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Disclaimer

This guidance document sets forth EPA's recommended approaches based upon currently available information with respect to risk
assessment for response actions at Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) sites
(commonly known as Superfund). This document does not establish binding rules. Alternative approaches for risk assessment may
be found to 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 whether to use an alternative approach and a description of any such
approach should be documented. Accordingly, when 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 PRG User Guide provide guidance to EPA staff. It also provides guidance to 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.

It should also be noted that calculating a PRG addresses neither human radionuclide dose or noncancer toxicity, nor 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, and air, and the WTC for uranium inside buildings. EPA's SPRG Calculator should be used to assess
radionuclide cancer risk for hard outside surfaces, and the BPRG Calculator for radionuclide cancer risk inside buildings. EPA's DCC
Calculator should be used to assess radionuclide dose for soil, water, and air, BDCC Calculator for radionuclide dose inside
buildings, and the SDCC Calculator for radionuclide dose for hard outside surfaces. Similarly, some sites with radiological
contaminants in sensitive ecological settlngs may also need to be evaluated for potential ecologlcal risk. EPA's guidance (Ecological
ment) 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 PRGs for radionuclides for several different exposure scenarios. The calculator
is flexible and may be used to derive site-specific PRGs 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 surface
conditions, and an assessment of each model's potential applicability to the soil screening process.

1. Introduction

A purpose of this guidance is to provide a PRG calculation tool to assist risk assessors, remedial project managers, and others involved with
risk assessment and decision-making at CERCLA sites in developing PRGs. This database is based on Risk Assessment Guidance for

rfund: Volume |, Human Health Evaluation Manual (Part B, Development of Risk- Preliminary Remediation Is) (RAGS Part B).
RAGS Part B provides guidance on calculating risk-based PRGs. Initially used at the scoping phase of a project using readily available
information, risk-based PRGs may be modified based on site-specific data gathered during the RI/FS study. PRG development and screening
should assist staff in streamlining the consideration of remedial alternatives. Chemical-specific PRGs are from two general sources. These are:
(1) concentrations based on potential Applicable or Relevant and Appropriate Requirements (ARARs) and (2) risk-based concentrations.
ARARSs include concentration limits set by other environmental regulations such as Safe Drinking Water Act maximum contaminant levels
(MCLs). The second source for PRGs, and the focus of this database tool, is risk-based calculations that set concentration limits using
carcinogenic toxicity values under specific exposure conditions.

The recommended approach for developing remediation goals is to identify PRGs at scoping, modify them as needed at the end of the Rl or
during the FS based on site-specific information from the baseline risk assessment, and ultimately select remediation levels in the Record of
Decision (ROD). In order to set radionuclide-specific PRGs in a site-specific context, however, assessors must answer fundamental questions
about the site. Information on the radionuclides that are present onsite, the specific contaminated media, land-use assumptions, and the
exposure assumptions behind pathways of individual exposure is necessary in order to develop radionuclide-specific PRGs. The PRG
calculator provides the ability to modify the standard default PRG exposure parameters to calculate site-specific PRGs.
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This database tool presents standardized risk-based PRGs and variable risk-based PRG calculation equations for radioactive contaminants.
Ecological effects are not considered in the calculator for radionuclides PRGs.

PRGs are presented for resident soil, outdoor worker soil, indoor worker soil, composite worker soil, recreator soil, farmer soil, construction
worker soil, tap water, air, farm products and fish ingestion. The risk-based PRGs for radionuclides are based on the carcinogenicity of the
contaminants. Cancer slope factors (SFs) used are provided by the Center for Radiation Protection Knowl . The main report is Calculations
of Slope Factors and Dose Coefficients and the tables of slope factors are in a separate appendix.

Non-carcinogenic effects are not considered for radionuclide analytes, except for uranium for which both carcinogenic and non-carcinogenic
effects are considered. To determine PRGs for the chemical toxicity of uranium, and for other chemicals, go to the Regional Screening Levels
for Chemical Contaminants at Superfund Sites webpage.

The standardized PRGs are based on default exposure parameters and incorporate exposure factors that present RME conditions. This
database tool presents PRGs in both activity and mass units. Once this database tool is used to retrieve standard PRGs or calculate site-
specific PRGs, it is important to clearly demonstrate the equations and exposure parameters used in the calculations. Discussion of the
assumptions that go into the PRGs calculated should be included in the document where the PRGs are presented such as a Remedial
Investigation (RI) Report or Feasibility Study.

