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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 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 radlologlcal contaminants in sensitive ecological settmgs may also need to be evaluated for
potential ecological risk. EPA's guidance "E:
Ecological Risk Assessment" contains an eight step process for using benchmarks for ecologlcal 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
Radionuclides: 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 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 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 complying 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
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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, 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). ARARs are determined site-specifically. For a list of
"Likely Federal Radiation Applicable or Relevant and Appropriate (ARARs)", see Attachment A of EPA's guidance "Establishment of Cleanup Levels
for CERCLA sites with Radioactive Contamination." For additional guidance documents on compliance with ARARs at radioactively contaminated
sites, go to the following webpage: 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.org/conflitrc/rads_051507/

2. Understanding the DCC Website

2.1 General Considerations

DCCs are isotope concentrations that correspond to certain levels of dose in air, soil, water, and biota. Dose Coefficients (DCFs), for a
given radionuclide, represent the dose equivalent per unit intake (i.e., ingestion or inhalation) or external exposure of that 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 Center for Radiation
Protection Knowledge. The main report is Calculations of Slope Factors and Dose Coefficients 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" presented in the Radionuclide Table under the heading "ICRP Lung Type" refer to the lung absorption
type for inhaled particulate radionuclides, expressed as fast (F), medium (M), or slow (S), 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. (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, are 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 Soil, 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, Tapwater, Soil to Groundwater and Ingestion of
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The DCCs are generated with standard exposure route equations using EPA DCFs and exposure parameters. 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 three options for calculating DCCs. Previous versions of this calculator employed slope factors that included progeny
ingrowth for 100 years, designated "+D." The +D slope factors are no longer included in the pick list. This section describes the potential
applications of the three choices and recommends a default DCC calculation.

2.2.1 DCC Output Option #1: Assumes Secular Equilibrium Throughout the Chain (no decay)

This is the preferred DCC calculation option and is marked as the default selection in the calculator. When a single isotope is
selected, the calculator identifies all the daughters in the chain. The DCCs for each daughter are combined with the parent on a
fractional basis. The fractional basis is determined by branching fractions, where a progeny may decay into more than one isotope.
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. Currently, all the soil DCC equation images are presented with a radioactive decay term to account for half-lives
shorter than the exposure duration. 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.

« Atotal DCC is calculated using the following formula.

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

j=1DCC i
SE-route
where:
n = total number of exposure routes;

Route secular equilibrium DCC for parent isotope:
C = ;
SE-route n 1

E -
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.

2.2.2 DCC Output Option #2: Does Not Assume Secular Equilibrium, Provides Results for Progeny Throughout
Chain (with decay)

This option displays the DCCs calculated with half-life decay as identified in the DCC equation images. 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.

2.2.3 DCC Output Option #3: Does Not Assume Secular Equilibrium, No Progeny Included (with decay)

This option displays DCCs for only the selected isotopes with half-life decay as identified in the DCC equation images. 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.

2.3 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 Dose
Coefficients 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
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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.

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, hT,50, and the effective dose equivalent conversion factor, hE,50 (calculated using the organ
weighting factors wy). These values are also 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 Federal 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, and 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 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: 13.5y, 9.31 min and 96 min, respectively, and the energy emitted per decay is 1.30 MeV, 0.080 MeV, and 0.14 MeV,
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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.

2.4.1 Sources

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

-

. 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. 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.

3. EPA Radionuclide Soil Screening Level (SSL). 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.

4. RESRAD. User's Manual for RESRAD Version 6. Environmental Assessment Division, Argonne National Laboratory. ANL/EAD-

4. July 2001. Spreadsheet of values.
5. BAES. A Review and Analysis of Parameters for Assessing Transport of Environmentally Released Radionuclides through
Agriculture. C. F. Baes lll, R. D. Sharp, A. L. Sjoreen, R.W. Shor. Oak Ridge National Laboratory 1984. Spreadsheet of values.
6. ICRP 2008. Nuclear Decay Data for Dosimetric Calculations. International Commission on Radiological Protection Publication
107. Ann. ICRP 38 (3), 2008.

7. 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 IlI: 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.

* Milk transfer factor (TF y5iry) (day/L). IAEA, EA, NCRP, RESRAD. TF 4,y is the volumetric activity density in milk (pCi/L) divided
by the daily intake of radionuclide (pCi/day).

o Beef transfer factor (TFy,¢s) (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).

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

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

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

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

« Sheep Milk transfer factor (TFgpegp-milk) (day/L). IAEA. TFgpeep milk is the volumetric activity density in sheep milk (pCi/L) divided
by the daily intake of radionuclide (pCi/day).

« Sheep transfer factor (TFgpeep) (day/kg). IAEA, EA. TFgpeqp, is the mass activity density in sheep (pCi/kg fresh weight) divided by
the daily intake of radionuclide (in pCi/d).

« Goat Milk transfer factor (TFgoat.mi) (day/L). IAEA. TFgoatmik is the volumetric activity density in goat milk (pCi/L) divided by the
daily intake of radionuclide (pCi/day).

* Goat transfer factor (TFgo4¢) (day/kg). IAEA. TF g, 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 (Ky) (mg/kg-soil per mg/L water or simplified = L/kg). EPAKD, IAEA, SSL, RESRAD, BAES. K 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 By, values were derived from By, sources, assuming the ratio of dry mass to fresh
mass was presented in the source documents.

o 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.

« Soil to plant transfer factor-dry (Bvgy) (pCi/g plant per pCi/g soil). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for cereal
grain are used. Bvyyy is the ratio of the activity concentration of radionuclide in the plant (pCi/kg dry mass) to that in the soil (pCi/kg
dry mass). Note: Some Bvy, values were derived from By, sources, assuming the ratio of dry mass to fresh mass was presented
in the source documents.

o 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.

Bvy,et and By, can be determined using the following equations.
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By 100 - MCJ

wet :Bvdry : [ 100

where
MC = percent maisture content (%)

and:

_ (100
B dry =B [1UU—MC]

where:
MC = percent moisture content (%)

2.5 Biota Modeling

2.5.1 Produce Modeling

There are 22 individually calculated DCCs that make up the default produce DCC. Each individual DCC is determine based on
produce specific data such as intake rate, soil to plant transfer factors (Bv,;), and soil mass loading factor (MLF). These 22
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 tranfer factors were updated in July
2016. A pdf of the Technical Memorandum, released for this update, can 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. Another source for intake rates 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.

|
ntake | Intake | ke Intake | 'Make | Intake e Intake
Rate Rate Rate Rate
for for Rate for Rate for for 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 /da /da
(@day) | (@iaay) | G| G| gy | gamy | 0|0
(FW) (FW) (CPW) (CPW)
Apples 82.9 84.7 72.2 73.7 43.0 43.9 374 38.2
Citrus 194.4 309.4 194.1 309.4 100.6 160.4 100.6 160.4
Berries
other than 23.9 354 23.9 35.4 12.4 18.3 124 18.3
Strawberries
Peaches 99.3 103.1 1114 115.7 51.5 53.5 57.7 60.0
Pears 76.9 59.9 66.7 51.9 39.9 311 34.6 26.9
Strawberries 25.3 40.5 253 40.5 13.1 21.0 13.1 21.0
Asparagas 12.0 39.3 12.0 39.3 8.2 26.8 8.2 26.8
Beets 3.9 33.9 3.9 33.9 2.7 23.2 2.7 23.2
Broccoli 14.4 85K 13.1 32.0 9.9 241 8.9 21.9
Cabbage 11.5 85.7 12.3 92.1 7.8 58.6 8.4 62.9
Carrots 183 244 14.9 27.3 9.1 16.6 10.2 18.7
Corn 327 82.0 23.8 59.8 223 56.0 16.3 40.9
Cucumbers 16.9 54.9 25.4 824 11.5 BI/A5) 17.3 56.3
Lettuce 4.2 37.5 42 37.5 29 25.6 29 25.6
Lima Beans 6.5 33.8 6.5 33.8 45 23.1 4.5 231
Okra 5.3 30.2 5.3 30.2 3.6 20.7 3.6 20.7
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Onions 7.2 27.2 5.8 21.8 4.9 18.6 4.0 14.9
Peas 28.7 31.7 32.1 354 19.6 21.7 21.9 242
Pumpkins 45.2 64.8 45.2 64.8 30.9 44.2 30.9 442
Snap Beans 275 54.2 27.3 53.9 18.8 37.0 18.7 36.8
Tomatoes 34.9 94.2 29.7 80.3 23.8 64.4 20.3 54.8
White
57.3 141.8 51.7 127.8 39.1 96.9 35.3 87.3
Potatoes
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 34.8 88.5 28.8 73.2
Cereal Grain 46.0 91.9 38.0 76.0

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.

2.5.1.2 Soil to Plant Transfer Factors (Bvyy,)

The new soil to plant transfer factors (Bv,,et) 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 24 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 22 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 22 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 shows how the climate zones are distributed across the United States.

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]


http://npic.orst.edu/pest/countyext.htm
http://www-pub.iaea.org/MTCD/publications/PDF/trs472_web.pdf

DCC User's Guide

Holdridge Life Zones |
B boruai rain forsst [ warm tamparate subalpine wat forast |
B cool temparato alpine wot tundia B warm tamparats subslping rain forest |
H cool termperate alpine rain tundra E warm tempoarate montana desar |
| ] ool tamparale subalping dry scub B werm tamparate montane desert scrub
| cool tamperate subalping moist fonost . WM JAMPaate Mantane stoppo
. conl tamparato subalping wel formst EH warm tamporate montene moist forest
B coal tamparato subalping rain fanmst @ WFT IAMpPOIATE mantana wot forest
" cool temperate desert O warm tamparate montana rain forost
. cool temporato desort scrub B warm tamparate desart
B cool tamparata stappa warm tamporato dosort sSrub
] ool temparato moist forest Tl warm tamporats thom steppe
= B cool temperato wet tarest warm tomporate dry farast
| O com temparate rain forast B warm tamporate maist forost
0 warm temparato nival B warm tamporate wot forest
B warm tarmporate alpine maokat tundrs ] subtropical desoert scrub
] warrmn tomporato alging wet tundra T subtropical thorm woodland
O warm temperate alpine rain tundra ﬂ subtropicil dry forpat
B warm temporate subaipine dry scrub ] subtropical moist farest
S0 warm omparalo subalping moist fonost B wropical dry fanest
|
|
|
|
|

apping. Journal of

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 (%) (%)

(%) (emol fkg) ’ °

Sand 35-65 0.5-3.0 3.0-15.0 =63 <18

Loam 4.0-6.0 2.0-65 50-25.0 6582 18-35

Clay 5.0-8.0 3.5-100 20.0-70.0 — =35

Organic 30-5.0 =20 20.0-200.0 — —

*Technical Report Series no. 472.

p>

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]


https://www.researchgate.net/publication/227649905_The_Holdridge_life_zones_of_the_conterminous_United_States_in_relation_to_ecosystem_mapping
http://www-pub.iaea.org/MTCD/publications/PDF/trs472_web.pdf
http://www-pub.iaea.org/MTCD/publications/PDF/trs472_web.pdf

DCC User's Guide

Sand

Leam
Sani

Leom

Silt
Loam

Loom

Loam

Sandy
Clay

Other

*Land Data Assimilation Systems (LDAS). NASA

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.
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Primary Primary | Secondary | Secondary Tertiary Tertia
Produce Transfer Transfer Transfer Transfer Transfer Transf:, .
Type Factor Factor Factor Factor Factor
Factor Source
Category Source Category Source Category
NCRP-123,
Woody RADSSL,
Appl IAEA Frui EA N
pples Tree ruit one RESRAD, and
Baes
NCRP-123,
i Woody X RADSSL,
Citrus e IAEA Fruit EA heng RESRAD, and
Baes
) NCRP-123,
tBhearnrles other _ AEA it A - RADSSL,
. RESRAD, and
Strawberries
Baes
NCRP-123,
Woody RADSSL,
Peach i
eaches . IAEA Fruit EA None RESRAD, and
Baes
NCRP-123,
Woody RADSSL,
b .
ears . IAEA Fruit EA None RESRAD, and
Baes
NCRP-123,
} . RADSSL,
Strawberries Herbaceous IAEA Fruit EA None RESRAD, and
Baes
NCRP-123,
Leafy Green RADSSL,
Asparagas Vegetable | T | Vegetable FA Nome | RESRAD, and
Baes
NCRP-123,
Root RADSSL,
Beets Root WEA |\ o otable EA None | RESRAD, and
Baes



http://ldas.gsfc.nasa.gov/nldas/NLDASsoils.php
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NCRP-123,
Non-Leafy Green RADSSL,
B li IAEA EA Ni
roceotl Vegetable Vegetable one RESRAD, and
Baes
NCRP-123,
Leafy Green RADSSL,
IAEA EA Ni
Cabbage Vegetable Vegetable one RESRAD, and
Baes
NCRP-123,
Root RADSSL,
Root IAEA EA Ni
S 00 Vegetable one RESRAD, and
Baes
NCRP-123,
Green RADSSL,
Mai i IAEA EA Ni
Corn aize Grain Vemsiatite one RESRAD, and
Baes
NCRP-123,
Non-Leafy Green RADSSL,
IAEA EA Ni
Cucumess Vegetable Vegetable one RESRAD, and
Baes
NCRP-123,
Lettuce Ll IAEA e EA None AL,
Vegetable Vegetable RESRAD, and
Baes
NCRP-123,
Lima Beans LegE IAEA Sl EA None AL,
Seed Vegetable RESRAD, and
Baes
NCRP-123,
Non-Leafy Green RADSSL,
k
Okra Vegetable IAEA Vegetable EA None RESRAD, and
Baes
NCRP-123,
. Non-Leafy Root RADSSL,
Sl Vegetable RES Vegetable e e RESRAD, and
Baes
NCRP-123,
Legume Green RADSSL,
Peas Seed RES Vegetable e e RESRAD, and
Baes
NCRP-123,
Non-Leafy Green RADSSL,
P ki IAEA EA N
A Vegetable Vegetable one RESRAD, and
Baes
NCRP-123,
Legume Green RADSSL,
S B IAEA EA N
L AT Seed Vegetable one RESRAD, and
Baes
NCRP-123,
Non-Leafy Green RADSSL,
T t IAEA EA N
omatoes Vegetable Vegetable one RESRAD, and
Baes
NCRP-123,
White Root RADSSL,
Tubi IAEA EA N
Potatoes uoer Vegetable one RESRAD, and
Baes
RADSSL,
Rice Rice IAEA None NCRP-123 None RESRAD, and
Baes
RADSSL,
) Cereal
Cereal Grain Grain IAEA None NCRP-123 None RESRAD, and
Baes
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o 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 (Buwet) |
Sl to Plan Transfer Factors (Buwet) |
—F—

( Apple, Citrus, Berry strawberry | asparagus, || BeetCamot | proceq, [ Com | (" limaBean, || WhitePotato | [ CerealGrain | [ Rice
( e, e | Cumtr | e
\ ‘ Lettuce | Oka, Onion, Bean
S impkin,
| Tomets
T = | [ | ) )
[T b woonrTee shup vervaceous || vegeame | [ moor | Norle ) (Mg | [Ciemmesesd |[ e | [Coewcon |[ me |

I I I — 1 I I I I I I

IAEA

(o

RADSSL l
H

=

+ The red text elements are on the from the ‘Common Isotopes lst 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.

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 tranfer 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 994.7 676.4 994.7 676.4
Beef 62.8 165.3 311 81.7
Swine 337 92.5 16.6 45.7
Poultry 46.9 107.4 23.2 53.1
Egg 317 59.6 317 59.6
Fish 57.4 831.8 35.2 509.9

Site-specific mode will also offer the user 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, 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)
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o 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.

[Transfer Factors (TF) |
( J

e ¥ 3 1 [ [2 2 L2 L2 [2 2
[ momarres — Beet I el i | | (Cezgierieren, || swine | [ seepmik ][ comr | [ Gommaic

=
=== ]_.[j.AEA

[ erimarysource |
tcotops

Pouitry
[chicken, duck,

cd, . Gu, | ((ag,
Fa Hg, ), K Mn, | | Fe,L K La,Mn, || Co co s Cu,
N, | | Nd, || re, |

=

Secondarysouree |
cotopes

i, 8 ' Dy, Es,

F,Em, Fr, Gd, Ge, Hia,

He, HE, Hg, Ho, 1L K, |
o

|| Ah.in, 56, 51,50, T,
T, Ti, Tm, X8, Y.

* The red text elements are on the from the ‘Common Isotopes’ list on the calculator page.

Te, W, Xe

« 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.

2.5.3 Mass Loading Factor

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 L and D mplian: ncentration Calculator:
for Use in EPA Superfund Risk Assessment: Explanation of Intake Rate Derivation, Transfer Factor Compilation, and

Mass Loading Factor Sources. This file is engineered for 2 sided printing.

Mass Loading :
Table 2.5.3-A Facotr (MLF) Units Reference
Apples 1.60E-04 g dry soil /g EA (2009)
L ’ fresh plant
Citrus 1.57E-04 g dry soil /g EA (2009)
’ fresh plant
. . g dry soil /g
B ther than Strawb 1.66E-04 EA (2009)
erries other than rawberries i plant
Peaches 1.50E-04 g dry soil /g EA (2009)
’ fresh plant
Pears 1.60E-04 g dry soil /g EA (2009)
’ fresh plant
Strawberries 8.00E-05 g dry soil /g EA (2009)
: fresh plant
Asparagas 7.90E-05 g dry soil /g EA (2009)
I ’ fresh plant
Beets 1.38E-04 g dry soil /g EA (2009)
: fresh plant
. g dry soil /g . .
Broccoli 1.01E-03 Hinton (1992), SSG-Appendix G
fresh plant
Cabbage 1.05E-04 g dry soil /g EA (2009)
g ’ fresh plant
Carrots 9.70E-05 g dry soil /g EA (2009)
: fresh plant
dry soil /
Corn 1.45E-04 9eY SO/ | b er & McLeod (1989), SSG-Appendix G
fresh plant
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g dry soil / g
(o] b 4.00E-05 EA (2009)
ueumbers fresh plant
d il /
Lettuce 1.35E-02 gdrysofi/g Hinton (1992), SSG-Appendix G
fresh plant
d il /
Lima Beans 3.83E-03 gdrysofi/g Hinton (1992), SSG-Appendix G
fresh plant
g dry soil /g
Ok 8.00E-05 EA (2009)
ra fresh plant
. g dry soil /g
(o] 9.70E-05 EA (2009
nions fresh plant
g dry soil /g
P 1.78E-04 EA (2009)
eas fresh plant
. g dry soil /g
P ki 5.80E-05 EA (2009)
HalAne fresh plant
d il /
Snap Beans 5.00E-03 gdrysofi/g Hinton (1992), SSG-Appendix G
fresh plant
d il /
Tomatoes 1.59E-03 gdrysofiig Hinton (1992), SSG-Appendix G
fresh plant
. g dry soil /g
White Potat 2.10E-04 EA (2009)
e Fotatoes fresh plant
. g dry soil / g .
Cereal Grains 2.50E-01 Hinton (1992)
dry plant
. g dry soil / g .
Rice 2.50E-01 Hinton (1992)
dry plant
g dry soil /g .
Pasture 2.50E-01 Hinton (1992)
dry plant

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 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 Sail
Screening Guidance for Radionuclides: Technical Background Document provides more information about 5 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

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
https://epa-dccs.ornl.gov:8085/documents/AMEC.pdf
https://epa-dccs.ornl.gov:8085/documents/resrad6.pdf
https://epa-dccs.ornl.gov:8085/documents/TECDOC_1616.pdf
https://epa-dccs.ornl.gov:8085/documents/TECDOC_1616.pdf
https://epa-dccs.ornl.gov:8085/download.html
https://epa-dccs.ornl.gov:8085/cgi-bin/dose_search
https://epa-dccs.ornl.gov:8085/documents/TBD-Part-3-clean.pdf
https://epa-dccs.ornl.gov:8085/documents/SSG_rad_technical.pdf
https://epa-dccs.ornl.gov:8085/documents/SSG_rad_technical.pdf

DCC User's Guide

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 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 (for example, 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 Qutput

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:

D 0%y egfiactot = %[DDSE i)
wdhere:
i=th rote;

k =kth izotope;
[Do&emute-tot )k = zi[Dose ik ]
ancl:

Aot T PO,
(Dos=rp ot ) ‘kZ[D =ik
snhiere:

= 5F

Dose; y = [cDl o)

route
where:
CDI=Chronic Daily Intak e expressad in p—CII p—C', p—C', p_C'I el

vear o gn? g3 L
Mrem mrem fMear  mrem fyear  mrem fvear  mrem fyear
BCI ' pCi 8 ' pcifom? | pcifn® 0 RCIL

DCF = Dose Coefficent ex 1in [

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

As presented in the previous section, the dose output is dependent on the DCC calculated. Section 2.2 discusses the DCC output
options. To summarize section 2.2, the DCC options are either secular equilibrium or not. 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 second and third DCC Output options.

Decay over time for Ac-227
(Aq = 45 pCi)

—— Time =400 yrs
—— Ac227
— Fro23
— Th227
—— Ra223
EPXTRES Ra-223 — At219
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— Bi215
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—— Pp21
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Th-227

20

Activity (pCi)

04516767 [FEPE]
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0 At219

Biats

100p 0.01 1 m 100 10k ™ 100M

Log-scale Time (yrs)

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:

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

3.1 Developing a Conceptual Site Model

When using DCCs, the exposure pathways of concern and site conditions must match those taken into account by the screening levels. 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.
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A conceptual site model for the land uses presented in this calculator is presented below.

PRIMARY' PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM MECHANISM

Re Exposure | Resident | Outdoor | Indoor | Comp. | Con. Farmer | Recreator
C Route Worker | Worker | Worker | Worker
Inhalation & ) ® i 5

Submersion

Infiltration Grounduater/ Exposure Resident | Outdoor Indoor | Comp. | Con. Farmer | Recreator
And riat Route Worker | Worker | Worker | Worker
Percolation

Ingestion
Inhalation
Immersion 2

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

Release

L

[Soil
Spill [

Ingestion

Inhalation

External

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

Produce

Poultry*
Eggs
Beef
Milk*
Goat

Conceptual Site Model of Quantified Exposure Pathways for radionuclide PRGs heee
Black lines are direct exposure routes. Swine
Black dashed lines are direct and indirect exposure routes.
Red lines are indirect exposure routes Fish

Game/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:

« Are there potential ecological concerns?

o |s there potential for land use other than those covered by the DCC levels (i.e., resident and worker)?

» Are there other likely human exposure pathways that were not considered in development of the DCC levels?

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

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 ARARSs 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,

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

« Using DCC levels as cleanup levels without verifying numbers with a health physicist/risk assessor,

o Using outdated DCC tables that have been superseded by more recent publications,

« Not considering the effects from the presence of multiple isotopes, and

« Not considering the individual model limitations as described in section 4 (e.g., inhalation of tapwater only considers C-14, H-3, Ra-224,
Ra-226, Rn-220, and Rn-222).

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

o Risk A: men! i for rfund: Volume |, Human Health Evaluation Manual (Part B, Development of Risk- Prelimin.
Remediation Goals) (RAGS Part B)

e U.S. EPA 1994b Radiation Site Cleanup Regulations: Technical Support Documents for the Development of Radlatlon Cleanup Levels
for Soil - Review Draft. Offlce of Rad|at|on and Indoor A|r Washlngton DC. EPA 402-R-96-011A. PDE dggumgn V|ew Appendlx C here.

Washington, DC. OSWER No. 93554 17A
« U.S. EPA. 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Office of Solid Waste,

Washlngton DC. EPA530 D-98-001A. A secure PDF can be downloaded here.

No. 123. National Councﬂ on Radlatlon Protectlon and Measurements

Note that if a route of exposure (e.g., ingesting 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 fish ingestion rates in farmer soil scenario of 156.6 and 32.8 g/day with 0.0).

