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A Graded Approach for
Evaluating Radiation Doses to
Aquatic and Terrestrial Biota

MODULE 1

PRINCIPLES AND
APPLICATION
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1 Introduction

The U.S. Department of Energy (DOE) is accountable to Congress and the public for the safe
conduct of its activities, including facility operation, waste management and disposal activities,
and remediation of environmental contamination. These routine activities may result in
releases of radionuclides to the air and water, accumulation of radionuclides in soil and
sediment, and the potential for plants, animals, and members of the public to be exposed to
radiation. DOE Order 5400.5, “Radiation Protection of the Public and the Environment”
(1990a), lists the environmental radiation protection requirements that DOE and DOE-
contractor employees must meet to protect aquatic animals. In addition, dose limits below
which deleterious effects on populations of aquatic and terrestrial organisms have not been
observed, as discussed by the National Council on Radiation Protection and Measurements
(NCRP 1991), and the International Atomic Energy Agency (IAEA 1992), are considered by
DOE to be relevant to the protection of all aquatic and terrestrial biota on DOE sites.

1.1 Purpose

This DOE technical standard provides a graded approach (including screening methods and
methods for detailed analyses) and related guidance that DOE and DOE contractors may use
to evaluate compliance with specified limits on radiation dose to populations of aquatic animals,
terrestrial plants, and terrestrial animals due to anthropogenic sources at DOE sites.
Specifically, the technical standard provides dose evaluation methods that can be used to meet
the requirements for protection of biota in DOE Orders 5400.1, "General Environmental
Protection Program" (DOE 1990b), 5400.5 (DOE 1990a), and the dose limits for protection of
biota developed or discussed by the NCRP (1991) and IAEA (1992). Accordingly, this technical
standard uses the biota dose limits specified below within a graded approach to demonstrate
that populations of plants and animals are adequately protected from the effects of ionizing
radiation:

C Aquatic Animals. The absorbed dose to aquatic animals should not exceed 1 rad/d
(10 mGy/d) from exposure to radiation or radioactive material releases into the aquatic
environment. This dose limit is specified in DOE Order 5400.5.

C Terrestrial Plants. The absorbed dose to terrestrial plants should not exceed 1 rad/d
(10 mGy/d) from exposure to radiation or radioactive material releases into the terrestrial
environment.

C Terrestrial Animals. The absorbed dose to terrestrial animals should not exceed 0.1 rad/d
(2 mGy/d) from exposure to radiation or radioactive material releases into the terrestrial
environment.

Avoiding measurable impairment of reproductive capability is deemed to be the critical

biological endpoint of concern in establishing the dose limits for aquatic and terrestrial biota.
Module 1, Section 1.2.2 discusses this issue further. Guidance for interpreting and applying
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these dose limits with respect to the length of time and geographic area over which actual
doses should be compared with the limits is provided in Module 2, Section 3.

DOE has proposed these dose limits for aquatic and terrestrial biota under proposed rule
Title 10, Code of Federal Regulations, Part 834 (10 CFR 834), “Radiation Protection of the
Public and the Environment” (DOE 1993). DOE has decided not to promulgate these dose
limits until guidance for demonstrating compliance has been developed. Consequently, this
technical standard was developed, in part, in response to comments and recommendations
received by DOE through the proposed rule comment period. Principal themes in the
comments included: (1) requests for development of cost-effective methods to support the use
of DOE's existing and proposed biota dose limits, (2) support for a multi-tiered approach to
include screening, (3) requests for guidance on biota monitoring, and (4) requests for
development of a generic method to promote consistency, while retaining some flexibility for
site-specific methods and information. These themes served as the guiding principles for
development of the methods contained in this technical standard.

The specific methods and guidance in this technical standard are acceptable for use by DOE
and DOE-contractors when evaluating doses to biota in relation to the above dose limits.

The methods and guidance in this technical standard should also be useful to ecological risk
assessors who must evaluate risks to biota from radionuclides that occur on DOE sites. Using
the graded approach provided in this technical standard, risk assessors can use soil, sediment,
and water radionuclide concentration data to determine whether radionuclide concentrations at
a site are likely to result in doses in excess of those listed above and would, therefore, have the
potential to impact resident populations of plants and animals. The methods can also give risk
assessors an immediate qualitative assessment of the importance of doses of ionizing radiation
to the resident receptors. The dose equations in this technical standard also provide methods
of estimating upper-bound (e.g., conservatively derived) doses to specific plants and animals.
Refer to Module 1, Section 3, for a description of intended and potential applications of the
DOE graded approach.

1.2 Background
1.2.1 Increasing Interest and Need for Biota Dose Evaluation Methods

There is growing national and international interest in establishing a regulatory framework (e.g.,
to include standards or criteria) and supporting evaluation methodologies for demonstrating
protection of the environment from the effects of ionizing radiation. Regarding environmental
protection, the ICRP statement that "...if man is adequately protected then other living things
are also likely to be sufficiently protected” (ICRP 1977; 1991) uses human protection to infer
environmental protection from the effects of ionizing radiation. This assumption is most
appropriate in cases where humans and other biota inhabit the same environment and have
common routes of exposure, and less appropriate in cases where human access is restricted or
pathways exist that are much more important for biota than for humans. The inclusion of

M1-2



DOE-STD-1153-2002

radiation as a stressor within ecological risk assessments is also a consideration. Ecological
risk assessments at contaminated sites being considered for remediation under the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) generally

require an assessment of all stressors, including radiation. Assessments of radiation impacts
on contaminated ecosystems are currently underway in the U.S. under CERCLA regulations

(EPA 1988).

Nationally and internationally, no
standardized methods have been
adopted for evaluating doses and
demonstrating protection of plants and
animals from the effects of ionizing
radiation. In 1999, the IAEA convened
a technical committee examining
protection of the environment from the
effects of ionizing radiation and
provided recommendations and
discussion points for moving forward
with the development of protection
frameworks and dose assessment
methods. The resulting IAEA
Technical Document, "Protection of
the Environment from the Effects of
lonizing Radiation" (1999) references
multi-tiered screening as a potentially
cost-effective and easy way of
demonstrating compliance with
radiation criteria for protection of biota.
The IAEA has subsequently hosted a

Benefits of a Screening Process

“A multi-tiered screening approach is normally used in
ecological risk assessments. Screening may also be a
potentially cost-effective and easy way of
demonstrating compliance with radiation criteria or
standards for protection of the environment. Screening
values should be used to identify radionuclides in
situations of concern, and to determine whether these
radionuclides warrant further assessment, or if they are
at levels that require no further attention. In practice,
this initial screening is expected to be sufficient in the
majority of cases. When initial screening fails,
additional analysis or assessment may be needed. A
two- or three-tiered scheme would help ensure that the
magnitude of the assessment effort would be scaled to
the likelihood and severity of environmental impacts.”

From: IAEA-TECDOC-1091, Protection of the
Environment from the Effects of lonizing Radiation: A
Report for Discussion (July 1999)

series of Specialists’ Meetings on radiological protection of the environment, and the Nuclear
Energy Agency (NEA) and the ICRP have sponsored a series of fora on this issue. It is hoped
that the methods and guidance provided in this DOE technical standard will serve as a platform
for national and international discussion of radiation protection frameworks, standards, and

dose assessment methods for biota.

1.2.2 Basis for Biota Dose Limits Applied in this Technical Standard

A dose limit for controlling radiological impacts from DOE activities to native aquatic animals is
specified in DOE Order 5400.5. At present, DOE Orders do not specify dose limits for
terrestrial organisms. However, an intended objective of DOE Orders 5400.1 and 5400.5 is to
protect the aquatic and terrestrial environment, including populations of plants and animals,
within and beyond the boundaries of DOE sites from impacts of routine DOE activities. The
dose limits in this technical standard are consistent with (a) the intent of DOE Orders 5400.1
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and 5400.5, (b) the dose limit for aquatic animals specified in DOE Order 5400.5, and

(c) findings of the IAEA and NCRP regarding doses below which deleterious effects on
populations of aquatic and terrestrial organisms have not been observed. They are also
consistent with the intent of the IAEA document, “The Principles of Radioactive Waste
Management” (IAEA 1995), in which Principle 2 states that “radioactive waste shall be managed
in such a way as to provide an acceptable level of environmental protection.” The background
for the dose limits for aquatic and terrestrial biota is briefly discussed below. These dose limits
represent expected safe levels of exposure, and are consensus No Adverse Effects Levels
(NOAELS) for effects on population-relevant attributes in natural populations of biota.

1.2.2.1 Aquatic Organisms

At the request of DOE, the NCRP (1991) reviewed the literature on the effects of radiation on
aguatic organisms and prepared a report on the then-current understanding of such effects.
The report also provided guidance for protecting populations of aquatic organisms, concluding
that a chronic dose of no greater than 1 rad/d (0.4 mGy/h) to the maximally exposed individual
in a population of aquatic organisms would ensure protection of the population.

The IAEA examined and summarized the conclusions regarding aquatic organisms of several
previous reviews (IAEA 1992):

* Aguatic organisms are no more sensitive than other organisms; however, because they
are poikilothermic animals, temperature can control the time of expression of radiation
effects.

* The radiosensitivity of aquatic organisms increases with increasing complexity, that is,
as organisms occupy successively higher positions on the phylogenetic scale.

* The radiosensitivity of many aquatic organisms changes with age, or, in the case of
unhatched eggs, with the stage of development.

