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1. Scope

1.1 The purpose of this guide is to provide guidance in
determining site-specific conversion factors for translating
between dose limits and residual radioactive contamination
levels on equipment, structures, and land areas. This guide
does not endorse specific levels of allowable residual radioac-
tive contamination, nor does it provide a methodology for
population dose calculations.

1.2 Standards prescribing dose limits for decommissioned
nuclear facilities or sites and/or private properties contami-
nated with radioactive materials are necessary to identify
decommissioning methods, guide cleanup (remedial action)
efforts, determine cleanup costs, identify the amount of radio-
active waste to be disposed, and protect the public. Such
standards, however, are not yet available for all types of
nuclear facilities, sites, or properties. Regulatory Guide 1.86 of
the U.S. Nuclear Regulatory Commission (NRC)(1),2 as well
as specific promulgations of the Environmental Protection
Agency (EPA) and the Department of Energy (DOE), provide
some specific guidance.

1.3 This guide is not intended to establish these federal
policies. They will be promulgated by the EPA and other
federal agencies. Rather, it is to serve as a guide to acceptable
methodology for translating the yet to be determined dose
limits into allowable levels of residual radioactive materials
that can be left at a site following decommissioning.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

E 1034 Specification for Nuclear Facility Transient Worker
Records3

E 1167 Guide for a Radiation Protection Program for De-
commissioning Operations3

2.2 ANSI Standard:
ANSI-ASME-NQA-1 American National Standards Insti-

tute Quality Assurance Program Requirements for Nuclear
Facilities4

3. Terminology

3.1 Definitions:
3.1.1 criteria, n—goals or objectives, or both, to be

achieved against which the degree of accomplishment can be
measured.

3.1.2 decommission, vt—to remove a nuclear facility safely
from service and reduce residual radioactivity to levels that
permit release of the property or facility for unrestricted use
and termination of any applicable license(s).

3.1.3 decontamination, n—those activities employed to re-
duce the levels of radioactive contamination in or on structures,
equipment, materials, and property.

3.1.4 dose equivalent, n—the product of the absorbed dose,
the quality factor (Q), and any other modifying factors (N).

3.1.5 effective dose equivalent, n—the sum of the weighted
committed dose equivalents and the dose equivalent received
from external sources. The sum represents the same risk as if
the whole body were irradiated uniformly.

3.1.6 nuclear facility, n—a facility whose operations in-
volve (or involved) radioactive materials in such form or
quantity that a radiological hazard potentially exists (or ex-
isted) to the employees or the general public. Included are
facilities that are (or were) used to produce, process, or store
radioactive materials. Some examples are nuclear reactors
(power, test, or research), fuel fabrication plants, fuel repro-
cessing plants, uranium/thorium mills, UF-6 production and
enrichment plants, radiochemical laboratories, and radioactive
waste disposal sites.

3.1.7 remedial action, n—decontamination, waste removal,
and site restoration conducted as part of a site or property

1 This guide is under the jurisdiction of ASTM Committee E-10 on Nuclear
Technology and Applicationsand is the direct responsibility of Subcommittee
E10.03on Radiological Protection for Decontamination and Decommissioning of
Nuclear Facilities and Components.
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decommissioning effort.
3.1.8 surface contamination, n—the results of the deposi-

tion and attachment of foreign materials (here most commonly
thought of as radioactive materials) to exposed surfaces.

4. Significance and Use

4.1 Applying the considerations in this guide will provide
assurance that the allowable residual radioactive contamination
levels developed for a particular site will be adequate to
achieve release of the site, property, or facility for unrestricted
use by the general public.

4.2 By following this guide, the user will address the
significant subject areas necessary to translate between field
radiological measurements and the potential dose that may be
received by individuals. This will provide a mechanism to
allow the determination of acceptable contamination levels that
may be left at a site following decommissioning.

5. Pathway Analysis

5.1 Pathway Analysis Objectives—The objectives of this
pathway analysis guide are to:

5.1.1 Provide assurance that appropriate pathways and their
relevant factors have been considered in determining allowable
residual contamination levels at or for the site or property being
decommissioned.

5.1.2 Provide site-specific release criteria for materials,
equipment, land, and facilities on the site to be decommis-
sioned.

5.1.3 Identify appropriate exposure scenarios, pathway
transfer and dose conversion factors, and the principal radio-
nuclides to be considered in performing the pathway calcula-
tions.

5.1.4 Estimate the annual effective dose equivalent to one or
more members of a critical population group (for example, a
family that establishes residence on the site after a site has been
released for unrestricted use).

