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Disclaimer

This guidance document sets forth recommended approaches based on EPA's best thinking to date with respect to
dose assessment for response actions at CERCLA sites. This document does not establish binding rules.
Alternative dose assessment approaches may be more appropriate at specific sites (e.g., where site circumstances
do not match the underlying assumptions, conditions, and models of the guidance). The decision to use an
alternative approach and a description of any such approach should be placed in the Administrative Record for the
site. Accordingly, if comments are received at individual sites questioning the use of the approaches recommended
in this guidance, the comments should be considered and an explanation provided for the selected approach.

The policies set out in the Radionuclide Applicable or Relevant and Appropriate (ARAR) DCC User Guide provide
guidance to EPA staff. It also educates the public and regulated community on how EPA intends the National Oil and
Hazardous Substances Pollution Contingency Plan (NCP) be implemented. EPA may change this guidance in the
future, as appropriate. This calculator is intended for use by risk assessors, health physicists, and other qualified
environmental protection specialists.

It should also be noted that DCCs do not address human cancer risk, noncancer toxicity, or potential ecological risk.
Of the radionuclides generally found at CERCLA sites, only uranium has potentially significant noncancer toxicity.
When assessing sites with uranium as a contaminant, it may also be necessary to consider the noncancer toxicity of
uranium using other tools, such as EPA's Regional Screening Levels (RSLs) for Chemical Contaminants at
Superfund Sites electronic calculator for uranium in soil, water, or air and the WTC for uranium inside buildings.
EPA's SDCC Calculator should be used to assess radionuclide dose for hard outside surfaces and the BDCC
Calculator for radionuclide dose inside buildings. EPA's PRG Calculator should be used to assess radionuclide
cancer risk for soil, water, and air; BPRG Calculator for radionuclide cancer risk inside buildings; and the SPRG
Calculator for radionuclide cancer risk for hard outside surfaces. Similarly, some sites with radiological
contaminants in sensitive ecological settings may also need to be evaluated for potential ecological risk. EPA's
guidance "Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological
Risk Assessment" contains an eight step process for using benchmarks for ecological effects in the remedy
selection process.

This web calculator may be used to develop generic DCCs for radionuclides for several different exposure
scenarios. The calculator is flexible and may be used to derive site-specific DCCs as more site characterization is
obtained (EPA 2000a). Models reviewed by EPA in the Soil Screening Guidance for Radionuclides: Technical
Background Document are presented in Section 3-2. This report provides a detailed technical analysis of five
unsaturated zone fate and transport models for radionuclides. This report supports the information provided in Part
3 - Unsaturated Zone Models for Radionuclide Fate and Transport [PDF 383KB, 25 pages] of the Soil Guidance for

: Technical Background Document on determining the general applicability of the models to
subsurface conditions and assessing each model's potential applicability to the soil screening process.

1. Introduction

Radionuclide Applicable or Relevant and Appropriate (ARAR) Dose Compliance Concentrations (DCCs) are dose
concentrations derived from standardized equations that combine exposure information, assumptions, and dose conversion
factors (DCFs).

The Dose Assessment Guidance is a tool that the U.S. Environmental Protection Agency developed to help standardize the
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evaluation and cleanup of radioactively contaminated sites when doses are being assessed. This guidance provides a
methodology for radiation professionals to calculate dose-based, site-specific, dose compliance concentrations (DCCs) for
radionuclides that comply with a dose-based standard as an ARAR. This guidance supersedes the dose assessment
methodology contained in the "Risk Assessment Guidance for Superfund Volume | Human Health Evaluation Manual (Part A)
(EPA/540/1-89/002).

A number of different radiation standards may be used as Applicable or Relevant and Appropriate Requirements (ARARs) to
establish cleanup levels at a site. Cleanup levels may be based on a number of Federal or State ARARs. Federal standards
expressed in terms of dose that are potential ARARs at CERCLA sites include 40 CFR Part 190, "Environmental Radiation
Protection Standards for Nuclear Power Operations," 40 CFR Part 191, "Environmental Radiation Protection Standards for
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes," or 10 CFR Part 61,
"Licensing Requirements for Land Disposal of Radioactive Waste," among others.

One set of radiation standards consists of a combination of whole body and critical organ dose annual limits, generally either
(1) 25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any other critical organ besides the thyroid or (2) 25
mrem/year to the whole body and 75 mrem/year to any critical organ (including the thyroid). Another set of standards consists
of a single limit (e.g., 10 mrem/year). The type of dose limit used in the standard would be the same type of dose
methodology used for dose assessments to demonstrate ARAR compliance.

The approach to dose limitation and the methods used to calculate doses have evolved over time. The first two radiation
protection standards listed above (the 25/75/25 and 25/75 mrem annual dose limits) are based on the older, critical organ
concept of dose limitation. This approach limits dose and long-term effects to a specific target tissue or organ (e.g., the
thyroid), the most radiosensitive tissue or organ, or the tissue or organ receiving the highest dose. Under this approach,
introduced in 1959 by the International Commission on Radiological Protection (ICRP) in its Publication 2, "Report of
Committee Il on Permissible Dose for Internal Radiation" (ICRP, 1959), the dose to an organ from internally-deposited
radionuclides is calculated separately from the dose due to external exposure, and the whole body is essentially treated as
one of the critical organs.

Later, standards were based on the effective dose equivalent concept of dose limitation, introduced in 1977 by the ICRP in its
Publication 26, "Recommendations of the International Commission on Radiological Protection" (ICRP, 1977). The effective
dose equivalent approach accounts for the differences in the cancer induction rates in organs and tissues subjected to equal
doses of radiation and normalizes these doses and effects on a whole body basis. Under this approach, the effective dose
equivalent dose is calculated as the weighted sum of the committed dose equivalents (from ingested and inhaled
radionuclides) and the dose equivalent (for external exposure from photon-emitting radionuclides) to all organs and tissues.
The weighting factors used in these calculations are organ-specific and correspond to the fractional contribution of each
organ or tissue to the total risk of fatal cancers when the body is uniformly irradiated. Thus, the summation of all organ and
tissue factors is equal to one.

ICRP has since updated the effective dose equivalent concept with the introduction of effective dose quantity in its
Publication 60, "1990 recommendations of the International Commission on Radiological Protection" (ICRP, 1991). While
similar to the effective dose equivalent approach, the effective dose quantity incorporates updated scientific information in the
dose conversion factors. Effective dose quantity incorporates a greater number of organs, updated information on organ-
specific risk, and age-specific dose coefficients for internal exposure that incorporate new physiologically-based biokinetic
models.

ICRP Publication 107 (ICRP 2008) provides an electronic database of the physical data for calculations of radionuclide-
specific protection and operational quantities. This database supersedes the data of ICRP 38 and will be used in future ICRP
publications of dose coefficients for the intake of or exposure to radionuclides in the workplace and the environment.

The purpose of this document is to guide EPA personnel in calculating release criteria based on regulations promulgated
under various methods of dose calculation. This guidance will relate these dose limits to a single measure (i.e.,cleanup
concentration). This guidance will assist RPMs in making decisions at these sites.

Note: use of this calculator to develop dose compliance concentrations for some dose-based ARARs does not affect the
CERCLA requirement to comply with all other Federal and State ARARs at a site (e.g., 40 CFR 141.66, 40 CFR 192.12).
ARARSs are determined site-specifically. For a list of "Likely Federal Radiation Applicable or Relevant and Appropriate
(ARARs)", see Attachment A of EPA's guidance " lishment of Cleanup Levels for CERCLA sites with Radi iv
Contamination." For additional guidance documents on compliance with ARARs at radioactively contaminated sites, see
https://www.epa.gov/superfund/radiation-superfund-sites.

This website combines current EPA DCFs with "standard" exposure factors to estimate contaminant concentrations in
environmental media (soil and water) that are protective of humans(including sensitive groups) over a lifetime. Exceeding a
DCC usually suggests that further evaluation of the potential doses is appropriate. The DCC concentrations presented on this
website can be used to screen pollutants in environmental media, trigger further investigation, and provide initial cleanup
goals, if applicable. DCCs should be applied in accordance with guidance from EPA Regions.

In addition to this guidance, for relevant training, see the internet-based course "Radiation Risk Assessment: Updates and
Tools. https://clu-in.or nf/itrc/rads 051507/.

2. Understanding the DCC Website

2.1 General Considerations
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DCCs are isotope concentrations that correspond to certain levels of dose in air, soil, water, and biota. Dose
Coefficients (DCFs) represent the dose equivalent per unit intake (i.e., ingestion or inhalation) or external exposure for
a given radionuclide. In dose assessments, these DCFs are used in calculations with radionuclide concentrations and
exposure assumptions to estimate dose from exposure to radioactive contamination. The calculations may be
rearranged to generate DCCs for a specified level of dose. DCFs may be specified for specific body organs or tissues
of interest or as a weighted sum of individual organ dose, termed the effective dose equivalent. These DCFs may be
multiplied by the total activity of each radionuclide inhaled or ingested per year or the external exposure concentration
to which a receptor may be exposed to estimate the dose to the receptor. Dose Coefficients used are provided by the

r for Radiation Pr ion Knowl . The main report is Calculations of SI Factors and D fficients,
and the tables of DCFs are in a separate appendix.

Inhalation dose coefficients are tabulated separately for each of the three lung absorption types considered in the lung
model currently recommended by the International Commission on Radiological Protection (ICRP) and, where
appropriate, for inhalation of radionuclides in vapor or gaseous forms.

The designations "F", "M", and "S" (expressed as fast (F), medium (M), or slow (S)) presented in the Radionuclide
Table under the heading "ICRP Lung Type" refer to the lung absorption type for inhaled particulate radionuclides used
in the current ICRP model of the respiratory tract. The inhalation dose coefficient values tabulated in the Radionuclide
Table for each radionuclide have been selected based on the following guidelines: (1) for those elements where Table
4.1 of Federal Guidance Report No. 13 (and Table 2 of ICRP Publication 72) specifies a recommended default lung
absorption type for particulates, the inhalation dose coefficient for that type is tabulated in the Radionuclide Table for
each radioisotope of that element; (2) for those elements where no specific lung absorption type is recommended and
multiple types are indicated as plausible choices, the inhalation dose coefficient reported in the Radionuclide Table for
each radioisotope of that element is the maximum of the values for each of the plausible lung absorption types; and (3)
where Federal Guidance Report No. 13 specifies risk coefficients for multiple chemical forms of certain elements
(tritium, carbon, sulfur, iodine, and mercury), the inhalation dose coefficient value for the form estimated to pose the
maximum dose is reported in the Radionuclide Table in most cases.

Inhaled particulates are assumed to have an activity median aerodynamic diameter (AMAD) of 1 um, as recommended
by the ICRP for consideration of environmental exposures in the absence of specific information about physical
characteristics of the aerosol. Where appropriate, radionuclides may be present in gas or vapor form, designated by
"G" and "V", respectively; such radionuclides include tritium, carbon, sulfur, nickel, ruthenium, iodine, tellurium, and
mercury.

The most common land uses and exposure assumptions are included in the equations on this website: Resident Sail,
Composite Worker Soil, Outdoor Worker Soil, Indoor Worker Soil, Construction worker Soil, Farmer Soil, Recreator
Soil, resident Air, Composite Worker Air, Outdoor Worker Air, Indoor Worker Air, Construction worker Air, Farmer Air,
Recreator Air, Tap Water, Soil to Groundwater, and Ingestion of Fish.

The DCCs are generated with standard exposure route equations using EPA DCFs and exposure parameters. A DCC
calculator receptor represents a high end (RME) exposed individual, as does BDCC receptor (for person exposed to
contamination indoors). Since the DCC RME is often outside and the BDCC RME is always indoors, an individual
receiving both indoor and outdoor exposures at a site should be protected. For the calculation of oral dose coefficients,
area correction factors, and gamma shielding factors, a standard soil density of 1.6 g/cm3 has been used.

2.2 DCC Output Options

The calculator offers four options for calculating DCCs. Previous versions of this calculator employed dose coefficients
that included progeny ingrowth for 100 years, designated "+D." The +D dose coefficients are no longer included in the
pick list. See section 2.9.2 to learn more. The DCCs presented in sections 2.2.1 and 2.2.2 independently model
progeny during migration to groundwater and biota uptake, while the +D DCCs did not. This section describes the
potential applications of the four choices and recommends a default DCC calculation.

2.2.1 DCC Output Option #1: Assumes period of peak dose (with decay and progeny
ingrowth)(Peak DCC)

This is the preferred DCC calculation option and is marked as the default selection in the calculator. The Peak
DCC is calculated for the time period when the parent and progeny activities present the most risk. The
underlying assumption of the Peak DCC option is that a pure isotope was released and progeny begin ingrowth
and decay. This DCC is protective, as future progeny may contribute more dose than the parent. When a single
isotope is selected, the calculator identifies all the progeny in the chain. The DCCs for each progeny are
combined with the parent based on their fractional contribution (FC). The FC is determined by branching
fractions, where a progeny may decay into more than one isotope. Section 2.2.2 provides detail on calculating
the FC. Unlike previous DCC output options that included progeny contribution (i.e., +D DCCs as discussed in
section 2.9.2.), the Peak DCC models each progeny independently of the parent for half-life, migration to
groundwater, and biota uptake. The DCC provided in the output is the inverse sum of the reciprocal DCCs of
the parent and all the progeny present at the period of peak dose. All the DCC equation images are presented
without a radioactive decay term; however, decay and ingrowth is included in this DCC option.

When the Peak DCC output option is selected, the DCC Calculator shows the individual progeny contributions
for the total DCC. At the top of the output page, the results are separated into tabs by media. In the Peak DCC
output, the individual exposure routes are presented separately. This is done to help determine the exposure

routes that are drivers and may help to focus site-specific remedial efforts. The period of peak dose may differ
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for some exposure routes (e.g., external, soil ingestion, food ingestion, and inhalation) as well as the total Peak
DCC. Forward dose calculations are also available for this output option.

The Peak DCC output option can be run for an infinite time period or a user-defined time period.

2.2.1.1 Infinite Time

The default setting for the Peak DCC option is to search for the period of peak dose out to infinity. To
accomplish this, the Peak DCC uses a Bateman solver to determine the parent and progeny activities out
to a trillion years. This isotopic activity curve is then converted to dose; another routine selects the time
period with the most dose from parent and progeny and determines the parent activity (DCC) that would
represent the target dose. Users should note that for long-lived isotopes that have a peak dose that
begins in the future, progeny are likely already ingrown, and the secular equilibrium (SE) DCCs may be
appropriate. This ORNL Technical Memorandum offers explanation of the derivation of the Peak DCCs.

2.2.1.2 User-defined Time Period

The user may also select a defined time period to search for the period of peak dose. This option
operates just like the infinite time option but stops searching for the period of peak dose at a user-defined
time in the future. Predefined time points of 10,000, 1,000, and 100 years are offered as well as the
option for the user to enter a specific time period between 70 and one trillion years. These options are
only offered for use in certain situations where a regulatory agency is concerned with dose at certain time
points in the future. If a peak hasn’t been resolved in the entered time period, as is the case when
progeny are still ingrowing, the dose interval will be calculated for the last exposure duration span. For
instance, if the time period of 100 years is selected for default resident soil for U-238 (ED of 1 year), year
100 will be selected by default, because U-238 peak 0 dose isn’t until year 3,981,072.

User-defined time periods should only be considered when a purified radionuclide was recently disposed
or released. These time periods should not be considered when a radionuclide has been present long
enough for progeny to ingrow (e.g., uranium, thorium, and radium as ore material) or was recently
disposed or released. The default selection of infinity is the preferred option for use on Superfund sites
being remediated for unrestricted future land uses.

Click Here for a Tutorial on Understanding Peak DCC Graphs

The following images provide instructions for exploring and understanding the peak dose graphs.
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2.2.2 DCC Output Option #2: Assumes Secular Equilibrium Throughout the Chain (no
decay - parent and progeny in constant equilibrium)

This was the default DCC calculation option prior to the release of the Peak DCC. When a single isotope is

selected, the calculator identifies all the progeny in the chain. The DCCs for each progeny are combined with
the parent based on their FC. The FC is determined by branching fractions, where a progeny may decay into
more than one isotope. The FC calculation process is described later in this section. The resulting DCC is now
based on secular equilibrium of the full chain. For straight chain decay, all the progeny would be at the same
activity of the parent, and the DCC provided in the output would be the inverse sum of the reciprocal DCCs of
the parent and all the progeny. Unlike previous DCC output options that included progeny contribution (i.e., +D
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DCCs as discussed in section 2.9.2.), the secular equilibrium DCC models each progeny independently of the
parent for half-life, migration to groundwater, and biota uptake. All the soil DCC equation images are presented
without a radioactive decay term. Decay is not included in this DCC option, as the assumption of secular
equilibrium is that the parent is continually being renewed.

When the secular equilibrium DCC output option is selected, the DCC Calculator now gives the option to show
the individual progeny contributions for the DCC (and dose) output. When the option to display progeny
contribution is selected, the DCC Calculator output gives the secular equilibrium DCC and the individual
progeny DCCs in separate tables.

A total DCC is calculated using the following formula:

Total secular equilibrium DCC for parent isotope;
c = 1
SE-tot n 1

i§1 DCC i
SE-route
where:

n = total number of exposure routes;

Route secular equilibrium DCC for parent isotope:
c O N
SE-route n 1

Z -
i=1 [DCC]i
FC
where:

n = total number of isotopes in decay chain;
FC = fractional contribution of isotope in decay chain;
DCC = DCC for isotope in decay chain without decay.

The EPA Decay Chain tool provides the branching fractions for each radionuclide's decay chain, based on the
ICRP 107 data. The branching fractions presented for non-converging chains are used directly in the DCC
equation above for the FC (fractional contribution) term. Convergence in a chain is when there are multiple
decay pathways to a particular isotope or when multiple isotopes can decay to a particular isotope. When a
chain converges, as is the case with the Ra-226 chain, the effect of multiple branches needs to be taken into
account. Consider the branching fractions in the Ra-226 decay chain in the table below.

Nuclide Half-life Mode Mass Branct.ling Progeny Branctling Progeny
Fraction Fraction

Ra-226 1600 years A 226.025409 1.00e+0 Rn-222

Rn-222 3.8235 days A 222.017577 1.00e+0 Po-218

Po-218 3.10 minutes B-A 218.008973 1.00e+0 Pb-214 2.00e-4 At-218

Pb-214 26.8 minutes B- 213.999805 1.00e+0 Bi-214

At-218 1.5 seconds A,B- 218.008694 9.99e-1 Bi-214 1.00e-3 Rn-218

Bi-214 19.9 minutes B-A 213.998711 1.00e+0 Po-214 2.10e-4 TI-210

Rn-218 3.50e-2 seconds A 218.005601 1.00e+0 Po-214

Po-214 1.64e-4 seconds A 213.995201 1.00e+0 Pb-210

TI-210 1.3 minutes B- 209.990073 1.00e+0 Pb-210

Pb-210 22.2 years B-A 209.984188 1.00e+0 Bi-210 1.90e-8 Hg-206

Bi-210 5.01 days B-A 209.984120 1.00e+0 Po-210 1.32e-6 TI-206

Hg-206 8.15 minutes B- 205.977514 1.00e+0 TI-206

Po-210 138.38 days A 209.982873 1.00e+0 Stable Pb-206

TI-206 4.2 minutes B- 205.976110 1.00e+0 Stable Pb-206

For example, the branching fraction presented in the above table, for At-218 decaying to Rn-218, is 0.1% (0.001
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or 1.0E-03); however, this isn't the complete picture, because At-218 appears in the chain as only 0.02% of Po-

218 decay. To determine the true fractional contribution of Rn-218 to the whole chain, multiply the two

branching fraction ratios together as follows: (2.0E-04 x 1.0E-03 = 2.0E-07). Technically, to calculate the
fractional contribution of each isotope in a chain, each unique pathway to that isotope should have its branching
fractions multiplied together and each result summed. The tables below present this process for At-218, Rn-

218, TI-210, Hg-206, and TI-206, respectively. The FCs for the other progeny are all 1.0.
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Determination of Fractional Contribution (FC) from Converging Branching Fractions in the Ra-226 Decay Chain.
At-218 FC
Ra-226 Rn-222 Po-218
to to to Fraction
Rn-222 Po-218 At-218
1 1 2.00E-04 2.00E-04
Total FC 2.00E-04
Rn-218 FC
Ra-226 Rn-222 Po-218 At-218
to to to to Fraction
Rn-222 Po-218 At-218 Rn-218
1 1 2.00E-04 1.00E-03 2.00E-07
Total FC 2.00E-07
TI-210 FC
Ra-226 Rn-222 Po-218 At-218 Bi-214
to to to to to Fraction
Rn-222 Po-218 At-218 Bi-214 TI-210
1 1 2.00E-04 1 2.10E-04 4.20E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214
to to to to to
Rn-222 Po-218 Pb-214 Bi-214 TI-210
1 1 1 1 2.10E-04 2.10E-04
Total FC 2.10E-04
Hg-206 FC
Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210
to to to to to to to Fraction
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206
1 1 2.00E-04 1.00E-03 1 1 1.90E-08 3.8E-15
Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210
to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206
1 1 2.00E-04 1 1 1 1.90E-08 3.8E-12
Ra-226 Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210
to to to to to to to
Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210 Hg-206
1 1 2.00E-04 1 1 1 1.90E-08 3.8E-12
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210
to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206
1 1 1 1 1 1 1.90E-08 1.90E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210
to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210 Hg-206
1 1 1 1 2.10E-04 1 1.90E-08 3.99E-12
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1 1 1 1 1 1 1
Total FC 1.90E-08
TI-206 FC
Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Bi-210
to to to to to to to to Fraction
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Bi-210 TI-206
1 1 2.00E-04 1.00E-03 1 1 1.00E+00 1.32E-06 2.64E-13
Ra-226 Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 At-218 Rn-218 Po-214 Pb-210 Hg-206 TI-206
1 1 2.00E-04 1.00E-03 1 1 1.90E-08 1.00E+00 3.80E-15
Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Bi-210 TI-206
1 1 2.00E-04 1 1 1 1.00E+00 1.32E-06 2.64E-10
Ra-226 Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 Po-214 Pb-210 Hg-206 TI-206
1 1 2.00E-04 1 1 1 1.90E-08 1.00E+00 3.80E-12
Ra-226 Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210 Bi-210 TI-206
1 1 2.00E-04 1 2.10E-04 1 1.00E+00 1.32E-06 5.54E-14
Ra-226 Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 At-218 Bi-214 TI-210 Pb-210 Hg-206 TI-206
1 1 2.00E-04 1 2.10E-04 1 1.90E-08 1.00E+00 7.98E-16
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Bi-210 TI-206
1 1 1 1 1 1 1.00E+00 1.32E-06 1.32E-06
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 Po-214 Pb-210 Hg-206 TI-206
1 1 1 1 1 1 1.90E-08 1.00E+00 1.90E-08
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210 Bi-210
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210 Bi-210 TI-206
1 1 1 1 2.10E-04 1 1.00E+00 1.32E-06 2.77E-10
Ra-226 Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210 Hg-206
to to to to to to to to
Rn-222 Po-218 Pb-214 Bi-214 TI-210 Pb-210 Hg-206 TI-206
1 1 1 1 2.10E-04 1 1.90E-08 1.00E+00 3.99E-12
Total FC 1.34E-06

2.2.3 DCC Output Option #3: Does Not Assume Secular Equilibrium, Provides Results for
Progeny Throughout Chain (with decay where appropriate)

This option displays the DCCs calculated with half-life decay that accounts for half-lives shorter than the
exposure duration. See section 4.10.7 to learn more about the half-life decay function. In addition to the
selected isotope, all the individual progeny DCCs are displayed. Each DCC is determined with each isotope's
respective half-life and not that of its parent isotope. This option does not assume secular equilibrium and
presents all the individual progeny DCCs, so that the risk assessor can identify any isotopes that will be present
and those that have no data. Users can alter progeny half-life to match the parent isotope or other progeny or to
account for ingrowth and decay over a chain. The individual isotope DCCs then would be combined (using the
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inverse sum of reciprocals method described in section 2.9.2) to give a parent DCC protective of progeny
ingrowth.

2.2.4 DCC Output Option #4: Does Not Assume Secular Equilibrium, Selected Isotopes
Only (with decay where appropriate)

This option displays DCCs for only the selected isotopes with half-life decay that accounts for half-lives shorter
than the exposure duration. See section 4.10.7 to learn more about the half-life decay function. In this output,
secular equilibrium is not assumed, progeny DCCs are not displayed, and progeny contribution is not combined
into the DCC for the selected isotope. This option is useful when contamination is from one radionuclide with a
very long half-life, where secular equilibrium would be too conservative.

2.2.5 Comparison of Peak DCC to the other 3 DCC Output Options

The Peak DCC output option returns results that are similar to one of the three other output options, but it varies
as to which of these 3 output options provides results that most resemble the Peak DCC results. For example,
some transuranic isotopes (TRUs), such as Pu-238, Pu-239, Pu-240, and Am-241, have relatively short half
lives in comparison to subsequent progeny. In such cases, equilibrium is not achieved. The activity of the
relatively long-lived progeny grows in slowly, in some cases taking thousands of years to reach a significant
fraction of the total activity. Furthermore, the activity of the progeny only reaches a small fraction of the parent's
initial activity. For example, U-234 reaches a maximum activity of about 0.04 percent of the initial Pu-238 activity
at approximately 1000 years. As such, the DCC for the parent only option is very similar to that of the Peak
DCC option.

Conversely, secular equilibrium (SE) only occurs when the half-life of the progeny is much shorter than the half-
life of the parent. When the progeny has a longer half-life than the parent, equilibrium does not exist. The
assumption of SE in these cases significantly overestimates the activity of the progeny, resulting in a much
lower DCC.

The following table presents a comparison of the default composite worker soil DCC options for Pu-238, Pu-
239, Pu-240, and Am-241 and their long-lived progeny U-234, U-235, U-236, and Np-237, respectively. This
table shows that each parent has a half-life about four orders of magnitude shorter than its progeny. As
expected, of the three DCC options presented, the SE DCC is always the most protective (smallest). For the
TRU isotopes, the peak and the parent only DCCs are shown to be essentially identical; for the long-lived
progeny, the SE and Peak DCC are more closely related. Also, of interest is that the SE DCCs for the TRU
isotopes and their long-lived progeny are very similar but slightly more protective than the TRU isotope DCCs.
This is expected, as the risk contribution to the parent DCC is only different by one isotope in a long chain.

Isotope Half-life (years) Pa'e'z:’g;;y) BCC SE DCC (pCilg) Peak DCC (pCilg)
Transuranics With Relative Short Half-lives Compared to Progeny
Am-241 4.32E+02 3.49E+01 1.47E+00 3.49E+01
Pu-238 8.77E+01 4.44E+01 3.80E-01 4.44E+01
Pu-239 2.41E+04 4.01E+01 1.26E+00 4.01E+01
Pu-240 6.56E+03 4.02E+01 2.98E-01 4.02E+01
Long-lived Progeny of Transuranics Above, Respectively

Np-237 2.14E+06 3.94E+01 1.53E+00 1.88E+00
U-234 2.46E+05 2.09E+02 3.83E-01 6.46E-01
U-235 7.04E+08 6.08E+00 1.30E+00 1.30E+00
U-238 4.47E+09 2.33E+02 3.77E-01 3.77E-01
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The figure above shows a decay curve for Am-241 over one million years with an initial activity of 10,000 pCi.
The progeny levels are near zero, because the first progeny is long-lived relative to the parent. The figure below
is for Np-237, the first progeny of Am-241, which has a half-life approximately four orders of magnitude longer
than its parent. The initial activity was also 10,000 pCi. At 1 million years, the progeny activity is approximately
four orders of magnitude higher than the Am-241 decay curve. This analysis demonstrates the reason the Peak
DCC is similar to the parent only DCC for these transuranics with short half-lives relative to their progeny.
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To further evaluate the Peak DCC option, the table below presents the three DCC output options for the
common Superfund nuclides, in an effort to categorize the decay characteristics. The table presents the default
composite worker soil DCCs at a target risk of 1E-06. Several categories are identified.

e Category 1: TC-99 and 1-129 make up the first category, where the decay is straight to stable over a
period of time much greater than the exposure duration (ED). In this case, all three DCC output options
return the same value.

e Category 2: H-3 and C0-60 make up the second category, where the decay is also straight to stable,
but the half-life is a fraction of the ED. In this case, the Peak DCC matches the parent-only DCC and the
SE DCC is overprotective.

e Category 3: U-235, U-238, and Th-232 make up the third category, where the decay chain is long and
the parent half-life is much longer than the progeny. In this case, the Peak DCC matches the SE DCC
and the parent only DCCs are under protective.

e Category 4: U-234, Ra-226, Ra-228, Sr-90, Cs-137, Th-228, and Th-230 comprise the fourth category,
where the SE DCCs and the Peak DCCs are much closer than the Peak DCCs and parent-only DCCs.
There are multiple reasons the parent only DCCs are under protective compared to the Peak DCCs.

e Category 5: I-131 comprises the fifth category, where the Peak DCC only matches the parent-only
DCC. In this instance, there is only one progeny and both chain members have a relatively short half-life
compared to ED.

e Category 6: The final category is the focus of this section and consists of the transuranic isotopes: Pu-
239, Am-241, Pu-240, and Pu-238. In these instances, the parent has a short half-life relative to
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immediate progeny and the Peak DCCs match the parent only DCCs.

P Peak
sComrr:lond SE Total ;relnt DeCaC Peak Peak DCC Percent Peak Percent Parent-only
erfun ota n
S Y DCC = = Parent DCC larger DCC larger than Peak
Isotopes DCC Total Total
R SE? Only? than SE DcC
(half-life) DcC DCC
Category 1
Tc-99
(0.211M 1.18E+04 1.18E+04 1.18E+04 Yes Yes 0% 0%
years)
1-129
8.19E+01 8.19E+01 8.19E+01 Yes Yes 0% 0%
(15.7M years)
Category 2
H-3
3.18E+00 3.27E+00 3.27E+00 No Yes 3% 0%
(12.3 years)
Co-60
© 2.85E-01 3.04E-01 3.04E-01 No Yes 7% 0%
(5.27 years)
Category 3
U-235
1.30E+00 | 6.08E+00 1.30E+00 Yes No 0% 368%
(704M year)
U-238
3.77E-01 2.33E+02 3.77E-01 Yes No 0% 61704%
(4.47B years)
LR 3.00E-01 4.58E+01 3.00E-01 Yes No 0% 15167%
(14.1B years)
Category 4
U-234
(0.246M 3.83E-01 2.09E+02 6.46E-01 Nearly No 69% 32253%
years)
Ra-226 (1600
@ ( 3.87E-01 3.00E+01 4.01E-01 Nearly No 3.6% 7381%
years)
el 3.02E-01 1.64E+01 5.07E-01 Nearly No 68% 3135%
years)
SR 8.26E+01 3.77E+02 8.37E+01 Nearly No 1% 350%
years)
CoAkY (2 1.37E+00 | 6.94E+02 1.39E+00 | Nearly No 1% 49828%
years)
Th-228 (1.91
( 4.87E-01 1.34E+02 5.73E-01 Nearly No 20% 23286%
years)
U= 3.84E-01 4.66E+01 4.17E-01 Nearly No 9% 11075%
years)
Category 5
1-131
1.26E+00 6.82E+01 6.82E+01 No Yes 3057% 0%
(0.022 years)
Category 6
REPED (AR 1.26E+00 | 4.01E+01 4.01E+01 No Yes 3083% 0%
years)
a2 1.47E+00 3.49E+01 3.49E+01 No Yes 2274% 0%
years)
Pu-24
B2 (E 2.98E-01 4.02E+01 4.02E+01 No Yes 13390% 0%
years)
FEE (?7'7 3.80E-01 4.44E+01 4.44E+01 No Yes 11584% 0%
years
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*DCCs presented in this table are for DL = 1.0.

2.2.6 DCC output options and media that use decay

As stated in section 2.2.1, a Bateman solver is used to calculate decay and ingrowth as part of the Peak DCC
model. Also, as stated in section 2.2.2, decay is not included in the secular equilibrium output because it is
assumed that the parent is continually being renewed. The other 2 output options, described in sections 2.2.3
and 2.2.4, apply the decay function according to the table below. See section 4.10.7 to learn more about the
half-life decay function used for the last 2 output options.

Media Is decay applied?

Soil (soil and 2D) Yes

Air With and without decay options are

presented
Water (surface, tap, & soil to groundwater) No
Biota-Direction Ingestion No

2.3 Dose Conversion Factors (DCFs)

Users should choose the DCFs [International Commission on Radiological Protection (ICRP) 30, 60 or 107] required
by the ARAR. If DCFs are not specified within the regulation (for example, the Code of Federal Regulations for a
federal standard that is being complied with as an ARAR), then users should generally choose ICRP 107 DCFs. This
recommendation is consistent with the guidance contained in "Use of IRIS Values in Superfund Risk Assessment"
(OSWER 9285.7-16) for EPA to evaluate dose based upon its best scientific judgment. For further discussion of the
scientific differences between ICRP 30 and 60 methodologies, see "Dosimetric Significance of the ICRP's Updated
Guidance and Models, 1989-2003, and Implications for U.S. Federal Guidance" (August 2003, ORNL/TM-2003/207).

For a discussion of the impacts of the ICRP 107 nuclear decay data, see Impact of the New Nuclear Decay Data of
ICRP Publication 107 on Inhalation D: fficients for Workers.

EPA classifies all radionuclides as Group A carcinogens ("carcinogenic to humans"). Group A classification is used
only when there is sufficient evidence from epidemiologic studies to support a causal association between exposure to
the agents and cancer. The appendix radionuclide table, from the Center for Radiation Protection Knowledge, lists
ingestion, inhalation, and external exposure dose coefficients for radionuclides in conventional units of picocuries
(pCi). Ingestion and inhalation dose coefficients are central estimates in a linear model of the age-averaged, lifetime
attributable radiation cancer incidence (fatal and nonfatal cancer) dose per unit of activity inhaled or ingested,
expressed as mrem/pCi. External exposure dose coefficients are central estimates of lifetime attributable radiation
dose for each year of exposure to external radiation from photon-emitting radionuclides distributed uniformly in a thick
layer of soil and are expressed as mrem/year per pCi/gram soil. External exposure dose coefficients can also be used
that have units of mrem/year per pCi/cm? soil. When combined with site-specific media concentration data and
appropriate exposure assumptions, dose coefficients can be used to estimate annual dose to members of the general
population due to radionuclide exposures. EPA currently provides guidance on inhalation risk assessment in RAGS
Part F (Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual, Part F, Supplemental
Guidance for Inhalation Risk Assessment). This guidance only addresses chemicals. The development of inhalation
dose coefficients for radionuclides differs from the guidance presented in RAGS Part F for development of inhalation
unit risk (IUR) values for chemicals.

The DCFs from the Center for Radiation Protection Knowledge differ from the values presented in EGR 12 CD
supplement. The DCFs were calculated using ORNL's DCAL software in the manner of Federal Guidance Report 12
and 13. For the calculation of oral dose coefficients, a standard soil density of 1.6 g/cm3 has been used. The
radionuclides presented are those provided in the International Commission on Radiological Protection (ICRP)
Publication 107. This document contains a revised database of nuclear decay data (energies and intensities of emitted
radiations, physical half-lives, and decay modes) for 1,252 naturally occurring and man-made radionuclides. ICRP
Publication 107 supersedes the previous database, ICRP Publication 38, published in 1983.

Inhalation risk and dose coefficients for Rn-222, Rn-220, Bi-212, Bi-214, Pb-212, Pb-214, and Po-218 were updated in
January 2017 and can be found here. The updated values are for inhalation of individual radionuclides without
accompanying progeny but include the contribution to risk from ingrowth of radioactive progeny in the body following
intake of a parent radionuclide. This approach allows the user to derive cancer risk and effective dose estimates for
any known or hypothetical combination of Rn-222 or Rn-220 and its short-lived progeny in air. Rn-219 is not included
in the update due to the large uncertainty in the distribution of decays of Rn-219 and its progeny in the body.

2.3.1 ICRP 30

Unlike ICRP 2, which did not calculate DCF per se, ICRP 30 does present DCFs that may be used to calculate
either organ dose equivalent or effective dose equivalent for ingestion and inhalation. For each radionuclide,
ICRP 30 provides values for the organ dose equivalent conversion factors, hy 5o, and the effective dose
equivalent conversion factor, he 5, (calculated using the organ weighting factors wy). These values are also

https://epa-dccs.ornl.gov:8085/users_guide.html[7/13/2022 11:05:37 AM]


https://info.ornl.gov/sites/publications/Files/Pub57371.pdf
https://info.ornl.gov/sites/publications/Files/Pub57371.pdf
https://epa-dccs.ornl.gov:8085/documents/ICRP107IMPACT.pdf
https://epa-dccs.ornl.gov:8085/documents/ICRP107IMPACT.pdf
https://epa-dccs.ornl.gov:8085/documents/SlopesandDosesMasterTableFinal.pdf
https://www.ornl.gov/crpk/
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-f
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-f
https://www.ornl.gov/crpk/
https://www.epa.gov/radiation/federal-guidance-report-no-12-external-exposure-radionuclides-air-water-and-soil
https://www.epa.gov/radiation/federal-guidance-report-no-12-external-exposure-radionuclides-air-water-and-soil
http://www.icrp.org/publication.asp?id=ICRP%20Publication%20107
https://epa-prgs.ornl.gov/radionuclides/RadonDoseandRiskCoefficientReport.pdf

DCC User's Guide

presented in Federal Guidance Report No. 11. Organ DCFs are provided for those organs that have specific
weighting factors, namely the gonads, breast, red marrow, lungs, thyroid, and bone surfaces. Organ DCFs are
also given for the remainder, which include the five remaining tissues that receive the next highest doses.
These include the liver, kidneys, spleen, brain, small intestine, upper large intestine, lower large intestine, etc.