This website combines current Center for Radiation Pr ion Knowl SFs with standard exposure factors to estimate contaminant
concentrations in environmental media (biota, air, soil and water) that are protective of humans (including sensitive groups) over a lifetime.
Sufficient knowledge about a given site may warrant the use of site-specific assumptions which may differ from the defaults. Exceeding a PRG
usually suggests that further evaluation of the potential risks is appropriate. The PRG concentrations presented on this website can be used to
screen pollutants in environmental media, trigger further investigation, and provide initial cleanup goals, if applicable. PRGs 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."

2, Understanding the PRG Website

2.1 General Considerations

PRGs are isotope concentrations that correspond to certain levels of risk from exposure to air, soil, water and biota. Slope Factors
(SFs), for a given radionuclide represent the risk equivalent per unit intake (i.e. ingestion or inhalation) or external exposure of that
radionuclide. In risk assessments these SFs are used in calculations with radionuclide concentrations and exposure assumptions to
estimate risk from exposure to radioactive contamination. The calculations may be rearranged to generate PRGs for a specified level
of risk. SFs may be specified for specific body organs or tissues of interest, or as a weighted sum of individual organ risk, termed the
effective risk equivalent. These SFs 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 risk to the receptor. Slope Factors used are
provided by the Center for Radiation Pr ion Knowl . The main report is Calculations of Sl Factors and D fficient:
and the tables of DCFs are in a separate appendix.

Inhalation slope factors 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), as used in the current ICRP
model of the respiratory tract. The inhalation slope factor value 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 slope factor 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 slope factor 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 slope factor value for the form estimated to pose the maximum risk 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 specific information 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 Air, Outdoor Worker Air, Indoor Worker Air, Construction worker Air, Farmer Air, Recreator Air, Tapwater, Soil to Groundwater
and Ingestion of Fish.

The PRGs are generated with standard exposure route equations using EPA SFs and exposure parameters. For the calculation of soil
ingestion slope factors, area correction factors, and gamma shielding factors, a standard soil density of 1.6 g/cm3 has been used.

2.2 PRG Output Options

The calculator offers three options for calculating PRGs. 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 PRG calculation.

2.2.1 PRG Output Option #1: Assumes Secular Equilibrium Throughout the Chain (no decay)
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This is the preferred PRG 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 PRGs 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 PRG 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 PRG provided in the output would be the inverse sum of the reciprocal
PRGs of the parent and all the progeny. Currently, all the soil PRG 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 PRG option as the assumption
of secular equilibrium is that the parent is continually being renewed.

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

» Atotal PRG is calculated using the following formula.

Total secular equilibium PRG for parent isotope;
1

PRG =
SE-tot n 1

i§1 PRG i
SE-route

where:
n = total number of exposure routes;

Route secular equilibrium PRG for parent isotope:
RG = ;
SE-route (' n 1

E -
i=1(@]i
FC
where:

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

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

This option displays the PRGs calculated with half-life decay as identified in the PRG equation images. In addition to the
selected isotope, all the individual progeny PRGs are displayed. Each PRG is determined with each isotopes respective half-
life and not that of its parent isotope. This option does not assume secular equilibrium and presents the progeny so that when
screening environmental data against PRGs, the risk assessor can identify any isotopes for which he has 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 PRG Output Option #3: Does Not Assume Secular Equilibrium, No Progeny Included (with decay)

This option displays PRGs, with half-life decay as identified in the PRG equation images, for only the selected isotopes. In
this output, secular equilibrium is not assumed and no progeny PRGs are displayed or contribution combined into the PRG
for the selected isotope.

2.3 Slope Factors (SFs)

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
cancer slope factors (risk coefficients for total cancer morbidity) for radionuclides in conventional units of picocuries (pCi). Ingestion
and inhalation slope factors are central estimates in a linear model of the age-averaged, lifetime attributable radiation cancer incidence
(fatal and nonfatal cancer) risk per unit of activity inhaled or ingested, expressed as risk/pCi. External exposure slope factors are
central estimates of lifetime attributable radiation cancer incidence risk for each year of exposure to external radiation from photon-
emitting radionuclides distributed uniformly in a thick layer of soil, and are expressed as risk/yr per pCi/gram soil. External exposure
slope factors can also be used which have units of risk/yr per pCi/cm?2 soil. When combined with site-specific media concentration data
and appropriate exposure assumptions, slope factors can be used to estimate lifetime cancer risks 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 slope factors for radionuclides differs from the
guidance presented in RAGS Part F for development of inhalation unit risk (IUR) values for chemicals.