5.1.5 Compare the estimated annual effective dose equiva-
lent with appropriate limits provided in Environmental Protec-
tion Agency (EPA) regulations or as provided by federal or
state agencies in the interim until such regulations have been
promulgated by the EPA.

5.1.6 Ensure that all significant pathways for the critical
population group are taken into account in deriving allowable
residual contamination guidelines from the basic dose limit
identified in 5.1.5.

5.2 Specific Pathway Analyses—The following pathways
should be considered when performing site-specific pathway
analyses as recommended in this guide:

5.2.1 Exposure received from external radioactive sources
in contaminated ground (for example, soil contamination),
structural surfaces, or equipment. Such exposures could be to
the entire body or to limited parts such as eyes, hands, feet,
gonads, etc., due to handling of radioactivity contaminated
tools, equipment, and the like.

5.2.2 Internal radiation sources due to inhaled dust particles,
radon, or other radioactive gases.

5.2.3 Internal irradiation from ingestion of:
5.2.3.1 Radioactive contamination transferred from con-

taminated tools, equipment, and the like into the body by

means of the mouth and hands;
5.2.3.2 Plant foods grown in contaminated soil;
5.2.3.3 Meat or milk from livestock fed with contaminated

fodder and water; or
5.2.3.4 Fish from a nearby pond or stream; and
5.2.3.5 Water from wells downgradient of the decommis-

sioned site.

NOTE 1—It is assumed that these pathways, applied to a family residing
on-site, will lead to allowable residual contamination levels that are more
limiting than those that would be derived for other scenarios. One must
note that the estimation of the collective (population) dose is outside the
scope of this guide. However, there may be situations (for example, the
recycle of large quantities of activated materials, or the use of a major
contaminated aquifer by a downstream community, or the agricultural use
of a large low-level contaminated site for truck gardening) for which the
annual collective dose might be more limiting, or certainly not in the spirit
of ALARA.

5.3 Pathway Analysis Methodology—The derivation of al-
lowable residual contamination from dose limits is based on
the physical and environmental relation between the concen-
tration (or contamination level) of a radionuclide in a medium
available to people and the consequent radiation dose to an
individual exposed to that source. A pathway analysis must be
carried out to derive this relation. This section presents the
generic basis and methods for calculating the pathway doses.
(Some examples of models and methods available are Refs17,
18, 20,and22.)

5.3.1 Exposure scenarios are the patterns of human activity
that can result in radiation dose attributable to the residual
radioactivity at a decommissioned site. For the purposes of this
guide, permanent residents are considered to represent the
critical group, that is, the group for whom exposure scenarios
need to be established (estimated) and subsequent dose calcu-
lations performed.

5.3.2 The following “residential” scenario should be con-
sidered as a minimum when implementing this guide. In the
residential scenario, a family is assumed to move onto the
decommissioned site, build a home, and raise crops for family
consumption. Hence, members of the family are exposed by
direct radiation from radionuclides in the soil or any remaining
structures on the site, by inhalation of resuspended dust (if the
contaminated area is exposed at the surface) or inhalation of
radon gas, by ingestion of food crops grown in the contami-
nated soil, and by ingestion of water from a well that may be
contaminated by water percolating through the contaminated
site.

5.3.3 In developing any site-specific scenario, realistic cred-
ible scenarios should be used based on the region of the
country and demographic experience for that region. The
assignment of appropriate values to the scenario parameters
should be based on existing patterns of human activity that can
be expected to persist for an indefinite period of time. For most
scenario parameters, this criterion should enable a straightfor-
ward determination of parameter values on the basis of data for
current conditions.

5.3.4 The basis for the choice of key parameter values
should be documented, especially for the fraction of the family
diet that will consist of contaminated foodstuffs (that is, the
fraction of the on-site crops grown in contaminated soil);
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whether or not a basement is constructed (thereby redistribut-
ing “buried” soil which may have been contaminated) on the
property; whether the “farm”’ is large enough to support a
family orchard (0.1 ha), a family pig (1 ha), or a family cow (2
ha); whether there is an on-site source of drinking water (for
example, onsite shallow well capable of supplying a family of
four with domestic water or some fraction thereof); and
whether there is the possibility of a pond being provided on the
site to raise fish for family consumption.