Organ dose equivalent conversion factors and effective dose equivalent conversion factors for all radionuclides
selected for this analysis are provided in Attachment A, Table A.2 (inhalation) and Table A.3 (ingestion). These

values, in units of mrem/pCi, have been taken from Tables 2.1 and 2.2 respectively of Federal Guidance Report
No. 11.

2.3.2 ICRP 60

ICRP 60 also presents DCFs. Most of the world's radiation standards are based on this document. ICRP 60 is
similar to ICRP 30, except it is based on more recent findings. ICRP 60 risk estimates increased due to cancers
in Japanese populations exposed to radiation from World War Il bombings. There were also reevaluations of the
radiation dose calculations. These values are also presented in Federal Guidance Report No. 13.

Isotopes that decay by spontaneous fission at greater than 0.1% (Cf-252, Cf-254, Cm-248, Cm-250, and Pu-
244) are not in FGR-13. They are released in ICRP 72, which is analogous to the FGR 13 CD that contains
most of the same values.

The use of dose conversion factors of ICRP 60/72 is mandated in the European Union by European Council
Directive 96/29 of May 13, 1996. If requested, NRC can grant a licensee an exemption to use the new
dosimetric data of the ICRP (e.g., ICRP 68 for occupational exposures). In accordance with a June 8, 2007
Eederal Register notice, DOE no longer requires a facility to get an exception to use ICRP 68 dosimetric data
for occupational exposure. Non-regulatory studies (e.g., risk assessments) use the technically best available
dose coefficients, which are those of the recent ICRP Publications. In addition, the IAEA in its Safety Series has
adopted the ICRP Publication 60 Recommendations and the subsequent dose coefficients. For example, the
dose coefficients of ICRP Publication 68 are contained in the IAEA Safety Guide entitled "Assessment of
Occupational Exposure Due to Intakes of Radionuclides", RS-G-1.2, issued in 1999.

2.3.3 ICRP 107

ICRP Publication 107 (ICRP 2008) provides an electronic database of the physical data for calculations of
radionuclide-specific protection and operational quantities. This database supersedes the data of ICRP 38 and
will be used in future ICRP publications of dose coefficients for the intake of or exposure to radionuclides in the
workplace and the environment.

The database contains information on the half-lives, decay chains, yields, and energies of radiations emitted in
nuclear transformations of 1252 radionuclides of 97 elements. The CD accompanying the publication provides
electronic access to complete tables of the emitted radiations as well as the beta and neutron spectra. The
database has been constructed such that user-developed software can extract the data for further calculations
of a radionuclide of interest. A Windows-based application is provided to display summary information on a
user-specified radionuclide as well as the general characterization of the nuclides contained in the database. In
addition, the application allows users to export the emissions of a specified radionuclide for use in subsequent
calculations.

2.3.4 Federal Guidance Report 12

ICRP Publications 30 and 60 provide dose coefficients for the ingestion and inhalation intake of radionuclides.
Dose coefficients for exposure to the radiations emitted by radionuclides present outside the body are given in
Federal Guidance Report 12. That report addresses radionuclides uniformly distributed in air, in water, on the
surface of the soil, and within the volume of the soil. The published report is consistent with ICRP Publication
26; however, the CD Supplement to Federal Guidance Report 13 provides values for the effective dose as
defined in ICRP Publication 60.

2.3.5 Metastable Isotopes

Most dose and risk coefficients are presented for radionuclides in their ground state. In the decay process, the
newly formed nucleus may be in an excited state and emit radiation (e.g., gamma rays) to lose the energy of the
state. The excited nucleus is said to be in a metastable state, which is denoted by the chemical symbol and
atomic number appended by "m" (e.g., Ba-137m). If additional higher energy metastable states are present,
then "n", "p", ... is appended. Metastable states have different physical half-lives and emit different radiations
and thus have unique dose and risk coefficients. In decay data tabulations of ICRP 107, if the half-life of a
metastable state was less than 1 minute, then the radiations emitted in de-excitation are included with those of
the parent radionuclide. Click to see a graphical representation of the decay of Cs-137 to Ba-137.

Eu-152, in addition to its ground state, has two metastable states: Eu-152m and Eu-152n. The half-lives of Eu-
152, Eu-152m, and Eu-152n are: 13.5 y, 9.31 min, and 96 min, respectively, and the energy emitted per decay
is 1.30 MeV, 0.080 MeV, and 0.14 MeV, respectively.

2.4 Radionuclide-Specific Parameters

Several radionuclide-specific parameters are needed for development of the DCCs. The parameters are selected from
a hierarchy of sources.
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2.4.1 Sources

Many sources are used to populate the database of radionuclide-specific parameters. They are briefly described
below.

1. IAEA TRS 472 (IAEA). Handbook of Parameter Values for the Prediction of Radionuclide Transfer in
Terrestrial and Freshwater Environments. Technical Reports Series No. 472. International Atomic Energy
Agency, Vienna. 2010. (IAEA TRS 364. Handbook of Parameter Values for the Prediction of Radionuclide
Transfer in Temperate Environments (Technical Reports Series No. 364), 1994 was used to supplement
egg, poultry and swine transfer factors.) Spreadsheet of values.

2. Environment Agency (EA). Initial radiological assessment methodology - part 2 methods and input data.
Spreadsheet of values.

3. NCRP 123 (NCRP). NCRP Report No. 123, Screening Models for Releases of Radionuclides to the
Atmosphere, Surface Water, and Ground. National Council on Radiation Protection and Measurements.
January 22, 1996. Spreadsheet of values.

4. EPA Radionucli il Screening Level L). Soil Screening Guidance for Radionuclides: User's Guide.
Office of Solid Waste and Emergency Response (OSWER) Directive 9355.4-16A. October 2000.
Spreadsheet of values.

5. RESRAD. User's Manual for RESRAD Version 6. Environmental Assessment Division, Argonne National
Laboratory. ANL/EAD-4. July 2001. Spreadsheet of values.

6. BAES. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released
Radionuclides through Agriculture. C. F. Baes Ill, R. D. Sharp, A. L. Sjoreen, R.W. Shor. Oak Ridge
National Laboratory 1984. Spreadsheet of values.

7. ICRP _107. Nuclear Decay Data for Dosimetric Calculations. International Commission on Radiological
Protection Publication 107. Ann. ICRP 38 (3), 2008.

8. EPAKD. Understanding Variation in Partition Coefficient, Kd, Values. Volume II: Review of Geochemistry
and Available Kd Values for Cadmium, Cesium, Chromium, Lead, Plutonium, Radon, Strontium, Thorium,
Tritium (3H), and Uranium. Office of Air and Radiation. EPA 402-R-99-004B. August 1999. and Volume llI:
Review of Geochemistry and Available Kd Values for Americium, Arsenic, Curium, lodine, Neptunium,
Radium, and Technetium. Office of Air and Radiation. EPA 402-R-04-002C. July 2004. Spreadsheet of
values.

2.4.2 Hierarchy by Parameter

Generally the hierarchies below are followed.

o Half-life (yr), Decay mode, Atomic weight, Atomic number and Decay energy. ICRP 107.

o Milk transfer factor (TFdairy (day/L)). IAEA, EA, NCRP, RESRAD. TF airy is the volumetric activity density in
milk (pCi/L) divided by the daily intake of radionuclide (pCi/day).

e Beef transfer factor (TF . (day/kg)). IAEA, EA, NCRP, RESRAD. TF . is the mass activity density in beef
(pCi/kg fresh weight) divided by the daily intake of radionuclide (in pCi/d).

e Fin Fish bioconcentration factor (BCF (L/kg)). IAEA, EA, RESRAD. BCF is the ratio of the radionuclide
concentration in the fin fish tissue (pCi/kg fresh weight) from all exposure pathways relative to that in water
(pCilL).

o Shellish bioconcentration factor (BCF (L/kg). IAEA. BCF is the ratio of the radionuclide concentration in the
shellfish tissue (pCi/kg fresh weight) from all exposure pathways relative to that in water (pCi/L).

e Poultry transfer factor (TFpoultry (day/kg)). IAEA. TF souiry is the mass activity density in poultry (pCilkg fresh
weight) divided by the daily intake of radionuclide (in pCi/d).

» Egg transfer factor (TFy, (day/kg)). IAEA. TFy, is the mass activity density in egg (pCi/kg fresh weight)
divided by the daily intake of radionuclide (in pCi/d).

e Swine transfer factor (TFg;.. (day/kg)). IAEA. TF e is the mass activity density in swine (pCi/kg fresh
weight) divided by the daily intake of radionuclide (in pCi/d).

o Sheep Milk transfer factor (TFgpgep mik (day/L)). IAEA. TFpcen mik
milk (pCi/L) divided by the daily intake of radionuclide (pCi/day).

o Sheep transfer factor (TFgcq, (day/kg)). IAEA, EA. T o0
weight) divided by the daily intake of radionuclide (in pCi/d).

is the volumetric activity density in sheep
is the mass activity density in sheep (pCi/kg fresh

* Goat Milk transfer factor (TFyqq¢.mi (day/L)). IAEA. TF goae.mi is the volumetric activity density in goat milk
(pCi/L) divided by the daily intake of radionuclide (pCi/day).

* Goat transfer factor (TF ., (day/kg)). IAEA. TFy, is the mass activity density in goat (pCi/kg fresh weight)
divided by the daily intake of radionuclide (in pCi/d).

¢ Soil to water partition coefficient (K4 (mg/kg-soil per mg/L water or simplified = L/kg)). EPAKD, IAEA, SSL,
RESRAD, BAES. Ky is the ratio of the mass activity density (pCi/kg) of the specified solid phase (usually on a
dry mass basis) to the volumetric activity density (Bg/L) of the specified liquid phase.

« Soil to plant transfer factor-wet (Bv,,¢, (PCi/g plant per pCi/g soil)). IAEA, EA, NCRP, SSL, RESRAD, BAES.
The values for cereal grain are used from IAEA. By, is the ratio of the activity concentration of radionuclide in
the plant (pCi/kg wet mass) to that in the soil (pCi/kg dry mass). Note: Some Bv,,, values were derived from
Bvyry sources, assuming the ratio of dry mass to fresh mass was presented in the source documents. For
carbon, the only value in the hierarchy is found in RESRAD. This value is excluded, as it overestimates root
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uptake. See section 2.5.4 for a detailed discussion of the carbon transfer factor derivation.

¢ Soil to plant transfer factor-dry (Bvdry (pCilg plant per pCi/g soil)). IAEA, EA, NCRP, SSL, RESRAD, BAES.
The values for cereal grain are used. By, is the ratio of the activity concentration of radionuclide in the plant
(pCilkg dry mass) to that in the soil (pCi/kg dry mass). Note: Some By, values were derived from By,
sources, assuming the ratio of dry mass to fresh mass was presented in the source documents. For carbon, the
only value in the hierarchy is found in RESRAD. This value is excluded, as it overestimates root uptake. See
section 2.5.4 for a detailed discussion of the carbon transfer factor derivation.

BVyet @nd By, can be determined using the following equations.

_ 100 - MG
vaetfﬁvdryx[ 100 ]

where:
MC = percent maisture content (%)

and:

- 100
H oy = F et * [mu : MC]

where:
MG = percent moisture cantent (%)

2.5 Biota Modeling

2.5.1 Produce Modeling

There are 23 individually calculated DCCs that make up the default produce DCC. The 23 individual fruits and
vegetables selected for use in the DCC calculator are those for which the Exposure Factors Handbook (EFH)
had ingestion rates for homegrown produce. Each individual DCC is determined based on produce specific
data, such as intake rate, soil to plant transfer factors (Bv,,), and soil mass loading factor (MLF). These 23
individual DCCs are then summed by inverse reciprocal to determine a total produce DCC. The MLFs and
intake rates used in the determination of the default biota DCCs are based on fresh weight. Intake rates, MLFs,
and transfer factors were updated in June 2021 in a revised Technical Memorandum. The final version of this
document was published in September 2021 and may be found here.

2.5.1.1 Intake Rates (g/day)

Table 2.5.1-A provides all of the default produce intake rates that are used to determine the total produce
DCC. The delineation of (FW) in the column header indicates that the intake rates are for fresh weight;
these are the intake rates used when the tool is run in default mode. In site-specific mode, the user may
choose between Fresh Weight (FW) or Cooked Weight (CPW), which takes cooking and prepartion loss
into account. In addition, the user may also add rice and cereal grain to the produce output. These intake
rates can be found in Table 2.5.1-B below and are only given in dry weight (DW). In user-provided mode,
the user may change produce-specific and element-specific parameters to model produce that is not
provided in this tool, such as soil-to-plant transfer factor, mass loading factor, contaminated fraction, and
intake rates.

In addition, a local food survey can be conducted. Much of the methodology in the Guidance for
Conducting Fish and Wildlife Consumption Surveys may be useful for surveying produce consumption to
determine site-specific food intake rates. Another potential source for intake rates, particularly for food
exposures not include in the Exposure Factors Handbook, is the Food Commodity Intake Database
(FCID). If the FCID is used, the user must convert the data to g/day, as it is required for use in this tool.

To determine which produce are commonly cultivated in the area around the site, users should contact
their county extension office. The National Pesticide Information Center has an interactive map that
allows users to choose their state and county and then connects them to their county extension office.

Intake Intake Intake Intake Intake Intake Intake Intake
Rate for Rate for Rate for Rate for Rate for Rate for Rate for Rate for
Table 2.5.1- Farmer Farmer Resident Resident Farmer Farmer Resident Resident
A Child Adult Child Adult Child Adult Child Adult
(g/day) (g/day) (g/day) (g/day) (g/day) (g/day) (g/day) (g/day)
(FW) (FW) (FW) (FW) (CPW) (CPW) (CPW) (CPW)
Apples 82.7 84.8 72.0 73.9 42.9 44.0 37.3 38.3
Citrus 206.0 306.5 206.0 306.5 106.8 158.9 106.8 158.9
Berries
other than 242 35.2 24.2 35.2 125 18.2 125 18.2
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Strawberries
Peaches 98.2 103.1 110.2 115.7 50.9 53.5 57.1 60.0
Pears 79.6 59.8 69.4 52.1 41.3 31.0 36.0 27.0
Strawberries 275 40.6 27.5 40.6 14.2 211 14.2 211
Asparagas 11.9 40.1 11.9 40.1 8.1 27.4 8.1 27.4
Beets 6.0 34.4 6.0 34.4 4.1 23.5 4.1 23.5
Broccoli 14.8 34.1 13.2 30.5 10.1 233 9.0 20.8
Cabbage 11.0 79.5 11.8 85.1 75 54.3 8.0 58.1
Carrots 131 24.4 14.5 271 8.9 16.6 9.9 18.5
Corn 31.6 82.1 232 60.2 21.6 56.1 15.8 411
Cucumbers 16.3 54.9 245 82.3 11.2 37.5 16.7 56.2
Lettuce 3.4 36.7 34 36.7 23 25.0 23 25.0
Lima Beans 22.0 33.9 22.0 33.9 15.0 23.2 15.0 23.2
Okra 9.4 30.4 9.4 30.4 6.4 20.8 6.4 20.8
Onions 7.5 27.3 5.9 215 5.1 18.6 4.0 14.7
Peas 20.4 31.6 226 35.0 13.9 21.6 {1515 23.9
Peppers 7.4 23.9 5.9 19.1 5.1 16.3 4.1 13.0
Pumpkins 21.2 63.5 212 63.5 14.5 434 14.5 434
Snap Beans 28.7 54.5 28.3 53.8 19.6 37.2 19.3 36.8
Tomatoes 422 94.0 36.0 80.1 28.9 64.2 246 54.7
P:\::::s 52.4 141.8 47.3 127.8 35.8 96.9 5288 87.3

Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.5.1-B Farmer Child Farmer Adult Resident Child Resident Adult
(g/day) (DW) (g/day) (DW) (g/day) (DW) (g/day) (DW)
Rice 49.6 98.9 41.0 81.9
Cereal Grain 48.1 84.8 39.8 70.2

2.5.1.2 Soil-to-Plant Transfer Factors (Bv,,.)

The new soil-to-plant transfer factors (Bv,,¢;) from IAEA (TRS-472) are unique to climate zone, soil type,
and produce type. There are three climate zones (Temperate, Tropical, and Subtropical), seven soil
types (Default, Sand, Loam, Clay, Organic, Coral Sand, and Other), and 25 produce types implemented
in the DCC calculator. When the tool is run in default mode, the climate zone is temperate, the soil type is
Default (which applies to all soil types), and 23 produce are used. Corn and rice are not used in default
mode, because the parameters used for these are based on dry weight, whereas the other 23 produce
are based on fresh weight. For rice, IAEA did not specify a particular climate zone; therefore, the rice
transfer factors have been applied to all three climate zones.

Climate Zones

The following map of the Holdridge Life Zones shows how the climate zones are distributed across the
United States. Additionally, the Képpen-Geiger climate classification maps are available. This resource
could be consulted to apply site-specific climate zone inputs for calculating DCCs and dose for ingestion
of produce items. The Képpen-Geiger climate zone classification for every county in the U.S.A. is
available here.
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Holdridge Life Zones
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Soil Types

Table 2 below describes the soil classification used in TRS-472. The Coral Sand and Other soil types are
not listed in Table 2. The 'Other' soil type classification, in a temperate climate, was created for soils
without characterization data and for mineral soils with unknown sand and clay contents (TRS-472, pg.
9). For tropical climates, the 'Coral Sand' soil type classification was changed from 'Other' (given in TRS-
472, because it refers to soils that are outside the classification scheme used here, such as Marshall
Island soils, classified by the authors as coral sand soil) (TRS-472, pg. 73).

TABLE 2. TYPICAL RANGES OF VALUES OF SELECTED SOIL
PARAMETERS FOR THE FOUR SOIL GROUPS

Organic Cation Sand content in the Clay content in the
) matter exchange . . P :
Soil group pH = mineral matter fraction mineral matter fraction
content capacity (%) (%)
(%) (cmol/kg) ’ ’
Sand 35-65 0.5-3.0 3.0-15.0 =63 <18
Loam 4.0-6.0 20-6.5 5.0-25.0 65-82 18-35
Clay 5.0-8.0 3.5-100 20.0-70.0 — =35
Organic 30-50 =20 20.0-200.0 — —

*

Technical Report Series no. 472.
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Produce Types

The following table illustrates which soil-to-plant transfer factor categories from IAEA are used for each
produce type in the DCC calculator. The individual produce output only lists the category name from
IAEA; however, a value from a secondary source may be being utilized.

Primary Primary Secondary | Secondary Tertiary
Transfer Transfer Transfer Transfer Transfer Tertiary Transfer Factor
Produce Type
Factor Factor Factor Factor Factor Source
Category Source Category Source Category
Apples ieEzy IAEA Fruit EA None DISIRPAP), (RADRKL,
Tree RESRAD, and Baes
Citrus Woody IAEA Fruit EA None NMERFPE, e
Tree RESRAD, and Baes
Be"::s o Shrub IAEA Fruit EA N NCRP-123, RADSSL,
an r” ! one RESRAD, and Baes
Strawberries
Peaches WEEsgy IAEA Fruit EA None DTGRP, [NABRELL
Tree RESRAD, and Baes
Pears Woody IAEA Fruit EA None EIFLPPE [RLDIEST
Tree RESRAD, and Baes
NCRP-123, RADSSL,
Strawberries Herbaceous IAEA Fruit EA None < £ ==
RESRAD, and Baes
FeReErES Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
Beets Root IAEA Root EA None MR, DT
Vegetable RESRAD, and Baes
Broccoli Non-Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
Cabbage Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
Carrots Root IAEA L EA None NSRS [RADSETL
Vegetable RESRAD, and Baes
Corn Maize Grain IAEA Ik EA None DS, (RS
Vegetable RESRAD, and Baes
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Cucumbers Non-Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
e Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
Lima Beans Legume IAEA Green EA None NCRP-123, RADSSL,
Seed Vegetable RESRAD, and Baes
Okra Non-Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
Root NCRP-123, RADSSL
Onions Root* IAEA o0 EA None ORF Py R
Vegetable RESRAD, and Baes
Peas Legume IAEA Green EA None NCRP-123, RADSSL,
Seed Vegetable RESRAD, and Baes
Non-Leaf NCRP-123, RADSSL
Peppers on--ealy IAEA e EA None @ & SElL,
Vegetable Vegetable RESRAD, and Baes
Non-Leaf Gi NCRP-123, RADSSL,
Pumpkins i IAEA reen EA None
Vegetable Vegetable RESRAD, and Baes
Snap Beans Legume IAEA Green EA None NCRP-123, RADSSL,
Seed Vegetable RESRAD, and Baes
Tomatoes Non-Leafy IAEA Green EA None NCRP-123, RADSSL,
Vegetable Vegetable RESRAD, and Baes
White Potatoes Tuber IAEA iRl EA None IR, [RADRSL
Vegetable RESRAD, and Baes
Rice Rice IAEA None NCRP-123 None A ISR, 2T
Baes
Cereal Grain Cereal IAEA None NCRP-123 None RASEEIS SR T
Grain Baes

*The IAEA TRS-472 guidance lists onions as both root vegetables and non-leafy vegetables. The
environment agency (EA), however, only lists onions as root vegetables. When the ORNL/TM-2016/328
was originally released, onion was listed as a non-leafy vegetable. For consistency with EA and due to
root vegetable BVs being generally more protective, the onion BV designation was updated from non-
leafy vegetable to root vegetable.

While included in the initial hierarchy analysis, RESRAD and BAES sources do not contribute to the
current output. They are retained in the user guide for informational purposes.

[Soil to Plant Transfer Factors (Bvwet) J
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«+  The red text elements are on the from the ‘Common Isotopes’ list on the calculator page.
Please click on flow chart to view a larger image. Carbon is missing from this chart. Please see section
2.5.4 of this user guide for information about how a soil-to-plant transfer factor was derived for Carbon in
the DCC calculator.
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2.5.2 Animal Product Modeling

2.5.2.1 Intake Rates (g/day)

In default mode, the (FW) intake rates from Table 2.5.2-A are used. Similar to produce, there is an option
to select Cooked Weight in site-specific mode. The intake rates for poultry include chicken, turkey, and
duck. In default mode, the parameters used for poultry and eggs are for chicken specifically (i.e., Q,
etc.). If eggs and poultry are selected in site-specific mode, the user will have the option to switch
between chicken, turkey, duck, and goose, which will change the previously mentioned respective
parameters; however, the transfer factor used will still be meant for chicken or duck, per TRS-472. If the
user has a specific transfer factor for turkey or goose, then user-provided mode should be used.

Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.5.2-A Farmer Child Farmer Adult Farmer Child Farmer Adult
(g/day) (FW) (g/day) (FW) (g/day) (CPW) (g/day) (CPW)
Dairy - Cow 1116.4 1438.0 n/a n/a
Beef 64.6 270.1 31.9 133.5
Swine 32.2 151.1 15.9 74.7
Poultry 48.8 1755 241 86.7
Egg 251 97.3 n/a n/a
Fin Fish 36.1 155.9 221 95.6
Shellfish 213 208.9 13.0 128.1

Site-specific mode will also offer the option to add animal products from Table 2.4.2-B to the output. The
tool has transfer factors for these products; however, the user will need to enter their own intake rate
data, as the tool does not provide any. Again, a local food survey can be conducted, which may utilize
much of the methodology in the Guidance for Conducting Fish and Wildlife Consumption Surveys for
surveying animal product consumption to determine site-specific food intake rates. In addition, the Food
Commodity Intake Database (FCID) may be used to find intake rate data, but the user must convert the
data to g/day, as it is required for use in this tool.

Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.5.2-B Farmer Child Farmer Adult Farmer Child Farmer Adult
(g/day) (FW) (g/day) (FW) (g/day) (CPW) (g/day) (CPW)
Sheep n/a n/a n/a n/a
Sheep Milk n/a n/a n/a n/a
Goat n/a n/a n/a n/a
Goat Milk n/a n/a n/a n/a

2.5.2.2 Animal Transfer Factors (TF)

While included in the initial hierarchy analysis, RESRAD and BAES sources do not contribute to the
current output. They are retained in the user guide for informational purposes. Please see section 2.4.1
for the transfer factor source hierarchy.
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Transfer Factors (TF) ‘
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Please click on flow chart to view a larger image.

2.5.3 Mass Loading Factor

Pu, Ry, Se, 51, Tc,
U zn

Pm, Po, 5, Se, 57,
(_euzz )

A mass loading factor (MLF) is the amount, or mass, of soil that adheres to the plant surface. The following
table lists the MLFs used in this tool according to plant type. For more information on how these were derived,
please see the Technical Memorandum: Biota Modeling in EPA's Preliminary Remediation Goal and Dose

Compliance Concentration Calculators for Use in EPA Superfund Risk Assessment: Explanation of Intake Rate

Derivation, Transfer Factor Compilation, and M L ing Factor r
Mass Loading Fact
Table 2.4.3-A ass Loacling Factor Units Reference
(MLF)
Apples 1.60E-04 g dry S°|" /tg (2 EA (2009)
plan
il / g fresh
Citrus 1.57E-04 g dry S°|' /tg res EA (2009)
plan!
Berries othel: than 1 66E-04 g dry soil / g fresh EA (2009
Strawberries plant
Peaches 1.50E-04 gehyeallietizs EA (2009)
plant
dry soil / g fresh
Pears 1.60E-04 SJCI/ERIENIEE EA (2009)
plant
Strawberries 8.00E-05 gdry s;';:ng (el EA (2009)
il / g fresh
Asparagas 7.90E-05 g dry sol' /tg res EA (2009)
plan
Beets 1.38E-04 gdry S°|" /tg fresh EA (2009)
plan
il / g fresh
Broccoli 1.01E-03 g dry S°I' /tg res Hinton (1992), SSG-Appendix G
plan!
dry soil / g fresh
Cabbage 1.05E-04 ey S°|' tg res EA (2009)
plan
Carrots 9.70E-05 gdry SOI" /tg izl EA (2009)
plan!
Corn 1 45E-04 g dry soil / g fresh Pinder & McLeodl(1989), SSG-
plant Appendix G
Cucumbers 4.00E-05 gdry s;llr/“g (el EA (2009)
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Lettuce 1.35E-02 g dry SOI" /? (el Hinton (1992), SSG-Appendix G
plan!
il / g fresh
Lima Beans 3.83E-03 g dry s°|' /tg res Hinton (1992), SSG-Appendix G
plan
Okra 8.00E-05 gdry s°|" /tg (2 EA (2009)
plan
il / g fresh
Onions 9.70E-05 g dry S°I' /tg res EA (2009)
plan
dry soil / g fresh
Peas 1.78E-04 ey S°|' tg res EA (2009)
plan
Peppers 2.22E-03 g dry s°|" /tg e EA (2009)
plan
dry soil / g fresh
Pumpkins 5.80E-05 9y S°|' tg res EA (2009)
plan
Snap Beans 5.00E-03 gdry S;’l';r" f’ fresh Hinton (1992), SSG-Appendix
il / g fresh
Tomatoes 1.77E-03 g dry S°|' /tg res Hinton (1992), SSG-Appendix G
plan
White Potatoes 2.10E-04 gdry S°|" /tg (= EA (2009)
plan
Cereal Grains 2.50E-01 g dry S:’" /tg ey Hinton (1992)
plan!
Rice 2.50E-01 g dry SIO" /tg iy Hinton (1992)
plan
Pasture 2.50E-01 g dry :;"n/t g dry Hinton (1992)

2.5.4 Soil to Plant Transfer Factor Derivation for Carbon

The value of 5.5 given in Table D.3 of the RESRAD User's Manual for carbon root uptake was derived from
data in Ng et al. 1968. Table 4 of Ng et al. 1968 presents a carbon composition in typical agricultural soil of
2.00E+04 ppm and a carbon composition in terrestrial plants of 1.10E+05 ppm in Table 10A. 1.10E+05 divided
by 2.00E+004 gives the value of 5.5 reported in RESRAD. This value assumes that all the carbon in the plant is
taken up by the roots; however, this is not the case. Photosynthesis is the primary source of carbon in plants.
Carbon may be present in gas form in soils and volatilize into the plant canopy, where it may be taken up by the
plant in some fraction, depending on atmospheric conditions. It is typically estimated that 2% of plant carbon
comes from soil (either directly or by uptake from the sub-canopy atmosphere). The other 98% of plant carbon
comes from the above-canopy atmosphere, which is assumed not to contain carbon from the contaminated site.
Consider that a plant is about 90% water and of the 10% dry matter about 40% is carbon. That plant would
comprise about 4% carbon on a fresh weight basis. A mineral soil is typically about 2% to 5% organic matter,
which corresponds to 0.8% to 2% carbon on a dry mass basis. Thus, taking the ratio of carbon contents results
in a transfer factor of 4%/(0.8% to 2%) = 5.0 to 2.0 g fresh plant/g dry soil. The next step is to apply the 2%
fraction of plant carbon derived from soil. The resulting range of transfer factors is 0.1 to 0.04 (2%*(5.0 to 2.0)).
The value of 0.1 is chosen for the calculation of DCCs and is used for all the BV, values. BV, values are
derived for each plant type based on individual moisture content. For comparison purposes, the 5.5 value from
RESRAD gives a transfer factor of 0.11 if the 2% assumption is made.

The above derivation assumes that all the carbon taken up by the plant is radioactive. In situations where
radioactive carbon is mixing with stable carbon, a site-specific transfer factor can be derived using a model
called "specific activity". Essentially, specific activity is the concentration ratio of the radioactive form to the
stable form of carbon. Specific activity assumes that, within a compartment (i.e., soil), the radioactive
contaminant mixes with the stable form both chemically and physically. Plants uptake the element in the same
ratio as it exists in the soil compartment, resulting in the same ratio in the plant as in the soil compartment.

To determine a site-specific soil-to-plant transfer factor, actual site data must be available. Further, the flux rate
of the element must be in a steady-state condition. The environmental compartments must be well defined and
the fluxes between compartments well understood. For further information, refer to the following:
AMEC/004041/007 section 5, ANL/EAD-4 Appendix L, and IAEA TECDOC 1616 page 550.

2.6 DCCs in Context of Superfund Modeling Framework

This DCC calculator focuses on the application of generic and simple site-specific approaches that are part of a larger
framework for calculating concentration levels to comply with dose-based ARARs. Generic DCCs for a 1 mrem
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standard are provided by viewing either the tables in the Download Area section of this tool or by running the
calculator with "Defaults" selected for Site Info Type. Part 3 of the Soil Screening Guidance for Radionuclides:
Technical Background Document provides more information about five more detailed soil-to-groundwater models that
are part of the same framework.

Generic DCCs are calculated from the same equations presented in the site-specific portion of the calculator, but they
are based on a number of default assumptions chosen to be protective of human health for most site conditions.
Generic DCCs, which should be scaled to the same dose level as the standard being complied (e.g., multiplied by a
factor of ten for a 10 mrem/year standard), can be used in place of site-specific DCC levels; however, in general, they
are expected to be more protective than site-specific levels. The site manager should weigh the cost of collecting the
data necessary to develop site-specific DCCs with the potential for deriving a higher DCC that provides an appropriate
level of protection.

The framework presented in Part 3 of the Soil Screening Guidance for Radionuclides: Technical Background
Document includes more detailed modeling approaches that take into account more complex site conditions than the
generic or simple site-specific methodology used in the soil-to-groundwater scenario in this calculator. More detailed
approaches may be appropriate when site conditions (e.g., very deep water table, very thick uncontaminated
unsaturated zone, soils underlain by karst or fractured rock aquifers) are different than those assumed in the generic or
simple site-specific methodology. Further information on using more detailed approaches may be found in "Simulating
Radionuclide Fate and Transport in the Unsaturated Zone: Evaluation and Sensitivity Analyses of Select Computer
Models". This report provides a detailed technical analysis of five unsaturated zone fate and transport models for
radionuclides.

To avoid unnecessary inconsistency between radiological and chemical risk assessment and radiological dose
assessment at the same site, users should generally use the same model for chemical and radionuclide risk
assessment and radionuclide dose assessment. If there is a reason for using another model, then justification for
doing so should be developed. The justification should include specific supporting data and information in the
administrative record. The justification would normally include the model runs, using both the recommended EPA DCC
model and the alternative model. Users are cautioned that they should have a thorough understanding of both the
DCC recommended model and any alternative model when evaluating whether a different approach is appropriate.
When alternative models are used, the user should adjust the default input parameters to be as close as possible to
the DCC inputs, which may be difficult, since models tend to use different definitions for parameters. Numerous
computerized mathematical models have been developed by EPA and other organizations to predict the fate and
transport of radionuclides in the environment; these models include single-media unsaturated zone models (e.g.,
groundwater transport) as well as multi-media models. These models have been designed for a variety of goals,
objectives, and applications; as such, no single model may be appropriate for all site-specific conditions. Generally,
even when a different model is used to predict fate and transport of radionuclides through different media, EPA
recommends using the DCC calculators for the remedial program to establish the dose-based concentrations to
ensure consistency with CERCLA, the NCP, and EPA's Superfund guidance for remedial sites. Prior to using another
model for dose assessment at a CERCLA remedial site, EPA regional staff should consult with the Superfund remedial
program's National Radiation Expert (Stuart Walker, at (703) 603-8748 or walker.stuart@epa.gov). For more
information on this issue, please see questions 10 and 16 on pages 12, 17, and 18 of Radiation Risk Assessment At
CERCLA Sites: Q & A (EPA 540-R-012-13, May 2014).

2.7 Understanding Dose Output on the DCC Website

The DCC calculator provides an option to select dose output. Selecting dose output requires the calculator to be run in
"Site Specific" mode. The "Soil to Groundwater" medium does not have dose output and will become disabled when
dose output is selected. The dose values presented on this site are radionuclide-specific values for individual
contaminants in air, water, soil, and biota that may warrant further investigation or site cleanup.

2.7.1 General Considerations for the Dose Output

The first step in the dose assessment process is hazard identification, where site data is screened against
DCCs to identify radionuclides of potential concern (ROPCs). The "Dose Characterization" step, in the dose
assessment process, incorporates the outcome of the exposure and toxicity assessment steps to calculate the
annual dose identified in the data screening part of the hazard identification step. Dose is calculated for each
land use determined appropriate for the site. The annual dose sum is presented for each exposure route for all
ROPCs and for each ROPC across all exposure routes. The process used to calculate dose in this calculator
follows the traditional method of first calculating a CDI (Chronic Daily Intake).

The basic equation for calculating total Dose is:
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2.7.2 General Considerations for Entering Site Data

There are four calculator output options available to the user.

e DCC Output Option #1: Assumes period of peak dose (with decay and progeny ingrowth) (Peak DCC)

e DCC Output Option #2: Assumes Secular Equilibrium Throughout the Chain (no decay - parent and
progeny in constant equilibrium)

e DCC Output Option #3: Does Not Assume Secular Equilibrium, Provides Results for Progeny Throughout
Chain (with decay where appropriate)

e DCC Output Option #4: Does Not Assume Secular Equilibrium, Selected Isotopes Only (with decay where
appropriate)

The first two include progeny contributions in the dose calculations of the parent. The third and fourth options do
not. However, if the third option is selected, the media concentrations for the progeny are automatically
populated with the concentration entered for the parent. The progeny will have their risk calculated independent
of each other. This autofill feature is not available when isotope chains overlap. The autofill feature is solely for
convenience and does not assume secular equilibrium.

If the data is collected from a site where secular equilibrium is assumed to be present, the user need only enter
the activity of the parent in the calculator, and a representative dose of the parent and all progeny will be
presented in the calculator output. In the case of non-secular equilibrium, the current "state of the chain" may
not be known or easily calculated. For relatively fast decaying isotopes, significant decay or ingrowth of progeny
may have occurred since the sample date. Further, determining future activity of the contaminants may be
useful in planning for future release of a property.

A Decay Chain Activity Projection Tool has been developed where the user can select an isotope, enter a
length of time to allow decay and ingrowth, and enter the beginning activity of the parent. The results of this tool,
pictured below, are the activities of the parent and progeny at the end of the decay and ingrowth of progeny
time. These activities can be entered into the DCC calculator to calculate dose using the third and fourth DCC
Output options.
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2.8 Sensitivity Analysis

A sensitivity/uncertainty analysis is the quantitative assessment of how changing a single value impacts the DCC
calculation. Sensitivity analyses are generally conducted to determine what changed variable in a DCC has the
greatest impact. An evaluation of the uncertainty associated with a DCC calculation can identify a need for site-specific
parameters. If the level of uncertainty is acceptable, then the DCCs can be used accordingly. However, if the resulting
uncertainty is not acceptable, the sensitivity analysis will help to identify those parameters that, if measured on a site-
specific basis, would decrease uncertainty to the greatest extent.

