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Foreword (This foreword is not part of American National Standard ANSI/HPS N13.12-1999)

The need for comprehensive, clearance1 criteria for items, equipment, and facilities contaminated 
with radioactive materials has been recognized for several decades.  Initial attempts to develop 
this standard began in 1964 and were limited in scope to the consideration of surface 
contamination.  Volume contamination, including radioactive contamination dispersed throughout 
the material, materials activated by neutrons, and contaminated soils were all beyond the scope of 
the initial efforts.  

Over the last 10 or 15 years, an increasing trend has been to conduct an exposure pathway 
assessment supporting the development of new regulations or standards.  Of particular note have 
been the efforts of the U.S. Nuclear Regulatory Commission (NRC) to develop revised 
decommissioning regulations, guidance from the National Council on Radiation Protection and 
Measurements (NCRP) on the development and application of screening models, and the 
International Atomic Energy Agency (IAEA) efforts to develop clearance (formerly exemption) 
criteria.  The intent of these efforts is to more closely link secondary (derived) criteria with a 
primary dose (or risk) criterion.  

This standard provides both the primary dose standard for clearance and derived screening 
levels, based on the dose standard.  The purpose and scope of this standard are provided in 
Section 1.0 and basic definitions are provided in Section 2.0.  Section 3.0 contains the basic dose 
criterion (in terms of the primary dose standard for clearance) and the derived screening levels (in 
terms of the activity per unit surface area or mass).  Section 4.0 provides information useful in the 
implementation of this standard and covers a wide variety of topics including the role of process 
knowledge, instrument selection, surface versus volumetric measurements, summing 
radionuclide fractions, concentration averaging, removable contamination levels, measuring 
activities above natural background, representative sampling and testing, and quantitative versus 
qualitative measurement techniques.  Section 5.0 describes records and Section 6.0 provides the 
references cited in this standard.  A more complete discussion of the technical basis for the 
primary dose criterion and a discussion of as low as reasonably achievable (ALARA) 
considerations for clearance are found in Annex A.  Details about the derivation of the screening 
levels, their relationship to the primary dose criterion, a comparison with other guidance and 
previous radiation dose estimates, and a comparison with instrumentation detection limits are 
provided in Annex B.  Annex C contains normative and informative references supporting the 
information in Annex A and Annex B. 

Suggestions for improvement of this standard are welcome.  Suggestions should be sent to the 
Health Physics Society, 1313 Dolley Madison Blvd., Suite 402, McLean, VA 22101. 

1 Clearance is the removal of items or materials that may contain residual levels of radioactive 
materials within authorized practices from any further control of any kind.  Clearance is distinct 
from authorized radioactive discharges.  Clearance implies that the subject materials or objects 
were under regulatory control—exclusion and exemption do not.  Exclusion is the designation by 
a regulatory authority that the magnitude or likelihood of an exposure is essentially unamenable to 
control through requirements of a standard and such exposures are outside the scope of 
standards, e.g., exposure from 40K in the body, from cosmic radiation at the surface of the earth 
and from unmodified concentrations of radionuclides in most raw materials.  Exemption is the 
designation by a regulatory authority that specified uses of radioactive materials or sources of  
radiation are not subject to regulatory control because the radiation risks to individuals and the 
collective radiological impact are sufficiently low.  [Sources:  International Atomic Energy 
Agency(IAEA), Vienna; Principles for the Exemption of Radiation Sources and Practices from 
Regulatory Control, Safety Series No. 89 (IAEA 1988); and International Basic Safety for 
Protections against Ionizing Radiation and for the Safety of Radiation Sources, Safety Series No. 
115 (IAEA 1996a).] 
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1 Purpose and scope  

1.1  Purpose 

This standard is intended to provide 
guidance for protecting the public and the 
environment from radiation exposure by 
specifying a primary radiation dose criterion 
and derived screening levels for the 
clearance of items that could contain 
radioactive materials. 

1.2 Scope 

This standard applies to the clearance of 
materials and equipment from controlled 
areas during operations.  This standard 
establishes a primary radiation dose criterion 
and derived screening levels for surface and 
volume contamination for groups of 
radionuclides. 

The following are not included in the scope 
of this standard: 

   1. Naturally occurring radioactive 
materials.  

   2. Radioactive materials in or on 
persons. 

   3. Release of a licensed or regulated site 
or facility for unrestricted use. 

   4. Radioactive materials on or in 
foodstuffs. 

   5. Release of land or soil intended for 
agricultural purposes. 

   6. Clearance issues related to national 
defense or security. 

   7. Process gases and liquids. 

This clearance standard is not intended as a 
substitute for radiological criteria for 
decommissioning or for intervention criteria 
during cleanup projects.  This standard 
provides criteria, which are protective of the 
public health and the environment, for the 
clearance of items and materials.  
Conditional clearance is not covered in this 
standard because the existence of 
conditions implies the definition and 
imposition of future controls on the materials 
being conditionally cleared. 

2 Definitions 

The following basic definitions are provided 
to aid in the understanding and interpretation 
of this standard. 

Background:  Natural radiation or 
radioactive material in the environment 
including: primordial radionuclides (i.e.,  
radionuclides belonging to the three 
radioactive decay series headed by 238U,
235U, 232Th, and 40K and 87Rb), cosmogenic 
radionuclides (i.e., radionuclides produced 
by interactions of cosmic nucleons with 
target atoms in the atmosphere or in the 
earth including 14C, 3H, 7Be, and 22Na),
cosmic radiation (i.e., radiation from the 
secondary particles, mostly high-energy 
muons and electrons, produced by 
interactions of charged particles, primarily 
protons, from extra-terrestrial sources with 
the earth’s atmosphere).  Naturally occurring 
radioactive material that has been 
technologically enhanced is not considered 
background for purposes of this standard. 

Clearance: The removal of items or 
materials that contain residual levels of 
radioactive materials within authorized 
practices from any further control of any 
kind.   

Conditional Clearance: The act of 
removing items or materials that contain 
residual levels of radioactive materials from 
regulatory control with restrictions on the 
further use of the items or  materials. 

Critical Group: A group of individuals in the 
population expected to receive the highest 
dose equivalent. 

Exclusion:  The designation by a regulatory 
authority that the magnitude or likelihood of 
an exposure is essentially unamenable to 
control through requirements of a standard 
and such exposures are outside the scope 
of standards (e.g., exposure from 40K in the 
body, from cosmic radiation at the surface of 
the earth, and from unmodified 
concentrations of radionuclides in most raw 
materials). 

Exemption: The designation by a regulatory 
authority that specified uses of radioactive 
materials or sources of radiation are not 
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subject to regulatory control because the 
radiation risks to individuals and the 
collective radiological impact are sufficiently 
low. 

May: The term may is used in this standard 
to identify elements of optional guidance 
potentially useful in interpreting and 
implementing the requirements of this 
standard. 

Pathway: The potential routes through 
which individuals could be exposed to 
radiation or radioactive materials.  Pathways 
could include external exposure to 
penetrating radiation, inhalation of airborne 
radioactive materials, and ingestion of 
radioactive materials. 

Scenario: A combination of radiation 
exposure pathways used to model, 
conceptually, the potential conditions, 
events, and processes that result in radiation 
exposure to individuals or groups of 
individuals.  

Screening Level:  Activity concentrations 
(for either surface or volumetric 
contamination) that are designed to 
determine compliance with the primary dose 
criterion through comparison with radiation 
survey results. 

Shall: The word shall is used to identify 
mandatory elements of this standard needed 
for full implementation of the standard. 

Should: The word should is used to identify 
elements of guidance in this standard.  If the 
guidance is not followed, technical 
equivalency in outcome must be 
demonstrated in alternative manners. 

Site: A licensed or regulated location that 
includes one or more: (1) facilities 
designated for the use of radioactive 
materials, or (2) radiologically controlled or 
restricted areas. 

Surface Contamination: Radioactive 
contamination residing on or near the 
surface of an item. This contamination can 
be adequately quantified in units of activity 
per unit area.  When an item has been 
exposed to neutrons (including structural 
components and shielding at nuclear 

reactors), or when an item could have 
cracks or interior surfaces allowing the 
distribution of radioactive contamination 
within the interior matrix, it is considered to 
be a volume contamination source. 

Survey: A systematic evaluation and 
documentation of radiological 
measurements with a correctly calibrated 
and operated instrument or instruments that 
meet the detection levels required by the 
objective of the evaluation. 

Total Effective Dose Equivalent (TEDE):
The sum of the effective dose equivalent (for 
external exposures) and the committed 
effective dose equivalent (for internal 
exposures) from exposures during a single 
year.  The deep dose equivalent to the whole 
body may be used as the effective dose 
equivalent for external exposures. 

Volume Contamination: Radioactive 
contamination residing in or throughout the 
volume of an item.  Volume contamination 
can result from neutron activation or from 
the penetration of radioactive contamination 
into cracks or interior surfaces within the 
interior matrix of an item. 

3 Dose criteria and derived 
screening levels 

The following section defines the primary 
(dose) and secondary screening (derived) 
criteria that comprise this standard. 

3.1 Primary dose criterion 

The primary criterion of this standard is to 
provide for public health and safety to an 
average member of a critical group such that 
the dose shall be limited to 10 µSv/y (1.0 
mrem/y) Total Effective Dose Equivalent 
(TEDE), above background, for clearance of 
materials from regulatory control.  When 
justified on a case-by-case basis, clearance 
shall be permitted at higher dose levels 
when it can be assured that exposures to 
multiple sources (including those that are 
beyond the scope of this standard) will be 
maintained ALARA and will provide an 
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adequate margin of safety below the public 
dose limit of 1 mSv/y (100 mrem/y) TEDE. 

3.2 Derived screening levels 

Table 1 provides screening levels, above 
background, for the clearance of solid 
materials or items that contain surface or 
volume activity concentrations of radioactive 
materials.  The screening levels shall apply, 
irrespective of future use or application of 
the material after clearance, given the 
exclusions noted in Section 1.2.  As 
described in Annex A, generic consideration 
of the as low as reasonably achievable 
(ALARA) process has been applied in the 
development of the derived screening levels.  
However, based on a detailed ALARA 
evaluation, it shall be permissible to derive 
less restrictive screening levels on a case-
by-case basis using the primary dose 
criterion.   

A discussion of how the screening levels in 
Table 1 were derived is found in Annex B.  
As shown in Table 1, the radionuclides have 
been divided into four groups based on 
similarity of exposure scenario results, with 
screening levels ranging from 0.1 to 100 
Bq/cm2 or Bq/g, depending on the group 
considered.  Several radionuclides have 
been placed into Group 4, including 3H, 14C,
32P, 35S, 55Fe, 63Ni, and 99Tc based on 
instrumentation detection and contamination 
control issues, as described in Annex B.  
Annex B contains comparisons of the 
screening levels with previous guidance 
initially provided by the Atomic Energy 
Commission (AEC) in Regulatory Guide 1.86 
(AEC 1974), and previous dose assessment 
results produced by the IAEA (IAEA 1996b).  

Finally, Annex B also contains a qualitative 
discussion of collective dose and collective 
dose considerations in relation to the 
screening levels.  In reality, concentrations in 
cleared materials will likely average about an 
order of magnitude less than the screening 
levels, which are intended to define upper 
bounds.  From the qualitative evaluation, it is 
concluded that, on average, individuals will 
likely receive no more than the 10 µSv/y (1.0 
mrem/y) primary dose criterion because of 
the conservative modeling and assumed 
maximum concentrations.  Assuming an 

average U.S. background level of 3.0 mSv/y 
(300 mrem/y) (NCRP 1987, Table 2.4), the 
collective doses to the critical group resulting 
from clearance of items using the criterion 
from this standard will be no more than 0.3% 
of the dose the same population would 
receive from natural background in any year.  
The magnitude of the potential collective 
doses to the critical group associated with 
clearance of items in accordance with this 
standard is so low that additional ALARA 
evaluations or analyses, or further reduction 
in the primary dose standard are not 
deemed necessary. 

4 Implementation 

Measurement of radioactivity and the 
quantity of radioactive material on or in items 
suitable for clearance shall be performed to 
verify conformance with the screening levels 
established in Section 3.0 of this standard.  
Radiological measurements performed for 
the purpose of clearance shall include direct 
field surveys of the item, laboratory analysis 
of representative samples of the item, or a 
combination of both. 

4.1 Process knowledge 

Radiological measurements performed for 
the purpose of clearance shall take into 
consideration: 
a) All relevant operational history of the 

items to identify the known or 
potentially present radionuclides and 
associated activity levels. 

b) The potential radionuclide distribution 
(on the surface of the item and/or 
within the volume of the item). 

c) The size, geometry, composition, and 
physical properties of the item. 

d) Any associated radionuclides that 
result from radioactive decay and 
progeny ingrowth. 

e) The probability of contamination with 
any radionuclides above background. 
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Table 1  Screening levels for clearance 

Radionuclide Groups(a) Screening Levels 
(S.I. Units)(b)

Surface 
Screening 

(Conventional 
Units)(b)

Volume 
Screening 

(Conventional 
Units)(b)

 (Bq/cm2 or Bq/g)(c) (dpm/100 cm2) (pCi/g) 

Group 1  Radium, Thorium, and 
Transuranics:  210Po, 210Pb,
226Ra, 228Ra, 228Th, 230Th, 232Th, 
237Np, 239Pu, 240Pu, 241Am, 244Cm, 
and associated decay chains(d),
and others(a)

0.1 600 3

Group 2 Uranium and Selected 
High Dose Beta-Gamma 
Emitters: 22Na, 54Mn, 58Co, 60Co,
65Zn,  90Sr, 94Nb, 106Ru, 110mAg,
124Sb, 134Cs, 137Cs, 152Eu, 154Eu,
192Ir, 234U, 235U, 238U, Natural 
Uranium(e), and others(a)

1 6,000 30

Group 3  General Beta-Gamma 
Emitters: 24Na, 36Cl, 59Fe, 109Cd,
131I, 129I, 144Ce, 198Au, 241Pu, and 
others(a)

10 60,000 300

Group 4(f)  Other Beta-Gamma 
Emitters:  3H, 14C, 32P, 35S, 45Ca,
51Cr, 55Fe, 63Ni, 89Sr, 99Tc, 111In,
125I, 147Pm, and others(a)

100 600,000 3,000

(a) To determine the specific group for radionuclides not shown, a comparison of the effective 
dose factors, by exposure pathway, listed in Table A.1 of NCRP Report No. 123I (NCRP 
1996) for the radionuclides in question and the radionuclides in the general groups above 
shall be performed  and a determination of the proper group made, based on similarity of 
the factors. 