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 home making 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.

Graphical Representation

—

RESIDENT SOIL

—“?‘

CCCCCWGAMMA SHIELDING)NN)

DCC Equations

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

« incidental ingestion of soil
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« consumption of produce (fruits and vegetables) - back-calculated to soil. Sections 9 and 13 of the 2011 Exposure Factors Handbook

were used to derive the intakes for home-grown produce.
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The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended that
produce-specific transfer factors (Bv,,e) be used when available for a site. Further, the default transfer factors (Bv,t) from
IAEA, used in these DCC calculations, are based on a composite of all soil groups. Transfer factors (Bv,,e) 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
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Dcc

pifg) = i i i 7

+ + +
[Blege . Dce pcc . pcc . .
res-soil-ing res-soil-ext res-soil-produce-ing-tot

res—sm\-tut(

res-saikinh

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, body weights, and exposure duration for
children from 1 to 6 years old and others from 7 to 26 years old. The equation is presented below. 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

« incidental ingestion of soil

col pCi =c p_Cl <FS 43,050 my < ]
res-soiking | year soill g res-ad) year 1000 g

where:

[EF [—350 daysl < IRS [ZUU mg] *ASF (D 23)] .
43050 ng _ res-c year res-c L day res-c

res—adj[ ear
¥ [EF [350 days} - [B8 (mu ng CAAF 77)}
resal  year res-al day res-a

where:

AAF [0.23)= [Lfes'ﬂﬁ years)] and: AAF (0,77 = [LMSQU yemj}

res-c EDrES(ZE years) res-a EDrES(EE years)

« inhalation of particulates emitted from soil

5
OBl s (B ) = S (ELL) # A gy 2| o (129]
res-soikinh | year soill g resad)| - year PEF m kg

kg
where

3
EF (SSD dayaJ <ET [24 hnurs} . [ 1 day ] < IRA 10 frr « AAF 023 +
5195 ma] resc year res-c day 24 hours resc| day res-c

IF. |
reaadj[ year 3
EF 30 days) | ET 24 hours f Tday ), RA 20m- | F (.77
resal  year res-al  day 24 hours res-a | day res-a

[ED {6 years) ED (20 years)

tes-c d: AAF 77)= res-a
EDrESQE years)} an fEE‘rE(U J [ EDrESQE years) J

where

AAF  (023)=

res-c

« external exposure to ionizing radiation

ool BCi s pCi < EF 350 days) , (1 year < ACF M
res-soil-ext q sail g res year 365 days eut-ov

T 1.762 howrs) _ f Tday 3 GSF (1 D) +
res-o day 24 hours ext-sv

ET 16.416 hours| (T day 3, GSF
res| day 24 hours i-total

« consumption of fruits and vegetables back-calculated to soil

eol _ P fep 2=
res-soil-produce-ing-tot | year =1 res-soil-produce-ing year f;

where:
= total number of produce iterns incuded

and
col (P oo (RGN LR am Y= [E| <oF Q)
res-produce-ing | year soill g Upy o es res-adj | year teg-produce

where

_ pCi# g-fresh plant _ y-dry soil
R = _— |, = MLF —_
upy wet pCif g-dry soil es praduce | g-fresh plant

and:

S E ) T Sl xpar  f023)| +
B res-c year res-c | day res-c

IF

:
res—adj[ ear]
y [EF [—EED days] =R [_g J xASF (D 77)}
res-a year res-a | day res-a

where:
ED (6 years)

AAF (El.23j=[ fies:3

res-c EDrES(QE years)

ED (20 ye ars)}
EDrES(QB years)

]and.AAF (u.mz[ res-a
res-a

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 home making chores (cooking, cleaning, and laundering) as well as gardening.
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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

L EXPOSURE

DCC Equations
o Direct External Exposure to contamination at infinite depth
DL[FWEI’HJ
Dccressm\—av {pCitg) = mire miyr 3505‘;:3:5 1 year
DCF EF ACF
EXl-SV{ pCily J ) fBS[ year ]x [365 days} - axtsv

1.752 hours 1 day

[ETTES-U[ day ] ) {24 hours] ) GSFExt-sv (1 D)J +
16.416 hours 1 day

[ETres-i[ day ] * [24 hnur] xGSFHotaI]

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

DL{mremJ
DCCreS—sm\ 1cm(PCi;g): / 350 Zear 1
- mrerndyr ays year
DCFExl—hm[ pCify J * EFres[ year J = [355 days} * ACFE){H em *

1.752 hours 1 day
{ETfES'D[ day } * (24 hours} * GSFEHH cm U'D)J *

16.416 hours 1 day
{ETres-\{ day J = [24 hourJ = GSF}-tUtaIJ

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

[mremJ
DGCC (pCilg) = year

res-soil-Scm mrem/yr 350 days 1 year
DCFext-Scm[ pCifg * EFres( year J * 365 days * ACFext-Scm =
1.752 hours 1 day
[ETres-n[ day } " (24 hgurs] " GSFe}d-Sch'D)J *

16416 hours 1 day
{ETres—\[ day J * [24 hgurJ * GSFi—tnta\J

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.

» Direct External Exposure to contamination 15 cm thick

{mrem}
o year
Dce (pCifg) =
res-soik15cm mremfyr 350 days 1 year
DCFe)d-150m( pCifg i EFres[ year ] s days * ACFEXT-WSCm *

1.752 hours 1 day
[ETFES-D[ day ] B [211 hnurs] * GSFexHScm (1 D)] *

16.416 hours 1 day
[ETres-\( day } = [24 hgur] = GSFi-tmalJ

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.

» Direct External Exposure to surface contamination
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[mrem}
DG (pCitem?) = year

re s soil-gp
CF mremfyr | EF 350 daysy [ 1 year < ACFE .
ext-00 | ncifem? resl  year 365 days ext-gp
1.752 hours 1 day
[ETFES-U{ day ] ) [24 hnurs} ) GSFext-gp (1 D)] +

16.416 hours 1 day
{ETres-l[ day ] : [24 hUurJ : GSFI-tUtal]

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

ol pCi -c pCi «EF 350 days) | [ 1 year <ACF .
res-soiksv | g soill g res year 365 days ext-sv

ET 1752 hoursy _ ( 1day % GSF | +
res-o day 24 hours ext-sv

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
soil volume for external exposure.

o Direct External Exposure to contamination 1 cm thick
ET 1.752 hours « 1 day < GSF (1 U) =
res-o day 24 hours, ext-Tcm

col PCl o (BC) . pr (3BUdays) , f Tyear ) aep
res-saiklem| g sail| g res | year 3B5 days ext-lcm 16.416 hours 1 day
ET —_ = % BGSF
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
1cm soil volume for external exposure.

o Direct External Exposure to contamination 5 cm thick

col p_C\ =c p_C\ < EF 350 days « 1 year % ACF "
res-soik5cm g soil q res year 35 days ext-Aom

ET 1752 hours|  [_Tday 3 GSF (1 U) .
res-o day 24 hours, ext-5om

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
5cm soil volume for external exposure.

o Direct External Exposure to contamination 15 cm thick

[ET [1 752 hnurs] . [ 1 day ] - GEF i D)] .
ol O o (PO1), g (350days), (Tyear |, ucr U s T day 24 hours ext-150m
res-saik15cm | g soil| g res|  year 365 days ext-15cm i~ 1BA16 hoursy [ Tday o
res-i 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.

« Direct External Exposure to surface contamination

ET 1752 hours) | (_Tday 3, GSF poyl +
res-o day 24 hours ext-gp

CDIres—sngp [ FCZ‘J = Csm\[ FCE‘] * EFres [BED daySJ [3;;:“ ] 2 ext-gp
- o year ays [ET {15.416 huurs] " [ 1 day J . GSF ]
resi i-total

day 24 hours
The resulting units for this recommended DCC are in pCi/cm?2. 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 home making 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 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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function, and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

Graphical Representation
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% SIDENT AIR

DCC Equations

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

e inhalation

pL [mrem
year

8
DeF[Mem) s | BIEI
il pGi res-adj year

3) =
DCCreS—a\r—inh-nodecay(pcwm )

where:

3
IFA _[EJBSm J:
tes-adj year

where:

3
EF 350 days | ET 24 hours) _ [ Tday § RA 10 < AAF (D 23) i
res-c | year res-c | day 4 hours res-c| day resc
3
EF 350 days| | ET 24hours)  1day | IRA Lm” |, AAF (D ?7)
res-a year res-a day 24 hours res-a | day res-a

ED B years)
—fresc - d: AAF
{EDres(ZB vearsy | 0 res-

AAF [23)=

ED (20 years)
res-c

077 = [ res-a
a EDresQB years)

« external exposure to ionizing radiation

[mrem}
Dee b [pcim?) = year

resalr-sub-nodetay DeF mremfyear | e (380 days)  ( Tyear |, g 24hours) [ Vday }~or gp

sub 3 res e ar 365 days res da 24 h | ( )
Wi ¥ ¥ ¥ ours
o total
3 _ 1
DCCreS—a\r—tm-nodecay(powm J B 1 o 1
DCCres—air-inh-nodecay DCCres-air—sub-nodecay

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

. . 3
DI LIS I 1M} T 5195 m”
res-air-inh-nodecay | year air mE terg-ad) year

where:

3
EF 350 days <ET 24 hours M 1 day < IRA 10 m < AAF (023) v
5195 md res-c\ year res-c | day 24haurs res-c | “day resc
IFAres-at:Ij[ Iyear ]=

g
EF 350 days <ET 24 hours) [ Tday IRA 20m « AAF (D??j
res-a |~ year res-a day 34 hours res-a | day res-a

ED B years) ED (20 years)
ALF 023)= | IB=E_~____| and: AAF 077y = | Lesa_ —
res-c EDreS(EB years) res-a EDres(QB years)

» external exposure to ionizing radiation

pCij _ pCi 350 days 1 year 24 hours 1 day
CDIres-a\r—sub-nodecay[m_ﬁ] Cair[m_S] : EFres[ year ) \TEdays) Bl es day ) \Zhours) CEA)

Definitions of the input variables are in Table 1.

4.1.4 Resident Tapwater

This receptor is exposed to radionuclides that are delivered into a residence. Ingestion of drinking water is an appropriate pathway
for all radionuclides. Activities such as showering, laundering, and dish washing also contribute to inhalation. The inhalation
exposure route is only calculated for C-14, H-3, Ra-224, and Ra-226, which all volatilize. External exposure to immersion in
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tapwater and exposure to produce irrigated with contaminated tapwater are also considered.

Graphical Representation

RESIDENT TAPWATER

DCC Equations

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

« ingestion of tapwater

oL (mrem}
pCill) = K

mrem
DCF | ——
0[ pCi ]

Dcc

walering (

7ITL
reg-ad) year
where

EF {LD days} < IR [L 8 "J = AAF (0.23)] +
. 737 L] _ res-c year rescl day res-c

resadj[ Bar
! S L ) TN oL Y
res-a year res-al day res-a

where

ED B years)
PAF (0.23) = [L
res-c

EDre S(2!3 years)

J ED (20 years)}
and: AAF B
res-a

07m= [ EDres-aQE
res( years)
e inhalation (The inhalation exposure route is only calculated for C-14, H-3, Ra-224, and Ra-226). Also, volatilization in the equation comes from

household uses of water (e.g., showering, laundering, dish washing)

[mremj
e {pCiL) = el

G .
water-inh 3
DCF | M| o Fp BA95m” | [05L
1l pCi res-ad]|  year i

where

3
Fa _[6‘195m ] -
re g adj year

3
B (0days) pp  (24heurs) f Tday Yo, (100 e gog |
resc| year resc | day 24 hours resc| day eee

g
EF 350 days| ET 24 hours) | 1 day < IRA 20m” |, AAF (077
res-a year res-a day 24 hours res-a | day res-a

where
ED G years) ED (20 years)
BAF 23)= | —teSC | and: ASF 77)= | Slesa——
res-c 049 [ED Tevear | " A es s 0TS B By
res 2E
e immersion
DL[mrEmJ
B year
DCC aterimm Pty =

rref/year [ 1 year } 235 haurs
o R o e N e
\mm[ pCiL J * @780 hours) ” res-adj year
where:

EF 350 days Ev 1 event <ET ) 0.54 hours < paF 023+
235 hoursj B res-c | year res-c | day eventresc avant res-c

res—adj(e—ar
¥ . 30 days) , oy Tevent) oo DF1hoUrs) w77y
res-al” year res-al day eventres-al  gvent res-a

where:

ED (B years)

= res-c
A.AFre S_C(D 23) [

ED (20 years)}
EDrESQB YEars)

and: AAF 077) = [
res-a EDrES(QE years)

» consumption of produce (fruits and vegetables) - back-calculated to tapwater. Sections 9 and 13 of the 2011 Exposure Factors

Handbook were used to derive the intakes for home-grown produce.
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DCC

water-te s produce-ing-tot (peiL) = i

1

Z bee

where:
n =total number of produce items included

and:

De (pCin) =

water-res-produce-ing

©
reg-produce-ing

(pCu’L)i

(pCify)

©
waterres produce-ing 1 ky

(ot (s

L
kg

L

+rr — | +lrr L
res kg dep | kg

where:
Ir| & = F = MLF = |1-exp |- bg %t [days)
- [LJ= mz-day produce day b )
res | ky B kg . A_B !
m2 day
A
Ir| - *FxBy = 1-exp[—[_ﬁ]ﬂ (days)]
Irr [LJ = m?-day ® tey
ru| A
PLkg p[ﬂ}~ g
i day
and:
It xFxl, =T=|1-exp [_E] (days)
" [L] [m? day] f [ [ ’
den T2 | =
2R kg ¥ [k_g] = A_E
lm? day
where
DL[mremJ
_ year
pcc . (pCifg) =
tes-produce-in
r o ooF |[I20 ) F N 1)
ol pci res-adj | year res-produce
where:
EF {M]xlﬁ [i]xAAF oz +
B [ g ]_ res-c | year res-cl day res-c
ves-adjl year)
¥ EF 350 days 9 (D 77)
res-a | year resa day res-a
and:
ED B years) ED (20 years)
AAF 023)=| L85 "~ | and: AAF 077)= (B
res-c ED _ (26 years) res-a ED _ (26 years)
res res
o total
- 1
Dccwater—lut(pc‘”‘)_ T T T T
+ + +
oco - oco - [plee . pcc
water-ing water-inh wate r-imm water-produce-tot

Definitions of the input variables are in Table 1.

CDI Equations

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

e ingestion of tapwater

ol pCi -c P Fuy 73 L
water-res-ing | year water | L res-ad] year
where:
EF {350 days] W
[737 LJ _ res-c year res-c
res-adj| year |
¥ {EF [350 days] « IR
res-a year res-a
where
ED B years)
AAF (0.23)= L and: AAF
res-c (26 years) res-a
res

)

(D.?E L

Y
[ = L] *AAF__ [0 ??)]
ay resa

077)= [ res a 20 }"ears)]

rES(QE years)

o inhalation (The inhalation exposure route is only calculated for C-14, H-3, Ra-224, and Ra-226). Also, volatilization in the equation comes from

household uses of water (e.g., showering, laundering, dish washing)

3
Dl i) - BCIY L Fa 6.195m” |\ (056L
water-res-inh | year water | L res-ad)|  year 3
where:
3
EF 360 days < ET 24 hours) (1 day < IRA 10 rri < AAF 0.23)] +
3 rescl  year rescl day 24 hours res-c | day res-c
FA . [5,195 i }:
res-adj|  year 3
EF 350 days) ET 24 hours) _(_Tday 3, IRA 20m= | | AAF 077
resal  year resal  day 24 hours res-a | day res-a
where:
ED (B years) (20 years)
AAF 023 r8s-¢ 4 A 77 res—a
res- C( )= [EDresQB years) an res a(D )= resQB years)

e immersion
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=0l . pCi - pCi X[ 1 year JXDFA ) 235 hours
water-res-imm | L water | L 5760 hours res-adjl year

where:

EF 350 days Ev 1event) ET ) 0.54 hours <aAF (023 +
235 hUU[SJ _ res-cl  year res-c | day eventresc event res-c

res—adj( e ar
v or  [BOdays),p,  (levent) oy D71 hourst  wap 077
res-a yaar res-a day event-res-a event res-a

where:

ED (B years)

= res-c
A.AFre S_C(D 23) [

ED (20 years)}
EDrESQB YEArs)

and: AAF(D77) = | —lesa
res-a ED (2B years)
res
» consumption of produce (fruits and vegetables) - back-calculated to tapwater. Sections 9 and 13 of the 2011 Exposure Factors

Handbook were used to derive the intakes for home-grown produce.

Ci Ci
CDlwater-res—produce-mg-tm(Year] ‘51 DIwater-res—prm:luce-ing[yearJI

where:
n =total number of produce items included

and:

=

)

2
A
ok

i 5
] = ‘Fres-adj{ygarJ = CFres—produce (=

C
col 29 =
walerres-produce-ing | year 1 kg « [ L i L i L
1000 g rup k_g tes E dep E
where:
| L F < MLF 1 g t, [days)
r xF x = [1-exp|-| B | = ays
res '
ky P k_g = Aj
2 day
L i
Ir xF=xBv_ = [1-exp|- j} %1 (days)
I [LJ _ [mz-day] et [ [day b .
=|= 5 ;
U kg |8
day
!
Ir zL xFrloxTox | toenp [L] <1, [days)
LJ __hm*-day day
kg Y {EJ = A_E
¥\ day

[EF (MJ =R [i] x BAF (u.za)] +
res-c i year res-c | day res-c

IF A |=
res—adj[ earj
¥ F 30 days) 9 - aaF (0.77)
resal " year res-al day res-a

and:

where:

ED (B years) ED (20 years)
AAF (N23)= [ —LBC — | and: AAF n77)=|_tesa ~
res-c EDrES(ZB years) res-a EDresQB years)

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:

« incidental ingestion of soil

mrem
year

rrem 250 days 100 tmy ]
DCF | ——| =EF, IRS
M[p(ﬁi]x W[ year }X W[ day Jx{mﬂﬂmg
o inhalation of particulates emitted from soil
DL(mrem}
year

3
ocE [Mmremy L ep 250 days <ET Bhaurs) 1 day < IRA BOm™ || 1 . (10009
o pCi W year Wl day 24 hours Wl day md kg
PEF

DCCw-soiI-ing(pC”g) -

DCCW— soil-inh (pCirg) =

« external exposure to ionizing radiation

oL [mrem}
Dccw-sm\-ext(pc‘fg) = mrerm/fyear 250 days 1 year — 8 hours 1 day
DCFext—sv[ pCify ] = EFW[ yaar ] = [355 dayg} b ETW[ day } * [24 hnursJ " GSFEX!—SV (1'0) K'&CFex‘t—sv
o total
I 1
DCC,, sailtat (nCi) =

1 o 1 o 1

DcC Dce Dcc
w-s0ik-ing w-gail-inh w-g0il-e

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

el (PO RO e (250 days) oo (100mg) g
wi-sail-ing | year soill g wl  year wl o day 1000 myg

« inhalation of particulates emitted from soil

4 3
ol pCIY ¢ p_Cl < EF 250 days < ET S hours " 1 day * IRA 60 m " 1 M 1000 g
w-saikinh | year saill g wl ™ year wl day 24 hours w | day - kg

o external exposure to ionizing radiation

pCIY _ pCi 250 days 1 year 8 hours T day
CDlw-soiI-exT[ ] ] Csoil [T * EFW year = days * ETW day * | ) GSFext-sv {1.0) = ACFext-sv

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 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
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L 2-D EXTERNAL EXPOSURE

DCC Equations
« Direct External Exposure to contamination at infinite depth

DL mremJ
DCC, i, (Cif) = JEa

mrernsyear 250 days 1 year 8 hours 1 day
DCFEXPSV[ pCig ] ® EFW[ year ] : [SEE days ~ET, day * |\ 2R * S ov (10) A ooy

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

DCCW- soil-1 Cm(pCV’g) =

rremndfyear 250 days 1 year 8 hours 1 day
DCF s Em[ pCifg J b EFW[ year J * [EEE days “ETy day * s GSFEXT-WET"('I o) =+ ACF et tem

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

p[mrem
year

rremfyear 250 days 1 year 8 hours 1 day
DCFEHT-EE”"[ pCifg J b EFW[ year J * [EEE days *ET, day * s~ GSFEXT-EET"U o) ACF o etBem

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.

DCCW- SD\I-Ecm(pCVB) =

o Direct External Exposure to contamination 15 cm thick

mrem
ear

mremiyear 260 days 1 year B hours 1 day
DCFEXHECI’”[ pCifg ] XEFW[ year J B [385 days B ETW day * (7 hours) ~ GSFBXY'WEDMU o) =ACFB>ﬁ'155m

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.

DL

DCCW- Sml-15cm(p(:ifg) =

« Direct External Exposure to surface contamination

[mremJ
DCE,, oy [ Civem?) = Gkl
w-soi-gp DeF mremfyear | EF 250 days) , (_1year ) T B hours) _ (_1day 3, asF 1.0 = ACF
ext-op | poifem? wl year 365 days wlday 24 hours extgp 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
» Direct External Exposure to contamination at infinite depth

pCiy _ pCi 250 days 1 year 8 hours 1 day
CDIw—sniI—sv [TJ - Csnil [T * EFW year * 366 days * ETW day * 24 hours * GSFE}(I—SV (1 'U) * ACFexl—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 1 day
CDIW-SD”-'ICM[ 1 ] Csail [T] i EFW[ year * |3 days <ET, day * 3 hours) © B3 it 1em @)= ACF bt 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.

« Direct External Exposure to contamination 5 cm thick
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pCIY _ pCi 250 days 1 year 8 hours 1 day
CDlw-soiI-Scm[ 1 ] Csoil [T * EFW year N days * ETW day * 3T hours) ” GSFext-Scm @) = AC’:ext-ﬁcm

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.

« Direct External Exposure to contamination 15 cm thick

pCHy _ pCi 260 days 1 year 8 hours 1 day
CDIW-smI-150m[ o ] Csml[? *EFy year = days *ET, day * T hours) © G5t 150m (10) ACF ot 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.

» Direct External Exposure to surface contamination

Ci]_ pCi 250 days 1 year 8 hours 1 day
col Pil=c (B |xkF ET GSF 10) = ACF
w-s0ikgp [cmz] soll [cmz] i W[ year J ) [365 days T day “\ T hours) © ext-gp o) = axt-gp

The resulting units for this recommended DCC are in pCi/cm?2. 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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

Graphical Representation

‘OM OSITE WORKER AIR

{!
It

DCC Equations

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

o inhalation

oL {mrem}

(pC\fma] = e 3
poF [Mremd | ep 250 days) | ET Bhours) _ (_Tday |, 1RA 60 m
1 pCi W year wl o day 24 hours w | day

« external exposure to ionizing radiation

ch-air-mh-nodecay

[mrem]

Dee brod (pcirm?) = year

woarsub-nodecay DCF mrerm/year «EF 250 days) [ _1year 3, ET Bhours|  (_Tday j, GSF (.0

sub 3 w ear 3B5 days wl da 24 hours a( )
pCifm ¥ i ¥
o total
L3y 1
DCCW-air—tot-nodecay (pCIFm ] B 1 . 1
DCCW-alr-lnh-nodecay Dccw-alr-sub-modecay

Definitions of the input variables are in Table 1.
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CDI Equations

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

. : 5
ol . pCi -c. pCi < EF 250 days < ET Bhours| (1 day < IRA B0 m
w-air-inh-nodecay year air m3 W year W day 24 hours w | day

« external exposure to ionizing radiation
plil 2 pCi 250 days 1 year 8 hours 1 day
CDIW-air—suh-nndecay {mT] Cait {mﬁ} ) EFW[ year * |35 days *ET, day * | Zahours) BE% (BT)

Definitions of the input variables are in Table 1.