Examples of site-specific variables that can greatly impact a DCC are:

» soil to water partition coefficients,
o biota transfer factors,

« water to air volatilization,

e gamma shielding factors, and

e area correction factors
Examples of site-specific exposure parameters that can greatly impact a DCC are:

¢ intake rates, and

o fraction ingested of contaminated biota

The quantitative assessment of uncertainties in the transport and exposure parameters provides considerable
information about the variability and sensitivity of the calculated default DCCs. These results are important, because
point estimates of these parameters are used to determine the extent of remediation necessary through the Superfund
process. The point estimates that are provided as guidance by the U.S. Environmental Protection Agency (EPA) are
often conservative and can result in an overestimate of the potential risk. The intent of this section is to raise
awareness of the potential cost savings of developing site-specific values for key parameters. The results can be used
to quantify the degree to which the standard default values overestimate the predicted percentiles of exposure
(typically 90-95th percentile values) that they are intended to estimate and to determine which parameters are
responsible for the majority of the variation. Please see Guidance for Con ing Risk A ments and Rel Risk

Activities for the DOE-ORO Environmental Management Program for additional information.

There are several methods for identifying the most important contributors to uncertainty. Monte Carlo simulation with
either Simple Random Sampling (SRS) or Latin Hypercube Sampling (LHS) is often the most robust method for
propagating uncertainty through either simple or complex models. Please see An Introductory Guide to Uncertainty

Analysis in Environmental and Health Risk Assessment for additional information.

Many of the DCC equations are linear, and changing a parameter has a directly proportional impact on the DCC. For
example, doubling the intake rate in a fin fish ingestion DCC will reduce the DCC by half.

2.9 Advanced Calculator Uses (Postprocessing and Replicating Discontinued DCC
Options)

The DCC calculator results, when exported in a spreadsheet, can be used to create site-specific DCCs that cannot be
developed solely within the calculator. This postprocessing of results can be useful when the calculator doesn't offer
the precision necessary for remedial decision. Additionally, the calculator can be used to replicate the old +D DCCs.

2.9.1 Postprocessing Calculator Results to Incorporate Site-Specific MCNP Factors
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Nearly all of the exposure parameters in the DCC equations can be changed by using the site-specific option in
the calculator. Further, many of the isotope-specific values (i.e., slope factors, dose coefficients, partition
coefficients, and transfer factors for plants and animals) can be changed by using the user-provided option in
the calculator. While many options are given for users to select site size and clean soil cover, it may be
necessary to derive a "factor" specific to a particular site using tools like Monte Carlo Nuclear Particle (MCNP).
For example, a user may want to use MCNP or another tool to develop a site-specific ACF for an unusual
situation (e.g., a site that consists of flat land that is next to a cliff face and both are contaminated). The
following is a brief description of how to postprocess calculator results when including the results for a factor
that was developed in another tool such as MCNP. All variables in the ingestion and inhalation equations can
be changed in the calculator itself; the external exposure route is the most likely to require postprocessing.

The calculator offers the option to export results in a spreadsheet format. Using the spreadsheet, the "factor"
supplied by the calculator can be substituted with a site-specific factor supplied by the user. The procedure is
relatively straight forward, as all the factors are in the denominator of the screening level equations. Simply
multiply the screening level by the ratio of the default factor to the site-specific factor.

This general process does work; but please consider the following, as further steps may be necessary:

o If adjusting a factor in the external exposure route, the total DCC needs to be recalculated using the
inverse sum of reciprocals.

If adjusting a factor in parentheses, such as a resident GSF,, then more postprocessing is required.

e When adjusting a DCC calculated by the secular equilibrium option, factors for all the progeny need to be
calculated and totaled using the inverse sum of reciprocals.

The Peak DCC results are impossible to post process, because the state of the chain (decay and ingrowth
of all members) cannot be replicated in a spreadsheet. Section 2.2.5 discusses what DCC output options
are closest to the Peak DCC. In many cases, the parent only with decay or the SE DCCs may be identical
to the Peak DCC. Post processing one of these substitute DCC options can replicate what the Peak DCC
would be.

Here is an example of the DCC calculator default results for external (2-D soil volume) exposure for an indoor
worker exposed to soil. The default GSF; is 0.4 and represents the shielding provided by general subfloor
materials from contaminated soil. In the case of a commercial building being constructed on a concrete slab, a
site-specific shielding factor can be generated with MCNP and the site-specific DCC recalculated following the
procedure discussed previously. Suppose a GSF; was determined to be 0.2 with MCNP for Ra-226 without
consideration of progeny. Users should note that post processing for Ra-226 would require these steps for each
of the progeny with an external slope factor.

The original results are below and show a GSF; of 0.4 (cell F5) and a DCC of 345 pCi/g (cell G5).

@ Default
23l Indoor Worker DCCs for 2-D Direct External Exposure - No progeny (with decay)

&
External Default Ir-:-gct::r Soil
Exposure Soil Volume Volume
DCF Area GSF; DCC
(mrem/yr per Halflife = Correction Soil DL=1
4 Isotope pCi/g) Lambda (years) Factor Volume (pCi/g)
Bl Ra-226 3.18E-02 4 33E-04 1.60E+03 1.00E+00 4.00E-01 | 3.45E+02

The postprocessed results are below with a GSF; of 0.2 (cell H5), showing the resulting site-specific DCC (cell
J5) is twice as large as the default value above, as expected. The green shaded cells need to be added and
programmed by the user. Below the green cells, the formula for the postprocessing procedure is given.

il Default
Al Indoor Worker DCCs for 2-D Direct External Exposure - No progeny (with decay)
3
Site- .
Total . Specific EETEERT . -
External Default eheD Soil Total Removed Site-Specific
Exposure Soil Volume Volume Indoor  S°il Volume  Soil Volume
DCF Area GSF; DCC DCC DCC
(mrem/yr per Halflife = Correction Soil DL=1 GSF; DL=1 DL=1
4 Isotope pCilg) Lambda (years) Factor Volume = (pCilg) Soil Volume  (pCilg) (pCilg)
Bl Ra-226 3.18E-02 4.33E-04 1.60E+03 1.00E+00 4.00E-01 | 3.45E+02 2.00E-01 1.38E+02 6.90E+02
6 G5x F5 15/ H5

Please contact your EPA regional risk assessor before post processing DCC calculator results for Superfund
sites.
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2.9.2 Replicating the Old +D DCCs

Prior to 2017, "+D" designated dose coefficients and subsequently +D DCCs were available as the preferred
DCC output option. This designation indicated that the dose coefficients included the contribution from ingrowth
of progeny out to 100 years. Similarly, +E indicated ingrowth out to 1000 years. EGR 12 provided the original
table of the +D radionuclide dose coefficients, and ORNL 2014c with appendix provides the +D dose
coefficients previously used in this calculator. The intention of this designation was to make DCCs protective by
including the contributions from their short-lived decay products that were, at times, difficult to measure. The +D
designation indicated that the parent radionuclide DCC included the risk contribution from its short-lived
progeny. The DCCs presented in sections 2.2.1 and 2.2.2 independently model progeny during migration to
groundwater and biota uptake, while the +D DCCs did not. The use of the +D DCCs was discontinued because
of the following reasons that led to imprecision in the +D DCCs.

e The half-life of the parent isotope was used for all the short-lived progeny included in the +D to calculate
decay.

e The K of the parent was used for all the short-lived progeny in the soil-to-water partitioning DCCs to
calculate downgradient water concentrations.

e The biota transfer factors for the parent was used for all the short-lived progeny included in the +D to
calculate nuclide uptake into plants and animals.

The steps to replicate the old +D DCCs are as follows.

e Select the DCC output option described in section 2.2.3 (Does Not Assume Secular Equilibrium, Provides
Results for Progeny Throughout Chain).

Select Site-Specific and then User-provided on the calculator main page.

At this point, there are three ways to proceed to calculate +D DCCs.
o The easiest way is to just change the slope factors to the +D dose coefficients found in HEAST and
adjust any exposure parameters. On the results page, the parent isotope DCC will be a +D DCC
because +D dose coefficients were used.

o

Alternatively, on the Site-Specific page, every isotope-specific parameter and every exposure
parameter can be changed to match the old +D DCC inputs including: half-life, K, biota transfer
factors, gamma shielding factors, and area correction factors. Make appropriate changes to all
isotopes, but specifically do not change the dose coefficients to +D dose coefficients. The results of
this endeavor will be a very close approximation to the old +D DCCs.

o

Finally, if the desire is to determine what a modern version of a +D DCC would be, change nothing

for any of the isotopes.

e For the second and third options above, on the results page, the individual isotope DCCs will be
presented. The last step is to combine the appropriate parent and progeny DCCs to make a +D DCC. This
is done by taking the inverse sum of the reciprocals of the individual DCCs. Replication of the +D DCCs for
the biota route will be impossible, as the models have changed. Consult the table below to determine what
progeny should be included in the summation method.

Below is a table of progeny and the terminal radionuclide used in +D and +E slope factors and dose
coefficient development.

Progeny used for Derivation of +D and +E Slope Factors and Dose Coefficients

IHATEEL ) ) Terminal Halflife
Radionuclide Associated decay chain . .
. Radionuclide (years)
(half-life in years)
Cs-137+D (30.2) Ba-137m Ba-137 stable
Cs-137+E (30.2) Ba-137m Ba-137 stable
Pu-239+D U-235m U-235 7.04E+08
(2.41E+04)
Pu-239+£ U-235m U-235 7.04E+08
(2.41E+04)
Ra-226+D Rn-222, Po-218, Pb-214, At-218, Bi-214, Rn-218, Po-214, TI-210 Pb-210 22
(1.60E+03)
Ra-226+E Rn-222, Po-218, Pb-214, At-218, Bi-214, Rn-218, Po-214, TI-210 Pb-210 22
(1.60E+03)
Ra-228+D Ac-228 Th-228 2
(5.75E+00)
Ra-228+E Ac-228 Th-228 2
(5.75E+00)
Rn-222+D (1.05E-

https://epa-dccs.ornl.gov:8085/users_guide.html[7/13/2022 11:05:37 AM]


https://www.epa.gov/radiation/federal-guidance-report-no-12-external-exposure-radionuclides-air-water-and-soil
https://epa-dccs.ornl.gov:8085/SlopesandDosesFinal.pdf
https://epa-prgs.ornl.gov/radionuclides/SlopesandDosesMasterTableFinal.pdf

DCC User's Guide

Po-218 Pb-214 5.10E-05
02)
Rn-222+E (1.05E- Po-218 Pb-214 5.10E-05
02)
Sr-90+D (28.8) Y-90 Zr-90 stable
Sr-90+E (28.8) Y-90 2190 stable
Th-232+D Ra-228, Ac-228 Th-228 1.91E+00
(1.41E+10)
Th-232+E Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212,
Pb-208 stable
(1.41E+10) Po-212, TI-208
U-235+D Th-231 Pa-231 3.3E+04
(7.04E+08)
U-235+E Th-231 Pa-231 3.3E+04
(7.04E+08)
U-238+D Th-234, Pa-234m, Pa-234 U-234 2.4E+05
(4.47E+00)
U-238+E Th-234, Pa-234m, Pa-234 U-234 2.4E+05
(4.4TE+00)

3. Using the DCC Table

The tables in the DCC Download Area provide generic concentrations in the absence of site-specific dose assessments.
Screening concentrations can be used for:

e Prioritizing multiple sites within a facility or exposure units,
o Setting dose-based detection limits for contaminants of potential concern (COPCs), and
e Focusing future dose assessment efforts.

3.1 Developing a Conceptual Site Model

When using DCCs at a Superfund site, the exposure pathways of concern and site conditions must match those taken
into account by the screening levels. (Note, however, that future uses may not match current uses. Future uses of a
site should be logical conditions that might occur at the site in the future.) Thus, it is necessary to develop a conceptual
site model (CSM) to identify likely contaminant source areas, exposure pathways, and potential receptors. This
information can be used to determine the applicability of screening levels at the site and the need for additional
information. The final CSM diagram represents linkages among contaminant sources, release mechanisms, exposure
pathways, and routes and receptors based on historical information. It summarizes the understanding of the
contamination problem. A separate CSM for ecological receptors can be useful. Part 2 and Attachment A of the Soil
Screening Guidance for Radionuclides: Users Guide (EPA 2000a) contain the steps for developing a CSM. A site-
specific CSM may not include all of the land uses presented in this calculator.

The CSM below presents the land uses, media, and exposure routes quantified in this calculator along with
hypothetical source and release mechanisms.
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PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM

MECHANISM

Resuspension Exposure | Resident | Outdoor | Indoor | Comp. | Con. [ I ye—
And Route Worker | Worker | Worker | Worker
Velatilization
Inhalation
Infitration
And
Percolation

Submersion

Exposure | Resident | Outdoor | Indoor | Comp. | Con. Farmer | Recreator
Route Worker | Worker | Worker | Worker

Ingestion

Groundwater/

Inhalation
Immersion

Radionuclide Release

Handling or [ Exposure  |Resident | Outdoor | Indoor | Comp. | Con. Farmer | Recreator
Area Spill ] Route Worker | Worker | Worker | Worker

Ingestion

Inhalation

External

OB [xposure | Resident | Outdoor | Indoor | Comp. | Con. Farmer | Recreator
Route Worker | Worker | Worker | Worker

Produce

]

Poultry*
Eggs
Beef
Wilk*
Goat
Sheep

Conceptual Site Model of Quantified Exposure Pathways for radionuclide PRGs.

Blacklines are direct exposure routes. Swine

Black dashed lines are direct and indirect exposure routes
Red lines are indirect exposure routes Fish

Gamel/Fowl

Game/
Animal

* Poultry options are chicken, turkey, goose or duck. Milk options are cow, goat, and sheep.

As a final check, the CSM should answer the following questions:

o Are there potential ecological concerns?
e |s there potential for land use other than those covered by the DCC levels (i.e., resident and worker)?
o Are there other likely human exposure pathways that were not considered in development of the DCC levels?

o Are there unusual site conditions (e.g., large areas of contamination, high fugitive dust levels, potential for
indoor air contamination)?

e Are all current and potential future land uses presented?
e What media may become contaminated in the future?
e Is the selected DCC output option appropriate for the equilibrium of the site contaminants?

The DCCs may need to be adjusted to reflect the answers to these questions.

3.2 Background Radiation

Natural background radiation should be considered prior to applying DCCs as cleanup levels. Background and site-
related levels of radiation will be addressed as they are for other contaminants at CERCLA sites; for further
information, see EPA's guidance "Role of Background in the CERCLA Cleanup Program", April 2002 (OSWER 9285.6-
07P). Note that certain ARARs specifically address how to factor background into cleanup levels. For example, some
radiation ARAR levels are established as increments above background concentrations. In these circumstances,
background should be addressed in the manner prescribed by the ARAR.

3.3 Potential Problems and Limitations

As with any dose-based tool, the potential exists for misapplication. In most cases, this results from not understanding
the intended use of the DCCs. In order to prevent misuse of the DCCs, the following should be avoided:

Applying DCC levels to a site without adequately developing a conceptual site model that identifies relevant
exposure pathways and exposure scenarios.

Use of DCC levels as cleanup levels without the consideration of other relevant criteria such as ARARs.

Use of DCC levels as cleanup levels without verifying numbers with a health physicist/risk assessor.

Use of outdated DCC levels tables that have been superseded by more recent publications.

Not considering the effects from the presence of multiple isotopes.

Not considering the individual model limitations as described in section 4 (e.g., inhalation of tap water only
considers C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-lived progeny).

4. Land Use Descriptions, Equations, and Technical Documentation

The DCCs consider human exposure from contact with contaminated soils and water. The equations and technical
discussion are aimed at developing compliance levels for dose-based ARARs. The following text presents the land use
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equations and their exposure routes. Table 1 (at the end of the User's Guide) presents the definitions of the variables
and their default values. The default values and exposure models are consistent with the Regional Screening Levels
for Chemical Contaminants at Superfund Sites (RSL) calculator when the same pathways are addressed (e.qg.,
ingestion and inhalation) and are analogous when pathways are similar (e.g., dermal and external exposure). This
calculator and the RSL both follow the recommendations in the OSWER Directive concerning use of exposure
parameters from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy
evaluation or selection at a CERCLA site should be presented with supporting rationale in Administrative Records.

The DCC equations have evolved over time and are a combination of the following guidance documents:

e Risk Assessment Guidance for Superfund: Volume |, Human Health Evaluation Manual (Part B, Development
of Risk-based Preliminary Remediation Goals) (RAGS Part B).

e U.S. EPA. 2005. Human Health Risk A: ment Protocol for Hazari Wasti mbustion Faciliti
Washington, DC. OSWER No. 5305W. EPA530-R-05-006.

e U.S. EPA. 2000a. Soil Screening Guidance for Radionuclides: User's Guide. Office of Emergency and
Remedial Response and Office of Radiation and Indoor Air. Washington, DC. OSWER No. 9355.4-16A,
EPA/540-R-00-007.

e U.S. EPA. 2000b. Soil Screening Guidance for Radionuclides: Technical Background Document. Office of
Emergency and Remedial Response and Office of Radiation and Indoor Air. Washington, DC. OSWER No.
9355.4-16.

e U.S. EPA 2002. lemental Guidance for Developin il Screening Levels for rfund Sites. OSWER
9355.4-24. December 2002.

e U.S. EPA 1994b. Radiation Site Cleanup Regulations: Technical Support Documents for the Development of
Radiation Cleanup Levels for Soil - Review Draft. Office of Radiation and Indoor Air, Washington, DC. EPA 402-
R-96-011A. PDFE document. View Appendix C here.

e U.S. EPA. 1994c. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion
Eacilities Burning Hazardous Wastes. Attachment C. Office of Emergency and Remedial Response. Office of
Solid Waste. December 14.

e U.S. EPA. 1996a. Soil Screening Guidance: User's Guide. Office of Emergency and Remedial Response.
Washington, DC. OSWER No. 9355.4-23.

e U.S. EPA. 1996b. Soil Screening Guidance: Technical Background Document. Office of Emergency and
Remedial Response. Washington, DC. OSWER No. 9355.4-17A.

e U.S. EPA. 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Office
of Solid Waste, Washington, DC. EPA530-D-98-001A. A secure PDF can be downloaded here.

e NCRP 1996. Screening Models for Releases of Radionuclides to Atmosphere, Surface Water, and Ground
Vols. 1 and 2. NCRP Report No. 123. National Council on Radiation Protection and Measurements.

Note that if a route of exposure (e.g., ingesting fin fish from the pond in the farmer soil exposure scenario) is
considered to be unreasonable at a site, both currently and in the future, eliminate the route in the site-specific option
by entering zero for the ingestion rate of that route (e.g., replacing default fin fish ingestion rates in farmer soil scenario
of 156.6 and 32.8 g/day with 0.0). Also, in site-specific mode, users can choose which produce and animal products to
include in the assessment as well as select an appropriate climate zone and soil type that is reasonable for the given
region.

4.1 Resident

4.1.1 Resident Soil

This receptor spends most, if not all, of the day at home except for the hours spent at work. The activities for
this receptor involve typical household chores (cooking, cleaning, and laundering) as well as gardening. The
resident is assumed to be exposed to contaminants via the following pathways: incidental ingestion of soil,
external radiation from contaminants in soil, inhalation of fugitive dust, and consumption of home grown produce
(100% of fruit and vegetables). Adults and children exhibit different ingestion rates for soil and produce. For
example, the child resident is assumed to ingest 200 mg per day while the adult ingests 100 mg per day.
Therefore, age-adjusted intake equations were developed to account for changes in intake as the receptor
ages. In addition to the dose contribution from the media described in this section (soil, tap water, biota, etc),
building materials could be contributing to the overall risk. The BDCC can be used to calculate dose from
contamination inside buildings. The SDCC can be used to calculate dose from contamination on outside
building surfaces.

Note that the soil ingestion rates are intended to also represent ingestion of indoor dust. According to U.S. EPA
2011, “The source of the soil in these recommendations could be outdoor soil, indoor containerized soil used to
support growth of indoor plants, or a combination of both outdoor soil and containerized indoor soil. The
inhalation and subsequent swallowing of soil particles is accounted for in these recommended values, therefore,
this pathway does not need to be considered separately”. Further, according to U.S. EPA 1997, “Although the
recommendations presented below are derived from studies which were mostly conducted in the summer,
exposure during the winter months when the ground is frozen or snow covered should not be considered as
zero. Exposure during these months, although lower than in the summer months, would not be zero because
some portion of the house dust comes from outdoor soil”.
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Graphical Representation

RESIDENT SOIL

DCC Equations
The resident soil land use equation, presented here, contains the following exposure routes:

 incidental ingestion of soil
DL[mremJ
year

DCCres-smI-ing(pCMg) = mrem 43,050 my 5
DCF_ | ——| = IFS — %
ol pCi res-adj year 1000 mg

where:

[EF {—350 daysl <IRS [2—00 ng « AAF (u.za)J +
43050 ng . rescl year res-c | day res-c

res-adj( ear
! {EF [M] < RS [100 "‘9] < AAF (D.??)]
res-a year res-al day res-a

IFS

where:

ED B years) ED (20 years)
AAF 023)=| L85 — | and: AAF mrmy= | texa_ ~
res-c ED resQE years) res-a EDrES(EE years)

e inhalation of particulates emitted from soil

DL[mre m]
D (PCite) = biskal

Ccres-sml-mh
DCF mremny o ea E‘\BEm " 1 1I]I]Elg
pCi resad]| " year mE
PEF

4

where:

3
EF 350 days < ET 24 hours " 1day < IRA 10 m < AAF 023 +
rescl” year rescl T day 24 hours res-c| day res-c

IF&,
3
EF 350 days] ET 24 hours) [ Vday RA 0m |, BAF 0.77)
resa year res-a day 24 hours res-a| day res-a

BA9E S | _
re s ad) year

where:

By | (20 years)
0 s it 0 B

« external exposure to ionizing radiation

{mrem}
DCe .y (PCHE) = HES]

res-soil-ex mrem/year 350 days 1 year
DCFEXt-SV{ pCifg * Ehes year B days * AL sy ™
1.752 hours 1 day
[ETres-D { day J [24 huursj FE}‘T'S“' ( D)J *

16.416 hours Tday 7.,
[ETres-\ ( day J [24 hnurs] Fr-tulal]

e consumption of fruits and vegetables - combined soil and biota (Chapter 13 of the 2011 Exposure Factors Handbook and
the 2018 chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)
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Dcc

i 1
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where:
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Cres—prndu ce-ing
Do [mrem)
ol pCi res adj | year

where: ]
|

EF 350 days . 0 (El 23) "
g _ res-c year res—c day res-c :
res-adj

| year EF 350 days BN {077
res-a | year Rresa day AR s a

res produce (l)

and:

ED (B years) ED (20 years)
AAF  D23)= [ _TBEC T | ang AAF  (077)= | _[254
res-c E res-a

Dr95(26 years) EDrES(28 years)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended
that produce-specific transfer factors (Bv,,¢) be used when available for a site. Further, the default transfer
factors (Bv,,e) from IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer
factors (Bv,,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a
particular site are also provided. The site-specific option of the calculator can be used to focus on ingestion of
individual produce types. When "Site-specific" is selected, if the user changes the "Select Isotope Info Type" to
"User-provided", then a specific transfer factor may be changed.

o total

1

1 . 1 . 1 . 1

Dccres—sui\-tul [pCif’g) =

DCCres-smI-mg Dccres-sml-mh DCCres-smI-e)ﬁ DCCres-solI-pmduce-mg-tot

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and
younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the dose method uses an
age-adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and
exposure duration for children from 1 to 6 years old and others from 7 to 26 years old. This health-protective
approach is chosen to take into account the higher daily rates of soil ingestion in children as well as the longer
duration of exposure that is anticipated for a long-term resident. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates emitted from soil and consumption of
produce (presented above).

Definitions of the input variables are in Table 1.

CDI Equations

The resident soil land use equation, presented here, contains the following exposure routes:

e incidental ingestion of soil

ool [PE o (RS L es (B0 (8
res-soil-ing | year soil | g res-adj year 1000 mg

where:

{EF [—ESD days] = IRS (2_00 ng =AM (0 23)J +
43050 mg] _ res-cl  year res-c | day res-c

res-adj{ car
¥ [EF [350 days] = @8 [mu mg] = F (0-7?)}
fes-a year res-al  day resa
where:

ED (B years) ED (20 years)
AAF 023)= | == | and: AAF 077)= | —e=a ~
res-c ED resQB years) res-a D 95(28 years)

e inhalation of particulates emitted from soil
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) _ z
€0l og saitinh [LC'J:CSD" [p—c'] TN oML Ll IO R {muu g]
year g Il year 3 ky

where:

EOdays) , o 24 howrs)  ( 1day ) o 10 ] 023 +
5195 mB} ) tesc | ymar sl day 24 hours BEE .

IFA, .
res—adj[ ear
i - 350 days) | er 2ahours) ( 1day Y, na 20 aar 077
resal year res-al day 24 hours res-a| day resa

whers:

res-a

d: AAF e e ——
" (wz EDrESQB years)

resa

[ED (20 years)}

EDres(ZE years)

ED B years)
AMF 023= [7“95":
res-c

e external exposure to ionizing radiation

ET 1752 hours) (1 day < GSF U D) .
reso day 24 hours, ext-sv

CDIres—sm\—ext [F'_C‘J = soil [F'_C'] " EFrEs [SED dayg} [S;EYE;’ ] " CFEM—SV =
] g year ays ET 16.416 hoursy  ( 1day 3 GaF
resi day 24 hours Hotal

e consumption of fruits and vegetables - combined soil and biota (Chapter 13 of the 2011 Exposure Factors Handbook and

the 2018 chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

col RCIR R L
res-soik-produce-ing-tot | year = ressoikproduce-ing year f

where:
n = total number of produce items included

and:
col B L e e [N - I v (1)
res-produce-ing year soil 1 upy - es res-adj year res-produce

where:

pCifg-fresh plam]

_ . _ g-dry soil
R = —=— " ;R _=HhLF
upy wret [ pCif g-dry soil J

' ey produce (g—fresh plant

and:

{EF [3—50 days] “IR {_9 ] « BAF (0.23)] +
~ res-c | year res-c | day res-c

8 =

a

IF L
res—adj{ earJ
d {EF [M] <R [7] AAF [D.T?)]
res-a year res-a ¥ res-a

where:
(B years)

res-a

ED (20 years)
(077)= 75593'3 5
resQ years)

ED
AAF 0.29)=|tesc -
res-c EDresQE years)

} and: AAF
Definitions of the input variables are in Table 1.

4.1.2 Resident Soil 2-D External Exposure
This receptor spends most, if not all, of the day at home except for the hours spent at work. The activities for
this receptor involve typical household chores (cooking, cleaning, and laundering) as well as gardening.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for

this analysis.

Graphical Representation
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DCC Equations

o Direct External Exposure to contamination at infinite depth
e

DCC__ i, (CHD) = el

rrre mdyr 350 days 1 year

DCF — | =EF__|—/——= ———— | = ACF,

EXPS\"( pCifg J : VES( year J : (385 days : extsy
1.752 hours 1day

[ETFB%U[ day ] ) [211 hours] - GSFB}{T—SV 1 D)] *

16416 hours| _ [ 1day |
{ETres-\[ day J [24hnur] GSF»—tUta\}

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

DL[mremJ
DEC o sibtom POV = mrem/syr 350 Z:trs 1 year
DCFext-1cm{ nCifg J B EFres[ year ] B [355 days] xN:FF.-){M em ™

1.752 hours 1 day
{ETres-n (TJ - [m} : GSFE)(M cm UD)J *

16.416 hours 1 day
{ETres—i[ day J * {24 hnurj ><GSF’rtotal]

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

« Direct External Exposure to contamination 5 cm thick

DL[mrem
DCC L (pCifg) = e
reg-soil-scm DOF mremAr) e (350 days) [ Tyear | oo .
ext-5om | pCifg resl year 365 days ext-5ocm

1.752 hours 1 day
{ET@S'U[ day ] ® [24 hoursj * GSF&)d-Ecm (1'0)] +

16.416 hours 1 day
[ETres—i[ day J * (24 hgurJ * GSFi—tota\J

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5¢cm soil volume for external exposure.

« Direct External Exposure to contamination 15 cm thick

o Gt
Dcc (pCifg) =
res-soik15em mre miyr 3460 days 1 year
DCFexl—15cm[ pCifg ) EFres[ year Jx 365 days xACFeM—WScm B

1.752 hours 1 day
{ETres-U[ day } = {24 hnura] * GSFexMS:mU'D)J *

16.416 hours 1 day
[ETres-i[ day J * (24 hgurJ * GSFi-tmalJ
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The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.
o Direct External Exposure to surface contamination
DL[mremJ

Dccrea—sui\-gp(pCimmzj - =

oF mremiy | oo {350 daysj . { 1 year J « ACF .

8- 0R | ciferme res | year 365 days ext-gp
1.752 hours 1 day
ET - ——_| = GSF 109 +
{ res—o[ day ] ) (24 hoursJ : EXf'QP( )J

16.416 hours 1 day
(ETres-\[ day J - (24 hour} - GSFi-tnta\J

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

o Direct External Exposure to contamination at infinite depth

col o [PE) =g (POH L pp  [80days) [ lyear G uep
res-saiksv | g soil| g res | year 365 days

g [(LfEzhows] [ Tday L gee gy +
res-o day 24 hours eil-su

x
et sy
ET 16.416 hours) _ ( 1day 3| GSE
res-| day 24 hours i-total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

e 1752 hoursy (1 day - GSF o+
res-o day 24 hours ext-1cm

ool pCIj _ pCr EF 350days| , [ Tyear |, F .
res-soik1cm g soil aq res year 365 days ext-1cm 16.416 hours 1 day
ET | ——— = = GSF
res| day 24 haurs i-total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

e 1752 hours| £ 1 day J < GSF (1.0) .
res-o day 24 hours ext-Hem

ol Ciy _ pCi <EF 350days) , [ 1year 3, oF "
res-soikacm g soil g9 res year 365 days ext-Gem 16.41F hours 1 day
ET —— "= = GSF
resi i-total

day 24 hours

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

[ET (1 752 hnursj . [ 1 day ] =GP (i D)J N
ol pCi -c pCiY EF 350 days)  [_1 year < ACF reso day 24 hours ext-15cm
res-soil-15em | g soil| g res|” year 365 days

=
ext-15cm
ET 16.416 hours} [ _1 day « GSF
res-| day 24 hours, i-total

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

ET 1752 haursy f 1 day 3 GSF (1 D) +
res-o day 24 hours extgp

ool Ci =c pCi | . EF 350 days Tyear ., E M
res-soikgp cm2 soil sz res year 365 days ext-gp = 16416 hours 1 day
® x
res day 24 hours otal

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.1.3 Resident Air

This receptor spends most, if not all, of the day at home except for the hours spent at work. The activities for
this receptor involve typical household chores (cooking, cleaning, and laundering) as well as gardening. The
resident is assumed to be exposed to contaminants via the following pathways: inhalation of ambient air and
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external radiation from contaminants in ambient air. To take into account the different inhalation rates for
children and adults, age-adjusted intake equations were developed to account for changes in intake as the
receptor ages.

Graphical Representation

DCC Equations

The resident ambient air land use equation, presented here, contains the following exposure routes:

e inhalation

oL [mrem]
D l:pCu’ma) = year

CC seairinh B 5
DCF [Mrem) s |BAS M
i pCi re s ad) year

5
EF 350 days <ET 24 hours . 1 day < IRA 10 m x AAF (EI.QE)) "
res-c year resc day 24 hours res-c | day resc

3
EF 350 days <ET 24 hours . 1 day < IRA 20m « AAF (D.T?)
res-a | year res-a day 24 hours res-a | day res-a

where:

3
A _[5,195m }=
re & adj year

where:

ED 6 vears)
nd: AAF 077 = ]

ED (20 years)
ALF 0.23)= [ MG [
res-c

EDrES(ZE years) res-a EDrES(QB years)
o external exposure to ionizing radiation
oL {mrem}
DCC s air-sub (pcum3) = ; — ; ek o -
Do mremiyear | e ays) year 1 er ours) LA e (10)
sub pCu’mB resl year 365 days res day 24 hours a
o total
3 = 1
DCCres—alr—tDt (plem ) 1 . 1
DCC Dcc
res-air-inh res-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The resident ambient air land use equation, presented here, contains the following exposure routes:

e inhalation
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g
col o[BG} o (RO s [BA%EMT
res-air-inh year air m3 resadj year

where

5
EF 350 days < ET 24 hours . 1 day - IRA 10 - AAF (023) +
res-c year res-c day 24hours res-c | day res-c

3
EF 350 days ] ET 24 hours (1 day < IRA 20m |, AAF (D ?'7)
res-a | year res-a day 24 hours res-a | day res-a

ED (B years) ED (20 years)
—EEE | and AAF_ (077)= | 18SE__—
EDrES(ZB years) res-a EDrES(ZB years)

3
a B 195 m }z

res-adj [ year

where

AAFres-c 0.23)=

e external exposure to ionizing radiation

o8] peCi = pei < EF 350 daysy (1 year < ET 24 hours (1 day « SR (1D)
res-air-sub it air| 3 res year 365 days res day 24 hours a

Definitions of the input variables are in Table 1.

4.1.4 Resident Tap Water

This receptor is exposed to radionuclides in water that are delivered into a residence. The source of the
contamination, such as groundwater vs. surface water, is not relevant to the calculations. Ingestion of drinking
water is an appropriate pathway for all radionuclides. Activities such as showering, laundering, and dish
washing also contribute to the inhalation exposure route. The inhalation exposure route is only calculated for C-
14, H-3, Rn-219, Rn-220, Rn-222, and the radon short-lived progeny which remain airborne for a time. If a user
selects an isotope that decays into one of the three radons (i.e., Ac-227, Pu-240, U-238, etc.), the inhalation
route will be calculated for the radon and its short-lived progeny. The resident default air exchange rate is set at
0.18 per hour. When the calculator is operated in site-specific mode, the user can adjust the air exchange rate,
which alters the levels of radon progeny in the air available for inhalation. Section 4.10.8 presents the details of
the radon progeny included in the tap water inhalation route. External exposure to immersion in tap water and
exposure to produce irrigated with contaminated tap water are also considered.

Graphical Representation

RESIDENT TAPWATER

DCC Equations

The tap water land use equation, presented here, contains the following exposure routes:

e ingestion of tap water
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(mremj
Dccres—water-m (pCiIL) = —
&) poF (MM ey ) 737 L
oL pCi resadj| yaar

where:
350 days 07gL
EFrES_C = 7|« IRW[ES_C ———| = »flAFnaS_C {0.23)] +
737 LJ _ year day

EF B0 days| | rw 2500 . paF (0.77)
res-a year res-a | day res-a

[EDres-c (B years)

IFwY {_
res-adj | year

where:

AAF D)= | ———
TES-C(D ) EDrES(26 years)

res-a

ED (20 years)
] and: BAF (077 = { 1858 ]

EDresQE years)

e inhalation (The inhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-

lived progeny. Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing)).
oL [mrem}
} ear
pCill) = i

3
DCE. mrem  IFA 5,195 m S K 05L
Lpci res-ad] year it

[sloles

res-water-inh (

where:

EF [350 days] <ET [24 hours] ; ( 1 day J (B
5195 mE] res-c year resc day 24 hours resc| day

lFAres-ad'[
I year EF 350 days <ET 24 hours . 1 day < IRA
reg-a year res-a day 24 hours res-a| day

=]
3
(a5}
—_—
x
*
T
@
&
—
+

8]
o
3
(1)
—
®
P
=
~y
-1
=

where:

ED B years) ED 20 years)
AAF (023)= | =85E | and: AAF  ([077)= | fesE
res-c EDrES(QB years) res-a EDrESQB years)

e immersion

{mrem}
DCe (pCit) = year

-
re-waterimm — mrem{/year R [ 1 year J < DFA 235 hours
mrm pCilL 8760 hours res-at) year

where:

EFres,c 350 days "E\’res,c 1 event <ET o 0.54 hours < AAF .23 +
295 hours} B year day event-resc event resc

res—acu[ ear
¥ o [(0days) g, [Levent), o 071 hours) o pap (077
res-a year res-a | day event-res-a event res-a

EDres_c(E years) EDreS_a(QD years)
ED,__(26 years) and: AR 0771 = ED__ (2 years)

DFA

where:

AAFres—c 0.23)=

e consumption of fruits and vegetables - combined water and biota. (Chapter 13 of the 2011 Exposure Factors Handbook and

the 2018 chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce

1
DCCres—water—produce-mg-tot fpcirL) = = q
z
=1 DCCwater—res—produce—ing (pC\IL),
where:
n =total number of produce items included
and:
DCC . (pCit)
nee (pCiL) = res-produce-ing
water-res produce-ing 1 ky L L L
— | = |lrr — | e — | +lrr —
1000 g up kg res | kg dep kg
where:

|t | % F = mLF x 1—enp[—[)\3] xt (daysj]
. [L]_ m2—day produce day b .
res |l ka| '
d P[k—g] ® A_B
e day

L E
Ir % F =B % |1-2xp [_B] %t [days)]
o (L) [mQ.day] ! [ [ day) ® .
rup

kg

and:

L A
) J ] lr[mz-day] KF 1o xTx {1—9»«;3 [[%] Kt (days)]:|

Wdep [E
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where:

[mrem]
DCe {aCifg) = ear

res-produce-ing mrarm
DCFD{ RO ] *WFree. adj{year

where: ]
|

res produce (l)

EF FD R 5 g (03| +
res-c year res—c day res-c
lFres—adj[ egar] -
¥ EF 350 days BN {077
res-a year res day res-a

and:

ED ears
AAF @23)=[EDresc(Ey )

ED (20 years)
—tBSE | and: AAF  (077)= | —lB5@
resc resQB years) resa

EDres(28 years)

o total

pce pCiL)=

re s-water-tot ( 1 1 1 1

+ + +

Dco occ Dcc DCC
res-water-ing res-water-inh res-water-imm re swater-produce-ing-tot

Definitions of the input variables are in Table 1.