(b) Rounded to one significant figure.  
(c) The screening levels shown are used for either surface activity concentration (in units of 

Bq/cm2), or volume activity concentration (in units of Bq/g).  These groupings were 
determined based on similarity of the scenario modeling results, as described in Annex B. 

(d) For decay chains, the screening levels represent the total activity (i.e., the activity of the 
parent plus the activity of all progeny) present.  

(e) Where the Natural Uranium activity equals 48.9% from 238U, plus 48.9% from 234U, plus 
2.25% from 235U.  

(f) Radionuclides were assigned to groups that were protective of 10 µSv/y (1.0 mrem/y) and 
were limited to 4 groups for ease of application, as discussed in Annex B. 
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4.2 Instrument selection 

Survey instruments used for radiological 
measurements shall be: 

a) Selected based upon the survey 
instrument’s detection capability for 
each known or potential radionuclide 
or mixture of radionuclides. 

b) Capable of measuring the quantity 
of radionuclides on or in the item. 

c) Capable of detecting the presence 
of radionuclides at or below the 
screening levels established in 
Section 3.0 of this standard. 

d) Calibrated (NIST or internationally 
traceable, potentially using ISO 
reference radiations) for the known 
or potential radionuclide spectrum 
and distribution. 

e) Operated and maintained by 
qualified personnel, in accordance 
with an appropriate Quality 
Assurance program (e.g., split 
samples, cross checks, 
response/operational checks. 

4.3 Surface and volumetric 
measurements 

Volumetric measurements for clearance 
shall be used when volumetric radioactive 
materials are known or potentially present.  
Volumetric measurements for clearance 
may be used in lieu of surface levels 
provided that: 

a) The item’s size or shape makes it 
unreasonable to perform radiological 
surveys of all of the surfaces of the 
item, and 

b) The item can be representatively 
sampled for laboratory analysis, and 

c) It can be demonstrated that the use 
of volumetric measurements for 
clearance is as protective as using 
surface measurements. 

Surface screening levels shall be used 
when the item’s size or shape reasonably 
allows direct radiological surveys for surface 
radioactive contamination. 

Items known to be contaminated at activity 
levels that are in excess of the clearance 
screening levels should not be: 

a) Intentionally blended with lower 
specific activity material for the 
purpose of meeting this standard, or 

b) Intentionally coated, plated, or 
covered to reduce the apparent 
surface contamination. 

4.4 Concentration averaging 

Averaging is inherent to the radiological 
measurement process for determining both 
surface activity and volumetric activity 
concentration.  When measuring items for 
clearance, a determination of the average 
radionuclide concentrations should be 
performed such that: 

a) Multiple surface measurements are 
averaged over a surface area not to 
exceed  1 m2.  For items with a 
surface area less than 1 m2, an 
average over the entire surface 
shall be derived for each item. 

b) Multiple volumetric measurements 
are averaged over a total volume not 
to exceed 1 m3 or a mass of 1 
metric ton.  For items with mass less 
than 1 metric ton, an average over 
the entire mass shall be derived for 
each item. 

c) No single measurement made to 
calculate an average surface activity 
shall exceed 10 times the surface 
screening level. 

d) No single measurement made to 
calculate an average volumetric 
activity concentration shall exceed 
10 times the volume screening level. 

In lieu of multiple representative 
measurement sampling, single in situ or in 
toto measurement techniques may be used 
to determine conformance with the surface 
and volumetric screening levels in Section 
3.0 of this standard.  Process knowledge 
may be used to support the determination 
that the volumetric activity concentrations 
are homogeneously distributed throughout 
the material. 

4.5 Summing radionuclide fractions 

When radiological measurements are 
performed for the purpose of clearance 
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when a mixture of radionuclides that is 
known or potentially present, a determination 
of whether or not the radionuclide mixture 
meets the screening levels provided in 
Section 3 of this standard shall be made.  
The following sum of fractions may be used: 

n
ΣΣΣΣ Ci/SLi    <  1   (1) 

I = 1 

where Ci is the measured activity 
concentration of radionuclide i in or on the 
material; SLi is the screening level of 
radionuclide i; and n is the number of 
radionuclides in the mixture. 

In Equation 1, the ratio of the concentration 
of each radionuclide to its associated 
screening level is summed over all of the 
radionuclides in the mixture.  If the sum of 
fractions is less than or equal to one, the 
item and any residual radioactive material 
comply with the screening level 
requirements. 

A sum of fractions determination is not 
necessary for progeny radionuclides with 
half-lives that are short when compared to 
the half life of the parent (i.e., those that 
reach a constant ratio of activity with the 
parent as a function of time when compared 
to one year, the exposure duration used in 
the scenario analysis in the calculation of 
TEDE).  These radionuclides have been 
included with their parent radionuclides (e.g., 
the first progeny associated with  90Sr, 137Cs, 
144Ce, 210Pb, 226Ra, 235U, and 238U) as 
established in Section 3.0 this standard. 

Equation 1 applies to a known or potentially 
present radionuclide mixture with a known 
relative abundance of each radionuclide 
within the mixture.  The known or potentially 
present radionuclide mixture shall be 
supported by historical and process 
knowledge and laboratory sample analysis, 
as necessary.  To account for radionuclides 
that are known to be or potentially present in 
the mixture, but are not detectable by the 
instruments used to detect their presence at 
the screening levels, the sum of fractions 
expression may be modified as follows: 

n

ΣΣΣΣ  (Ci/SLi)/Df    <  1  (2) 

i =1
           

where Df is the detectable fraction of the 
radionuclide mixture.  The detectable 
fraction represents the actual fraction of 
radionuclides that are measured by the 
survey instrument. 

4.6 Removable contamination levels 

Measurements of removable surface 
contamination may be appropriate and may 
be included as part of survey programs, 
when justified. 

4.7 Measuring radionuclides above 
background

It is recognized that difficulties in 
distinguishing artificially enhanced 
radionuclide activity concentrations from 
variations in natural background levels could 
occur.  When measuring materials that 
contain naturally occurring radionuclides 
(e.g., 226Ra, 232Th, 238U), a determination 
shall be made as to whether individual 
radionuclides that have been technically 
enhanced are present at levels above 
natural background. 

4.8 Representative sampling and 
testing 

Appropriate statistical methods for 
determining conformance with both surface 
and volumetric screening levels may be 
used when the volume or size of the item 
makes it unreasonable to perform 100% 
direct radiological surveys, and either: 

a) the radioactive contamination is 
known to be generally 
homogeneous in distribution 
throughout the item, or   

b) The origin and physical form of the 
item is such that any radioactive 
material present would be generally 
homogeneous in distribution 
throughout the item. 
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Whenever representative sampling is 
performed to determine radionuclide 
activities and activity concentrations, 
quantitative design data quality objectives 
shall be established to provide the rationale 
for the number of samples to be collected 
and the type of analysis to be performed. 

Statistical tests, random or stratified as 
appropriate, should be chosen that: 

a) Test the assumed null hypothesis 
(e.g., demonstrating the absence of 
contamination). 

b) Take into account the uncertainty of 
background measurements. 

c) Are sufficient to detect known or 
potentially present radionuclides at 
the screening level with a 
reasonable confidence level. 

d) Perform adequately for data sets 
that include values detectable above 
background. 

e) Perform adequately with non-
normally distributed data. 

4.9 Direct measurement versus 
scanning techniques 

When measuring material for clearance, two 
types of survey measurement techniques 
may be performed: direct measurement and 
scanning.  Direct measurements should be 
performed with a fixed count time and a 
fixed geometry, using a scaler or other 
radioanalytical measuring device.  This type 
of measurement allows for easy calculation 
of the measurement sensitivity, and lower 
limit of detection.  The uncertainty of a single 
measurement is also easily evaluated for 
quantitative measurements. 

Scanning measurements should be 
performed such that the count rate is 
monitored (e.g., with a rate meter).  This 
type of measurement does not allow for easy 
calculation of detection limits or typical 
counting statistics.  However, in some 
cases, empirical data may be used to 
support calculated detection capabilities.  
Scanning measurements typically involve 
many variables which are difficult to control 
precisely such as: scan rate, source to 
detector distance, edge effects, the 
individual’s subjective judgement on the 

audible rate, and a variable background as 
the detector is moved. 

Although counting statistics related to a 
single measurement are not calculated when 
performing scanning measurements, this 
type of measurement may be used to survey 
items for clearance with reasonable 
confidence.  The level of confidence may
not be easily quantified by calculation, but it 
may be demonstrated through repetitive 
measurements of a radioactive standard 
designed such that the standard’s activity or 
activity concentration is consistent with the 
screening levels established in Section 3.0 
of this standard. 

5 Records 

The following records, in addition to those 
required for Radiation and Contamination 
Survey Reports in ANSI Standard 13.6 - 
Practice for Occupational Radiation 
Exposure Records Systems, shall be 
maintained: 

a) Description of item(s) surveyed.  
Note: the description should be 
sufficiently complete to permit a 
knowledgeable person to identify the 
item(s) and to associate the 
description with the survey results 
for the item(s). 

b) Survey results, date, and identity of 
the person who performed the 
survey. 

c) Archived procedures or records that 
specify pertinent details of 
calibration, operating instructions, 
personnel training, derivation of 
efficiencies and conversion factors, 
and other technical details of the 
clearance method.  
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Annex A 
(informative) 

Radiation doses and risks: Selection of the primary dose criterion 

A.1 Introduction 

In setting the primary dose criterion of this standard, broad consideration was given to existing 
national and international regulations, standards, and guidance.  This annex provides information 
on applicable criteria for exposure to ionizing radiation and the associated health risks.  The 
guidance and regulations of U.S. and international agencies is provided to support the selection of 
criteria used as the basis for this ANSI standard. 

Guidance on radiation doses and risks in the U.S. is provided by international and national 
advisory commissions, and the U.S. Environmental Protection Agency (EPA).  The principal 
national advisory commission is the National Council on Radiation Protection and Measurements 
(NCRP).  The NCRP is a non-governmental council chartered by the U.S. Congress.  The 
principal international commissions are the International Commission on Radiation Protection 
(ICRP) and the International Atomic Energy Agency (IAEA).  The ICRP is a non-governmental 
commission composed of international radiation experts, which is the international counterpart of 
the NCRP.

The International Basic Safety Standards for Protection Against Ionizing Radiation and for the 
Safety of Radiation Sources (IAEA 1996a), issued by the IAEA and referred to as the Basic Safety 
Standards (BSS), have evolved from an international effort to harmonize radiation safety 
(Gonzalez 1994).  The BSS is a joint effort of the Food and Agriculture Organization of the United 
Nations, the IAEA, the International Labour Organization, the Nuclear Energy Agency of the 
Organization for Economic Co-operation, the Pan American Health Organization, and the World 
Health Organization.   

In the U.S., the National Academy of Sciences (NAS) and the National Commission on Radiation 
Protection and Measurements (NCRP) provide guidance based on assessments of the scientific 
literature.  The NAS generally performs research, funded by contracts or charters from federal 
agencies.  The NAS, under contract to the EPA, has issued authoritative studies identified as the 
Biological Effects of Ionizing Radiation (BEIR).  For example, the BEIR V report considers the 
Health Effects of Exposure to Low Levels of Ionizing Radiation (BEIR 1990).  The EPA, U.S. 
Nuclear Regulatory Commission (NRC), and the U.S. Department of Energy (DOE) primarily 
promulgate radiation regulations in the U.S..   

Under Executive Reorganization Plan No. 3, (EPA 1970), the EPA was assigned the functions of 
the former Federal Radiation Council and the responsibility for issuing federal guidance.  This 
guidance, signed by the President, applies to all executive agencies and effectively is incorporated 
in regulations implemented by other federal agencies.  

The NAS, through its BEIR committees, provides estimates of the human health risks from 
radiation exposure, but it does not recommend acceptable levels of radiation exposure.  The 
information from BEIR reports is used by the NCRP and regulatory agencies to development 
guidance and regulations governing radiation exposure.   

The following sections provide a summary of the national and international regulations, standards, 
and guidance that was considered in setting the primary dose criterion of this standard. 
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A.2 Current NCRP and ICRP guidance 

The NCRP and ICRP have no regulatory authority, but due to their broad representation and the 
expertise of their members, their guidance is the cornerstone of most radiation regulations.   

A.2.1 NCRP recommendations 

The current recommendations of the NCRP, which are similar to those of the ICRP, are provided 
in NCRP Report No. 116 (NCRP 1993).  The primary guidance for the general population is that 
the annual radiation dose will not exceed 1.0 mSv (100 mrem).  The NCRP has also 
recommended that 10 µSv/y (1.0 mrem/y) be accepted as a negligible individual dose. 

A.2.2 ICRP recommendations 

The current ICRP regulations are given in Publication No. 60 (ICRP 1990).  The principal 
recommendations of the ICRP for individuals in the general population, pertinent to the standards 
in this report are: 

• Annual dose for general population: 1.0 mSv/y (100 mrem/y) 
• Dose to the surface of skin:  50 mSv/y (5,000 mrem/y) 

These recommendations are based on the estimated risk for fatal cancer of 5x10-4 per rem 
effective dose.  These dose recommendations on the order of 1.0 to 50 mSv/y (100 to 5,000 
mrem/y) are based on the application of the linear no-threshold hypothesis for radiation protection 
purposes concerning dose and effects. 

A.2.3 International Atomic Energy Agency recommendations 

The IAEA, under the IAEA Statute approved by the United Nations in 1956, is empowered to 
prescribe the radiation safety standards to be followed by personnel in all IAEA programs.  The 
IAEA's standards largely reflect the recommendations of the ICRP and have been adopted by 
many of its member countries, with the notable exception of the United States.  In 1988, the IAEA 
published the final version of Safety Series No. 89, Principles for the Exemption of Radiation 
Sources and Practices from Regulatory Control (IAEA 1988).  In this document, the IAEA 
recognized that there was “no internationally unified policy for excluding or exempting (i.e., 
clearing) sources from regulatory control.”  In this document and subsequent publications, the 
IAEA indicates that clearance should be conducted within the context of its basic radiation 
protection principles, which include three basic elements: 

• justification of a practice:  no practice shall be adopted unless it introduces a net positive 
benefit; 

• optimization of radiation protection:  all exposures shall be kept as low as reasonably 
achievable, economic and social factors being taken into account; and 

• limitation of individual risk:  through regulation, individuals shall not exceed the limits 
established for protection of the public. 