The SFs from the Center for Radiation Protection Knowledge differ from the values presented in HEAST. The SFs were calculated
using ORNL's DCAL software in the manner of Federal Guidance Report 12 and 13. For the calculation of soil ingestion slope factors,
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.
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2.3.1 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 m and 96 m, respectively and the energy emitted per decay is 1.30 MeV, 0.080 MeV, and 0.14
MeV, respectively.

2.4 Radionuclide-Specific Parameters

Several radionuclide-specific parameters are needed for development of the PRGs. 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.

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

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

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

values.

4. EPA 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.

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

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

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

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

2.4.2 Hierarchy by Parameter

Generally the hierarchies below are followed.

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

2. Milk transfer factor (TF y,iry (day/L). IAEA, EA, NCRP, RESRAD. TF 44 is the volumetric activity density in milk (pCi/L)
divided by the daily intake of radionuclide (pCi/day).

3. Beef transfer factor (TFpeef (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).

4. Fish bioconcentration factor (BCF (L/kg). IAEA, 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).

5. Poultry transfer factor (TF oy (day/kg). IAEA. TF 1y is the mass activity density in poultry (pCilkg fresh weight) divided
by the daily intake of radionuclide (in pCi/d).

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

7. Swine transfer factor (TFgy,ine (day/kg). IAEA. TFqine is the mass activity density in swine (pCi/kg fresh weight) divided by
the daily intake of radionuclide (in pCi/d).

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

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

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

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

12. Soil to water partition coefficient (Kyq (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.

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

14. Soil to plant transfer factor-dry (Bvgr, (PCi/g plant per pCi/g soil). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for
cereal grain are used. (Bvgyy 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 Bvgy values were derived from Bvye 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 over estimates root uptake.
See section 2.5.4 for a detailed discussion of the carbon transfer factor derivation.

BVyyet and Bvg, can be determined using the following equations.

B 100 - MG
B _Bvdry * [ 100 }

where
MC = percent moisture content [%)

and:

_ 100
B ary = et * [mu : MC]

where:
MC = percant moisture content (%)

2.5 Biota Modeling

2.5.1 Produce Modeling

There are 22 individually calculated PRGs that make up the default produce PRG. Each individual PRG is determine based
on produce specific data such as intake rate, soil to plant transfer factors (Bv,yet), and soil mass loading factor (MLF). These
22 individual PRGs are then summed by inverse reciprocal to determine a total produce PRG. The MLFs and intake rates
used in the determination of the default biota PRGs 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. This file is
engineered for 2 sided printing.

2.5.1.1 Intake Rates (g/day)

Table 2.4.1-A provides all of the default produce intake rates that are used to determine the total produce PRG. 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 2.4.1-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 our 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. In
addition, a local food survey can be conducted. Much of the methodology in the Guidance for Conducting Fish and

Wildlife Consumption Surveys may be useful for surveying produce consumption.

Intake Intake Intake Intake
Intake Intake Intake Intake
Rate Rate Rate Rate
Rate for Rate for Rate for Rate for
for for X X for for X X
Table 2.4.1- Resident Resident Resident Resident
Farmer Farmer ) Farmer Farmer )
A ) Child Adult ) Child Adult
Child Adult (g/day) (g/day) Child Adult (giday) (gday)
(g/day) | (@iday) | o0 Fw) | @) | (@day) |l
(FW) (FW) (CPW) (CPW)
Apples 82.9 84.7 722 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 35.4 124 18.3 12.4 18.3
Strawberries
Peaches 99.3 103.1 111.4 115.7 51.5 53.5 57.7 60.0
Pears 76.9 BILg) 66.7 51.9 8515 311 34.6 26.9
Strawberries 25.3 40.5 25.3 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 ) 33.9 2.7 23.2 2.7 23.2
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Broccoli 144 35.3 13.1 32.0 9.9 241 8.9 21.9
Cabbage 115 85.7 123 92.1 7.8 58.6 8.4 62.9
Carrots 133 24.4 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 82.4 115 37.5 17.3 56.3
Lettuce 4.2 375 42 375 29 25.6 2.9 25.6
Lima Beans 6.5 33.8 6.5 33.8 45 231 45 231
Okra 5.3 30.2 5.3 30.2 3.6 20.7 3.6 20.7
Onions 7.2 27.2 5.8 21.8 4.9 18.6 4.0 14.9
Peas 28.7 31.7 321 354 19.6 21.7 21.9 24.2
Pumpkins 452 64.8 452 64.8 30.9 44.2 30.9 44.2
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
P:\t’:ti:es 57.3 141.8 51.7 127.8 39.1 96.9 35.3 87.3
Intake Rate for Intake Rate for Intake Rate for Intake Rate for
Table 2.4.1-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; then connects them to their county extension office.

