections 6.4.3 - 6.4.5 

Expansion joints, stress cracks, and penetrations into floors and walls for piping, 
conduit, anchor bolts, etc. are potential sites for accumulation of contamination 
and pathways for migration into subfloor soil and hollow wall spaces. Walllfloor 
interfaces are also likely locations for residual contamination. Coring, drilling, 
or other such methods may be necessary to gain access for survey. 

- 

Building Exter io~  

Exterior building surfaces will typically have a low potential for residual 
contamination; however, there are several locations which should be surveyed. 
If there were roof exhausts or the facility is in proximity to the air effluent 
discharge points, the possibility of roof contamination should be considered. 
Because roofs are periodically resurfaced, contaminants may have been trapped 
in roofing material, and samples of this material may have to be obtained. Wall 
penetrations for process equipment, piping, and exhaust ventilation are potential 
locations for exterior contamination. Roof drainage points such as driplines along 
overhangs, downspouts, and gutters are also important survey locations. Window 
ledges and outside exits (doors, doorways, landings, stairways, etc.) from former 
contamination control areas are also building exterior surfaces which should be 
addressed. 

Grounds 

Depending upon site processes and operating history, the radiological survey may 
include varying portions of the land areas. At a minimum, those areas 
immediately adjacent to facilities where radioactive materials were handled should 
be surveyed. Other potentially contaminated open land or paved areas to be 
considered include equipment, product, waste, and raw material storage areas; 
liquid waste collection lagoons; areas downwind (based on predominant wind 
directions on an average annual basis, if possible) of stack release points; surface 
drainage pathways; and roadways that may have been used for transport of 
radioactive or contaminated materials. 

Buried piping and underground tanks, spills, and septic leach fields which may 
have received contaminated liquids are locations of possible contamination that 



will require sampling of subsurface soil. Information regarding soil type (e.g. 
clay, sand, etc.) may provide insight into the retention or migration characteristics - 
of specific radionuclides. The need for special sampling by coring or split-spoon 
equipment, usually by a commercial firm, should be anticipated. 

Disposition of on-site, low-level waste burials, authorized under .AEC/NRC 
regulations, will require a decision by the NRC following review of the licensee's 
decommissioning plan. If radioactive waste has been removed, surveys of 
excavations will be necessary before backfilling. If such material is to be left in 
place, the NRC may request subsurface sampling around the burial site perimeter 
to assess the potential for future migration. 

If ground cover should be removed or if there are other obstacles that limit access 
by either survey personnel or by any needed special equipment (electromagnetic 
scanners and subsurface sampling rigs) the time and expense of making land areas 
accessible should be considered. In addition, precautionary procedures should be 
developed to prevent spreading surface contamination during ground cover 
removal andlor the use of heavy equipment. 

4.2 Designing the Survey 

4.2.1 Classification of Areas by Contamination Potential 
ici 

All areas of the site will not have the same potential for residual contamination 
and therefore do not require the same level of survey coverage to achieve an 
acceptable level of confidence that the site satisfies the established release criteria. 
By designing the survey such that areas with higher potential for contamination 
receive a higher degree of survey effort, the process will be both effective and 
efficient. 

4 

Two classifications of areas are used in this Manual; these &tefmed-affected 
and unaffected areas. These classifications are defined as follows: 



affected areas: Areas that have potential radioactive contamination (based 
on plant operating history) or known radioactive contamination (based on past 
or preliminary radiological surveillance). This would normally include areas 
where radioactive materials were used and stored, where records indicate 
spills or other unusual occurrences that could have resulted in spread of 
contamination, and where radioactive materials were buried. - Areas 
immediately surrounding or adjacent to locations where radioactive materials 
were used or stored, spilled, or buried are included in this classification 
because of the potential for inadvertent spread of contamination. 

unaffected areas: All areas not classified as affected. These areas are not 
expected to contain residual radioactivity, based on a knowledge of site 
history and previous survey information. 

Segregation of the site into these two classifications should be justified by the 
licensee in the decommissioning plan (in those cases where a decommissioning 
plan is required to be submitted) and in the final survey report. It should be 
emphasized that review and concurrence by the NRC of the classification of areas 
is to the advantage of the licensee at the early stages of planning the fmal survey. 
It should also be recognized that as the final survey progresses, an area's 
classification may require changing, based on accumulated survey data. 

4.2.2 Establishing Reference Grid Systems 

Grid systems are established at the site to: 

Facilitate systematic selection of measuring/sampling locations, 

Provide a mechanism for referencing a measurement/sample back to a 
specific location so that the same survey point be relocat@& - .  and 

Provide a convenient means for determining average activity levels. 

A grid consists of a system of intersecting lines, referenced to a fured site 
location or bench mark. Typically, the grid lines are arranged in a perpendicular 
pattern, dividing the survey location into squares or blocks of equal area; 
however, other types of patterns (triangular, rectangular, hexagonal) have been 
used for survey reference purposes. 

Grid patterns on horizontal surfaces are usually identified numerically on one axis 
and alphabetically on the other axis or in distances in different compass directions 
from the grid origin. Examples of building interior and land area grids are shown 
in Figures 4-1 and 4-2, respectively. Grids on vertical surfaces include a third 
designator, indicating position relative to floor or ground level. Figure 4-1 
provides examples of designating grid locations in three dimensions. 
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FIGURE 4-2: Example of Grid System for Survey of Site Grounds 



For surveys of structures the basic grid system for affected areas is 1 m. 
Gridding may be limited to the floor and lower (up to 2 m height) walls, unless 

w" there is also a potential for upper wall and ceiling area contamination. Survey 
locations are referenced to the grid system; surveys of ungridded surfaces are 
referenced to the floor grid (if one exists) or to prominent building features. 

Grounds and open land areas classified as affected areas are gridded at 10 meter 
intervals. 

Unaffected areas do not require gridding for the purposes of establishing 
measurement or sampling locations; however, grids systems of larger spacing, 
e.g. 5 to 10 m for large structural surfaces and 20 to 50 m for land areas, may 
be helpful to the licensee by facilitating the referencing of survey locations in 
those areas to a common site reference system. 

The grids described above are intended primarily for reference purposes and do 
not necessarily dictate the spacing of survey measurements or sampling. Closer 
spaced survey locations may be required to demonstrate that average and elevated 
area guideline values are met to the required level of confidence. Larger spacing 
may be acceptable, based on the capabilities of survey techniques. Considerations 
for determining measurement/sampling spacing are provided in Sections 4.2.3 and 
8.5. 

To facilitate survey design and assure that the number of survey data points from 
--1 

an area is sufficient to enable statistical evaluation, the area may be divided into 
survey "units" which have common history or other characteristics or are 
naturally distinguishable from other portions of the site. Such survey units may 
combine contiguous rooms or land areas having the same potential contamination 
classification. The size of a survey unit should be chosen to assure that the total 
number of data points and/or the spacing (frequency) of measurement/sampling 
satisfy the requirements of Section 4.2.3. The maximum survey unit size for 
building surface areas classified as affected, limited-m iOO nit. A-survey unit - 
cannot include both affected and unaffected areas. 

4.2.3 Selecting Measurement/Sampling Locations 

It is not possible to perform measurements or conduct sampling at the 
theoretically infinite number of locations on a site. Instead, a survey should have 
as its objective the collection of quality radiological data from sufficient 
representative site locations, such that a statistically sound conclusion regarding 
the radiological status of the entire site can be developed. Meeting this objective 
requires a statistically based plan for selecting measurement and sampling 
locations. 




































































































































































































































































































