Further, the IAEA identified two basic criteria for determining if a practice is a candidate for 
clearance from continued regulation: 1) the individual risks must be sufficiently low as not to 
warrant regulatory concern, and 2) radiation protection, including the cost of regulatory control, 
must be optimized.  The first criterion required setting a level of trivial dose and the second 
criterion required the application of an optimization, or as low as reasonably achievable (ALARA) 
analysis. 
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Supporting its position, the IAEA provided an overview of risk-based considerations.  They 
commented that few people would commit their own resources to reduce an annual risk of death 
below 10-5, and that even fewer would take action at an annual level of 10-6 (Royal Society of 
London 1983).  They also noted several authors who proposed that values of trivial individual 
dose have set the level of annual risk of death which is seen to be of no public concern at about 
10-6 to 10-7 (Baker, Cool, and Willis 1983; Clarke, and Fleishman 1984; Meinhold 1984; Travis, et 
al. 1987; and Spangler 1987).  Using a rounded risk factor of 10-2 per Sv for whole body 
exposures, the IAEA concluded that the level of trivial individual effective dose equivalent would 
be in the range of 10 to 100 µSv/y (1 to 10 mrem/y).  This range was further justified as being a 
level of dose that was a few percent of natural background and a small fraction of normal 
variations in natural background. 

In Safety Series 89 (IAEA 1988), the IAEA concluded that “an individual radiation dose, regardless 
of its origin, is likely to be regarded as trivial if it is on the order of some tens of microsieverts per 
year.”  Because an individual could be exposed to radiation doses from several cleared sources or 
practices, the IAEA concluded that doses on the order of 10 µSv/y (1.0 mrem/y) per practice 
would be reasonable.  The IAEA also applied the guidance of about 10 µSv/y (1.0 mrem/y) in 
Safety Series No. 111-P-1.1 (IAEA 1992) for the recycle and reuse of materials from nuclear 
facilities.  

A.3 Radiation standards and regulations in the U.S.A.   

Radiation protection regulations in the U.S.A. primarily are promulgated under the authority of the 
Atomic Energy Act of 1954, as amended (the Act).  Under the Act, the EPA and NRC are the 
agencies with primary responsibility for issuing and implementing radiation protection criteria.  The 
DOE promulgates radiation protection criteria for its operations, but these criteria generally follow 
regulations and guidance of the EPA and NRC.  Relevant U.S. radiation regulations provide 
criteria for limiting radiation dose to the public to annual doses from about 40 µSv/y to 1 mSv/y (4 
mrem/y to 100 mrem/y) although there are specific instances that are both above and below this 
range.  The primary guidance for radiation doses to the general population is 1 mSv/y (100 
mrem/y), based on the guidance of the NCRP and the regulations of the NRC.  Additional 
regulations have been provided by the EPA and the NRC for specific sources, practices, or 
situations.  For these regulations, the concept of providing a “source upper bound” limit has been 
employed, where exposures to a single source or practice are allotted a lower value than the 
primary public dose limit, because individuals may be exposed to multiple sources or practices.  
The following sections summarize the major U.S. regulations considered in setting the primary 
dose criterion of this standard. 

A.3.1 EPA Federal guidance and regulations 

The EPA has not issued general regulations encompassing all man-made sources of radiation 
exposure of the general population for over 10 years.  However, the EPA recently announced the 
intent to provide updated comprehensive Federal guidance, which, when signed by the President, 
will be used by the federal agencies in development of federal radiation protection regulations and 
guidance.  The regulations of 40 CFR 190 (1995) for uranium fuel cycle facilities and of 40 CFR 
192 (1994) specify an annual dose criterion for the general population of 0.25 mSv (25 mrem) 
whole-body dose equivalent.  The whole-body dose criterion of these regulations is based on the 
concept of critical organs and whole-body dose, as recommended by the ICRP in their Publication 
No. 2 (ICRP 1959).  

Current EPA regulatory efforts focus on developing health-risk-based guidance and regulations, 
with the objective of developing criteria that ensure adequate and reasonable protection of health 
and the environment.  EPA, the courts, and Congress have generally defined this as confining 
risks to the range of 10-4 to 10-6 life time risk (40 CFR 300, 1998).  For radiation risks, the 



ANSI/HPS N13.12 - 1999 

12

objective has been to limit risks to about 10-4 lifetime risk, based typically on a 30-year period of 
exposure.   

The EPA regulations implementing the Safe Drinking Water Act (1974) provided for protection of 
drinking water at the tap by limiting the doses that an individual could receive from drinking water 
to 40 µSv/y (4 mrem/y) dose equivalent (ICRP 2 dosimetry).  Again, this regulation was intended 
to provide an upper bound to doses from drinking water within the overall public radiation dose 
limit.  This regulation considered exposures from only one pathway and scenario; an individual 
who drinks 730 liters of water during a year (i.e., 2 liters of water per day). 

Under the Clean Air Act (1954), the EPA promulgated the National Emission Source Hazardous 
Air Pollutants (NESHAPs) regulation of 0.1 mSv/y (10 mrem/y) for the dose to an average 
member of a critical group from airborne emissions of radioactive material (40 CFR 61, 1995).  
The criterion of 0.1 mSv/y (10 mrem/y) was judged to be fully protective of public health, as 
required by the Congressional mandated requirements for the Clean Air Act and related federal 
court decisions.  The EPA regulations implementing the Clean Air Act were also based on the 
source upper bound concept, providing a limit of 10% of the total public dose limit apportioned to 
radioactive airborne emissions from the nuclear industry.  The regulations implementing the 0.1 
mSv/y (10 mrem/y) limit consider multiple exposure pathways, including immersion in airborne 
plumes, inhalation, and ingestion of foods after deposition of material in airborne plumes.  The 
selection of 0.1 mSv/y (10 mrem/y) involved interagency discussions and public involvement, and 
included a determination that this dose limit was achievable using current effluent control 
technology. 

The only radionuclide specific remedial action regulations issued by EPA to date is 40 CFR Part 
192 (1992), Health and Environmental Protection Standards for Uranium and Thorium Mill 
Tailings.  For the most part, this regulation provides for protection of the public through secondary 
measurable concentration standards or design requirements  rather than dose limits.  Wastes 
must be managed to maintain radon flux to 20 pCi/m2-sec or boundary concentrations of 0.5 
pCi/l.  In addition, operations during and following the processing of thorium ores should be 
managed to limit public dose equivalents to less than 0.25mSv/y (25 mrem/y) whole body,  
0.75 mSv/y (75 mrem/y) thyroid and 0.25 mSv/y (25 mrem/y) for other organs (excepting doses 
from radon).   

Cleanup must be done so that: 

• Indoor radon concentration (where residual radioactive material is present) should be limited 
to 0.02 WL through passive controls or 0.03 WL with active controls where passive control 
fails. 

• Indoor gamma exposure rate should not exceed 20 (R/hour above background.    
• Radium and thorium in soil is less than 5 pCi/g on the surface and 15 pCi/g in the subsurface. 

Although practical application of these cleanup requirements generally limits doses to levels below 
1 mSv/y (100 mrem/y), estimates of potential doses associated with these cleanup requirements 
can under certain scenarios significantly exceed 1 mSv/y (100 mrem/y). 

On August 22, 1997, EPA issued guidance on radionuclides for cleanup under the 
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
entitled, Establishment of Cleanup Levels for CERCLA Sites with Radioactive Contamination 
(EPA 1997).  Under this guidance, EPA indicated that preliminary remediation goals (PRG) for 
radionuclides should be set in the 10-4 to 10-6 lifetime risk range.  EPA further indicated that 
annual doses greater than 0.15mSv (15 mrem) should not be used as a PRG for CERCLA 
cleanups.  Although the guidance suggested that there could be circumstances where higher 
limits may be appropriate in establishing final cleanup standards, EPA clearly indicated they were 
not appropriate for PRGs. 
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A.3.2 NRC regulations 

The NRC regulations, based on authority from the Atomic Energy Act (AEA) of 1954 and 
subsequent amendments, and compatible regulations of NRC Agreement States provide the 
regulatory control for all radioactive material licensees under the AEA.  NRC regulations cover 
activities of industry, most federal agencies, and most operations of the U.S. Department of 
Defense, but, except for specifically authorized activities (e.g. Yucca Mountain Project), do not 
apply to the DOE.  

The NRC regulations in 10 CFR Part 20 (1995) limit the dose to individual members of the general 
public to ensure a dose limit of 1.0 mSv/y (100 mrem/y) is not exceeded.   In the past, NRC 
established release requirements for decontamination and decommissioning and termination of 
license on a case-by-case basis using regulatory guides and branch technical positions (e.g. AEC 
Regulatory Guide 1.86 and NRC 1992) as guidance.  On August 23, 1994, the Commission 
proposed revisions to 10 CFR Part 20.  These revisions would have established 0.15 mSv (15 
mrem) as the annual dose limit to the maximally exposed individual for decommissioning and 
license termination on the basis of the fact that decommissioning represent only one activity which 
contributed to the 100 mrem per year dose limit (NRC 1994).   On July 21, 1997, NRC issued its 
final rule for Radiological Criteria for License Termination (NRC 1997).   In the final rule NRC 
reconsidered the proposed 0.15 mSv (15 mrem) annual limit based on public comment and a 
reevaluation of the costs and benefits of the standard.  The final rule established a 0.25 mSv (25 
mrem) annual limit for an average member of the critical group and required that the ALARA 
process be employed.  The Commission concluded that a generic dose constraint of 0.25 mSv/y 
(25 mrem/y) for decommissioning sources for unrestricted release is reasonable from the 
standpoint of providing a sufficient and ample margin of safety.  It noted that in its judgement, the 
Commission felt that such a constraint would provide adequate protection from multiple sources 
exceeding the 1.0 mSv (100 mrem) in a year all sources.  The final rule also permitted restricted 
release and provided for alternative standards above  
0.25 mSv (25 mrem) where meeting the 0.25 mSv (25 mrem) limit would result in net public or 
environmental harm, or would be technically impracticable or prohibitively expensive.  Such 
alternative standards would have to be shown to be ALARA. 

A.3.3 DOE guidance and regulations 

The Department of Energy (DOE) performs activities involving radiation and radioactive material 
related to national defense, development of nuclear power and other energy resources, 
radioactive waste management, energy research, and basic research.  Some of these DOE 
activities are externally regulated by NRC (e.g., licenses for uranium mill tailings sites or spent fuel 
storage sites).  Other DOE activities are regulated by the EPA (e.g., National Emission Standards 
for Air Pollutants, NESHAPs for radionuclides in air under the Clean Air Act).  However, most 
DOE activities are internally regulated through DOE Orders (e.g., Order DOE 5400.5, 1993, 
Radiation Protection for the Public and Environment) or by Rule (e.g., 10 CFR Part 835, 1998, 
Radiation Protection for Workers).  DOE establishes its requirements to be generally consistent 
with Federal Guidance and commercial standards (e.g., NRC requirements) and utilizes the 
recommendations of the NCRP and ICRP where appropriate.   

DOE's  basic requirement for protection of the public is to control DOE activities to limit public 
doses from all sources and pathways (excepting background radiation, medical sources and 
radon) to 1.0 mSv (100 mrem) in a year.  To ensure that combined sources do not result in 
exposures that will cause public doses to exceed 1.0 mSv (100 mrem) in a year, DOE employs a 
dose constraint of 0.3 mSv (30 mrem) in a year from DOE-generated sources and applies the 
ALARA process to further reduce potential dose to the public.  DOE has also established separate 
pathway and source limits in its orders (e.g., 0.1 mSv or 10 mrem/year via air,  0.25 mSv or 25 
mrem/year for waste management, 0.04 mSv or 4 mrem/year for drinking water).   
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For release of property containing residual radioactive material DOE implementing guidance 
(DOE 1995) for DOE 5400.5 (DOE 1993), requires that authorized limits for release of property be 
as far below 0.25 mSv (25 mrem) in a year (i.e., 25% of the primary dose limit) as is practicable 
and that the level be determined through the ALARA process.  DOE's stated goal is to control 
exposures so that doses are a few mrem/year or less.  DOE employs a graded approach for 
approving property release limits for much of the material that could be subject to this standard.  
Although the Department permits release limits based on the surface activity guidelines (similar to 
AEC Regulatory Guide 1.86) to be approved by DOE field and program offices, the DOE Office of 
Environment, Health, and Safety (EH) must approve all releases of personal property (equipment, 
materials, recyclable material, and so forth) containing residual radioactivity volumetrically-
distributed.  However, DOE field and program offices may approve ALARA-based release limits if 
potential doses are projected to be less than 0.01 mSv (1 mrem) and 0.1 person-Sv (10 person-
rem) in a year without EH written approval.  Release limits that may result in doses between 0.01 
and 0.25 mSv (1 and 25 mrem) in a year must be approved by EH.   

A.4 Rationale used for setting the unrestricted clearance dose criterion 

In setting the primary dose criterion for unrestricted clearance in this standard, several alternative 
individual dose levels were considered.  The following paragraphs summarize the comments 
made for and against each dose level. 

• 10 µSv/y (1.0 mrem/y) has the advantage that it can be referenced to the International Atomic 
Energy Agency (IAEA); however, it may not provide derived screening levels that are 
detectable for many radionuclides using field instruments at concentrations derived from 
conservative exposure scenarios. 

• 40 µSv/y (4 mrem/y) TEDE would likely be detectable.  This was considered because some 
felt it was consistent with the basis for the EPA drinking water standards.  However, the 40 
µSv (4 mrem/y) TEDE (using ICRP 1979-1988 dosimetry) is not consistent with drinking water 
limits because the drinking water limits are based on a 40 µSv/y (4 mrem/y) dose equivalent, 
the whole body and organ dose values from previous ICRP guidance (i.e., ICRP 1959).  
Therefore, for some radionuclides the concentration limits derived using ICRP 1959 methods 
would be below the 10 µSv (1.0 mrem) TEDE dose level, using ICRP 1979-1988 methods, 
and may not be detectable.  Furthermore, the limit is a single pathway limit and may not be 
representative of more complex situations involving multiple exposure pathways. 

• 0.1 mSv/y (10 mrem/y) is consistent with the EPA regulations associated with the Clean Air 
Act (1954) which includes consideration of many pathways (through inhalation, immersion, 
and deposition of material on crops) and is generally consistent with a lifetime risk of 10-4.  It is 
within the range suggested by the IAEA. 