CDI Equations

The tap water land use equation, presented here, contains the following exposure routes:

e ingestion of tap water

col (B ¢ ECN P =L
res-water-ing | year water | L res-adj | year

where
EF [3—50 da"s} = IRW {D'?B LJ xAAF  (023)] +
- 737 LJ _ res-c year resc| da res-c

i
re & adj {
year EF 350 days) =, 251 , AAF [0.77)
res-a | year res-a | day res-a

where

0= {EDres o B years)

I’ES—C res-a

ED (26 years)

J and: AAF
res

ED (20 years)
077= res-a
EDres(QB years)

e inhalation (The inhalation exposure route is only calculated for C-14 and H-3 as well as Rn-222, Rn-220, and Rn-219, including their short-

lived progeny. Also, volatilization in the equation comes from household uses of water (e.g., showering, laundering, dish washing)).

g 3
RCi Y _ nCi 6195 m nsL
CD‘res-water-inh (yga[J Cwater [T * ‘FAres-adj year Al =3

g
EF 350 days < ET 24 hours . 1 day < IRA 10 * AR 023 | +
res-c year res-c day 24 hours res-c | day res [

3
350 days 24 hours 1 day 20 m
[EFres-a[ Jear ] ’ ETrES'a{ day ] i [2‘1 hDUfsJ . lRArES'a[ day ] ) A‘N:Has—a(u'??)J

where

3
A B9 m ]=

res—adj[ year

where

ED (B years) (20 years)

ED
- res-c . = res-a
023 = [7] and: AAF__(0.77) [7]

fE‘S c EDrES(QB years) EDres(QB years)

e immersion

pCiy _ pCi 1 year 235 hours
C0h s waterimm [T} = Coater [T] - (B?ED hours) DFAres—adJ year

where

EF 350 days « EV 1 event < ET 0.54 hours « AAF (0.23)
236 huurs} B resc | year res-c | day eyent-res-c event resc

I’ES—EEU[ mar
¥ EF 350 days Ev Tevent) | ET 0.71 haursy BAF 0.77)
res-a year res-a | day eventres-a event res-a

where
ED (6 years)

(U 23) = { res-c res- 3(20 yearsj]

—T85C ~ | ang AAF (0FF)= |—lEEE
fES c EDres(QB years)] res-a { EDrES(QB years)

e consumption of fruits and vegetables - combined water and biota (Chapter 13 of the 2011 Exposure Factors Handbook and
the 2018 chapter 9 update of the Exposure Factors Handbook were used to derive the intakes for home-grown produce.)
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col L)
- res-water-produce-ing | year i

=

pCi -
CD‘res—water—produce—ing—lot [yearj

where:
n =total number of produce items included

and:

=
g
o
—
=
]

]
pCi ¢ } : ‘F“?S'adJ[year] - CFres-produce o =
res—water—produce—ing[YgarJ_ Tk 7, " L o L o L
1000 g p Lkg resl kg dep kg
where:
|t | = Femr < |1-exp-[ 8] <t (days)
e [L]: me-day produce Tay) b
e (%3] (22
me day
L kS
Ol LR [ S (o PO
) [mz—uay] - [ [ ) ' _
rup L kg p[k_g] . [A_BJ
i) day

L A
Ir =Fx| =xTx |1-8xp|- _E] =1 [days)
Ire [L]— [mQ-day] ' { [[day b
dep lky ) B
Piky ¥ [LGJ « | e
v m2 day

S ELEL CA T A eaar  (023)] +
tesc year res-c | day res-c

IF -8 |=
res—adj[ gar]
g [EF {MJ =R {LJ « AAF (9_77)]
resa year res-a | day res-a

CDI

and:

where:

res-a

EDreS(ZB years)

EDres—c(B years) ED (20 years)
AAF 23 = | d: AAF = | ==
re'a-c(Ij ) EDresQB years) an re'a-a(Ij )

Definitions of the input variables are in Table 1.

4.2 Composite Worker

4.2.1 Composite Worker Soil

This long-term receptor is a full time employee working on-site who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils. The composite worker is expected to have an elevated soil ingestion
rate (100 mg per day) and is assumed to be exposed to contaminants via the following pathways: incidental
ingestion of soil, external radiation from contaminants in soil, and inhalation of fugitive dust . The composite
worker combines the most protective exposure assumptions of the outdoor and indoor workers. The only
difference between the outdoor worker and the composite worker is that the composite worker uses the more
protective exposure frequency of 250 days/year from the indoor worker scenario.

This land use is for developing industrial default screening levels that are presented in the Download Area.

Graphical Representation
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DCC Equations
The composite worker soil land use equations, presented here, contain the following exposure routes:

DL(mremJ
year

oo [mem) o ep 250 days - RS 100 mg) g
Ua[ pe Wl year Wl day 1000 my

 incidental ingestion of soil

DCCw—soi\—ing(prg) =

« inhalation of particulates emitted from soil
oL {mrem}
nec year

W'Sni"inh(pcwg) ) mrem 250 days 8 hours 1 day 60 3 1 1000 g
DCF. * EF = ET ® = IRA, £3 =
1L pCi W year Wl day 24 hours W day m3 ky

« external exposure to ionizing radiation

pL [rorem

year
DCF rnrernfyaar EF 250 days 1 year ET 8 hours 1 day GSF 1.0} % ACF
EXI'SV[ pCifg "y year * 365 days Sl day * \ZF howrs) EH'SV( )= ext-sv

DCCW- soil-ext (pCig) =

o total

1

1 . 1 . 1

DCcC

w-soil-tot (pleg) =

D CCW- snil-ing DCCw-sml-inh DCCW-sniI-e xt

Definitions of the input variables are in Table 1.

CDI Equations
The composite worker soil land use equations, presented here, contain the following exposure routes:

 incidental ingestion of soil

col, o (BED o (O} g (250 days) pg (100G g
w-sail-ing | year soill g Wl year wl  day 1000 mg

e inhalation of particulates emitted from soil

. 3
ool N pCi -c [ EF 250 days < ET Shours} [ Tday - IRA BOm | 1 L (1000 g
w-soik-inh | year saill g wl  year wl day 24 hours w | day 3 kg

« external exposure to ionizing radiation

pCiy _ pCi 250 days 1 year S hours 1 day
CD‘W-SD”-EX{[TJ - Csml[? * EFW year * | 3e8 days = ETW day |5 hours) © GSFext-sv (1.0) = ACFext-sv
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Definitions of the input variables are in Table 1.

4.2.2 Composite Worker Soil 2-D External Exposure

This long-term receptor is a full time employee working on-site and who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for
this analysis.

Graphical Representation

ER SOIL 2-D EXTERNAL EXPOSURE

DCC Equations
o Direct External Exposure to contamination at infinite depth

oL [mrem]
DCC (nCirg) = year

w-s0il-sv mrem/year 260 days 1 year 8 hours 1 day
DCF EF, ET, GSF 1.0) = ACF
EXT*SV[ pC¥y * W[ year J * 365 days ™ day * [211 hours) ) E}ﬁ'a‘f( J : ext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

« Direct External Exposure to contamination 1 cm thick

pu [mrem
year
DoF mrem!year] <EF,, [250 day’sj B { 1 year ] <ET, [8 hours] B [ 1 day ] « GSF

DceC
a1 Dm{ pCify year 365 days day 24 hours

(pCifg) =

w-soik o

(1.0) x ACF

ext-1cm ext-1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

« Direct External Exposure to contamination 5 cm thick

[mrem}
DCe (nCifg) = pEdl

w-s0ikSom mrem/year 250 days 1 year 8 hours 1 day
DCF EF. ET ——| = G5F 1.0) = ACF
E’d-56m[ pCifg " [ year J = days "l day - [24 huurs] - ext—5cm( )= ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5¢cm soil volume for external exposure.

o Direct External Exposure to contamination 15 cm thick

DL [mremJ
pce (pCirg) = year

w-soil-15cm mrem/year 250 days 1 year B hours 1 day
DCFext—15cm[ pCify = EFW[ year J 4 365 days 4 ETW day 4 (24 hnurs] " GSFext—Ws:m (1 D) * ACFexHS:m

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.
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e Direct External Exposure to surface contamination

[mrem}
Dce (pCifem?) = year

wi- 50
ap DCF mremsyear < EF 250 days M 1 year <ET 8 hours . 1 day < GSF (1 D) « ACF
extop | pcifem? wl year 365 days wl day 24 hours ext-gp ext-gp

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

e Direct External Exposure to contamination at infinite depth

nCiy _ pCi 250 days 1 year 8 hours 1 day
CD‘W—soil—s;\f[ 0 J CSDH{T * vear S days *ETy day * = hours) © GBF ytev f1o) = ACF sy

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

pCiY _ pCi 250 days 1 year S hours 1 day
CD‘W—soiHcm[ 0 J Cenil {T “ By year "3 days * BTy day * |27 hours * G2t tem {1.0) = ACF it 1 em

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

pCiY _ pCiy | 250 days) , [ 1year § Bhaurs) _ { 1day 3 _ .
CON,, oilem [TJ S Coa [T B year 365 days I day 34 hours S msem ) A Bem

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

pCciy _ pCiy L 280 days) [ 1 year ) | Shours| [ Tday .
CI:”W-sclil-15cm [?] - Csclil {T EFW year 365 days ETW day 24 hours GSFEXM fcm (10 AC’:ta>{t-15:m

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

pCi | _ pei . 250 days . 1 year . 8 hours . 1 day . .
CD‘w—soiI—gp[cm2J Csml[cmZ] EFW{ year 365 days ETW day 24 hours GSFem—ngD) ACFexl—gp

The resulting units for this recommended DCC are in pCi/cm?. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.2.3 Composite Worker Air

This long-term receptor is a full time employee working on-site who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils. The composite worker is assumed to be exposed to contaminants via
the following pathways: inhalation of ambient air and external radiation from contaminants in ambient air. The
composite worker combines the most protective exposure assumptions of the outdoor and indoor workers. The
only difference between the outdoor worker and the composite worker is that the composite worker uses the
more protective exposure frequency of 250 days/year from the indoor worker scenario.

Graphical Representation
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OMPOSITE WORKER AIR

)

DCC Equations
The composite worker ambient air land use equations, presented here, contain the following exposure routes:

e inhalation

DL[mrem]
year

3
mrem 250 days S hours 1 day 60 m
DCF\{ pCi J - EFW[ year J - ETW[ day ] - [211 hnursj - lRAW[ day ]

DCe pCim? ) =

w-air-inh I:

e external exposure to ionizing radiation

DL{mrem}
3y _ year
DT, sir-sub l:pCu’m ) B

mrermdyear 250 days 1 year S hours 1 day
DCF, EF ET GSF_[10
sub [ pCu’mB ] " ( year J ) (385 days “Elw day * \2ahous) * a (1)

o total

1

1 . 1

3 =
DCCW-air—tUt (plem ] -

Dce DCC
wi-air-inh w-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The composite worker ambient air land use equation, presented here, contains the following exposure routes:

e inhalation

3
pCi _ pCi . 250 days . & hours . 1 day . B0 v
CD‘W-a\f-mh {year] Ca\f [T] EFW [ year ETW day 24 hours IRAW day

m

e external exposure to ionizing radiation

pCil _ pCi 250 days 1 year 8 hours 1 day
CDI —|=C_. |—=|=EF = = ET ® = GSF_ (10
w-air-sub [mS} air [ 3] w ( year 365 days wl day 24 hours a (t0)

g

Definitions of the input variables are in Table 1.

4.3 Outdoor Worker

4.3.1 Outdoor Worker Soil
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This long-term receptor is a full time employee working on-site who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils. The outdoor worker is expected to have an elevated soil ingestion
rate (100 mg per day) and is assumed to be exposed to contaminants via the following pathways: incidental
ingestion of soil, external radiation from contaminants in soil, and inhalation of fugitive dust. The outdoor worker
receives more exposure than the indoor worker under commercial/industrial conditions.

The outdoor worker soil land use is not provided in the DCC Download Area, but DCCs can be created by using
the Calculator to modify the exposure parameters for the composite worker to match the equations that follow.

Graphical Representation
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DCC Equations
The outdoor worker soil land use equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

[mrem]
Dee (pCifg) = year

ow-saiking oCE mrem < EF 225 days < IRS 100 my " q
oal pCi o year ow | day 1000 mg

e inhalation of particulates emitted from soil

[mremJ
Dee (pCifg) = year

aw-s0ikinh R E]
DCF tigk ] EF 225 days ] | ET Bhours] [ Tday 7§, IRA BOm | 1 L (1000 g
1 pCi oW | year ol day 24 hours ow | day m kg
FEF

e external exposure to ionizing radiation

DL[mrem]
Dccow-sm\-ext(pmfg): mrerm/year 225 days 1 year o 8 hours 1 day
DCFEXl-SV[ pCify ] ) EFUW[ year ] * [355 dast * ETDW[ day ] * [211 hours] * C8F e (1.0) A oty
o total
fa — 1
DCCUW-SU\I-IU{ (ple’g) - 1 . 1 . 1
Dce Dcc Dcc
ow-soiking ow-gaikinh ov-Soil-e

Definitions of the input variables are in Table 1.

CDI Equations

The outdoor worker soil land use equations, presented here, contain the following exposure routes:

 incidental ingestion of soil

DI pCi -c p_C| < EF 225 days < IRS 100 my " q
- soil-ing year s0il g Wi year O day 1000 my
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« inhalation of particulates emitted from soil/li>

d 3
ool ] pCi -c . pCi « EF 225 days <ET 8 hoursy , [_1day < IRA BOm~ |, 1 . [1000 g
ow-g0ikinh | year soill g ow | year o | day 24 hours | day i kg

« external exposure to ionizing radiation

pCi) _ pi . 225 days . 1 year N 8 hours . 1 day . .
CD‘UW-SU”-EXI[ 1 J B Csuil {?] EFUW [ year 3B5 days ETUW day 24 hours GSFEX{-SV (1.0 ACFext-sv

Definitions of the input variables are in Table 1.

4.3.2 Outdoor Worker Soil 2-D External Exposure

This long-term receptor is a full time employee working on-site who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for
this analysis.

Graphical Representation

' SOIL 2-D EXTERNAL EXPOSURE

DCC Equations
o Direct External Exposure to contamination at infinite depth

DL[mr’emJ
Do (pCifg) = year

- sil-sw mrem/year 225 days 1 year B hours 1 day
DCF EF ET — | = GSF 1.0) = ACF
extsv ( pCify * o { year ] * 3b5 days = ow day i [24 hnurs} : ext-sv ( ) : ext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

DL [ml’em}
Do {pCify) = year

ow-s0il-1cm mrarnfyear 226 days 1 year 8 hours 1 day
DCFEKHCm[ pCifa " EFﬂW[ year ] * |35 days *ETow day " [24 huurs] " Bt em (1.0) = Aot 1om

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

« Direct External Exposure to contamination 5 cm thick

(mrem]
Dee (pCifg) = year

ow-sailhem mremfyear 225 days 1 year B haurs 1 day
DCF = EF x = ET = = GSF 10) = ACF
ext-Scm [ pCifa aw ( year ] 365 days ow | day (24 hnurs) ext-bem (10) ext-Gem
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The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5¢cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

[mrem]
Dee (pCitg) = yoar

ow-soil-15cm rrem/year 226 day 1 year g hours 1 day
DCFexHEcm[ pCifg " Ean[ year ] " 365 days " Ean day " (24 hnurs] * GSFexHE:mU U) xACFQ;{M:Sn:m

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

oL [mrem]
(plecmzj = year

mrem/year 225 days 1 year 8 hours 1 day
CF e EF ET GSF 1.0) = ACF
ext—gp[ pc“th ] * Uw[ year J * [355 days “Elow day * 24 hours * exl—gp( ) * ext-gp

pcc

ow-saikgp

The resulting units for this recommended DCC are in pCi/lcm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations
o Direct External Exposure to contamination at infinite depth

pCiY _ R 225 days) [ Tyear || S hours) _f tday |, .
CD‘UW-SU”-EN {?] - Csclil [?] EFUW[ year 365 days ETUW day 24 houts GSFext-sv (1 'D) ACFEX{-EN

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

e Direct External Exposure to contamination 1 cm thick

pCiy _ Py, 225 days) | [ Tyear || Shours| [ Tday |, .
CI:”clw-s.clil-hm {T] - Csui\ [T] EFUW [ year 368 days ETUW day 24 hours GSFechm (1 'D) ACFEH1-1CIT\

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

pCiy - pCi 2245 days 1 year 8 hours 1 day
CD‘ow-sml-Scm (T] Csm\ [T] * EFDW[ year * 1388 days * ETDW day “\Zahours) © GSFext—Ecm (1.0) = ACFext-Ecm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

pCi - pCi 225 days 1 year 8 hours 1 day
CD‘nw-sniHScm (?J Csni\(?} = EFDW[ year " |38 days " ETDW day " | T hours) " GSFexl-Ecm {1-0) xACFexMEcm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

CDI . D =c . i < EF 225 days) {1 year < ET Bhoursy , (_1day « GSF (1.0)=ACF
ove-soikgp cm2 soil cm2 oW year 365 days ow | day 24 hours ext-gp ext-gp

The resulting units for this recommended DCC are in pCi/lcm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.3.3 Outdoor Worker Air

This long-term receptor is a full time employee working on-site who spends most of the workday conducting
maintenance activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping) typically
involve on-site exposures to surface soils. The outdoor worker is assumed to be exposed to contaminants via
the following pathways: inhalation of ambient air and external radiation from contaminants in ambient air.

Graphical Representation
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UTDOOR WORKER AIR
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DCC Equations
The outdoor worker ambient air land use equation, presented here, contains the following exposure routes:

e inhalation

[mrem]
DCe (pcim?) = year

ow-air-inh 3
oeF [Mem) | = 225 days <ET 8 hours . 1 day < IRA B0 m
1L pCi o year ow | day 24 hours ow | day

e external exposure to ionizing radiation

oL {mrem}
pCin ) = Jear

mremdyear 250 days 1 year 8 hours 1 day
DCF EF ET GSF_(1.0
SUh[ pCiim’ } " ow [ year J : (355 day) owl day | (Fhous) e o)

Dcc

Dw-air—suh[:

o total

1

1 . 1

3=
Dccuw-air-tul (plem J -

Dcc pocc
owe-air-inh ow-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The outdoor worker ambient air land use equation, presented here, contains the following exposure routes:

e inhalation

el (S o [PC) g (2B days) o (Bhours) [ Tday |, o 60 m°>
ww-aitinh | year airl 3 0w year ow | day 24 haurs oW | day

e external exposure to ionizing radiation

Dl . pCi =C pCi < EF 250 days) , 1 year < ET Bhours) [ 1day x GSF_(1.0)
owi- 3it-su b nd air | 3 o year 365 day ow | day 24 hours a

Definitions of the input variables are in Table 1.

4.4 Indoor Worker

4.4.1 Indoor Worker Soil
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This receptor spends most, if not all, of the workday indoors. Thus, an indoor worker has no direct contact with
outdoor soils. This worker may, however, be exposed to contaminants through ingestion of contaminated soils
that have been incorporated into indoor dust, external radiation from contaminants in soil, and the inhalation of
contaminants present in indoor air. DCCs calculated for this receptor are expected to be protective of both
workers engaged in low intensity activities, such as office work, and those engaged in more strenuous activity
(e.g., factory or warehouse workers).

The indoor worker soil land use is not provided in the DCC Download Area, but DCCs can be created by using
the Calculator to modify the exposure parameters for the composite worker to match the equations that follow.

Graphical Representation

LG AMMA SHIELDING)))))))) )

DCC Equations
The indoor worker soil land use equation, presented here, contains the following exposure routes:

e incidental ingestion of soil

[mrem}
DCe (pCifg) = year

iw-soil-ing mrem 250 days a0 my g
DCF | —— EF [/—— IRS. | ——= =t
DE( pCi J * year B Wl day ) 1000 mg

o inhalation of particulates emitted from soil

(mrem}
DCC (pCifg) = year

iw-s0il-inh 3
o [Mrem | gp 250 days | | ET. Shours) _f Tday IRA. BOm™ | | 1 L. (10009
1L pCi I year el day 24 haurs | day m kg
PEF

kg

e external exposure to ionizing radiation

oL mrem
year

DCC\W—snil-ext(pCVQII =
DCF

mremdyear 250 days 1 year 8 hours 1 day
BHPSV[ pCifg ] 8 EFiW[ year J B [365 day ¥ ETiW day * | Zahours) GSFHUIG” xACFENI'SV

o total

L 1
DCC . sailtot (peig) = T [ T

+
DCC, . DCC, . DCC, .
tw-soil-ing tw-sail-inh iw-soil-2 it

Definitions of the input variables are in Table 1.

CDI Equations
The indoor worker soil land use equation, presented here, contains the following exposure routes:

e incidental ingestion of soil

col . [PCY oo (RO, gp (20days) e (B0mg) 9
iw-s0iking | year soil | g [ year | day 1000 mg
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« inhalation of particulates emitted from soil

ool - pCi -c . pei - EF 250 days < ET. Bhours} [ 1 day - IRA. B0 m® . 1 L, (1000 g
iw-s0ikinh | year soill g el year iw | day 24 hours iw | day 3 kg

« external exposure to ionizing radiation

pCiy _ pCi 250 days 1 year 8 hours 1 day
CD‘ow-smI-ext {TJ a Csml {?J * EFIW[ year * 368 day = ET\W day = 34 hours * GSFl-totaI * ACFext—sv

Definitions of the input variables are in Table 1.

4.4.2 Indoor Worker Soil 2-D External Exposure

This receptor spends most, if not all, of the workday indoors. Thus, an indoor worker has no direct contact with
outdoor soils. A gamma shielding factor is applied for this scenario to account for shielding provided by floors
and foundation slabs.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for
this analysis.

Graphical Representation

LA LGAMMASHI ELDING)))13)3))), ULU(GAMMAGSHIELDING))))):

DCC Equations
« Direct External Exposure to contamination at infinite depth

{mrem}
nece (pCily) = year

- soil-gv rmire miyear 250 days 1 year 5 hours 1 day
DCF mremiyear | . gp ET GSF ACF
ext-sv [ pCify ) IW( year J * | %E days *E day * [24 hours] - itotal © ext-a¢

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

DL[mrem]
DCC (pCif) = sear

iw-s0il-1cm mremiyear 250 days 1 year 8 hours 1 day
DCFexM cm( nCifg * EFiw[ year J * 365 days * ETiw day * [24 hnurs] * GSFi-tmal * ACFext—1cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

DL[mrem]
DCC\W 30l 5cm(pc‘fg) - I; 250 d 1 T Gh 1d
-50il- mrem/fyear ays year aurs ay
DCFEﬂ'EEm{ nCifg J ) EFIW[ year J ) (355 days] ) ETIW[ day J ) [24 hours] * O3 otal * A et som
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The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

oL [mrem]
Do (pCifg) = year

iv-sail-15cm rmremiyear 260 days 1 year 8 hours 1 day
DCFe}dJEcm[ pCify = EFiw[ year ] * 365 days * ETiW day * [24 hgursJ = GSF\-mtaI * ACFexMEcm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

[mrem}
(pCl!cmz) = JEal

cC,
iw-sail-gp

DCF frre miye ar EF. 250 days 1 year ET 8 hours 1 day GSE ACF
EX"QP[ pCifern? ™ year S days ™ day * 3 hours) * 7 katal T extgp

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

e Direct External Exposure to contamination at infinite depth

pCiY _ pCi 250 days 1 year 8 hours 1 day
CD‘nw-sniI-sv {TJ Csnil (?J X EFiw[ year X 365 day * ET\W day * 24 hours X GSFi-mt:al X ACFext-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

pCiy _ pCi 250 days 1 year 8 hours 1day
Pl sail-1em {T] Csoi\[?} - EF\W[ war | |36 day) BT day ) " \Z2hows) © 53 ttal ™ AP 1em

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

o Direct External Exposure to contamination 5 cm thick

pCiy pi 250 days 1 year 5 hours 1day
Pl sail Gem {T] Csoi\[?} - EF\W[ war | |36 day) BT day ) " \Z2hows) ” C3F i total AP sem

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

o Direct External Exposure to contamination 15 cm thick

pCi) _ pCi . 250 days . 1 year . S hours . 1 day . .
CD‘UW-SUi\-15cm {?} - Csui\{?} EF\W[ year 365 day ETiW day 24 hours GSFi-lUlaI AC’:ext-15cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

e Direct External Exposure to surface contamination

pCi | _ pii 250 days 1 year S hours 1day
I::I:”ow—soil—gp [cm2] Cs;oil [cmz] * EF\W[ year - 365 day i ETiw day - 24 hours - GS’:i—total ><ACF&}ft—gp

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.4.3 Indoor Worker Air

This long-term receptor is a full time employee working on-site who spends most, if not all, of the workday
indoors. The indoor worker is assumed to be exposed to contaminants via the following pathways: inhalation of
ambient air and external radiation from contaminants in ambient air.

Graphical Representation
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DCC Equations
The indoor worker ambient air land use equation, presented here, contains the following exposure routes:

DL[mrem]
year

e inhalation

DCe pCifm? | =

- air-inh (

3
mrem 250 days 3 hours 1 day 60 m
DCFi[ pCi ] ) EFiW[ year ] - ETiW[ day J : (24 hnurs] ) lHAiW[ day ]

e external exposure to ionizing radiation

oL [mremJ
D [pcifm? ) = Jear

cC
iwe-air-sub
DeE mramfyear « EF. 250days)  (1year 3 T Bhoursy { 1 day J x GSF_(1.)
sub pCif’ma g year 365 day e | day 24 hours a

o total

1

1 . 1

3 =
DCC\W—a\r-tui (pCu’m J -

Dce [aleie}
iwe-air-inh wy-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations
The indoor worker ambient air land use equation, presented here, contains the following exposure routes:

e inhalation

oL .. pi —c. pCi - EF 260 days < ET Shours| _ [ 1day - IRA B0
iweair-inh | year air | 3 L year el day 24 hours | day

I

e external exposure to ionizing radiation

chl. . PC o [PC . gp (250daysy [ fyear | pop (Bhours) o f Tday ) ooF (1.9)
iw-air-sub | 3 air | .3 el year 365 day el day 24 hours a

Definitions of the input variables are in Table 1.

4.5 Construction Worker

An assessment for the construction worker scenario is described in more detail in the supplemental soil screening
guidance (SSSG:; U.S. EPA, 2002b). Examples given in the SSSG show that the time of traffic (T,) is equivalent to EF
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and time of construction (T.) is the length of project. The particulate emission factor (PEF) equations used are unique
to this scenario. See Section 4.10 for further information on subchronic PEFs. The PEFs calculated in these scenarios
may predict much higher air concentrations than the standard wind-driven PEFs. Two types of mechanical soil
disturbance are addressed: standard vehicle traffic (unpaved) and other construction activities (wind, grading, dozing,
tilling, and excavating). In general, the intake and contact rates are all greater than the outdoor worker. Exhibit 5-1 in
the supplemental soil screening guidance presents the exposure parameters.

4.5.1 Construction Worker Soil Exposure to Unpaved Road Traffic

This short-term receptor is exposed during the work day to vehicles suspending dust in the air. The activities for
this receptor (e.g., trenching, excavating) typically involve on-site exposures to surface soils. The construction
worker is expected to have an elevated soil ingestion rate (330 mg per day) and is assumed to be exposed to
contaminants via the following pathways: incidental ingestion of soil, external radiation from contaminants in
soil, and inhalation of fugitive dust. The only difference between this construction worker and the one described
in section 4.5.4 is that this construction worker uses a different PEF.

The construction worker soil land use is not provided in the Download Area, but DCCs can be created by using
the Calculator. The construction land use is described in the supplemental soil screening guidance. This land
use is limited to an exposure duration of 1 year and is thus subchronic. Other unique aspects of this scenario
are that the PEF is based on mechanical disturbance of the soil. Two types of mechanical soil disturbance are
addressed: standard vehicle traffic and other than standard vehicle traffic (e.g. wind, grading, dozing, tilling, and
excavating). In general, the intakes and contact rates are all greater than the outdoor worker. Exhibit 5-1 in the
supplemental soil screening guidance presents the exposure parameters.

Graphical Representation
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DCC Equations

The construction worker soil land use equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

DL[mrem]

DCC:W—smI-mg(pcug) = a0 k -~ 5d 330

ooF [« gF  [Ew, ZHWEEHS Ly S| g (3EMI) L8

oal pCi i oW year oW week ow | day 1000 mg
 inhalation of particulates emitted from soil
[mrem]
- year
pcc (pCifg) =
Bl por (M) gr (pw S0weeks . Sdays) oo (Bhours) [ 1 day ] < Ra | B0 3 B 1 _ (1000 g
il pci (= CW  year oW week cwl day 24 hours ow | day m3 kg
e | Ty
« external exposure to ionizing radiation
[mrem}

pce (pCifg) = S

cv-soil-gxt

CF mremfyear < EF Evy o0 weeks < DY S days .
ext-sv nCify =" oW year W week

1 year 3 hours 1 day
———| =ET = | ——— | =G5F 1.0) = ACF
[EES days] o [ day J (24 houra] ext-sv (o) exl-gv
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o total

Lo 1
cw-soil-tot pcig) = 1 T N 1

+
Dce - DCC . DCC .
cw-soil-ing cw-soil-inh cw-5oil-eat

[sloles

Definitions of the input variables are in Table 1.

CDI Equations

The construction worker soil land use equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

o (2]
D (pCiig) = t

ce .
cy-goil-in
Lt OCF mrem < EF Evy o0 weeks < DY S days RS 330 my " ]
oal pCi i oW year oW week ow | day 1000 mg

e inhalation of particulates emitted from soil

DL[mrem]
- year
BEC o soikinn PC 118 = 50 week 54 5h 1d B0 1 1000
Dof [MreM) L Br [Ew 2HWREKS gy BYS | < ET ours | [_L88Y ) x pa ALY < [ H0g
I pCi = W year o week ewl day 24 hours oW day mE) kg
EF

scltg

e external exposure to ionizing radiation

{mrem}
I year
[sle1e; : (pCifm) =
cv-s0il-g 4t
CF mremf’year EF [Ew SDweeksxDW 4 days M
ext-gv pCify G oW year oW week

Tyear |, B hours] [ Tday 7§, .
[EES days] ETCW[ day } [24 hnurs] B, s (o) A oo

Definitions of the input variables are in Table 1.

4.5.2 Construction Worker Soil Exposure to Unpaved Road Traffic 2-D External Exposure
This short-term receptor is exposed during the work day to heavy vehicles suspending dust in the air. The
activities for this receptor (e.g., trenching, excavating, wind, grading, dozing, and tilling) typically involve on-site
exposures to surface soils.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for
this analysis.

Graphical Representation
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DCC Equations

« Direct External Exposure to contamination at infinite depth
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oL {mrem}
oc (pCiry) = fear

© .
cw-soil-sv
DCF mremf’year <EF [EwW SDweeksxDW Sdays)
ext-gy pCifg Cw CW  year o week

1 year 8 hours 1 day
— | *ET_ [—— ——| = G5F 1.0) = ACF
[355 dast - CW( day J ) [24 huurs] - EH‘-SV( ) extsy

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick

DL [mrem]
oc (pCif) = JERr

c .
cw-soil-1cm
DCF mrem.!year < EF EwW SﬂweeksxDW Sdaysy
ext-1cm piif [ oW year oW week

1 year 8 hours 1 day
———| =ET ———| xG5F 1.0) =ACF
{365 days} e { day J - (24 huurs] - g1 cm( ) = ext-lcm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.

e Direct External Exposure to contamination 5 cm thick

DL [mrem]
oc (pCif) = year

c .
cw-soil-5cm
DCF mrem.!year < EF EwW SﬂweeksxDW Sdaysy
ext-5om piif [ oW year oW week

1 year 8 hours 1 day
———| =ET ———| xG5F 1.0) =ACF
{365 days} ) CW{ day J - (24 huurs] - EXT-SCM( ) = ext-5cm

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5cm soil volume for external exposure.

e Direct External Exposure to contamination 15 cm thick

DL{mremJ

Dcccw-snil-15cm(pcwg) - mremfyear yee:SrD weeks 5 days
OCF IEMVYEAr) « EF  [Ewy 2D WSS . gy B

ext-15cm pCify oW oW year o ek

1 year 8 hours 1 day
(385 dast - ETCW[ day J ) [24 huurs] * B5F e e150m (10) = ACF - 150m

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

o Direct External Exposure to surface contamination

oL [mrem]
(nGiferm?) = jear

cec :
cw-soil-gp
DCF

mremdyear <gF [Ew Sﬂweel-(sx 5 days .
ext-gp pCu’cmz oW oW year oW week

1 year 8 hours 1 day
—— | *ET | ——— ——| = G5F 10) = ACF
[355 dast - CW[ day J - [24 huurs] i} EXt—gp( )= ext-gp

The resulting units for this recommended DCC are in pCi/cm2. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

CDI Equations

e Direct External Exposure to contamination at infinite depth

o pCi « EF Ew SDweeksxDW 5 days " 1 year B
soill g oW O year oW week 365 day

8 hours 1 day
ET —_— GSF
EW{ day J - [24 hUursJ : ext-sv

cDl (p_C\} =
cu-sailsu | g

[1 El) XACFE)d-sv

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the soil volume for external exposure.
e Direct External Exposure to contamination 1 cm thick

] p_Cl < EF Ew SDWEQkaDW o days . 1 year .
pCiJ, soill g ow oW year oW e ek 365 day

o Bhours) [ Tday 7§, .
ETCW[ day} [24hnurs] GSFexl-1cm(1'D) ACFEXH:m

CDI .
cw-soil-1om | g
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The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 1cm soil volume for external exposure.
o Direct External Exposure to contamination 5 cm thick

c pCi <EF |Ew SDWEEkaDW 5 days " 1 year "
pCiJ= soill g o oW year oW week 365 day

CW'SU"'5°m( g 8 hours 1 da
¥
ET:W[ day J B [24 hgursJ * GSFext-Ecm (2} = ACFEXt—5Cm

DI

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 5¢cm soil volume for external exposure.

o Direct External Exposure to contamination 15 cm thick

pCi 90 weeks o days 1 year
C_.|—=| <EF_|EW x x x
pCiJ _ SU"[ g J :w{ oW year o week 365 day

9 Shours] [ Tday 7, .
ETEW[ day} (zdhnursj GSFexHSchD) ACF&;{I-15cm

CD‘cw—soiHScm [ P

The resulting units for this recommended DCC are in pCi/g. The units are based on mass, because the DCF
used is the 15cm soil volume for external exposure.

o Direct External Exposure to surface contamination
pCi o0 weeks o days 1 year
C_.|—=|=EF_ [BEW ———— DWW = x
pC\] _ | Tsol [CmQ] EW{ oW year oW week ] [355 day}

ow-s0il- { 2
9P | oy gr  [Bhours| f 1day }, -op {10) = ACF
cw | day 24 hours ext-gp S

DI

The resulting units for this recommended DCC are in pCi/cm?. The units are based on area, because the DCF
used is the ground plane for external exposure.

Definitions of the input variables are in Table 1.

4.5.3 Construction Worker Air

This short-term receptor is exposed during the work day to heavy vehicles suspending dust in the air. The
activities for this receptor (e.g., trenching, excavating, wind, grading, dozing, and tilling) typically involve on-site
exposures to surface soils. The construction worker is assumed to be exposed to contaminants via the following
pathways: inhalation of ambient air and external radiation from contaminants in ambient air.