5.3.5 Potential exposure pathways that can contribute sig-
nificantly to the exposure of an on-site resident can be different
for different sites, depending on the dimensions of the con-
taminated zone, the amount of contaminated structures or
equipment left on the site, and the environmental and scenario
parameters that are applicable for the site. A diagram of the
soil-to-man pathways to be considered for determination of
allowable residual contamination levels is shown in Fig. 1.
Potential contributing pathways that should be considered for
site-specific analysis are provided in the accompanying Table
1. This list should be regarded as a set of pathway categories
rather than individual pathways because many of the items
shown may correspond to more than one pathway. Descriptions
of the potentially relevant pathways that should be considered
in determining the allowable residual contamination levels are
provided in subsequent sections of this guide.

5.4 Pathway Factors—The pathway analyses should be
structured and documented in such a way that a reviewer or
auditor can dissect the problem into constituent parts. The parts
should enable independent analysis, comparison, and review.
An example of one such approach is included as Appendix X1.

6. Allowable Residual Contamination Levels in Soil

6.1 This section lists some possible considerations for
determining site-specific allowable residual contamination lev-
els. This task involves pathway screening, data acquisition,
derivation of dose to source ratios (D/S), and finally derivation
of allowable residual soil concentrations. The procedures for
implementing these steps are summarized below.

6.1.1 Pathway screening consists of using historical site
data to assess which pathways are likely to contribute signifi-

cantly to the dose to a member of the critical population group.
The potential pathways, summarized in Table 1, should be used
in preparing this portion of the residual contamination esti-
mates. Conditions at each specific site will differ, and it should
be possible at this stage to identify which pathways can be
eliminated without carrying through a more detailed pathway
analysis. In general, the direct external gamma pathway must
always be included along with the dust inhalation pathway
(except for cases in which only buried contamination is
present). Food pathways must also be included, even for sites
in urban industrial or commercial areas, unless the land is
clearly unsuitable for agricultural use (for example, rocky or
infertile soils, or areas with steep or irregular slopes).

6.1.2 Data acquisition involves the data needed to calculate
the D/S ratios for the relevant pathways identified under the
pathway screening stage. A checklist of the quantities for
which site-specific data are needed is given in Table 2.

6.1.3 Derivation of D/S ratios should be based on source
terms (quantity of each individual nuclide in the contaminated
zone, obtained by averaging soil sample characterization data
over the contaminated volume), external gamma radiation
survey data on equipment and structures, dust inhalation,
ingestion pathways (nonaquatic foods, aquatic foods, and
drinking water), and concentration factors for water pathways
(for example, groundwater factors for the contaminated, unsat-
urated, and saturated zones) to help calculate D/S ratios for
nonaquatic pathways that have a water pathway segment.

6.2 The derivation of allowable soil concentration guide-
lines from the D/S ratios and the basic dose limit (to be
promulgated by the EPA) should consider:

6.2.1 Single-radionuclide soil concentrations for a relatively
homogenous distribution of radionuclides within the contami-
nated zone (those for which the ratio of highest to average
concentration is not greater than a factor of ten),FIG. 1 Potential Pathways That Could Result in Off-Site Doses

TABLE 1 Pathway Identification

I. External radiation
A. Ground

Volume source
Surface source

B. Remaining structures/equipment
Volume source
Line source
Point source
Plane source
Equipment/hand contamination

C. Air
Dust (resuspended radioactive materials)
Radon and radon decay products
Other gaseous airborne radionuclides

D. Water (for example, pond for swimming, boating)
II. Internal radiation

A. Inhalation
Dust
Radon and radon decay products
Other gaseous airborne radionuclides

B. Ingestion/Food
Plant food (vegetables, grains, fruits)
Meat (beef, pork, poultry)
Milk
Aquatic foods (primarily fish)

C. Ingestion/Water
Groundwater (well)
Surface water
Soil/hand contamination
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6.2.2 Mixtures of radionuclides (those for which more than
one radionuclide is present and could account for more than
10 % of the estimated radiation dose to the critical population
group), and

6.2.3 For inhomogenous distributions of radionuclides
within the contaminated zone (so-called “hot’’ spots).

7. Quality Assurance

7.1 Implementation of quality assurance in the determina-
tion of allowable residual contamination levels at decommis-
sioning sites should confirm, by inspection, adequate perfor-
mance in the following program areas:

7.1.1 Documentation of instrument and equipment specifi-
cations, calibrations, operating procedures, qualification and
training of personnel, data sources, and computer programs
utilized.