• 0.15 mSv/y (15 mrem/y) is consistent with current EPA CERCLA guidance for establishing 
preliminary remedial action goals.  Although there is little practical difference from a health 
protection standpoint between 0.1, 0.15 and 0.25 mSv/y (10, 15, and 25 mrem/y), the EPA 
maintains that the 15 mSv/y (15 mrem/y) value is more consistent with the lifetime risk goals 
established for environmental cleanup. 

• 0.25 mSv/y (25 mrem/year) is consistent with the recently published NRC decommissioning 
rule.  Although there is little practical difference, from a health protection standpoint between 
0.1, 0.15 and 0.25 mSv/y (10, 15, and 25 mrem/y), the least conservative value was selected 
for this standard  for consistency with 40 CFR 190 (1994), which sets public dose limits for 
nuclear power operations. 
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• 1 mSv/y (100 mrem/y) is consistent with the overall radiation protection standards for 
members of the public.  This level does not allow for potential exposures to multiple sources 
or practices. 

After careful review of these alternatives, the consensus was that a primary dose criterion of 10 
μSv/y (1.0 mrem/y) would be protective of public health, provide consistency with international 
guidance, and provide values that would be reasonable for application of field instruments for 
most radionuclides, under most situations. 

A.5 The role of the As Low As Reasonably Achievable principle 

As previously described for the IAEA, the primary elements of radiation protection are justification, 
optimization, and limitation.  In developing this standard, it has been assumed that licensed or 
otherwise regulated practices to which this standard may be applied have been justified and, 
therefore, it is not necessary to address the justification principle.  Further, it is recognized that 
dose limits are established to ensure that the average member of a critical group will not receive 
doses in excess on the general 1 mSv/y (100 mrem/y) limit established as the allowable dose limit 
for all sources and pathways combined.  By establishing the primary dose criterion of 10 μSv/y 
(1.0 mrem/y) as a small fraction of the primary dose limit, consistency with the dose limit principle 
is ensured. 

The ALARA principle is based on the assumption, presumed to be conservative, that detriment 
resulting from any radiation exposure is proportional to the dose associated with such exposures.  
The assumption presumes that there is no threshold in the dose response relationship.  Although 
there are insufficient data to support this assumption, it is normally presumed conservative (that 
is, unlikely to underestimate the true effects) and is used for purposes of radiation protection in 
regulatory or standards development.  The ALARA principle is applied to ensure that doses 
resulting from an activity or practice are sufficiently below the established dose limit that the 
cumulative effects (suggested by the conservative linear-no-threshold assumption) on the affected 
population(s) are as low as is reasonably achievable, considering economic, technical, and social 
factors. 

In establishing an authorized dose limit for an activity including release of property containing 
residual radioactive material, a quantitative optimization (ALARA) analysis would entail the 
evaluation of various alternatives (means of controlling exposures) and the associated collective 
dose reduction of each alternative, and the associated cost (including capital and other implicit 
costs) of implementing the controls, along with consideration of other factors.  The result of the 
analysis would identify those alternatives that reduce doses to levels that are as far below the 
primary dose criterion as is reasonably achievable.  In general, the ALARA process can be 
considered a cost-benefit process where the selection of the appropriate controls for reducing 
doses below the dose limit is based on the optimization of differential costs (expenses and risks) 
and benefits (risk reduction and other factors).  The details associated with such evaluations are 
themselves limited by the benefit that can be achieved through use of the analysis in risk 
management decision-making.  That is, if potential detriment (e.g., collective dose) is high, then 
there may be substantial benefit to be gained in optimizing the controls through rigorous 
quantitative analyses and comparison of alternatives.  However, if the potential collective dose is 
low, then little more than qualitative considerations can be justified. 

In developing this standard, the screening levels have been selected such that associated 
individual dose is well below the primary individual dose limit.  The screening levels are based on 
the consideration of reasonably conservative estimates of the maximum dose to an individual 
under exposure conditions that are more likely to overestimate than underestimate potential 
doses.  Thus, one can reasonably expect typical doses to members of the public from releases 
associated with the screening levels to be less than about 10 µSv/y (1.0 mrem/y).  In general, 
these doses will likely affect a very small fraction or subset of the population. 
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Given the fact that the annual collective dose from background radiation sources to members of 
the public in the United States is estimated to be approximately 700,000 person-Sv (70,000,000 
person-rem), collective doses associated with the release of material at (or below) the primary 
clearance criterion (through adoption of the screening levels) will not significantly impact the 
population.  Indeed, such doses are likely to be a small fraction of 1% of the background collective 
dose for members of the critical group.  As a result, there is no need to quantitatively assess 
ALARA to support the application of the clearance levels established in this standard.  Rather, use 
of the screening levels consistent with the standard can be assumed to satisfy the ALARA 
requirements (the optimization principle). 

The screening levels in this standard should not be considered as the sole basis for clearance, 
conditional clearance, or restricted release of property containing residual radioactive material.  It 
is appropriate to develop authorized limits for release of property for specific activities or practices 
using site- or activity-specific factors that diverge from the screening levels provided in this 
standard.  It is reasonable to expect that the use of less conservative, more specific, or more 
accurate parameters and assumptions, and possibly a reasonable expectation or knowledge of 
expected use (or at least first-use or disposition of materials to be released) will result in 
authorized limits with higher screening levels.  It is presumed that such determinations will be 
shown to be justified based on a more rigorous application of the ALARA principle.  
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Annex B: 
(Informative) 

Derivation of Screening Levels 

As part of the derivation of screening levels for clearance, human health risk (as correlated with 
radiation dose), instrumentation detection capability, and contamination control issues were 
evaluated, in that order of priority.  It is recognized that there is a large degree of variability 
associated with conditions that affect both dose and detection capability; thus, providing a single, 
defined dose or detection capability basis across all radionuclides and conditions for the derivation 
of screening levels is impossible.  For some radionuclides (e.g., 3H, 32P, 35S, 36Cl, 55Fe, and 99Tc), 
dose-based levels are significantly larger than the detection limits, by more than an order of 
magnitude.  For these radionuclides, lower screening levels than derived by the dose assessment 
have been adopted as being technically justified and consistent with the philosophy of 
contamination control. This Annex discusses the rationale behind the establishment of screening 
levels, the process used to develop the screening levels in this standard, a comparison of the 
results with other evaluations, collective dose considerations, and a review of detectability issues. 

B.1 Evaluation of dose basis 

Over the past twenty years, numerous studies (see the informative references in Annex C) have 
attempted to evaluate radiation doses or risks using prospective modeling, which attempt to 
describe potential future radiation exposures and radiation exposure pathways and scenarios.  
Unlike retrospective modeling, which describes past events that are supported to some degree by 
historical data or measurements, prospective modeling relies, to a large degree, upon the 
judgement of the analyst in determining the key conditions to be considered.  In fact, most of the 
situations described in these analyses are necessarily generic; that is, they are stylized 
representations of potential conditions, they are conservative by design, and they do not represent 
real or known situations.  When modeling is used to set regulations, the generic scenario 
representations are often defined in a conservative manner to minimize the chance that more 
restrictive conditions could be encountered in the real world.  Although the degree of conservatism 
is difficult to quantify and is left to the judgement of the analyst, a careful balance between 
conservative parameters and assumptions, and knowledge of actual conditions must be 
maintained to maintain the credibility of the results.  The goal of modeling to derive screening 
levels is to provide reasonable assurance that the primary dose criterion will be met.  In this 
regard, certain situations that may be important on a case-by-case basis may be considered to 
represent extreme conditions that, by design, are not reflected in the generic analyses.  The 
following paragraphs describe the potential radiation exposure pathways, scenarios, and ranges 
of results used for establishing screening levels for clearance. 

B.1.1 Radiation exposure pathways 

Numerous radiation exposure pathways have been identified and considered in previous studies 
to derive screening levels relating to established dose limits; however, the most significant 
exposure pathways involve external exposure to penetrating radiation, inhalation of airborne 
radioactive materials, and ingestion of radioactive materials.  These pathways are used in stylized 
representations of generic radiation exposure situations called scenarios.  Although additional 
pathways, including immersion in airborne plumes, internal contamination from puncture wounds, 
and dermal absorption of soluble radionuclides, could be considered on a case-by-case basis, 
their consideration when setting standards often leads to a worst-case analysis that goes beyond 
the goal of providing reasonable assurance that the primary dose criterion will be met.  Thus, 
these additional pathways are typically ignored when setting generic screening levels.  The 
following paragraphs provide a description of the major exposure pathways considered for setting 
generic screening levels. 
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B.1.1.1  External exposure to penetrating radiation 

For most generic studies, the external dose resulting from exposure to penetrating radiation is 
found as the product of the total time during which radiation exposure occurs, a dose rate factor 
appropriate for either surface or volume sources, and the activity or activity concentration of a 
radionuclide or mixture of radionuclides, for either surface or volume sources.  External exposure 
can be the dominant exposure pathway for a wide variety of beta-gamma emitters.  The exposure 
duration can vary from continuous exposure (i.e., 24 hours per day, 365 days per year) to 
infrequent exposure (i.e., a few hours a day or less), depending upon the situation being modeled 
and the judgement of the analyst.  Dose rate factors for external exposure can be obtained from 
generic literature sources, or independently derived using radiation shielding calculations.  
Example generic external dose rate factors are found in Federal Guidance Report No. 12 
(Eckerman and Ryman1993) published by the U.S. Environmental Protection Agency (EPA).  
External dose rate factors from generic literature sources have the advantage of having the 
credibility of the developers; however, they often have limitations regarding source geometry, 
exposure location, and shielding conditions. Finally, the activity concentration of a radionuclide 
either must be assumed, or normalized to unity.  For most studies involved with the derivation of 
screening levels, activity by unit area or unit activity concentrations are assumed and an inverse 
calculation is conducted to determine the screening level activity concentrations, by radionuclide, 
associated with a specific radiation dose. 

B.1.1.2  Inhalation 

Inhalation of airborne radioactive materials is often considered in generic analyses to derive 
screening levels.  The committed effective dose equivalent (CEDE) for inhalation is found as the 
product of the exposure duration (the total time during which inhalation exposure occurs), the 
volumetric breathing rate, the airborne dust concentration, the inhalation dose factor, and the 
average activity concentration of a radionuclide or a mixture of radionuclides in the suspended 
dust.  The inhalation pathway is typically important for alpha emitting radionuclides (i.e., heavy 
metals), including radioisotopes of uranium, radium, americium, neptunium and plutonium.  As 
with the external exposure pathway, the exposure duration can vary from continuous exposure to 
infrequent exposure, depending on the situation being modeled and the judgement of the analyst.  
The volumetric breathing rate defines the volume of air that an individual breathes, per unit time.  
Breathing rates typically describe heavy work, light work, or rest activities and are found in the 
literature (ICRP 1975).  The airborne dust concentration can be estimated using a variety of 
generic models, including mass loading, resuspension factor, or resuspension rate models.  
Inhalation dose factors currently adopted in the U.S. are published by the EPA in Federal 
Guidance report No. 11 (Eckerman, Wolbarst, and Richardson 1988).  These dose conversion 
factors are based on the recommendations of the International Commission on Radiation 
Protection (ICRP) as found in  Publication No. 30 (1979 - 1988).  As previously described for the 
external exposure pathway, the activity concentration of a radionuclide must be either assumed, 
or normalized to unity so that an inverse calculation can be conducted to determine the screening 
level activity concentration associated with a specific radiation dose. 

B.1.1.3  Ingestion 

There are a variety of ingestion pathways that have been considered for specific situations.  Some 
of them include ingestion of: 1) removable surface contamination transferred to hands then to the 
mouth, 2) contaminated soil, 3) contaminated drinking water (either surface water or ground 
water), 4) foods grown in (or on in the case of animal products) contaminated soil, 5) foods grown 
with contaminated water (either irrigated plants, or animal products through contaminated drinking 
water), and 6) contaminated aquatic biota obtained from contaminated surface water sources.  In 
general, ingestion dose is estimated by multiplying the ingestion dose factor times the quantity of 
radioactive material ingested during the year.  An evaluation of the quantity of material ingested 
may be rather simple, for example involving direct ingestion of contamination (i.e., material 



ANSI/HPS N13.12 -1999 

19

transferred from surfaces to hands, then to the mouth, or contained in contaminated soil or 
drinking water), while other analyses may require complex, time-dependent models to account for 
environmental transport, dispersion, and sometimes reconcentration in environmental media.  
Overviews of potential ingestion pathways can be found in recent literature (Till and Meyer 1983; 
Gilbert et al. 1989; Kennedy and Strenge 1992).  Ingestion is typically important for relatively 
soluble beta emitters including radioisotopes of iodine, technetium, strontium, and cesium.  
Ingestion dose factors currently adopted in the U.S. are published by the EPA in Federal 
Guidance report No. 11 (Eckerman, Wolbarst, and Richardson 1988).  These dose conversion 
factors are based on the recommendations of the International Commission on Radiological 
Protection (ICRP) as found in  Publication No. 30 (1979 - 1988).  As previously described, the 
activity concentration of a radionuclide either must be assumed, or normalized to unity at a key 
point (i.e., on or in the item being cleared, or in a sanitary landfill after disposal of cleared items or 
materials) and inverse calculations conducted to determine the screening level activity 
concentrations associated with a specific radiation dose. 

B.1.2 Radiation exposure scenarios 

The analysis of a combination of radiation exposure pathways used to conceptually model the 
potential future conditions, events, and processes that could result in radiation exposures to 
individuals or groups of people is called scenario analysis.  As discussed for radiation exposure 
pathways, the selection of exposure pathways, parameters, and assumptions in a scenario 
analysis is subject to the judgment of the analyst and can be used to produce a spectrum of 
results, ranging from realistic to bounding.  Realistic exposure scenarios are those that are 
tailored after measurements or other representations of the real, physical and temporal conditions 
that could result in radiation exposures.  An attempt is made in developing realistic scenarios to 
identify and minimize the conservatism associated with the input parameters and assumptions.  
This means that certain extreme conditions that can be envisioned are ignored.  This type of 
analysis is consistent with the goal of providing reasonable assurance that a primary dose 
criterion will be met by compliance with derived screening levels.   In contrast, bounding exposure 
scenarios are designed to provide conservative, overestimates of the potentially likely doses that 
realistically could be encountered.  Bounding scenarios are often used when there is a high 
degree of uncertainty regarding potential exposures or when highly variable data are encountered.  
Typical scenarios useful in setting screening levels can be found in the literature included in the 
informative references found in Annex C. 