Graphical Representation
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DCC Equations

The composite worker ambient air land use equation, presented here, contains the following exposure routes
without half-life decay:

e inhalation
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[mremj
I year
DCC o airinh (plem ) B

8
DCE mrem < EF Ew 50 weeks « DV 5 days < ET 8 hours . 1 day < IRA B0 m
1L pGi oW oW year oW week ow | day 24 hours o | day

e external exposure to ionizing radiation

oL [mrem]

poe o [poimd) = =
cw-air-sub e miye ar a0 weeks 5 days 1 year 8 hours 1 day
DE = | *Few [EWCW * DWWy kJ * [aaw ] ) ETEW[ d } * (24 h J * B8P, (10)
pCifm year wee ays ay Ui
o total
BE (pcim) = !
cw-air-tot 1 1

+

Dcc [ale3o
cw-air-inh cwi-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The composite worker ambient air land use equation, presented here, contains the following exposure routes
without half-life decay:

e inhalation

oDl o pCi —c. pCi EF [EwW SUWEERSXDW 4 days < ET Bhours) | { 1day - RA B0
cu-air-inh | year ar| .3 e oW year o week ow o day 24 hours ow | day

o external exposure to ionizing radiation

col P g RO L pp [y SOweSks gy, Sdays) [ T ) pp (BR0) L [TdaY ) gep g gy
cw-air-sub | 3 air| .3 o oW year o week 365 day ow | day 24 hours a

Definitions of the input variables are in Table 1.

4.5.4 Construction Worker Soil Exposure to Other Construction Activities

This short-term receptor is exposed during the work day to heavy vehicles suspending dust in the air. The
activities for this receptor (e.g., dozing, grading, tilling, dumping, and excavating) typically involve on-site
exposures to surface soils. The construction worker is expected to have an elevated soil ingestion rate (330 mg
per day) and is assumed to be exposed to contaminants via the following pathways: incidental ingestion of soil,
external radiation from contaminants in soil, and inhalation of fugitive dust. The only difference between this
construction worker and the one described in section 4.5.1 is that this construction worker uses a different PEF.

The construction worker soil land use is not provided in the Download Area, but DCCs can be created by using
the Calculator. The construction land use is described in the supplemental soil screening guidance. This land
use is limited to an exposure duration of 1 year and is thus subchronic. Other unique aspects of this scenario
are that the PEF is based on mechanical disturbance of the soil. Two types of mechanical soil disturbance are
addressed: standard vehicle traffic and other than standard vehicle traffic (e.g. wind, grading, dozing, tilling, and
excavating). In general, the intakes and contact rates are all greater than the outdoor worker. Exhibit 5-1 in the
supplemental soil screening guidance presents the exposure parameters.

Graphical Representation
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DCC Equations
The construction worker soil land use equations, presented here, contain the following exposure routes:

« incidental ingestion of soil

oL (mrem}
Dee ) (pCifg) = piedl]
cw-soik-ing-sa ooE (MM L er (Ew S0weeks _ DWW Sdays) | RS 330 ma) | g
oal pCi cw oW year oW week ow |l day 1000 myg
e inhalation of particulates emitted from soil
oL [mrem]
Dcccw—snl\r\nhrsa(pcug): =
DCF mem) L ee (e 50 weeks < DW 5 days <ET 8 hours " 1 day < IRA 50 m? « 1 1000 1000 g
ow W year o week oWl day 24 hours, oW | day 3 kg
PEF . T
« external exposure to ionizing radiation
DL[mrem]
DCC,  soilest-za PEVEI = - mremiyear) o (g S0weeks .. Sdays), yTay’ear L7 [Bhours) [ 1 day ] . GSF (1.0) x AcF
ext-sv pCifg oW CW  year o weak 365 days ol day 24 hours Bxt-5Y ext-5v
o total
. 1
DCC v soiltot-sa (pCifg) = T A T + 1
DCo . DCC } Dco
cw-s0iking-sa cw-soil-inh-sa cw-s0ilext-sa

Definitions of the input variables are in Table 1.

CDI Equations
The construction worker soil land use equations, presented here, contain the following exposure routes:

e incidental ingestion of soil

col_ PO (G pr (my B0weeks .. Bdavs) pg (BOme) (9
cw-s0i-ing-sa | year soil | g o o year oW week ow | day 1000 mg

e inhalation of particulates emitted from soil

3
col . pCiY c pC M EF Ew 50 weeks Dw Sdays) , ET Ghours) [ Tday 3, IRA BOm= |, 1 L, [1000g
cw-saikinh-sa | yaar soil oW year oW week ow | day 24 hours, ow | day B kg
PEF o

e external exposure to ionizing radiation

C pCi < EF Ew 50 weeks - DWW 5 days " 1 year "

_— [FCIJ _ soill g = oW year oW week 365 day
epculeial g gr [Bhours) 1 day
cw | day 24 hours,

J <GSF . (10) < ACF,
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Definitions of the input variables are in Table 1.
4.5.5 Construction Worker Soil Exposure to Other Construction Activities 2-D External
Exposure

This assessment is the same as Unpaved Roads.

4.5.6 Construction Worker Air from Exposure to Other Construction Activities

This assessment is the same as Unpaved Roads.

4.6 Recreator

4.6.1 Recreator Soil

This receptor spends time outside in recreational activities. The recreator is assumed to be exposed to
contaminants via the following pathways: incidental ingestion of soil, dermal contact with contaminants in soil,
and inhalation of volatiles and fugitive dust. There are no default DCCs for this scenario; DCCs are only site-
specific.

Graphical Representation
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DCC Equations
e incidental ingestion of soil
DL[mrem]
_ year
pce L Cifg) =
re:—sul\-lngtp € DEE mrem [
sl pCi rec-ad] year 1DDD iy
where:
EF days < IRS 200 myg
. [ng_ rec-c | year rec-c | day recc
rec-ad] | year {EF [days} — {100 mg] ]
rec-a | year rec-a rec a
where:
. _ EDrec_c(years) P _ EDrec_a(years)
rec-c ED _ [years) ’ rec-a ED _ [years)
rec rec
e inhalation of particulates emitted from soil
DL[mremJ
T year
DCC\o o apil-ink P V) = 5
DCF mrEm L Ea rm " 1 . 1000 g
oCi rec-ad) | year [mS} kg
PEF| T
kg

where:

3
EF days) | g1 hours _ [ 1 day ] . RA 0 | | anp .
[m3] rec-c | year rec-c | day 24 hours rec-c | day rec-c
Fa =
rec-adj

) 3
EF days «ET hours B 1 day « IRA 20 m « AAF
rec-a | year rec-a | day 24 hours rec-a| day rec-a
where:

ED (years) ED (years)
AAF = rec-c J— - rec-a
rec-c ED _ (years) rec-a ED __(years)

rec rec

year
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e external exposure to ionizing radiation

oL (mre mJ
year

mrerm/year days 1 year hours 1 day
DCF —_— EF — —_ ET —_— —_— GEF 1.0) = ACF
-y { pCilg J " ree {year} - {385 days “Flee day * |24 hours) e-8v {10} = et-sv

DCCre c—sni\-ext(pcmg) =

e consumption of land game - combined soil and biota

DCCrec- ame-in (pCiﬂ’g]
pec_ (pCity) = Jallea L
rec-soil-ing-game day kg kg
TF it B - Y (1) =f (1)x[ﬁ +R ] + [ -l U]
game kg p-game day p-game sgame upp Bs S-game day p-game

where:

pC\fg-drypIamJ R =u
[

0.25 g-dry soil
=] =B = SR ey
upp Vdry( pCi/ g-dry soil J

pasture ( g-dry plant

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined soil and biota

pee oo (pCidg)
pCifg) _ rec-fowl-ing

cC . {
re c-soil-ing-fowl
TE dav) ., (g L (1) =1 (1)x[n +R ] +|a LR ()
fowl | kg p-fowl | day p-fowl s-fol upp  es sfowl] day p-fowl

where:

_ pCif g-dry plant _ 0.25 g-dry soil
R =B —_ =MLF _—
upp Vdfy( pCi/ g-dry soil [} ° es pasture | g-dry plant

The transfer factor for fowl is the same transfer factor used for poultry.

o total

De Cre c-soil-tat (pC"’g) =

1 . 1 . 1 . 1 . 1

Dcc Dcc DCC occ occ
rec-sail-ing rec-sail-inh rec-soil-ext rec-soil-ing-game rec-goil-ing-fouwl

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and
younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the dose method uses an
age-adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and
exposure duration for children from 1 to 6 years old and others from 7 to 26 years old. This health-protective
approach is chosen to take into account the higher daily rates of soil ingestion in children as well as the longer
duration of exposure that is anticipated for a long-term resident. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates emitted from soil and consumption of
produce, which are presented in the above equations.

Definitions of the input variables are in Table 1.

CDI Equations

e incidental ingestion of soil

col o [PC =g [RC] kg fro oy P
rec-soiking | year soil| g rec-adj| year 1000 my

where:

{EF [_daﬂ = IRS (ZUD ng x AAF J +
Mg ] B rec-c | year rec-c | day rec-c

rec—adj{ ear |
¥ EF days < IRS 100 my = AAF
rec-al year recal day rec-a
where:

ED (years) ED (years)

= rec-c and: AAF = rec-a
ED _ (years) rec-a ED  {years)

rec rec

IFS

F
rec-c

¢ inhalation of particulates emitted from soil
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R 3
el (BC o RO s LR e T
rec-soikinh | year soill g rec-adj| year m3 kg
PEF|—
g

where:
3
EF days <ET hoursy , [ _1day < IRA 10 m < AAF .
3 rec-c | yaar rec-c | day 24 hours rec-c| day rec-c
Fa d[m_] =
rec-adj| year 5
EF days) | ET hoursy f_Tday 3 = D | AAF
rec-al year rec-al day 24 hours rec-a | day rec-a
where:
. _ EDrEC_C(years) o S _ EDrEC_a(years)
rec-c ED _ (years) ’ rec-a ED _ (years)
rec rec

o external exposure to ionizing radiation

pCiy _ pCi days 1 year hours 1 day
CD‘rec—soiI—ext [T} CSDH[TJ * EFrec [year * 65 days * ETrec day * 24 hours * GSFexl—sv (1 'D) * ACFem—sv

e consumption of land game - combined soil and biota
¢ [PEY cpr [d3vE] L per (L9 ] <cF {1y = TF day)
sail q rec | year rec | day rec-game game | kg
pCi Y _ ki
CD‘rec-suiI-garne-ing [year] - [Qp-game (m} * fp-game (1) ® fs—game (1) * [Rupp+Resj] *

(e 35 ome )
sgame | day p-game

where
A — By pC\.J' g-dry plar.ﬂ : — ML 0.25 g-dry soil
upp dry | pCi/g-dry soil es pasture | g-dry plant

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined soil and biota

e P9 wer (2] ciper_ 9 ]xcF (y=TF_ (43,
saill g rec | year rec | day rec-fowl fowl| kg
pCi | _ kg
CD‘rec-smI-waI-mg[yearj a {Qp-fnwl [day} XT-p-fnwl(‘]) xfea-fnw\ (1) " (RuperRes]J +

(Q ofow| [dLir] " T-p,fgw| (ﬂ}

where:
_ pCify-dry plant _ 0.25 g-dry soil
R =B —_ = MLF =2 SRR el
upp ~ Vdry ( pCi/g-drysoil ) ' es pasture | g-dry plant

The transfer factor for fowl is the same transfer factor used for poultry.

Definitions of the input variables are in Table 1.

4.6.2 Recreator Soil 2-D External Exposure
This receptor spends time outside in recreational activities. There are no default DCCs for this scenario; DCCs
are only site-specific.

This analysis is designed to look at external exposure from contamination of different area sizes. Areas
considered are 1 to 1,000,000 square meters. Isotope-specific area correction factors (ACF) were developed for
this analysis.

Graphical Representation
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DCC Equations
o Direct External Exposure to contamination at infinite depth

DL[mremJ
year

rrern/ye ar days 1 year hours 1 day
DCF, oy [WJ"E%C[@] - [M “Elies [y ) " \Zrhouws) * O axesr (10) AP 4y

DCCrec—smI-sv (pCi) =

o Direct External Exposure to contamination 1 cm thick

DL[mrem]
year

Dce Cifg) =
(pCi) DEF mrem#ear < EF days " 1 year <ET hours " Tday « GSF (1 D) « ACF
ext-1cm nCify rec | yaar 365 days rec | day 24 hours ext-Tem ext-1cm

rec-soil-lcm

« Direct External Exposure to contamination 5 cm thick

DL[mrem]
year

pcc Cifg) =
(pCi) DeF mremdAear < EF days " 1 yaar < ET hours " 1 day « GSF (1 D) « AGF
ext-5cm nCifg rec | year 365 days rec | day 24 hours ext-5cm ext-5cm

rec-soil-5cm

o Direct External Exposure to contamination 15 cm thick

oL [mrem}
year

Citg) =
rec-saik150m P EVY rarem d 1 h 1d
year ays year ours ay
DCFEXI'WECm[ pCifg ] * EFI’ED [year} ) (SEE dast " ETI’EC( day J ) (211 hnurs] " GSFEXT—ECm (1.0) = ACF

Dce

ext-15cm

« Direct External Exposure to surface contamination

DL(I’T\fEm]
DeCC (pCilg) = year

rec-soil-gp mrem/year days 1 year hours 1 day
DCF ————| =EF ————| = ET G5F 1.0) = ACF
EXT'QP[ pCify ] " rec [year} : [EEE dast i VEC[ day J : (24 hnursJ i Eﬂ-gp( ) i ext-gp

Definitions of the input variables are in Table 1.

CDI Equations

o Direct External Exposure to contamination at infinite depth

pCiy _ pCH days] [ Tyear | hours) _ ( Tday 7§, .
CD‘rEC-SU”—SV [?J - CSU\|[?] EFrec {ygar 365 days ETrec day 24 hours GSFexl-sv (1'0) ACFexl-sv

o Direct External Exposure to contamination 1 cm thick

pCiy - pCi days 1 year hours 1 day
CD‘rec-suil-1cm {T] Csuil [T] * EFrec {ygar * 365 days * ETrec day = 24 hours * GSFE){M cm (W'D) * ACFext-1 cm

« Direct External Exposure to contamination 5 cm thick

pCiy - pCi days 1 year hours 1 day
CD‘rec—s;oil—Scm [T] C:3Dil {T] * EFrec [ygar * 365 days * ETrec day = 24 hours * GSFEM—Scm (W'D) xACFext—Ecm
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o Direct External Exposure to contamination 15 cm thick

pCiy _ pCi days 1 year hours 1 day
CD‘rec-smHEcm [?] Csoll (T] = EFrec[year * 36E days * ETrec day * 24 hours * GSFexHScm (1 U) xN:Fext-15|:m

o Direct External Exposure to surface contamination

pCiy _ pCi days 1 year hours 1day
CImrzan:-soll-g;:u [T] _Csm\ [?J = EFrec [ﬁ = m = ETre: W * 24 hours. = GSFext-gp (1 'D) = ACFext-gp

Definitions of the input variables are in Table 1.

4.6.3 Recreator Air
This receptor spends time outside in recreational activities. There are no default DCCs for this scenario; only
site-specific.

Graphical Representation

.
SUl \MER ‘ION% ‘n;’ INHALATION ‘

INHALATION INHATATION

SUBMERSION

SUEMERSION'

DCC Equations

The recreator ambient air land use equation, presented here, contains the following exposure routes without
half-life decay:

o inhalation (without half-life decay)

DL[mremJ
yaar

DCC pCim?) =

rec—air—inh(

IFA, [7 =
rec-adj| year

where:

ED (years)
AAF I 1L — YT
rec-c ED _ (years)
rec

3
L)
DCF‘( pCi J B (121) = ‘FArEC'adJ[x'ear]

EF . [_daYSJ = ET

) J B year
[EF {—da“] x ET

rec-a | year

5]
hoursy (_Tday g, IRA LS Y
rec-c | day 24 hours rec-c| da

F J +

rec-c
hours 1 day r

rec-a{ day J = [2:1 hnursj * ‘RArec-a [Ty] * AAFrec—a]

W

. - [EDrEE_a(years)]

EDrec [years)

e external exposure to ionizing radiation (without half-life decay)

DL[mrem]
pcc . [pcimd) = Yael
[EEgiaenh rrire miye ar days 1 year hours 1 day
Db XEFrec{ ear] ) [EES da ] ) ETrEC[ d J ) [24h ] * G, [10)
pCidm ¥ ¥s ay ours
e total
A 1

DCCrec—air—tut [plem ) 1 - 1

DCC - .

rec-air-inh rec-air-sub
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In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The recreator ambient air land use equation, presented here, contains the following exposure routes without
half-life decay:

e inhalation (without half-life decay)

3
cD| L e Lo T o
rec-air-inh | year air m3 rec-ad] | year

where:
5
Er {days] <ET {hours} . ( 1 day ] < IRA Ll S
3 rec-c | year rec-c | day 24 hours rec-c | day rec-c
IFArec adj | year =
- year 3
EF days < ET hours} [ 1 day < IRA L aap
rec-a | year rec-a | day 24 hours rec-a | day rec-a

where:

e B EDrEC_C(years) i AAE B EDrEC_a(years)
rec-c | ED (years) an recca | ED (years)

rec rec

e external exposure to ionizing radiation (without half-life decay)

col RO — ¢ [PCV) < ep [@J . [ 1 year J <ET {hwa] . { 1 day J *GEF_(1.0)
rec-airsub | 3 air | 3 rec | year 5 days rec | day 24 hours a

Definitions of the input variables are in Table 1.

4.6.4 Recreator Consumption of Fowl and Land Game

This receptor engages in recreational hunting of waterfowl and land game. There are no default exposure
assumptions for this receptor.

Graphical Representation
UMPTION OF FOWL AND LAND GAME
8

¢ T

.'»

DCC Equations
The consumption of fowl and game equations, presented here, contains the following exposure routes:

e consumption of fowl - direct
oL [mremJ
year

Dee
Do [Mrem) . gp (33450 pGE
ol pCi rec| year

rec-fowl-ing

{pCifg) =

]
rec (Hyj = Cltrec-fo\nf\“:I
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consumption of land game - direct

DL{mrem]
year

pce .
poF [T L er (228 el |9 ) ke o)
o pC| rec year rec day rec-game

rec-game-ing (pcifg) =

Definitions of the input variables are in Table 1.

CDI Equations

The consumption of fowl and game equations, presented here, contains the following exposure routes:

e consumption of fowl - direct

col PO o (B Lpp  [333) g (8 ) .cF i
rec-fowking | year fowl| g rec | year rec | day rec-fou|

e consumption of land game - direct

cDl B (L e I oy [ G eV . I i)
rec-game-ing | year Towl 0 rec| year rec | day rec-game

Definitions of the input variables are in Table 1.

4.6.5 Recreator Surface Water

This receptor is exposed to radionuclides that are present in surface water. Ingestion of water and immersion in
water are appropriate pathways for all radionuclides. Inhalation is not considered due to mixing with outdoor air.
There are no default DCCs for this scenario; DCCs are only site-specific.

Graphical Representation

INCIDENTAL

INGESTION
—

DCC Equations

* ingestion of surface water

[mrem]
oc {pCiL) = e

©
rec-water-in
g peF (MM ey [ L
ol pCi rec-adj year

EF days < ET hours < Ev events = IR 012L « AAF .
rec-c | year eyent-rec-c | event rec-cl day tec-c | haur =13

L
| ==
rec—adj{ earJ
¥ EF days <ET hours < BV events « IRV 0110 < AAF
rec-a | year eventrec-al avent rec-a |~ day rec-al hour rec-a

where

_ [EDrec_c(years)} e _ [EDrEC_a(years)]

F = =
rec-c EDrec(years) rec-a EDrec(years)

where

e immersion
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oL [mrem]
DCe (aciL) = iedl

re c-weater-imm mremfyear [ 1 year J hours
DCF — 7 x| 2= | = DFA X
Imm{ pCifL 8760 hours rec-adi | year
where

EF days < BV event <ET hours = AA
huursj rec-c | year rec-c | day event-rec-c | ayent

Are:-adj[ year

EF days < Ev event < ET hours < AAF
rec-a | year rec-a| day event-rec-al event rec-a

where

ED (years) ED (years)
AAF = | =LEE=E " | and: AAF = | Qewa’
rec-c ED  (years) rec-a ED _ [years)
rec rec

e consumption of land game - combined water and biota .

pCiL) = DCCrEE-game-mg (pCif)

day L T ky
TF — | =Q —| =
game{ ng W-game[dayJ {WDDU g]

Dce

rec-water-ing-game (

The transfer factor for game is the same transfer factor used for beef.

e consumption of fowl - combined water and biota

pCilL) = POT ettt P

day L 1 kg
L R e e )

The transfer factor for fowl is the same transfer factor used for poultry.

Dcc

rec-water-ing-fowl (

o total

Dec (pCiil) = L

F J +
rec-c

-water-tot
rec-water-to 1 + 1 . 1 +

pcc DcC

. Dce . occ
rec-water-ing rec-water-imm rec-watering-game

Definitions of the input variables are in Table 1.

CDI Equations

e ingestion of surface water

tec-water-ing | year water | L rec-ad) | year

where

EF days < ET hours < BV events < IR
L J_ 1eC-C | year event-rec-c | event rec-c | day rec-c

Wy L
rec—adJ[ ear
i EF days < ET hours ey events < IR
rec-a | year event-rec-a | event rec-al day rec-a
where

nar _ {EDrecrc(years)J e AL _ [EDrecra(years)J
rec-c

EDrEC(years) rec-a EDrEC(years)

e immersion

pCiy _ pCi 1 year hours
0o water-imm [T} = Covater [T] ) (EPED hoursd DFArec—adj year

where

EF days =y event <ET hours * AAF "
hoursj_ 1eC-C | year rec-c | day eventrec-c | event rec-c

A {
rec-ad ear
JLy EF days) | gy Bvent)  or hours) _ aar
rec-a | year rec-al day event-rec-a | avent rec-a
where

ED (years) ED (years)
AAF - rec-c and: AAF - rec-a
rec-c ED  (years) rec-a ED  [years)
rec rec

e consumption of game - combined water and biota

o4 [p_(:'JxEF % « IRGF 9 « CF (1) =
pC\J= wiater | L rec | year rec | day rec-game

rec-water-game-in (
d 4 \Jeen TF day) L g L) tka
garne | kg w-game | day 1000 g

The transfer factor for game is the same transfer factor used for beef.

DI
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e consumption of fowl - combined water and biota

pCi days ]
PClJ _ Corater (TJ “EFec [yearj = I [m] B O gl P

rec-water-fowl-in [
g\ e TF day) o L} Mk
fawl | Ky w-fowl | day 1000 g

The transfer factor for fowl is the same transfer factor used for poultry.

DI

Definitions of the input variables are in Table 1.

4.7 Consumption of Fish

The fin fish DCC represents the concentration in the fish that can be consumed. This is unlike the farmer scenario,
where the DCC is calculated for soil levels protective of fish consumption. Instead, this DCC is for fish tissue. Further,
the ingestion rate is not age-adjusted like the farmer scenario.

Graphical Representation

-

CONSUMPTION.
OF FISH

DCC Equation

The consumption of fish equation, presented here, contains the following exposure route:

e consumption of fish

oL (mrem}
Dee (aCifg) = neEl

resfish-ing =5
pop [mrem)  gp (350 days) | oc 54000mg} (107 g, o (1)
ol pCi res year res-a day 1 mg re s-fish

Note: the consumption rate for fish is not age-adjusted for this land use. Also, the DCC is calculated for fish
tissue rather than for soil, as used by farmer land uses.

Definitions of the input variables are in Table 1.

CDI Equation

The consumption of fish equation, presented here, contains the following exposure route:

e consumption of fish

pCiY pCi 350 days 54,000 g [
CDIres-fsh-mg[ygarJ CfISh [?J * EFres[ year * IRFlres-a day * 1000 mg = CFres-flsh (1)

Note: the consumption rate for fish is not age-adjusted for this land use. Also, the DCC is calculated for fish
tissue rather than for soil, as used by the farmer land uses.

Definitions of the input variables are in Table 1.

4.8 Farmer
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4.8.1 Farmer Direct Consumption of Agricultural Products

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of
farm products for a subsistence farmer. Like the resident, the farmer assumes the receptor will be exposed via
the consumption of home grown produce (100% of fruit and vegetables are from the farm). In addition to
produce, 100% consumption of the following are also considered to be from the farm: beef,dairy, fin fish,
shellfish, swine, egg, and poultry. All feed (100%) for farm products is considered to have been grown on
contaminated portions of the site. For these farm products, dose-based DCCs are provided for the farm product
itself (vegetables, beef, dairy, etc.). Also like the resident, age-adjusted intake equations were developed for all
of the consumption equations to account for changes in intake as the receptor ages.

Graphical Representation

CONSUMPTIONIOF!
H & POULTRY &

DCC Equations

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the
Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

1
Il 1

z
EAbEe

Dcc
far-produce-ing (pCl.-"g)‘]

far-produce-ing-tot (nCifg) = [

where
n=total number of produce items included

and
DL(mremJ
e = year
DCCfar-prnduce-ing(pCU‘g)7 mrem g
DCF = |F, || =CF, m
ol pCi far-adj year far-produce
where

EF (359 daYSJ *IR (LJ < AAF(015)] +
B g J7 far-c year far-c L day far-c
¥

far—adj{ ear
J EF, 350 days) g I N A (o]
far-a year faral da fara

and

ED B years)
AR, (015)= | femet T
far-c ED, {40 years)

ED, (34 years)]
far(

nd: AAF, (0.86) = | —lar-a
far-a EDfar(4D years)

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced poultry.)

BL (mrem}
D (pCirg) = year

cc
far-poultry-
ar-poultry-ing peE [mem) e 84 773 0 < CF )
ol pci far-ad] | year far-poultry

where:

350 days 458 ¢
. o g} . {EFfar-c [—year ] =IRF. {—day J xAAF 0 15)} +

far—adJ[ ear
¥ EF{ 350 days « IRP. 1755y « AAF {085)
ar-a year fara | day far-a

ED (6 years) ED (34 years)
AAF_ (0.15)= {7@’9 and: AR, (0.85) = | —fara__—____

ED,, (40 years) far-a ED,, 40 years)
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(] COhSUmptiOh of €Jggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced eggs.)
oL (mremj
year

DCF [MEm) jpp  [302659) o 1)
ol pCi faradi | year far-egg

CCfa r-egg-ing (pCifgj =

where:
{EFf [LD daYB] - IRE, {25-1 9} xAAF, (0 15)]+
30 265 gJ _ s year ar-c ay ar-c

d
ifar-ae] [ year 350 da 57 3
S 44
[EFfar-a[ year ] * ‘REfar-a[ day J ales) far atDEE)]

IFE

where:
(6 years)

farc (40 years)

AAF, 15y | tare d: AAF ag) = | Ltarat reare)
LO18= EDfar and. AAF,, 0881 = ED,, (A0 years)

. COhSUmptiOh of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)

DL[mrem]
pCifg) = e

mrern 83,746 g
DCFD[ nCi J - IFE‘far—adj[ = J * CFarpeer 1)

Dcc

far-beef-ing (

where:

{EFf [Luda“]xmaf {5“' (015)]
sauag}: ArCL year arc | day

d
far—adj[ ear
¥ EFf 350 days| IREB 2701 « AAF 0.85)
ar-a year far-a day far-a

farc
IFB.

m
=]
[

where:

(40 years)

_ far D(E e
AAFfar_C(D.WS)— [ED
far

(34 years)
J and. ALF, oz

0.85) = [7
.l
ar-a EDfar(fiﬂ years)

. COhSUmptiOh of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)
o(37)
[]ofes {pCifg) =
far-dairy-in i
g DoF (M) wipp, (448G L op g
ol i far-adj year far-dairy
where:
EF, [350 days} < IRD {11154 gJ 015)
266 415 g] B ar-c year farc day far C

far—adj{ ear
i EFf 350 days = IRD MEEDQ {085
ar-a year far-a day far a

where:

EDfar(llD years)

ED 15 years)]
EDfar(w years)

_ far-c
AAFfar_C(D.15)— [

4 years)
_ far- 3(3 !
AAFfar_a(D.BS) = [ J

. COhSUmptiOh of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)

DL[mrem]
DCCfar—swine-in (pC\.fgj = it
g DeF [ MM Faw, 46B43 g ()
ol pCi far-adi | year far-swine

whers:

350 days) | 3224
[EFfar-c[ year ] lRSWfar—c{ day] farcm15)J

IFaw [45543 gJ _
[EFfar_a [w] = IRSW [151 ! 9‘] * AAF (U.BS)J

far-adj year

year fara | day fara
whers:
far D(E years) B T'ar R (34 years)
AAF L1 _ d: AAF 085 = | —/———————
far.c 19 | £ @0vearsy | " e = (40 years)
far far

. consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught
fin fish.)
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DL[mremJ
o year
[]ofes (pCifg) =
farfinfisting Dof (Mmoo er (432788} L op
ol pCi far-adj |~ year far-finfish

where

350 days ) | E-ARA
4B'ZTEQJ= {EFfar-c[ year ] ‘RF‘far-:{ day] AAFfarc(D'15)J+

lFFlfar—adj[ ear
i EF, 350 days| g 155991, apr (0.85)
ara year far-a day far-a
where
ED B years) (34 years)
— far-c — far a
AAF 015)= | —/—"————— d: AAF, 085)= | —/"——r——
far—:( ) [EDfar@D years) an far—a( ) EDfar(fiD years)

. COhSUmptiOh of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

(mrem}
B year
DCCfar-sheHﬂsh-mg (ple’g) B mrerm 53266 o
DCF | ——| = IFSF, - = CF, ()]
ol G far-adi | year far-shellfish
where:
350 davs 2130
EF, — " | = IRSF, 15
- [63,256 g] _ { far—:{ year J = far-:{ day ] far :m )J
far-ad] ear
i EFf 350 days = IRSF 2089y < AAF 0.85)
ar-a year far-a day fara

where:

B years) (34 years)
AAFfar-c(U 15 = { far-c far-a

_fare T ) ng AAF (085)= |—Jara T
ED;, 40 years)] far-a { ED;, (40 years)

e consumption of goat

TR
Dccfarrguat—ing (pifg) = 5F, risk < IFGO T S 1
pc| far-ad | year ® far-goat()
where:
350 days ]
g [EFfar-c{ year J * lRGOfar—c[EJ far C(D 15)}
‘FGOfar adj(year} -
- 350 days . g
[EFfar-a[iyear } RGO, [@] Far- a(Das)J
where:
ED (B vears) ED (34 years)
045 = | —Jare — 777 7 ong: AAF (D gay= | __fara” 77 7
EDg, (40 years) ED., (40 years)

e consumption of goat milk
TR

risk q
SFf{P ] ‘FGMfaf'adj{year] xC’:far—goat—milk {1}

350 days [
{EFfar-c { year J * IRGMfar-c [E} xAAFfar—c(D'WE)]+

IFGM, [_9 J:
ar-ad)| year [EF [350 days
far-a year

Dcc

far-goat-milk-ing (pCu’g) =

where:

g
} < IRGM, [dayJ AAF a(DBS)J

where:

ED,_ (40 years)

ED. 40 years) far

ED, (B years)]
a
far

4 years)
= far-c b fara(3
AAF (015) [ nd: A (85) = { ]

L] consumption of Sheep (There are no widely accepted human intakes for home-produced sheep.)
TR

Dec (pCifg) =
far-sheep-
ar-sheep-ing = [r\sk

g
f EJ = IFSHfar—adJ [year] * CFfar-sheep {
where:

EF 350 days !\RSH i = AMF 015)] +
far-c year day (8
IFSH
4

g )=
faradj (year} 350 da
S« x
{EFfar-a{ e J ‘RSHfar a[d y} MFfara(D'BS)}

where:

ED B years)
AAF(0.15) = [ far-c ] and

(34 years)
—ERET T AAF.  (0.85)= Ufares
far-c ED;, (40 years) far-a

ED r(llﬂ years)

e consumption of sheep milk
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DCceC IR

far-sheep-milk-ing (pCifg) - risk

L]
SFf[pCJ - lFSMfar—adj[year] ) CFT'elr-shee;:u-miH-< (1

EF H0days) e B | waar sy +
far-c year far-c | day far-c

‘FSMfar ad] (yegar} -
B 350 days q
[EFfar—a[ vear J X lRSMT’ar—a {ﬁ] X AN:far—a(D 85)]

where

where

ED, (6 years)

A (0.15):{ - ED (34yearsj}

] and: ASF,  (0.85)= [ far-a
far-a

far-c ED,, (40 years) ED,, (0 years)

Definitions of the input variables are in Table 1.

CDI Equations
e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the
Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

i h

pCi
CD‘far-produ ce-ing-tot [ye ar iE1 far-produce-ing [yearl

where:
n = tatal nurmber of produce iterns included

and:

pCiy pCi ]
CDIfar—produ:e-mg [year} Cproduce [?] * ‘Ffar-adj [yearj = CFfar—pmduce ()
where:

EF [M] <R [LJ X PAF,(015)] +
G [ g J far-c year farcl day far-c
far-ad) -
year EF 30 days) | g 9] oanF (0.85)
faral  year far-al day far-a

and:

far-c

AAF 18)= [ 2=
018 EDfar(dﬂ years)

ED (B years)
far-c

ED 34 years)
and: AAF,  (085)= |__fara” 77 7
far-a EDfar(m years)

e consumption of poultry. (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced poultry.)
pCi | - pci 547730
CD‘far—pouItry—ing {year} Cpoultry [?} " lFPfar—adj [ year * CFfar—pouItry (1)

where

[EFf [3—5D days] % IRP, (48 3 9] * ARF, (0.15)] +
P 54773 g} _ ar-c year ar-c | day ar-c

far-adj[ ear
¥ EFT. 350 days < IRP 1755 g - AAF (0.85)
ara year far-a day far-a

_ [EDfar-aG‘i years)}
EDfar(JID years)

where

ED B years)

- farc
AAF 18)= | —2_
farc 015 [EDfar(tiﬂ years)

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced eggs.)
ool (PG e (REN g, (302854, cf )
far-egg-ing | year eggl g far-adj year far-egg

where:

{ ; [3—50““] * IRE, {25'1 9] * A, (D.15)]+
30,265 gJ _ arcl o year ar-c | day ar-c

IFE .
fa"adl[ year 350 da 97.3
Vs -4 g
[EFfar-a [ year ] = lREfar—a [ day ] * wfar-amasj]

where:

ED 151 years)}
far- ED A0 vears
ara EDfar(m years

- far-c
AAF, (015)= [

ED (34 yearsj]
EDfar(fiD Years)

and: AAF, (D.85)=[ i

e consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)
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pei g _ pCi 83746 g
CD‘far-beef—mg [year] Cbeef [?] * lFBfar—adJ[ year * CFfar—beef (1)

where:
350 d
H:Bfal"adJ [83};%] - [EFfaric {aaée:arys] e tlrE { J i AAFT-EI’ C(D 15)J ¥
{EFfar-a [3.-9—::}{5] * lRBfar a [ day 9] far a(D ESJ]
where:
AAF. (015)= [#MJ and AR, (085) = [%]

e consumption of dairy Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)
pi ) _ rCiY 43641697
CD‘far-dairy-ing{ygar] - Cdairy {?J ‘FDfar-adJ[ year CFfar-dairy (1)

where:

EF, [3—5M53’SJ % IRD, {man = AAF(015)] +
185 416 g] B ar-c year ar-c day ar-c

far-adi { year 350 da 1438.0
¥s Og
{EFfar-a [ year J * IRDfar-a [ day J far a(D BEJJ

IFD

where:

B years)]

far-c
M 018)= [m

(34 years)
AAF, (085)= [ far-a
ar-a
far

EDfar(AD years)

. consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)
Dl i LIS OO i) T 488439, oF (1
ar-swine-ing | year swine | g far-adj year far-swine

where:

3450 days 322y
EF, [— x |REWY, 0.15)
far-c ear ] farc { da J far C
IFSwr 46643 g] _ i ¥

far—adj[ ar
i EFf 350 days « IRSW 181.1 g < AAF 0.85)
ara year faral day far-a

wihere:

(B years) farg 34 yearsj]

- far-c . -
AAF 0.18)= | —/————— d: AAF, 0gs)= | —/—
far-c (017 [EDfar(fiD yeara)] & far-a(0 %) [ ED,, (40 years)

(] COhSUmptiOh of fin fish Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught fin
fish.)

pCi pCi 200474 g
CD‘far-flnﬂsh-mg {year} Cflnﬂsh[ q J ‘FFlfar-adJ( year * CFfar-flnﬂsh (1)

where
350 d
PPl (%} ) [EFfa"C [35?5){8] x F“Efam[1 559 ] - 0@15)]
[EFfar-a [rTiWS] * ‘RF‘far-a { day } far a(D 85)]
where
AAF  15)= [%} and AAF,(085)= [%}

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

pCiY _ pCi 53266 g) ,

0 ar-chelffsh-ing (TfearJ = shem.sh[ 5 } P tar 2 [73,95" CFrar chetfish (1

where:
350 days 213y

IFSF [53.255 9} = {EFW'C[ year Jx IRSFW'C{ day J AP faro® 15)J
far-ad) ear |

¥ EFf 350 days « |RSF 2089y « AAF (085

aral  year faral day fara

where:

(6 years)
AAF,  (015)= { far-c ]
ar-c

(34 years)]
EDfar(dD years)

— far-a
MFrar.a 050) { ED,, @0 years]

e consumption of goat
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pCi Yy pCi ]
D‘far-guat—mg {ygar] Cgual {TJ * IFGOfar-adJ (ygaJ * CFfar-guat m
where:

EF o[22 s jpeo, (L |xanr, (015 +
ar-c year far-c | day far-c

IFGOfar'adJ[yegar] ) 350 d
ays
[EFfar . [_ (D.BS)J

year far-a

J = IRGO [i] = AAF
far-a day

where:

far c(E years) far a(311 years)
A (0181 = EDfar(AD yearg | M AR 088 | oy 20 7E275)

e consumption of goat milk
pCi T _ poiy 9,
CD‘far—goat—miIk—mg[ygar] Cgual—mi\k [?J lFGMfar—adJ [ygarJ CFfar—goat—mi\km

where:

350 days ]
[EFfar-c {—year J ® \RGMfar c {d_J AAFfar-c(D 15)} +
i

‘FGMfar-adj[ egar] -
B EF, (309 pg {0.85)
faral  year far-a | day far a
where:
ED (6 years) [34 years)
_fapc 77 : = | _fara”
AFfar D180 = [EDW(AU years)] and: Ay o 0185) { ED,,, (40 years) }

e consumption of sheep
pCi ) _ pCi g
Cmfar—sheep—ing {ygarJ Csheep [?J * IFSHfar—adj {year] * CFfar—sheep (M

where

350 days
[EFfar-: [—year ] = lRSHfar-c [ﬁ} ® AAF (El 15)]

y
IFS'—(far-adj[ EQEJ =
¥ g, (30days) jpay (9]« aaF (085)
far-a year far-a | day far-a

where

farc(B years) EDfar a(iiri years)
AAF 15 = | fare T g aar  pas)= |—laa o
™97 | 2D o @0 year) | far-a 5 ED,_ (@0 years)

e consumption of sheep milk
Py pCi ]
CD‘far-she ep-milk-ing {year} sheep-milk (?J * lFSMfa T’-Edj[ygarJ 8 CFfar—sheep-miIk {1

where

350 days) | g
[EFfar-c[iyear ] lRSMfar—c[ﬂ] Wfarc(D.WS)]+

‘FSMfar’adJ [Yega"} B 350 d
ERS ]
[EFfar s {_J % RSM. [_] ] 35)}

year day far El

where

far C(B years) EDfar a(34 years)
AAF 018)= | —I2EC_— | and: AAF, a5 = R e——
far-c( ) EDf (40 years) far- a(ﬂ 1= EDfar(4D years)

Definitions of the input variables are in Table 1.