» Embryo development in fish and the process of gametogenesis appear to be the most
radiosensitive stages of all aquatic organisms tested.

* The radiation-induced mutation rate for aquatic organisms appears to be between that
for Drosophila (fruit flies) and mice.

Furthermore, the 1992 review found that the conclusions of an earlier IAEA review (1976) were
still supported; namely, that appreciable effects in aquatic populations would not be expected at
doses lower than 1 rad/d (10 mGy/d) and that limiting the dose to the maximally exposed
individuals to less than 1 rad/d would provide adequate protection of the population.
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1.2.2.2 Terrestrial Organisms

The IAEA (1992) summarized information about the effects of acute ionizing radiation on
terrestrial organisms as follows:

* Reproduction (encompassing the processes from gametic formation through embryonic
development) is likely to be the most limiting endpoint in terms of survival of the
population.

» Lethal doses vary widely among different species, with birds, mammals, and a few tree
species being the most sensitive among those considered.

e Acute doses of 10 rad (100 mGy) or less are very unlikely to produce persistent and
measurable deleterious changes in populations or communities of terrestrial plants or
animals.

The IAEA (1992) also summarized information about the effects of chronic radiation on
terrestrial organisms:

* Reproduction (encompassing the processes from gametogenesis through embryonic
development) is likely to be the most limiting endpoint in terms of population
maintenance.

» Sensitivity to chronic radiation varies markedly among different taxa; certain mammals,
birds, reptiles, and a few tree species appear to be the most sensitive.

* Inthe case of invertebrates, indirect responses to radiation-induced changes in
vegetation appear more critical than direct effects.

» Irradiation at chronic dose rates of 1 rad/d (10 mGy/d) or less does not appear likely to
cause observable changes in terrestrial plant populations.

» Irradiation at chronic dose rates of 0.1 rad/d (1 mGy/d) or less does not appear likely to
cause observable changes in terrestrial animal populations. The assumed threshold for
effects in terrestrial animals is less than that for terrestrial plants, primarily because
some species of mammals and reptiles are considered to be more radiosensitive.

* Reproductive effects on long-lived species with low reproductive capacity may require
further consideration.

The NCRP and IAEA concluded for aquatic organisms and the IAEA concluded for terrestrial

organisms that the statement by the ICRP (1977; 1991), "...if man is adequately protected, then
other living things are also likely to be sufficiently protected" was reasonable within the
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limitations of the generic exposure scenarios examined. A similar assessment was made at a
DOE-sponsored workshop (Barnthouse 1995) held to evaluate the adequacy of existing effects
data and approaches to radiation protection of aquatic and terrestrial organisms to support
moving forward with setting regulatory limits. DOE workshop participants agreed that
protecting humans generally protects biota, except under the following conditions: (1) human
access to a contaminated area is restricted but access by biota is not restricted, (2) unique
exposure pathways exist for plants and animals that do not affect exposure of humans, (3) rare
or endangered species are present, or (4) other stresses on the plant or animal population are
significant.

1.2.2.3 Additional Summaries and Reviews of Radiation Effects Data on Biota Confirming
NCRP and IAEA Findings

UNSCEAR. In 1996, the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR) summarized and reviewed information on the responses to acute and
chronic radiation of plants and animals, both as individuals and as populations (UNSCEAR
1996). The conclusions from the UNSCEAR review were consistent with findings and
recommendations made earlier by the NCRP and IAEA concerning biota effects data and
appropriate dose limits for protection of biota. In 2002, UNSCEAR reported that these dose
rate criteria (1 rad/d for aquatic animals and terrestrial plants; 0.1 rad/d for terrestrial animals)
remain defensible for protection of populations of plants and animals. The UNSCEAR plans to
develop a new scientific annex to further address radioecology and effects of radiation on the
environment (Gentner 2002).

UK Environment Agency. In 2001, the Environment Agency of the United Kingdom (UK)
conducted a review of the available body of radiation effects data on biota (Copplestone et al.
2001). They concluded that it is unlikely that there will be any significant effects in:

e populations of freshwater and coastal organisms at chronic dose rates below 400 uGy/h (or
1 rad/d; 10 mGy/d);

» terrestrial plant populations at chronic dose rates below 400 uGy/h (or 1 rad/d; 10 mGy/d);
and

» terrestrial animal populations at chronic dose rates below 40 uGy/h (or 0.1 rad/d; 1 mGy/d).

It is noteworthy that the UK Environment Agency’s review findings are largely consistent with
the findings and biota dose recommendations of the NCRP, the IAEA, and UNSCEAR cited
above. Additionally, they concluded that it is unlikely that there will be any significant effects in
populations of organisms in the deep ocean at chronic dose rates below 1,000 uGy/h (or 2.5
rad/d; 25 mGy/d).
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ACRP. In 2002, the Advisory Committee on Radiation Protection (ACRP), charged with
providing advice to the Canadian Nuclear Safety Commission (CNSC) regarding approaches
needed for the radiological protection of the environment, provided recommendations
concerning appropriate dose rate criteria for protection of biota. The ACRP recommended that
the generic dose rate criterion for protecting biota should be in the range of 1-10 mGy/d (0.1-1
rad/d). The ACRP indicated that this dose rate criterion is based on population-level effects
and, given the current state of knowledge and consensus views of radiation effects on biota,
represents the level at which ecosystems will suffer no appreciable deleterious effects. The
criterion is specified in terms of daily dose rather than annual dose. The intent is to avoid, for
example, what would be the annual dose at this dose rate criterion being received in a few
days. The ACRP further recommended that there should be some flexibility in the averaging
time used in interpreting this dose rate criterion (CNSC-ACRP 2002).

1.2.2.4 Application of Biota Dose Limits as “Dose Rate Guidelines” for Evaluating Doses
to Biota

The biota dose limits specified in this technical standard are based on the current state of
science and knowledge regarding effects of ionizing radiation on plants and animals. They
should not be interpreted as a “bright line” that, if exceeded, would trigger a mandatory
regulatory or remedial action. Rather, they should be interpreted and applied more as “Dose
Rate Guidelines” that provide an indication that populations of plants and animals could be
impacted from exposure to ionizing radiation and that further investigation and action is likely
necessary.

1.2.3 Protection of Populations

The intent of the graded approach (i.e., the screening and analysis methods) in this technical
standard is to protect populations of aquatic animals, terrestrial animals, and terrestrial plants
from the effects of exposure to anthropogenic ionizing radiation. As noted above, certain taxa
are more sensitive to ionizing radiation than others. Based on this observation, it is generally
assumed that protecting the more sensitive taxa will adequately protect other, less sensitive
taxa. Hence, in cases where site-specific evaluations may be required, receptors should be
selected that (1) are important to the structure and function of the community, (2) are expected
to receive a comparatively high degree of exposure (e.g., expected to receive a radiation dose
to reproductive tissues which is relatively high per unit of radionuclide present in the ecosystem,
in comparison with other receptors in the same community), and (3) have a comparatively high
degree of radiosensitivity (e.g., radiation effects of concern occur at relatively low doses, in
comparison with other receptors in the same community). Figure 1.1 shows the relative
radiosensitivity of various taxa for both aquatic and terrestrial systems.

Participants at the DOE-sponsored workshop to evaluate the adequacy of existing effects data

and approaches to radiation protection of aquatic and terrestrial organisms (Barnthouse 1995)
concluded that existing data support the application of recommended dose limits to
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representative rather than maximally exposed individuals within populations of plants and
animals. Participants concluded that exposure below the recommended dose limits would not
cause adverse effects at the population level, even though some individuals within the
population might be adversely affected.

| Viruses |

| Molluscs

| Protozoa |

| Bacteria |

| Moss, Lichen, Algae |

| Insects |
| Crustaceans
| Reptiles |
[ Amphibians |
| Fish |
| Higher Plants
Birds
Mammals |
I ] 1 —] ]
I T T 1 1
1 10 100 1,000 10,000
ACUTE LETHAL DOSE (Gy)
I ] 1 ] ]
I T T T 1
100 1,000 10,000 100,000 1,000,000

ACUTE LETHAL DOSE (rad)

Figure 1.1 Approximate Acute Lethal Dose Ranges for Various Taxonomic Groups
Source: Whicker and Schulz 1982; UNSCEAR 1996.
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2 Overview of the DOE Graded Approach

DOE's graded approach for evaluating radiation doses to aquatic and terrestrial biota consists
of a three-step process which is designed to guide a user from an initial, conservative general
screening to, if needed, a more rigorous analysis using site-specific information (Figure 2.1).
The three-step process includes: (1) assembling radionuclide concentration data and
knowledge of sources, receptors, and routes of exposure for the area to be evaluated,;

(2) applying an easy-to-use general screening methodology that provides limiting radionuclide
concentration values (i.e., Biota Concentration Guides - BCGs) in soil, sediment, and water;
and (3) if needed, conducting an analysis through site-specific screening, site-specific analysis,
or an actual site-specific biota dose assessment conducted within an eco-risk. Any of the steps
within the graded approach may be used at any time, but the general screening methodology
will usually be the simplest, most cost-effective, and least time-consuming. Table 2.1 provides
a summary of DOE'’s graded approach.