2.5.1.2 Soil to Plant Transfer Factors (Bvy)

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 PRG 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 and, 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.
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*The Holdridge life zones of the conterminous United States in relation to ecosystem mapping. Journal of

Biogeography, 26, 1032.

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

matier exchange Sand content in the Clay content in the
Soil group pH 3} = mineral matter fraction mineral matter fraction
content capacity (%) (%)
(%) (emol Skg) ° "
Sand 3565 0.5-3.0 3.0-15.0 =65 <18
Loam 4.0-6.0 20-6.5 50-250 65-82 18-35
Clay 5.0-8.0 3.5-10.0 20.0-70.0 — =35
Organic 30-5.0 =20 20.0-200.0 — —

*Technical Report Series no. 472.
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STATSGO soil texture on NLDAS grld

Sandy
Sandy Cloy Clay Silty .
Sand Loam Silt Loam Loam Clay Organic Other
Loam Silt Loam Siity Sandy Clay Badrock
San: Loam Clay
Loam

*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 PRG calculator. The individual produce output only lists the category name from IAEA,
however, a value from a secondary source may be being utilized.

Primary Primary Secondary | Secondary Tertiary Tertiary
Produce Transfer Transfer Transfer Transfer Transfer Transfer
Type Factor Factor Factor Factor Factor Factor
Category Source Category Source Category Source

NCRP-
123,
IAEA Fruit EA None RADSSL,
RESRAD,
and Baes

Woody

Appl
pples Tree

NCRP-
123,
IAEA Fruit EA None RADSSL,
RESRAD,
and Baes

Woody

Citrus
Tree

NCRP-
Berries 123,
other than Shrub IAEA Fruit EA None RADSSL,
Strawberries RESRAD,
and Baes

NCRP-
123,
IAEA Fruit EA None RADSSL,
RESRAD,
and Baes

Woody

Peaches
Tree

NCRP-
123,
IAEA Fruit EA None RADSSL,
RESRAD,
and Baes

Woody

Pears
Tree

NCRP-
123,
Strawberries Herbaceous IAEA Fruit EA None RADSSL,
RESRAD,
and Baes

NCRP-
123,
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Asparagas

Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

RADSSL,
RESRAD,
and Baes

Beets

Root

IAEA

Root
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Broccoli

Non-Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Cabbage

Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Carrots

Root

IAEA

Root
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Corn

Maize Grain

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Cucumbers

Non-Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Lettuce

Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Lima Beans

Legume
Seed

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Okra

Non-Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Onions

Non-Leafy
Vegetable

IAEA

Root
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Peas

Legume
Seed

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Pumpkins

Non-Leafy
Vegetable

IAEA

Green
Vegetable

EA

None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]




PRG User's Guide

Snap Beans

Legume
Seed

Green
Vegetable

IAEA

EA None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Tomatoes

Non-Leafy
Vegetable

Green

IAEA
Vegetable

EA None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

White
Potatoes

Tuber

Root

IAEA
Vegetable

EA None

NCRP-
123,
RADSSL,
RESRAD,
and Baes

Rice

Rice

IAEA None

NCRP-123

None

RADSSL,
RESRAD,
and Baes

Cereal Grain

Cereal
Grain

IAEA None

NCRP-123

None

RADSSL,
RESRAD,
and Baes

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

Soil to Plant Transfer Factors (Bvwet) J
|Soil to Plant Transfer Factors (Buwet)
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Quaternary Source
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+ The red text elements are on the from the ‘Common Isotopes’ist 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

PRG calculator.