When considering clearance, the scenarios that could be considered are limited only by one’s 
imagination, but logically fall into three categories: recycle, reuse, or disposal.  Clearance of 
materials or equipment with surface contamination could result in scenarios involving direct use of 
equipment, or landfill disposal, or incineration of waste materials.  Clearance of rooms within an 
operating facility could result in scenarios associated with reuse of portions of a building as a 
factory, office, or residence, or demolition of the entire building and disposal of contaminated 
rubble.  Clearance of other items could result in the recovery and recycle of selected metals or 
other materials.  Clearance of soil or materials to be disposed to soil (in landfills) could result in a 
number of scenarios involving agriculture, residential, or industrial conditions.  Further, clearance 
scenarios for soil need to account, in some manner, for the potential transfer and accumulation of 
radionuclides through environmental pathways, including surface and ground water.   

In all of these scenarios, a variety of exposed individuals or critical groups could be defined, 
ranging from individuals with casual or infrequent access (i.e., transport workers or individuals 
downwind from an incinerator), to individuals with direct or frequent access (i. e., workers in a 
released building, residents on or near a landfill, or individuals using recycled materials).  Thus, a 
wide range of potentially acceptable screening levels could be developed for a given radionuclide 
for the same primary dose standard, depending on the suite of scenarios and conditions 
considered.  This result is a natural outcome of the dominant exposure pathways for different 
radionuclides and how they are treated in the exposure scenarios.  For example, consideration of 
scenarios with an emphasis on external exposure may not be adequate when considering derived 
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criteria for alpha emitters, whose dominant exposure pathway is inhalation.  Conversely, 
consideration of scenarios for inhalation may not be adequate if external exposure is the dominant 
exposure pathway.  As a result, in a generic analysis it is important to consider a suite of potential 
scenarios and conditions to achieve a balance among exposure pathways so that exposures from 
external, inhalation, and ingestion are adequately included. 

B.1.3 International clearance levels based on modeling analyses 

As previously discussed, generic modeling analyses rely on the judgement of the analyst and, as 
a result, a range of results can be determined for each radionuclide of concern.  This range 
reflects the specific modeling decisions made for different analyses.  An example of the typical 
ranges that could be encountered is provided in IAEA-TECDOC-855 (IAEA 1996b).  For their 
report, the IAEA considered numerous radiation exposure scenario studies reported in the 
literature that considered landfill disposal, incineration, recycling metals and concrete, and reuse 
of tools, equipment, and rooms within buildings.  In conducting their study, the IAEA noted that not 
all of the studies considered were analyzed for the same purpose or using the same basic 
assumptions.  Some of the studies were intended to derive a general relationship between activity 
concentration and radiation dose, while other studies were intended to provide more specific 
relationships.  Not all of the studies considered by the IAEA started with the same dose basis.  
Also, the potential dilution by non-radioactive materials was considered in different ways for 
different materials.  Further, radioactive decay and progeny ingrowth were not handled in a 
consistent manner.  Finally, while most of the studies used similar dose models, based on ICRP 
30 (ICRP 1979-1988), some of the studies used dosimetry concepts from ICRP 60 (ICRP 1990).  
To conduct their comparison, the IAEA attempted to normalize the modeling results to a 
consistent dose criterion of 10 µSv/y (1.0 mrem/y); however, needed modifications between 
studies, including corrections for dilution factors, were not fully considered.   

In summary, the IAEA (IAEA 1996) report found that for radionuclides whose dose is controlled by 
the external exposure pathway (including radionuclides such as 60Co, 134Cs, 137Cs, 152Eu, and 
192Ir), the range of results typically spans about two to three orders of magnitude.  This is fairly 
close agreement and likely reflects the few parameters and assumptions (i.e., exposure duration, 
dose factor, and activity concentration) required to conduct an external exposure pathway dose 
assessment.  The IAEA found that for radionuclides whose dose is controlled by inhalation 
(including radioactive forms of thorium, radium, uranium, neptunium, plutonium, americium, and 
curium), the range is typically two to four orders of magnitude.  Again, this relatively close 
agreement is a reflection of the few parameters and assumptions (i.e., exposure duration, 
volumetric breathing rate, inhalation dose factor) required to conduct an inhalation exposure 
assessment and the similarity of modeling approaches to estimate air concentrations (i.e., mass 
loading or resuspension models).  The broadest ranges across previous studies (from two to six 
or more orders of magnitude) were found by the IAEA for radionuclides whose dose is controlled 
by the ingestion pathway.  This broad range reflects the multiple, different types of ingestion that 
may occur and the required modeling assumptions and data needed to adequately treat 
environmental transport, dispersion, and reconcentration. 

In addition to providing order of magnitude ranges for groups of similar radionuclides, the IAEA 
study provided a generalized algorithm for use in determining the clearance level for radionuclides 
that were not included in the primary analysis.  The algorithm provided is: 

Minimum{(1/Eγ + 0.1Eβ, (ALIinh/1,000), (ALIing/100,000)}          (B.1) 

where Eγ is the effective γ energy in MeV and Eβ is the effective β energy in MeV, as given in 
ICRP Publication 38; ALIinh is the most restrictive value of the annual limit on intake by inhalation 
in Bq; and ALIing is the most restrictive value of the annual limit on intake by ingestion in Bq as 
given in ICRP Publication 61 (ICRP 1991). 
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After a careful review of the IAEA effort, several observations can be made: 

• It is quite difficult to compare previous modeling studies because of the  potential wide 
variability in modeling intent, basic assumptions, parameter selection, and model application 
encountered. 

• Inclusion of environmental scenarios (to evaluate landfill disposal or contaminated soil) will 
likely modify the resulting radionuclide groupings (compared to those established from 
building reuse or metal recycle) because of the importance of environmental mobility for 
certain radionuclides. 

B.1.4 Derivation of clearance levels 

The screening levels described in Section 3.0 of this standard were primarily derived using an 
analysis of the potential doses resulting for scenarios involving volume and surface sources of 
contamination and the results of other modeling studies for metal recycle and landfill disposal, 
including considerations regarding the conservative nature of the modeling results.  This approach 
provides a stable, internally-consistent basis for setting clearance levels with a comparison across 
the technical literature. 

The following sections describe the derivation of the screening levels using modeling analyses, 
and provide a comparison with other modeling approaches and existing guidance. 

B.1.4.1  Description of modeling approach for volume sources   

Clearance of volume sources can cover a wide variety of conditions, items, and materials that 
represent reuse, recycle, and disposal.  For purposes of setting the volume source clearance 
levels associated with this standard, the results of several different scenarios, evaluated by 
several different methods, are considered.  A summary of the modeling results for volume 
sources is found in Table B.1 for over 50 individual radionuclides.   

To represent a limit for clearance of potentially large volume sources, a scenario analysis was 
conducted for cleared sources assumed to be located within a room of a facility.  The scenario 
considered assumes that the room, and the sources, are remodeled in a manner that results in 
exposures of individuals to volume sources of radioactivity.  The scenario is assumed to occur 
during the first year following clearance of the sources and involves the external, inhalation, and 
ingestion exposure pathways.  The scenario and parameter selections are designed to be 
consistent with previous studies prepared by the IAEA (1987), with the use of dose conversion 
factors published as part of federal guidance.  For this room remodeling scenario, external doses 
are found using the following equation: 

(External Dose) = (Exposure Duration) x (Volume Source Dose Factor) x 
(Average Concentration of Radionuclides)                (B.2) 

The exposure duration is assumed to be 500 hours, or remodeling over a three-month work 
period.  The volume source dose factor is obtained from Table III.6 of Federal Guidance Report 
No. 12 (Eckerman and Ryman 1993).  These volume source dose factors are for exposure to soil 
uniformly contaminated to a depth of 15 cm, and are considered to be conservative for this 
application since most building sources will not be contaminated to this depth.   



Table B.1 Volume contamination modeling results  
Column

1

Nuclide

Column 2

Room
Remodeling 

Bq/g

Column 3 

Disposal 
(NCRP

1996) Bq/g 

Column 4
RESRAD-BUILD 

Occupancy 
Results 

(Nieves, et al. 
1995)  Bq/g 

Column 5 

RESRAD-BUILD 
Metal Recycle 

(Nieves, et al. 1995) 
Bq/g

Column 6 

Steel Recycle 
(Hill et al. 

1995) 
Bq/g

Column 7 
EPA Metal 
Recycle 

(MacKinney, 
1997) 
Bq/g

Column 8 

Landfill Disposal 
of Sewer Sludge 
(Kennedy et al. 

1992)  Bq/g 
        

3H 1.2 x 10+5 0.40   2.1 x 10+5   
14C 3.2 x 10+4 0.023   7.0 x 10+3 1.2 x 10+2 1.0 x 10+5

22Na 0.046 0.017 0.18 5.9 x 10-3    
        

24Na 2.4       
32P 2.0 x 10+2 0.69      
35S 1.1 x 10+4 10      

        
36Cl 2.1 x 10+2 5.2 x 10-3 5.6 16.7 4.1 x 10+2  0.076 
45Ca 2.2 x 10+3 2.2     1.6 x 10+3

51Cr 8.0 1.4 x 10+2      
        

54Mn 0.13 14 0.60 0.019 0.48 0.18  
55Fe 1.3 x 10+4 2.1 x 10+2 33 3.0 x 10+2 5.6 x 10+2 5.5 x 10+3 4.8 x 10+2

58Co 0.15 12      
       

60Co 0.039 0.015 0.18 4.6 x 10-3 0.16 0.041 0.017 
59Fe 0.150 16    8.4 x 10+3 1.6 x 10+2

63Ni 1.1 x 10+4  29 1.7 x 10+2 1.9 x 10+4 3.5 x 10+3 0.80 
       

65Zn 0.19 10 0.91 0.030 0.63 0.38 5.0 
89Sr 97 0.83      
90Sr 16 8.4 x 10-3 0.011 0.62 92 0.024 0.019 

       
94Nb 0.061 0.023 0.20 7.1 x 10-3 0.26 0.078  
99Tc 2.2 x 10+3 0.021 12 83 4.8 x 10+3 1.7 x 10+3 0.063 

106Ru 0.49 1.1 0.59 0.071 1.6 5.6  



Table B.1  Volume contamination modeling results (Cont’d) 
Column 1 

Nuclide 

Column 2 

Room 
Remodeling 

Bq/g

Column 3

Disposal 
(NCRP

1996) Bq/g 

Column 4
RESRAD-BUILD 

Occupancy 
Results 

(Nieves, et al. 
1995) Bq/g 

Column 5

RESRAD-BUILD 
Metal Recycle 

(Nieves, et al. 1995) 
Bq/g

Column 6

Steel Recycle 
(Hill et al. 1995) 

Bq/g

Column 7
EPA Metal 

Recycle 
(MacKinney, 

1997) 
Bq/g

Column 8

Landfill Disposal of 
Sewer Sludge 
(Kennedy et al. 

1992)  Bq/g 
        

109Cd 35 3.6      
110mAg 0.040 6.3 0.20 6.2 x 10-3 0.14 0.059  

111In 6.1       
        

124Sb 0.085 2.6      
125I 43 0.014      
129I 16 1.8 x 10-3   48 0.047 0.078 

        
131I 2.0 0.98      

134Cs 0.065 0.011 0.14 8.3 x 10-3 0.23 0.15 0.18 
137Cs 0.16 0.021 0.27 0.020 0.70 0.421 0.043 

        
144Ce 2.0 12 1.0 0.30 27 2.1 33 
147Pm 3.4 x 10+3 1.2 x 10+2 15 38 2.9 x 10+3 2.6 x 10+2

152Eu 0.087 0.034 0.29 0.010 0.34 0.11 0.025 
        

154Eu 0.080 0.032 0.26 9.1 x 10-3 0.33  0.027 
192Ir 0.18 9.0      

198Au 5.6       
        

210Pb 1.3 0.014 3.4 x 10-3 0.037  0.012  
210Po 4.6 0.14      
226Ra 4.0 4.7 x 10-3   7.4 0.059 7.6 x 10-3

        
228Ra 0.10 3.7 x 10-3    0.10 2.6 x 10-4

228Th 1.7 0.012 5.9 x 10-3 3.2 x 10-3 0.41 0.027 0.064 
230Th 1.6 9.0 x 10-3 5.0 x 10-3 4.8 x 10-3 0.48 0.058  



Table B.1  Volume contamination modeling results (Cont’d) 

Column 1 

Nuclide 

Column 2

Room 
Remodeling 

Bq/g

Column 3 

Disposal 
(NCRP

1996) Bq/g 

Column 4
RESRAD-BUILD 

Occupancy 
Results 

(Nieves, et al. 
1995) Bq/g 

Column 5 

RESRAD-BUILD 
Metal Recycle 

(Nieves, et al. 1995) 
Bq/g

Column 6

Steel Recycle 
(Hill et al. 1995) 

Bq/g

Column 7 

EPA Metal 
Recycle 

(MacKinney, 
1997) Bq/g 

Column 8

Landfill Disposal of 
Sewer Sludge 
(Kennedy et al. 

1992) Bq/g 
        

232Th 0.33 4.0 x 10-3 1.0 x 10-3 9.1 x 10-4 0.11 0.013  
234U 3.9 0.067 0.012 0.012 0.96 0.12 0.40 
235U 0.63 0.019 0.013 0.011 1.0 0.11 .33 

        
238U 4.4 2.3 x 10-3 0.013 0.012 1.0 .013 0.80 

237Np 0.62 1.3 x 10-3 1.9 x 10-3 2.6 x 10-3 0.24 0.024 8.5 x 10-4

239Pu 0.85 0.041 2.4 x 10-3 3.4 x 10-3 0.37 0.051 1.8 
        

240Pu 0.85 0.042 2.4 x10-3 3.4 x 10-3 0.37 0.051 0.018 
241Pu 44 0.31 0.13 0.18 22 3.2  
241Am 0.77 0.046 2.3 x 10-3 3.3 x 10-3 0.22 0.031 0.38 
244Cm 1.5 0.088 4.4 x 10-3 6.2 x 10-3  0.055  
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The average concentration in the building materials within the room is found by taking the time 
integral of the concentration over the first year following clearance as: 

Cbv = Co[1-exp(-λt)]/ λt               (B.3) 

where:      
Cbv  = the average concentration of a radionuclide in building materials during the first year 

after clearance, 
Co = the initial concentration of a radionuclide at the start of the first year after clearance, 
λ = the decay constant for the radionuclide considered, and  
t  = the time period of interest (1 year). 