7.1.2 Verification review by third party.
7.1.3 Recordkeeping system for all data and parameters

used in the allowable residual contamination calculations.
7.2 A comprehensive system of planned and periodic audits

should be conducted to verify performance consistent with the

decommissioning plan and to determine the effectiveness and
reasonableness of the pathway methods used. These audits
should be performed in accordance with written procedures or
by checklists by appropriately trained personnel not having
direct responsibility in the area being audited. Audit results
should be documented and reviewed by management having
responsibility in these areas. These audits should examine the
program elements identified in the sections that follow.

7.2.1 Specifications for instrumentation and equipment to
be used in connection with the pathway modeling and calcu-
lations for determining allowable residual contamination levels
should be defined and be consistent to satisfactorily accomplish
the stated objectives in support of the decommissioning plan.

7.2.2 Specific operating procedures should be prepared to
accomplish the activities of this standard guide in implement-
ing the decommissioning plan. Implementation procedures
should address required equipment and instrumentation and
performance instructions.

7.2.3 If pathway analyses are subcontracted to an outside
vendor, the contracted services should be performed under
written procedures that stipulate quality assurance provisions.
These procedures should be reviewed and approved by the
decommissioning contractor quality assurance function. A
quality control overcheck on the contracted services should be
performed to ensure accuracy and confidence in the reported
results.

7.3 Training should be provided to personnel performing
environmental pathway calculations. Upon completion of the
training, a qualification program should be utilized to evaluate
the effectiveness of the training. Basic general orientation
training, at a minimum, should consist of applicable computer
programs and acceptable sources of data.

7.4 The requirements of portions of NQA-1 (1979) that
provide guidance for the collection, storage, and maintenance
of records should be applied to the following more specific
records generated during implementation of this guide:

7.4.1 Formulation of release criteria and established release
limits.

7.4.2 Computer programs and modifications thereto.
7.4.3 Data analysis and methods.
7.4.4 Qualification and training of personnel performing

calculations.
7.4.5 Instrumentation and equipment specifications.
7.4.6 Quality control audit findings and corrective actions

taken to resolve these findings.
7.5 There should be a clear definition of organizational

responsibility for generation, retention, and maintenance of
specific record types. Documentation in permanent storage
should be retrievable. Records to be stored should be legible
and may be either in hard copy form or microfilm.

8. Keywords

8.1 decommissioning; dose limits; radioactive pathway
methodology; release of sites

TABLE 2 Site-Specific Data Requirements for Deriving Allowable
Residual Contamination Levels in Soil

Quantity Units

External Gamma Radiation Pathway
Soil radionuclide concentrations (soil sample data) pCi/g
Exposure rate a 1 m above ground (gamma survey

data)
uR/h

Area of contaminated zone m2

Thickness of contaminated zone m
Cover depth (clean or uncontaminated cover) m
Soil density g/cm3

Erosion rate m/year
Dust Inhalation Pathway

Cover depth m
Erosion rate m/year

Ingestion Pathway
Area of contaminated zone m2

Thickness of contaminated zone m
Cover depth m
Erosion rate m/year

Water Concentration Factor
Water sample concentrations pCi/L
Distribution coefficients (contaminated, unsaturated,

and saturated zones)
cm3/g

Effective volumetric moisture content of unsaturated
zone

dimensionless

Effective porosity of saturated zone dimensionless
Hydraulic conductivity (unsaturated and saturated

zones)
m/s

Bulk density of material in unsaturated zone g/cm3

Bulk density of aquifer material g/cm3

Hydraulic gradient at water table dimensionless
Distance from bottom of contaminated zone to water

table
m

Length of contaminated zone parallel to direction of
aquifer flow

m

Runoff coefficient dimensionless
Annual precipitation m/year
Evaportranspiration rate m/year
Watershed area for nearby stream or pond m2
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APPENDIX

(Nonmandatory Information)

X1. PATHWAY FACTORS

X1.1 The pathway analyses should be structured as noted in
the following subsections to enable dissection of the problem
into constituent parts that can be analyzed, compared, and
reviewed independently. Evaluating the environmental transfer
process along a pathway leads to the following expression for
the dose-to-source relation as a sum of products of pathway
factors that can be calculated by the choice of appropriate
models, that is:

Dip/Si 5 Dip/Eip·Eip/Si (X1.1)

whereD/E are dose conversion factors andE/Sare environ-
mental transport factors. The subscripts are radionuclide index
i and pathway indexp.

X1.1.1 D is the effective dose equivalent for external radia-
tion pathways or the committed effective dose equivalent for
internal radiation pathways, andE is the exposure parameter.
The exposure parameter for external radiation is the radionu-
clide concentration in standard sources (line, surface, volume),
while the exposure parameter for internal sources is the annual

intake for the radionuclide in pCi/g, except for radon decay
products, in which the working level month (WLM) is used.