2.5.2 Animal Product Modeling

2.5.2.1 Intake Rates (g/day)

In default mode, the (FW) intake rates from Table 2.4.2-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 is 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 2.4.2-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 31.1 81.7
Swine 337 92.5 16.6 45.7

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]



https://epa-prgs.ornl.gov/radionuclides/Images/BV_hierarchy_flow_chart.GIF

PRG User's Guide

Poultry 46.9 107.4 232 531
Egg 31.7 59.6 317 59.6
Fish 57.4 8318 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 2.4.2-B Farmer Child Farmer Adult Farmer Child Farmer Adult
(g/day) (FW) (g/day) (FW) (g/day) (CPW) (g/day) (CPW)
Sheep n/a n/a n/a n/a
Sheep Milk n/a n/a n/a n/a
Goat n/a n/a n/a n/a
Goat Milk n/a n/a n/a n/a

2.5.2.2 Animal Transfer Factors (TF)

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

[Transfer Factors (TF) |
( )

e i i i 3 £ 3 ¥ ¥ ¥ ¥
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* The red text elements are on the from the ‘Common Isotopes’ list on the calculator page.

» Please click on flow chart to view a larger image.

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 Goal and Dose Compliance
Concentration Calculators 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
Loadi
Table 2.4.3-A oading Units Reference
Facotr
(MLF)
g dry soil /
Apples 1.60E-04 g fresh EA (2009)
plant
g dry soil /
Citrus 1.57E-04 g fresh EA (2009
plant
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g dry soil /
Berries other than Strawberries 1.66E-04 g fresh EA (2009
plant
g dry soil /
Peaches 1.50E-04 g fresh EA (2009
plant
g dry soil /
Pears 1.60E-04 g fresh EA (2009
plant
g dry soil /
Strawberries 8.00E-05 g fresh EA (2009)
plant
g dry soil /
Asparagas 7.90E-05 g fresh EA (2009
plant
g dry soil /
Beets 1.38E-04 g fresh EA (2009
plant
g dry soil /
Broccoli 1.01E-03 g fresh Hinton (1992), SSG-Appendix G
plant
g dry soil /
Cabbage 1.05E-04 g fresh EA (2009
plant
g dry soil /
Carrots 9.70E-05 g fresh EA (2009
plant
g dry soil /
Corn 1.45E-04 g fresh Pinder & McLeod (1989), SSG-Appendix G
plant
g dry soil /
Cucumbers 4.00E-05 g fresh EA (2009
plant
g dry soil /
Lettuce 1.35E-02 g fresh Hinton (1992), SSG-Appendix G
plant
g dry soil /
Lima Beans 3.83E-03 g fresh Hinton (1992), SSG-Appendix G
plant
g dry soil /
Okra 8.00E-05 g fresh EA (2009
plant
g dry soil /
Onions 9.70E-05 g fresh EA (2009)
plant
g dry soil /
Peas 1.78E-04 g fresh EA (2009
plant
g dry soil /
Pumpkins 5.80E-05 g fresh EA (2009
plant
g dry soil /
Snap Beans 5.00E-03 g fresh Hinton (1992), SSG-Appendix G
plant
g dry soil /
Tomatoes 1.59E-03 g fresh Hinton (1992), SSG-Appendix G
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plant

g dry soil /
White Potatoes 2.10E-04 g fresh EA (2009
plant

g dry soil /
Cereal Grains 2.50E-01 gdry Hinton (1992)
plant

g dry soil /
Rice 2.50E-01 gdry Hinton (1992)
plant

g dry soil /
Pasture 2.50E-01 gdry Hinton (1992)
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 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 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. Therefore, plants 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 PRGs and
is used for all the BVwet values. BVdry 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 JAEA TECDOC 1616 page 550.

2.6 PRGs in Context of Superfund Modeling Framework

This PRG calculator focuses on the application of generic and simple site-specific approaches that are part of a larger framework for
calculating concentration levels for complying with risk-based criteria. Generic PRGs for a 1 x 10-6 cancer risk standard are provided
by viewing either the tables in the PRG Download Area section of this calculator or by running the PRG Calculator section of this

website with the "Defaults" option. Part 3 of the Soil 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 PRGs are calculated from the same equations presented in the site-specific portion of the calculator, but are based on a
number of default assumptions chosen to be protective of human health for most site conditions. Generic PRGs can be used in place
of site-specific PRG 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 PRGs with the potential for deriving a higher PRG that
provides an appropriate level of protection.