4.8.2 Farmer Direct Exposure and Consumption of Agricultural Products - Combined Soil
and Biota

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of
farm products for a subsistence farmer. Like the resident, the farmer scenario assumes the receptor will be
exposed via the following pathways: incidental ingestion of soil, external radiation from contaminants in soil,
inhalation of fugitive dust, and consumption of home grown produce (100% of fruit and vegetables are from the
farm). In addition to produce, 100% consumption of the following are also considered to be from the farm: beef,
dairy, fin fish, shellfish, swine, egg, and poultry. All feed (100%) for farm products is considered to have been
grown on contaminated portions of the site. For these farm products, dose-based DCCs are provided for soil
that may contribute contaminants to the products. Also like the resident, age-adjusted intake equations were
developed for all of the ingestion/consumption equations to account for changes in intake as the receptor ages.

Graphical Representation
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DCC Equations
e incidental ingestion of soil
DL[mremJ
_ year
pce Cifg) =
faV'SUIFmg(p 9 DCF, mrem) ke 40250 Y | [
pCi far-adj year 1000 mg
where:

{EF {350 days} [ [200 mg} e 0. 15)]
40250 mg] _ far-c year far-c day far C

far-adj[ Bar
b S EE-LO S R (L) PPVEGES)
ar-a year far-a |~ day far-a
where:

ED ears 34 years
AAF(015) = [7@'”(6 Y J] and AAF (085)= [7”" 234 Y )}
far-c far-a

EDfar(4D years) EDT’ar@D years)

e inhalation of particulates emitted from soil

B ey
Ci o (pCifg) =
far-soil-inh 3
DCF mrem < IFA i B475 m " 1 . 1000 g
Cl far-adj year m3 ky
FEF|—
kg
where:
5
350 days 24 hours 1 day 10 m
[EFfar-c{ year J X ETfar—c[ day J * (24 huurs] X IHAfar—c[ day } far D(D 15)]

3
IFA, |BarsEm | _
far-adj year

where:

[ years)
f {0.15) = far C
ar-c far(m years)

8
350 days 24 hours 1 day 20
[EFfar-a[ year ] ) ETfar-a[ day J : (24 huurs] ) ‘RAfar-a[ day ] aad far- a(El BSJ]

] and: AAF
far-a

(34 years)
_ f
)= { EDar a&dﬂ years) ]

e external exposure to ionizing radiation

[mrem]
Doe (i) = year

far-sail-ext mremdyear 350 days 1 year
DCFem—sv[ pCilg * Efar year ) |35 days “AFere

12.168 hours 1 day
[ETfar-U[ day } * [24 hnurs] * GSFEM-S\' (1 D)] *

10.008 hours 1 day
[ETfar-i[ day J = {24 hgurSJ * GSF\-lntalJ

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the

Exposure Factors Handbook were used to derive the intakes for home-grown produce.)
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Dccfar—soil—pruduce—\ng—tot (pCifg) = q g

B
2y DCC

far-soikproduce-ing (pleg)i

where:
n = total number of produce tems included

and:
_ DCCfar—prUduce-iﬂg (pCirg)
CCfar—smI-pdeuce-mg (pCig) = R +R
upy  ES
where:
R = pCu’.g-fresh plz?m ‘R =MLF g-dry soil
upy wet pCi/g-dry =ail B3 produce | g-fresh plant

where:

Dccfar-pm duce-ing-tot (nCirg) =

1

= :
=1 e Cfa r-produce-ing [pleg)‘

where
n=total number of produce items included

and
DL[mrem]
I year
C& (pCig) =
far-produce-ing DeF mrEm <IF . g < CF (1)
ol pCi far-adjl| year far-produce
where

er, [0S} o (9 ) s (iE)] +
far-c year far-c day far-c

IF, —| =
far—adj[ earJ
y EF; Ealldayy e A xaaF (085
ar-a year far-al day far-a

and

ED Bars ED 34 years
AAF. [D15)= [7@'0@ ! )} and: AMF_([1E5) = [7@'3( y )]

ED;,, (0 y2ars) far-a ED,, (40 years)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended
that produce-specific transfer factors (Byv,,;) be used when available for a site. Further, the default transfer
factors (Bv,,) from IAEA used in these DCC calculations are based on a composite of all soil groups. Transfer
factors (Bv,,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a
particular site are also provided. The site-specific option of the calculator can be used to focus on ingestion of
individual produce types. When "Site-specific" is selected, if the user changes the "Select Isotope Info Type" to
"User-provided", then a specific transfer factor may be changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced poultry.)

DCCfar-pnuhry—mg (FCU‘Q)

o]
TF ) (g W2 5 1) = m;[ﬁ +R ] +[a unZzlkoy m
poultry | kg p-poultry | day p-poultry s-poultry upp  es s-poultry day p-poultry

Ccfa r-s0il- po ultry-ing (FCVB) =

wihiere

R & pCifg-dry plar.ﬂl ‘R =MLF 0.25 g-dry soil
upp dry L pCi/ g-dry soil Es pasture | g-dry plant

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced eggs.)

Dccfarreggring (pCifg)

(pCidg) =
TF (9% . a L2kg) 1) =1 0% (Rypp*Rec )] +[ @ L2 kgl 1)
egg | kg p-poultry | day p-poultry s-poultry upp  es s-poultry day p-poultry

Dcc .
far-soil-egg-ing

where

pC\fgrdryp\antJ R =M

0.25 g-dry soil
R =B =ML “odry plant
upp "dry[ pCi/ grdry soil ) *es PEEWE[ g-dry plant J

. COhSUmptiOh of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced beef.)

DCCT’ar—heef—ing [pCiJ’g)

day 11.77 ky 0.5 ky
TFbeef [W] * Hep-beef[ day ] xfp-beef 1) = fs-beef“) * [Rupp+ResJJ * [Os-beef[ day ] * fp-beef (W)J]

Dcc

far-soil-beef-ing (pCIﬂ'g) =

where:

=y, [pCH’grdry p\am] R =MLF 0.25 g-dry sm\]
ry es

R
upp pCi/ g-dry soil pasture { g-dry plant
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e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)

Dccfar-da\ry-mg (FCMB)

-1
day 103 kg 203 kg 0.4 kg
TFdalry [\_ m\\k] Py {1 L ml\k] = {[Qp-da\ry [ day = fp-dalry m = fs-da\ry (1) = Rupp+Res * Gs—dawy day = fp-dalry (1)

DCCfav—sml-dalry—mg (FCWB) =

where.

pCi / g-dry p\am] R =
es

R By L r - 0.25 g-dry soil
upp dry | pCi/ g-dry soil

LF
pasture | g-dry plant

. consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)

DCCfar-swiﬂe-mg [pCu‘g)

Tr o fdan) g (ATRG) e gy _(1)x[R +RJ+Q D37 kg) ¢ 0
swine kg P-SWine day p-swine S-Swing upp Bes S-gwWine day p-swine

Dccfa r-soil-swine-ing (pCv‘g) =

where

pCu‘g-dryplant] -

025 g-dry soil
R =B = MLF, —==
upp "dry{ aCi / gdry sail ]

'es pasmre[ g-dry plant

. consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught
fin fish.)

. L
DCCfar-ﬂnfish-ing (pCirg) * Kd [k_gJ

L
BCF [@]

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

Dccfa t-soil-finfish-ing (p Cifgj =

L
DCCfar—sheIIﬂsh-mg (pCira) = Kd [k_g]

L
BCF| —
[kg}

DCCeo . sqil- shellfish-ing (povg) =

o total

DCCfa r-soil-tot (ple’g) -

1 1 1 1 1 1

+ + + + + +
far-soiking DCCfar—soiI-mh DCCfar—smI-e)d Dccfar-sui\-produce-ing-tm DCCfar—soiI-egg-ing DEE

1 1 1 1 1

DEE far-soil- poultry-ing

+ + + +
DCCfar—soiI-ﬁnfish-ing DCcfar-soil-shellfish-ing DCCfar—soiI-beef—ing Dccfar-sm\-dairy-ing DCCfar—smI-swine-ing

A number of studies have shown that inadvertent ingestion of soil is common among children 6 years old and
younger (Calabrese et al. 1989, Davis et al. 1990, Van Wijnen et al. 1990). Therefore, the dose method uses an
age-adjusted soil ingestion factor that takes into account the difference in daily soil ingestion rates and
exposure duration for children from 1 to 6 years old and others from 7 to 40 years old. This health-protective
approach is chosen to take into account the higher daily rates of soil ingestion in children as well as the longer
duration of exposure that is anticipated for a long-term resident. For more on this method, see RAGS Part B.

Age-adjusted intake factors are also used for inhalation of particulates emitted from soil and consumption of
biota. These equations are also presented in the above equations.

The following consumption routes are provided in site-specific mode only and require the user to enter their own
data, as the tool only provides a transfer factor.

e consumption of goat

Dcc, o [nCif)
[pCu’g) _ far-goat-ing

CC,
far-soil-goat-ing
TF ) 5 |[@ 120G g (1) =f {1 = [R +R J +|a 028 b)) g ]
goat | ky p-goat day p-goat sgoat upp es sooat day p-ooat

where

_ pCi/g-dry plant _ 0.25 g-dry soil
R =B _ =MLF _=
upp Vd’!"[ nCifg-dry soil } ' es pasture | g-dry plant

e consumption of goat milk
DCC1a goatmilk-ing (pCifg)

pCifg) = 5
day Y, (103kaY' 159k, . . 029kg) ,
TFyoat-milk [ﬁ rm\k] Prn [T m\\k] [[Gp—gnat—mwlk [Tay ] To-goat ik (1) * fs-goat-mik (1) [Rupp*ﬁes]] * [Gf‘ygnat—m\\k [Tay J ’prgnatrmnk“)ﬂ

D Carsail goat-milkeing |

where:
R o [RCiodypant) b e 0.25 g-dry soll
upp dry | pCi/ g-dry soil es pasture | g-dry plant

e consumption of sheep
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Dccfar- sheep-ing (pCu’g)

(pCu’g) B d 175 ki 032 k
TR, (S, i 175kg) o M) = (0% (RyppRee )] +[ @ D32kg) ¢ o)
sheep | kg p-sheep | day p-sheep s-sheep upp es s-sheep | day p-sheep

Dccfarrsm\r sheep-ing

where:
_ pCi/g-dry plant _ 025 g-dry =oil
R =B B i =MLF —
upp Vdry[ pCifg-dry soil ) ' es pasture | g-dry plant

e consumption of sheep milk
DOt sheep-mik-ing (pei)

i
day ), (103ke)' 315kg) B B 057 kg ,
TF cheep-rmilk [i\_ ,m\k] Pm [17;_ m.\k] [[Qp—sheap—mﬂk [Tay Fereepmin® = baoppam® * (Ropy*Res))| | @i “day )~ -sheepmilk 0]

DCCe soi-shesp-milking PCV8) =

where

R =gy [RCUgdypaEnt) oy e 0.25 g dry soil
wpp  dry \ pCi/ g-dry soil es pasture | g dry plant

Definitions of the input variables are in Table 1.

CDI Equations

e incidental ingestion of soil

oL [mrem}
e (pCig) = Ll

C
far-saiking mrem 40260 mg [
DCFD[ pCi ] B ‘star—adj[ year ] ) {1EIEIEI mg

where:
EF B0 days) | pe 200 ma) . aap o +
far-c year far-c day farc

EF, a0 days) | g 100 mg | aar (0.85)
far-a year far-a |~ day far-a

40 250 mg _
far-adj year

where:

ED ears
AAF(015) = e T )
far-c ED._ (40 years)

ED, (34 years)}
far

and: AAF. (8= [__farat’ T
fara EDT’ar@D years)

e inhalation of particulates emitted from soil

[ET [12.188 huurs] [ 1 day ] - R D)J .
ol PO _ o (G pp (30 days) [ _Tyesr oo far-o day 24 hours ext-sy
far-soil-ext sail " year 366 days

2= =l x
ear far ear 366 days ext-sy
¥ 9 ¥ ¥ ET 10008 hours) | Tday 3 GSF

far-i day 24 hours i-total

o external exposure to ionizing radiation

. d k]
col . pCi =c pCi < IFA ) B 475 m . 1 . 1000 g
far-soik-inh | year soill g far-adj year m3 kg
FEF

ko
where:
10 m

3
eF (350 dast < ET [211 hnurs] . ( 1 day } < IRA NPVCI Ty
G475 mi] far-cl  year far-o day 24 hours farc | day far-c

IF ==
far—adj[ year 3
EF 350 days < ET 24 hours " 1 day < IRA 20 « ARF (0.85)
far-a year far-a day 24 haurs fara| day far-a

—

where:
ED, (G years) ED,_ (34 years)]

= far-c = fara
AAFfar-c(D'wj [EDfar(AD years}] e A'N:far-am'as) { EDfar(dﬂ years)

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the
Exposure Factors Handbook were used to derive the intakes for home-grown produce.)
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=] ; [
1 far-soil-produce-ing | year i

=)

CDI

pii
far-soilproduce-ing-tot { year

whetre:
n =total number of produce items included

and:
pCiy _ pei [
CDIfar—smI-prnduce-ing {ygar} SCexg [T} * (Rupv +Hes] X lFfar—adJ [year} * CFfar—pmduce m

where:

R —my [pCl.-’g-fresh plam] R = MLF g-dry soil J
upy wet es

pCifg-dry soil produce [g-fresh plant

and:

350 days ]
[EFfar-c [—] =g [_J =M e (0'15)} *

‘Ffar—adj{ egar} _ year day
! EF; Edays) g (9 ] wanr  (085)
ar-a year far-a | day far-a

and:

ED (6 years) ED (34 years)
AAF (DS)= | e~ ") ang aaF @as) = | _fara
far-c ED;,, (40 years) far-a ED,, (40 years)

where:

Py _ n pCi
CD‘far-prUdu:e-ing-tuI[ygar} 51 lear—pruduce-mg[ygari

where:
n = total number of produce itemns included

and:

pCi) - pCi ]
Clear—produce—ing [}rear} produce [?] * H:felr—acU [yearj = CFfar—pmduce ()
where:

EF, S0 AN oy 8| = aaF (0as) | +
g B far-c year farcl day far-c
far—adJ[ J -

year 350 days q
[EFfar-a[ year } - lﬁfar-a {HJ ) AN:far-a (o BS)J
and:

ED (6 years) ED (34 years)
AAFfar—:mw):[far-ci and: AAF (0.85)= | dara 177

EDfar(m years) ) far-a EDfar(m years)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended
that produce-specific transfer factors (Bv,,¢) be used when available for a site. Further, the default transfer
factors (Bv,,) from IAEA used in these DCC calculations are based on a composite of all soil groups. Transfer
factors (Bv,,;) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a
particular site are also provided. The site-specific option of the calculator can be used to focus on ingestion of
individual produce types. When "Site-specific" is selected, if the user changes the "Select Isotope Info Type" to
"User-provided", then a specific transfer factor may be changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced poultry.)

¢ [PET) < e 547739) , cF (1) = TF day)
soill g far-adj|  year far-poultry poultry | kg
ISR D2kl ¢ 1) = f 1 [R +R ] +
CD‘far—sml—pou\lry—ing [YEEJ [ p-puunry[ day ) p-puuhry( ) B s-poultry U * upp  es

0.022 ky
[Qs-poultry{ day } xfp-poultr),r (1)]

where

pCi/g-dry pIamJ .

_ _ 0.25 g-dry soil
F{upp vdry [ pCi £ g-dry soil MR ]

‘Tes paslure[ g-dry plant

and

{EF (3—55 dast = IRP (48'8 9] =AAF. (@ 15)] +
T 54773 gJ _ farc year far-c far-c

far-ad [
JL year EF 350 days) == 17559 AAF {0.85)
far-a year far-a day far-a

where

SAF 018 = EDfar-c(B years)
faro (0150 = ED,, (00 yesrg)

far-a

EDfar(tiﬂ YBars)

(085)=

] {ED (34 years)]
and: AAF _
fara
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e consumption of €gJs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced eggs.)

¢ [PS) «iFE 0HEY) , or (1) = TF 85 5
soill g far-adi | year far-eqq eqy | kg
col el a 0.2kg) ¢ ) =f mx[g iR } +
far-soil-eqg-ing | year p-poultry | day p-pouliry =poultry upp  es

a 0.022 ky - 1
s-poultry day p-poultry

where:

_ pCifg-dry plant _ 0.25 g-dry sail
R =B _ = ML _
upp ~ dry ( pCi/gdrysoil ) ' es pasture | g-dry plant

and:

[EF (MJ «IRE {25'1 QJ <AAF. (D 15)J+
30 265 QJ _ far-c year far-c a far-c

5= -

far-ad

year Er [FE0das) pe  (F39) L pas
far-al  year far-a | day e

IFE

where:
ED (B years)
AAF. 018) = [EDW'C

far-c 40 years)

ED. (34 yearsj}
far(

— fara
J and AAFfar_a(DBS) [7@@(‘19 )

e consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)

pCi 83,746 g day
Csnil [?J * lFBfar—adj[ year * CFfar-heef (1) = TFheeT' kg 8
pCi Y _ 1.77 ky
CD‘far-SD\l-hEEf—mg[ygarJ [Qp—beef[ day B fp—beef (1) = fa—heef (1) = Rupp+ Res: *

05kg) |
{Oerbeef[ day J f;:u—heef m]

where:

pCifg-dry p\ant] R =m
es

0.25 g-dry sail
R =B = e
upp ~ Vdry [ pCi/g-dry soil J

pasture [ g-dry plant

and:
[EF {LD days] < IRE [54'5 g] « AAF (0.15)] +
83745 gj _ far-c year farc | day far-c

far-adj[
year EF 350 days) | IRB 27019y, LAF {085
far-a year far-a day far-a

IFE

where:

far-c
EDfar 40 years)

ED B yearsj]

0 0.15) = [ far-c ED (34 years)]

_ fara
and: MFfar—a (0.85) [W

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)
pCi 486 416 ¢ day
Csnil (?J * lFDfar—adj[ year * CFfar-dairy (1) = TFdairy by "
pCi

_ 203 ky
far-soil-dairy-ing {ygar} B [1 03 ng-‘I [ p—dairy[ aay ] x p-dairy {1 = fa,dairy (1 = [Rupp*ﬂesn +
x
m

1 L milk
m Q DA ka) ¢ (1)
s-dairy | day p-dairy

CDI

where:

pCi/ g-dry plant R =
'es

0.25 g-dry soil
R =B = - e it
upp vdf}‘[ nCi/f g-dry soll ]

pasture [ g-dry plant

and:
[EF {MJ = IRD {1116.“}’“': (015)J+
o [485,416 g] ) far-c | year farc | day g
far-adj
year = 380 days) . jap 14380 9] _ aaF (0.85)
far-a | year faral  day (Br-e
where:

EDfar—c(E years) EDfar—a (34 years)
At 0150 = ED, (40 years) and: AnF . o 0188)= ED, (@0 years)

. consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)
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o [P < Faw 468439) , of (=7F (4%
saill g far-ad] year far-swine swine | kg
col _ 2O e [ATKS) Ly gy [1)><[R +R ] +
far-soil-swine-ing | year p-swine day p-swine S-Swine upp  es

[Q [D 37 ng - (UJ
sswine | day - swine

where:
m =By pCi/g-dry plant ‘R =WLF 0.25 g-dry sail
upp dry | pCi/g-dry soil es pasture | g-dry plant
and:
[EF [350 days] o S {32.2 g] ; tEHS)J
46543 Y _ far-c year far-c day far C
IS adj -
- ear
) EF 350 days) | RS 181.1 g {0.85)
far-a year faral day far a
where:
b C(E years) ) B far 3(34 years)
14 _ d: AAF, 0ga)= | ——"—2
A parc 01812 [EDfar(AD veargy | faral005) EDfar(AD vears)

. COhSUmptiOh of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught
fin fish.)

B CSU\I[LCIJ B BCF[RL
peiy o L] L]
far-soikinfish-ing [YEETJ 7}@ T = [FF|
()
where:

[EF [350 days] v IRFI [351
48276 gJ _ far-c year far-c

[ o

far-adj

1L year [EF [350dastx|RH [155.9
far-a

18,276 g

€ far-adj( year J * CFfar-fim'\sh (1)

far-c

=

= AAF (D.WS)J +
IFFI

[~

J = ASF (D 55)]

fara |l year day
where:
- far C(B ) . - far 51(3‘1 )
AAF 018)= | —/——— d: AAF 088)= | —/—/———
far-c019) [EDfarmD years) an far-a(002) EDfar(fiD years)

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

pC'J x BCF[L

c [_
p(;,J: soil P

kg]  IFSF, _[53255 g
ar-adj

CD‘far-sml-shEllfi‘ah-ing (ygar - L year J = CFf:ar-shellfish (1)
(%)
where
350 days
IFSF, (53 265 gJ [EF{E"C { year ] R&ftarec { ] Fraec @ 15)]
far-ad B
JNyesr EF 30days)  |rsr B g 08
faral year far- d ay
where
= far C(B years) = EDfar—a(34 years)
A e far(w years) A EDfar(fiD years)

The following consumption routes are provided in site-specific mode only and require the user to enter their own
data, as the tool only provides a transfer factor.

e consumption of goat

pCi ] day
Csnil [?J * lFGOfar—adj (year} * CFfar-gDal U TFgDal (EJ *
pCi Y _ 127 ky [ J
CD‘far-smI-gnat-mg[ygarJ [Gp—goat { day fp—goat U) ) fsgual (1) " F{uppﬁ- F{es; *

a 023 k), )
sgoat | day p-goat

where:

m pCifg-dry p\ant] SLILE 025 g-dry snlIJ

=B —_—
upp - M dry [ wCif g-dry soil pasture [ g-dry plant

and:

350 days) | g
[EFfar—c [ year ] lRGOfar—c [HJ far C(D 15)J

‘FGOfar adj [i] =
- 2ar
J gr.  (390dar=) ipco (9 ). asF oS
far-a year far-a day far-a

where:

ED (B years)
AAF. (015)= [ it
ar-c

Pt OV ar sy < | otara O Y209
ED,_ (40 years) ane: mEz)=

fara m
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e consumption of goat milk
pCi [ day
Csml [TJ " IFGMfar—adJ [Ygar} " CFfar—gDat-mlIk (=T gnat milk (L ml\kJ

pCiY 159 kg [ ]
CD‘far-smI-goat-m\Ik—mg [year] (1_03 - J.1 [Qp.gnat-mi\k [ T % p-goat-milk {1 = fs_gnat-mwlk [ = HLIPp+ Ras)| *
x

k1L omilk 029 ky
(ngoat—mi\k [ day fp—goat—milk (1)

where:
_ pCif g-dry plant _ 0.25 g-dry soll
R =b —— | R __=MLF _
upp Vdrv[ pCifg-dry soil ) pasture | g-dry plant
and:
gr (04 jpam. (L8] s asr s +
far-c year far-c | day farc
IFGMfar adj [i] =
- ear
v EF 380 days) | \ram 9 {0.65)
far-a year far-a day far a
where:
B years) 34 years)
- far-c - far-a
Ao 015) [ED {40 years)} and: Afy o (085) [ ED,, (M years) ]

e consumption of sheep

pCi ] day
Csnil (TJ B lFSHfar-adj[ygarJ * CFfar-sheep (1) = TFsheep [k_gJ *
pCi Y _ 175 ky . . ( J
CD‘far-smI-sheep-ing (ygar} [Qp—sheep [ day fp—sheep (1) fs—sheep (1) Ruppﬂqes *

0.32 kg
[Qs-sheep[ day ] * fp-sheep (1)}

where

_ pCi/g-dry planty _ 0.25 g-dry soil
R =B —_ = MLF —_—
upp o dry [ nCi / g-dry soil pasture | g-dry plant

and

350 days) | g
[EFfar—c{ year J ‘RSHfar—c[@] farc(D 5)]

9 Y2
far-ad| ( J B
L year EF 0 days) , pep Y N 1o

far-a year far-a day far-a

IFSH

where

ED B years) (34 years)
f 0.15) = far-c . 0.85) = fara
ar-c EDfar (40 years) ar far (40 years)

e consumption of sheep milk

poiy [ . . day
CE.clil [?] H:Smfar ad [ygar] CFfar-sheep-mi\k (1) TFsheep-m\Ik [L ml\k]

pCi Y 315 ky
CD‘far-scﬂl-sheep-rnilk-ing [year] - [1 03 ky ]’1 [QP'ShEEP'm”k[ day : p-sheep-milk M= fS'ShEEP"'ﬂ”k (1 = RUPP +R95 *
x

m i1 L milk 057 ky
[Qs-sheep-mllk( day J * fp-sheep-r’nlh« UJ

where:
A - By pCi/g-dry planty = MLF 0.25 g-dry soil
upp dry | pCi/ g-dry soil g5 pasture | g-dry plant
and:
350 days ]
g {EFfar-c{ year J leSMfar-c {EJ xAAFfar—ch'ﬁ)] +
IFSMfar—adj{ ear] =
¥ EF 380 days) | \ngw 9 085
far-a year far-a | day far a
where:

far C(B years) ) far a(34 years)
15 = | fare 1) Ly aaF,  pes)= |_faa T
A aree 015 [EDfar(riD voargy | faral0-65) = EDfar(riﬂ )

Definitions of the input variables are in Table 1.

4.8.3 Farmer Direct Exposure and Consumption of Agricultural Products - Combined
Water and Biota

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of
farm products for a subsistence farmer. Like the resident, the source of the contamination, such as groundwater
vs. surface water, is not relevant to the calculations and assumes the receptor will be exposed via the following
pathways: ingestion of tap water, external radiation from contaminants in tap water, inhalation of gases in tap
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water, and consumption of home grown produce (100% of fruit and vegetables are from the farm). The
inhalation exposure route is only calculated for C-14, H-3, Rn-219, Rn-220, Rn-222, and the radon short-lived
progeny that remain airborne for a time. If a user selects an isotope that decays into one of the three radons
(i.e., Ac-227, Pu-240, U-238, etc.), the inhalation route will be calculated for the radon and its short-lived
progeny. The farmer default air exchange rate is set at 0.18 per hour. When the calculator is operated in site-
specific mode, the user can adjust the air exchange rate, which alters the levels of radon progeny in the air
available for inhalation. Section 4.10.8 presents the details of the radon progeny included in the tap water
inhalation route. External exposure to immersion in tap water and exposure to produce irrigated with
contaminated tap water are also considered. In addition to produce, 100% of consumption of the following are
also considered to be from the farm: beef, dairy, fin fish, shellfish, swine, egg, and poultry. All water (100%) for
farm products is considered to have been provided from contaminated portions of the site. For these farm
products, dose-based DCCs are provided for the water, which may contribute contaminants to the products.
Also, like the resident, age-adjusted intake equations were developed for all of the ingestion/consumption
equations to account for changes in intake as the receptor ages.

Graphical Representation

CONSUMPTION.OF
BEEF & MILK & SWINE

-
o

INGESTION i
OF WATER

ot

DCC Equations

« ingestion of tap water
oL {mrem}
BB — year
(pciL) =

DoF (MM o (py  [785L
ol pCi far-adj year

wihere:

EF 350 days ) pw D7BLY L aar  (as)| +
785 LJ7 far-c | year far-c | day far-c

B[00 myy  [ZEL] . aap (oS
far-a year far-al day far-a
wihere:

SAF 015) = [EDfar-:(B years)] i AAE 055 = [EDfar_a(Sri yearS)]

far-c ED,,, 40 years) far-a ED,,, 40 years)

Ccfar-water-lng

lFWfar—adJ{ year

e immersion in tap water

DL[mrem]
(pCiL) = year

DCE mrem./year « DFA. 240 hours | ( 1 year J
mrm pCi/L farad) year 8760 hours

© .
farwater-imm

where:

[EFf [ESD days} <EV, [1 evem} <ET . [D 54 hnurs} x AAF, o 15)J 4
240 huurs] _ ar-c | year arc | day eventfarc | event ar-c

far-adj[ ear
i EFf 350 days| Ev Tevent] . ET 0771 haursy AAF (D.BS)
ar-a year far-a day event-fara event far-a

DFA,

where:

ED (6 years) ED (34 years)
AAE. 015 = [7&]{3"5 and: AAF,_ (085) = fara

far-
arc fqr 40 yEarIs) EDy,, (40 years)

e inhalation
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DL{mremJ
pCil) = B

5
OCE mrem < IFA 6 A75 m <K 0osL
il pCi far-ad) year P

Dcc

farwater-inh (

wihere:

3
EF [350 days} <ET [24 hUursJ B ( 1 day ] < IRA 0 | | aap 015)| +
G 475 ma] far-c | year farc | day 24 hours far-c | day farc

lFAfar-adJ [ year 9
350 days 24 hours 1 day 20 m
{EFfar’a[ year J i ETfar'a[ day J * [24 hours] ) IHAfar—a{ day ] B re (D-BS)J
where:

ED (B years) ED (34 years)
AAF 01E)= [7@'” and: AAF, (85)= | _dara__~ *

far-c ED;, 10 years) far-a ED,,, W0 years)

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the
Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

oce (pCit) = i

farwater-produce-ing-tot N g
z :
[i:1 Dccfar-wate r-produce-ing (pCF’L)i]

where:
n =total number of produce items included

and:

D (pCifg)
nece (pCiL) = far-produce-ing

far-water-produce © 1 kg & [ L i L i L
rup kg res | kg dep Ly
L

000 g {
I F x MLF 1 s 1 [days)
r =Fx x |1-exp|-| B | = ays
‘ Ly mz-day produce day b ¥
res B [ '

wihere:

kg

[

L A
Ir =F=Bv = |l-ewp [7‘3] ®t [days)]
o (L)< [mz—daxf] v [ [ day) " .
rup !
and:

L #
Ir =Fx| =T= |1-8xp [_E] =t (days)]
I [L]_ [mz-dav] f { [dav b
dep lky) B
Pt v [LQJ e
Y hm day

where:

Dcc

i 1

T'ar-pmduce-mg-tnt(pCi'rgj =
B em——
=1 e Cfar—produce-lng [pleg)‘

where
n=total number of produce items included

and
o (2]
Dce (pCig) =
far-produce-ing DCF mrem <IF 18 Vacr (1)
ol pCi far-adjl year far-produce
where

[EF [359 daYS] *IR [LJ AAF (D.‘\E)J +
- g _ far-c year far-c day far-c
year

"
far-adj
EF, galldayy e A xaaF (085
ar-a year far-al day fara

and

far-a

eF D= {EDfar—c(B years)}

EDf (34 years)
_fare” T ang AAF, (0ES)= |_fara T
far-c ED;,, (0 y2ars)

EDfar(m years)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended
that produce-specific transfer factors (Bv,,;) be used when available for a site. Further, the default transfer
factors (Bv,,e) from IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer
factors (Bv,,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a
particular site are also provided. The site-specific option of the calculator can be used to focus on ingestion of
individual produce types. When "Site-Specific" is selected, if the user changes the "Select Isotope Info Type" to
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"User-provided", then a specific transfer factor may be changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced poultry.)

DCCfa -poultry-ing [ple’g)

ay L ]
poultry [ ki ] ) w—pouhry[ day ] * {WDDD g]

far-water-poultry-ing (pCifL) =

. consumption of €Jggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced eggs.)

Cfar-egg-mg (pleg)

day 04L 1 ky
N A gab
egg[ kg J " Sw-poultry { day} ) [mu g]

DC
Dce

farwater-egg-ing [pCv’L) -

e consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)

DCCfar—beef—mg (pCifg)

day s3L 1 kg
TFyeer [Tg] * O beer [day} - [1 0oo gJ

Dcc nGill) =

far—water—beef—ing(

. COHSUmptiOh of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)

Dccfar-dalry-mg [pleg)

D0t rwater-dary-ing (PEVL) = day 103 kg Y a2l [ 1k
T, (L 1Mk, g BLY g ([ L8,
dairy (Lm\lk} P (1 LmiIkJ : W-da\fv[dayj * (muu g]

e consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)

DCCf L (pCidy)
DCCT. o) = ar-swine-ing
ar-water-swine-ing day a 11.4L 1 kg
julit iy
Tstme kg " Yu-swine day 1000 g

e consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught
fin fish.)

_ DCCfar—fmflsh-mg (pleg)
nee (o) = ——— =
far-water-finfish-ing — L 1 ky
—| = | =
(kg} 1000 g

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

o O e g P
Dee fpoil) = ——————=
far-water-shellfish-ing BCF L 1 ky
[E] [1000 gJ

o total

1

! + ! + i + ! + ! + ! +

Ccfar-water-mg Dccfar-water-mh Dccfar-waler-\mm DCCfar-wawv-pruduce-lng-ml BeG; ter-egg-ing f: ter-poultry-ing
1 1 1 1 1

D peiL) =

Ccfar-wate r-tot (

D

+ +
Dccfar-water-ﬂmﬁsh-mg DCCfar—waler-shellﬁsh-lng DCCfar—watEr—heef—mg DCCfar-wamr-dalry-mg DCCfar-waler—swme-mg

The following consumption routes are provided in site-specific mode only and require the user to enter their own
data, as the tool only provides a transfer factor.

e consumption of goat

Dccfar-gnat-mg (pC"’g)

day 381L 1 ky
TF lxa 25 L
gnat[kg J * W-gnat[ day J - [1DDD g}

Dccfa rwater-goat-ing (pleLj =

e consumption of goat milk
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Dccfar-goat-ml\k-mg

{pCig)
e pCirl) =

farwate - goat-rmilk-ing ( ]
TF day 5@ 1.03 Lfg «0 B75LY, [ 1k
goatmilk | Tmilk )~ "m | T milk w-goatmilk |~ day 1000 g

e consumption of sheep
DCCfar—sheep—ing (pCifg)

day 5251 1 kg
TFshEEP[kg] : QW-ShEEP[ day J : [mﬂﬂ g]

Dee {pcid) =

farwater-sheep-ing

e consumption of sheep milk

Dce (pCig)
pCiL) =

far-sheep-milk-ing
DCC il
farwater-sheep-milk-ing =1
TF ] day 5@ 103@ « 0 10410 Tkg
sheep-milk | L milk m L1 L milk w-sheep-mik | “day 1000 g

Definitions of the input variables are in Table 1.