Assemble environmental
Data media data and define
Assembly evaluation area

General Compare media
Screening concentrations with BCGs

) Analysis

Site Specific Employ kinetic/allometric
Analysis modeling tool

Site Specific Employ site-representative
Screening parameters and conditions

Site Specific
Biota Dose Employ eco-risk framework

Assessment

Figure 2.1 Overview of the DOE Graded Approach for Evaluating Radiation Doses to Aquatic
and Terrestrial Biota
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Table 2.1 Summary of DOE's Three-Step Process for Evaluating Radiation Doses to Aquatic
and Terrestrial Biota

1. Data Assembly Knowledge of sources, receptors, and routes of exposure

for the area to be evaluated is summarized. Measured radionuclide
concentrations in water, sediment, and soil are assembled for
subsequent screening.

2. General Screening Maximum measured radionuclide concentrations in an environmental
medium (i.e., water, sediment, soil) are compared with a set of Biota
Concentration Guides (BCGs). Each radionuclide-specific BCG
represents the limiting radionuclide concentration in an
environmental medium which would not result in recommended dose
standards for biota to be exceeded.

3. Analysis This phase consists of three increasingly more detailed steps of
analysis.
(a) Site-Specific Site-specific screening, using more realistic site-representative
Screening lumped parameters (e.g., bioaccumulation factors) in place of

conservative default parameters. Use of mean radionuclide
concentrations in place of maximum values, taking into account time
dependence and spatial extent of contamination, may be considered.

(b) Site-Specific Site-specific analysis employing a kinetic modeling tool (applicable to
Analysis riparian and terrestrial animal organism types) provided as part of the
graded approach methodology. Multiple parameters which represent
contributions to the organism’s internal dose (e.g., body mass,
consumption rate of food/soil, inhalation rate, lifespan, biological
elimination rates) can be modified to represent site and organism-
specific characteristics. The kinetic model employs allometric
equations relating body mass to these internal dose parameters.

(c) Site-Specific Biota An actual site-specific biota dose assessment involving the collection

Dose Assessment and analysis of biota samples. The dose assessment would involve
a problem formulation, analysis, and risk characterization protocol
consistent with the widely-used ecological risk assessment
paradigm.

2.1 Key Features of the Graded Approach
The graded approach was designed for flexibility and acceptability:

» It provides users with a tiered approach for demonstrating compliance with biota dose limits
that is generally cost-effective and easy-to-implement.

« |t allows for the use of measured radionuclide concentrations in environmental media
typically collected as part of routine environmental surveillance programs.
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It is designed for multiple applications. The technical standard is applicable to
demonstrations of compliance with biota dose limits and for use in ecological risk
assessments of radiological impact.

It provides a framework that supports the use of site-specific information.

It incorporates ecological risk assessment concepts and provides guidance for site-specific
biota dose assessments (where needed) employing the widely-used ecological risk
assessment (ERA) paradigm.

All of the equations and resulting BCGs contained in this technical standard have been
encoded into a series of electronic spreadsheets. The spreadsheets were built using
Microsoft Excel® and incorporate Visual Basic® commands to help guide and automate the
user’s progression through the biota dose evaluation process. Use of these spreadsheets,
termed the "RAD-BCG Calculator," is described in Module 1, Sections 4-8. Refer to Module
1, Section 4 for an overview of the RAD-BCG Calculator and its contents for use as a
companion tool to this technical standard.

It provides users with “a place to start” and “an analysis path forward.” The BCGs are not
stand-alone. Exceedance of BCGs leads the user to the more-detailed tiers of analysis as
needed in a stepwise manner. These linkages are an integral part of the graded approach

framework and are built into the companion software tool, the RAD-BCG Calculator.
2.2 Key Points Regarding Methods Derivation

Internal and external sources of dose (and their contributing exposure pathways) are
incorporated in the derivation of the graded approach methodology. Sufficient prudence has

been exercised in the development of each of the assumptions and default parameter values to

ensure that the resulting BCGs are appropriately conservative. In the event that an individual
default parameter value is subsequently found to be an upper-end value but not the “most
limiting” value for a unique site-specific exposure scenario, the other prudent assumptions and
default parameter values will ensure that the BCGs (and resultant doses to biota) should
continue to carry the appropriate degree of conservatism for screening purposes. Refer to
Module 3 for a detailed description of the derivation of dose equations and default parameters
used in the graded approach. Key assumptions used in deriving the BCGs that highlight the
conservatism applied in the general screening phase are presented in Table 2.2. Exposure
pathways for each of the reference organism types considered in the graded approach are
presented in Figures 2.2 through 2.5. A summary of the general dose equation and approach
used to derive the BCGs is provided in Table 2.3.
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Table 2.2 Assumptions Regarding Sources, Receptors, and Routes of Exposure Applied in the
General Screening Phase of the Graded Approach

Dose Limits * BCGs were derived for aquatic animal, riparian animal, terrestrial plant,
and terrestrial animal reference organisms. The dose rate limits used to
derive the BCGs for each organism type are 1 rad/d, 0.1 rad/d, 1 rad/d,
and 0.1 rad/d respectively.

«  While existing effects data support the application of these dose limits to
representative individuals within populations of plants and animals, the
assumptions and parameters applied in the derivation of the BCGs are
based on a maximally exposed individual, representing a conservative
approach for screening purposes.

External » Estimates of the contribution to dose from external radioactive material
Sources of were made assuming that all of the ionizing radiation was deposited in the
Radiation organism (i.e., no pass-through and no self-shielding). This is

Exposure conservative, and is tantamount to assuming that the radiosensitive

tissues of concern (the reproductive tissues) lie on the surface of a very
small organism.

« For external exposure to contaminated soil, the source was presumed to
be infinite in extent. In the case of external exposure to contaminated
sediment and water, the source was presumed to be semi-infinite in
extent.

e The source medium to which the organisms are continuously exposed is
assumed to contain uniform concentrations of radionuclides.

e These assumptions provide for appropriately conservative estimates of
energy deposition in the organism from external sources of radiation
exposure.

Internal Sources |« Estimates of the contribution to dose from internal radioactive material

of Radiation were conservatively made assuming that all of the decay energy is

Exposure retained in the tissue of the organism, (i.e., 100% absorption).

« Progeny of radionuclides and their decay chains are also included. This
provides an over-estimate of internal exposure, as the lifetime of many of
the biota of interest is generally short compared to the time for the build-up
of progeny for certain radionuclides.

e The radionuclides are presumed to be homogeneously distributed in the
tissues of the receptor organism. This is unlikely to under-estimate the
actual dose to the tissues of concern (i.e., reproductive organs).

< Aradiation weighing factor of 20 for alpha particles is used in calculating
the BCGs for all organism types. This is conservative, especially if non-
stochastic effects are most important in determining harm to biota. The
true value may be a factor of 3 to 4 lower.

M1-12



DOE-STD-1153-2002

External Dose Pathways

a = Exposure to radionuclides
in sediments

b = Exposure to radionuclides
in water

Internal Dose Pathways

¢ = Exposure to radionuclides via

ingestion of contaminated

vegetation, including water content
with dissolved nutrients and minerals

d = Exposure to radionuclides
biomagnified through the food web

Figure 2.2 Exposure Pathways for Aquatic Animals

External Dose Pathways
a = Exposure to radionuclides 4
in sediments e
b = Exposure to radionuclides -~
in water A
//,,/

Internal Dose Pathways
¢ = Exposure to radionuclides via
ingestion of contaminated
vegetation, including water content
with dissolved nutrients and minerals
d = Exposure to radionuclides
biomagnified through the food web

Figure 2.3 Exposure Pathways for Riparian Animals
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External Dose Pathways

a = Exposure to radionuclides
in soil

Internal Dose Pathways
b = Exposure to radionuclides taken
up in pore water including
dissolved nutrients and minerals

./

RP98120038.6

Figure 2.4 Exposure Pathways for Terrestrial Plants
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Internal Dose Pathways

c = Exposure to radionuclides via ingestion of contaminated
vegetation, including water content with dissolved nutrients
and minerals

d = Exposure to radionuclides via ingestion of contaminated food
and soil, and via inhalation of soil

e = Exposure to radionuclides via ingestion of contaminated water

External Dose Pathways
a = Exposure to radionuclides in soil
b = Exposure to radionuclides in water ‘

Figure 2.5 Exposure Pathways for Terrestrial Animals

Table 2.3 General Dose Equation and Approach Used to Derive BCGs

5 Dose Rate Limit

Limiting Concentration
(Internal Dose Rate)%(External Dose Rateg.q)%(External Dose Rate

watel I')

The limiting concentration in an environmental medium was calculated by first setting a target total
dose (e.g., 1 rad/d for aquatic organisms and terrestrial plants, or 0.1 rad/d for riparian and
terrestrial animals) and then back-calculating to the medium concentration (i.e., the BCG)
necessary to produce the applicable dose from radionuclides in the organism (internal dose), plus
the external dose components from radionuclides in the environment (external dose).

The denominator of the generic equation represents the dose per unit media concentration and
may be broken down into the base components of internal and external dose.