The framework presented in Part 3 of the Soil Screenin idance 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 for 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 substantially different than those assumed in the generic or simple-site methodology presented in this calculator. 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 on a site-specific basis for using another model justification for doing so should be developed. The
justification should include specific supporting data and information in the administrative record. The justification normally would
include the model runs using both the recommended EPA PRG model and the alternative model. Users are cautioned that they should
have a thorough understanding of both the PRG 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
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possible to the PRG 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 PRG calculators for the remedial program to establish
the risk-based concentrations to ensure consistency with CERCLA, the NCP and EPA's Superfund guidance for remedial sites. Prior
to using another model for risk 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
issue, please see questions 10 and 16 on pages 12 and 17 to 18 of Radiation Risk Assessment At CERCLA Sites: Q & A (EPA 540-R-
012-13, May 2014).

2.7 Understanding Risk Output on the PRG Website

The PRG calculator provides an option to select risk output. In the calculator, select yes if risk output is desired. Selecting risk output
requires the calculator to be run in "Site Specific" mode. The "Soil to Groundwater" medium does not have risk output and the risk
option will become disabled when selected. The risk 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 Risk Qutput

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

The basic equation for calculating ELCR is:
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I
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The secular equilibrium equation for calculating ELCR is:
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The risk results are color coded to identify risk ranges and radionuclides of concern (ROCs). The colors and the associated
risk ranges are presented in the table below.

Excess Lifetime Cancer Risk

Risk Range | Risk <0.000001 Risk > 0.000001 Risk > 0.0001
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Color Code No shading Yellow Red

2.7.2 General Considerations for Entering Site Data

The risk output is dependent on the PRG calculated as presented in the previous section. There are three calculator output
options available to the user. The first option assumes secular equilibrium, the second and third options do not. If the second
output option "Does not assume secular equilibrium, provide results for progeny throughout chain (with decay)" is selected
with risk, the media concentrations for the progeny are automatically populated with the concentration entered for the parent.
This autofill feature is not available when isotope chains overlap. The autofill feature is solely for convenience and does not
assume secular equilibrium.

If the data is collected from a site where secular equilibrium is assumed to be present, the user need only enter the activity of
the parent in the calculator and a representative risk 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. In the case of
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.

hain 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 PRG calculator to calculate risk using the second and third PRG Output options.

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

—— Time = 400 yrs
Ac-227
— Fr-223
—— Th-227
—— Ra-223
— A219
~— Rn-213
—— Bi215
Po-215
—— Pp-211
— Bi21t
—— Th207
—— Po-211

Activity (pCi)

0.4516767 [Frrk]
Bi-215
100p 0.01 1 m 100 10k ™M 100M

Log-scale Time (yrs)
2.7.3 One-Hit Rule
The linear risk equation, listed above, are valid only at low risk levels (below estimated risks of 0.01). For sites where
radiological exposure might be high (estimated risks above 0.01, an alternate calculation should be used. The one-hit
equation, which is consistent with the linear low-dose model, should be used instead (RAGS, part A, ch. 8). The results
presented on the PRG use this rule. In the following instances, the one-hit rule is used independently in the risk output tables:

« Risk from a single exposure route for a single radionuclide.

« Summation of single radionuclide risk (without one-hit rule applied to single radionuclide results) for multiple exposure
routes (right of each row).

« Summation of risk (without one-hit rule applied to single radionuclide results) from a single exposure route for multiple
radionuclides (bottom of each column).

« Summation of total risk (without one-hit rule applied to single radionuclide results or summations listed above) from multiple
radionuclides across multiple exposure routes (bottom right hand cell).

3. Using the PRG Table

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

« Prioritizing multiple sites within a facility or exposure units

« Prioritizing risk-based detection limits for contaminants of potential concern (COPCs)
o Focusing future risk assessment efforts

« When appropriate for the site, consideration as risk-based cleanup levels

3.1 Developing a Conceptual Site Model

When using PRGs, the exposure pathways of concern and site conditions should match those taken into account by the screening
levels. (Note, however, that future uses may not match current uses. Future uses of a site should be logical as conditions which might
occur at the site in the future.) Thus, it is necessary to develop a conceptual site model (CSM) to identify likely contaminant source
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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) contains the steps for developing a CSM.

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

Resuspension Exposure | Resident | OQutdoor | Indoor | Comp. | Con. Farmer | Recreator
And Route Worker | Worker | Worker | Worker
Volatiization

Inhalation F 2 5 @ 5 y
Infitration
And
Percolation

Submersion

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

Groundwater/

Ingestion
Inhalation

Immersion 5

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

Radionuclide Release
Handling or Sails
Area spil —

Ingestion

Inhalation

Extemnal

(RPN Exposure | Resident | Qutdoor [ Indoor | Comp. | Con. Farmer | Recreator
Route Worker | Worker | Worker | Worker

Produce

Poultry*
Eggs
Beef
Milk*
Goat
Sheep

Conceptual Site Model of Quantified Exposure Pathways for radionuclide PRGs.