For inhalation exposure, the committed effective dose equivalent (CEDE) is calculated using the 
following equation: 

(Inhalation CEDE) = (Exposure Duration) x (Breathing Rate) 
 x (Airborne Dust Concentration) 
 x (Inhalation CEDE Factor) 
 x (Average Concentration of Radionuclides)              (B.4) 

The exposure duration is assumed to be 500 hours and the breathing rate is assumed to be 1.2 
m3/h representing light activity as defined by the ICRP (1975).  The airborne dust concentration is 
assumed to be 1 x 10-4 g/m3 and the inhalation CEDE factors are obtained from Federal Guidance 
Report No. 11 (Eckerman, Wolbarst, and Richardson 1988).  The average concentration of 
radionuclides is found using Equation B.3. 

Ingestion could occur as the result of transfer of loose contamination (dust) from hands to mouth 
during room remodeling.  For ingestion exposure, the CEDE is calculated using the following 
equation:

(Ingestion CEDE) = (Exposure Duration) x (Effective Ingestion Transfer Rate) 
 x (Ingestion CEDE Factor) 
 x (Average Concentration of Radionuclides)                         (B.5) 

The exposure duration is assumed to be 500 hours and the effective ingestion transfer rate is 
assumed to be 1 x 10-2 g/h. The ingestion CEDE factors are obtained from Federal Guidance 
Report No. 11 (Eckerman, Wolbarst, and Richardson 1988). 

The total annual CEDE for building remodeling per unit volume contamination (e.g., 1 Bq/g) is 
found by summing the doses estimated for the external, inhalation, and ingestion pathways.  
Clearance levels are then calculated through an inverse calculation, normalized to the primary 
dose criterion, or 10 μSv/y (1.0 mrem/y).  The results are shown for over 50 selected 
radionuclides in Column 2 of Table B.1. 

Comparisons of the results of the room remodeling scenario with selected scenario results 
reported by previous modeling studies are also shown in Table B.1.  Considered here are the 
screening model study documented by the NCRP, two previous studies that were conducted for 
the U.S. Department of Energy (DOE), one for the EPA , and one conducted for the U.S. Nuclear 
Regulatory Commission (NRC).  It is recognized that each of these studies had different purposes 
and used different modeling approaches.  However, the purpose of considering the results of 
previous modeling studies is not to provide a comprehensive comparison of all modeling efforts 
related to clearance, but rather to help establish ranges of results, radionuclide groups, and 
screening levels for the groups.   

The first DOE study was conducted by staff at Argonne National Laboratory using versions of the 
RESRAD computer program, and was documented in a report entitled Evaluation of Radioactive 
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Scrap Metal Recycling (Nieves, et al. 1995).  The second DOE study was developed by staff at 
the Pacific Northwest National Laboratory (PNNL) and is entitled Radiation Dose Assessments to 
Support Evaluations of Radiological Control Levels for Recycling or Reuse of Materials and 
Equipment (Hill et al. 1995).  The EPA study is entitled Evaluation of the Potential for Recycling of 
Scrap Metals From Nuclear Facilities (MacKinney 1997) and includes a scenario analysis.  The 
NRC study was also conducted at PNNL and is entitled Evaluation of Pathways to Man From 
Disposal of Radioactive Materials into Sanitary Sewer Systems (Kennedy et al. 1992). 

The objective of the NCRP screening model report (NCRP 1996) is to “provide a series of simple 
screening techniques that can be employed to demonstrate compliance with environmental 
standards or other administratively-set reference levels for releases of radionuclides...”  The 
report contains an evaluation of a scenario that considers disposal of limited quantities of 
radioactive material to the ground.  This scenario is conceptually consistent with landfill disposal 
of cleared materials.  The scenario includes consideration of a wide variety of environmental 
pathways and is considered to be a conservative representation of potential public radiation 
doses.  The significant exposure pathways include contaminated ground water, direct exposure to 
contaminated ground, inhalation of suspended dust, ingestion of half of an individual’s food 
assumed to be grown in contaminated soil, and direct ingestion of soil.  The results of the NCRP 
screening calculations were normalized to unit activity and an inverse calculation was conducted 
to determine clearance levels for disposal to soil that relate to the primary dose criterion.  The 
results are shown in Column 3 of Table B.1. 

The Argonne report (Nieves et al. 1995) contains numerous radiation exposure scenarios 
associated with various labor categories involved in metal recycle and the subsequent use of 
consumer products made from recycled metals.  Two of the limiting scenarios included in the 
Argonne report are considered here.  The limiting scenario for most radionuclides involved 
baseline worker doses for a 2,000-h industrial products slag worker, as reported in Table D.11 of 
Nieves, et al. (1995, p. D-14).  The document also contains the results of a room occupancy 
scenario that can be directly compared with the scenarios, found in Table D.24 of Nieves, et al. 
(1995, p. D-27).  Columns 4 and 5 of Table B.1 contain the scenario results from the Argonne 
report for the occupancy and metal recycle scenarios, in units of Bq/g, at an annual dose of 10 
μSv/y (1.0 mrem/y).  It should be noted that the Argonne study provides a conservative 
representation of the potential public radiation doses and that it did not include all of the 
radionuclides considered in the development of this standard.  The dose results are available for 
only about 30 of the original set of over 50 radionuclides.  A comparison of the dose results shows 
very good agreement for most beta-gamma emitting radionuclides, with typical ratios of the results 
within one order of magnitude among the studies considered; in some cases the Argonne dose 
results are smaller than those from other studies; in some cases the Argonne dose results are 
larger, indicating that there are no general, systematic differences.  The typical results for the 
alpha emitters show less agreement than for the beta-gamma emitters.  For example the dose 
results from the Argonne study are typically about an order of magnitude less than the results 
developed for the room remodeling scenario.  This difference is caused mainly by the assumed 
airborne dust loading; the Argonne study assumed an airborne dust loading of 10-3 g/m3, while the 
room remodeling scenario assumed an airborne dust loading of 10-4 g/m3.  Although the value 
used for this parameter is up to the judgment of the analyst, correcting for this modeling difference 
gives results that are in good agreement. 

The PNNL report prepared for DOE (Hill et al., 1995) provided a radiation dose assessment useful 
for the development of control levels for metal and concrete recycling.  Again, the PNNL report 
considered a different set of radionuclides; however, it contains about 30 of the over 50 
radionuclides of interest.  For purposes of results comparison, the steel recycle scenarios defined 
in Hill et al. (1995) are considered.  Column 6 of Table B.1 shows the limiting dose results 
reported in Hill et al. (1995) for steel recycle, in units of Bq/g at an annual dose of 10 μSv/y (1.0 
mrem/y).  Again, the results are seen as a conservative representation of the potential public 
radiation doses.  
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As a third evaluation of metal recycle, doses from an EPA peer review draft technical support 
document (MacKinney 1997) are considered.  Although the EPA document is a draft for peer 
review, the results are considered here to determine if there are potentially significant differences 
in modeling approaches and results.  The limiting EPA report presents results across 60 different 
categories of individuals considered in the analysis, in units of Bq/g, normalized to an annual dose 
of 10 μSv/y (1.0 mrem/y).  Results for selected radionuclides are shown in Column 7 of Table B.1.  
From their results, the EPA concluded that the limiting doses for each radionuclide represented 
exposures to individuals at the high end of exposures (e.g., 90th percentile), and that it is unlikely 
that many individuals could receive exposures significantly greater than the limiting doses 
reported.  Although there is some radionuclide-specific variability, it is noted that the results 
generally compare with the results reported in the previously discussed DOE metal recycle 
studies. 

The second PNNL study (Kennedy et al., 1992) includes a scenario that describes disposal of 
radionuclides in sewage sludge to a sanitary landfill.  This scenario was designed to model an 
individual who moves onto the closed site, constructs and lives in a house over the waste 
trenches, and ingests 25% of his or her total diet from food products raised onsite.  This scenario 
is conceptually comparable to NCRP ground disposal screening study and is seen as a 
conservative representation of the potential public radiation dose.  The scenario is designed to 
consider disposal of the ash from incinerated sludge to a dedicated landfill, with no dilution by 
non-active wastes that are co-disposed.  It also assumes rather pessimistic environmental 
transfer parameters, highly mobile conditions, and mixing with non-active cover soil using a 
dilution factor of 0.67.  As a result, this scenario provides a rather conservative basis for landfill 
disposal since it does not account for additional dilution by non active wastes or cover materials.  
Furthermore, it is unlikely that site-raised food products will contribute 25% of the entire diet (i.e., 
plant and animal products).  This scenario includes five years of radioactive decay prior to the 
start of the scenario.  The results of this scenario for long-lived, immobile radionuclides are about 
an order of magnitude larger than the results obtained using the NCRP screening analysis.  
However, depending on the radionuclide considered, the results reported for this scenario are still 
probably conservative by at lease an order of magnitude, because of the potential for mixing with 
non-active wastes and because of the conservative environmental transfer factors and mobility 
values assumed. 

B.1.4.2  Description of modeling approach for surface sources 

As noted for volume sources, clearance of surface sources can cover a wide variety of conditions, 
items, and materials that represent reuse, recycle, and disposal.  For purposes of setting the 
surface source clearance levels associated with this standard, two scenarios, evaluated by 
several different methods, are considered.  A summary of the modeling results for surface 
sources is found in Table B.2 for over 50 individual radionuclides.   

To represent a limit for clearance of potentially large surface sources, a scenario analysis was 
conducted for rooms of facilities that contain materials with surface sources of radioactivity that 
are cleared from further radiological control.  The scenario assumes that a room is occupied as a 
commercial facility after clearance of the sources in a manner that results in exposures of 
individuals to the surface sources of radioactivity.  The scenario is conservatively assumed to 
occur during the first year following clearance and involves the external, inhalation, and ingestion 
exposure pathways.  The scenario and parameter selections are designed to be consistent with 
previous studies prepared by the IAEA (1987), using dose conversion factors published as part of 
federal guidance.  For this room occupancy scenario, external doses are found using the following 
equation:
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Table B.2  Surface contamination modeling results 

Column 1

Nuclide 

Column 2

Building Occupancy  Bq/cm2

Column 3

Tool/Equipment Reuse Bq/cm2 (a)

3H 2.9 x 10+2 9.6 x 10+4

14C 8.8 2.9 x 10+3

22Na 7.2 x 10-2 - 
   

24Na 16 - 
32P 35 - 
35S 74 - 

   
36Cl 5.5 1.8 x 10+3

45Ca 11 - 
51Cr 40 - 

   
54Mn 0.24 1.2 x 10+2

55Fe 42 5.6 x 10+3

58Co 0.52 - 
   

60Co 5.7 x10-2 41 
59Fe 0.68 - 
63Ni 28 1.1 x 10+4

   
65Zn 0.34 1.2 x 10+2

89Sr 9.3 - 
90Sr 0.12 48 

   
94Nb 8.6 x10-2 64 
99Tc 12 4.4 x 10+3

106Ru 0.42 1.5 x 10+2

   
109Cd 1.4 - 

110mAg 8.1 x 10-2 36 
111In 31 - 

   
124Sb 0.33 - 

125I 1.8 - 
129I 6.6 x 10-2 22 
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Table B.2  Surface contamination modeling results 

Column 1

Nuclide 

Column 2

Building Occupancy  Bq/cm2

Column 3

Tool/Equipment Reuse Bq/cm2 (a)

133I 5.6 - 
134Cs 7.9 x 10-2 36 
137Cs 0.15 74 

   
144Ce 0.99 2.4 x 10+2

147Pm 14 4.4 x 10+3

152Eu 0.12 81 
   

154Eu 0.11 74 
192Ir 0.58 - 

198Au 30 - 
   

210Pb 3.4 x 10-3 - 
210Pu 2.0 x 10-2 - 
226Ra 1.3 x 10-2 4.4 

   
228Ra 1.2 x 10-2 - 
228Th 4.9 x 10-3 1.5 
230Th 4.2 x 10-3 1.7 

   
232Th 8.3 x 10-4 0.37 
234U 9.9 x 10-3 4.1 
235U 1.0. x 10-2 4.1 

   
238U 1.1  x 10-2 4.1 

237Np 1.7 x 10-3 1.7 
238Pu 2.1 x 10-3 1.5 

   
240Pu 2.1 x 10-3 1.5 
241Pu 0.11 89 
241Am 2.1 x 10-3 5.9 
244Cm 3.8 x 10-3 - 

(a)  From Hill, et al. 1995. 
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(External Dose) = (Exposure Duration) x (Surface Source Dose Factor)x  
(Average Concentration of Radionuclides)          (B.6) 

The exposure duration is assumed to be 2,000 hours, or the work period during one year.  The 
surface source dose factor is obtained from Table III.3 of Federal Guidance Report No. 12 
(Eckerman and Ryman 1993).  These surface source dose factors are for exposure to a uniformly 
contaminated, infinite plane, and are considered to be conservative for this application since most 
building surface sources will not approach an infinite plane.   

The average surface activity concentration on the building materials is found by taking the time 
integral of the concentration over the first year following clearance as: 

Cbv = Co[1-exp(- λt)]/ λt              (B.7) 

where: 
Cbv    = the average surface concentration of a radionuclide on building materials during the first 

year after clearance, 
Co     = the initial surface concentration of a radionuclide at the start of the first year after 

clearance, 
λ      =  the decay constant for the radionuclide considered, and  
 t      =  the time period of interest (1 year). 

For inhalation exposure, the CEDE during occupancy of the room is calculated using the following 
equation:

(Inhalation CEDE) = (Exposure Duration) x (Breathing Rate) 
x (Resuspension Factor for Surface Contamination) 
x (Inhalation CEDE Factor) 
x (Average Concentration of Radionuclides)           
x (Removable Fraction)                 (B.8) 

The exposure duration is assumed to be 2,000 hours and the breathing rate is assumed to be 1.2 
m3/h representing light activity as defined by the ICRP (ICRP 1975).  The airborne dust 
concentration is found using a resuspension factor of 1 x 10-6 m-1 and the inhalation CEDE factors 
are obtained from Federal Guidance Report No. 11 (Eckerman, Wolbarst, and Richardson 1988).  
For this analysis, all of the surface contamination is assumed to be removable; thus, the 
removable fraction is assumed to be 1.0.  The average concentration of radionuclides in the 
surface contamination is found using Equation B.7. 