Internal doses originate from radionuclides inside the organism’s body. The internal dose is
calculated as the product of the internal radionuclide concentration and internal dose conversion
factor. External doses originate from radionuclides external to the organism and are calculated as
the product of the radionuclide concentration in the environmental medium in which the organism
resides and an appropriate dose conversion factor.
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2.3 Relationship of the Graded
Approach to Ecological Risk
Assessment

The graded approach for evaluating radiation
doses to aquatic and terrestrial biota is
consistent with the standard ecological risk
assessment (ERA) paradigm (EPA 1998).
The ERA structure provides a process for
organizing and evaluating information to
determine the nature, likelihood, and
magnitude of potential impacts on
environmental receptors (Suter 1993). The
three major phases of an ERA are problem
formulation, analysis of exposure and
effects, and risk characterization. The ERA
is typically done in successively rigorous
tiers, each of which includes the three
general ERA phases (Suter, Efroymson,
Sample & Jones 2000). As in the widely-

The Graded Approach Is a Framework for
Organizing Successively Rigorous Tiers of
Assessment, with a Particular Emphasis on
lonizing Radiation.

The graded approach for evaluating radiation
doses to aquatic and terrestrial biota is
consistent with the standard ecological risk
assessment (ERA) paradigm (EPA 1998). As in
the standard ERA paradigm, the graded
approach moves from a simple and relatively
conservative screening evaluation to a more
detailed and realistic assessment. Each step in
the graded approach addresses, either explicitly
or implicitly, the principal ERA components.
That is, the graded approach is a framework for
organizing the successively rigorous ERA tiers,
but with a particular emphasis on ionizing

radiation.

used ERA paradigm, the graded approach moves from a simple and relatively conservative
screening evaluation to a more detailed and realistic assessment. Each step in the graded
approach addresses, either explicitly or implicitly, all of the aforementioned ERA components.
That is, the graded approach is a framework for organizing the successively rigorous ERA tiers,
but with a particular emphasis on ionizing radiation.

The ERA process is general in nature and could be applied to the evaluation of radiation as a
stressor, but not without some modifications and provision of additional guidance. There are
some noteworthy technical issues concerning the evaluation of radiation that require further
consideration and elaboration. Some issues are the same as for chemicals, but some are
unique to radionuclides. In response to requests for guidance on this topic, Module 2, Section
1 provides a basic “primer” on technical issues that should be considered when evaluating
radiation as a stressor to the environment, and draws on the experiences gained by BDAC
members in developing the graded approach and conducting radiological ERAs. To our
knowledge, standardized guidance on how to address these issues is not available elsewhere.

M1-16



DOE-STD-1153-2002

3 Application Considerations

The principal application of the graded approach is to demonstrate that routine DOE operations
and activities are in compliance with the biota dose limits for protecting populations of plants
and animals. In addition, the design of the graded approach (e.g., assumptions used; a multi-
tiered screening and analysis approach; flexibility to allow use of site-specific information on
sources, receptors, and routes of exposure) permits its application in ecological assessments of
radiological impact and in other environmental assessment scenarios. Discussions on other
intended or potential applications of the graded approach were first held in 1999 at a Biota
Dose Assessment Committee (BDAC) Meeting (DOE 1999). Additional applications of the
graded approach were identified by users

and reviewers of an interim version of this
technical standard that was made available
for a trial use period beginning in July 2000
Recommendations made by
BDAC members and users on the intended
and potential applications of the graded
approach are summarized in an applications

(DOE 20004a).

matrix (Table 3.1).

Data Quality Objectives

Data quality objectives (DQOs) shall be
considered when determining the
appropriateness of applying the DOE graded
approach to other environmental assessment
scenarios identified in Table 3.1.

Table 3.1 Applications Matrix Summarizing Intended and Potential Uses of the DOE Graded

Approach

APPLICATIONS

INTENDED / POTENTIAL USE

CONSIDERATIONS

Types of Receptors

Populations of plants and animals

This is the primary intended use.

Individual plants and animals,
including threatened and
endangered species, and
commercially or culturally valued
species

Equations used within the graded
approach are technically sound
for application to individual
organisms. Applying dose limits
intended for the protection of
populations to evaluations of
individuals may require further
consideration.

Use of effects endpoints/dose
limits appropriate for protection of
the individuals being evaluated;
and/or application of safety
factors, conservative exposure
assumptions, and parameter
values. Dose evaluations should
be performed under the
provisions of the applicable
Federal and/or state statutes or
regulations for rare and
endangered species.
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Table 3.1 (Continued) Applications Matrix Summarizing Intended and Potential Uses of the
DOE Graded Approach

APPLICATIONS

INTENDED / POTENTIAL USE

CONSIDERATIONS

Types of Exposure

Chronic The methodology assumes

chronic exposure and equilibrium
conditions.

Acute The methodology is not intended
to be used for assessing acute
exposures. The models and
assumptions used in the graded
approach assume equilibrium
conditions.

Accidents Could be used to provide an Accidents typically result in short-

indication of long-term "recovery"
or health of the population over
time following an accident.
Equations and models used
within the graded approach are
technically sound for this
application.

term, acute exposures for which
the methodology is not intended.
However, it can be applied for
assessing long-term exposures
due to accidents.

Types of Environments

Fresh water, coastal, and marine
environments

The methodology is intended to
be applied to fresh water
environments, and can be
applied to coastal and marine
environments.

Care must be taken when
selecting parameter values (e.g.,
receptor lumped parameters; K,
values), as fresh water, coastal,
and marine equilibrium chemistry
differ considerably.

Terrestrial environments

The methodology is intended to
be applied to terrestrial
environments.

Compliance / Impact Assessment

Demonstration that DOE activities
are in compliance with biota dose
limits

This is a principal DOE
application of the graded
approach.

M1-18




DOE-STD-1153-2002

Table 3.1 (Continued) Applications Matrix Summarizing Intended and Potential Uses of the
DOE Graded Approach

APPLICATIONS

INTENDED / POTENTIAL USE

CONSIDERATIONS

Compl

iance / Impact Assessment (Continued)

National Environmental Policy
Act (NEPA)

The graded approach could be
coupled with predictive dispersion
codes that model a facility’s
effluents prior to construction, to
estimate doses to biota in the
Environmental Impact Statement.

C Comparison of alternatives

C Screen for issues needing
analysis

C Defining significance criteria

C Mitigation action plan

Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

Comprehensive Environmental
Response, Compensation, and
Liability Act (CERCLA)

Screening for potential
radiological impacts within an
ecological risk assessment.

C Remedial Investigation/
Feasibility Study (RI/FS)
Engineering Evaluation/
Cost Analysis (EE/CA)

Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

Natural Resource Damage
Assessments (NRDA)

Screening assessments.

Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

Decommissioning

Could be used to evaluate doses
to biota, and to predict future
doses to biota, associated with
pre- and post- site or facility
decommissioning activities.

Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

Resource Conservation and
Recovery Act (RCRA)

C
C

Mixing zone definition
Alternative concentration
limits

Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

M1-19




DOE-STD-1153-2002

Table 3.1 (Continued) Applications Matrix Summarizing Intended and Potential Uses of the
DOE Graded Approach

APPLICATIONS INTENDED / POTENTIAL USE CONSIDERATIONS

Compliance / Impact Assessment (Continued)

Clean Water Act Mixing zone assessments. Effects and assessment
endpoints selected for use in the
biota dose evaluation should be
relevant to the management
goals of the study.

As mentioned earlier, the principal driver and basis of need for developing the graded approach
was to provide DOE field and program elements with methods for demonstrating compliance
with DOE biota dose limits and recommendations for radiological protection of the environment.
Thus, many of the decisions that are traditionally made when conducting a case-specific
assessment (e.g., choice of indicator receptors; defining receptor exposure profiles; selection of
effects endpoints) were made at a programmatic level and incorporated into the screening
phase of the graded approach a priori. For example, the thresholds for adverse effects were
set at the recommended limits for protection of natural populations of biota. Those are the
appropriate effects levels for demonstrating protection with DOE requirements and
recommendations for the protection of the environment from ionizing radiation (Module 1,
Section 1.2). If the graded approach is used for other purposes (e.g., Table 3.1), then the
programmatic objectives and the methods should be reviewed and discussed with the relevant
decision makers and stakeholders, preferably via the Data Quality Objectives (DQO) process
(Bilyard et al. 1997) to ensure that the results obtained through application of the graded
approach will support the management goals and objectives of the environmental assessment.

3.1 Evaluating Doses to Individual Organisms

The equations and models used within the graded approach for estimating the dose per unit
concentration of radionuclides in environmental media and for deriving the BCGs are also
applicable to individual organisms. However, there are questions concerning the applicability of
the biota dose limits to individual organisms. While the biota dose limits presented in Module 1,
Section 1.1 were derived based on dose-response information for the most radiosensitive of all
species studied, and taking into account the most radiosensitive life stages, the question of
whether these dose limits can be applied to protection of individual members of a species, in
contrast to protection of populations of species, requires further consideration. That is, for
individual plants and animals, especially threatened and endangered species, the health effects
of concern could be different from the effects of concern in protection of populations.

The application of safety factors to these dose limits is one approach that has been used in
evaluating doses to individual organisms (e.g., for culturally valued species). Use of safety
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factors, appropriate default parameter values, maximum radionuclide concentrations in
environmental media, and 100 percent organism residence time and exposure are factors to
consider in the application of the graded approach for evaluating doses to individuals. Refer to
Module 2, Section 8 for a more detailed discussion on this issue. Specific cases where
evaluation of individual organisms may be needed are discussed below.