CDI Equations

e ingestion of tap water
pCi Y _ pGi 785 L
CD‘far—v‘fener—ing [year] B Cwater[TJ * [lFWfar—adj[ year
where:
EF; 30 days) imyy (UL wasr as)| +
(755 LJ _ ar-c | year farcl day far-c
far-adj| year |
! EF; B0devl pwy, [225) < anr (oes)
ara | year far-a | day far-a

— [EDfar-a (34 years)]

EDfar 40 years)

IFW,

where:

ED B years)
AAF. @Ug)=|farc
far-c ED,_ 40 years)

and: AAF
far( far-a

e immersion in tap water

pCiy LC' 240 hours 1 year
Doy weater-imm {T} Cwater[ L J B DFAfar—adj[ year * | 5780 hours

where:
EF 350 days < EV 1 event < ET 0.54 hours « AAF (D 15) o
far-c year far-c day event-far-c event far-c

240 hours) _
A e
il year eF [(380days) g, (Levent), g D710hours) , paf  (n88)
far-a | year far-a |~ day sventfaral  avent far-a
where:
ED (B years) ED (34 years)
_ far-c a = far-a
AAF 5= | —TAEE_— | and AR [085)= | a8 __—
farc 019 [EDf @0 yearg | " ) ED, (40 years)
B far
e inhalation
p 3
pCiY pCi BATE m 0s5L
CI:]‘fzar-\c\-'ater-inh [ygarJ B Cwater [T} B lFAfaf-adj [ year K m
where:

8
350 days 24 hours 1 day 10 m
[EFfar'C[ year J ) ETfar'C[ day J . [24 huurs] - IRAfar-C[ day } B ¥ e u 15)] '

- BA7Em? | _
faradj]  year 350 days 24 hours 1 day 20 m3
EFfar-a[ year J - ETfaf-a ( day J ) (24 huurs] * IRAfar-a [ day ] x'JJ\AFfar-.: (D'BE)
where:
ED (B years) ED (34 years)
— far-c . — far-a
”ﬁ"m:far—c(D 1) [EDfar(AEI years)] and'MFfar—a(D'BS) [ EDfar(AEl years) ]

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the

Exposure Factors Handbook were used to derive the intakes for home-grown produce.)
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pei

_ pei
CD‘far—water—produce—ing—tut {year] =1 CD‘far—water—produce—ing [ygar]i

where:
n =total number of produce items included

and:

—
=
=)
Y
P
_m
o
»

&
—
=

o

T |
PR

CFfar—produce
CDI

[ pCi ] Cwater T =
far-water-produce-in -
. 9 ymar iig ) Irr L +lrr L +Irr L
1000 g p | ky res | ky dep l kg
where:
| = = F = MLF = |1-ewp|- g =1 [days)
- [L]: mz-day produce day b
e (2] [
e day

It L % F =By % |1-exp [—[AB] *t [days)]
. [LJ _ mz—day wet day b .
i BHEY
e day
L A
Ir =Fx| =xTx 184 - _E] =t (days)
Ire [L ] = [mQ-day] ' { [ [day b
dep lky ) B
e Y [LQJ E
Y hm day

350 days ]
{EFfar-c ( year J * IRfar—c [HJ * AAFfar—c (D 23)} +

350 days [
{EFfar—a [ year J * IRfar—a [m] * A'A’:far—a (0'77)]

and:

g
‘Ffar-adj {ygarJ -

EDf G years) ED (34 years)
AAF.(0.23)= arc

. — fara
_fare” T g aaF, @77 | —darka T
ED,_ {40 years)] an faralll ) [ ED,_ (40 years)

where:

pCi

]
- pCi
CD‘far-produ ce-ing-tot [ye arj iE1 lea t-produce-ing [yearl

where:
n = total nurmber of produce tems included
and:

pCi ) _ pCi g
farproduce-ing [year} produce [?] * ‘Ffar-adj [year} = CFfar—pmduce ()

where:
er [3098) g (€ | casr (0a5)]+
far-c year farcl day far-c

‘Ffar acu[ : J =
- ear
J gr,[¥Ddars) 9 )¢ anF (085)
far-a far-a

ol

year day far-a
and:
ED 34 years)

EDf (B years) 2
AR mig)= | fere T TR Gy aap (g |_fara T T
farc ED;, (40 years) far-a ED;_, (40 years)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended

that produce-specific transfer factors (Bv.

wet) b€ used when available for a site. Further, the default transfer

factors (Bv,,e) from IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer
factors (Bv,,) for sand, loam, clay, organic, coral sand, and other soil types that may be more suited to a
particular site are also provided. The site-specific option of the calculator can be used to focus on ingestion of
individual produce types. When "Site-Specific" is selected, if the user changes the "Select Isotope Info Type" to

"User-provided", then a specific transfer factor may be changed.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced poultry.)

https://epa-dccs.ornl.gov:8085/users_guide.html[7/13/2022 11:05:37 AM]


https://epa-dccs.ornl.gov:8085/documents/EFH_2011.pdf
https://epa-dccs.ornl.gov:8085/documents/efh_chapter_11_update_2018.pdf

DCC User's Guide

pCi . 24773y . .
. pCi Cwater (T} lFPfar-adj[ year ] CFfar—pUuItry {t)
far-waterpoultry-ing {ygar’} - day 04L . 1kg
poultry w-poultry | day 1000 g
where:
350 days 458 g
- {54,7?39 _ [EF{E"C[ year J”Rpfa"c[ day J A 15)]
far-adj|  year } N 350 days 1755y
{EFfar-a [ year J * lRPfar—a[ day ] * 'AAFfar a(DBS)J

where:
(6 years)

ED (34 years)
AAF (08)= | At T T ang AAF. (085 = farai
far-c ED,, (40 years) far-a ED;,, @0 years)

e consumption of eggs Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced eggs.)

c [p_c'] = IFEpy, i [%} = CF, (1) =
ol pCi _ water | L ar-adj year ar-eqy
farwater-egg-ing | year day 04 L 1 ky
= Tk | 2
eqy w-poultry | day 1000 g
whers:
350 days 251y
FE {3&255 gJ B {EFfar—c[ year ] i IREfar—c[ day J farc(D 15)}
far-adj sar |
y EF; Fdays) | ng I8} . anF a5
ar-al  year fara | day far-a

whers:

(B years) (34 years)
_ farc = far-a
far C(D 9= [ED (40 years)] and. A4 far afﬂ 88 = [ ED;, (40 years) }

e consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)

pCi 83746 g
CWater [T] * ‘FBfar—adj[ year * CFfar—beef U

pCIJ_

far-water-beefi [ N

arwater-beefing | year o dﬂ . 3L " 1 ky
beef | kg w-beef | day 1000 g

CDI

where:
[EFf {LD da“] * RE, {54'5 g] *AAF (D 15)J +
63745 g] _ arc year ar-c | day ar-c

faf'adJ[ year 350 da 2701
o gays ), LAl ) QY'Y
[EFfar-a[ year ] lRBfar—a{ day ] Ffar—am'as)]
where:

AAF (U.15):[7fa”(5y )J

far-c EDf (40 years)

IFEB,

fara

5= [EDfar-a(ad years)}

EDfar (A0 years)

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced dairy.)

pCi 486 416 g
oG ] Cwater {L_J " lFDfar—adj{ yaar far-dairy i1 =

cD| . RCL
far-water-dairy-ing year day 1.03 kg -1 97 | 1kg
TFdairy (L muk] *Pm (1 L miIkJ * Oy dairy { day] ® [1 o0 gJ

where:
[EF 350 dast [0 [1115.4 gJ caAF. D 15)] .
. [485 416 g far-c year farc day far-c
far-adj
] year EF ESD 350 days <IRD 14380 g - AAF {0.85)
far- a year far-a day far-a
where:
015 = EDfar—c(B years) 055 = fara(34 years)
A ED,, 10 years) A fara ED,, {0 years)

(] COHSUmptiOh of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)
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pCi 46643 g . .
Cwater[ ] ‘FSWfaradJ{ year} CFfar-swmem

pCi Y _
CDI e[| ||
far-water-swine-ing | year day 1M4L 1 kg
— | = =
swine | kg w-swine | day 1000 g
where:
{EFf [M] * IRSW, [32'2 g] x AAF, (0.15)] +
46 E43 9 _ Ar-C year arc | day ar-c
P e aoi | "year ) 350 d 151.1
—ay5 x —g x
[EFfar-a[ T ] lRSWfar—a{ day] MFfar-a(DBS)J
where:

(& years) (34 years)
AAF,  (0.15)= EDfyr. © vears) and: AAF,  (0.B5) = EOtar. 1 1o
far-c ED;,, (40 years) far-a EDp, W0 years)

e consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught

fin fish.)
P ltar wate rfinfish ing [%J = {Cwater [pTC‘] . EICF[RLEJ . {1210&} Pl g {48;7;(? g] N (UJ
where
- 48276 g} i [EFfar,c [35;%] = \RFIfaFC[ ] farrcm.ws)} +

far-adj ( year

day
350 days 1859y
{EFfar-a { year ] * ‘RFlfar-a{ day ] * A"N:far a(D.BS)}

where

(B years) (34 years)
AAF. (015)= PrarcCr2) 1 aar 0.85) = Ftarg & o9
farc ED,,, (40 years) far-a ED;,, (0 years)

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

poi Y pCi L 1ky 53266 g
CD‘far-water—she\lfish-ing {ygarJ a [Cwater (L_} * BCF(E * 7000 g * lFSFfar—adj year = CF - shellfish (1

where:
350 days
IFSF, [53 2EEg [EFWC year J leSFfar'C[ day J *H¥taro® ij "
far-adi|  year 350 days 208.9 g
{EFfara year J ><IRSFfar—a[ day ] XA"‘lx’:far-aliu'as)]

where:

ED ED 34
015 = [7faf'°(ayearﬂ and: ASF_ 086)= [7“”'( years)]

far C ED,_ (40 years) ED,_ (40 years)

far far

The following consumption routes are provided in site-specific mode only and require the user to enter their own
data, as the tool only provides a transfer factor.

e consumption of goat

] < .
ool pCi} _ Cwater[ ] ‘FGOfaf'adj[year] CFrar-goat 1)

far-waler—gual-iﬂg[
year TF day] a 381L 1ky
goat | kg w-goat day 1000 g

where:
350 days g
g [EFfar-c [ year ] * lRGOfar—: {ﬂ} far C(D 15)]
IFGO ==
far'adj[}’ea’} 350 days g
EF{ —— | = IRGO — | = AAF (0.85)
ar-a year far-a | day far-
where:
(& years) (34 years)
BAF. (0.15)= L and: AAF,  (0.85) = fﬁ’ai
far-c ED,,, (40 years) far-a ED,, (40 years)

e consumption of goat milk
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c pCi
RCi J water | L

] x [FEH
far-water-goat-milk-ing [year -

F day ), (183K, g BAEL) o ([l

goat-milk | L rrilk m T L milk w-goat-milk | day 1000 g

8 |x x
far—adj[yearJ CFfar—s;heep m
CD|

where

9 |=
SHfa r-adj (ygaJ

where

= 350 days) , |noh A waar 0a8)| +
far-c | year far-c | day g

350 days g
[EFfar—a{ year ] * H:{SHfar—a [ﬁ] far a(D 85)]

5] years)}

f. 34 years)
ar B A= Df r( 0
E A0 years)

— far-a
f ra(D Eg)= [ EDfar(AEI years)

e consumption of sheep

ol pCi J CWater’ [L_ far—adj[yearJ * CFfar—aheep-mill-( (1) =

far-water-sheep-in [
p-ing | year TE day «Q 525 L " 1ky
sheep | ky w-sheep | day 1000 g

where:
350 days ]
g {EFfar-c [ year J B IRl [@J e 15)]
PN ar-a {year] ) 350 d
- ays q
[EFfar a { year J = lRSMfar—a [ﬁ} f ar- a(D BS)J
where:

B years) 34 years)
0.18)= i Tl B {0.85) = Ditarg O 9219
faf c ED;_, {0 years) far-a ED,,, (0 years)

e consumption of sheep milk
pCi g
Cwater{ L } IFSMfar—adJ {year} " CFfar—sheep-m\Ik (1) *

(%] 1
day 1.05kgY " | aQ 104L), (_Tke
sheep-milk || milk P T Cmilk w-sheep-milk | day 1000 g

Ci
far-water-sheep-milk-ing [year] B
TF

where:

EF 50 days| . ipsm 8] =aar. am)| +
far-c year far-c day far-c

L]
far-adj [year [EF [350 days
far-a

IFSh
]
o J = IR’SMfar_a [ﬁ} = AAFfar-a(D BS)}

where:

6 years) (34 years)]

ED

farc . fara

AAF_ (045 = | M8FE T ) Loy aaF qoBg = | aka T
far-c 019 = [EDfar(AD years)] an faral0 0% = [ ED, (40 years)

Definitions of the input variables are in Table 1.

4.8.4 Farmer Consumption of Agricultural Products - Combined Soil, Water, and Biota

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of
farm products for a subsistence farmer. Like the resident, the farmer scenario assumes the receptor will be
exposed via consumption of home grown produce (100% of fruit and vegetables are from the farm). In addition
to produce, 100% of consumption of the following are also considered to be from the farm: beef, dairy, fin fish,
shellfish, swine, egg, and poultry. All feed and water (100%) for farm products is considered to have been
grown on or provided from contaminated portions of the site. For these farm products, dose-based DCCs are
provided for both soil and water, which may contribute contaminants to the products. The results are presented
in an interactive graphic that shows the contribution from both sources. See section 4.10.6 for details. Also, like
the resident, age-adjusted intake equations were developed for all of the ingestion/consumption equations to
account for changes in intake as the receptor ages.

Graphical Representation
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DCC Equations
Results of combined soil, water, and biota exposure are presented in an interactive graph. See Section 4.10.6
for details.

e consumption of fruits and vegetables (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 9 update of the
Exposure Factors Handbook were used to derive the intakes for home-grown produce.)

y-INTERCEFT =
1
Dccfar-sml-produce-lng-tot [pleg) B n q
= =
=1 DCCT’ar—soiI—produce—mg {nCirg];
and:
#-INTERCEFT =
o 1
Dccfar-water-pruduce-iﬂg-lut (pCliL) B " q
z
=1 DCCfar—water—produ:e-mg (pCu’L)i
where:

n = total number of produce items included.

e consumption of poultry (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced poultry.)

DCCfa r—su\l-puullry-mg:

J-INTERCEPT = POChar poutry-ing (°°V2)

day 0.2 kg 0.022 kg
TFpuullry [W} = Hap—puuhry{ day J xfp—pl:uuhrym = fs;—puultrym = {Hupp+ResH * [Qs—puuhry{ day xf;J—puu\try m

and
Dccfar-waler-pouhry-ing (pCl.fL) =

DCCT’ar— oultry-in (pCifg)
- INTERCEPT = poultry-ing

day 04L 1 kg
TFpuuhry{ kg J = Qw—puultry[ day ] = [muu gJ

where:
o4L
R
w-p o ftr
SLOPE= PEMITY, G
o 02kg) ¢ UED () =[r,  +R +|Q 0.022kg) U]
popoultry | day p-poultry £ poultry upp  8s g poultry day p-poultry
where:

- pCi/ g-dry plant - 0.25 g-dry soil
RUPF Evdrl"[ pCifgdrysoil | es MLFPQSTWE' g-dry plant

e consumption of eggs (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced eggs.)
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Dce L=
far-soil-egg-ing

Dcc [pCu’gj
y-INTERCEPT = far-egg-ing
day 0.2 kg 0022 kg
TFegg[H] * Hap-poultry[ day ] Yfp-poultrym * fs.pou\try (1) = {Rupp+ Resﬂ + [Qs-pou\try[ day ] * fp-pouhry m]i|
and:
DCCfar—water—egg-mg (pCi.vL)=
DCCfaFE i (pCii’g]
#INTERCEPT = Z g QD T -
ay - Y
L i 4
egg{ kg J ) W-pouhry{ day ] ) [1000 g]
where:
04L
Ougan 5]
w-poultr
SLOPE= poullry |, day

aQ D.2kg) ¢ {1y = f ) =[R, +R +[a 0022kg) ¢ {n
p-poultry | " day p-poultry = poultry upp es s-poultry day p-poultry

where
pCidgedry plant

= . - 0.25 g-dry soil
RL'F'F' _BVEW( pCif g-dry soil ] iReg = MLF J

pasture [ g-dry plant

. consumption of beef (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced beef.)

DCCfa r—suil—beef—ing=

nce (pCifg)
y-INTERCEPT = far-beef-ing
day 11.77 ky 0.5 ky
TFbeef [EJ : [[Qp-heef{ day ] xfp-beefm ® fs-beef m * (Rupp+Res]] * {Qs—beef{ day xfp-beef (1)
and
DCCfa rwater-beef-ing (prL) =
Dce _[pCifg)
wINTERGEPT = far-beeting
TF (3] «q 53L), [tk
be ef kg w-heef day 1000 g
where:
53 L
-Q iy
W—beef{ ]
SLOPE= day

1177 kg | . . 05ka) |
[Op-heef{ day J fp-heef (" fs—heef {1 [Rupp+ResJ] +[Qs-heef[ day J fp-heef m]

where:

-5 [pleg—dry p\am] R =
es

o — By _ 0.25 g-dry soil
upp dry | pGif g-dry sail

pasture [ g-dry plant

e consumption of dairy (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors
Handbook were used to derive the intakes for home-produced dairy.)

Dccfa rrsmlrda\ry—mg:

DCCfar—da\ry— ing (pCI.i'g)

y-INTERCEPT = =
day 103 kg 203 ky 0.4 kg
TFda\ry [L milk] * pm [1 L mi\kJ * [[Qp-da\ry [ day * fp-danry “) * fs—dairy (1) * Rupp + Res + Oa-da\ry day * fp-da\ry (1)
and:
DCe {pCit) =

farwater-dairy-ing

Dccfar-da\ry-lng (pCI!g)

INTERCEPT = :
day 103 kg’ 92 L 1 kg
TFairy [L miIkJ *Prn (1 Lmi\k] " QW'da‘rY[day] " [mnn q
where:
2L
S ko
we-dair
SLOPE= Y4 day

20.3 kg 0.4 kg
[Qprdairy’[ day J * fp—denry “) * fert:lairy (*) # [Rupp+ Resﬂ * [Qs—da\ry{ day J " fp—denry U)]

where:

R . pCi/ g-dry plant . - MLF 0.25 g-dry soil
upp dry L pGi/g-dry sail €s pasture | g-dry plant

. consumption of swine (Chapter 13 of the 2011 Exposure Factors Handbook and the 2018 chapter 11 update of the Exposure Factors

Handbook were used to derive the intakes for home-produced swine.)
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Dce } e 2
far-soil- swine-ing
Dccfar—swme—ing (pCu’g)

y-INTERCEFT =
TF. [ﬂ}x“a . [ﬂ}w R (1)><(R +R ]]+[@ [MJM . (1)”
swine | ky p-gwing | " day p-swine s gwine upp  es sswing | day p-swine
and:
Dccfar-water-swiﬂe-ing(pCVL):
DCC ) (pCifg)
«INTERCEPT = ; fa"s"‘"”e"”% R
ay - i
TF swine {E] * Qw-swme[ day } * {mm g]
where:
) [11 4 LJ
w-swine
SLOPE= day

[@ [m} o 1) <f (1) = [R +R J] +[Q [U = kg} o (1)]
p-swine | “day p-swine s-gwine upp  es s-swine | day p-swine

where:

_ pCifg-dryplant) _ 0.25 g-dry soil
RUF'FJ BVdf}‘(pC\!g-drysml 'RES MLFWSIUVB g-dry plant

e consumption of fin fish (Chapters 10 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-caught
fin fish.)

Dccfar-sml-ﬁnﬁsh-mg:

L
DCCfa r-finfish-ing (pCifg) = Kd [k_gJ

y-INTERCEPT = I
BCF(R_QJ

and:

DCCfar-water—ﬂnﬂsh-ing (pCifL) =

CCfa r-finfish-ing (pCu’g)

L 1kg
ocr() (o)

)

1000

wINTERCEPT =

where:
SLOPE=

e consumption of shellfish (Table 10-9 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught shellfish.)

Dccfar-soll- shel\flsh-lng:

. L
Dccfa r-shellfish- ing (pCifg) = Kd[ﬁ}

y-INTERCEPT = I
BCF [E]

and:

DCCfar—water—shellﬂsh—mg (pCifL) =

Ccfa t-shellfish-ing (pCifg)

L 1 kg
oor(i) ()

6

1000

wINTERCEPT =

where:

SLOPE =

The following consumption routes are provided in site-specific mode only and require the user to enter their own
data, as the tool only provides a transfer factor.

e consumption of goat
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PRG ; . B
far-saoil-goat-ing
[ o3 - pCisg)
y-INTERCEPT = far-goat-ing
day ] _ 127 kal | . . D23kg) |
TFgual{H] [[Qp-gUat{ day] fp_ggalm fs-gualm [Rupp+R95J]+[Qs—guat{—day } fp-guatmﬂ
and:

pRGfa rwater-goat-ing (pCu’L) =
DCCfar—goat-mg(pCI‘rg)

#-INTERCEFT =

TF day a 381LY [ 1ke

goat| gy w-goat| day 1000 g
where:
[3.81 LJ
“we-goat

SLOPE= P day

1.27 ky 023 kg
[Qp-gnat{ day J " fp-gnat (1) xfs-gnat (1) X (Ruper Res]] + [Gs-gnat[ day } ) T-p-gnat (1)]

where:

pCi/g-dry pIanIJ 5 =

_ _ 0.25 g-dry soil
Rupp Bvdfy[ pCifg-dry soil | ' es i pasture{ g-dry plant ]

e consumption of goat milk

ppG(arrsn\\—gnalrm\\kring:

y-INTERCEPT = D oeamilng ()
T
day 1.03 kg 1.59 ky 0.29 ky
TFgDa'-m‘lk[Lm”kapm[w L’”'"‘] ’ {[Q’“‘g“"m“k[ oy egmatmik % G goatemik () (Rupp*Res || | O goatemik |~y | * fo-gostomitk )
and:
PRGfav-water-gnat-mMk-mg (pleL) =
DCC (nCifg)
%INTERCEPT = far'gﬂat—qn\\k'lng
TF day ) (103ka)T g 8751 (_1ka
goat-milk [ T} ™ Pro | 7T itk w-goatmik| “gay | | 7000 g
wihere
a [5.75 L]
wi-ggnat-rilk
SLOPE= 5 day

159 ky 029 kg
[aprgnalrmwlk[ day ]Xfp—gnalrmi\k (1)xfsrgnatrmwlk mx(ﬂuppmes]}*[asrgnarmﬂk[ day ]xfp—gnalrm\\k m]

wihere

_ pCif g dryplant) 0.25 g-dry sail
R =B ———— | ;R _=MLF —_—
upp Vdry[ pCi/ g-dry soil ) ' es pasture | g-dry plant

e consumption of sheep

pRGfa r-soil- sheep-img:

DCCfar—sheep-iﬂg (pCif’g)

y-INTERCEPT =
day 175 ky 0.32 kg
TFsheep [EJ * [[Qp-sheep { day ] xfp-sh.:,-.:,-p (1) = fs-shta'z:.-p (1 = [Rupp+ﬁes]] * [Qs—sheep[ day * fp-sh.:,-.:,-p ()
and:
pRGfa rwater-sheep-ing (pCi.-"L) =
Dccfar-shee -in [pCifg)
*INTERCERT = p-ing
TF day <0 525L%, [ 1kg
sheen | kg w-sheep | day 1000 g
where:
025 L
e )
w-shee
SLOPE= Pl cay

1.75 ky 0.32 ky
[Qp—sheep[ day J * fp—sheep(w) xf5—:3heep (W) = [Rupp+ReS]} * [Gs—sheep[ day J 8 fp—sheepm]

where:
pCifg-dry plant

0.25 g-dry sail
R =gy [REUgdwplant) o,
upp Vdf!‘[ pCi/g-dry soil J 'es ]

pasture [ g-dry plant

e consumption of sheep milk
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PRGt, r-s0il-sheep- milk-ing ™

DCCt, - shaap:milking P £78)

y-INTERCEPT =
3.5 kg 057 ky
(Bo s (2] sl e (g 2s)] * (Pucropre 2] o)

=
day 103 kg
T chep-milk [L milk] P [1 T mi\k] B

and

PR Gla rate - shee p-milk-ing (p C'/L) =

DB oo ki P

»INTERCEPT = :
T day |, (103keY' o 1ALy (kg
sheep-milk | Tmilke ) ™ Pm | TC mik w-sheep-milk | “day 1000 g
where
'Gw'sheeprm\\k[ind: L]
SLOPE= v

315k 057 ka
Qprsheeprrm\k[iday ] *fo-shesp-mik (1 * fe-shagp-milk (1) * [Rupp+RES]] @ [G&sheeprmllk [Tay ] x 'prshaeprm\\km]

where

_ pCi/ grdry plant _ 0.25 g-dry suil
R =gy, |ELETIEAT p e
upp “dw[ pCifg-drysal ) ' es pasture | " g-dry plant

Results of combined soil, water, and biota exposure are presented in an interactive graph. See Section 4.10.6
for details.

Definitions of the input variables are in Table 1.

4.8.5 Farmer Air

This receptor spends most, if not all, of the day at home except for the hours spent at work. The activities for
this receptor involve typical household chores (cooking, cleaning, and laundering) as well as gardening. This
receptor is assumed to be exposed to contaminants via the following pathways: inhalation of ambient air and
external radiation from contaminants in ambient air. To take into account the different inhalation rates for
children and adults, age-adjusted intake equations were developed to account for changes in intake as the
receptor ages.

Graphical Representation
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DCC Equations
The resident ambient air land use equation, presented here, contains the following exposure routes without half-
life decay:

e inhalation

DL[mrem]
e year

pco = 3
DCF [MreM) o jps, [BATS M
opCi far-adj year

far-air-inh (plem

where:

EF 350 days < ET 24 hours . 1 day < IRA 10 < BAF (0.15) "
far-c year far-c day 24 hours far-c day far-c

6475 ma] _
350 days 24 hours 1day 20m
[EFfar—a{ year J * ETfar—a{ day ] " [2;1 hgursJ * lRAfar—a[ day J * AAFfarra (D 85)]

i far—adj[ year

where:

(6 years) ED (34 years)
and AR, (0.85)= | far8

ED
AAF.(0.15) = [ fare
far-c EDfar(tiﬂ years)

EDfar(m years)
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o external exposure to ionizing radiation
oL (mremj
3) _ year

mrernfyear 350 days 1 year 24 hours 1 day
DCF, EF ET GSF_(1.0
sub [ pCifma ] * far ( year J * [355 days * far day # 24 hours * a ( )

DCcC

far-air-sub (plem

o total

(pciim3) =

cc
far-airtot 1 - 1

DCCfa r-airinh Dccfar-air-sub

In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release
from a factory), decay should be used. In situations where the contaminant in the air has a continual source
(e.g., indoor radon from radium in the soil or an operating factory or landfill cap), the equations without decay
should be used. The decay function, found in section 4.10.7, can be multiplied by the ambient air equations
above to acquire ambient air DCCs with decay.

Definitions of the input variables are in Table 1.

CDI Equations

The resident ambient air land use equation, presented here, contains the following exposure routes without half-
life decay:

e inhalation
pCi nGi 6,475 m-
CDI | —|=C_ || =IFA =
far-air-inh | year air m3 far-adj year

where:

8
350 days 24 hours 1 day 10 rm
{EFfar-C[ year J : ETfaf-E( day J ) [24 hours} B IRAfar-c[ day } XA'Ntfar-: (U'15)] +

B.ATS m3] _
3
350 days 24 hours 1day 20m
EF = ET, x x |RA, = AAF 0.85
{ far-a [ year J far-a [ day ] [24 hgursJ fara | day far-a ( )J

‘FAfar—adJ[ year

where:

EDfarc(E years)
A 0187 | 55 o (40 years)

ED (34 years)]
f:

b — far-a
ands AAFfar—a(D'BS) [ EDfar(AEI years)

e« external exposure to ionizing radiation

Dl ) pci =G . pCi < EF 350 days) , {_1 year <ET 24 hoursy , (_Tday 3, GSF (1_0)
far-air-sub | 3 air | 3 fark year 3E5 days far day 24 hours a

Definitions of the input variables are in Table 1.

4.9 Soil to Groundwater

The soil-to-groundwater scenario was developed to identify concentrations in soil that have the potential to
contaminate groundwater above dose-based DCCs or MCLs. Migration of contaminants from soil to groundwater can
be envisioned as a two-stage process: (1) release of contaminant from soil to soil leachate and (2) transport of the
contaminant through the underlying soil and aquifer to a receptor well. The soil-to-groundwater scenario considers
both of these fate and transport mechanisms. First, the acceptable groundwater concentration is multiplied by a
dilution factor to obtain a target leachate concentration. For example, if the dilution factor is 10 and the MCL is 0.05
mg/L, the target soil leachate concentration would be 0.5 mg/L. The partition equation (presented in the Soil Screening
Guidance for Radionuclides documents) is then used to calculate the total soil concentration corresponding to this soil
leachate concentration.

These equations are used to calculate screening levels in soil (SSLs) that are protective of groundwater. SSLs are
either back-calculated from protective risk-based ground water concentrations or based on MCLs. The SSLs were
designed for use during the early stages of a site evaluation, when information about subsurface conditions may be
limited. Because of this constraint, the equations used are based on conservative, simplifying assumptions about the
release and transport of contaminants in the subsurface.

Graphical Representation
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Equations

The user has the option to choose from two calculation methods. The first method employs the default partitioning
equation for migration to groundwater. The dilution factor defaults to 20 for a 0.5-acre source. If all the parameters
needed to calculate a dilution factor are available, then use Method 2 (mass-limit equation for migration to
groundwater).

Method 1. Partitioning Equation for Migration to Groundwater

[L

i} water

AN ANOE " e
d

ssL [P =¢ [ L
g water | | 1000 g ka ky
Pyl
where
C = MCL= DAF
water
or
C =PRG = DAF
water

Method 2. Mass-Limit Equation for Migration to Groundwater

pCi m
SSL{F_CiJ ) Cater [T} * (_ye_ar} * EDgW (70 years)

g kg 1000 g
Db(LJXdS(me[ kg
where

C =MCL= DAF
water

ar

© =PRG = DAF
water

Then calculate the dilution factor using this equation.

(5] o
Dilution Attenuation Factor (DAF) =1 + _Ayear) wmJ o °

(5) =

-L(m) x \[LJ

year

(s (R -

Definitions of the input variables are in Table 1.

where

ns
d(m) = (D.D112=L2(m)J wd, « [1e3p

4.9.1 Conservative and Simplifying Assumptions for the Soil to Ground Water Scenario

The SSL scenario was designed for use during the early stages of a site evaluation when information about
subsurface conditions may be limited. Because of this constraint, methods 1 and 2 are based on conservative,
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simplifying assumptions about the release and transport of contaminants in the subsurface. These assumptions
include:

e The source is infinite (i.e., steady-state concentrations will be maintained in ground water over the
exposure period of interest).

e Contaminants are uniformly distributed throughout the zone of contamination.

Soil contamination extends from the surface to the water table (i.e., adsorption sites are filled in the
unsaturated zone beneath the area of contamination).

e There is no contaminant loss due to biological degradation or volatilization in the unsaturated zone.

Equilibrium soil/water partitioning is instantaneous and linear in the contaminated soil.

The receptor well is at the edge of the source (i.e., there is no dilution from recharge downgradient of the
site) and is screened within the plume.

The aquifer is unconsolidated and unconfined (surficial).

Aquifer properties are homogeneous and isotropic.

Chelating or complexing agents are not present.

e There is no facilitated transport (e.g., colloidal transport) of inorganic contaminants in the aquifer.

SSLs developed using this methodology can be viewed as evolving risk-based levels that can be refined as
more site information becomes available. The early use of the methodology at a site will help focus further
subsurface investigations on areas of true concern with respect to ground water quality and will provide
information on soil characteristics, aquifer characteristics, and radionuclide properties that can be built upon as
a site evaluation progresses.

4.10 Supporting Equations and Parameter Discussion

There are five parts of the above land use equations that require further explanation: two inhalation variables [the
particulate emission factor (PEF) and the volatilization factor (VF)], the radionuclide decay constant (A), the area
correction factor (ACF), the outdoor soil gamma shielding factor (GCF,), and the groundwater transport portion of the
equations involving the soil to water partition coefficient (Ky).

4.10.1 Particulate Emission Factor (PEF) and Volatilization Factor (VF)

Inhalation of isotopes adsorbed to respirable particles (PM10) was assessed using a default PEF equal to 1.36
x 109 m3/kg. This equation relates the contaminant concentration in soil with the concentration of respirable
particles in the air due to fugitive dust emissions from contaminated soils. The generic PEF was derived using
default values that correspond to a receptor point concentration of approximately 0.76 ug/m3. The relationship is
derived by Cowherd (1985) for a rapid assessment procedure applicable to a typical hazardous waste site,
where the surface contamination provides a relatively continuous and constant potential for emission over an
extended period of time (e.g., years). This represents an annual average emission rate based on wind erosion
that should be compared with chronic health criteria; it is not appropriate for evaluating the potential for more
acute exposures. Definitions of the input variables are in Table 1.

With the exception of a few radionuclides, the PEF does not appear to significantly affect most DCCs. The
equation forms the basis for deriving a generic PEF for the inhalation pathway. For more details regarding
specific parameters used in the PEF model, refer to Soil Screenin idance for Radionuclides: Techni
Background Document. The use of alternate values on a specific site should be justified and presented in an
Administrative Record, if considered in CERCLA remedy selection.

g s
o |G, o)
k

3

. E]
PEF | —air | = | “ying g y [m

kg . 3 mls

s0il m . 570 «

where:
2
In&,_acre)-B
8 - Azexp 7( S( ) )
©, .z C
wind
and:

ifx <2, F(x) =1.91207 - 00278085 x +0.48113 2 - 1.00871 %7 +0.335341 »H

2
i x 22,F(x)=D.18{8x3+12x)e{X )

where:

Ut

=0866 = | —
" iy

m

Note: the generic PEF evaluates wind-borne emissions and does not consider dust emissions from
traffic or other forms of mechanical disturbance that could lead to greater emissions than assumed
here.

EPA derived a default volatilization factor (VF) value of 17 m3/kg for tritium. The VF replaces the PEF in the
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DCC equations when tritium is being addressed. This VF value is based on a steady-state model that assumes,
on average, tritium in soil pore water and tritium in air (as tritiated water vapor) will be distributed in the
environment in proportion to the average water content in soil and air. EPA assumes a mean atmospheric
humidity of 6 grams of water per cubic meter of air (g/m3) nationwide (Etnier 1980) and an average soil moisture
content of 10% (i.e., 100 grams of water per kilogram of soil). Given these assumptions, EPA calculates the VF
term for tritium as:

VFH-3 = 100 g H20/kg soil / 6 g H20/m3 air
=17 m3 air/kg soil
=17 m3/kg

EPA believes that this value is appropriate for the average case, both outdoors and indoors; however, site
managers can derive a site-specific VF term for tritium that may be more appropriate for a specific site,
considering local atmospheric humidity and soil moisture content.

4.10.2 Standard Unpaved Road Vehicle Traffic Particulate Emission Factor (PEF,,)

The equation to calculate the subchronic particulate emission factor (PEF) is significantly different from the
resident and non-resident PEF equations. The PEF focuses exclusively on emissions from truck traffic on
unpaved roads, which typically contribute the majority of dust emissions during construction. This equation
requires parameter estimates such as the number of days with at least 0.01 inches of rainfall, the mean vehicle
weight, and the sum of fleet vehicle distance traveled during construction.