4.3 Outdoor Worker

4.3.1 Outdoor 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 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

INHALATION
INGESTION
T d, o
[
» A
A

| & | » : — EXTERNAL
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DCC Equations

The outdoor worker soil land use equations, presented here, contain the following exposure routes:
« incidental ingestion of soil
oL mrem
year
225 days 100 m
DoF [MrEMY) L gp  [Z28ES) gy [ TE .
Ua[ pCi * o year * ow | day ) 1000 g

« inhalation of particulates emitted from soil

DCC

nw—sniLing(pC"’gJ =

(mrem}
ne (pCifg) = year

B
ow-goikinh 3
DCE tisk <EF 225 days < ET 8 hours . 1 day = [RA BO . 1 . 1000 g
HpCi ow year ow day 24 hours o | day m3 ke
PEF

o external exposure to ionizing radiation

oL mrem
year

mrernfyear 225 days 1 year & hours 1 day
DCFEH‘-SV[ pCifgy ] ) EFDW[ year ] * [355 days *Elow day * |2 hours) * O s {1.0) A ot

DCan-sni\-ext(pCi"g) -

o total

. 1
pCify) = ] ] ]

+ +
pcc

DCC

ow-soiktot (

ow-soil-ing DCCUW— soikinh DCCUW—SUiI—em

Definitions of the input variables are in Table 1.

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

« incidental ingestion of soil

col pCi =c . pCi < EF 225 days <IRS 100 mgy ]
ow-soiking | year soill g W year ow | day 1000 mg

« inhalation of particulates emitted from soil/li>

. d 3
ol pCi -c pCiY L EF 225 days <ET G hours| _ ( 1day < IRA 60 m- | | 1 L (1000 g
ow-saikinh | year soill g ow | year oW | day 24 hours ow | day 3 kg
PEF

kg

« external exposure to ionizing radiation
plil - pCi 225 days 1 year 8 hours 1 day
CDIUW—SU\I—EM [T] E:scul [T] * EFUW [ year * 365 days * ETUW day * 24 hours * GSFE}{I—SV (1 'DJ * ACFBKI—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

OIL 2-D EXTERNAL EXPOSURE

DCC Equations

» Direct External Exposure to contamination at infinite depth

DCCUW— sail-sv (pCifg) =

neF mrem/year EF 225 days 1 year ET 8 hours 1 day GSF 1 0) = ACF
EXT‘S\'{ wCrg ) owl year ) \36B davs)  owl day ) \Zdhours) gy (1 @) = 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.

« Direct External Exposure to contamination 1 cm thick

mrem
ear

mrem/year 225 days 1 year 8 hours 1 day
DCFe;{t—Nm[ pCifg ] B EFDW[ year ] ) [EES days B ETDW day “ | hours) " GSFe}fter (10) = ACFe;fH:m

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.

DCCDW' soill Em(pCu‘g) -

o Direct External Exposure to contamination 5 cm thick

mrem
ear

rremdyear 225 days 1 year 8 hours 1 day
DCFEXT-5EW[ pCifg ] b EFDW( year J b [355 days *ETow day * 3 howrs) O e st5om (1) = AR st gom

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.

DCCDW- sml-SEm(pC‘fg) =

» Direct External Exposure to contamination 15 cm thick

mrem
B ar

OCC - soit15emPCVD = mrem/year 225 day 1 year  hours 1 day
DCFemVWE:m[ pCify J = EFDW[ year J = [355 dast * Ean{ day ] = [24 hnurg] = GSFexHSch D) ’ACFE;{HEcm

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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« Direct External Exposure to surface contamination

[mremJ
DCCDW_BDiLgp(pCiIEmQ)Z e
oF rorerm/fyear % EF 225 days « 1 year < ET B hours « 1 day « GSF (1 .U) < ACF
extop | pciem? ow | year 365 days ow | day 24 hours ext-gp ext-gp

The resulting units for this recommended DCC are in pCi/cm?2. 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

« Direct External Exposure to contamination at infinite depth

peiY _ pCi 225 days 1 year 8 hours 1 day
CDlow-smI-sv [TJ Csoil [TJ = EFDW[ vear = 365 days = ETDW day " 34 hours " GSFext-sv (1 D) = 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.

« Direct External Exposure to contamination 1 cm thick

pCiy _ pCi 225 days 1 year 8 hours 1 day
CDIUW-SU\|—1Em [T] CSUI| [?] * EFUW[ year * 365 days * ETUW day * 74 hours * GSFechm (1 D) * ACFext-hm

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 _ pCi 225 days 1 year 8 hours 1 day
CDInw-smI-Ecm [?] - Csnil [?] = EFDW ( year * 365 days = Ean day = 24 hours = GSFEXI—Scm (1 U) = 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.

« Direct External Exposure to contamination 15 cm thick

pCiY _ pCi 225 days 1 year 8 hours 1 day
CDIow-smHScm [?] Csm\[?} = EFDW( year = 365 days " ETDW day = J4 hours = GSFexHScm (1 D) " ACFext-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.

o Direct External Exposure to surface contamination

pCi | _ pCi 225 days 1 year 8 hours 1 day
col ——|=C_. | —|xEF [/ = | x ET ————| x GSF 1.0)=ACF
ow-soikgp [CmEJ sml[cmE] = o [ year * 365 days * ow | day * 24 hours * ext-gp ( )x 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.

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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

Graphical Representation
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DCC Equations

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

e inhalation

oL I'TIfEmJ
pCifm) = ["ear
3
DoF[mrem . gp 229 days | ET Bhours| , (_Tday |, IRA 60 m
il pCi owr year ow | day 24 hours ow | day

« external exposure to ionizing radiation

CCD\m'-elir—inh-nu decay (

DL[mremJ
Doc N (pCifm3) - year
ow-air-sub-nodecay DCF mremvear <EF 250 days M 1 year <ET 8 hours " 1day « GSF (1 D)
sub| e ow " year 355 day ow | “day 24 hours atl
o total
3] = 1
DCCDW-air—tot-nudecay(pC“’m ] - T N 7
DcC

ow-air-inh-nodecay DCCUW-EII’-SUb-ﬂDdEan

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

: f 3
col pCi =c pciy EF 225 days] ET Bhours) [ tday RA B0 m
ow-air-inh-nodecay | year ar| 3 owl year ow | day 24 hours ow | day

« external exposure to ionizing radiation

pei| _ pCi 260 days 1 year 8 hours 1 day
CDIUW-alr—sub-nude:ay [m_3] Cair [m_3] * B [ vear ) \38E day) Elow day ) L2 hours) G, [0

Definitions of the input variables are in Table 1.

4.4 Indoor Worker

4.4.1 Indoor Worker Soil

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
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DCC Equations

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

« incidental ingestion of soil
oL mrerm
year
FrIrE 250 days 50 g ]
DCF | —— EF | —/———~ IRS. [—=——2 &
DE[ pCi J - ‘W{ year J - IW[ day JX {1000 mg
« inhalation of particulates emitted from soil
DL(mremJ
pCig = =

iw-soil-inh 3
g [fremY | e 250 days] | ET. Bhours| _( Tday IRA. BOm” | 1 L, (10004
o pCi 1w year el day 24 hours W day 3 ky
F

chw-soi\-ing(pc‘fg):

pcc

« external exposure to ionizing radiation

oL {mrem]

DCC\W sui\em(pCVg): J 260 d 1 = 8h 1d
- 80il- rmrem/year ays year ours ay
DCFEX"SV[ pCifg J * EFiW[ year J * {385 dayJ * ETiW[ day } * (24 hours} < O5F total < A6 Fay oy
o total
L 1
DCC\W—sui\-tot (pCv’g) - 1 1 1

+ +

Dce [n]edes Dcce
iw-soiking tw-goikinh tir-30il-2xt

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:

« incidental ingestion of soil
ol o (P fRCl) L pp (20 days) jpe (S0ma), (G
iw-50il-ing | year soill g fwr year il day 1000 my

« inhalation of particulates emitted from soil

f 3
col pCIY _ ¢ poiy EF 250 days ) ET Bhoursy [ Tday . IRA BOm™ | 1 L [ 1000 g
tw-0il-inh | year soil| g w | year | day 24 hours W | day P kg
PEF

kg
« external exposure to ionizing radiation
peiy _ pCi 250 days 1 year 8 hours 1 day
CDIow-smI-ext [T] Csoil [TJ = EF\W [ year = 3B day = ETiw day * 34 hours = GSFi-mtal * 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
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DCC Equations

« Direct External Exposure to contamination at infinite depth

[pCirg) =

cc
- sail-av

mrermdye ar 250 days 1 year 8 hours 1 day
DCFEXT-SV[ nCif J ) EF\W[ year ] * [365 days} * ET\W[ day J ) [24 hours] * B5Ftotal * Ao o0
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

pi[mrem
DCC\W s0il WCm(pCi"g) = ) 250 d 1 - Bh 1 d
-s0il- mrem/year ays year ours ay
DCFEXH :m[ pCifg ] " EF\W[ year ] " [355 day’s] = ET\W[ day ] " [24 hnursJ " GSFHDTE‘ " ACFEHHDM

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

pi [ mrem
year

mremiyear| 250 days) | [ 1year ) Bhours} [ Tday |, .
DCFE)ﬁ'5Cm[ pCifg J EF\W{ year ] [SEEday’s ET\W day 24 haurs GSFHOTE‘ ACFEHPSDM

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.

DCC\W—SDH-S cm(pCifg) =

« Direct External Exposure to contamination 15 cm thick

mrem]
DCC i soil-150m PEVE = raremdyear 260 days 1 year = G hours 1 day
DCFext—151:m[ pCify ] * EF\W [ year J * {355 days] i ET\W[ day ] * (24 hnurs] i GSFHotaI * ACFexHEcm

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.

» Direct External Exposure to surface contamination

[mrem]
noe {poifem?) = NS

- sk
Mw-soi-gp DCF mremfyear | EF 250days | (1 year | T B8 hours 1 day « GSF « ACF
XU | o iw | year 3B5 days iw | day 24 hours Ftotal

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

o Direct External Exposure to contamination at infinite depth

peil _ pCi 250 days 1 year 8 hours 1 day
CDlow-sml-sv [TJ Csoil [?J * EF\W[ year * 565 day * ET\W day * | © GSFi-mta\ * ACFF.-xt-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

pCij _ pCi 280 days 1 year G hours 1 day
CDIow-smI-1cm {T] I:'sml [T] = EF\W[ year * 365 day = ETIW day * 4 hours = GSFl-totaI * ACFechm

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
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pCiy _ pCi 250 days 1 year 8 hours 1 day
CDIow-smI-Ecm (T} Csoil {T} = EF\W[ year * 365 day = ETiw day * 4 hours = GEFi-mtaI * ACFe)d-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.

« Direct External Exposure to contamination 15 cm thick

pCiy _ pCi 250 days 1 year 8 hours 1 day
CDIUW—SU\I—15cm [?] CSUH[T] * EFlw[ year * 365 day * ETIW day * 24 hours * GSF\—IUIaI x'L\CFemﬂScrn

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.

« Direct External Exposure to surface contamination

pCi | = pCi 250 days 1 year 8 hours 1 day
CDIUW-SUH-gp [csz Csclll [csz * EFlw[ year ® 365 day * ETIW day ) 24 hours ) GS’:I-Iutal ) ACFE)d-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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

Graphical Representation

DCC Equations

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

« inhalation

pL [mrem

3] - year
DcE [mremy e 250 days) | ET Bhoursy [ Tday 7§, RA 60 -
il pCi iw year el day 24 hours iw | day

« external exposure to ionizing radiation

CC\W— air-inh-nodecay I:pCu’m

[mrem]
DCC\W—a\r-sub-nodeca (pCu‘ma) = =
¥ DeF mrem/year | oo [250 days} . [1 year J < ET [E hours} . [ 1 day J = GSF_(1.0)

sub pCiIma [ year 365 day tw | day 24 hours a

o total
3 _ 1
DCC\W—a\r—lmt—nndecayI:pcu'm J B 1 o 1
D161 CHU. oce .
iw-ait-inh-nodecay iw-air-sub-nodecay

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:
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e inhalation

coL . pCi =c. pCi < EF. 250 days <ET. 8 hours ) |
iw-air-inh-nodecay | year air m3 i year e | day

o external exposure to ionizing radiation

1 day
24 hours

} leAiW[

1 day

pCi) pCi 250 days 1 year 8 hours
CDIlw—alr—sub—nUdecay[m_EJ Ca\r [m_EJ * EFIW[ year * =5 day * ETIW day )

Definitions of the input variables are in Table 1.

4.5 Construction Worker

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

24 hours

] x GSF,_ (10)

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 4.5.3 is that this construction worker uses a different PEF.

The construction worker soil land use is not provided in the Generic Tables, 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

NPAVED ROAD TRAFFIC)

EXTERNAL EXPOSURE

EXTERNAL EXPOSURE

[mrem}
L year
DCCCW—SUH-II’]g(pCMg) B

pCi CW  year (=13

« inhalation of particulates emitted from soil

OCF [mrem] <EF [EW Sweeks oy Ddays
a3 G wee

k}xmsm{

330 my
day

1000 mg}

[mrem]
~ year
P i soi-nn V9= mrerm 50 weeks 5 days 8 hours
DoF [Mrem) o gp ey SOWeBkS |y ) «ET
il "pCi oW oW year o week el day

« external exposure to ionizing radiation

o[ Vday
24 hour:

]X IRA [
5 o

o (37)
DCch-soiI-em(pCfg) -

pCify year

o total

. 1
(wei) = i i i

+ +
[aleles - pco [ledos
- s0il-ing

pcc

cw-soil-tot

cw-sail-inh cw-soil-ext

Definitions of the input variables are in Table 1.
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CDI Equations

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

« incidental ingestion of soil

DL[mrEm]
DCch-soiI-ing(pCifg): i
OCF [mrem] <EF [EW B0 weeks o 5 days} <R3 {ESD ng . [ 1 J
oa i O

pCi CW  year oW wreek day 1000 my

o inhalation of particulates emitted from soil

[mrem]
DCC y sailinn PEH) = — 3
oer (M) L e gy S0wesks oo Sdays| o (Bhows) ( dday ). (B0 1 . (1000 g
i\ e cw |~ ow  year o “waek ow | “day 24 hours ow | “day [ 7]
PEF

st | kg

« external exposure to ionizing radiation

DL[mremJ

year

nCF mrem{year «EF  |Ew SUWEERSXDW Sdays)
ext-sv pCifg oW oW year cw  week

1 year 8 hours 1 day
ET GSF 1.0] = ACF
[355 days] ) EW[ day ] - [211 hours] - E)ﬂ*SV( ) * ext-sy

Definitions of the input variables are in Table 1.

DCcc\v\f—sull—e)fl(pcurgj =

4.5.2 Construction Worker Soil Exposure to Unpaved Road Traffic 2-D External Exposure

This short-term receptor is 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., 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

ORKER SOIL 2-D EXTERNAL EXPOSURE

Equations

o Direct External Exposure to contamination at infinite depth

[mrem]
DeC_ . (pCifg)= ey
Cw-s01l-5v CF mrem.f’year <EF |pw BS9weeks oy  Sdays)
exl-sv pCifg o O year o week

1 year 8 hours 1 day
ET GSF 1.0) = ACF
[355 dast - EW{ day J - [24 hoursJ - EM*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.

« Direct External Exposure to contamination 1 cm thick

[mrem]
DCC Ly sail-1 em PO = [ yeaSrD k 5d
DCF mremiveary o (g weeks o ays)
ext-Teml pCifg o oW yeat o week

1 year g hours 1 day
{BES days} * ETCW[ day ] - [211 hnurs] * G5F et em {1o) *ACF st om

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
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oL {mrem}
(RCifg) = s

DCF trerniyear < EF Ew SDweeksxDW 5days) |
ext-Sem| pCifg o oW year o week

1 year 8 hours 1 day
ET GSF 1.0) = ACF
[355 days} * CW[ day ] : (24 hUurs] : e)d-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.

Dco

cw-soil-5om

« Direct External Exposure to contamination 15 cm thick

(mrem]
DCC (pify) = year

cw-soi-1acm DCE mrem{’year “EF [Ew O90weeks .. Bdays)
ext-15cm pCidy o oW year oy week

1 year 8 hours 1 day
(355 dast * ETDW{ day J - (24 hours} * B5F o 150m oy = AP ot 18om

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.

« Direct External Exposure to surface contamination

DL{mrem]
year

(pCiter?) =

co .
cw-s0il-gp

DCF_, mrem.fyezar o G (E 5O0weeks _ Sdast .
exk-gp pCifem cw oW year o week

1 year 8 hours 1 day
ET G8F 10) = AGF
[365 days} : CW[ day J * (24 hUurS] " O agp (10) = A0 g

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.

Equations

o Direct External Exposure to contamination at infinite depth
I pCi < EF EW a0 weeks - DWW 5 days " 1 year M
[pC\] _ | Tsoill g =) oW year o week 365 day
cw-soil-sv T ) 8 hours 1 day
ETCW[ Ty J % {—24 hws] xGSF,, o (10) xACF,

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

{p_C\J o G {E\N G0 weeks oy 5days} . [1 year J y
pC,J _ | Tsoll g oW oW year o week 365 day

D 8 hours 1 day
ETCW[ day ] * {2:1 hours] * GSFechmU 'D) " ACFext-Mm

CDI

cw-soil-1cm [ g

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

{p_C\J o G {E\N G0 weeks oy 5days} . [1 year J y
pCIJ _ | =il g owl e year o week 365 day

CDICW suil5:m[ ah 14
St ] nurs ay
ETCW[ day ] * {2:1 hours] * GSFB;{{—Ech @) & 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.

o Direct External Exposure to contamination 15 cm thick

. c pCi <EF |E SDweeksxDW 5 days " 1 year "
pC|J= sail| g cw oW year oW week 365 day

s 8 hours 1 day
ETEW [ day ] * (2:1 hours] = GSFE}{HScm (1.0) = ACFexHScm

I[:w—snil—15|:m[ g
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.

CcD

« Direct External Exposure to surface contamination

I pCi “EF [Ew SDWQQkaDW 5 days . 1 year M
sail oW o year o week 3B5 day

Dl [ pCI} — :m2
cwi-soil-gp 2
=0 T Bhours} [ Tday |, £ (1.El) < ACF
ow | day 24 hours ext-gp ext-gp

The resulting units for this recommended DCC are in pCi/cm?2. 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 construction activities outdoors. The activities for this receptor
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(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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second

scenario should be used.

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:

« inhalation

oL [mrem}
pCifm ) = HEE]
DCF [Mrem ) . gp Ewy 50 weeks _ oW 5 days) ET B hours) _( Tday } IRA.
il nCi =03 oW year oW week ow | day 24 hours cw

« external exposure to ionizing radiation
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o [mrem]
nce fpcim3) = CE

cw-air-sub-nodecay

Do |mremiear) oo oy, S0weeks oo 5days) [ 1year \ g (Bhours) (1 day
5"”“[ pCim? ow | ew  ypear ow week ) (JB5days) ow | day Fhours

o total
1
1 . 1
cw-ait-inh-nodecay D CCCW-a\r—sub-nodecay

DCC

3 _
cw-air-tot-nodecay (pC\fm ) -

DCC
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

cDI

o external exposure to ionizing radiation

pEi| - pCi a0 weeks 4 days 1yr g hr
CDIcw—air—sub—nudecay[m_S] Cair [m_SJ XEFCW[EWCW year ~I:j\]'volw week | | 365 day xETEW day *

Definitions of the input variables are in Table 1.

4.5.4 Construction Worker Soil Exposure to Other Construction Activities

_ pCi =c. pCi <EF Ew S0 weeks | oWy 5days) | ET Shours) [ 1day 3 IRA
cw-air-inh-nodecay | year air m3 W o year W week [ day 24 haurs (=)

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, nd 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 Generic Tables, 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
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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}

year
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oal pCi oW oW year on week cw o day 1000 mg

« inhalation of particulates emitted from soil
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« external exposure to ionizing radiation
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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:

« incidental ingestion of soil

ol - pCi -c pCiy EF EW 50 weeks | DwY 5days) RS B0 my) ]
cw-soik-ing-sa | year soil| g o oM year oW waek ow | day 1000 mg

« inhalation of particulates emitted from soil

3
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cw-g0il-inh-2a | year s0ill g o W year o week o | day 24 hours, oW | day - (? kg
PEF

sc| kg

« external exposure to ionizing radiation

. [p_C\] S EF {EW 0 weeks .. & days] . [ 1 year ] .
PCI] _| seill g o B year oW week 365 day
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¥
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Definitions of the input variables are in Table 1.

on]]

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.
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4.6 Recreator

4.6.1 Recreator Soil

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

Graphical Representation
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DCC Equations
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Definitions of the input variables are in Table 1.

CDI Equations

« incidental ingestion of soil
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Definitions of the input variables are in Table 1.

4.6.2 Recreator Soil 2-D External Exposure
This receptor spends time outside involved 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

DCC Equations

« Direct External Exposure to contamination at infinite depth
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« Direct External Exposure to contamination 1 cm thick
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« Direct External Exposure to contamination 5 cm thick
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DCFext—Scm[ pCify } * EFre:[ygar * 365 days * ETrec day = 24 hours * GSFem—Ecm U 'U) * ACFthEcm

« Direct External Exposure to contamination 15 cm thick
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[mrem]
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« Direct External Exposure to surface contamination

oy [mrem
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Definitions of the input variables are in Table 1.

(pCifg) =

cc
rec-sol-gp

CDI Equations

« Direct External Exposure to contamination at infinite depth
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« Direct External Exposure to contamination 1 cm thick

pCiYy _ pCi days 1 year hours 1day
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« Direct External Exposure to contamination 5 cm thick

pCi _ pCi days 1 year hours Tday
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« Direct External Exposure to contamination 15 cm thick
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« Direct External Exposure to surface contamination

pCiy _ pCi days 1 year hours T day
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Definitions of the input variables are in Table 1.

4.6.3 Recreator Air

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

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

Graphical Representation

INHALATIONéf

SUBMERSION

B

< INHALATION INHALATION
SUBMERSION SUBMERSION'

DCC Equations

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

« inhalation (without half-life decay)
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DL[mrem]
3 = year
DCCrec—a\r—inh-nodecay[pcwm )

DCF

[mrem
I

e
pGi ] ¥ EDreca(Years) ¥ IFArec-adj year

where

[35]

EF [daws), g fhours) f 1day o jpa [T, aap +
rec-c | year rec-c | Tday 22 hours rec-c| da rec-c

EF daysy | T hours} _ (_Tday 7§, A JLLLN P
rec-a | year rec-a | day 24 hours rec-a | day rec-a
where:

ED (years) ED (years)
AAF = | JBEL" | and: AAF = | feca’
rec-c ED _ (years) rec-a ED _ (years)
rec rec

3
IFA, [m_J =
rec-adj| year

w2

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

DL[mrem]
Dee (pcim?) = year

rec-air-sub-nodecay
DCF mreméyear | EF days) _ (_1year | ET hours) (1 day < GSF (1 D)
sub pCif’mS rec | year 365 days rec| day 24 hours a

o total

DCe pCitm ) =

rec—a\r—tm-nndecay( 1 1

DCCre c-air-inh-nodecay DCCrec-air—sub-n odecay

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:

« inhalation (without half-life decay)

. . 3
col ! L O STl N L
rec-air-inh-nodecay | year air m3 rec-adj| year

whers:

3
hours 1 day i
J * ETreE—c[ day J * (24 hgurs] * ‘RAI’EI}E [dayl XA'N:rec—z] +

e
lFArec—adj[yn;arJ = 3
EF days| | T hours | Tday RA LU YN

rec-a | year recal day 24 hours rec-a| day rec-a

where:

_ EDrEE’E(years) Ak _ EDrEE’a(years)

FBc-c ED _ (years) rec-a ED _(years)

rec rec

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

pCi - pCi days 1 year hours 1 day
CDIrEc—a\r—suh—nndecay[m_ﬁ] Cair [m_?u] * EFrEE(m - 365 days ) ETrEc day - 24 hours ) GSFa (1 D)

Definitions of the input variables are in Table 1.