3.1.1 Threatened and Endangered Species

Care must be taken by the user if the graded approach is applied in an evaluation of potential
radiological impacts to endangered, threatened, rare, or otherwise sensitive species of plants
and animals managed under the Federal Endangered Species Act or similar state laws or
regulations pertaining to rare or endangered species (Endangered Species Act, 16 USC 1531
et seq.). Itis the users responsibility to select effects and assessment endpoints, and the
required input parameter values that reflect actual or expected exposure profiles, for the
individuals being evaluated. Protection of endangered species should be performed under the
provisions of the applicable Federal and/or state statutes or regulations for rare and
endangered species.

3.1.2 Commercially and Culturally Valued Species

Care must be taken by the user if the graded approach is applied in an evaluation of potential
radiological imacts to these categories of species. These would include species that are
routinely harvested for their economic value (e.g., salmon) or their cultural value (e.g., medicinal
plants used by Native Americans). One issue is whether or not these species should be
evaluated at the individual or the population level. It is the users responsibility to select effects
and assessment endpoints, and the required input parameter values that reflect actual or
expected exposure profiles, for the individuals being evaluated.

3.2 Evaluating Doses to Aquatic Plants

Available information about the effects of ionizing radiation on aquatic plants does not appear to
be adequate to characterize their sensitivity to ionizing radiation, or to establish defensible
recommendations (i.e., in the form of dose standards or criteria) for allowable exposures of
populations or individuals. However, regarding this technical standard, indirect means can
provide a general qualitative indication of the effects to aquatic plants relative to effects on
other organisms. In general, one would expect substantially lower radiosensitivity in higher
plants in comparison to the most sensitive birds, fishes and mammals (Whicker and Schultz
1982; Whicker 1997). Therefore, an evaluation using this technical standard that demonstrates
protection of aquatic and riparian animals should provide an indication that aquatic plants are
also likely protected. Alternatively, appropriate bioaccumulation factors (B,,s) for aquatic plants
could be used in the appropriate aquatic system spreadsheets to calculate BCGs for aquatic
plants. Refer to Module 2, Section 2.3, and Module 3, Section 3.2.1, for guidance in this area.
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3.3 Experimental Facilities

The methods in this technical standard are not directly intended to be applied to properly
permitted experimental facilities that expose biota to ionizing radiation without releasing
materials to the environment (e.g., particle beam accelerators). Although the operation of such
facilities may be considered to be “routine,” any inadvertent exposure of biota as a result of
such operations should have been addressed in the operating permit, precluding any need to
apply the methods described herein. Additionally, any such exposures would be localized, and
would thus be unlikely to affect substantial populations of any species that this technical
standard addresses. Refer to Module 2, Section 2.4 for detailed considerations and methods
for evaluating potential impacts to biota around accelerators or other sources of direct radiation.

3.4 Hazardous Chemicals and Industrial Hazards

The methods in this technical standard are not appropriate for evaluating potential impacts on
biota from hazardous chemicals or industrial-type hazards, including noise and traffic.

3.5 Frequency of Conducting Evaluations
Dose evaluations for aquatic and terrestrial biota shall be conducted annually in conjunction
with the preparation of annual site environmental reports that are required under DOE Orders

5400.1 and 5400.5. More frequent evaluations could be required at the direction of DOE's
Office of Environment, Safety and Health (EH).
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4 Step-by-Step Implementation of the Graded Approach

Here we present an overview of the complete process for implementing the graded approach.
This section is provided to help orient you to the step-by-step guidance corresponding to each
phase of the graded approach which follows in Sections 5 - 8 of this Module. A flowchart
showing how to progress through each phase of the graded approach, and the components of
each phase, is provided in Figure 4.1. Refer to this figure as you proceed through the step-by-
step guidance presented in subsequent sections. References to more comprehensive
guidance (presented in Module 2 of this technical standard) are provided throughout the step-
by-step guidance. Example applications of the graded approach, using actual DOE site data,
are presented in Section 9 of this Module.

Figure 4.1 Flowchart Illustrating Step-by-Step Guidance for Progressing Through the DOE
Graded Approach. Section numbers within this technical standard corresponding
to each phase are highlighted for reference.

e Consider sources, receptors and
routes of exposure

» Define the area of evaluation

* Assemble radionuclide concentration
data for each medium

Data Assembly
Phase (5)

<

v
* Compare maximum radionuclide
concentration data with generic
CC» BCGs. Sum all fractions for each
‘= radionuclide and medium
[ORren)
L Lo Evaluation is
B fob) complete.
) n Document
= © Is sum of »| rationale and
© E fractions < 1.0? results.
(]
c
5
O
v
Proceed to
ANALYSIS
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Analysis Phase
(7)

Site-Specific Screening

v
+ Consider using mean radionuclide concentration data
for each medium
+ Consider refining the size or delineation of the
evaluation area
+ Consider obtaining additional concentration data for
each medium
+ Re-run the screening evaluation to compare revised
radionuclide concentration data with the generic BCGs
» Sum all fractions for each radionuclide and medium
i Evaluation is
[&RiBF complete.
fractions < 1.0? Document
rationale and
results.
A 4
+ ldentify media and nuclide-specific limiting organism
types
+ Review and select lumped parameters appropriate for
site-specific conditions and receptors
+ Use site-specific lumped parameters to generate site-
specific BCGs
» Compare radionuclide concentration data with site-
specific BCGs. Sum all fractions for each radionuclide
and medium
Evaluation is
| ] complete.
fS sn;m o <107 p| Document
ractions = 1.9 rationale and
results.
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Analysis Phase

(7)

Site-Specific Analysis

« |dentify media and nuclide-specific limiting organism
types

 Consider correction factor for exposure area or receptor
residence time

« For riparian and terrestrial animals, review and select
parameters contributing to internal dose (e.g., body
mass; ingestion and inhalation rates; biological decay
and f, values) appropriate for site-specific receptors

« Use site-specific parameters to generate site-specific
BCGs

¢ Compare radionuclide concentration data with site-
specific BCGs. Sum all fractions for each radionuclide
and medium

Evaluation is
Is sum of complete.
fractions < 1.0? Document
rationale and
results.
A\ 4
Site-Specific Biota Dose Assessment
* Consider use of available biota tissue data
* Assemble a biota dose assessment team Document
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< Design and conduct the biota dose assessment
+ Problem formulation
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4.1 Parameter Values that Can be Modified in the Graded Approach

DOE's three-phased approach is designed to guide you from an initial conservative evaluation
using general screening to, if needed, a more rigorous analysis using site-specific information.
The amount of effort required for your biota dose evaluation and the information needed on
site-specific conditions and receptors increases as you progress through the three phases of
the graded approach, particularly during the analysis phase. The result will be a set of less
conservative, more realistic site-representative BCGs. Table 4.1 provides a general summary
of parameter values that can be modified or applied corresponding to each phase of the graded
approach. Use this table as a reference when progressing through the step-by-step guidance
provided in subsequent sections of this Module.

Table 4.1 Summary of Parameter Values that Can, with Technical Justification, be Modified
Corresponding to Each Phase of the Graded Approach

Phase Parameters®
Data Assembly . Size of evaluation area
. Radionuclide concentrations in environmental media
General Screening . Initial general screening using maximum radionuclide
concentrations: No parameter modifications are allowed
Analysis: . Use of mean radionuclide concentrations, taking into account time
Site-Specific dependence and spatial extent of contamination, may be
Screening considered
. Site-specific lumped parameter values in place of default values

used in the general screening phase

. Sediment K, values may be modified, with technical justification,
for aquatic system evaluations where only water or only sediment
concentration data are available for the screening process

Site-Specific . A correction factor for exposure area or receptor residence time
Analysis for all organism types may be considered
. For riparian and terrestrial animals:

- Food source B,, value for riparian and terrestrial animals

- Body mass

- Uptake fraction of radionuclide ingested/absorbed (f,)

- Biological elimination rate constant of radionuclide exiting the
organism (A ;)
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Table 4.1 (Continued) Summary of Parameter Values that Can, with Technical Justification,
be Modified Corresponding to Each Phase of the Graded Approach

Phase Parameters!

- Food intake rate and supporting parameters

- Soil intake rate and supporting parameters

- Inhalation rate and supporting parameters

- Soil inhalation rate and supporting parameters
- Water consumption rate

- Maximum life span

- Allometric equations provided can be modified

Site-Specific . Design, collection, and direct analysis of environmental media and
Biota Dose biota
Assessment

The RAD-BCG Calculator provides the capabilities to modify the dose limits for aquatic and terrestrial organisms, to
modify the RBE weighting factor for alpha emitters, and to de-select inclusion of energies for progeny of chain-
decaying nuclides with regard to internal dose conversion factors. These default values shall be used in dose
evaluations conducted for DOE sites. See Module 2, Section 7 for a detailed discussion on the selection of the RBE
weighting factor for alpha emitters.

4.2 Use of the RAD-BCG Calculator

The RAD-BCG Calculator is a companion tool to the technical standard. It contains a series of
electronic spreadsheets for use in:

. entering site data on radionuclide concentrations in soil, sediment, or water,

. comparing radionuclide-specific data with radionuclide-specific BCGs,

. determining if the sum of fractions for all radionuclide data/BCG comparisons is less
than 1.0, and

. when technically justified, modifiying default parameters used in the general screening

phase, and calculating site-specific BCGs using site-specific information representing
the evaluation area and receptors.

A Table of Contents within the RAD-BCG Calculator provides a listing of the spreadsheets and
information text screens, with a brief statement about their application. The contents of the
RAD-BCG Calculator are also provided in Table 4.2.