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?

 Is there potential for land use other than those listed in the PRG calculator (i.e. , resident and worker)?

« Are there other likely human exposure pathways that were not considered in development of the PRGs?

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

The PRGs 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 PRGs 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). It should be noted that certain ARARs specifically
address how to factor background into cleanup levels. For example, some radiation ARAR levels are established as increments above
background concentrations. In these circumstances, background should be addressed in the manner prescribed by the ARAR.

3.3 Potential Problems and Limitations

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

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

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

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

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

Not considering the effects from the presence of multiple isotopes.

Not considering the individual model limitations as described in section 4 (e.g., inhalation of 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 PRGs consider human exposure to contaminated air, soils, water and biota. The equations and technical discussion are aimed at
developing compliance levels for risk-based PRGs. 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 where the same pathways are
addressed (e.g., ingestion and inhalation) and are analogous where pathways are similar (e.g., dermal and external exposure). This 2011
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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.

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

* Risk A: ment Gui for rfund: Volume |, Human Health Evaluation Manual (Part B, Development of Risk-| Preliminar,
Remediation Goals) (RAGS Part B)

RadendggLAmﬂasmngmmpﬂuEﬁﬂgﬁﬁﬁAjﬁA EPA1540 R-00-007

U.S. EPA. 2000b. SO|I Screemng Guidance for Radlonuchdes Technical Background Document. Office of Emergency and Remedial

.

.

US. EPA 2002 Supplemental GU|dance for Developmg SOI| Screening Levels for Superfund Sites. OSWER 9355.4-24. December 2002.
U.S. EPA 1994b. Radiation Site Cleanup Regulations: Technical Support Documents for the Development of Radiation Cleanup Levels for
Soil - Review Draft. Ofﬁce of Radlatlon and Indoor Air, Washmgton DC. EPA 402-R-96-011A. PDFE document V|ew Appendlx C here.

.

9355.4-23

e US.EPA. 1 s
DC. OSWER No. 9355.4-17A

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

e NCRP 1 . Screening Models for Rel f Radionucli to Atmospher rf: Water, and Ground, Vols. 1 and 2, NCRP Report No.
123. National Council on Radiation Protection and Measurements.

Users should 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 their site, both currently and in the future, they may 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. To take into account the different intake rate for children and adults, age adjusted
intake equations were developed to account for changes in intake as the receptor ages.

Graphical Representation

—

RESIDENT SOIL

—”

CCCCCBAMMA SHIELDINGIIDN)

PRG 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
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The consumption of produce exposure route drives the PRGs lower than all the other routes. It is recommended that
produce-specific transfer factors (Bv,,et) be used when available for a site. Further, the default transfer factors (Bv,,et) from
IAEA, used in these PRG calculations, are based on a composite of all soil groups. Transfer factors (Bv,t) 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.
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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. These
equations are also presented in the above equations.

Definitions of the input variables are in Table 1.

CDI Equations
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The resident soil land use equation, presented here, contains the following exposure routes:
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n = tatal number of produce items included

and:
col oy =c_ . [PE R | =IF {g) = CF 1)
res-soilproduce-ing soil| g upy  es res-ad) res-produce

where:
_ pCi/g-fresh planty _ g-dry soil
RLI;JV BVWBI [ pCif g-dry soil ) HES MLFPYUdUCE g-fresh plant
and:
B [E0E) ep Byeag <R 2]+
I B sl year res-c res-t | day

)
res—adJ(
{EF [MJ % ED [20 years) = IR {LH
resal” year res-a res-a | day

Definitions of the input variables are in Table 1.

4.1.2 Resident Soil 2-D External Exposure

This receptor spends most, if not all, of the day at home except for the hours spent at work. The activities for this receptor
involve typical home making chores (cooking, cleaning and laundering) as well as gardening.