4.6.4 Recreator Consumption of Fowl and Land Game

This receptor spends time involved in recreational hunting of waterfowl and land game. There are no default exposure assumptions
this receptor.

Graphical Representation

CONSUMPTION OF FOWL AND LAND GAME
o

i +

¢ INGESTIO]

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

o consumption of fowl - direct

oL mrem
year
por [MEm), gp (98] L ipar (L8 | .cF i)
ol pCi rec | year rec | day rec-fowl

« consumption of fowl - back-calculated to soil

Dce [pCifg) =

rec-fowl-ing

DCCre c-fowl-ing (pC\fg)

g . kg ), x x Ko
TanwI[WJ [[@p—fnwl[gyJ fp—fnwlm fsrr'nwl(‘l) {Rupp+ﬁes]]+[as—fnw\[d7w} fp—fnwlm]]

[nCifg) =

cc
soil-rec-fowl-ing

where

pCi/g-dry plant] -

R — By - 025 g-dry soil
upp dryl pCifg-drysoil | ' es pasture | g-dry plant

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

o consumption of fowl - back-calculated to water

pC\fI_) - Dccrec-fuwl-mg(poijg)

water—rec—fﬂwl—ing( TE day . a L[ ke
fowl| kg w-foed | day | L1000 g

e consumption of land game - direct
DL[mremJ
year

rec-game-ing (pCi/g) = mram days ]
DCF | ——| = EF =|RGL — | =CF
a pC| rec year rec da}f rec-game

DCC

DCC

0

e consumption of land game - back-calculated to soil

{pCirg) = Dccre:—gamermg )

ST A T Lo Y (1) =1 (1):[R +R J +la Lol (1)
gams | kg p-game | day | ~ p-game s-game upp ' es s-game | day | p-gams

Dee
soilrec-game-ing
where

R, =By, [ESEdEEN) p 0.25 g-dry sai
upp dry | pCiv g-dry soil es pasture | grdry plant

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

« consumption of land game - back-calculated to water.

e Cre C-gatme-ing [ple’g)

- (pCiL) =
water-rec-game-ing day L T kg
TF | =0 — | = | ===
game | kg w-game | day 1000 g

Definitions of the input variables are in Table 1.

pcc

CDI Equations

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

o consumption of fowl - direct

col RC) ¢ ROD L er  [davs) e (8 ) .cF 0}
rec-fowking | year fowl | g rec | year rec | day rec-fow|
« consumption of fowl - back-calculated to soil
¢ (PN cer [d898) L mer (8 ]acr My =TF, [93Y] «
sail | g rec| year rec { day rec-fowl fowl| kg
peCi | _ ki
CDIsniI-rec-fnwl-ing {ygar} - {Qp—fuwl(m] = fp—fuw\ (1) = fs—fuw\ (1 = [Rupp+ReSH *

{@s—fuwl [%J *fyfowl mJ

where:

_ pC\fg-drypIam] R =M

0.25 g-dry soil
R =B =ML “drvolant
upp Vdry [ pCifg-dry soil | ' es pasture [ g-dry plant ]

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

o consumption of fowl - back-calculated to water

¢ (p—CIJXEF 93¥5) L per (1] <cF 1) =
pC‘J‘ water | | rec| year rec| day re c-fouwl

CDIwater-re c-fowl-ing (
year TF day | . Q L[ ke
fowl | kg wi-fowel | day 1000 g

o consumption of land game - direct

col (RS oo (RS Er [dars) ipg (9 ] <cF i
rec-game-ing | year fowl | g rec| year rec| day rec-game

o consumption of land game - back-calculated to soil
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¢ (RC) .er [H398) . per [ 9 ]xcF (1)=TF day)
sail | g rec| year rec | day rec-game gamel kg
pCi | _ kg
CDIsniI—rec—game—ing{yearJ a [Qp-game [HJ * fp-game {1 xfs-gamz:,- (m = (Ruppmesﬂ *

kg
[Qa-game {EJ " fp-game mJ

where:

pCifg-dry planty | _ 0.25 g-dry soil
R =B =" 1R [l
upp o dry [ pCif g-dry soil

*as pasture[ g-dry plant

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

« consumption of land game - back-calculated to water.
c L) = Ly T B () =
B ] _ water | L recl year rec | day rec-game

on]] . [—
water-re c-game-in
g Bgeer TF =g L= lle
game | kg w-game | day 1000 g

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

—
INGIDENTAL

INGESTION ll

DCC Equations

« ingestion of surface water

p [mrem
year
DoF |y L
o pCi rec-ad| | year
EF days <ET hours <EV events « IR 012L « AAF o
recc | year event-rec-c | event rec-cl day rec-c | hour rec-c

Lo
Wrec—adj ear )
¥ EF days <ET hours « BV events < IRW 0071 L « AAF
rec-a | year eventrec-a| svant rec-a |~ day rec-al hoor rec-a

pce (pcinL) =

te c-water-ing

where:

where:
B _ EDrEI}E(yearsj ik A _ EDrEE’a(years)
rec-c EDrEE(years) rec-a EDrec(yearsj
e immersion
DL(mrem}
_ year
pcc : Cill) =
rec—water—lmm(p & mrem/ysar x[ 1 year ]x A hours
imml - pCil 8760 hours rec-adj | year
where

EF days sy event <ET hours - AAF "
hnura] rec-c | year rec-c | day event-rec-c | svent rec-c

A ==
rec-adj[ Bar
i EF days BV avent < ET hourg < AAF
rec-a | year rec-a | “day event-rec-a l avent rec-a

where

5 _ EDrec—c(YearS) ok A _ EDrEC’a(yearsj

rec-c ED _ (years) rec-a ED _ (ysars)
rec rec

o total
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1
1 - 1

[ledvs pcc
rec-water-ing rec-water-imm

pcc

rec-water-tot [pCiJL) =

Definitions of the input variables are in Table 1.

CDI Equations

« ingestion of surface water

col JLLLO S PCY L P L
water-rec-ing | year water | L rec-ad] year

where:
EF daysy | ET hours) Ev events) _ IR 012L - AAF "
rec-c | year event-rec-c | event rec-c | day rec-c | hour rec-c

L h
Wrec—adj ear =
i EF days) . ET hours) _ BV events) _ = oofTLy, AR
rec-a | year event-rec-a | event rec-al " day tec-a |~ hour rec-a

where:
B _ EDrEE’E(years) ok (O _ EDrEDa(years)
rec-c ED, . (vears) rec-a ED, o (vears)
e immersion
col o (eE g (RS ,[Wi]xm hours
water-rec-imm | [ water | | 8760 hours rec-ad] | year
where:

EF days sy event <ET hours < BAF "
huurs}_ rec-c | year rec-c | day event-rec-c | event rec-c

rec—adJ{ ear
i EF days < BV event < ET hours < BAF
rec-a | year rec-a | day eventrec-al avent rec-a
where:

_ [EDrec_c(years)] ok _ [EDrec_a(years)]

F = =
rec-c EDrEC(years) rec-a EDrEE(years)

Definitions of the input variables are in Table 1.

4.7 Consumption of Fish

The 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. Further, the ingestion rate is not age-adjusted like the farmer scenario.

Graphical Representation

DCC Equation

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

o consumption of fish

oL [mrem
year

) Cifg) =
te =fah-ing (p 3
pCE [Mmrem) | ep 350 days IRF| 54000 mg} , (107 g, CE ) (1)
ol pCi res year res-a day 1mg res-fish

pcc

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, like for the farmer land uses.

Definitions of the input variables are in Table 1.

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

e consumption of fish

pCi - pCi 350 days 54,000 mg ]
CDlres-fsh-mg [year} Cfish [T] " EFres{ year IRl e day * 1000 my. = CF s fish {n

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, like for the farmer land uses.

Definitions of the input variables are in Table 1.

4.8 Farmer

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% of consumption of the following are also
considered to be from the farm: beef, milk, fish, 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, milk, 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

Agricultural Biota, Soil and Water Graphic and
Supporting Text

CONSUMPTION .OF
BEEF & MILK & SWINE

DCC Equations

« consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the
intakes for home-grown produce.

far-produce-ing-tot i g

DCC (pCifg) =
z
[‘:1 DCC

(PCU’Q)J

far-produce-ing

where
n =total number of produce items included

and:

o (1]
DCCfar—prUduce—mg(pCU‘g)= mrem

g
DCFU[ pCi ] x”:fé”'adj[yearJ xCFfar—;orodu.:eU)

S ELL N I N G
far-c year far-c day far-c

IF, =L
far—adj[ ear]
! EF || cr, [0 ] < aaF, (05)
ar-a year far-a | day far-a

where:

and:

ED (6 years)
AAF. [D15)= | _fArc ©
far-c ED. (40 years)

ED (34 years)
and; AAF. (0.85)= | __l2r-2
far far-a

EDfar(w years)

. consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.
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(mrem}
= year
DCo . (pCifg) =
far-pouliry-ing mrem 34414 g
DCFD pCi * ‘prar-adj year * CFfar-pou\try (1)
where:
350 days 469 g
[ farc( year J far-c{ day J farc(El 15)]

34,414 g] _
350 days| | 107.4g)
{ J lRPfar-a [—day J AAFfar-a(D'EE)]

far—adj[ year

[EFf
ar-a year

where:
far a(34 years)}

e ars
6 vears) | o AaF 0.85)=
far-a EDfar(riD years)

AAFfar E(D ig= [EDfalr 540
far( YEArs)
e consumption of ©ggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.
L[ mrem
year
19395 ¢

} =@ far-eggm

cc Ciy) =
far-egg-ing (p g) mirem
DCF —| = IFE S ——
ol pci far-adi|  year

whe re:
[350 days} < IRE (31 7 gJ < ASF (015)|+
FE [19,395 gj _ | farel vear far-c | day far-c
farad|  year 350 da 50.6
¥ by
{ Ffara[ year J xH:{Er'ar-a( day J T'ar a(D 85)]
where:
ED (B years) 34 years)
AAF. 015) = fafc nd: AAF,(0.85)= 7@3
farc Dy, (40 years) far-a ED;, (40 years)
e consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.
L [mrem]
R year
DcC Cifg) =
far-beef-ing (p ! g) Mrerm 92474 g
DCF — | = IFl | =———=| = CF, ]
ol pCi far-adj year far-beef
where:
62.84¢g
] T'ar C(D 15)]

EF 350 days < IRB
far-c year far-c day
1Es8 9] A (0 BSJ]
ar-a

82474 g} _
‘FBfar—adj Bar -
b EFf 350 days | | RB
ar-a year far-a |~ day
where:
ED (B years) ED (34 years)
AAFfar—c(D 15) = [EDfar-cdD and: AAF - am 85) = El:f]ar-aaD
far( years) far( years)
o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.
L [mrem}
B year
DcC Cify) =
far-dairying [p ! g) tigh 253451 g
DCF_ | —| = IF | =———=|=CF m
o | pCi far-adj year far-dairy
where:
EF [350 days} < IRD [994.? g] < AAF. (015)| +
5 [253‘451 gJ _ far-c year far-c | day far-c
far-ad) ear -
! EF o [ ) <irn,  [BEA0) L anp )
ar-a year far-a day far-a
where
farcta years) i AR [056) - fara(ad years)
far-a EDfar(m years)

(0.15)= [ED

AAF
far-c far (40 years)
o consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
oL [mrem}
B year
] {8} [pCifg) =
far-swine-in
g DeF MM L iFaw; DB3g) o 1)
ol pCi far-adj year far-swine
where:
350 days 337g
—— 7| = RS, 15
o [29,288 g] _ [ far—c[ year ] far- c[ day J T'ar C(D )]
farad | " year ) 350 days 925 g
[ Ffara{ year J ‘stfara[ day J fara(UBS)]
where:
farc B years) o (I 0385) = T'ar B 34 years)
far-a EDfar(m years)

AAF 15
far—c(D )= [EDfar(tlDyears)

e consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish

oL mrem
_ year
DCCe,  fisheing (PEVE) = mrem 250,474
Yol LU T S0 L oF i
ol pC far-adj year far-fish
where
350 days
[ () () )
faradil  year 350 davs) | or BH8g) . aar  (es)
far-a year far-a day fara'
where
ED G years ED 34 years
M and: AAF (085)= far-a'* ¥ears)
far-a EDfar(m years)

AAF 18) =
far—c(D ) [EDfar(dﬂyears)

e consumption of goat. There are no widely accepted human intakes for home-produced goat
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DCC s

Cifg) =
far-goat-ing (p rigk g

SFf [ﬁ} = lFGOfar-adJ [yearj = CFfar-goat {n
where:

350 days ]
[EFfar-c[ vear J leGOfar—c[m] XAAFfar—c(D 15)]+

IF60, o [_Egar] 5
! er, [FEN9aE) pgo (8]« asr pas)
far-a year far-a day far-a
where:
ED (b years) ED (34 years)
AAF. (0A8)= | darc” T gng aaF s = |_dara T
farc EDfar(fiEI yEars) far-a EDfar(rlU years)

e consumption of goat milk. There are no widely accepted human intakes for home-produced goat dairy.

TR

Dce (pCifg) =

far-goat-milk-ing sk

]
SFf {EJ ) ‘FGMfar'adJ{year] B CFfar—goat-mnk (U
where
S E=SC A Y Y {LJ <AAF [15)|+
9 ]_ far-c | year far-c {day far-c

‘FGMfar-adj[ ear
¥ EF 350 days| . pgm B N L)
far-a far-

year a | day far-a
where
ED B years) ED 34 years)
AAF. (045 = | —faes T g aaF 0B = | —taka T
far-c EDy, (40 years) fara ED,,, (40 years)

e consumption of sheep. There are no widely accepted human intakes for home-produ)ced sheep.

DCC i

far—aheep—mg(pC"fg) = Tigk

Y
SFf {E] : lFSHfar'adJ {year} ) CFfar-ssheep 1

where:

er. (3909805} L psy (9 ) caar sy +
7 far-c year far-c | day far-c

far—adj[ ear
g EF, 350 davs | . \pgy 9 )< aaF ([ES)
far-a year far-a day far-a

where:
ED b6 years) ED (34 years)
AAF,(015)= [—BCE " | ang AAF @85)= |_dara ~ —
far-c ED;, (A0 years) far-a ED,_ (40 years)

e consumption of sheep milk. There are no widely accepted human intakes for home-produced sheep dairy.
TR

far

DCC

Tl Cifg) =
far-sheep-milk-ing (p risk [
SFf {pci] ) ‘FSMfar-adJ {ye arJ ) CFfar-esheep-mllk (1)

wihere

S ) T B VR
g ]_ far-c year far-c | day far-c

IFSMfar-adj[ ear )
¥ EF B0 days] e 9 )« asF,  (0ES)
far-a year far-a day far-a

where

EDf (6 years) ED\r (34 years)
AAF, A5 = | et T gy aaF  (pgE)= |_faca T
farc ED;,, (40 years) far-a ED;, (40 years)

Definitions of the input variables are in Table 1.

CDI Equations
o consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the
intakes for home-grown produce.

col _ PC e - [[24
far-produce-ing-tot | year =1 far-produce-ing year J;

where:
n = total number of produce items included

and:
pCi g _ pCi ]
Clear-produce-ing (ygar} produce (TJ = IFfar-at:lj {year] * CFfar—produce m
where:

S ECr i) [T T I I VYR | R
far-c year far-c| day far-c

‘Ffar adj[ : J -
- ear
) EF SHUEE) &y A= maF (085
faral  year far-a | day far-a

and:

ED (B years)
= far-c
AAFfaFE(D.W 5) [7

ED (34 ye ars)}
EDfar(fiD YEArs)

nd: AAF,  (0.85)= | —2r@
far-a ED;,, 40 years)

. consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.
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peCiy _ pCi 34414 g
CDIfar-pou\try—lng [yearj Cpoultry (TJ : Iprar-adJ[ year : CFfar—;:uoultry m
where:

350 days
EF, _— IRF, AAF, 8] |+
34‘4149]} . { far-c[ ST J x far-c[ i J x s JJ

far-adj{ aar
y EF 350 days < IRP 107 49 * AAF 065
far-a year faral day far-a

ED (B years) ED (34 years)
ABF (0.15)= {7@'5 and: AR (085)= | fEa_——

EDfarmD years) EDfar(m years)

e consumption of ©ggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.
col L L N (o) ST (2= D T
far-egg-ing | year eqgl o far-adjl  year far-egyg
where:
EF, o [t < re, (28] < par, g +
{19395 g} B arc year fare | day far-c
far-adj sar |
y EF 350 days = IRE f9E6 g * AAF 0885
far-a year far-al day far-a
where:

ED B years) 34 years)
AAF. (015)= [7&;3“0 and AAF, _(086) = Prarat ve219)

far-
ar-c T.ar(fiﬂ years) EDfar(m years)

IFE

e consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.
RSy _ nCi 52474y
CDIfar-beef—ing[ygar] Cheef [TJ * IFBfar—adj( year * CFfar—beef (1)

where:

350 days E28 g
EF, — | =IRB =4 15
52474 g] _ [ far—c{ year J x far,c[ day J far C(U )J

far—adj[ ear
¥ EF 350 days) RE 185397 AAF (D 85)
far-a year faral day

IFB

ar(ﬂlD years) ED, (40 years)

(B years) ED (34 years)
ARF. (015)= {7@0 and AR (08F)= | _daa
far

o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.
col ) LI S PO FD (253450 9 L o )
far-dairy-ing | year dairyl g far-adj year far-dairy

where

(EFf [LD da”S] % IRD, [99“ g] % BAF. (D.15)J +
253 451 g] _ arc year arc| da ar-c

¥
‘FDfar adJ[
- ear

¥ EF 3a0 days) "D B76.4 g XAAF (D 85)

far-al year faral day

where

ED (B years) 34 years)
4 far-c d: AAF 1.85) = T'arai
AP 018 = [EDfar(AD vearsy | ™ A rar s (01 5) ED,, (40 years)

. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
con (PO e PED sy L N
far-swine-ing | year swine | g far-adj year far-swine

where

[EF [%] = IRSW, [337g] = AAF (0.15)} +
G [29,288 gJ B far-c year far-c | day far-c
far-adj B
T4 year EF 350 days ), RS 9254q), MF (DBS)
far-a year faral day far-
where:
6 years) (34 years)
_ far-c fara
AAF, 0.18)= | A ——— g5 e
far.c(0:15) [EDfar(fJEl years) A rar g D851 ED;,, 40 years]

o consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.
pCiy _ pCi 250474 g
CDIfar—fish—mg [year] Cﬁsh {TJ * IFFIfar—adj[ year * CFfar—fish "

where

350 days
250 474 g}: (EFfaf'C[ year ]XI farc( day ]XAAFfar'C(DmJ '
g

far-adj[
JXT gr. [B0dars) pr (BBA) L anr oss)
far-a year far- day far-a

IFFL

where

(B years) (34 yearsj]
far far

EDfelr B EDT’ar a
gy = | _fare " T Loy anF  (0@E)= | fara
A e 019 = | 50 vy | " far-a" 9% = | 20 @0 yeary

e consumption of goat. There are no widely accepted human intakes for home-produced goat.
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pCi Y _ pCi ]
CDIfar-goat—mg[ygarJ Cgoat [TJ * IFGOfar-adJ [ygar] 8 CFfar-gDat i
where:
EF; [MJ = RGO ELJ = AN, ([0.15)] +
g J_ ar-c year far-c | day far-c

IFGOfar—adJ[ car |
¥ EF. 350 days) | peg 8 | «aar peH)
far-a year far-a | day far-a

where:
ED (B years) ED (34 years)

AAF. (015)= | IBEE | and: AAF, 8g)= | fara___—__
far-c 0191 {EDfar(myears)]a” far-a 055! [EDfar(ADyears)]

o consumption of goat milk. There are no widely accepted human intakes for home-produced goat dairy.

pCiy _ i ]
CDIfar-goat—milk-ing (ygarJ yoat-rik ( g J " ‘FGMfar-adj (ygar} * CFfar-goat—m\Ik (1)

where:

350 days ]
[EFfa r—c( year J * IRGMfar—c (ﬁ] = AAFfar—c(D 15)] +

‘FGMfar-adJ( ggarJ =
¥ EF 350 dayvs) . |ran 9] xaaF @085
far-a year far-a | day far-a
where:
ED (G years) ED (34 years)
AAF. (015) = [7m° and: AAF,(D88)= | faEd_———

far-
ar-c EDfar(AD years) EDfar(AD years)

e consumption of sheep. There are no widely accepted human intakes for home-produced sheep.
col L Pl cipsh, 9 )« cF i
far-sheep-ing yeat sheep g far-adj year far-sheep

whe re:

350 days [
{EFfar—c[ year J * ‘RSHfar—c [@J XA"J;\Fr'ar—ctuw)] +

IFSHfar'adj {ﬁ} ) 350 days g
{EFfar—a [WJ x IHSHfar—a (EJ ® MFfar—a(D BSJ]

wihe re:
ED (51 years)]

- far-c
AAFfar—c(D 15) [

EDfar a(3t1 years)
—farc s T oy aaF 86)= 5
ED, (40 years] " e

far-
ar-a EDT’ar(m years)

o consumption of sheep milk. There are no widely accepted human intakes for home-produced sheep dairy.

poi pCi q
Cleelr-sheep-milk-mg (year} she ep-milk [?J * IFSMfar—adj{ygaJ = CFfelr-shza-z:.-p-milk (1)

whete

350 days g
[EFfar—c [7year ] * lRSMfar—c [@] * AAFfaFC(DJE)] +

IFSMT’ar adj (LJ =
- ear
J eF. [350days) jmey (L] «asF, 085
far-a year far-al day far-a

where

ED 6 years) ED (34 years)
AAF. (0.15) = [7&” and: AAF. (D8E)= | _dara

EDfar(dD years) far-a EDfar(m years)

Definitions of the input variables are in Table 1.

4.8.2 Farmer Direct Exposure and Consumption of Agricultural Products - Back-Calculated to
Soil

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% of consumption of the following are also
considered to be from the farm: beef, milk, fish, 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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.
H,J’ v CONSUMPTION .OF
INCIDENTAL ¢ 4 | BEEF & MILK & SWINE

INGESTION OF SOIL

L

= EXTERNAL
EXPOSURE.

DCC Equations

« incidental ingestion of soil
oL [mrem}
ear
(#Cig) = !

mrerm 40,250 g g
DCF IFS —_— —_—
0[ i J ) far—adj[ year J - (1000 ng
where:

[EF [3—50 daYS] *IRS {QUD ng * AAF, (015)] .
40 250 mg] _ far-c year far-c day far-c

far—adj[ ear
g E2? 350 days) g 100 mg ), anp (0LE5)
ar-a year far-a | day far-a

pCcc

far-soiking

where:

AAFfaric(U.15)= [EDfar—c(E yEars) EDfar—a(34 yearsj]

and: AAF 0.85)=
ED,_ (40 years) fara ED, (40 years)
« inhalation of particulates emitted from soil
oL [mrem}
(pCity) = &=

g
OCF mrem < FA 6475 m " 1 . 1000 g
il pci far-adj|  year e ky
PEF

far far

DCC

far-goil-inh

where:

3
IFA 8475 m” | _
far-ad) year

where:

3
350 days 24 hours 1day 10 m
[EF““[ = JXETW{ day ] - (ziveis) ”HAfa“[ Ty ]XAAFfar.c‘D'ﬁ)] '

3
350 days 24 hours 1 day 20m
[EFfar—a[ year J i} ETfar—a{ day J ) [24 hours} ) IHAfar—a[ day } ) A'N:far—a(u'ss)]

EDfar CfB years) EDfar a(ﬁd years)
BAF (015)= |—are | ang aaF R = |—fama_ -
rarc 019 ED. @hyearg | far-a 059 ED, (40 yzars)

« external exposure to ionizing radiation
DL[MJ
year
0% o (i)~ i) (5Bea8) * AP
[ETfar-o [%J x [2111:%] xGSF_ (1 D)J +
{ETfar-i [%} = [%] = GSF\-tma\J

« consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the

Dcc (pCifg) =

far-soil-ext

intakes for home-grown produce.