Within these electronic spreadsheets, several fields (e.g., columns) of cells contain notes,
viewed by placing the cursor over the cell, that provide additional information on the source of
the number of parameter value cited in that cell. The equations used to derive the BCG
calculations and to link values across different spreadsheets are presented in a separate
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protected spreadsheet within the RAD-BCG Calculator. The equations and assumptions used
to derive the BCGs are described in detail within Module 3 of this technical standard.

4.3 The Biota Dose Assessment Committee

The Biota Dose Assessment Committee (BDAC), chaired by DOE’s Air, Water and Radiation
Division (EH-412), is available as a resource to answer questions concerning the graded
approach for evaluating radiation doses to biota. The BDAC is an approved technical

standards topical committee organized under
the DOE Technical Standards Program. As
stated in its charter, the purpose of the
BDAC is (a) to assist, consistent with DOE
needs, in developing and promoting technical
standards and associated guidance for DOE-
wide applications in assessing radiation dose
to biota, (b) to serve as a major forum within
DOE for obtaining technical assistance,
discussing technical issues, and sharing
lessons learned regarding biota dose
standards and assessment methods, and (c)
to serve as a technical resource and advisory
group for DOE program and field elements

The BDAC is available as aresource to DOE
program and field elements

The Department’s Biota Dose Assessment
Committee is available as a technical resource
and advisory group concerning evaluation of
radiation doses to biota. Questions concerning
the application of the DOE graded approach
should be coordinated through DOE’s Air,
Water and Radiation Division (EH-412).

regarding site-specific biota dose assessments. The BDAC web site
(http://nomer.ornl.gov/oepa/public/bdac) provides internet access to guidance, methods, and
related tools associated with this technical standard; links to related web sites also are
provided. Specific questions concerning the guidance and methods contained in this technical
standard, and requests for consultation with the BDAC Core Team, should be coordinated
through EH-412 (contact Stephen Domotor, 202-586-0871, Stephen.Domotor@eh.doe.gov).
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5 Data Assembly Phase

The DOE graded approach for evaluating radiation doses to aquatic and terrestrial biota was
designed to minimize the need for additional data collection above and beyond environmental
radionuclide concentration data typically available through routine environmental monitoring and
surveillance programs. The data assembly phase encompasses three steps: (1) considering
the sources of radioactivity, the key receptors, and the routes of exposure to these receptors;
(2) defining the geographic area to be evaluated; and (3) assembling and organizing data on
radionuclide concentrations in water, sediments, and soil for use in the general screening
phase, and for use in the analysis phase, if needed. Each of the three steps are
interdependent and should be considered collectively when implementing the data assembly
phase.

5.1 Step 1: Consider the Sources, Receptors, and Routes of Exposure

It is expected that general knowledge concerning sources, receptors, and routes of exposure
will be sufficient for defining the geographic area of evaluation when implementing the general
screening phase of the graded approach. However, more detailed information regarding these
elements may need to be considered as you progress through the graded approach. For
example, if the BCGs for the general screening evaluation are exceeded, you may wish to
refine your input data for site-specific screening (e.g., using mean radionuclide concentration
data in place of maximum values; re-defining the geographic area of evaluation). Alternatively,
you may wish to move to the site-specific analysis component of the graded approach, which
may require consideration of internal dose parameters relating to site-specific receptors and
routes of exposure. Detailed guidance on consideration of sources, receptors, and routes of
exposure, for application in defining the area of evaluation and for use in the analysis phase, is
provided in Module 2, Section 2.

5.2 Step 2: Define Your Area of Evaluation

It is necessary to determine the spatial
extent over which the graded approach will
be applied. The assumptions regarding
sources, receptors, and routes of exposure
used in the development of the graded

Three conditions should be present for a
dose evaluation:

C Radioactivity should be present or
anticipated to be present in the

approach provide for conservative BCGs. In environment as a result of DOE activities
the derivation of the screening approach, the

source medium to which the organisms are ¢ Receptors (i.e., plants and/or animals)
exposed is assumed to be infinite in extent should be present in the vicinity of those
and to contain uniform concentrations of sources

radionuclides. The organisms are also

assumed to be resident in the contaminated ¢ Routes of exposure should exist from

those sources to the receptors

area (e.g., exposed to contaminated media)
100 percent of the time. Given these
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assumptions, the first approach shall be to use maximum radionuclide concentration data
applicable to your geographic area of interest (e.g., the entire site). A review of your effluent
monitoring and environmental surveillance program design and resultant data should provide
insights on sampling locations yielding the highest radionuclide concentrations.

5.3 Step 3: Assemble and Organize Data on Radionuclide Concentrations in
Environmental Media

The next step is to collect and organize relevant data on radionuclide concentrations in
environmental media. Radionuclide concentrations in surface water and/or sediment and in soil
are needed for implementing the graded approach. Acceptable sources of data include but are
not limited to: Annual Site Environmental Reports, effluent monitoring and environmental
surveillance data, remediation data, and data from special site-specific studies (e.g., ecological
studies conducted for other purposes). The data should be organized by location and medium,
and be applicable to the geographic area of evaluation identified in Step 2 above. Locations
may be defined by management and administrative characteristics (e.g., remediation sites;
operations areas; operable units), physical characteristics (e.g., watershed; pond; stream), or
ecological characteristics (e.g., corresponding to habitat types). Maximum radionuclide
concentrations in environmental media shall be used in the initial application of the general
screening phase to provide the most conservative evaluation.

5.3.1 Aquatic System Considerations

If you are conducting an aquatic system evaluation, note that use of radionuclide concentration
data from co-located surface water and sediment samples is preferred and will result in a less
conservative, more realistic evaluation. A mix of data from water and/or sediment samples
collected from different locations within the vicinity of one another may be used, with
justification. Note that where co-located samples are not available, only water or only sediment
data may be used, but will result in a significantly more conservative evaluation. This is
because the BCGs derived using individual water or sediment values involve the use of a
conservative sediment distribution coefficient (K,) to calculate the environmental media
radionuclide concentration and dose contribution of either the missing water or sediment
component.

5.3.2 Terrestrial System Considerations

If you are conducting a terrestrial system evaluation, you should consider the types of receptors
resident in your area of evaluation and the appropriateness of your soil samples with regard to
these receptors. For example, surface soil samples may not be representative of potential
radionuclide exposure to deep-rooted plant receptors. Refer to Module 2, Section 5 for detailed
guidance in this area. Also note that if you have a water body in your evaluation area, you must
also conduct an aquatic system evaluation.
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6 General Screening Phase

A major goal of the general screening phase is to provide a method that allows you to easily
apply data on radionuclide concentrations in an environmental medium to evaluate compliance
with the dose limits for biota. In the general screening phase, data on radionuclide
concentrations in environmental media are compared with a set of generic BCGs. Each
radionuclide-specific BCG represents the limiting radionuclide concentration in environmental
media which would not result in DOE’s established or recommended dose limits for biota to be
exceeded. These limiting radionuclide concentrations, or BCGs, are presented in Tables 6.1
through 6.4. These "look-up" tables allow for quick, easy comparisons of radionuclide
concentrations in environmental media with the BCGs. Guidance on using these look-up tables
is provided below.

6.1 Step 1: Compare Data on Radionuclide Concentrations in Environmental
Media with Generic BCGs Contained in Look-up Tables

A sum of fractions approach is used in comparing data

on measured radionuclide concentrations in Sum of Fractions Rule
environmental media with the BCGs contained in the

look-up tables. That is, when multiple radionuclides When multiple radionuclides are
are present in multiple environmental media, the sum present in multiple environmental

media, the sum of fractions rule shall
be applied to account for all sources
of exposure.

of fractions rule shall be applied to account for all
sources of exposure. Hence, the sum of the ratios of
the measured concentration of each radionuclide to its
corresponding BCG for each medium shall then be
summed across media, and the total sum of fractions
shall not exceed 1.0.

For each environmental medium, for radionuclides A, B, ... N, with concentrations C,, C; ...C,,
and corresponding screening BCG values BCG,, BCGg, ... BCG,, this relationship for aquatic
and terrestrial system evaluations is as follows:

. Aquatic System Evaluation:
C C C C C C
A —B  9.% —N | water % Ao —B o.% —" | sediment<1.0
BCG, BCGg BCG, CG, BCGy BCG,
. Terrestrial System Evaluation:
C C C C C
Ao —B 0.% —N | water % A g —B 9.% —" | soil<1.0
BCG, BCG, N A BCG, N
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If the sum of fractions
(the summed ratios
between the
radionuclide
concentrations in
environmental media
and the radionuclide-
specific BCGs) is less
than 1.0, the dose to an
aguatic or terrestrial
receptor is below the
biota dose limit, and you
have passed the
general screening
evaluation. Proceed to
Section 8, Documenting
Your Biota Dose
Evaluation Results. If
the sum is greater than
1.0, further investigation
is required (e.q.,
initiating site-specific
screening or analysis).

Getting Started with the RAD-BCG Calculator
Enable Macros. Click on “Enable Macros” when prompted.
Select your units. You may work in either Sl Units (e.g., Bg/kg) or

Special Units (e.g., pCi/g). Select your units in the “Initial Conditions”
spreadsheet of the RAD-BCG calculator.