Ingestion could occur during occupancy of the room as the result of transfer of loose 
contamination (dust) from hands to since all of the surface contamination is assumed to be 
removable.  For ingestion exposure, the CEDE is calculated using the following equation: 

(Ingestion CEDE) = (Exposure Duration) 
         x (Effective Ingestion Transfer Rate) 
         x (Ingestion CEDE Factor) 
         x (Average Concentration of Radionuclides)           
         x (Removable Fraction)                 (B.9) 

The exposure duration is assumed to be 2,000 hours and the effective ingestion transfer rate is 
assumed to be 1 x 10-4 m2/h. The ingestion CEDE factors are obtained from Federal Guidance 
Report No. 11 (Eckerman, Wolbarst, and Richardson 1988).  Again, the removable fraction is 
assumed to be 1.0, indicating that all of the contamination is assumed to be removable. 
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The total annual CEDE for room occupancy per unit surface contamination (e.g., 1 Bq/cm2) is 
found by summing the doses estimated for the external, inhalation, and ingestion pathways.  
Clearance levels are then calculated through an inverse calculation, normalized to the primary 
dose criterion of 10 μSv/y (1.0 mrem/y).  The results are shown for over 50 selected radionuclides 
in Column 2 of Table B.2. 

As a second comparison, doses estimated for the reuse of tools and equipment with residual 
surface contamination provided in Hill et al. (1995) are considered.  This report considered a 
different set of radionuclides; however, it contains about 30 of the over 50 radionuclides of 
interest.  Column 3 of Table B.2 shows the limiting dose results reported in Hill et al. (1995) for 
reuse of tools and equipment, in units of Bq/cm2 at an annual dose of 10 μSv/y (1.0 mrem/y).  
Again note that there is relatively good agreement with the scenario results reported for most 
radionuclides. 

B.1.4.3  Range of results and derived screening levels 

To establish screening levels, the overall range across all of the volume and surface scenarios is 
first determined and included in Table B.3 as the second column.  The screening levels assigned 
for each radionuclide are shown in column 3 of Table B.3.  The screening levels intentionally do 
not uniformly reflect the most or least limiting conditions encountered.  The screening level 
assigned to each of the radionuclide groups was based on technical judgment about the range of 
dose results, the conservative nature of the scenario analyses, and supporting decisions about 
detectability and contamination control.  

The radionuclides that have modified screening levels because of detectability and contamination 
control issues are in Group 4 and include 3H, 14C, 32P, 55Fe, 63Ni, and 99Tc.  The groups shown in 
Table B.3 are consistent with the Table 1 entries shown in Section 3.0 of this standard. 

B.1.4.4 Comparison of the derived screening levels with previous guidance 

A comparison of the derived screening levels with previous guidance reported in the literature is 
provided next.  Table B.4 contains the range reported in the IAEA report on clearance levels 
(IAEA 1996) at a dose level of 10 µSv/y (1.0 mrem/y), the value obtained by applying the IAEA 
formula (see Equation B.1) at 10 µSv/y (1.0 mrem/y), and the surface contamination levels found 
in AEC Regulatory Guide 1.86 (AEC 1974) reported in units of Bq/cm2.  For most radionuclides, 
the results from the IAEA ranges or from applying the IAEA formula generally agree to within an 
order of magnitude with the values assigned in this standard.  However, differences between the 
radionuclides assigned to the various groups are noted.  The differences in assigning radionuclide 
groups largely stem from the generic modeling results that were considered.  For example, the 
first group of radionuclides provided by the IAEA includes both alpha emitters (such as radium, 
thorium, and transuranics) and high dose beta gamma emitters, while the for purposes of this 
standard, these groups were separated, with screening levels separated by one order of 
magnitude.  This difference was encountered because of variations in the scenarios and analysis 
methods considered by the IAEA and in this standard, attempts to normalize values across 
surface and volume contamination, specific pathway assumptions and parameters, historical 
precedent for selected radionuclides, and, in some cases, screening values that rely on a single 
study (i. e., no range was developed for several radionuclides in the IAEA study because of a lack 
of data).  Other differences are for specific radionuclides (such as 54Mn, 144Ce, and 241Pu) based 
on specific modeling data and pathway assumptions.  Those modifications accounted for 
generally lower environmental mobility and the nature of the environmental scenarios since 
several of the studies considered by the IAEA were related to large-scale environmental 
contamination, rather than limited contamination encountered during clearance.  The impact of 
considering alternative environmental data and limited source areas  
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Table B.3  Range of modeling results and derived screening levels 

Column 1 

Nuclide 

Column 2 

Observed Range Bq/(g or cm2)

Column 3 
Assigned 

ANSI N13.12 
Group - Bq/cm2 or Bq/g(a)

   
3H 0.4 to 2 x10+5 100 
14C 2 x 10-2 to 1 x 10+5 100 

22Na 6 x 10-3 to 0.2 1 
   

24Na 2 to 20 10 
32P 0.7 to 2 x 10+2 100 
35S 9 to 1 x 10+4 100 

   
36Cl 0.5 to 2 x 10+2 10 
45Ca 2 to 2 x 10+3 100 
51Cr 8 to 1 x 10+3 100 

   
54Mn 2 x 10-2 to 1 x 10+2 1 
55Fe 30 to 1 x 10+4 100 
58Co 0.1 to 10 1 

   
60Co 4 x 10-3 to 40 1 
59Fe 0.2 to 8 x 10+3 10 
63Ni 0.8 to 2 x 10+4 100 

   
65Zn 3 x 10-2 to 1 x 10+2 1 
89Zr 0.8 to 1 x 10+2 100 
90Sr 8 x 10-3 to 90 1 

   
94Nb 7 x 10-3 to 60 1 
99Tc 2 x 10-2 to 5 x 10+3 100 

106Ru 7 x 10-2 to 1 x 10+2 1 
   

109Cd 1 to 30 10 
110mAg 6 x 10-3 to 40 1 

111In 6 to 30 100 
   

124Sb 8 x 10-2 to 3 1 
125I 1 x 10-2 to 40 100 
129I 2 x 10-3 to 20 10 
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Table B.3  Range of modeling results and derived screening levels (Cont’d) 

Column 1 

Nuclide 

Column 2 

Observed Range Bq/(g or cm2)

Column 3 
Assigned 

ANSI N13.12 
Group - Bq/cm2 or Bq/g(a)

   
131I 1 x 10-2 to 6 10 

134Cs 8 x 10-3 to 40 1 
137Cs 2 x 10-2 to 70 1 

   
144Ce 0.3 to 2 x 10+2 10 
147Pm 10 to 4 x 10+3 100 
152Eu 1 x 10-2 to 80 1 

   
154Eu 3 x10-2 to 70 1 
192Ir 0.2 to 9 1 

198Au 6 to 30 10 
   

210Pb 3 x 10-3 to 1 0.1 
210Po 2 x 10-5 to 70 0.1 
226Ra 5 x 10-3 to 4 0.1 

   
228Ra 3 x 10-3 to 2 0.1 
228Th 3 x 10-3 to 2 0.1 
230Th 4 x 10-3 to 2 0.1 

   
232Th 8 x 10-4 to 0.4 0.1 
234U 1 x 10-2 to 4 1 
235U 1 x 10-2 to 4 1 

   
238U 1 x 10-2 to 4 1 

237Np 8 x 10-4 to 2 0.1 
239Pu 2 x 10-3 to 2 0.1 

   
240Pu 2 x10-3 to 2 0.1 
241Pu 0.1 to 90 10 
241Am 2 x 10-3 to 5 0.1 
244Cm 4 x 10-3 to 1 0.1 

(a) Screening levels were assigned using judgment considering the observed range of modeling 
results and accounting for the conservative nature of the scenario analysis. 
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Table B.4  Comparison of the derived screening levels with previous 
guidance

Column 1

Nuclide 

Column 2

IAEA Range 
Bq/g or cm2 @ 

10 µSv/y 

Column 3

IAEA Formula  
Bq/g or cm2 @ 

10 µSv/y 

Column 4

Regulatory Guide 
1.86 in units of 

Bq/cm2

Column 5

Assigned  
ANSI N13.12 
Group/Value 

Bq/g or Bq/cm2

     
3H 1x10+3 to 1x10+4  2.00 x10+3 0.83 100 
14C 1x10+2 to 1x10+3 2.00 x10+2 0.83 100 

22Na 0.1 to 1 0.50 0.83 1 
     

24Na 0.1 to 1 0.20 0.83 10 
32P 1 to 1x10+3 10 0.83 100 
35S 1x10+3 to 1x10+4 2.00x10+2 0.83 100 

     
36Cl 1x10+2 to 1x10+3 40 0.83 10 
45Ca 1x10+3 to 1x10+4 1.00x10+2 0.83 100 
51Cr 10 to 1x10+2 30 0.83 100 

     
54Mn 0.1 to 1 1.00 0.83 1 
55Fe 1x10+2 too 1x10+3 5.00x10+2 0.83 100 
58Co 1 to 10 1.00 0.83 1 

     
60Co 0.1 to 1 0.40 0.83 1 
59Fe 1 to 10 0.80 0.83 10 
63Ni 1x10+3 to 1x10+4 5.00x10+2 0.83 100 

     
65Zn 0.1 to 1 2.00 0.83 1 
89Sr 1x10+2 to 1x10+3 20 0.83 100 
90Sr 1 to 10 5.00 0.83 1 

     
94Nb 0.1 to 1 0.60 0.83 1 
99Tc 1x10+2 to 1x10+3 1.00x10+2 0.83 100 

106Ru 1 to 10 3.00 0.83 1 
     

109Cd 1x10+2 to 1x10+3 30 0.83 10 
110mAg 0.1 to 1 0.40 0.83 1 

111In 1 to 10 2.00 0.83 100 
     

124Sb 0.1 to 1 0.50 0.83 1 
125I 10 to 1x10+2 10 0.83 100 
129I 0.1 to 1x10+2 2.00 0.83 10 
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Table B.4  Comparison of the derived screening levels with previous 
guidance (Cont’d) 

Column 1

Nuclide 

Column 2

IAEA Range 
Bq/g or cm2 @ 

1 µSv/y 

Column 3

IAEA Formula  
Bq/g or cm2 @ 

1 µSv/y 

Column 4

Regulatory Guide 
1.86 in units of 

Bq/cm2

Column 5

Assigned  
ANSI N13.12 
Group/Value 

Bq/g or Bq/cm2

     
131I 1 to 10 3.00 0.166 10 

134Cs 0.1 to 1 0.60 0.83 1 
137Cs 0.1 to 1 2.00 0.83 1 

     
144Ce 10 to 1x10+2 6.00 0.83 10 
147Pm 1x10+3 to 1x10+4 2.00x10+2 0.83 100 
152Eu 0.1 to 1 0.90 0.83 1 

     
154Eu N/A N/A 0.83 1 
192Ir 1 to 10 1.00 0.83 1 

198Au 1 to 10 2.00 0.83 10 
     

210Pb 0.1 to 1 0.20 0.83 0.1 
210Po 1 to 10 9.00 0.83 0.1 
226Ra 0.1 to 1 0.60 0.166 0.1 

     
228Ra 0.1 to 1 0.70 0.166 0.1 
228Th 0.1 to 1 0.20 0.166 0.1 
230Th 0.1 to 1 0.40 0.166 0.1 

     
232Th 0.1 to 1 9.00x10-2 0.166 0.1 
234U 0.1 to 1 0.60 0.83 1 
235U 0.1 to 1 0.60 0.83 1 

     
238U 0.1 to 1 0.60 0.83 1 

237Np 0.1 to 1 0.30 0.166 0.1 
239Pu 0.1 to 1 0.30 0.166 0.1 

     
240Pu 0.1 to 1 0.30 0.166 0.1 
241Pu 10 to1x10+2 20 0.166 10 
241Am 0.1 to 1 0.30 0.166 0.1 
244Cm 0.1 to 1 0.50 0.166 0.1 
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produced individual doses that were less than those considered by the IAEA, which resulted in the 
assignment of higher screening values. 

Finally, this standard considers contamination control and radiation detection concerns in addition 
to radiation dose in establishing the radionuclide groupings.  From these considerations, several 
pure beta emitters are included in the fourth group of radionuclides level for the fourth group.  The 
impact of this decision was to effectively lower the screening levels for 3H, 35S, 45Ca, 63Ni, and 
147Pm by one order of magnitude. 

As might be expected, there is not such good agreement between the Regulatory Guide 1.86 
(AEC 1974) values and the assigned screening levels values derived for scenarios related to 10 
µSv/y (1.0 mrem/y) for this standard.  However, for a few radionuclides, notably the high energy 
photon emitters, the comparison is quite good (0.83 Bq/cm2 from Regulatory Guide 1.86 versus 1 
Bq/cm2 derived for this standard).  The lack of agreement for other radionuclides is expected 
because the groupings in Regulatory Guide 1.86 were primarily based on instrumentation 
detectability and are quite broad (i.e., the general beta gamma emitter category included 
radionuclides that produced highly different scenario results such as 60Co and 99Tc).   

Also, since detectability, inhalation (through association with maximum permissible concentrations 
in air), and ingestion (through association with maximum permissible concentrations in water) 
were the primary bases for Regulatory Guide 1.86, disagreements with the results of a full 
modeling analysis can be anticipated. 

B.1.4.5 Modeling uncertainty 

As shown in Tables B.1 and B.2, the clearance levels derived from modeling assessments can 
vary over a wide range.  For some radionuclides, this range can be several orders of magnitude 
and it can be justified by the individual decisions made by different analysts regarding the 
selection of scenarios and the assignment of parameter values.  In general, most analysts attempt 
to assign parameter values and select scenarios in a manner such that it is unlikely that real 
individuals could receive doses significantly greater than those that are calculated.  For example, 
in their evaluation of the potential doses from metal recycle (MacKinney 1997), the EPA 
determined that the reasonably maximally exposed individuals (RMEI) were at the higher end 
(e.g., 90th percentile) of the potential doses that could be received.  The EPA also performed a 
semi-quantitative uncertainty analysis to determine the potential variability associated with their 
modeling results.  To conduct their analysis, the EPA also performed a sensitivity analysis to 
evaluate which parameters contributed most to the total uncertainty.  As a result, they provided 
“upper-end multipliers” and “lower-end divisors” to define the potential range of results.  These 
values were based on professional judgment, and generally indicated that the doses likely could 
be higher by a factor of 5 to 50, and lower by a factor of 100 or 500, or more, depending on the 
radionuclide and controlling scenario.  For recycle and disposal scenarios, factors accounting for 
the mixing of cleared materials with non-active materials can lower the estimated doses, and raise 
the derived screening levels, by one to two orders of magnitude.  In addition, if the screening 
levels are applied as survey levels that are not to be exceeded when making clearance decisions, 
it is likely that the average contamination level across all materials cleared in a year will be about 
one order of magnitude less than the screening level.  These arguments provide the basis for 
statements in Section 3.1 of this standard that it is expected that the doses associated with 
clearance to meet the screening levels will likely be less than 10% of the primary dose criterion. 
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B.2 Collective dose considerations 

Because of the generic nature of the basis of this standard, a quantified evaluation of collective 
doses is not possible.  However, qualitative statements about the likely magnitude of collective 
doses associated with the primary dose criterion can be made.  As described in the previous 
section, it is recognized that the generic radiation exposure scenarios considered in this analysis 
tend to over estimate the radiation doses that are likely to be received.  This is because of the 
conservative exposure scenarios and parameters (including exposure duration, air 
concentrations, and contamination transfer rates) and using the derived screening levels as the 
maximum activity concentrations on or in items to be cleared.  The combination of the 
conservative scenarios and parameters, and maximum concentrations, means that the actual 
doses resulting from application of the screening levels would probably be significantly less than 
the primary dose criterion.  As a point of reference, assume that an individual in the critical group 
receives an average individual dose at the screening level of 10 µSv/y (1.0 mrem/y).  Further 
assume background radiation doses to members of the critical group consistent with those of the 
average American citizen of about 3.0 mSv/y (300 mrem/y) (NCRP 1987, Table 2.4) from 
exposure to natural background, radon, and medical sources.  This comparison indicates that the 
collective doses resulting from clearance of items at the screening levels will potentially produce 
collective doses that are no more than about 0.3% of the doses the same critical group would 
receive from background radiation.  It is therefore concluded that the magnitude of the potential 
collective doses associated with clearance of items as outlined in this standard are so low as to 
not warrant additional ALARA evaluations or analyses, or further reductions in the primary dose 
criterion. 