CCani\—far—prnduce—ing—tm (pCirg) = i g

Zbee

soil-far-produce-ing [pCl.-’g)‘

where:
n = total number of produce items included

and:
R _Dccfar—prnduce—ing(pC”g)
DCo [pCifg) = ——F—— =
soil-far-produce-ing R 4R
upy  es
where:

pCifg-fresh plant ) R
es

_ g-dry soil
R =B
upy wet [ pCif g-dry soil ]

LF e
produce [g-fresh plant

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended that
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produce-specific transfer factors (Bv,,e) be used when available for a site. Further, the default transfer factors (Bv,t) 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.

where:

DCCfar-produce-ing-tm (pCifg) = i g

z
=1 e Cfa r-produce-ing (rC ‘fg)l

where:
n=total number of produce iterms included

and:
DL[mremJ
o year
Dee (pCiig) =
far-produce-ing ooE [remd g 9 |«cF (1)
ol pCi far-adj| year far-produce
where:

e, [F08s) L (8 ). aar (o) +
far-c year far-c | day far-c

IF, =
far—adj[ ear]
i E 350 days ), g A< maF (085)
ar-a year far-a | day fara

and:

ED (6 years) ED (34 years)
ASF 015)= [7@” and ASF (DAS)= | _fara

EDfar(tlD YEars) far-a EDfar(m years)

e consumption of ©ggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.

DCCfar—egg-mg (pC\/g)

Dcc
day 0.2 ky 0.022 ky
TFegg[k_g] = [[Qp-pnultry[ day ] xfp-pnu\try m xfs-pnultry(” * [Rupp+ResJ] + [Qs-pnultry[ day xf;a-pnu\lry'm

soil-far-egg-ing (pClt’g) =

where

_ Ci/g-dry plant) | _ 0.25 g-dry oil
R =B pUl/ganplant) . p -y Wk gHain el
upp "dry[ WCi/gdrysal ) ' es pasture |~ g-dry plant

e consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.

D0 ar-poultrying (pCirg)

SCeitfar-poultrying [pCirg) =
TF day) L i[a D2ka) {1y =, m={r_+r ]|+|0 902 kg) ¢ (1)
pautry | Tg p-pouttry | Tay ) ™ ppouttry ) * fepautry upp™t Res s-poultry | day -paultry

where:

R =By pCi/ g-dry plant =M 0.25 g-dry soil
upp dry| pCi7 g-dry soil | ' es pasture - g-dry plant

e consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.

. L
DCCfar—fish-\ng {pCifg) > I<d [@J

L
BCF| —
[ng

DCCani\—fa fish-ing (pleg) =

o consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.

DCCfarrbeef—mg (pCi/g)

day 11.77 ky 0.5 ky
TFbeef [WJ * [(Qp—beef[ day J " fprbeef“) xf;beef“) * [Rupp+ Res)] * [Qs—beef[ day xfp—heef U]

Dccsml-far-heef-mg (pCv’g) =

where:

R =Ey pCi/ g-dry plant ‘R =MLF 0.25 g-dry soil
upp dry | pCi/ g-dry sail es pasture - g-dry plant
o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.

DCC e airying (P12

-1
_day 3, 103ka)" , (g A3k}, ¢ 1) = f 1x[R +R)+Q 04ke) ¢ 4
Lm\\k] Pm [1 L milk p-dairy | day prda\ry( ) s‘rda\ry( ) upp  es s-dairy | day p-dairy ( )

DCC, i fardairy-ing PCIY) =
.|

where:
_ pCid g-dry plant _ 0,25 g-dry soil
Rupp Evdry{ pCi/g-dry soil ] ! Rea MLFpaslure [ g-dry plant ]
. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.

Dccfar—swinermg (pCi/g)

Dc
7o) Mg ATt e O %o ging 1% (R Ro )| # @ LTt ine 1]
EWVINe kg p-swine day p-swine & SWINe upp es S-8Wine dgy p-swine

Csm\rfarrswme—mg(FCW) =

wihere

_ pC\/g—dryp\anlJ ‘@5
es

0.25 g-dry soil
R =B =0
upp Vdry ( pCi/g-dry soil J

LF
pasture [ g-dry plant

o total.
- 1
DCC s gitfar-tot (PCVE) = [ [ [ 7 [
oee “bee “oee “bee “oce *
soil-far-sol-ing soil-far-sol-inh soil-far-sol-ext soil-far-produce- ing-tot soil-far-eqg-ing
1 1 1 1 1
+ + + +
DCCsniI-far-pnuItry-mg Dcosni\-far-ﬁsh-ing DCCsniI-far-heef-ing DCCsniI-fa t-dairy-ing DCCsniI-far-swine-mg

The following consumption routes are provided in site-specific mode only and requires the user to enter their own data, as
the tool only provides a transfer factor.
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consumption of goat. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.

Dccfarrguat—lng (pCl/g)

day ) 127 kg . . 0.23ky|
TFguat{HJ [[Qp-gual[ day ] fp-guatm fs-gualm (Rupp+ResJJ +{Q5-guat{ day fp-guatm

DC

Cani\-fa r-goat-ing (FC”’B) =

where

R =g [ECUgdipant) o e 025 ydry sol
upp dry | pCis g-dry sail as pasture | g-dry plant

o consumption of goat milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat dairy.

DO et ety (pCi)

pce (pCitg) =
soibfargoat-milk-ing T
TE 65 | (LGN - [[[@ 150k g (1) =, m=(r +r J|+[a 029kg) ¢ 0]
goat itk | i) ™ Pro {TC o goatmiklgay )~ pgsatmik ) ™ s goat mik upp Res < goatmik | “day )~ p-goatmik
where
_ BCi / gy plant _ 025 gy ool
Rypp Evdr‘y[pcw/grdvysm\ Res TML o cture | ~g-dry plant

o consumption of sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep.

_ DCC 0 -sheep-ing PC10)
PCE i farsheeping (PO = day 175 kg 032 kg
TFShaep [H] * Qp-sheep[ day J Xfp-shza\ep (1) xfs—ahaep U) * [Rupp+Ras] + Qa-sheep[ day ] Kfp-aheap m
where:
_ Ci / g-dry plant _ 0.25 g-dry soil
R =gy [RMLIEGWPET L p o ooty ShR
upp dry[ pCi/g-drysoil | ' es pasture | g-dry plant

o consumption of sheep milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep dairy.

DCCt, . sheep-milk-ing PC¥e)

1
doy ), (103kaY! 35 k), B B 057 kg
TFshEep—ka(Lmnk] Dm[“mk] [[Gp—sheeprm\\k[ Ty ] fo-shespmik (% T sheep-mik [Rupp+Res]J+[stheep—m\\k[ & ] (p—sheep—mﬂkmﬂ
where

_ pCi / g-dry plant _ 0.25 g-dry soil
Rupp Evdvy[pC\/g—dvysm\ iRos =ML asture g-dry plant

DCC.i far-sheep-milk-ing (PCY8) =

Definitions of the input variables are in Table 1.

CDI Equations

« incidental ingestion of soil

L[mrem}
year

mrerm 40,250 g g
DCF IFS | —_—
0[ nCi J ) far—adj{ year J - [1DDD mg}
where:

[EF [LD days] =IRS [QDD mg} = AAF (El.15)] +
40 250 mg] _ far-c year far-c day far-c

far—adj[ ear
! EF, | ) < rg, (1M < aap (s
ar-a year far-al day far-a

Dccfar—sulhng(pcug)=

where:

ED B years)
A (015)= | fare
far-c ED ar(dD years)

ED.. (34 yearsj]
i

and: AMF,  (085)= | __fara”
far-a EDfar(dD years)

« inhalation of particulates emitted from soil

ET 12.168 hours) | (_1day GSF (1) +
far-o day 24 hours ext-sv

pCi Y _ pCiY EF 350 days) _ [_1year | _ cF .
far-soil-ext | year soil| g far year 365 days ext-sv = 10008 hoursy _ ( 1day ), GoE
far-i day 24 hours i-total

col

o external exposure to ionizing radiation

3
CDIf N pCi -c . pci < IFA BA7Em™ | | 1 L. (1000 g
ar-sail-inh | year sail | g far-ad] year m3 kg
PEF|—
kg
EF 350 days) | ET 24 hours | Tday RA 1
far-c | year farcl  day 24 hours farc| day

3
EF 350 days) | ET 24 hours | Tday RA 20m~ | AAF {0.85)
far-a year far-a day 24 hours fat-a| day far-a

where:

3
= BA7S m™ | _
far-ad) year

where:

far-c

o
g
W
.~

= BAF, (0.15)] +

ED B years)
AAF. (D15)= { el
ar-c

ED 24 years)]
EDT’arMU years)

_ far-a
d: AAF, 88) =
J an far—a(D ) [ EDfar(w years)

« consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the

intakes for home-grown produce.

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]



DCC User's Guide

ol PG - S ([0
soil-far-produce-ing-tot | year = soil-far-produce-ing year

where:
n = total number of produce items included

and:
pCi g _ pCi ]
CDlsoiI-far-pmduce-mg (ygar} SO\I(T] * [ upvJr R‘es] = IFfaI’-adj{yearJ * CFfar—produce (
where:

_ Ci/ g-fresh plant _ g-dry soil
R =B P17 grivesh prant = MLF .CviE0 T
upy ¥ et [ pCi/g-dry soil ] 'es produce [g—fresh plant

)

and:

EF, Bdayd jp (8 ) aar s +
ar-c year far-c day

x
‘ [ g ]_ far-c
far-adj | year
¥ EF =0 days) 9| <anF(088)
far-a year far-a | day far-a
and:
ED (B years) ED (34 years)
- farc . - far-a
AAF A8)= | =82t d: AAF, 88 = | =2 ——©
farc 1% [EDfar(tiD Jeargy | Y Ay 089 ED, @0 yeers)

The consumption of produce exposure route drives the DCCs lower than all the other routes. It is recommended that
produce-specific transfer factors (Bv,,e) 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,y) 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.

where:

pciy_ n pCi
Clear-produce-ing-tot[ygar} |E1 lear—produce-ing{ygari

where:
n = total number of produce items included

and:

pCi Y _ pCi ]
Clear—prUduce—ing [year] Cpruduce [?J * lFfar—adj[year] * CFfar—prUduce )

where:

Br, [F9arE) g (8 ) vasr niE)] e
a far-c year far-cl day farc

‘Ffar adj[ . ] B
- ear
¥ EF, S EFE) &R A< maF (085)
faral year far-a | day far-a

and:

EDT’ (B years) EDf (34 years)
AAF 018)= | ——18C_ " | and: AAF (085)=|_1arFd
far-c ED,,, (40 years) far-a ED,_ (40 years)
ar far
. consumption of €eggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.
¢ (PSR L FE (123%9] (1) = TF day)
soil | g far-adjl " year far-eqy 2d0 | ky
pCiy _ 0.2 kg
CDISUlI-far—egg-mg [year] - [Qp-pouhry [ day = fp-poultry (1) = fs—pDuhry (1) = FeuperRes +

Q 0022 kg f )
S-poultry day p-poultry

where:
R, =By, [REEdvplant) o e 025 grdy soi
upp dry | pCif g-dry soil s pasture | g-dry plant
and:

IFE

350 days M7y
EF — | xIRE AAF A8) ] +
19395 gj _ { far-c[ year J - far—c[ day J - far—c(D )J

far-adj[ ear
! EF, [t g, [P2E0) )
ar-a year far-a | day far-a

where:

far-a

EDfar(m years)

farc

AAF, 18) =
015 EDfar(AD years)

. nd: AAF, (0B5) =

far-a

[ED B years)] [ED (34 years)]
_fart — | g __fara ~

e consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.
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pCi 34414 g day
Cail [TJ * ‘prarfadj[ year * CFfar—pqutry (1 = TFpuultry kg
pCi) _ 02 kg
CDlsoiI-far-pou\try-ing [year} - [Op—pnullry [ day = fp—pnuhry m * fs—pnultry m * Rupp+ Res *

aQ 0.022 kg o 1
s-poultry | day p-poultry

wihere:
_ pCifg-dry planty | _ 0.25 g-dry soil
R =By —————— | ;R __=NLF _—
upp dry[ pCifg-dry sail | pasture | g-dry plant
and:
350 days 46.9 g
EF, — | =IRR 15
244147 _ [ far-c{ year Jx far-c[ day J farcm )J
IFP, o|[ 2 ||
far-adjl " year

350 days 1074 g
[EFfar-a{ year J " lefar—a[ day J Gla st far- am EE)]

where:

(B years)
ASE_(015)= Prarcb 1)
far-c ED, (40 years)

(34 years)
AAF (D.BS)=[ falda
far-a
far

far(w years)

o consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.

pCi L
© = BCF
pCiy SD\|[ g ] [kg} 250474 g

= M FR =27 2 = CF, {1
soil-far-fish-ing | year Kd[ L far-adj year far-fish
ky

cDI

where

[EF [MJ < IRFI [5” 9] <AAE O 15)} +
250,474 gJ - far-c year far-c a far-c
g

fa"adj[ year 350 da
ys
[EFfar—a[ year ]XIRF‘far—a[ day J AAFfaramBSJJ

IFFI

where

B years) 34 yearsj]

ED
far-c _ far-a
15)= | fare™ 7T g oy ey = | fara 7T
A far.c 0181 = [EDfar(riEl years)} S A () = [ ED;, (40 years)

e consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.

pCi 22474 g day
Csml (T] * ‘FBfar—adj[ year * CFfar—heef (1) TFheef ky
pCi 11.77 kg
CDIsoiI-far-beef-ing {year} [Qp-heef[ day = fp-heef m = f‘a-heef (1) * Rupp-*'Res *

05 kg
[Qs-heef[ day J xfp-heef mJ

where:
R _ pCi/g-dry plant R = 0.25 g-dry soil
upp dry | pCi/ g-dry soil pasturel  g-dry plant
and:

[EF [MJHRE [EZBQJ x AAF (0.15)] +
FE 52474 gJ: farc year farc| day far-c

far-adj[ Bar
Y EF, 380 days) | ng 165300, anr mas)
ar-al  year fara| day far-a

where:

ED Bars
AAF, (U15)={ fer=c® 1921

farc ED,_ (40 years)

34 years)
and: AAF, (D88) = “rara
far far-a

EDfar(AD years)

o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.

pCi 253451 g day
Csoil {?} = I’:Dfar-eu:lj{ year = CFfar—da\ry (1) TFdalry kg
201 Mk
CDlsml,far—dany—mg[year] B [1 e kg]'1 [Qp.da\ry[ o % T'p_da\ry f1) = fs_dairy 1 = R‘uperR‘es +
%

miTL milk a 04 ky i 1
s-dairy | day p-dairy( )

where:

pCifg-dry plam} R -

0.25 g-dry sail
R =B = putaiel: M et
upp Vdry[ pCi/g-dry soil ]

pasture [ g-dry plant

and:

{EF (LD“VSJ = RD [99” ]xAAF (U.15)] +
253 451 g] _ far-c year farcl day far-c

far'adi( year 350 da
VE] G764 g
[EFfar—a [ year J * ‘RDfar—a { day =0 far- a(U 8a]

=

IFD

where:

(B years)
- far-c
MFfar-c(D 15) [ an

(34 years)
—fare " | ang AAF [085) = Ftara
far(m yearsg) far-a

EDfar(m years)

e consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
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¢ (PO paw (2828800 op (1) =TF_ . [£a¥) .
soil | g far-adj| "~ year far-swine swine | kg
= [@ ) [mef L) IR A (1)x[R +R ]J+
p-swine | " day p-swine s-swine upp es

[Q ) [MJM ) (1)]
s-swine day p-swine

col_ o[BS
soil-far-swine-ing | year

where:

_ pCif gdry planty | _ 025 g-dry soil
R =B = 2T | R _ =ML —_
upp Vdry( pCi/g-dry soil ] ' es pasture | g-dry plant

and:
[EF {3—5U daYSJ < IRSW (33'?9J < AAF (n15)} +
29288 ) _ far-c year farc | day far-c
IFSWfar adj| " year a
- 350 daye 9258 g
[EFfara( year J leSWfar—a( day J xA"'3\’:T'ar-am 85)]
where:
ED (B years) ED (34 years)
AAF,  [@5)= |fare” T ang aAF 0@5)= |dara T 7
far-c ED,, (0 years) far-a ED;, (40 years)

The following consumption routes are provided in site-specific mode only and requires the user to enter their own data, as

the tool only provides a transfer factor.

e consumption of goat. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.

pCi ] day
CSUH{TJ * IFGOfar—adJ [ygarJ = CFfar—goatU) = TFgoat [E} *

pCiY _ 1.27 kg
J_ [Qp-goat[ day xfp-goatmxfs-goatm B F‘,up;:u_H:‘,es *

soil-far-goat-ing {year
0.23 kg
[Qs-goat( day } Xfp-goat (1)]

CDI

where:
_ pCif g-dry plant _ 0.25 g-dry sail
R =B =" R _=MLF e B O
upp VEW( pCi/g-drysol J ' es pasture | g-dry plant
and:
EF. 350 dav5) | jpeg 8| xaar mam| +
far-c year far-c | day far-c
I’:GOfar adJ( z J =
: year 350 days o
[EFfar—a [ year ] * IRGOfar—a [F}r] * 'A"E“Ffar—a(D BSJ]
where:

ED (B years) ED (34 years)
AAF. (D15)= [7@-5 and: AAF,  DBS)= [ fara

far-c ED,, 40 years) far-a ED,, (40 years]

o consumption of goat milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat dairy.

pCi g day
© sl {?] * lFGMfar-adJ [year] ® CFfar—gual-mllk (1 = TFgUaI-mllk [L milk] B

pCi 1.59 kg
CDIsniI-far-gnat-miIk-\ng [year] - 1.03 kg il [Qp—guat—mllk [ day " T-p—gclat—mllk m " fsrgu at-milk m " Rupp+Res *
oot )

i By
1 Lmilk
" Q 029 kg ¢ 0]
s-goat-milk | day p-goat-milk

where

R =Bv M ‘R =MLF 0.25 g-dry soil
upp dry | pCi/ g-dry soil es pasture | g-dry plant

and

350 days 90 .
[EFT'ar-c (TJ lRGMfar-c (EJ AAFfar—c(D'15)J *
]

9 e
‘FGMfar-adJ ear =
g B, [309ars) pen (9]« aaF  (pas)
far-a year far-a | day far-a

where
EDfar—c(E years)

EDfar—a (34 years)]
EDfar(fiEl years)

and: AAF (EE [ N 1 L —
fara ED,,, (0 years)

AAFfar—c(D'ﬁ): [

e consumption of sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep
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pCi q day
Csui\[?} * IFSHfar—adj [yearJ * CFfar—sheep (1) * TFsheep [ kg J

pCiy _ 175 ky
CDlsoiI-far-sheep-ing{yearJ - [Qp—sheep{ day * fp—sheepm * fs—sheep m = RUFP+RES *

0.32 kg
[Qersheep { day J Xfp—sheep m}

where:

_ pCi/ g-dry plant _ 0.25 g-dry sail
R =B _ =ML _
upp Vdry[pCi;’g-dry soil ' es pasture | g-dry plant

and:

EF B0 days) oy I (0.15)
farc year far-c | day far:

IFSHfar adj {yegarJ =
- 350 days ]
[EFfar a[ vear J " IPSHfar-a [ﬁ] BT far- a(D BE)]

where:
(B years) far 3(5‘4 years)]

ED,
A, 018)= | M8t U7 | oo AR (0085) =
far-c ED,_ (40 years) far-a ED,_ (40 years)

far far

« consumption of sheep milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep dairy.

pCi q day
Csoil [?J * IFSMfar-adj [Ygar] = CFfar-sheep-mi\k (1) * TFsheep tmilk [L m.\k}

RERE a 315kg 1) =1 1 [R +R ] .
CDIsmI-far-sheep-m\lk-mg (yearJ [1_93 ky ]-1 [ p-sheep-milk( day * p-sheep-mi\k( ) * s-sheep-milk( ) * upp  es
=

m L1 L rnilk 0.57 kg
[@a—aheep—milk( day J * fp—sheep—mi\k (1)

where

pCi/g-dry p\am] B =ML

0.25 g-dry soil
R =B it Bl il =
upp vdry[ pCifg-dry soil ]

pasture [ g-dry plant

and
eF. (380438} L jpay (8]« asF @pam|+

g farc year far-c | day farc

IFSMT’ar adj[ ] =
- ear
b er. [38093y5) pan, [0 ] <asF (085)

far-a year far-a | day far-a

where

far-c [40 years)

AAF0.18) = EDfyy.o® years)
EDfar ED._ (40 years)

4 years)
- far- 3(3
] and AAFfar_a(U.BEJ [7]

far

Definitions of the input variables are in Table 1.

4.8.3 Farmer Direct Exposure and Consumption of Agricultural Products - Back-Calculated to
Water

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:
ingestion of tapwater, external radiation from contaminants in tapwater, inhalation of gases in tapwater, 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,
Ra-224, and Ra-226, which all volatilize. In addition to produce, 100% of consumption of the following are also considered to be
from the farm: beef, milk, fish, 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

INGESTION,
OF WATER
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DCC Equations

« ingestion of tapwater

DL(mrem}
DCCwater—far—ing (pC"’L) = mremm = 785 L
DCF | ——— | = | IFW e,
ol pdi far-adj year
where
[EF [LD””S] = IR, [LE L] < AAF. (0 15)} +
{?85 L] _ far-c year farc| day far-c
far-adj | year
! Er [3da) gy [25L) . aar  (nes)
far-al year faral day far-a
where
ED 6 years) ED 34 years)
ASF (015)= | TR~ | and AAF p@5)= | darE
far-c BD,, (40 years) far-a ED,_ (40 years)
ar far
e immersion in tapwater
DL{mremJ
_ year
DCC : CilL) =
water—far—lmm(p ) DCF mremfyear’ DF A, 240 hours ( 1 year ]
imm | pCiL faradjl  year B760 hours
where:
[EF [350 days] <Ev [1 evem} < ET [D 54 hnurs] < AAF o 15)] +
— [ZfiEl hours] _ far-c year far-c day event-far-c event far-c
far-ad) ear
¥ EFf 350 days ) Ev Teventy | ET 0.71 hours x AAF (0.55)
ar-a year far-a day event-far-a event fara
where:
ED B years) ED (34 years)
A MEy= [ fArC T gng aAF (B5)= |_fara
far-c BD;, W0 years) far-a ED, (40 years)
ar far
« inhalation
DL[mrem]
EE (nCin) = year
water-far-inh — 475 m3 s L
CCF « |Fa& =l TN By et
il pCi far-adi|  year ]
where
3
EF 380 days < ET 24 hours’ T day  IRA 10 m X AAF {015)] +
3 far-c | year farcl™ day 24 hours far-c | day farc
IFA EAFEm” | _
faradi] — year 350 days 24 hours 1 day 20 m3
EFfEHa[ year ] * ETfar—a[ day ] * [211 hours] * IRAfar—a[ day ] B MFfar—c [D'EE)
where
ED b years) ED (34 years)
= far-c o = far-a
AAF, 0.18)= | =—=2L——— d: ALF Boy=| 22—
far—c( ) [EDfar(w years) an far—aw ) EDfar(riEI YEArs)

« consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the

intakes for home-grown produce.