Enter your data. The RAD-BCG Calculator contains aquatic and
terrestrial system data entry/BCG worksheets. These environmental
data/BCG worksheets allow you to enter your data on radionuclide
concentrations in environmental media, automatically calculate the sum
of fractions, and determine whether the sum of fractions is greater or less
than 1.0.

When entering data for an aquatic system evaluation, be sure to select
“water,” “sediment,” or “both,” corresponding to the data you are working
with.

The terrestrial system data entry/BCG worksheet provides a feature that
allows you to import water data used in the aquatic evaluation, as
appropriate.

Prepare for General Screening. To prepare for general screening, be

sure that the “lumped BCGs” button is selected within the riparian and
terrestrial animal spreadsheets.

Using the Sum of Fractions Rule: Terrestrial System Evaluation

Maximum radionuclide concentrations for water and soil collected within the evaluation area and available
through the existing site environmental surveillance program were summarized. Maximum radionuclide
concentrations for Cs-137 and Sr-90 in soil were 1.21 and 1.30 pCi/g, respectively. Maximum
radionuclide concentrations for Cs-137 and Sr-90 in water were 49.6 and 84.5 pCi/L, respectively.
Applying the sum of fractions rule, and using the BCG values listed in Table 6.4, one obtains the

following:
. 1.21 % 1.30
soil: 20
6E%05 5E%04
1.2E-01 +

" 1.2E&01

" 1.63E&03

1.77E-03 = 0.12

(soil sum of fractions) (water sum of fractions) (total sum of fractions)

Conclusion: Because 0.12 is less than 1.0, the dose to a terrestrial receptor does not exceed the
recommended dose limits for protection of populations of terrestrial plants and animals. Note that the soll
medium provides most of the contribution to dose.
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Using the Sum of Fractions Rule: Aquatic System Evaluation

Maximum radionuclide concentrations for co-located water and sediment samples collected within
the evaluation area and available through the existing site environmental surveillance program
were summarized. Maximum radionuclide concentrations for water and sediment are:

Sr-90 Cs-137
water (pCi/L)

1.5E-03 ND
sediment (pCi/g)

3.8 7.9

Applying the sum of fractions rule, and using the BCG values listed in Table 6.2, one obtains the
following:

15E&03 ,, 0 . gopgos  (sum of fractions for radionuclides in water)
3E%02 4E%01

3.8 % 7.9
6E%02  3E%03

" 8.96E&03 (sum of fractions for radionuclides in sediment)

5.0E&06 % 8.96E8&03 " 8.96E&03 (total sum of fractions for radionuclides
in water and sediment)

Conclusion: Dose to an aquatic receptor does not exceed the recommended dose limits for
aquatic or riparian animals.

6.1.1 Aquatic System Considerations

In situations where co-located water and Estimating Radionuclide Concentration

sediment data are not available, in the Data in Situations where Co-Located
general screening phase you must estimate Water and Sediment Data are not

the missing radionuclide concentration data Available

through the use of “most probable”

radionuclide-specific K, values. The RAD-BCG Calculator uses a “most
Radionuclide-specific most probable K probable” default K, value to automatically
values are provided in Table 6.5 of this calculate the missing radionuclide

concentration, and then automatically
enters it into the aquatic system data
entry/BCG worksheet.

Module and in the Dose Factors and
Common Parameters spreadsheet of the
RAD-BCG Calculator. The radionuclide
concentration data estimated for the missing
water or sediment medium is then used along
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with the radionuclide concentration data for the available medium in the sum of fractions
calculation as described previously.

Judgement should be applied in determining if measured radionuclide concentration data for
water and sediment media can be considered as originating from co-located water and
sediment samples. If measured radionuclide concentration data for water and sediment media
are only available from separate locations, you should calculate the missing radionuclide
concentration data for each missing medium, and apply the approach that results in the highest
(e.g., most conservative) sum of fractions in your biota dose evaluation. Equations for
estimating radionuclide concentration data in situations where co-located water and sediment
data are not available are provided in Module 3, Section 3.2.3. If the sum of fractions is less
than 1.0, the dose to an aquatic receptor is below the biota dose limit, and you have passed the
general screening evaluation. Proceed to Section 8, Documenting Your Biota Dose Evaluation
Results. If the sum is greater than 1.0, further investigation is required (e.g., initiating site-
specific screening or analysis).

6.1.2 Dealing with High Background Levels of Naturally Occurring Radionuclides

Radiation dose rates at local background reference sites can be used to ensure that the site-
related dose rates represent an actual increase in exposure. If the evaluation area is suspected
or has been documented to have high background levels of naturally occurring radionuclides,
these background levels may be taken into account when determining compliance of DOE
activities with the biota dose limits. For example, this may be a consideration for the two
isotopes of radium (see BCGs for Ra-226 and Ra-228, Tables 6.1 - 6.4). Background levels for
environmental media should be estimated based on data for the same or similar media types in
uncontaminated areas. If the sum of fractions for measured radionuclide concentrations in
media from the contaminated area exceeds 1.0, this sum should be compared with the sum of
fractions calculated using measured radionuclide concentrations in media from the background
area. If the sum of fractions from the contaminated area does not exceed that from the
background area, the contaminated area has passed the screening evaluation. Proceed to
Module 1, Section 8 and document the results of the comparison. If it does exceed the
background sum of fractions, proceed to the next phases of the graded approach. Refer to
Module 2, Section 3.3.1, and Module 2, Section 6.3.1.5 for related guidance on this topic.
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The analysis phase of the graded approach contains three increasingly more detailed
components of analysis for evaluating doses to biota: site-specific screening, site-specific
analysis, and site-specific biota dose assessment. In the analysis phase, you are also
increasingly moving away from the default parameters and assumptions used in the general
screening phase of the graded approach. The amount of effort required for your biota dose
evaluation and the information needed about site-specific conditions and receptors increase as
you progress through the three components of the analysis phase. The amount of specialized
assistance (e.g., in health physics, radioecology, and eco-risk assessment) that might be
needed also increases as you progress through the components of the analysis phase. In
return, the result will be a set of less conservative, more realistic and site-representative BCGs.
The rationale for selection of site-specific parameters applied in this phase shall be
sufficiently documented when reporting your biota dose evaluation results. Each of the
three analysis components is described below.

7.1 Analysis Phase - Site-Specific Screening

Site-specific screening allows you
to apply knowledge of site-
specific conditions and receptors
in your biota dose evaluation in
place of the default parameter
values and assumptions used in
the general screening phase of
the graded approach. For
example, use of mean
radionuclide concentrations in
place of maximum values, taking
into account time dependence
and spatial extent of
contamination, may be
considered. Parameters
representative of site-specific
receptors also may be
considered. These

Questions to Consider in Determining Your Path
Forward in Site-Specific Screening:

Can | use mean radionuclide concentrations rather than
maximum values?

Does it make sense to adjust or re-define my evaluation
area, using knowledge of the spatio-temporal extent of my
contamination with respect to receptor habitats?

Are the "limiting organism types" corresponding to my
media and radionuclides expected to be present in my
evaluation area?

Do | have site-representative parameters (e.g., lumped
parameters; B,s; K,s) that can be used in place of default
values?

considerations and their application in site-specific screening are discussed below.
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7.1.1 Step 1: Assess the Representativeness of Your Input Data on Radionuclide
Concentrations in Environmental Media and the Delineation of Your
Evaluation Area

Spatial and temporal variability relative to the distribution of contamination in the evaluation
area can be taken into account when evaluating doses to biota. Each of the elements presented
below should be considered collectively as you proceed through this step.

7.1.1.1 Consider Using Mean Radionuclide Concentrations

Determine if mean radionuclide concentrations can be used in place of maximum
concentrations. For example, use of mean values is appropriate and permitted in situations
where time-series data are available and of sufficient quality. Spatial variability in the
distribution of contamination can also be taken into account. Note that depending on the
purpose of your application of the graded approach, you may be requested (e.g., by regulators
or stakeholders) to use only maximum radionuclide concentration data rather than mean
values. Detailed guidance on applying spatio-temporal considerations in determining mean
radionuclide concentrations for use in the graded approach is provided in Module 2, Section 3.

7.1.1.2 Consider Refining the Evaluation Area

It may be useful to re-assess your rationale for delineating the evaluation area (e.g., breaking
one large area into several smaller areas) through consideration of the quality and spatio-
temporal distribution of radionuclide concentration data, the ecological susceptibility and
habitats of the receptors, and the spatial distribution of contaminants with respect to these
habitats. Refer to Module 2, Section 4 for detailed guidance in this area.

7.1.1.3 Consider Obtaining Additional Radionuclide Concentration Data

Consider collecting additional radionuclide concentration data. For an aquatic system
evaluation, consider using co-located water and sediment data if you have not already done so.

7.1.2 Step 2: Re-Run the Screening Evaluation Using Revised Radionuclide
Concentration Data and/or Evaluation Area

Here you are comparing your refined data on measured radionuclide concentrations
corresponding to your original or re-defined evaluation area, with the generic BCGs. This is
done by re-entering these revised data into the appropriate environmental data/BCG worksheet
in the RAD-BCG Calculator. It is important to note that in this step you have not modified the
initial, generic BCG values. They are the same generic BCGs that are used in the general
screening phase of the graded approach. This step is considered a site-specific screen in that
you are now making site-specific judgements relative to your measured radionuclide
concentration data and your evaluation area. If the sum of fractions is less than 1.0, then you
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have passed the site-specific screening evaluation. Proceed to Section 8, Documenting Your

Biota Dose Evaluation Results. If the sum of fractions is greater than 1.0, then continue to

progress through the graded approach.