B.3 Screening levels for land 

As described in Section 1.2 - Scope, release of a licensed or regulated site or facility for 
unrestricted use and release of land intended for agricultural purposes are not included in this 
standard.  This exclusion was made primarily because of the existence of a separate regulatory 
process and screening models developed specifically for environmental soil contamination 
situations.  For decommissioning, the NRC has established a modeling framework and screening 
process for making site-specific license termination decisions (Kennedy and Strenge, 1992).  
Thus, it is not necessary to cover release of licensed sites in this standard because more detailed 
analyses will be applied to license termination situations.  Further, it is recognized that, because of 
the potential complexity of the environmental conditions associated with soil contamination, 
screening is most appropriately done on a site-specific (rather than generic) basis.  Thus, the 
decision has been made to exclude release of contaminated land under license termination 
situations, or release of land for agricultural purposes from this standard. 

B.4 Instrumentation detectability 

As shown in the informative references listed in Annex C, numerous studies and standards have 
addressed various aspects of radiation detection and measurement.  Of general interest here are 
documents by the International Standards Organization (Determination of the Lower Limits of 
Detection and Decision for Ionizing Radiation Measurements Part 1: Fundamentals and 
Applications to Counting Measurements, Without the Influence of Sample Treatment - ISO/CD 
11929-1), Huffert, Abelquist, and Brown (Minimum Detectable Concentrations with Typical 
Radiation Survey Instruments for Various Contaminants and Field Conditions - NUREG-1507, 
1995), Knoll (Radiation Detection and Measurement - 1989), and National Council on Radiation 
Protection and Measurements (A Manual of Radioactivity Measurements Procedures - NCRP 58, 
1985).   
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Existing practice is associated with the detection of surface contamination through the application 
of Regulatory Guide 1.86 (AEC 1974).  Instrumentation and procedures for detecting surface 
contamination have been developed and have been applied at most operational nuclear facilities 
in the U.S..  As a result, this section focuses only on the application of instrumentation and 
procedures to characterize volume contamination and smear samples for removable surface 
contamination. 

The surface contamination levels in Regulatory Guide 1.86 have been applied since 1974, and 
instrumentation and procedures have been developed to detect these levels.  In general it is 
concluded that the surface contamination (Bq/cm2) screening levels shown in Table B.3 are within 
the limits of detection for most field instruments, because the screening levels of this standard 
roughly equal or exceed the Regulatory Guide 1.86 surface contamination levels, as shown in 
Table B.4.  In setting the screening levels, an evaluation of the dose-based groupings for the 
radionuclides considered was performed with regard to detectability for volume sources and for 
removable surface contamination. This evaluation was conducted to determine if the Bq/g volume 
and Bq/100 cm2 removable surface contamination screening levels are detectable using 
reasonable methods.  This evaluation is not intended to be a comprehensive review of all possible 
methods that could be used to evaluate volume contamination or smear samples of removable 
surface contamination, nor is it intended to form a set of recommended instruments and 
procedures.   

The results of this evaluation for volume contamination and smear samples for removable surface 
contamination are shown in Table B.5.  The four selected detection methods include:  1) gamma 
spectroscopy using a 10 minute count, with a one liter water matrix, an assumed 60% relative 
efficiency high purity germanium (HPGe) detector, and a four inch lead shield with a tin/copper 
liner to reduce background; 2) liquid scintillation of smear samples of removable surface 
contamination using a 10 minute count with background levels of 19 cpm for the 0 to 100 kEv 
range, 22 cpm for the 100 to 200 kEv range, and 30 cpm for energies greater than 200 kEv; 3) 
alpha spectroscopy for a 1,000 minute count, assuming a background of two counts per 1,000 
minutes, on a 47 mm diameter smear sample, with assumed chemical recovery of 80%; and 4) 
gamma spectroscopy for smear sample analysis using a one minute count of a 47 mm diameter 
smear sample, with a 14% relative efficiency HPGe, and a two inch stainless steel shield.  The 
result, shown in Table B.5 for the appropriate radionuclides for each of the four methods, indicate 
that in most cases the minimum detectable activities were significantly lower than the derived 
screening levels.  These results indicate that, with a careful selection of alpha and gamma 
spectroscopy instruments and methods, it should be possible to attain a minimum detectable 
activity lower than the screening levels for most groups of  radionuclides identified in this 
standard.  As described in Section 4.0, process knowledge and an awareness of the mixture of 
radionuclides present should be considered when establishing instrument and survey 
requirements. 

B.5 Contamination control considerations 

As shown in Tables B.1 and B.2, the scenario-driven clearance levels for the low energy beta-
gamma emitters were generally quite high compared with the results for the radionuclides in other 
groups.  Depending on the radionuclide and scenario considered, the results for some of the low 
energy beta-gamma emitters ranged between 1 x 103 and 1 x 105 Bq/g (or Bq/cm2).  Based on 
detection capability, and as a practical contamination control consideration, these radionuclides 
were artificially grouped with the 100 Bq/g (or Bq/cm2) radionuclides, independent of the dose 
results.  Although this limitation is inconsistent with the dose results, it is consistent with the 
philosophy of controlling the spread of radioactive contamination. 
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Table B.5.  Derived volume contamination detection limits 

Method 1: Gamma Spectrometry, 10 minute Count Using a One Liter Water Matrix, 60% Relative 
Efficiency HPGe; Area = 3 Sigma, 4 inch Lead Shield with Tin/Copper Liner to Suppress 
Background: 

ANSI N13.12 GROUP 1
Screening Level  

Radionuclide Energy (kEv) Yield MDA (p/Ci)/L Bq/g (Bq/g) 
      

226Ra 609.31 44.8 94.334587 0.003491 0.1 
228Ra 911.21 26.6 69.01656 0.002554 0.1 
228Th 860.56 12.42 142.9131 0.005288 0.1 
232Th 583.19 84.5 23.35409 0.000864 0.1 
237Np 312.17 38.6 43.33868 0.001604 0.1 
241Am 59.54 35.9 113.5171 0.004200 0.1 

ANSI N13.12 GROUP 2
     Screening Level

Radionuclide Energy (kEv) Yield MDA (p/Ci)/L Bq/g (Bq/g)
      

22Na 1274.53 99.94 16.0 0.000593 1 
54Mn 834.83 99.98 17.1 0.000632 1 
58Co 810.78 99.45 17.1 0.000632 1 
60Co 1332.5 99.98 17.2 0.000636 1 
65Zn 1115.55 50.7 46.5 0.001720 1 
94Nb 871 0.5 3,610 0.133699 1 
106Ru 511.85 20.9 106 0.003925 1 

110mAg 657.76 94.6 16.7 0.000619 1 
134Cs 604.7 97.6 20.3 0.000851 1 
137Cs 661.66 85.21 18.8 0.000696 1 
152Eu 1407.95 14.9 1,040 0.038648 1 
154Eu 1274.45 35.50 546 0.020205 1 
192Ir 316.5 82.85 22.8 0.000843 1 
235U 185.71 57.5 34.6 0.001281 1 

ANSI N13.12 GROUP 3
    Screening Level 

Radionuclide Energy(kEv) Yield MDA (p/Ci)/L Bq/g (Bq/g) 
     

59Fe 1099.25 56.5 31.5 0.001165 10 
131I 364.48 81.2 19.6 0.000727 10 

144Ce 133.51 11.09 156 0.005761 10 
241Pu 208 21.14 85.0 0.003147 10 
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Table B.5.  Derived volume contamination detection limits (Cont’d) 

Method 1 (Cont’d): Gamma Spectrometry, 10 minute Count Using a One Liter Water Matrix, 60% 
Relative Efficiency HPGE; Area = 3 Sigma, 4 inch Lead Shield with Tin/Copper Liner to Suppress 
Background: 

ANSI N13.12 GROUP 3 to 4
    Screening Level 

Radionuclide Energy(kEv) Yield MDA (p/Ci)/L Bq/g (Bq/g) 
     

24Na 1368.55 100 16.8 0.000623 10 
51Cr 320.08 9.83 166.0 0.006148 100 

198Au 411.8 95.58 17.8 0.000658 10 

Method 2: Liquid Scintillation Smear Sample Analysis, 10 minute Count, Yield = 1, 
 0-100 kEv - 19 cpm Background, 100-200 kEv - 22 cpm Background, >200 kEv - 30 cpm 
Background 

ANSI N13.12 GROUP 2
    

Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) Bq/cm2

    
90Sr 546 1 0.001832 1.83x10-5

    
ANSI N13.12 GROUP 3

    
Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) Bq/cm2

    
36Cl 709 1 0.00141 1.41x10-5

129I 152 1 0.006579 6.5x10-5

ANSI N13.12 GROUP 4
    

Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) Bq/cm2

    
3H 18.6 1 0.021505 0.000215 
14C 156 1 0.005769 5.77x10-5

32P 1710 1 0.000585 5.85x10-6

35S 167 1 0.005988 5.99x10-5

45Ca 257 1 0.003891 3.89x10-5
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Table B.5.  Derived volume contamination detection limits (Cont’d) 

Method 2 (Cont’d): Liquid Scintillation Smear Sample Analysis, 10 minute Count, Yield = 1, 0-100 
kEv - 19 cpm Background, 100-200 kEv - 22 cpm Background, >200 kEv - 30 cpm Background 

ANSI N13.12 GROUP 4 (cont’d)
     

Radionuclide Energy (kEv) Yield Efficiency MDA (Bq/100 cm2) Bq/cm2

     
89Sr 1491 1 1 0.000671 6.71x10-6

123I 27 1 0.5 0.018519 1.85x10-4

147Pm 224.7 1 1 0.00445 4.45x10-5

63Ni 65.8 1 0.5 0.007599 7.6x10-5

99Tc 140.5 1 0.9 0.006409 6.41x10-5

Method 3: Alpha Spectroscopy, 1,000 Minute Count on a 47 mm Smear Sample for Removable 
Surface Contamination, 2 Counts per 1,000 Minutes Background, Chemical Recovery = 80%, 
Smear Efficiency = 20% 

ANSI N13.12 GROUP 1
    

Radionuclide Energy (MEv) Yield MDA (Bq/g) Bq/cm2

    
210Po 5.304 0.99 10.95 0.1095 
230Th 4.687 0.763 14.21 0.1421 
239Pu 5.115 0.733 14.79 0.1479 
240Pu 5.168 0.735 14.75 0.1479 

    
ANSI N13.12 GROUP 2

    
Radionuclide Energy (MEv) Yield MDA Bq/g Bq/cm2

    
234U 4.775 0.724 14.97 0.1497 
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Table B.5.  Derived volume contamination detection limits (Cont’d) 

Method 4: Gamma Spectroscopy, 1 Minute Count on a 47 mm Smear Sample for Removable 
Surface Contamination, 14% Relative Efficiency HPGe, Area = 3 Sigma, 2 Inch Stainless Steel 
Shield to Reduce Background 

ANSI N13.12 GROUP 1
    

Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) MDA Bq/cm2

    
226Ra 609.31 44.8 3.508 0.0351 
228Ra 911.21 26.6 3.189 0.0319 
228Th 860.56 12.42 2.965 0.0296 
237Np 312.17 38.6 3.144 0.0314 
241Pu 208 21.14 2.887 0.0289 
241Am 58.5 35.9 3.513 0.0350 

    
ANSI N13.12 GROUP 2

    
Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) MDA Bq/cm2

    
22Na 1274.53 99.94 5.034 0.0503 
54Mn 834.83 99.98 4.683 0.0468 
58Co 810.78 99.45 4.569 0.0457 
60Co 1332.5 99.98 5.535 0.0554 
65Zn 1115.55 50.7 3.904 0.0390 
94Nb 871 0.5 2.719 0.0272 
106Ru 511.85 20.9 3.001 0.0300 

110mAg 657.76 94.6 4.383 0.0438 
134Cs 604.7 97.6 4.479 0.0448 
137Cs 661.66 85.21 4.283 0.0428 
235U 185.71 57.5 3.182 0.0318 
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Table B.5.  Derived volume contamination detection limits (Cont’d) 

Method 4: Gamma Spectroscopy, 1 Minute Count on a 47 mm Smear Sample for Removable 
Surface Contamination, 14% Relative Efficiency HPGe, Area = 3 Sigma, 2 Inch Stainless Steel 
Shield to Reduce Background 

ANSI N13.12 GROUP 1
    

Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) MDA (Bq/cm2)

    
59Fe 1099.2 56.5 3.901 0.0390 

109Cd 88.03 3.61 2.731 0.0273 
131I 364.48 81.2 3.679 0.0368 

144Ce 133.51 11.09 2.775 0.0277 
241Pu 208 21.14 2.887 0.0289 

    
ANSI N13.12 GROUP 3 to 4

    
Radionuclide Energy (kEv) Yield MDA (Bq/100 cm2) MDA (Bq/cm2)

    
24Na 1368.55 100 5.21 0.0521 
51Cr 320.08 9.83 2.818 0.0282 

198Au 411.8 95.59 3.977 0.0398 
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