DCCwate r-far-produce-ing-tot

where:

(pCif) =

n

E

1

Z0CC [pt:i.fl_),]

water-far-produce-ing

n =total number of produce items included

and:
e (rCifg)
Do (pCiL) = far-produce-ing
water-far-produce 1 ky L L L
—= | = |l — | +lrr — | +lrr —
1000 g rup kg res| kg dep kg
where:
[ L F = MLF 1 s t, (days)
v xFx = [1-exp |- | B | =t (days
res '
kg pfl). e
m? day
A
It L % F = By 0" 1 exp[—[i} 1 (days)]
Irr [L]: mz—day e
A
rup L kg P[k_g] <8
m? day
and:
L E
Ir| — =Fxl =T=|1-exp|-| E xtb(days)
I [LJ _ m<-day ¥
depllg)
Plke v [k_g] e
v L2 day
where:
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Dccfar-pruduce-mg-tul (pCifg) = i 4

B
=1 Cfa r-produce-ing (e ‘fg)i

where:
n =total number of produce iterns included

oL [mrem}
year
mrenm

4
DCFU[ pCi J X|Ffaf'adj[yearJ xC’:far-producew

and:

Dccfar—prnduce—ing(pcm) =

where:
e [B0das) g (8 ). aak (018)|
g ]_ far-c year far-c | day far-c

IF, ==L
far—adj[ ear
! EF; Bl days|, B cpaF (085
ar-al year far-a | day far-a

and:
6 years)
ED

40 years)

EDfar—l:
AAFfaH(DJS)—
far

ED\r (34 years)
and: AAF 0.685) = E1=6)
far-a ED

far(fiEl years)
e consumption of eggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs

Ccfar—egg—mg (ple’g)
day 04aL 1 ky
TF — [ =Q —_— —_
egg{ kg] - W-pou\try[ day] . [mnn gj
. consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.
] oie} [pCidg)
nee _ (pCu‘L) - far-poultry-ing
water-farpoultry-ing - day @ 04L 1 kg
fulil A I x| 9
poultry | kg w-poultry | day 1000 g
e consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.
BECs. . mp s (pCi;’g)
(pCu’L) _ fa[flsh-lng1 -
q
BCF|— —_
(kg} ’ [WDUU QJ
o consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.

DCCfar—beef—mg (pCif’g)

day B3 L 1 kg
TP eer [HJ * Dy boef {day} * [1000 g]

o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.

DCCwater-far-egg-mg [pCu’L) =

CCwater-far-ﬂsh-ing

pcc, {pCirL) =

water-far-beef-ing

poce . [pCifg)
Dccwater—far—dalr ~in Pt = faf'dalﬂ?ﬂg
$g - day ., [103ka)", a2Ly, ( 1k
dairy L L milk i1 Lmilk w-dairy | day 1000 g
. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
DCC A (pCifg)
nee (pleL) _ far-swine-ing

water-farswine-ing TF dayy | a ALY Ty
swine | ky w-gwine | day 1000 g

1

o total

Dcc

pCin) = ] N T " T N T . T .
DCCwaterrl’ar—mg DCCwaterrfar—mh Dccwalerrfar—\mm DCCwaterrl’ar—producering—lot DCCwateH’ar—eggrmg

1 1 1 1 1

+ + + +
DCCwat, Dce DCe pce Dc

water-far-poultry-ing water-far-fish-ing wiate r-far-heef-ing ter-far-dairy-ing Cwaler—farrswme—lng

wal-far—lm(

The following consumption routes are provided in site-specific mode only and requires the user to enter their own data, as
the tool only provides a transfer factor.

e consumption of goat. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat

DCCfar—gnat—ing (pCI.fg)
day 381L 1 ky
TF —|=Q —_ —
W“[ kg J i W'9°a‘[ day J i [mﬂﬂ 9]

« consumption of goat milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat dairy.

Dce Ci#
nee [pCif’L) _ far-goat-rmilk-ing [p ! g)

water-fargoat-milk-ing -1
TE da.y 5g 1.03 k.g - Q B75LY (ke
goat-milk {L milk ml1 L milk w-goat-milk | day 1000 g

e consumption of sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.

Dccfar—sheep—\ng (pCiﬁ’g)
day 9.26L T ky
TF =0 =
sheep [ kg } ® w-sheep( day J B [1000 g]

o consumption of sheep milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep dairy.

Dce Cif
D (pCif’L) _ far—esheep-mllk-mg(p \g)

CCwater—felr—sheep-milk-ing -1
TF day |, " 1.03 i-fg <Q W04LY [ Tk
sheep-milk | L milk mi1 L ilk w-sheep-milk | day 1000 g

DCCwaler-far-guaI-mg (pCI.fL) =

DCCwater-far- sheep-ing [p CI;L) =
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Definitions of the input variables are in Table 1.

CDI Equations

« ingestion of tapwater
col [ =g OO fiew, [TBSL
water-far-ing | year water | L far-adil year
where:
EF o [P ) iy, [7EL) caar, 5| +
B ar-c year farc | day far-c

- {785 LJ
EF, 0859} o, (255 < mar, (o)
ar-a year faral day far-a

far-adj| year

where:

ED (B years) ED (34 years)
ABF, (015)= | farc
far far

—are | ang: AAF, g5)= | —fara__—
far-c ED (myears)]a” far-2 0 51 [ED [0 yzars)

e immersion in tapwater

el p_C| s p_C| «DFA 240 hours " 1 year
water-far-imm | water | L far-adj year 8760 hours

where:

[EFfar-: (355:;3’5} B Evfar-c F Z\;emj ¥ ETevem-far-: {D.E:v Z:tL”SJ B AAFfar-g (D 15)] *
DF A, 240 hnursJ _ ¥ i

far—adj[ aar
¥ EF 3a0 days| Ev Tevent| | ET 071 hours AAF [D ES)
far-a year faral day event-far-a event far-a
where:

ED (B years) ED (34 years)
ASE(0.5)= [7@“ and: AAF,  (085)= | _fara” T —

far-c ED,,, (40 years) U far-a ED,, (0 years)
e inhalation
; 3
DI ; pCi - pCi < Fh ; BA75 m YK 0sL
water-far-inh | year water | | far-adj year m3

where:

3
350 days 24 hours 1day 10t
{EFfar'C[ year ] ) ETfa"C[ day J ) [24 hours] ) ‘HAfar-c[ day ] = AAFfar.c [0'15)] i

IFA,
8
350 days 24 hours 1 day 20 m F
{EFfar'a[ year ] ) ETfar'a{ day J ) [24 hours] . IHAfar—a[ day } * far-c (D'BSJ]

BATEm® | _
far-ad) year

where:
ED (B years)

AAF, (0.15)=[ far-c

ED, 34 years)]
far ED. (a0 vears]
arc EDfar(tiD years)

and: AAF,  (0.85) = | —l2ra
far-a ED,,, (40 years)

o consumption of produce (fruits and vegetables). Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the

intakes for home-grown produce.
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col PEY Do =
water-far-produce-ing-tot | year 21 water-far-praduce-ing | year ;
where:

n =total number of produce items included

and:

£

&

@

—
-]

&

i g
] = IFfar—adj( gar] = CFfar—prnducem *
col LR H
water-far-produce-ing | year T8 Yy (1 LY LY o L
1000 g rup Lkg res | kg, dep Lkg

where:
I C F = MLF 1 *a ] [days)
v x F = = [1-exp|-| B | =1, (days
" [LJ: mz—day produce P day p Loy
res |k [ [
g () (&)
11} day
L A
Ir =F=Bv = |1ex|- LJ =t (days)
- [L]= [mz-day] et [ [[day b
up L kg h
P kg P[k—ng [_B}
I day
A
Ir 2L =Fxlo=Tx |1 [_E] le(days)
. [LJ _ me-day day
denliz] =
"l B
v

m?) \day

and:
350 days [
{EFfar-c( year J *Reare (HJ A e (0'23)] *

lFfar—adj[ EQBJ -
¥ Ei? 350 days |, o B s paF ([077)
ar-a year faral day far-a

where:

ED (B years) ED (34 years)
AAF. om = |—fare T ong aaF (@77 = |dara T 7
far-c far-a

EDfar(m years) EDfar(AD years)

where:

pCi

_ pCi
CDIfar-pm duce-ing-tat [Yea[] i§1 CDIT’a r-produce-ing [yearl

where:
n = total number of produce items included

and:
pCi g _ pCi ]
CD'far—produce-mg (ygar} produce (TJ = IFfar—adJ {year] * CFfar—produce m
where:

EF (WJ =R (i} =ASF(015]] +
B [ g ]_ far-c year far-c| day far-c
far-adj B
ST EF SERE) o A= AR (085
faral  year far-a | day far-a
and

ED (B years) ED (34 years)
AAF, 01E)= | JarC T 7| ang: AAF, (DBS)= |—dara T 7
fare ED, (40 years) far-a ED,, (40 years)

. consumption of €ggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.

pCi 19395y
pC‘J B Cwater [T] * IFEfar—adJ[ year " far—eggm *

water-far-eqg-in [
ag-Ing |, year TE day ], Q 04LY  ( Tky
eqr | kg w-poultry | “day 1000 g

CDI

where:
[EF [MJ = IRE [3” QJ <A (0 15)] &
[19‘395 gJ |l farel year far-c | day far-c
far-adj ar -
i EF 350 days) | |RE 596 9], PAF 085)
far-a year fara| day far-a

[ED (6 years) ED (34 years)]

far-c = far-a
= di AAF, B8y =
EDfar(m yearsj] an far—a(D ) [ EDfar(m years)

IFE

where:
AAF. D.15)=

far-c

. consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.
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pCi 344149
CwaTEr [L_} " Iprar—adj[ year " CFfar—pnuIlry (1) =

Ciy_

walerfar-pouliry-in [ ]_
poullry-ing | year TF day - 4Ly [ Tk
poultry | kg w-poultry | day 1000 g
where:

[EFf [MJlePf [@J ARE, (0.15)J+
P 34.’”49]= arcl  year ar-c | day ar-c

far-adj[ ear
b EF 350 days <IRP 107.449] AAF {0.85)
far-a year far-a | day far-a

CDI

where:
(B years)

0.15) = farc
far C EDf (40 years) ED. (40 years)

ED (34 years)]
far

. = far-a
} and: AAFfar-a (0.85) [

e consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.
pCi Y _ pCi L 1 ky 280 474 g
CDlwaler-far-ﬁsh-ing (ygar} [Cwater [L_] * BCF(k_g * | 1000 ] " I':F‘T'elr-au:lj e ar * CFfar-fish i

where:

5‘5El days
250,474 g [EFfarc year J " lRFlT’ar—:[ J farcm15)]
[ g

[ day
far-adj year EF 350 da RE 831.8 a5
¥e

fara year J &l Ifar—a[ day ] fara )J

IFFI

where:

EDfar C(6 years)
AAF 0.18) = | ===—— d: AAF
farc™ 9= | 0 @0 years) | far-a

far (40 years)

(34 years)
- fat-a
0= [ EDfar }

e consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.

RCi 52474 g
pCiJ _ Cwater [_] : IFBfa"adJ[ year " CFfar-beer) "

CDI —
water-far-beef-ing [year day 53 L 1 ky
T beef[ ] XQv\t—maef{day] [1000 g]

whe re:

350 days 28 g
EF, _— IRE. AAF, A5 +
52 474 g} . [ far—c[ e J ® far—c{ T J ® farc )J

far—adj( aar
¥ EF 350 days « IRB 1653 g * AAF 0.85)
fara year far-a | day far-a

IFB

wihe re:
(B years)

EDfar(AD years)

EDfar . EDfar a(3t1 years)
AAF 158) = = d: AAF, n8s)= | —=24E
far-c(Ij ! an far-a( ) EDfar(tlD years)

o consumption of milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for total dairy.

pCi 253451 g
E:vunater[ L ] = ‘FDfar-adJ[ year = CFfar—da\ry m =

pCi
cDlI el
water-far-dairging | year day 1.03 ky -1 921 1kg
Fdalry[ ] " { J wa dairy

L rrilk m i L milk day 1000 g
where:
[EF [350 days] 2 ED [994.7 g] 0 15)J
IFD (253,451 g] _ far-cl  year farc | day e
far-adil - year 350 da 6764
¥s A4
[EFfar-a [W] = ‘HDfar-a{ day ] far a(Ij 85)]
where:
ED B years) 34 years)
ABF(045)= [ ArE T g sAF,  ([065)= FDryy.q &M yoars]
far-c ED;,, (40 years) far-a ED,,, (40 years)

o consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
3 BE L iraw B N T
B Ci J | Twater | L far-adi\  year far-swine

CDlwaler-far-swme-ing [year d 1141L 1 ki
TFo (B g ULE
swine | ky w-swine | " day 1000 g

where:

(EF {MJ = IRE [31 g 9] = AAF. (D.15)J +
19395 g} _ far-c year far-c far-c

5= -
far-ad
year EF 350 days < IRE 596 g XAAF (DBE)
far-a year faral day

IFE,

where:
(B years)

T'arc fara( 1l ey
015 =elhs d: AAF, 0.88)=
A )= EDfar(dU years) an far-a (0 95

EDrar(rJD years)

The following consumption routes are provided in site-specific mode only and requires the user to enter their own data, as
the tool only provides a transfer factor.

e consumption of goat. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.
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pei g
pCi J _ Cwater (L_j " IFGOfar—adj [y’ear] " CFfar—gDat (1) "

cDl ==
water-far-goat-ing | year day 381 L 1 kg
TF el o] = |4
goatl ky w-goat | day 1000 g

where:
350 days g
{EFfar-c[ year J = ‘HGOfar-c[QyJ XA"JD\FT'ar-C(UJS)] +

IFGOfar-adJ[ egarJ =
Y EF, 380 days)  jpgo 8 |xaar, 085
far-a year far-a | day far-a

wehere:

AAFfar— C(D 18) =

[ED (5 years) ED (34 years)}

farc 4 AAF, 85 = far-a
EDfar(AD years)] anc: far—am' ) EDfar(m years)

o consumption of goat milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat dairy.
c it B_|xcF E
water | | far-ad) | year far-sheep

pCi
ol ] per) - q
waterfar-goat-milk-ing | year T8 day 3, 1.03 kg Y <Q 87510 (_1ka
goat-milk \T ik ) ™ Pm LT milk w-goat-milk | “day 1000 g

where

350 days g
[EFfar—c{ year J " IRSHfar—E [ﬁ] XAAFfar—C(D'WS)} *

IFSH, d.(fg ]z
ar-adj| year [EF [350 days
far-a

4
pe ] < IRSH, [ﬁj % AAFfar_afD.BS)J

where
N\Ffar_c(U.ﬁ) _ [EDfar-c(B years) EDfar—a (34 years)]

—#= | and: AAF ([0BE)= | 2R
EDfar(m years) far-a EDfar(m years)

. consumption of Sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.

pCi g
pCi J _ Cwater (T far-ad) [year} : CFfar—Sheep-m\Ik {th =

J = [FSh
water-far-sheep-in [
p-ing | year TF ﬂxg BAELY (ko
sheep | Tky w-sheep | day 1000 g

o]

where:

er. (38995, pam Y R R
[ g J* far-c year far-c | day farc

far-ad]| year [EF [350 days
far-a

IFSM
9
year J ) IRSMfar—a [ﬁ] ) AAFfar—am EE)]

where:

far-a

d AAF gy = | fara ™ 77
an 08s) ED, (10 years)

far-a

ED (B years)
A (D15)= [ farc
ar-c

[ED (34 years)]
EDT’ar(m years)

o consumption of sheep milk. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep dairy.

pCi
pCi ] Cwaher [ L

] % IFSM
water-far-sheep-milk-ing [}"EST

]
far-adj[yearJ = CFfar—sheep-mi\k (1) =
cDI
1.03 ky

-1
day 104 L 1 ky
TFsiheep-mili-( [L rmIkJ P (1 L milk] * QW-ShEEp-m”R [ day ] * [WDDD g}

where

350 days ]
[EFfar-c [—year J = lRSMfar-c (E} = MFfar-c(U'15)] +

]
far-adj [year] 350 da
¥E| 9 |« AlF
[EFfara[ year J IRSMfar—a [day] far-am'as)]

IFSM

where

(40 years) fara

ED (B years)
AAF. ([0.15)= | farc
far-c EDfar ED,_ (40 years)

ED 4
] and: AAF,  (0.B5) = [M}

far

Definitions of the input variables are in Table 1.

4.8.4 Farmer Consumption of Agricultural Products - Back-Calculated to Soil and Water

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, milk, fish, 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 4.8.4 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

CONSUMPTION OF
BEEF & MILK & SWINE

Results of back-calculating exposure to soil and water are presented in an interactive graph. See Section 4.8.4 for details.

« consumption of produce (fruits and vegetables)

y-INTERCEPT =

DCCsoi\-fa rproduce-ing-tot

and:

#wINTERCEPT =
DCc

water-far-produce-ing-tot

where:

(pCifg) =
g: 1
i=1 DCCsmI-far-produce-mg (pCitg)
(PCiiL) = !
[ 1
Zoce oL,

water-far-produce-ing

n =total number of produce items included.

« consumption of eggs

DCce =
soil-far-egg-ing

y-INTERCEPT =

Dccfar-egg-lng (pCirg)

and

Dee,

water-far-egg-ing (pCiL)=

*INTERCEPT =

ccfarreggring(

day] 02kg) . . 0.022 kg
TFegg[ﬁ] [[Qp—puultry{ day} fprpaultry(j) f&pou\try(w) [Rupp+Resj]+[erpoultry{ day ] fpr;ooultrymﬂ

pCifg)

day] O4Ly, [ Tky
TFEQQ[W] QW—pou\try[day] [H]I]EIQ]

where

SLOPE=

04L
_Qw—poultry[ day ]

02 kg 0.022 kg
[Qp-pnu\try[ day ] i fp-pnu\try (1) xT-s-pnultry (1) " (Rupp+ResJJ * [Qs-pnu\try( day ] " fp-pnultrme

where

_ pCi/ g-dry plant
R =B —_
upp Vdf)’[pCiJ’grdry s0il

« consumption of poultry

'es

R__=MLF

0.25 g-dry soil
pasture

g-dry plant
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DCCsni\-fa r—puultry’-mg:

y-INTERCEPT = PEC far-poutrying O 2}
TF day) . |[a 02kg) ) = m=(r_+r_]|+|e UL, M
poultry | kg p-pouliry| " day p-pouktry s-poultry upp es s-poultry day p-poultry
and!
Dce {pcin) =

water-farpoultry-ing

DCCfar—pnu\try—mg (pCv‘g)

y-INTERCEPT =
TF davl g 4L, (ko
poultry | "kyg w-poultry | “day 1000 g
where
04L
e ’Qw—poultry[ day ]

0.2 kg 0.022 ky
[Qp—poultry[ day ] i f;o'poultrym # fsr;@oultry (1) " [Rupp"'ResJJ * [Qs—pou\try[ day ] " fp—puunry (1)]
wihere

_ pCi/ g-dry plant _ 0.25 g-dry soil
R =B =" (R __=MLF == by 99
upp ~ " dry ( pCifgdry soil | es pasture | g-dry plant

o consumption of beef

Dccsoil-fa r-beef—ing=

DCCfar-heef—mg(F'C”’gj

y-INTERCEPT =
day 77 ky 0.5 ky
TFbeef [Tg] * Hap-beef[ day ] * f|0-b.:,-g:,-f m * fs-beefm * [Rupp+ResH * [Qs-beef[ day ] Xfp-beefm]]
and
Dccwater-far-beef-ing(pC"’L) -
DCCfar-heef—in (pC\fgj
4-INTERCEPT = - 953 - —
ay 9
TFheat [Tg] * Qw-beef{m] * {m]
where
i [53 L]
w-heef
SLOPE= day

1177 ky 05 ky
[Qp-beef[ day ] * fp-beef(w) XT-s-bez:.-f (1) * {Rupp+ResJ] + [Qs-beef[ day ] * fp-beef (1)]

where
_ pCifgdry planty _ 0.25 g-dry soil
R =B ———|:R__=MLF =
upp Vdf}"[ pCi/ g-dry soil J " es pasture | g-dry plant
o consumption of milk
Dccsm\rfarrda\ry—mg:
oce pCiy
y-INTERCEPT = S far—da\ryrmg( )
day 103 ky . 203 k) | . . Odkyy,
TFdairy[L mi\k] Dm[1 Lm\lk] [[Gn'da\ry[ day ] fprdairym ffrdairym [RuperResH * [G&da\ry[ day ] fprda\ry m]]
and
Dccwalerrfarrda\ry—mg (pC\/L) =

Dccfar-dairy-ing (FCV‘G)

wINTERGEPT = &
day 103 ky 92L 1 kg
TF, . [-S3 a

dalrv[\_ mi\k] * pm[1 Lmuk] * W-da"y[day] ) [1000 3

where:
. [92 L]
- dair

SLOPE= ¥| day

20.3 ky 04 ky
[Op—da\ry[ day ] ”p—dauy m * fsrda\ry (1) = [Rupp+ResJ] * [Os—dairy[ day J * fprdairy m}
where:

R =gy [RCVEdwplant) o e 0.25 g-dry sail
upp dry | "pCi ¢ g-dry soil s pasture | gedry plant

e consumption of swine
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Dce,_ . o B
soil-far-swine-ing
[nle{ss [pCifg)
y-INTERCEPT = far-swine-ing
SV ECEA e T AL I UEL. (1),4[,:4 +R ] +la o (03Tkg) L, 0
swine | g p-swinel " day p-swine s awine upp " es s-swing | day p-swine
and:
pcc (pC\IL)=

water-far-swine-ing

oce, (pCitey)
% INTERCERT = . far'sw'”e'm% m T

ay 4

Tstine[TgJ * QW—SWinE[ day J * [1UEIEI g}
where:
i [11 4 LJ
w-swine

SLOPE= i

Y . I (1)x[R +R]+Q _ [L3Tka) 1
p-Swiine day p-SWine S Swine upp Bs S-Swine day p-swine

where:
= =By pCi/ g-dry plant : M 0.25 g-dry soil
upp dry | pCi/ g-dry soil es pasture ] g-dry plant
e consumption of fish

DCCsoi\-fa r-fsh-ing=

L
DCCe,  figh.ing PCVE] = Kd [Fg]

BCF[LJ
kg

Dccwater-far-ﬂsh-mg(pcm') =

y-INTERCEPT =

and:

Dce, . [pCifg)
%INTERCEPT = ___(arfistring

L T kg
ECF[@} * [muu g]

where:

i
SLOPE= — -8/
000

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.