7.1.3 Step 3: Assess the Representativeness of Default Parameters and Assumptions
Used in Deriving the Generic BCGs; Select Site-Specific Parameters and

Generate Site-Specific BCGs

This step allows you to replace default parameters used in the general screening phase with
site-representative parameters for use in site-specific screening. Each of the elements
presented below should be considered collectively as you proceed through this step.

7.1.3.1 Identify Radionuclide-Specific Limiting Medium and Organism Type

Review the radionuclide-specific BCGs used in the
general screening phase of the graded approach.
First, identify the environmental medium and
individual radionuclides from your evaluation that
provide the greatest contribution to potential dose
(e.g., medium concentration: BCG ratios that
represent the largest contributors to the sum of
fractions). Then, for each of these radionuclides,
identify the limiting organism type from which the
generic BCGs were derived. Limiting organism types
corresponding to generic BCGs are listed for each
radionuclide in Tables 6.1 - 6.4 and in the
corresponding RAD-BCG Calculator spreadsheets. If
you did not conduct a general screen prior to site-
specific screening, go to the organism type table or
spreadsheet that corresponds to the site-specific
receptor you have chosen to use in your analysis.
The site-specific receptor you select should be
important to the structure and function of the
community, in that protection of this organism within
your evaluation area assures that all other organisms
in your evaluation area are also protected. Some

Selecting A Site-Specific Receptor

The receptor should be important to
the structure and function of the
community. It should: (1) be
expected to receive a comparatively
high degree of exposure (e.qg.,
expected to receive a radiation dose
to reproductive tissues which is
relatively high per unit of
radionuclide present in the
ecosystem, in comparison to other
receptors in the same community);
(2) have a comparably high degree
of radiosensitivity (e.g., radiation
effects of concern occur at relatively
low doses, in comparison with other
receptors in the same community);
and (3) exhibit a high degree of
bioaccumulation.

examples of receptors that could serve as good indicators of radiological impact are provided

for your reference in Module 2, Section 2.1.3.

7.1.3.2 Review and Select Site-Specific Lumped Parameters

The general screening phase uses a conservative default “lumped parameter” in the estimation

of internal dose to an organism. The lumped parameter is based largely on empirical
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measurements of radionuclides in biological tissues of organisms collected in contaminated
habitats. In cases where empirical measurements are unavailable or few in number, the
lumped parameter is based on a conservative value derived using uncertainty analysis on the
kinetic/allometric method (see Module 3, Section 3.5). The lumped parameter serves as a
“natural integrator” of internal contamination in that it inherently reflects all pathways of intake
by an organism. Here, in site-specific screening, lumped parameters representative of site-
specific conditions and receptors are used to generate site-specific BCGs in place of the default
lumped parameters that were used in generating the generic BCGs. This site-specific screening
results in a less conservative, more realistic evaluation of potential doses to biota for your area
of evaluation.

The initial values of the lumped parameters were specifically chosen to produce conservative
(e.g., highly protective) BCGs. It is recognized that actual lumped parameters for a single
radionuclide may range over several orders of magnitude, depending upon biotic and abiotic
features of the environment. In step 3 you review the default lumped parameters used in
deriving the BCGs for the appropriate organism type. The default lumped parameter values
(and other input parameters) are contained in a set of organism type tables (Tables 7.1 - 7.4).
The RAD-BCG Calculator contains similar tables which can be easily located (see Module 1,
Section 4). Review and select lumped parameters representative of site-specific conditions and
receptors you have selected for your evaluation area. These site-specific lumped parameters
are entered into the appropriate organism type spreadsheet in the RAD-BCG Calculator and
used to generate site-specific BCGs. Sources for lumped parameter values representative of
your site-specific conditions and receptors include: (1) your own site-derived lumped
parameters (e.g., B,,s) for site-specific receptors; (2) values published in the scientific literature
or in site-specific technical reports (e.g., from specialized ecological studies) for receptors that
are comparable to site-specific receptors in your evaluation area; and (3) databases such as
the pilot version of the Biota Dose Assessment Database of Environmental Parameters
(BDAD), which is accessible via the Internet through the BDAC web site
(http://homer.ornl.gov/oepa/public/bdac).

7.1.3.3 Review and Select Site-Representative K,s

For aquatic system evaluations where co-located water and sediment samples are not
available, recall that in the general screening phase a most probable K, is used to calculate the
environmental media radionuclide concentration and dose contribution of either the missing
water or sediment component. Site-specific screening allows you to consider the use of a site-
representative K, value in place of the default most probable value that was used in the general
screening phase. Minimum, maximum, and most probable K, values for each radionuclide are
provided in Table 6.5. Sources for K, values representative of your site specific conditions
include: (1) your own site-derived K, values; (2) values published in the scientific literature or in
site-specific technical reports; and (3) databases such as the pilot version of the BDAD, which
is accessible via the Internet (see above). Site-representative K, values are entered into the
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Dose Factors and Common Parameters spreadsheet within the RAD-BCG Calculator and used
in generating site-specific BCGs.

7.1.4 Step 4: Re-Run the Screening Evaluation and Compare Data on Radionuclide
Concentrations in Environmental Media with Newly-Generated Site-
Specific BCGs

The use of lumped parameters appropriate for site-specific conditions or receptors should result
in more realistic, site-representative BCGs. When using the RAD-BCG Calculator, the generic
BCGs listed in the aquatic and terrestrial system data entry/BCG worksheets are automatically
updated with the newly generated BCGs, allowing for easy evaluation. If the sum of fractions
(the summed ratios between the radionuclide concentrations in environmental media and the
radionuclide-specific BCGs) is less than 1.0, the dose to the aquatic or terrestrial receptor is
below the biota dose limit. Refer to Section 8, Reporting Your Biota Dose Evaluation Results.

If the sum is greater than 1.0, further analysis is required. Proceed to Section 7.2, Site-Specific
Analysis.

Entering Site-Specific Information into the RAD-BCG Calculator
to Calculate Site-Specific BCGs

Lumped parameters may be modified in each of the organism type spreadsheets contained in
the RAD-BCG Calculator. When working in the riparian or terrestrial animal spreadsheets, click
on the “Lumped BCGs” button to allow these parameters to be modified. A “user supplied value”
message will appear for each lumped parameter modified. Reset buttons for returning all values
to their defaults are also featured.

Site-specific K, values may be used by entering these values in place of the “most probable”
values in the Dose Factors and Common Parameters spreadsheet.

The site-specific BCGs derived using these new parameters will show up in the organism-type

spreadsheet, and also in the environmental data entry/BCG worksheets, allowing for easy
comparison with site radionuclide concentration data previously entered.

7.2 Analysis Phase - Site-Specific Analysis

In site-specific analysis, a kinetic/allometric model is employed to conduct a more rigorous
analysis of riparian animal and terrestrial animal organism types. Here you are conducting a
very site-specific evaluation (essentially estimating an upper-bound dose) to a site-specific
riparian or terrestrial animal of known characteristics (e.g., body mass, behavior, internal
exposure pathways, and parameters). Recall that the general and site-specific screening
approaches use a lumped parameter in the estimation of internal dose to an organism. The
lumped parameter serves as a "natural integrator" of internal contamination in that it inherently
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reflects all pathways of intake by an organism. In site-specific analysis, simplistic, first-order
kinetic modeling is used to examine the internal pathways of exposure for riparian animal and
terrestrial animal receptors in greater detail. Appropriate parameters representing individual
mechanisms (e.g., ingestion; inhalation) that contribute to internal dose are applied in place of
the lumped parameter (one value which reflects all mechanisms contributing to internal dose).
Appropriate values (e.g., organism body mass; ingestion rate; inhalation rate; biological uptake
and elimination rates) representative of site-specific conditions and receptors are used in the
estimation of internal dose and generation of site-specific BCGs. Allometric equations relating
body size to many of these parameters (e.g., ingestion rate; inhalation rate; life span) are used
in the estimation of internal dose. Alternatively, you can enter your own values in place of
allometrically derived parameters. A correction factor for exposure area or organism residence
time may also be applied for all organism types in site-specific analysis.

7.2.1 Step 5: Assess the Representativeness of Default Parameters and Assumptions
Employed in Kinetic/Allometric Models; Select Site-Specific Parameters
and Generate Site-Specific BCGs

This step allows you to examine and replace default parameters, assumptions, and allometric
relationships used in kinetic/allometric models to derive BCGs for riparian animals and
terrestrial animals. A correction factor for exposure area or organism residence time may also
be applied for all organism types. Each of the elements presented below should be considered
collectively when implementing this step.

7.2.1.1 Identify Radionuclide-Specific Limiting Medium and Organism Type

Review the radionuclide-specific BCGs used in the general or site-specific screening portions of
the graded approach. First, identify the environmental medium and individual radionuclides
from your evaluation that provide the greatest contribution to potential dose (e.g., medium
concentration:BCG ratios that represent the largest contributors to the sum of fractions). Then,
for each of these radionuclides, identify the limiting organism type from which the general or
site-specific BCGs were derived. Limiting organism types corresponding to general BCGs are
listed for each radionuclide in Tables 6.1 - 6.4, and in the corresponding RAD-BCG Calculator
spreadsheets. If the riparian animal or terrestrial animal or