X1.1.2 The environmental transport factor is the ratio of the
exposure parameterE to the concentrationSof the radionuclide
in the environmental medium (soil). The environmental trans-
port factor for each pathway is further broken down into
component factors, that is, occupancy, source (dimensions of
the contaminated area, thickness of cover layer, soil density,
and rate of leaching of radionuclides from the soil), area
(fraction of diet from food grown in contaminated soil), intake,
and transfer (food/soil, food/air, food/water, water/soil, etc.).
Other factors should be introduced for site-specific conditions.

X1.1.3 In addition to pathways to man from contaminated
soil, pathways from exposure to and use of contaminated
facilities, structures, and tools or equipment must also be
considered. Pathways from these items are usually via direct
exposure or transfer of the contamination directly to the body
through touching or use of the contaminated items.

REFERENCES

(1) Regulatory Guide 1.86, “Termination of Operating Licenses for
Nuclear Power Reactors,” 1980.

(2) NUREG-0707, “A Methodology for Calculating Residual Radioactiv-
ity Levels Following Decommissioning,” 1980.

(3) NUREG/CR-3332,“ Radiological Assessment: A Textbook on Envi-
ronmental Dose Analysis,” J. E. Till and H. R. Meyer, eds., 1983.

(4) Regulatory Guide 1.109, Revision 1, “Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluent for the Purpose of
Evaluating Compliance to 10CFR50,” Appendix I.

(5) NUREG/CR-3620, “Intruder Dose Pathway Analysis for the Onsite
Disposal of Radioactive Wastes: The ONSITE/MAXI1 Computer
Program,” Pacific Northwest Laboratory for U. S. Nuclear Regulatory
Commission, 1984.

(6) CONF-821215, “Screening Levels for Radionuclides in Soil: Appli-
cation to Decontamination and Decommissioning (D&D) Criteria,”
Proceedings of the Fourth DOE Environmental Protection Information
Meeting, 1983, pp. 301–310.

(7) EPA 520/4-77-016, “Proposed Guidance on Dose Limits for Persons
Exposed to Transuranic Elements in the General Environment,” 1977.

(8) ICRP Report No. 2, “Deposition and Retention Models for Internal
Dosimetry of the Human Respiratory Tract,”Health Physics,Vol 12,
p. 173, 1966.

(9) ICRP Report No. 19, “The Metabolism of Compounds of Plutonium
and Other Actinides,’’ 1968.

(10) ICRP Report No. 20, “Alkaline Earth Metabolism in Adult Men,”
1972.

(11) ICRP Report No. 23, “Report of the Task Group on Reference Man,”
1975.

(12) ICRP Report No. 26, “Recommendations of the ICRP,” Annals of the
ICRP Vol 1, No 2, 1977.

(13) ICRP Report No. 29, “Radionuclide Release into the Environment:
Assessment of Doses to Man,” 1978.

(14) ICRP Report No. 30, “Limits for Intakes of Radionuclides by
Workers,” 1978.

(15) ICRP Report No. 76, “Radiological Assessments: Predicting the
Transport, Bioaccumulation, and Uptake by Man of Radionuclides
Released to the Environment,” 1984.

(16) ORO-831 (Rev.), “Radiological Guidelines for Application to DOE’s
Formerly Utilized Sites Remedial Action Program,” 1984.

(17) ORO-832, “Pathways Analysis and Radiation Dose Estimates for
Radioactive Residues at Formerly Utilized MED/AEC Sites,” 1983.

(18) PNL-3852, “A Method for Determining Allowable Residual Con-
tamination Levels of Radionuclide Mixtures in Soil,” Pacific North-
west Laboratory, 1982.

(19) PNL-3209, “PABLM—A Computer Program to Calculate Accumu-
lated Radiation Doses from Radionuclides in the Environment,”
Pacific Northwest Laboratory, 1980.

(20) PNL-3180, “ARRRG—A Program for Calculating Radiation Dose to
Man from Radionuclides in the Aquatic Environment,” Pacific
Northwest Laboratory, 1979.

(21) PNL-3180, “FOOD—A Program for Calculating Dose to Man from
Radionuclides in the Terrestrial Environment,” Pacific Northwest
Laboratory, 1979.

(22) PNL-3524, “ALLDOS—A Computer Program for Calculation of
Radiation Doses from Airborne and Waterborne Release,” Pacific
Northwest Laboratory, 1980.

E 1278

5



The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).

E 1278

6