« consumption of goat

pRGani\—far—gnal—ing:

Dece nCifg)

far-go at—ing(

y-INTERCEPT =
day 1.27 kg 0.23 ky
TFgoat {W] = Map-goat{ day ] * fp-goat (1) * fs-goat (1) = [RuperRes]] + [Os-goat{ day " fp-goat (1)
and:
PHGwater-far-goat-mg(pC"’L) -
DCCf i [pCifg)
wINTERGEPT = - argoa "”g T —
T[S . a S P
goat[ kg ]x W-goat{ day ] * [mnng
where:
3IBL
- we-goat day
SLOPE=

127 kg 0.23 ky
[Qp-goat[ day J M-il-goatm ><fs;-goelt (1) = [Pupp+ﬂesj] + [Qs-goat{ day J . fp-goatm]

where:
_ pCi/ g-dry plant _ 0.25 g-dry soil
R =B B e =ML =
upp ' dry [ pCi/g-dry soil ] ' es pasture|  g-dry plant

e consumption of goat milk
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PRGsnil-far—gnat-mi\k-mg:

VINTERCEPT = 7 O argoat-miting P12 :
day 103 kg Y 159 ky 029 ky
TFgoat-mllk (\_ mm(] * pm(1 LITIIH'(] = Map-goat-mwlk[ day * 'p-goal—ml\k(w) = 's-goat—m\lk (1) * Rupp+R95 * Qs-goal-ml\k day = fp-gual—mllk (1)
and
PRG,, ater-far- goat-milking PCVL) =

Dccfar-gual-m\\k-mg (FCW)

\INTERCEPT = !
day 103 kg 8750 1ky
TF day 1WBkg ) g B75L
gnarmnlk(L milk] ’Pm(w Lmi\k] * w—gnarmwk[ By ]‘ [mnng

where:
o [s 75 L]
“Fw-goat-milk

SLoPE= d day

1,59 kg 0.29 ky
[Qprguatrml\k[ day ]xfprguat'mnk(W)strgum—mukmx[Rupp+Res)]+[as—guarmﬂk[ day ]Xfp'gualrmnk(w)]

where:

R By pCi/ g-dry plant ‘R =MLF 0.25 g-dry soil
upp dry | pCi/ grdry sall B8 pasture | g-dry plant

o consumption of sheep

PRGSUl\—far—sheep—mg:

[a]o]e} [pCifg)
yINTERCEPT = [ BN
day 1.75 ky 0.32 ky
TFsheep {E] * Hap-sheep[ day ] " fp-sheep 1) = fs-sheep () = [Rupp"'ResJJ + [Gs-sheep( day * fp-sheep {n
and:
PRGwater—far—sheep—ing (pCi.i‘L) =
DCCfar-shee -in (pCiJ‘g)
wINTERCEPT = ; E 95 - "
ay - ]
TF il el L
sheen[ kg ] * W—aheern{ day ] * [muu gJ
where:
@ [525 LJ
w-shee
SLOPE = Py day

175 ky 0.32 ky
[Qp—aheep[ day J Xfp—sheep(‘l) 7‘Eahegpm * [Rupp+ﬁes]] + [Qs—sheep[ day J = fp—sheepmJ

where:
_ pCi/ g-dry plant _ 0.25 g-dry soil
R =B —_ =MLF —_
upp ~ ' dry { pCi/ g-dry soil ] ' &3 pasture]  g-dry plant

o consumption of sheep milk

PRO ibfar-sheep-mik-ing ™

Y-INTERCEPT = Dccfar-sheep-m\\k-mg(pwg)

and

PRGyator-far-shes p-milk-ing (PO} =

o] PCike)

e

day 108k Y M4L) {1k
TFsheeprka[L m\\k] * pm[1 me] xQw"shewrm\k[ day J * [mnn ]

w-INTERCEPT =

whre
'Gw-sheep-m\\k [%J
sLOPE=
[Qprsheeprml\k [%] vl " Gatmmpmms) = [Rupp+Res]] * [O hee p-milk [D j:ykg] *fo_shosp-milk 1)
where:

_ pCi grdry plant _ 0.25 g-dry soil
R =gy, |ELETIPET) R g SEOUeD
upp vd’y{ PCi{ gdry sail ) es pasture | “g-dry plant

Results of back-calculating exposure to soil and water are presented in an interactive graph. See Section 4.8.4 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 home making 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.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the
second scenario does not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air
release from a factory), equations for the first scenario 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), equations for the second
scenario should be used.

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[mremJ
D (pC\.fma] = year

CCfar—air—inh-nodecay 3
poF [Mmrem) L Ea B A7S m
il pci far-ad) year

3
350 days 24 hours 1 day 10 r
{EFfar'C[ year J ) ETfar'C[ day J : [24 hDLIrs] : Hw‘r’ar—o{ day ] =AM (0 15)} +

3
350 days 24 hours 1 day 20 m
{EFfal’-a[ year J " ETfar—a [ day J " [24 hnurs} i IPAfar-a[ day } i AAFfar’-a (D BE)]

where:

3
IFA BA7E m™ | _
far-adj year

where:

ED (B years)
AAF, (n15)={ far-c

ED 34 years)]
it EDfar(AD years)

4 AAF. (085)= | —fara___
] an far-a( ) [ EDfar(m years)

« external exposure to ionizing radiation

[mremJ
pee, - (pcim?) = year
arairsub-nogecay DO mremiyear | oo (380days|  1year | o (24hours)  f Tday | noe )
sub pcma far year 365 days far day 24 hours a
o total
3 = 1
DCCfar—air—mt—nodecay(pc‘fm ) B 1 . 1
DCCfar-air-inh-nodecay DCCfar-air-suh-nodecay

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:

o inhalation
3
ol PCY _o [PCI] a, BER
far-airinh-nodecay | year air m3 farad year

where:

3
FA 6475 m™ | _
far-adj year

3
350 days 24 hours 1 day 10 m
{EFfar'c[ year J . Erfar'c[ day J * {24 hnurs] * IRAfar-c[ day ] xAAFfar.c(D 15)} T

3
350 days 24 hourg 1 day 20 m
{EFfar-a( year J X ETfar—a[ day J * {24 hnurgJ * IF,Afar-a[ day ] * AAFfar-a (D 85)]

where:

ED (B years)
AAFpE)= | fare —
far-c ED ar(fiD years)

ED,. (34 years)]
f:

and: AAF (OBm)= |fara
far-a EDfar(AD years)

« external exposure to ionizing radiation

peil _ pCi 350 days 1 year 24 hours 1 day
Clear-air-sub-nodecay [m_SJ Cair[m_SJ ® EFfar[ vear ) \365 days) ETfar day ) \Zanhouss) " LA

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
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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.

Graphical Representation

ROUND WATER

IRRIGATION ANDS
INGESTION 'OF PRODUCE

VADOSE ZONE
WATER TABLE

LEACHING
SATURATED ZONE

The SSL methodology was designed for use during the early stages of a site evaluation when information about subsurface
conditions may be limited. Because of this constraint, the methodology is based on protective, simplifying assumptions about the
release and transport of contaminants in the subsurface.

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
5 [water]
) , w _
e L [LC'}X&XKL+A
q water |, | 1000 g dl ky ky
Pb T

where:

c = MCL= DAF
water

or
© =PRG = DAF
water

Method 2. Mass-Limit Equation for Migration to Groundwater

70
SSL(EE!J Wate’( ] [veaf] g 7070219
§ ]
L

L

1000 g
o) e < (552
where:

C =MCL= DAF
water

or
c =PRG = DAF
water

Then calculate the dilution factor using this equation.

8 y:ar}x{%] - (m)

DAF =1+ {
1| <L {m)
year

Definitions of the input variables are in Table 1.

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
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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 Screening Guidance for Radionuclides: Technical 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.

] 5
3 — 3600[
PEF Mair |- _@ [mz-sJ « [hnur]
3
Kl i Cind [ki} U [m]
3 n
m mi s

where:
2
(InA (acre)—BJ
= Axexp B
©
wind
and:

if% <2, F(x) =1.81207 -0.0276085 x +0.48113 %% - 1.09571 x3 +0.336341 x*

2
iTx 22,F(x) =018 [8x3 11 2x] e['}{ )

where:

]
¥=0886 = | L

]

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 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 m2) 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 week 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
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4.10.3 Other Construction Activities Particulate Emission Factor (PEF'y)

Other than emissions from unpaved road traffic, the construction worker may also be exposed to particulate matter emissions
(PEF's.) 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 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 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 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.

4.10.5 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 m2 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, see the Center for Radiation Protection Knowledge
ACE report and_appendix containing +D and +E values. For the calculation of area correction factors, a standard soil density of 1.6
g/lcm3 has been used. For a description of other EPA default ACF values that predate this guidance, follow the link here.
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4.10.6 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.

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,_gyt.sv: GSFo.ext.-1cm» GSFo-ext-5cm» GSFo-ext-15cm» &
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; 5 = 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.

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; (o

GSF; = “Indoor Exposure” Factor =04

- GSFp
GSFp o= GSF; % GSFyy -

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 L 4 L 4

Figure provided by Lyndsey Nguyen of U.5. EPA Environments| Response Team-Las Vegas

4.10.7 Using the Back-calculated to 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, milk, beef, swine,
poultry, eggs, and fish. The interactive graph shows the DCCs for soil and water to achieve the target dose or target hazard index
for the exposure route of concern.

The back-calculated to soil and water DCC results are listed last on the results page. The interactive graph is available for
ingestion of produce, ingestion of milk, 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

Fish Fish Beef Beef Dairy Dairy
Soil Water Soil Water Soil Water

' |SI‘% ] L)

-1.54E+01 | 1.26E+01 B.17E+02 -1.68E+01 | 2.01E+03 1.19E+05

Am-241 |-4.00E-03

Clicking on a highlighted blue back-calculated to soil and water DCC will take the user to the Farmer DCC Graphical Results page,
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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) = 6.2%e-1 pCi/L
Soil DCC (y-intercept) = 2.27e+0 pCi/g
Slope =-3.607668444

Soil DCC pCiig

03

Water DCC pCi/L

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 pCifg and 1.0E-10 pCi/L

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 pCil/L solely for presentation purposes to avoid scaling issues.

4.10.8 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.
The decay function, found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air DCCs with

decay.

« The following half life should be multiplied by CDI equations:

(W-E'M)

= 1
deca t A —
i (year)= e

col

« The following half life should be multiplied by DCC equations:
t(year)=h [LJ

year

F‘F’Gtl =
R G ) I

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.
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Table 1. Recommended Default Exposure Parameters

Dose Coefficients
Symbol ¥ Definition (units) Default Reference
Dose C ion Factor - ext |
DCF o rsam ose Conversion ‘ac or - external exposure Y e ORNL 2014c
(mrem/year per pCi/g)
Dose C ion Factor - ext |
DCFoyrom ose Conversion lac or - external exposure Y e ORNL 2014c
(mrem/year per pCi/g)
D ion Factor - ext |
DCF oy som ose Conversion lac or - external exposure Y e ORNL 2014c
(mrem/year per pCi/g)
D ion Factor - ext |
DCF,. ose Conversion lac or - external exposure e ORNL 2014c
ap (mrem/year per pCi/cm?)
Dose Conversion Factor - external exposure .
DCFgxt.sv . Isotope-specific ORNL 2014c
(mrem/year per pCi/g)
Dose Conversion Factor - inhalation .
DCF; X Isotope-specific ORNL 2014c
(mrem/pCi)
Oral Dose Conversion Factor - population -
DCF, : Isotope-specific ORNL 2014c
(mrem/pCi)
Oral Dose Ci ion Factor - adult onl
DCF,, ral ose Lonversion Factor - adutt only Isotope-specific | ORNL 2014c
(mrem/pCi)
Dose Conversion Factor - submersion
(mrem/yr per pCi/cm3): For use in this tool, .
DCF Isotope- f ORNL 2014
sub ORNL 2014c units were converted to (mrem/yr sotope-specific <
per pCi/m3)
Dose and Decay Constant Variables
Symbol * Definition (units) Default Reference
DL Dose Limit (mrem/year) 1
(i 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)
tiw Time - indoor worker (year) 1 U.S. EPA 1991a (pg. 15)
sy Time - outdoor worker (year) 1 U.S. EPA 1991a (pg. 15)
iz Time - recreator (year) site-specific site-specific
. . U.S. EPA 2011a, Table 16-108; 90th percentile or
tres Time - resident (year) 1 ; ;
current residence time.
{ory Time - worker (year) 1 U.S. EPA 1991a (pg. 15)
decay constant = 0.693/half-life (year') . . . . .
A Isotope-specific Developed for Radionuclide Soil Screening calculator
where 0.693 = In(2) P P &
Miscellaneous Variables
Symbol ¥ Definition (units Default Reference
Farmer Age Adjustment Factor - adult
AAFfara ) gl 0.85 Developed for this calculator
(unitless)
Farmer Age Adjustment Factor - child
AAF¢, ¢ ) g ! 0.15 Developed for this calculator
(unitless)
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Recreator Age Adjustment Factor - adult

(unitless)

AAF site-specific Developed for this calculator
rec-a (unitless) P P

Recreator Age Adjustment Factor - child

AAF oc.c ) 9 ) site-specific Developed for this calculator
(unitless)
Resident Age Adjustment Factor - adult

AAF e : ge Ad) 0.77 Developed for this calculator
(unitless)
Resident Age Adjustment Factor - child

AAF e 0 el 0.23 Developed for this calculator

ACFgyt.15cm | Area Correction Factor - 15cm (unitless) Isotope-specific ORNL 2014a
ACFext-1cm Area Correction Factor - 1cm (unitless) Isotope-specific ORNL 2014a
ACF gyt.5cm Area Correction Factor - 5cm (unitless) Isotope-specific ORNL 2014a
Area Correction Factor - ground plane »
ACF, Isotope-specific ORNL 2014a
extgp (unitless) pe-sp
ACF gyt.sv Area Correction Factor - soil volume (unitless) Isotope-specific ORNL 2014a
CFar-beef Beef Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
Dairy Contaminated Fraction - farmer
CFfar-dai ,y 1 Developed for Radionuclide Soil Screening calculator
Y (unitless)
CFareqg Egg Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFiar-fish Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
Goat Contaminated Fraction - Farmer . X . X
CFiar-goat ) 1 Developed for Radionuclide Soil Screening calculator
(unitless)
CF, Goat Milk Contaminated Fraction - Farmer
e ) 1 Developed for Radionuclide Soil Screening calculator
milk (unitless)

CFfar»;:toul(ry

Poultry Contaminated Fraction - farmer
(unitless)

Developed for Radionuclide Soil Screening calculator

CFfar-produce

Produce Contaminated Fraction - farmer
(unitless)

U.S. EPA 2011, U.S. EPA 2005

CFfar»sheep

Sheep Contaminated Fraction - Farmer
(unitless)

Developed for Radionuclide Soil Screening calculator

CFfar—sheep—

Sheep Milk Contaminated Fraction - Farmer
(unitless)

Developed for Radionuclide Soil Screening calculator

(unitless)

milk
Swine Contaminated Fraction - fal
(CErap— W|.ne ontaminated Fraction - farmer 1 Developed for Radionuclide Soil Screening calculator
far-swine (unitless)
CFes. Prolduce Contaminated Fraction - resident 1 U.S. EPA 2011, U.S. EPA 2005
produce (unitless)
GSF, Gamma Shielding Factor - Air (unitless) 1 Developed for Radionuclide Soil Screening calculator
GSFext.15cm | Gamma Shielding Factor - 15cm (unitless) Isotope-specific ORNL 2014b
GSFeyt-1cm Gamma Shielding Factor - 1cm (unitless) Isotope-specific ORNL 2014b
GSFeyt.-50m Gamma Shielding Factor - 5¢cm (unitless) Isotope-specific ORNL 2014b
G Shielding Factor - d pl
GSFertgp FTMEL S P = et P Isotope-specific | ORNL 2014b
(unitless)
G Shielding Factor - soil vol
GSFoyey FIMME] Sy Pt Isotope-specific | ORNL 2014b
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Gamma Shielding Factor - Indoor (unitless)

- Andelman Volatilization Factor (L/m3) _ EPA 1991b (p

Density of milk (kg/L)
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Inhalation, Ingestion, and Consumption Rates
w

Recreator Surface Water Immersion Factor -
DFA i ifi .S. EPA 1991 1
e e site-specific u.s 991a (pg. 15)
Farmer Inhalation Fraction - age-adjusted Calculated using the age-adjusted intake factors
IFAGr-adj 6475 )
d (m3/year) equation.
Recreator Inhalation Fraction - age-adjusted . X Calculated using the age-adjusted intake factors
IFArecad) site-specific X
I (m3/year) equation.
Resident Inhalation Fraction - age-adjusted Calculated using the age-adjusted intake factors
IFAes adj 6195 i
J (m3/year) equation.
Farmer Beef Ingestion Fraction - age-adjusted Calculated using the aged adjusted intake factors
IFBfa,_adj 52,474 X
(glyear) equation

Farmer Dairy Ingestion Fraction - age-adjusted 253 451 Calculated using the aged adjusted intake factors

IFD, i
aed (glyear) equation
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Farmer Egg Ingestion Fraction - age-adjusted Calculated using the aged adjusted intake factors
IFEfar-ad) 19,395 X
d (glyear) equation
Farmer Produce Ingestion Fraction - age- ” Calculated using the aged adjusted intake factors
IFfar-adj ) plant-specific .
) adjusted (g) equation
Farmer Fish Ingestion Fraction - age-adjusted Calculated using the aged adjusted intake factors
IFFlar_adi 250,474 )
: (glyear) equation
Farmer Poultry Ingestion Fraction - age- Calculated using the aged adjusted intake factors
IFPfar_adi ) 34,414 .
d adjusted (g/year) equation
Resident Produce Ingestion Fraction - age- ” Calculated using the aged adjusted intake factors
IFres-adj A plant-specific .
d adjusted (g) equation
Recreator Soil Ingestion Fraction - age- . . Calculated using the age-adjusted intake factors
IFS ec adi , site-specific )
d adjusted (mgl/year) equation.
Resident Soil Ingestion Fraction - age-adjusted Calculated using the age-adjusted intake factors
IFSres-adj 43,050 )
(mglyear) equation.
IFSWiara; Farmer Swine Ingestion Fraction - age- 29.288 Calcullated using the aged adjusted intake factors
adjusted (g/year) equation
Recreator Surface Water Ingestion Fraction - . . Calculated using the age-adjusted intake factors
IFWiec.adj ) site-specific )
age-adjusted (L/year) equation.
Resident Tapwater Ingestion Fraction - age- Calculated using the age-adjusted intake factors
IFWies-adj . 737 .
adjusted (L/year) equation.
Construction Worker Soil Inhalation Rate
IRAGw (m3/day; based on a rate of 2.5m3/hr for 24hr) £o Uik B TetTa (8- )
IRA¢ra Farmer Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRAqrc Farmer Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
Indoor Worker Soil Inhalation Rate (m3/day;
IRA; 60 U.S. EPA 1997 . 5-11
w based on a rate of 2.5m3/hr for 24hr) alpg )
Qutdoor Worker Soil Inhalation Rate (m3/day:
IRA, 60 U.S. EPA 1997 . 5-11
ow based on a rate of 2.5m3/hr for 24hr) alpg )
IRAec-a Recreator Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRAecc Recreator Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRAes-a Resident Soil Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA(esc Resident Soil Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
Composite Worker Soil Inhalation Rate
IR (m3/day; based on a rate of 2.5m3/hr for 24hr) £ Gish B TERT (8, )
IRBgar.a Farmer Beef Ingestion Rate - adult (g/day) 165.3 U.S. EPA 2011 (Table 13-33)
IRBfar.c Farmer Beef Ingestion Rate - child (g/day) 62.8 U.S. EPA 2011 (Table 13-33)
IRDfar.4 Farmer Dairy Ingestion Rate - adult (g/day) 676.4 U.S. EPA 2011 (Table 11-4)
IRDfarc Farmer Dairy Ingestion Rate - child (g/day) 994.7 U.S. EPA 2011 (Table 11-4)
IRE¢;r4 Farmer Egg Ingestion Rate - adult (g/day) 59.6 U.S. EPA 2011 (Table 13-40)
IREgar.c Farmer Egg Ingestion Rate - child (g/day) 31.7 U.S. EPA 2011 (Table 13-40)
IR Farmer Produce Ingestion Rate - adult (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
IR¢ar-c Farmer Produce Ingestion Rate - child (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
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IRFlara Farmer Fish Ingestion Rate - adult (g/day) 831.8 U.S. EPA 2011 (Table 13-20)
IRFlg;r o Farmer Fish Ingestion Rate - child (g/day) 57.4 U.S. EPA 2011 (Table 13-20)
IRF e Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page 15)
IRPar.a Farmer Poultry Ingestion Rate - adult (g/day) 107.4 U.S. EPA 2011 (Table 13-52)
IRPf4r.c Farmer Poultry Ingestion Rate - child (g/day) 46.9 U.S. EPA 2011 (Table 13-52)
Resident P | tion Rate - It
Rigea SEIEEBAEENES =i R =l plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
Resident P | tion Rate - chil
Rrgec SEE R AENES g [REDoEill plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
Construction Worker Soil Ingestion Rate
IRS, 330 U.S. EPA 1991 .15
cw (mg/day) a (pg. 15)
IRS¢; 5 Farmer Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
Farmer Soil Ingestion Rate - age-adjusted Calculated using the age-adjusted intake factors
IRSfar—ad 115 i
d (mg/day) equation.
IRS¢ar.¢ Farmer Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS;,, Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)
IRSw Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS ¢c.a Recreator Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS¢c-c 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)
IRS es.¢ Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
Composite Worker Soil Ingestion Rate
IRS, 100 U.S. EPA 1991 .15
w (sEE) a (pg. 15)
IRSWigr.a Farmer Swine Ingestion Rate - adult (g/day) 92.5 U.S. EPA 2011 (Table 13-51)
IRSWe, o Farmer Swine Ingestion Rate - child (g/day) 33.7 U.S. EPA 2011 (Table 13-51)
Recreator Surface Water Ingestion Rate -
IRW, .071 Adul ile fi Table 3.5 of EFH 2011
e adult (L/hour) 0.0 dult upper percentile from Table 3.5 o 0
RWy,, | ecreator 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 Tapwater Ingestion Rate - adult ) . .
IRW 5.5 (Uiday) 25 average of 90th percentile consumer-only ingestion of
Y drinking water (birth to <6 years)
U.S. EPA 2011a, Tables 3-15 and 3-33; weighted
Resident Tapwater Ingestion Rate - child ch e es, an w.elg e'
IRW gs.c (Uiday) 0.78 average of 90th percentile consumer-only ingestion of
Y drinking water (birth to <6 years)
Exposure Frequency, Exposure Duration, and Exposure Time Variables
Symbol ¥ Definition (units) Default Reference
DW,, Construction Worker Exposure Frequency 5 U.S. EPA 2002b Exhibit 5-1
(days/week)
ED Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-3)
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far
EDfar.a Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a
ED¢,rc Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-3)
U.S. EPA 2011a, Table 16-108; 90th percentile or
ED\ec Recreator Exposure Duration (years) site-specific current residence fime £
[0} o Recreator Exposure Duration - adult (years) site-specific -
[E0kess Recreator Exposure Duration - child (years) site-specific U.S. EPA 1991a, Pages 6 and 15
U.S. EPA 2011a, Table 16-108; 90th percentile or
EDFS Resident Exposure Duration (years) 26 current residence time g :
[E0} Resident Exposure Duration - adult (years) 20 ED|oss (26 years) - ED g (6 years)
EDR Resident Exposure Duration - child (years) 6 U.S. EPA 19913, Pages 6 and 15
EF Construction Worker Exposure Frequency 250 U.S. EPA 2002b Exhibit 5-1
:St xhibit 5-
ow (dayslyear)
EFgar Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
EF. Farmer Exposure Frequency - adult 350 U.S. EPA 1991a (pg. 15)
2= (daysl/year) - bd:
EF Farmer Exposure Frequency - child 350 U.S. EPA 1991a (pg. 15)
(ET® (dayslyear) - kd:
EF Indoor Worker Exposure Frequency 250 U.S. EPA 1991a ( 15)
w (daysl/year) - bd:
EF Outdoor Worker Exposure Frequency 295 U.S. EPA 1991a (pg. 15)
ow (daysl/year) - bd:
[ Recreator Exposure Frequency (days/year) site-specific U.S. EPA 1991a (pg. 15)
Recreator Exposure Frequency - adult . ”
T EEvliveen) site-specific U.S. EPA 1991a (pg. 15)
Recreator Exposure Frequency- child . "
[EFee EEvliveen) site-specific U.S. EPA 1991a (pg. 15)
Er Resident Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
Resident Exposure Frequency - adult
EF, 350 U.S. EPA 1991 .15
res-a (dayslyear) a (pg. 15)
Resident Exposure Frequency - child
EF, 350 U.S. EPA 1991 .15
res-c (dayslyear) a (pg. 15)
Composite Worker Exposure Frequency
EF, 250 U.S. EPA 1991 .15
w (daysl/year) a(pg. 15)
Construction Worker Exposure Time .
Ellgy - 8 Eight Hours per 24 hour Day
Farmer Water Exposure Time - adult
ET, 0.71 U.S. EPA 1997
eventfara | hours/event) a
Farmer Water Exposure Time - child
ET, 0.54 U.S. EPA 1997
eventfare | (hours/event) a
Resident Tapwater Exposure Time - adult
ET, 0.71 U.S. EPA 1997
event-resC | jours/event) @
Resident Tapwater Exposure Time - child
ET, 0.54 U.S. EPA 1997
event-resC | jours/event) a