The number of days with at least 0.01 inches of rainfall can be estimated using Exhibit 5-2 in the supplemental
soil screening guidance. Mean vehicle weight (W) can be estimated by assuming the numbers and weights of
different types of vehicles. For example, assuming that the daily unpaved road traffic consists of 20 two-ton cars
and 10 twenty-ton trucks, the mean vehicle weight would be:

W =[(20 cars x 2 tons/car) + (10 trucks x 20 tons/truck)]/30 vehicles = 8 tons

The sum of the fleet vehicle kilometers traveled during construction (3 VKT) can be estimated based on the size
of the area of surface soil contamination, assuming the configuration of the unpaved road and the amount of
vehicle traffic on the road. For example, if the area of surface soil contamination is 0.5 acres (or 2,024 m?2) and
one assumes that this area is configured as a square with the unpaved road segment dividing the square
evenly, the road length would be equal to the square root of 2,024 m2 (45 m or 0.045 km). Assuming that each
vehicle travels the length of the road once per day, 5 days per wee, for a total of 6 months, the total fleet vehicle
kilometers traveled would be:

> VKT = 30 vehicles x 0.045 km/day x (52 weeks/year / 2) x 5 days/week = 175.5 km

]
3 [ ] T, (5] = Ay (mQJ
PEF, Mar |- O |Ams)i 1, 1) <4
Cor| (ko fo 2B x iD'BX wians) P 355[days]7p[days
| ) 12 3 . year year

0.3 days
I 365
[ dry} [Y%WJ

]] = 26819 = T VKT (km)

2
Ina, -B
W (LN
2
it

> m?
A (m ] =L (1) = Vi (20 foot) - 0082603

nurnber of cars = o) +number of trucks = gicnc)
car truck

W(tons) = _
total vehicles

_ . km weeks days
VKT (km) =total vehicles = distance {Hy] x EW_ {W] x DWW [WEERJ

_ 250 days 8 hours 3600 =
T, (7200000 5) = ED_, (1 years)xEFCW[ Jear JxETCW[ Ty Jx[ o ]
- 2
F (0.18584)=D 1852 + [5 /I, + [-9 B318/1,

_ S0 weeks 7 days 24 hours
t. [B400 hours) = ED_ (1 years) = EW_ {WJ x[ week] x[ = }

4.10.3 Other Construction Activities Particulate Emission Factor (PEF',)

Other than emissions from unpaved road traffic, the construction worker may also be exposed to particulate
matter emissions (PEF'y.) from wind erosion; excavation soil dumping, dozing, grading, and tilling; or similar
operations. These operations may occur separately or concurrently, and the duration of each operation may be
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different. For these reasons, the total unit mass emitted from each operation is calculated separately, and the
sum is normalized over the entire area of contamination and over the entire time during which construction
activities take place. Equation E-26 in the supplemental soil screening guidance was used.
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4.10.4 Area Correction Factor

The RAGS/HHEM Part B model assumes that an individual is exposed to a source geometry that is effectively
an infinite slab. The concept of an infinite slab means that the thickness of the contaminated zone and its aerial
extent are so large that it behaves as if it were infinite in its physical dimensions. In practice, soil contaminated
to a depth greater than about 15 cm and with an aerial extent greater than about 1,000 m?2 will create a radiation
field comparable to that of an infinite slab (U.S. EPA. 2000a).

To accommodate the fact that in most residential settings the assumption of an infinite slab source will result in
overly protective DCCs, an adjustment for source area is considered to be an important modification to the
RAGS/HHEM Part B model. Thus, an area correction factor (ACF) has been added to the calculation of
recommended DCCs. For the 2-D exposure models addressing finite areas, the ACF is made variable by
isotope and area for site-specific analysis. In addition, ACFs are now available for all alternate soil analysis
source depths (ground plane, 1 cm, 5 cm, and 15 cm source volumes as well as infinite source volume). This
calculator allows the user to select from 19 different soil area sizes. If the default mode is selected, the ACF
from the most protective area size is selected. If site-specific mode is selected, the user must select the source
area. For further information on the derivation of the isotope-specific/area-specific ACF values for 2-D areas,
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see the Center for Radiation Protection Knowledge ACF report and_appendix containing +D and +E values. For
the calculation of area correction factors, a standard soil density of 1.6 g/cm3 has been used. For a description
of other EPA default ACF values that predate this guidance, follow the link here.

4.10.5 Gamma Shielding Factor

DCCs in this guidance are calculated without any shielding between the receptor and the source (soil). In this
case, a default soil gamma shielding factor for outdoor exposure to ionizing radiation (GSF,) is established at
1.0 (0% shielding). It is common to have some shielding (soil cover) over contaminated soil. For site-specific
mode, the user must select a soil cover depth. Due to shielding, covering the contaminated area with soil will
produce lower dose and risk coefficients than are stated in the Federal Guidance Report (FGR) 12 and 13.
Therefore, gamma shielding factors are needed to apply the published EPA dose values to the buried
contamination scenarios. Outdoor gamma shielding factors (GSF ) are derived by modeling various thicknesses
of clean soil covering ground soil contamination. The gamma shielding factor is defined as the ratio of the
contamination dose compared to the unshielded surface source in soil. The MCNP output was used to derive
kerma values one meter above the soil surface for various scenarios ranging from 0 cm soil cover to 100 cm soil
cover in 10 cm increments while using source thicknesses of ground plane, 1, 5, and 15 cm source volumes as
well as infinite source volume. Radioisotopes published in ICRP 107 were considered, along with decay chains
of several radioisotopes. The Center for Radiation Protection Knowledge has provided GSF, values here and
an_appendix containing +D and +E values. Additional source depth-specific gamma soil shielding factors (GSF)
are now given for cover depths of 2 to 10 meters. The values are presented in this appendix.

o A default gamma shielding factor for indoor exposure to ionizing radiation (GSF)) is established at 0.4
(60% shielding).

* GSF, depends on soil cover depth and is shown in equation images as GSF

5cm? GSFo-e>d-150mY & GSFo—ext—gp'

In the resident, farmer, and indoor worker soil external exposure equations, GSF ., is applied to account

for the gamma sheilding provided by clean soil cover and the building subfloor. GSF ., = GSF; x GSF;

this is the product of the gamma shielding provided by the soil cover under the building (GSF,)) and the

subfloor of the building (GSF;). This accounts for all the gamma shielding during the exposure time of a

resident while indoors.

o-ext-sv’ GSFO-&XM cm? GSFo-ext-

A default gamma shielding factor for exposure to ionizing radiation in air (GSF,) is established at 1 (0%
shielding).

For the calculation of gamma shielding factors, a standard soil density of 1.6 g/cm3 has been used.

Understanding GSF; GSF,; GSF, ot

GSF;=“Indoor Exposure” Factor
i = GSFg

GSF, 1= GSF, X GSF, 1

Gamma Shielding Factor | Recipient Exposure Location | Shielding from Subfloor | Shielding from Soil Cover
GSFi Inside v

GSFo Outside v

GSFb Inside v

GSFi-total Inside v v

Figure provided by Lyndsey Nguyen of U.S. EPA Environments| Response Team-LasVegas

4.10.6 Using the Combined Biota, Soil, and Water Interactive Graph

When multiple media are contributing to the overall site dose, it may be more practical to remediate one
medium versus another. In the case of the agriculture scenario, water and soil may both contribute to the dose
from ingesting produce, dairy, beef, swine, poultry, eggs, fin fish, and shellfish. Sheep, sheep milk, goat, and
goat milk will be available for selection in site-specific mode, provided the user is able to supply intake rate data
for children and adults. The graph shows the DCCs for soil and water to achieve the target dose or target
hazard index for the exposure route of concern.
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The biota from both soil and water DCC results are listed last on the results page. The interactive graph is
available for ingestion of produce, ingestion of dairy, and ingestion of beef DCCs and may be accessed by
clicking on any highlighted blue DCC value (see the image below).

Default
Farmer DCCs for Contaminated Soil and Water - No progeny (with decay)

Am-241 -1.54E+01/7.88E+00|5.12E+02 | -1.68E+01|1.05E+03|6.22E+04 | -7.38E+00|9.28E+01|1.26E+04

Clicking on a blue highlighted biota cell for either soil or water DCC will take the user to the Farmer DCC
Graphical Results page, where the interactive graph is displayed.

The x-intercept (coordinate x,0) shows where the water DCC = TR and soil concentration must equal 0. The y-
intercept (coordinate 0,y) shows where the soil DCC = TR and the water concentration must equal 0. Any point
between (x,0) and (0,y) shows a separate DCC for water and soil that will meet the TR. Hovering the mouse
over the graph will display moving lines that follow the mouse based on the x-coordinate (water DCC). Click
anywhere on the graph to stop the lines from moving and to display the soil and water DCCs associated with

that specific x-coordinate.

Am-241

Ingestion of Vegetables Dose Limit=1
Water DCC (x-intercept) = 6.28e-1 pCi/L
50il DCC iy-intercept) = 2.27e+0 pCifg
Slope = -3.607668444

Soll DCC pCiflg

03

Water DCC pCi/lL

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCi/g and 1.0E+6 pCifL and lower bounds of 1.0E-10 pCi/g and 1.0E-10 pCifL

solely for presentation purposes to avoid scaling issues.

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCi/g and 1.0E+6 pCi/L and lower
bounds of 1.0E-10 pCi/g and 1.0E-10 pCi/L solely for presentation purposes to avoid scaling issues.

4.10.7 Radionuclide Decay Constant (A) & Half-Life Decay Function
4.10.7.1 Radionuclide Decay Constant ()

The decay constant term (A), which is based on the half-life of the isotope, is used for some media in
nearly all land uses. A = 0.693/half-life in years (where 0.693=In(2)). The term (1 - e"M) takes into account
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the number of half-lives that will occur within the exposure duration to calculate an appropriate value. For
the secular equilibrium DCC output option, decay is not used. In most cases, site-specific analytical data
should be used to establish the actual degree of equilibrium between each parent radionuclide and its
decay products in each media sampled. In the absence of empirical data, however, the secular
equilibrium DCCs will provide a protective screening value. Definitions of the input variables are in Table
1

4.10.7.2 Half-Life Decay Function

In situations where the contaminant in the soil or air is not being replenished, the equations with decay
should be used. An air situation that would require decay includes an accidental one-time air release
from a factory. A soil situation that would require decay is a one-time dump at a landfill. In situations
where the contaminant in the soil or air has a continual source (e.g., indoor radon from radium in the soil
an operating factory or landfill cap, or uranium mining), the equations without decay should be used.

e The following decay function should be multiplied by CDI equations when applicable:

(1 e )
o [R5

vest

e The following decay function should be multiplied by DCC equations when applicable:

.
Dy = [t Gyear M[ﬁ]}
PETY)

4.10.8 Air Exchange Rates and Activity Equilibrium Factor (A.y)

When the DCC Calculator is run in site-specifc mode, the air exchange rate for tap water inhalation can be
changed from the default setting. Changing the air exchange rate impacts the activity equilibrium factor (Ag).
The Ay is defined as the ratio of progeny to parent activity concentrations at a given air exchange rate. For a
straight decay chain, at zero air exchanges, the Ay is equal to one and decreases as the air exchange rate
increases. The Aeq is utilized in the DCC tap water inhalation equations to calculate dose for inhalation only.
The initial DCCs, before Aeq is applied, assume that the radon decay chain members are in equilibrium with
each other without any air exchanges present. Therefore, the A,, modifies the initial doses for inhalation by
accounting for the disequilibrium between radon and its progeny due to decay and air exchanges that are
present. A default value of 0.18 air exchanges per hour was selected for the resident land use from the "Update
for Chapter 19 of the Exposure Factors Handbook" (U.S. EPA, 2018) for resident (Table 19-25) using the tenth
percentile values. This means that 90% of structures would have a higher air exchange rate and thus a lower
level of progeny, which would result in a lower dose. A more detailed explanation of the Aeq derivation is
presented in ORNL 2020.

The image below shows how the tap water inhalation route is calculated using the A, in place of the isotope’s
fractional contribution (FC).

Water inhalation DCC for parent isotope:

water-inh-tot L n 1
i=1| pce [p_C'J
water-inh', L / |j
A
eq
where:

n =the number of short-lived progeny;
A =activity equilibrium factor of short-lived progeny.
eq

5. Recommended Default Exposure Parameters

Table 1 presents definitions of equation variables and their default values. The DCC default values and exposure models are
consistent with the Preliminary Remediation Goals at Superfund Sites (PRG) calculator. Both the DCC and PRG calculator
default values are consistent with the Regional Screening Levels for Chemical Contaminants at Superfund Sites (RSL)
calculator when the same pathways are addressed (e.g., ingestion and inhalation) and are analogous when pathways are
similar (e.g., dermal and external exposure). This calculator, the PRG, and the RSL all follow the recommendations in the
OSWER Directive concerning use of exposure parameters from the 2011 Exposure Factors Handbook. Any alternative
values or assumptions used in remedy evaluation or selection on a CERCLA site should be presented with supporting
rationale in Administrative Records.

Table 1. Recommended Default Exposure Parameters
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Dose Coefficients
Symbol ™ Definition (units Default Reference
DCF, oo Dose Conversion Eactor - external exposure Isotope-specific ORNL 2014c
(mrem/year per pCi/g)
DCF yren Dose Conversion Flactor - external exposure Isotope-specific ORNL 2014¢
(mrem/year per pCi/g)
DCF, oo Dose Conversion Eactor - external exposure Isotope-specific ORNL 2014c
(mrem/year per pCi/g)
D ion Factor - exts |
DCF oy ose Conversion .ac or - external exposure Isotope-specific ORNL 2014¢
(mrem/year per pCi/cm?2)
DCF..., Dose Conversion Eactor - external exposure Isotope-specific ORNL 2014c
(mrem/year per pCi/g)
DCF; Dose Conversion Factor - inhalation (mrem/pCi) Isotope-specific ORNL 2014c
DCF,,. Dose C?onversion Factor - immersion (mrem/yr Isotope-specific ORNL 2014¢
per pCi/L)
DCF, Oral Dose. Conversion Factor - population Isotope-specific ORNL 2014c
(mrem/pCi)
DCF,, Oral Dosel Conversion Factor - adult only Isotope-specific ORNL 2014¢
(mrem/pCi)
DCF,, Dose (?onversmn Factor - submersion (mrem/yr Isotope-specific ORNL 2014c
per pCi/m?3).
Dose and Decay Constant Variables
Symbol * Definition (units) Default Reference
DL Dose Limit (mrem/year) 1
(o Time - construction worker (year) 1 U.S. EPA 2002b Exhibit 5-1
tar Time - farmer (year) 1 U.S. EPA 2005 (pg. C-24/C-26)
tw Time - indoor worker (year) 1 U.S. EPA 1991a (pg. 15)
tow Time - outdoor worker (year) 1 U.S. EPA 1991a (pg. 15)
g Time - recreator (year) site-specific site-specific
.S. EPA 2011a, Table 16-108; 90th til
o i = R (fyeED) 1 us AO a, Aa e 16-108; 90th percentile or
current residence time.
thy Time - worker (year) 1 U.S. EPA 1991a (pg. 15)
Devel for EPA's "Prelimi R iati s f
decay constant = 0.693/half-life (year") X ev? OPeC,I or S X refiminary emedlallon ezl ier
A Isotope-specific Radionuclide Contaminants at Superfund Sites" (NCRP
where 0.693 = In(2)
1996)
Miscellaneous Variables
Symbol ™ Definition (units Default Reference
AAF, o Farmer Age Adjustment Factor - adult (unitless) 0.85 Developed for this calculator
AAF,, . Farmer Age Adjustment Factor - child (unitless) 0.15 Developed for this calculator
AAF ... :?e(.:t:eat(;r Age Adjustment Factor - adult site-specific Developed for this calculator
unitless
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Recreator Age Adjustment Factor - child

AN s ) site-specific Developed for this calculator
(unitless)
Resident Age Adjustment Factor - adult
AAF . . _I g M Y 0.77 Developed for this calculator
(unitless)
Resident Age Adjustment Factor - child
AAF,... ; ] 0.23 Developed for this calculator
(unitless)
ACF oyt 15cm Area Correction Factor - 15cm (unitless) Isotope-specific ORNL 2014a
ACF i 1cm Area Correction Factor - 1cm (unitless) Isotope-specific ORNL 2014a
ACF ¢t -50m Area Correction Factor - 5cm (unitless) Isotope-specific ORNL 2014a
ACFEX‘,gp Area Correction Factor - ground plane (unitless) Isotope-specific ORNL 2014a
ACF o1y Area Correction Factor - soil volume (unitless) Isotope-specific ORNL 2014a
CFfar-beef Beef Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar-dairy Dairy Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFlar-eqq Egg Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFtarfin-fish Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFar-goat Goat Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
Goat Milk Contaminated Fraction - Farmer
CFfar-goat-milk ) 1 Developed for Radionuclide Soil Screening calculator
(unitless)
Poultry Contaminated Fraction - farmer
CFar-poutt u Y : ! 1 Developed for Radionuclide Soil Screening calculator
1/ (unitless)
Produce Contaminated Fraction - farmer
O iz ) 1 U.S. EPA 2011, U.S. EPA 2005
(unitless)
Sheep Contaminated Fraction - F
CFlar-sheer z-.zep ontaminated Fraction - Farmer 1 Developed for Radionuclide Soil Screening calculator
D (unitless)
CF, Sheep Milk Contaminated Fraction - F
e eleep fiontaminated Fraction - Farmer 1 Developed for Radionuclide Soil Screening calculator
milk (unitless)
CFar-shelifish Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator

CFtar-swine Swine Contaminated Fraction - farmer (unitless) | 1 Developed for Radionuclide Soil Screening calculator
CF s rocuce ::;::)Contaminated Fraction - resident 1 U.S. EPA 2011, U.S. EPA 2005
GSF, Gamma Shielding Factor - Air (unitless) 1 Developed for Radionuclide Soil Screening calculator
GSF¢,.150m Gamma Shielding Factor - 15cm (unitless) Isotope-specific ORNL 2014b
GSFeyt.10m Gamma Shielding Factor - 1cm (unitless) Isotope-specific ORNL 2014b
GSFq,i.50m Gamma Shielding Factor - 5¢cm (unitless) Isotope-specific ORNL 2014b
GSFext—gp Eirizemsas)smelding Factor - ground plane sl e ORNL 2014b
GSFysv Gamma Shielding Factor - soil volume (unitless) | Isotope-specific ORNL 2014b
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 U.S. EPA 2000a. (pg. 2-22). U.S. EPA 2000b. (pg. 2-18)
K Andelman Volatilization Factor (L/m3) 0.5 U.S. EPA 1991b (pg. 20)
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EE S N

Inhalation, Ingestion, and Consumption Rates

Recreator Surface Water Immersion Factor -
age-adjusted (hour)

Farmer Inhalation Fraction - age-adjusted
(m?3/year)

Recreator Inhalation Fraction - age-adjusted
(m?3/year)

Resident Inhalation Fraction - age-adjusted
(md/year)

Farmer Beef Ingestion Fraction - age-adjusted
(glyear)

Farmer Dairy Ingestion Fraction - age-adjusted
(glyear)

Farmer Egg Ingestion Fraction - age-adjusted
(glyear)

Farmer Produce Ingestion Fraction - age-
adjusted (g)

Farmer Fish Ingestion Fraction - age-adjusted
(glyear)
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Calculated using the age-adjusted intake factors
equation.

Calculated using the age-adjusted intake factors
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Calculated using the age-adjusted intake factors
equation

Calculated using the age-adjusted intake factors
equation

Calculated using the age-adjusted intake factors
equation

Calculated using the age-adjusted intake factors
equation
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Farmer Poultry Ingestion Fraction - age- Calculated using the age-adjusted intake factors
IFPeyr o ) 54,773 '
J adjusted (g/year) equation
Resident Produce Ingestion Fraction - age- L Calculated using the age-adjusted intake factors
IFres-adi : plant-specific )
J adjusted (g) equation
IFSFyyag Farmer Shellfish Ingestion Fraction - age- 63.266 Calcullated using the age-adjusted intake factors
J adjusted (g) equation
Recreator Soil Ingestion Fraction - age-adjusted ) . Calculated using the age-adjusted intake factors
IFS,cc agj site-specific )
! (mglyear) equation.
Resident Soil Ingestion Fraction - age-adjusted Calculated using the age-adjusted intake factors
IFSres-adj 43,050 X
J (mglyear) equation.
IFSW,y g Farmer Swine Ingestion Fraction - age-adjusted 46,643 Calcu.lated using the age-adjusted intake factors
J (glyear) equation
Recreator Surface Water Ingestion Fraction - ) . Calculated using the age-adjusted intake factors
IFWreq-a; q site-specific .
age-adjusted (L/year) equation.
Resident Tap Water Ingestion Fraction - age- Calculated using the age-adjusted intake factors
IFW g6 aq ) 737 .
! adjusted (L/year) equation.
truction Work il Inhalation Ratt
IRA,, Construction Worker Soil Inhalation Rate 60 U.S. EPA 19972 (pg. 5-11)
(m?3/day; based on a rate of 2.5m3/hr for 24hr)
IRA,.. Farmer Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA, Farmer Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
) . Were
IRA, Indoor Worker Soil Inhalation Rate (m3/day; 60 U.S. EPA 1997a (pg. 5-11)
based on a rate of 2.5m?3hr for 24hr)
; . P
IRA,, Outdoor Worker Soil Inhalation Rate (m3/day; 60 U.S. EPA 1997a (pg. 5-11)
based on a rate of 2.5m3hr for 24hr)
IRA . o Recreator Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRATS Recreator Inhalation Rate - child (m%/day) 10 U.S. EPA 1997a (pg. 5-11)
IRA s o Resident Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRATSE Resident Soil Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRA, Composite Worker Soil Inhalation Rate (m3/day; 60 U.S. EPA 1997a (pg. 5-11)
based on a rate of 2.5m3hr for 24hr)
IRBy,,., Farmer Beef Ingestion Rate - adult (g/day) 270.1 CESbISHACN] (U T e kb A (WD HE
5)
.S. EPA 2011 (Table 13- .S. EPA 2018 (Table 11-
IRBq,,. Farmer Beef Ingestion Rate - child (g/day) 64.6 us QUL RESHES TS (et
5)
U.S. EPA 2011 (Table 13-25)U.S. EPA 2018 (Table 11-
IRDy,., Farmer Dairy Ingestion Rate - adult (g/day) 1,438.0 (et ) (ueie
3)
IRD, ., Farmer Dairy Ingestion Rate - child (g/day) 1,116.4 SHh (HRAR) (Uiels T Uish (HRAASID (UED Ui
3)
U.S. EPA 2011 (Table 13-40)U.S. EPA 2018 (Table 11-
IRESS Farmer Egg Ingestion Rate - adult (g/day) 97.3 (it ) etz
7)
IRE. Farmer Eqg Ingestion Rate - child (g/day) 25.1 U.S. EPA 2011 (Table 13-40)U.S. EPA 2018 (Table 11-
7)
.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA
IRGa Farmer Produce Ingestion Rate - adult (g/day) plant-specific Us i) Quetis fe€ el ey U
2018 (Table 9-5)
U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA
IR Farmer Produce Ingestion Rate - child (g/day) plant-specific (Table ave )
2018 (Table 9-5)
IRFley.a Farmer Fin Fish Ingestion Rate - adult (g/day) 155.9 U.S. EPA 2011 (Tables 10-7 and 13-20)
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IRFly o Farmer Fin Fish Ingestion Rate - child (g/day) 36.1 U.S. EPA 2011 (Tables 10-7 and 13-20)
IRF ¢ Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page 15)
IRP, Farmer Poultry Ingestion Rate - adult (g/day) 175.5 UESB (AN (D kb S A (WD HE
5)
.S. EPA 2011 (Table 13-52)U.S. EPA 2018 (Table 11-
IRP, Farmer Poultry Ingestion Rate - child (g/day) 48.8 Us i) (U Tl T (et
5)
U.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA
IR 5.2 Resident Produce Ingestion Rate - adult (g/day) plant-specific (bl ave )
2018 (Table 9-5)
.S. EPA 2011 (Table 13-31 - Table 13-57); U.S. EPA
IR e Resident Produce Ingestion Rate - child (g/day) plant-specific us Wi (uetis fS€ el T U
2018 (Table 9-5)
Construction Worker Soil | tion Rat
IRS,, onstruction Worker Soil Ingestion Rate 330 U.S. EPA 1991a (pg. 15)
(mg/day)
IRS,..5 Farmer Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
RS Farmer Soil Ingestion Rate - age-adjusted 115 Calculated using the age-adjusted intake factors
Brsdi (mg/day) equation.
IRS,. Farmer Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRSF;, Farmer Shellfish Ingestion Rate - adult (g/day) 208.9 U.S. EPA 2011 (Table 10-9)
IRSF¢,¢ Farmer Shellfish Ingestion Rate - child (g/day) 21.3 U.S. EPA 2011 (Table 10-9)
IRS;,, Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)
IRS,,, Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS ¢ o Recreator Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
RSN Recreator Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS 5.2 Resident Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
RSN Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS,, Composite Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
U.S. EPA 2011 (Table 13-51)U.S. EPA 2018 (Table 11-
IRSW,,,., Farmer Swine Ingestion Rate - adult (g/day) 151.1 (et ) (et
far-a 5)
IRSW,,.. | Farmer Swine Ingestion Rate - child (g/day) 322 GHh (SRR (QUELD TSk (R (UED Ui
5)
RW Recreator Surface Water Ingestion Rate - adult 011 Time weighted average was calculated based on the
reca (L/hour) ’ upper percentile from Table 3.7 of EFH 2019.
IRw,, | Hecreator Surface Water Ingestion Rate -child | |, Child upper percentile from Table 3.5 of EFH 2011
(L/hour)
U.S. EPA 2011a, Tables 3-15 and 3-33; weighted
Resident Tap Water Ingestion Rate - adult b e esl an i W§|g e,
IRW, .. 2.5 average of 90th percentile consumer-only ingestion of
res-a (L/day)
drinking water (birth to <6 years)
Resident Tap Water Ingestion Rate - child i [ERR AUl Table§ Sl i =k w_elghte.d
IRW .. 0.78 average of 90th percentile consumer-only ingestion of
res-c (L/day)
drinking water (birth to <6 years)
Exposure Frequency, Exposure Duration, and Exposure Time Variables
Symbol * Definition (units Default Reference
ow,,, Construction Worker Exposure Frequency 5 U.S. EPA 2002b Exhibit 5-1
(days/week)
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EDq,, Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-3)
EDT Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a
EDq,. Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-3)
(=D Recreator Exposure Duration (years) site-specific Ub A 2,01 e Table T-1ats5 o perssiiilo er
current residence time.
EDeca Recreator Exposure Duration - adult (years) site-specific -
ED,¢cc Recreator Exposure Duration - child (years) site-specific U.S. EPA 1991a, Pages 6 and 15
.S. EPA 2011a, Table 16-108; h il
EDMS Resident Exposure Duration (years) 26 U _0 &b _ab B IS M D e
current residence time.
ED¥, Resident Exposure Duration - adult (years) 20 ED, s (26 years) - ED, . (6 years)
(B0 es Resident Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages 6 and 15
EF Construction Worker Exposure Frequency 250 U.S. EPA 2002b Exhibit 5-1
o (days/year) -
EET. Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
[EET. Farmer Exposure Frequency - adult (days/year) 350 U.S. EPA 1991a (pg. 15)
ERTHN Farmer Exposure Frequency - child (days/year) 350 U.S. EPA 1991a (pg. 15)
EF;, Indoor Worker Exposure Frequency (days/year) 250 U.S. EPA 1991a (pg. 15)
EF Outdoor Worker Exposure Frequency 205 U.S. EPA 1991a (pg. 15)
o (days/year) e Pg.
S Recreator Exposure Frequency (days/year) site-specific U.S. EPA 1991a (pg. 15)
EF,.. Recreator Exposure Frequency - adult Sialenace U.S. EPA 1991a (pg. 15)
(days/year)
Ri E I - chil
EF o0 SCEIH S SO AR L site-specific U.S. EPA 1991a (pg. 15)
(days/year)
EEE. Resident Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
Resi E I - |
EF... esident Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
(days/year)
Resident E: F - child
EF... esident Exposure Frequency - chi 50 U.S. EPA 1991a (pg. 15)
(days/year)
EF,, Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
Construction Worker E: Ti
Ejes CUEUCRIEID WEHET 2D T 8 Eight Hours per 24 hour Day
(hours/day)
ETemtions Farmer Water Exposure Time - adult 071 UlS. EPA 19973
(hours/event)
I W [E Time - chill
ET, e armer Water Exposure Time - child 0.54 U.S. EPA 1997a
(hours/event)
Resident Tap Water E Time - adult
ETvontrone esident Tap Water Exposure Time - adul o071 US, EEA 65T
(hours/event)
S Resident Tap Water Exposure Time - child 0.54 U.S. EPA 1997a
(hours/event)
B Farmer Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
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U.S. EPA 2011 (Tables 16-20 and 16-24 total of time in
ET o away Farmer Soil Exposure Time - away (hours/day) 1.83 vehicles, near vehicles and outdoors other than near
residence 25%)
ETare Farmer Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
ETe Farmer Indoor Soil Exposure Time (hours/day) 10.008 24 hours/day - (ETy, + ETy,)
F t il E: Ti
ETrs LT QT Sl (SR Ui 12.167 U.S. EPA 2011 (Table 16-20 951%))
(hours/day)
Ely Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
ET,, Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
Eles Recreator Exposure Time (hours/day) site-specific site-specific
ET oca Recreator Exposure Time - adult (hours/day) site-specific site-specific
[Fieg Recreator Exposure Time - child (hours/day) site-specific site-specific
ET esa Resident Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
TN Resident Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
ET s Resident Indoor Soil Exposure Time (hours/day) | 16.416 U.S. EPA 2011 (Table 16-16 50t%)
Resident Outdoor Soil E: Ti
ETees SRR CIHL eI Sl 2Rl S 1.75 U.S. EPA 2011 (Table 16-20 501%))
(hours/day)
ET, Composite Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
Number of f: It ter bathi t
Evyar_a umber of farmer tap water batning events per 1 U.S. EPA 2004 Exhibit A-9
day - adult (events/day)
EViare Number'of farmer tap water bathing events per 1 U.S. EPA 2004 Exhibit A-9
day - child (events/day)
N f rf: hi
EV,.. umber of recreator surface water bathing SemEsie Slieeeie
events per day - adult (events/day)
Number of recreator surface water bathing ) o " "
EViecc ) site-specific site-specific
events per day - child (events/day)
EV,.. Number of resident tap water bathing events 1 U.S. EPA 2004 Exhibit A-9
per day - adult (events/day)
Number of resident t: ter bathi It
EV,... LIS Bl IS LD WA LI G 1 U.S. EPA 2004 Exhibit A-9
per day - child (events/day)
EW,, Construction Worker Exposure Frequency 50 U.S. EPA 2002b Exhibit 5-1
(weeks/year)
Soil to Groundwater SSL Factor Variables
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Wind Particulate Emission Factor Variables
Symbol ¥ Definition (units). Default Reference
PEF and region-
A Dispersion constant (unitless) andregion U.S. EPA 2002b Exhibit D-2
specific
A, Areal extent of the site or contamination (acres) (5)‘050(;3"” 0510 1 ) 5. EPA 2002b Exhibit D-2
PEF and region-
B Dispersion constant (unitless) el U.S. EPA 2002b Exhibit D-2
specific
© Dispersion constant (unitless) PEF andregion- |\, 5 EpA 2002b Exhibit D-2
specific
Function Dt t !
F(x) B epeeEendentichiC8EC (i Uln) 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
Inverse of the Mean Concentration at the .
93.77 (region- .
Q/IC,ing Center of a 0.5-Acre-Square Source (g/m2-s per ) U.S. EPA 2002b Exhibit D-2
kg/md) p
Ul Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Vall f Wind Speed at
U, S S R D G S e 1132 U.S. EPA. 1996, Appendix D Table 2
7m (m/s)
\% Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002b Equation 4-5
Particulate Emission Factor - Mi li . 109 ion-
PEF, articulate Emission Factor - Minneapolis 36.x 09(region: U.S. EPA 2002b Exhibit D-2
(m3/kg) specific)
Mechanical Particulate Emission Factor Variables from Standard Unpaved Road Vehicle Traffic
s - Definiti . Def Ref
A Dispersion constant (unitless) 12.9351 U.S. EPA 2002b Equation 5-6
rf: f i Ag = Lg x W,
Ax Surface area of contaminated road segment (Ar = Lg x Wg x U.S. EPA 2002b Equation 5-5
(m?2) 0.092903m? /ft2 )
A, Areal extent of site surface soil contamination 0.5 (range 0.5 to U.S. EPA 2002b Equation 5-6
(acres) 500 )
B Dispersion constant (unitless) 5.7383 U.S. EPA 2002b Equation 5-6
C Dispersion constant (unitless) 71.7711 U.S. EPA 2002b Equation 5-6
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002b Equation 5-5
Lg Length of road segment (ft) Site-specific U.S. EPA 2002b Equation 5-5
Number of days with at least 0.01 inches of
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3 A Site-specific U.S. EPA 2002b Exhibit 5-2
precipitation (days/year)
Inverse of the ratio of the 1-h geometric mean
arc, conf:entrahon to the em|.53|or.1 flux along a _ 2?.02 (for 0.5 acre U.S. EPA 2002b Equation 5-5
straight road segment bisecting a square site site)
(g/m?2-s per kg/m3)
Tg Total time over which construction occurs (s) site-specific U.S. EPA 2002b Equation 5-5
(number of cars x
tons/car + number
W Mean vehicle weight (tons) of trucks x U.S. EPA 2002b Equation 5-5
tons/truck) / total
vehicles)
Wg Width of road segment (ft) 20 U.S. EPA 2002b Equation E-18
> VKT = total
vehicles x
f fleet vehicle kil ters t led i dist: ki
Sucr Sum of fleet ve |<:¢Ta ilometers traveled during istance (km/day) U.S. EPA 2002b Equation 5-5
the exposure duration (km) x frequency
(weeks/year) x
(daysl/year)
PEF,, Particulate Emission Factor - subchronic (site-specific) U.S. EPA 2002b Equation 5-5
(m?3/kg)
Mechanical Particulate Emission Factor Variables from Other Construction Activities
Symbol > Definition (units) Default Reference
0.35 PM,, particle size multiplier (unitless) 0.35 U.S. EPA 2002b Equation E-21
0.60 PM,, scaling factor (unitless) 0.60 U.S. EPA 2002b Equation E-23
0.75 PM,, scaling factor (unitless) 0.75 U.S. EPA 2002b Equation E-22
A Dispersion constant (unitless) 2.4538 U.S. EPA 2002b Equation E-15
A doz Areal extent of dozing (acres) Site-specific Necesfsary {o solve 3 VKT in U.S. EPA 20020
Equation E-22
Acil Areal extent of tilling (acres) Site-specific U.S. EPA 2002b Equation E-24
Agxcav Areal extent of excavation (m2) (range 0.5 to 500) U.S. EPA 2002b Equation E-21
A, Areal extent of site surface soil contamination (range 0.5 0 500) U.S. EPA 2002b Equation E-15
(acres)
Areal f si rf il inati
At ( ri)a extent of site surface soil contamination | 10 0.5 t0500) | U.S. EPA 2002b Equation E-20
m
B Dispersion constant (unitless) 17.5660 U.S. EPA 2002b Equation E-15
By Dozer blade length (m) Site-specific U.S. EPA 2002b Page E-28
B, Grader blade length (m) Site-specific U.S. EPA 2002b Page E-28
C Dispersion constant (unitless) 189.0426 U.S. EPA 2002b Equation E-15
sy Average depth of excavation (m) Site-specific U.S. EPA 2002b Equation E-21
ED Exposure duration (years) Site-specific U.S. EPA 2002b Equation E-20
Fi ion D I
F(x) Yieiten DEpEEIaii e @S = (Ul 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
Fp Dispersion correction factor (unitless) Site-specific U.S. EPA 2002b Equation E-16
Total time-averaged PM,, unit emission flux for
J7 (g/m?-s) construction activities other than traffic on Site-specific U.S. EPA 2002b Equation E-25
unpaved roads
My, Unit mass emitted from dozing operations (g) site-specific U.S. EPA 2002b Equation E-22
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Unit mass emitted from excavation soil

site-specific U.S. EPA 2002b Equation E-21
dumping (g) i !
Mgrade Unit mass emitted from grading operations (g) site-specific U.S. EPA 2002b Equation E-23
X . ; . 7.9 (mean value .
M oz Gravimetric soil moisture content (%) U.S. EPA 2002b Equation E-22

for overburden)

12 (mean value
WMemy Gravimetric soil moisture content (%) for municipal U.S. EPA 2002b Equation E-21
landfill cover)

MPC g Unit mass emitted from wind erosion (g) site-specific U.S. EPA 2002b Equation E-20
Mgy Unit mass emitted from tilling operations (g) site-specific U.S. EPA 2002b Equation E-24
Na-goz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002b Equation E-22
INASED Number of times soil is dumped (unitless) 2 U.S. EPA 2002b Equation E-21
Nagrade Number of times site is graded (unitless) Site-specific U.S. EPA 2002b Equation E-23
Nain Number of times soil is tilled (unitless) 2 U.S. EPA 2002b Equation E-24
Inverse of the ratio of the 1-h. geometric mean
i trati d th ission flux at thi
arc,, alr conceniration and the emission fux at e Site-specific U.S. EPA 2002b Equation E-15
center of the square emission source (g/m2-s
per kg/m3)
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002b Equation E-22

114 |
S Average dozing speed (kph) (meanvalue |\, o £ba 20026 Equation E-22
E3 for graders)

11.4 (mean value

Sgrade Average grading speed (kph) U.S. EPA 2002b Equation E-23
for graders)
Sqin Soil silt content (%) 18 U.S. EPA 2002b Equation E-24
U, Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
U, Equivalent Threshold Value of Wind Speed at 1132 U.S. EPA. 1996, Appendix D Table 2
7m (m/s)
\ Fraction of Vegetative Cover (unitless) 0 U.S. EPA 2002b Equation E-20
Psoil In situ soil density (includes water) (Mg/m3) 1.68 U.S. EPA 2002b Equation E-21
> VKT, Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002b Equation E-22
YVKT grage Sum of grading kilometers traveled (km) U.S. EPA 2002b Equation E-23
N | VKT, in U.S. EPA 2002
A grade Areal extent of grading (acres) Site-specific eces_sary DDAl 0020
g Equation E-23

Particulate Emission Factor - subchronic

PEF', )

(site-specific) U.S. EPA 2002b Equation E-26
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