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]




DCC User's Guide

Sl Farmer Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
U.S. EPA 2011 (Tables 16-20 and 16-24 total of time
ETtar-away Farmer Soil Exposure Time - away (hours/day) 1.83 in vehicles, near vehicles and outdoors other than near
residence 251%)
Ellre Farmer Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
ETtari Farmer Indoor Soil Exposure Time (hours/day) 10.008 24 hours/day - (ET¢, + ETg,)
F Outdoor Soil E Ti
ETiro ST QLB Sl SO TS 12.167 U.S. EPA 2011 (Table 16-20 95%))
(hours/day)
ETiw Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
S Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
[Eiee Recreator Exposure Time (hours/day) site-specific site-specific
e Recreator Exposure Time - adult (hours/day) site-specific site-specific
E e Recreator Exposure Time - child (hours/day) site-specific site-specific
e Resident Exposure Time - adult (hours/day) 24 24 Hours per 24 hour Day
i Resident Exposure Time - child (hours/day) 24 24 Hours per 24 hour Day
Resident Indoor Soil E Ti
ET ee SR L S S T 16.416 U.S. EPA 2011 (Table 16-16 5011%)
(hours/day)
Resident Outdoor Soil Exposure Time
Sy 1.75 U.S. EPA 2011 (Table 16-20 50t%
reso (hours/day) ( 6))
=1y Composite Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
EViara Number of farmer tapwater bathing events per 1 WS, R A i A
day - adult (events/day)
EViare Number_of farmer tapwater bathing events per 1 WS, R A e A
day - child (events/day)
Number of recreator surface water bathing X . . -
BN e site-specific site-specific
events per day - adult (events/day)
Number of recreator surface water bathing X = . .
EViecc ) site-specific site-specific
events per day - child (events/day)
Number of resident t ter bathi It
EViee umber of resident tapwater bathing events 1 UlS| EPA 2004 Exhibit A9
per day - adult (events/day)
Number of resident t ter bathi It
Ve umber of I'?SI ent tapwater bathing events 1 IS, EE A B A
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
Symbol ¥ Definition (units) Default Reference
nonzero MCL or
C, Target soil leachate concentration (pCi/L U.S. EPA. 2002b Equation 4-14
w € (PEE) RSL x DAF .
d mixing zone depth (m) site-specific U.S. EPA. 2002b Equation 4-12
dy aquifer thickness (m) site-specific U.S. EPA. 2002b Equation 4-10
— . . 1 (or site- .
DAF Dilution attenuation factor (unitless) specific) U.S. EPA. 2002b Equation 4-11
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Wind Particulate Emission Factor Variables
Symbol ¥ Definition (units) Default Reference
PEF and region-
A Dispersion constant (unitless) anaregion- |y s EPA 2002b Exhibit D-2
specific
A Areal extent of the site or contamination 0.5 (range 0.5 to U.S. EPA 2002b Exhibit D-2
(acres) 500 )
PEF and region-
B Dispersion constant (unitless) anaregion |y s EPA 2002b Exhibit D-2
specific
PEF and region-
c Dispersion constant (unitless) anaregion |y s EPA 2002b Exhibit D-2
specific
Function D dent on 0.886 x (U/U
F(x) ULl AT (UUm) 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
Inverse of the Mean Concentration at the .
93.77 (region- -
Q/Cying Center of a 0.5-Acre-Square Source (g/m2-s T U.S. EPA 2002b Exhibit D-2
per kg/m3) =
U, Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Value of Wind Speed at
U quivaient Threshoid Value of Wind speed at | 44 35 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 - Minneapolis 1:36x
EEE™ ? 109(region- U.S. EPA 2002b Exhibit D-2
(mPkg) :
specific)
Mechanical Particulate Emission Factor Variables from Standard Unpaved Road Vehicle Traffic
Symbol ¥ Definition (units) Default Reference
A Dispersion constant (unitless) 12.9351 U.S. EPA 2002b Equation 5-6
Surface area of contaminated road segment (AR =Lr x Wr x .
AR m2) 0.092903m2 /2 ) U.S. EPA 2002b Equation 5-5
A Areal extent of site surface soil contamination 0.5 (range 0.5 to U.S. EPA 2002b Equation 5-6
(acres) 500 )
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B Dispersion constant (unitless) 5.7383 U.S. EPA 2002b Equation 5-6
(03 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
Lr Length of road segment (ft) Site-specific U.S. EPA 2002b Equation 5-5
N f ith at least 0.01 inchi f
p M= Eir ey WD ERIEEELI MEESE Site-specific U.S. EPA 2002b Exhibit 5-2
precipitation (days/year)
Inverse of the ratio of the 1-h geometric mean
arcy conf:entration to the emi'ssiorj flux along a . 23.02 .(for 0.5 U.S. EPA 2002b Equation 5-5
straight road segment bisecting a square site acre site)
(g/m2-s per kg/m3)
s Total time over which construction occurs (s) site-specific U.S. EPA 2002b Equation 5-5
(number of cars x
tons/car +
w Mean vehicle weight (tons) number of trucks U.S. EPA 2002b Equation 5-5
x tons/truck) /
total vehicles)
Wgr Width of road segment (ft) 20 U.S. EPA 2002b Equation E-18
> VKT = total
vehicles x
Si f fleet vehicle kil ters traveled duri dist km/d
Sukr um of fleet vel |c§ ilometers traveled during istance (km/day) U.S. EPA 2002b Equation 5-5
the exposure duration (km) x frequency
(weeks/year) x
(daysl/year)
Particulate Emission Factor - subchroni
PEF., artioutate Emission Factor - subehronic (site-specific) U.S. EPA 2002b Equation 5-5
(m3/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

N | VKTyoz in U.S. EPA 2002

Ac.doz Areal extent of dozing (acres) Site-specific E:SZEZ?\QI;EZSO 1 2z [ U 002t

Acin Areal extent of tilling (acres) Site-specific U.S. EPA 2002b Equation E-24

. 5 (range 0.5 to .
Ay Areal extent of excavation (m?) 500) U.S. EPA 2002b Equation E-21
A, Areal extent of site surface soil contamination (range 0.5 to U.S. EPA 2002b Equation E-15
(acres) 500)
Areal extent of site surface soil contamination (range 0.5 to .

Asur (m?) 500) U.S. EPA 2002b Equation E-20
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
By 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

ey 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
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Function D t .88
F(x) Ut P Relaiiien QD = (i) 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
F, Dispersion correction factor (unitless Site-specific U.S. EPA 2002b Equation E-16
D P ( ) p q
Total time-averaged PM;q unit emission flux
J7 (g/m2-s) for construction activities other than traffic on Site-specific U.S. EPA 2002b Equation E-25
unpaved roads
Myoz Unit mass emitted from dozing operations (g) site-specific U.S. EPA 2002b Equation E-22
Unit mass emitted from excavation soil
Mexcav . site-specific U.S. EPA 2002b Equation E-21
dumping (g)
Mgrade Unit mass emitted from grading operations (g) site-specific U.S. EPA 2002b Equation E-23
M Gravimetric soil moisture content (%) 79 (mean value U.S. EPA 2002b Equation E-22
ez . for overburden) - %
12 (mean value
My Gravimetric soil moisture content (%) for municipal U.S. EPA 2002b Equation E-21
landfill cover)
MPCind Unit mass emitted from wind erosion (g) site-specific U.S. EPA 2002b Equation E-20
M Unit mass emitted from tilling operations (g) site-specific U.S. EPA 2002b Equation E-24
NAa-doz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002b Equation E-22
Na-gump Number of times soil is dumped (unitless) 2 U.S. EPA 2002b Equation E-21
Na-grade Number of times site is graded (unitless) Site-specific U.S. EPA 2002b Equation E-23
N 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 fl t th
arc., air concentration and tne emission fluxatihe - gy o0 i U.S. EPA 2002b Equation E-15
center of the square emission source (g/m2-s
per kg/m3)
St Soil silt content (%) 6.9 U.S. EPA 2002b Equation E-22
s Average dozing speed (kph) 114 (meanvalue |\, & eor 20025 Equation E-22
. uati -
£z g Ve 7 for graders) &
s Average grading speed (kph) 114 (meanvalue |\, & £or 20025 Equation E-23
. uati -
grade ge grading sp o for graders) a
Syl Soil silt content (%) 18 U.S. EPA 2002b Equation E-24
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Value of Wind Speed at
U, autv u IndSp 11.32 U.S. EPA. 1996, Appendix D Table 2
7m (m/s)
\Y 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 4oz Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002b Equation E-22
YVKTgrade Sum of grading kilometers traveled (km) U.S. EPA 2002b Equation E-23
Necessary to solve Y VKT, in U.S. EPA 2002b
Ac grade Areal extent of grading (acres) Site-specific Equationr)I;—23 ve 2VKTgrage |
. Particulate Emission Factor - subchronic . ” .
PEF, m? /'kg”) ssion Factor = subehront (site-specific) U.S. EPA 2002b Equation E-26

6. References

ANL. 2001. User's Manual for RESRAD Version 6. Argonne National Laboratory, Argonne, IL. ANL/EAD-4

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]



http://resrad.evs.anl.gov/docs/resrad6.pdf

DCC User's Guide

AMEC. 2014. Uptake of Gaseous Carbon-14 in the Biosphere: Development of an Assessment Model. AMEC/004041/007, Issue 2.

Calabrese E.J.; Barnes, R.; Stanek Ill, E.J.; Pastides, H.; Gilbert, C.E.; Veneman, P.; Wang, X.R.; Lasztity, A.; and Kostecki, P.T. 1989. How much
soil do young children ingest: an epidemiologic study. Regul Toxicol Pharmacol: 10(2):123-137.

Davis, S.; Waller, P.; Buschbom, R.; Ballou, J.; and White, P. 1990. Quantitative estimates of soil ingestion in normal children between the ages of 2
and 7 years: Population-based estimates using aluminum, silicon, and titanium as soil tracer elements. Arch Environ Health 45: 112-122.

Environment Agency (E.A.). 2006. Initial radiological assessment methodology - part 2 methods and input data. United Kingdom. SC030162/SR2.

E.A. 2009. Updated technical background to the CLEA model. United Kingdom. SC050021/SR3. pg. 97 and pg. 100.

Etnier. 1980. Till, J. E., H. R. Meyer, E. L. Etnier, E. S. Bomar, R.D. Gentry, G. G. Killough, P. S. Rohwer, V. J. Tennery, and C. C. Travis Tritium-An
Analysis of Key Environmental and Dosimetric Questions. ORNL/TM-6990. pg. 15.

Hinton, T. G. 1992. Contamination of plants by resuspension: a review, with critique of measurement methods. Sci. Total Environ. 121:171-193
Hoffman, David J.; Rattner, Barnett A.; Burton, G. Allen jr.; Cairns, John jr. 2003. Handbook of Ecotoxicology: Second Edition. Lewis Publishers.

IAEA. 1994. Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Temperate Environments. International Atomic Energy
Agency

ICRP. 2008. Nuclear Decay Data for Dosimetric Calculations. ICRP Publication 107. Ann. ICRP 38 (3).

IAEA. 2009. ntification of Radionuclide Transfer in Terrestrial and Freshwater Environments for Radiological A ments. International Atomic
Energy Agency. TECDOC1616.

IAEA. 2010. Technical Report Series No. 472: Handbook of Parameter Values for the Prediction of Radionuclide Transfer in Terrestrial and
Freshwater Environments. International Atomic Energy Agency. TRS-472

Lyons, Robert K.; Machen, Rick; Forbes, T.D.A. 1999. Understanding Forage Intake in Range Animals. AgriLIFE Extension. Texas A&M.

Lugo, A. E.; Brown, S.L.; Dodson, R.; Smith, T.S.; and Shugart, H.H. 1999. The Holdridge life zones of the conterminous United States in relation to
ecosystem mapping. Journal of Biogeography, 26: 1025-1038

Miler, Ch.W. 1980. An analysis of measured values for the fraction of a radiocative aerosol intercepted by vegetation. Health Physics, 38: 705 - 712.

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.

NEC. 1995. Swine Nutrition Guide. Cooperative Extension Service / South Dakota State University and University of Nebraska / U.S. Department of

Agriculture. Nebraska Cooperative Extension EC 95-273-C.

e The pig water ingestion numbers are derived from the USDA "Swine Nutrition Guide" and the EPA Human Health Risk Assessment Protocol for Hazardous Waste
Combustion Facilities, found here. USDA assumes a pig consumes 1/4 to 1/3 gallons of water for every pound of dry feed. The midpoint of this range (7/24 gallons of water per

1 Ibs. of dry feed) was used with the default dry feed, (4.7 kg) from the U.S. EPA, to come up with 3 gallons (11.4 L) per day default water intake.

NRC. 1994. Nutrient R irements of Poultry: Ninth Revi Edition. Washington, DC: The National Academies Press, 1994.

OMAFRA. 2015. Water R« iremen f Liv k. Order Number 07-023. July, 2015.

ORNL. 2014a. Area Correction Factors for Contaminated Soil for Use in Risk and Dose Assessment Models and appendix. Center for Radiation
Protection Knowledge. September 2014.

ORNL. 2014b. Gamma Shielding Factors for Soil Covered Contamination for Use in Risk and Dose Assessment Models and appendix. Center for
Radiation Protection Knowledge. September 2014.

ORNL. 2014c. Calculation of Slope Factors and Dose Coefficients and appendix. Center for Radiation Protection Knowledge. September 2014.
ORNL. 2016. Biota Modeling in EPA's Prelimin Remediation | and D mplian: ncentration Calculators for in EPA

Risk Assessment: Explanation of Intake Rate Derivation, Transfer Factor Compilation, and Mass Loading Factor Sources Center for Radiation
Protection Knowledge. November 2016.

Pinder, J. E. lll. and K. W. McLeod. 1989. Mass loading of soil particles on plant surfaces, Health Phys. 57:935-942.

Tarr, Brian. 2011.Guidelines to Feeding and Management of Dairy Goats Nutrifax. Shur Gain.

U.S. EPA. 1988. Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion. Federal Guidance Report No. 11. Office of Radiation Programs, Washington, DC. EPA-520/1-88-020.

U.S. EPA. 1989. U.S. Environmental Protection Agency (U.S. EPA). Risk assessment guidance for Superfund. Volume I: Human health evaluation
manual (Part A). Interim Final. Office of Emergency and Remedial Response. EPA/540/1-89/002.

U.S. EPA. 1990. Interim Final Methodology for Assessing Health Risks Associated with Indirect Exposure to Combustor Emissions. Environmental
Criteria and Assessment Office. ORD. EPA-600-90-003. January.

U.S. EPA. 1991a. U.S. Environmental Protection Agency (U.S. EPA). Human health evaluation manual, supplemental guidance: "Standard default
exposure factors". OSWER Directive 9285.6-03.

U.S. EPA. 1991b. Risk Assessment Guidance for Superfund, Volume |: Human Health Evaluation Manual (Part B, Development of Risk-Based

https://epa-dees.omnl.gov:8085/users_guide.htmI[9/26/2019 11:00:34 AM]


https://rwm.nda.gov.uk/publication/uptake-of-gaseous-carbon-14-in-the-biosphere-development-of-an-assessment-model-npo004437/
https://www.gov.uk/government/publications/initial-radiological-assessment-methodology
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291014/scho0508bnqw-e-e.pdf
http://rais.ornl.gov/documents/Etnier.pdf
http://rais.ornl.gov/documents/Etnier.pdf
https://pubs.er.usgs.gov/publication/5200177
https://epa-dccs.ornl.gov:8085/documents/TECDOC_1616.pdf
https://oaktrust.library.tamu.edu/bitstream/handle/1969.1/87757/pdf_698.pdf?sequence=1&isAllowed=y
https://www.fs.fed.us/global/iitf/pubs/ja_iitf_1999_lugo002.pdf
https://www.fs.fed.us/global/iitf/pubs/ja_iitf_1999_lugo002.pdf
https://ncrponline.org/shop/reports/report-no-123-screening-models-for-releases-of-radionuclides-to-atmosphere-surface-water-and-ground-vol-i-and-vol-ii-1996/
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=2374&context=extensionhist
https://epa-prgs.ornl.gov/radionuclides/2005_HHRAP.pdf
https://www.nap.edu/catalog/2114/nutrient-requirements-of-poultry-ninth-revised-edition-1994
http://www.omafra.gov.on.ca/english/engineer/facts/07-023.htm
https://epa-dccs.ornl.gov:8085/documents/ACF_FINAL.pdf
https://epa-dccs.ornl.gov:8085/documents/ACF_FINAL_APPENDIX.pdf
https://epa-dccs.ornl.gov:8085/documents/GSF_FINAL.pdf
https://epa-dccs.ornl.gov:8085/documents/GSF_FINAL_APPENDIX.pdf
https://epa-dccs.ornl.gov:8085/documents/SlopesandDosesFinal.pdf
https://epa-dccs.ornl.gov:8085/documents/SlopesandDosesMasterTableFinal.pdf
https://epa-dccs.ornl.gov:8085/documents/20161130_Biota_TM_KLM_Final_printable_version.pdf
https://epa-dccs.ornl.gov:8085/documents/20161130_Biota_TM_KLM_Final_printable_version.pdf
https://epa-dccs.ornl.gov:8085/documents/Goat_Guidelines.pdf
https://www.epa.gov/radiation/federal-guidance-report-no-11-limiting-values-radionuclide-intake-and-air-concentration
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part

DCC User's Guide
Preliminary Remediation Goals). Office of Emergency and Remedial Response. EPA/540/R-92/003. December 1991.

U.S. EPA. 1993. External Exposure to Radionuclides in Air, Water, and Soil. Federal Guidance Report No. 12. Office of Radiation and Indoor Air,
Washington, DC. EPA 402-R-93-081.

U.S. EPA. 1994a. Estimating Exposure to Dioxin-like Components - Volume IlI: Site-Specific Assessment Procedure. Review Draft. Office of
Research and Development. Washington D.C. EPA/600/6-88/005Cc. June. (Also see U.S. EPA. 1994c for direct link to Table).

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. View Appendix C here.

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

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

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

U.S. EPA. 1997a. Exposure Factors Handbook. Office of Research and Development, Washington, DC. EPA/600/P-95/002Fa.
U.S. EPA. 1997b. Parameter Guidance Document. National Center for Environmental Assessment, NCEA-0238.

U.S. EPA. 1998. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Office of Solid Waste, Washington, DC.
EPA530-D-98-001A.

U.S. EPA. 1999a. Data Collection for the Hazardous Waste Identification Rule. Office of Solid Waste, Washington, DC. The section on cattle fodder,
soil and water intakes is here.

U.S. EPA. 1999b. Understanding Variation in Partition Coefficient, Ky, 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 Radiation and Indoor Air.

Washington, DC. EPA 402-R-99-004B. August 1999. .

U.S. EPA. 1999c. Cancer Risk Coefficients for Environmental Exposure to Radionuclides. Federal Guidance Report No. 13. Office of Radiation and
Indoor Air. EPA 402-R-99-001. September 1999.

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.

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.
U.S. EPA. 2001. lemental Guidance for Developin il Screening Levels for rfund Sites. OSWER 9355.4-24. March 2001.

U.S. EPA. 2002a. Role of Background in the CERCLA Cleanup Program. Office of Solid Waste and Emergency Response, April 26, 2002, OSWER
9285.6-07P

U.S. EPA. 2002b. Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. December 2002.

U.S. EPA. 2002c. Simulating Radionuclide Fate and Transport in the Unsaturated Zone: Evaluation and Sensitivity Analyses of Select Computer
Models.

U.S. EPA. 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal
Risk Assessment) Final. OSWER 9285.7-02EP.July 2004. Document and website.

U.S. EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Office of Solid Waste, Washington, DC.

U.S. EPA. 2011. Exposure Factors Handbook 2011 Edition (Final). National Center for Environmental Assessment, Office of Research and
Development. Washington D.C.

van Wijnen J.H., Clausing P., and Brunekreef B. (1990); Estimated soil ingestion by children. Environ Res: 51(2): 147-162.

Contact Us to ask a question, provide feedback, or report a problem.


https://www.epa.gov/accessibility
https://www.epa.gov/aboutepa/administrator-gina-mccarthy
https://www.epa.gov/planandbudget
https://www.epa.gov/contracts
https://www.epa.gov/home/grants-and-other-funding-opportunities
https://www.epa.gov/ocr/whistleblower-protections-epa-and-how-they-relate-non-disclosure-agreements-signed-epa-employees
https://www.epa.gov/home/privacy-and-security-notice
https://www.data.gov/
https://www.epa.gov/office-inspector-general/about-epas-office-inspector-general
https://www.epa.gov/careers
https://www.epa.gov/newsroom
https://www.whitehouse.gov/open
http://www.regulations.gov/
https://www.epa.gov/newsroom/email-subscriptions
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-b
https://www.epa.gov/radiation/federal-guidance-report-no-12-external-exposure-radionuclides-air-water-and-soil
http://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryID=43870
https://www.epa.gov/radiation/review-draft-radiation-site-cleanup-regulations-technical-support-document-development
https://epa-dccs.ornl.gov:8085/documents/APPC.pdf
https://archive.epa.gov/region6/6pd/rcra_c/pd-o/web/pdf/appc1-8.pdf
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://epa-dccs.ornl.gov:8085/documents/EFH_Final_1997_EPA600P95002Fa.pdf
https://epa-dccs.ornl.gov:8085/documents/HHRAP_draft.pdf
https://epa-dccs.ornl.gov:8085/documents/dataHWIR.pdf
https://epa-dccs.ornl.gov:8085/documents/s0040.pdf
https://www.epa.gov/sites/production/files/2015-05/documents/402-r-99-004b.pdf
https://www.epa.gov/radiation/federal-guidance-report-no-13-cancer-risk-coefficients-environmental-exposure
https://epa-dccs.ornl.gov:8085/documents/SSG_rad_user.pdf
https://epa-dccs.ornl.gov:8085/documents/SSG_rad_technical.pdf
https://epa-dccs.ornl.gov:8085/documents/SSG_nonrad_supplemental.pdf
http://www.epa.gov/superfund/health/conmedia/soil/index.htm
https://www.epa.gov/risk/role-background-cercla-cleanup-program
https://www.epa.gov/risk/role-background-cercla-cleanup-program
https://www.epa.gov/superfund/superfund-soil-screening-guidance
https://epa-dccs.ornl.gov:8085/documents/SimulatingFate.pdf
https://epa-dccs.ornl.gov:8085/documents/SimulatingFate.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/part_e_final_revision_10-03-07.pdf
https://www.epa.gov/risk/risk-assessment-guidance-superfund-rags-part-e
https://epa-dccs.ornl.gov:8085/documents/2005_HHRAP.pdf
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=236252
https://www.epa.gov/risk/forms/contact-us-about-risk-assessment

	ornl.gov
	DCC User's Guide


	o4MDg1L3VzZXJzX2d1aWRlLmh0bWwA: 
	form5: 
	querytext: Search EPA.gov
	button5: 