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

Graphical Representation

https:/epa-prgs.oml.gov/radionuclides/users_guide.htmI[9/6/2019 3:33:18 PM]



PRG User's Guide

EXPOSURE

PRG Equations
« Direct External Exposure to contamination at infinite depth
PRGres—sniI-sv (nCifg) = gk 350 d 1 o
MERBAL |« pF 22038 ) o | Y83 | 2 Ep (26 years) x ACF =
ent-av | pCig res | year 65 days tes ext-av

1752 hours| (_Tday | 16416 hours| (_Tday |
[{ETres-u{ day ] [24 hnursJ GSFU-EH‘-SVJ + [ETres-i{ day ] [24 hnurgJ GSFi-tulalﬂ

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

« Direct External Exposure to contamination 1 cm thick

TR

- riskiyear) , g [3S0days) [ TY¥eal |, gp (25 years) x ACF
ext-lem | pCifg tes | year 385 days res

1.752 hours 1 day 16.415 hours 1 day
HETresfu{ day } - [24 hoursj - GSFu—ext—Wcm} - [ETres—i[ day J : [24 hourg] : GSFi—tota\H

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

FeGres—solH cm(pCu’g) =

®
ext-lerm

« Direct External Exposure to contamination 5 cm thick

TR

oF riskf)fear < EF 350 days | [ _Tyear | ED (25 yearsj « ADE
ext-sem | plif res{ year 365 days res

1.752 hours 1 day 16.4156 hours 1 day
HETres—n{ day } * [24 hgursJ * GSFD-ext-Scm] + {ETres-i[ day J * (24 hgurg] * GSFi-tnta\H

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

(pCiiy) =

F{Gnas— soil-5cm

®
ext-Gom

« Direct External Exposure to contamination 15 cm thick

TR

SF rlskfgfear < EF 350 days . 1 year < ED
ext-15em | pCifg res | year 365 days

1.752 hours 1 day 16.416 hours 1 day
HETres-U[ day J = {24 hnurgJ = GSFU-ext-15:rn] + [ETres-i[ day ] * [2.-1 hnurs] * GSFi-lUtal]]

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

(pCifg) =

F{GresrsoiHScm

26 years) = ACF

( =
es ext-15cm

« Direct External Exposure to surface contamination

TR

riskfyear 350 days 1 year
SF EF . |——— =2 | xED (26 ACF
B [pcucmz] ) VES( year ] . [355 Tays) " Trea (78 ERrs) X AC, o -

ET 1752 hoursy f Tday 3 GSF +eT 16416 hoursy (_Tday 3 GSE
res-o day 24 hours o-ext-gp res-i day 24 hours rtatal

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

e 2
RGres—anil-gp(pomm )=

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

 Direct External Exposure to contamination at infinite depth
© BC) . Ep (26 years) = EF 350 days)  (_1year | e ®
soil| g res res|” year 365 days & xt-sv

ET 1752 hoursy | ( Tday 3 csF (1 D) e 16416 hours| [ 1day 7§, GSF
res-o day 24 hours ext-sv resi day 24 hours -total

o Direct External Exposure to contamination 1 cm thick

Dlres- soiksv (pCiryearg) =

€ BE & Ep (26 years) = EF 350daysy 1 year § o ueE ®
soill g res res year 365 days ext-1cm

ET 1762 hours) [ Tday |, GSF (1 D) 4 (et 1646 hours| _ [ Tday 7, GSE
res-o day 24 hours ext-1cm res-i day 24 hours i-total

« Direct External Exposure to contamination 5 cm thick

CD‘res—smH Cm(pCl-yearfg) = [

¢ [PE <Ep (26 years) = EF o0 daysy (1 year ) e =
soil| g res res year 365 days ext-5cm

ET 1752 hoursy | 1 day < GSF U-U) sler 16.416 hours) | 1 day « GSE
res-n day 24 hours gxt-Hcm resi day 24 hours i-total

» Direct External Exposure to contamination 15 cm thick

CI:”res-E;oiI-Scm(p Ci-yearig) =

c [PC L ep (25 years) x EF 350 daysy , [_Tyear } ~p «
soill g res res year 365 days ext-15cm

er [178Zhours)  ( Aday ., cor (ray| +[er__ [1BA1Bhours) [ 1day 3, gop
res-o day 24 hours ext-15cm (=& day 24 hours iz

o Direct External Exposure to surface contamination

Ires— sull—15cm(pC|_yeaHg) =

pCi 350 days 1 year
Csol\[ch] = EDres(2E years) = EF... [—year ‘|l s Ty xACFe)d-gp =

o5 Sui‘_gp(pci-yean’cmz) =
a 1.752 hours 1 day 16.416 hours 1 day
HET@S-U [ day ] * (24 hnurs] B GSFEX"QH UIDJ] * [ETTES-I[ day ] * (24 hnurs} ) GSFHUT&”]]

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.

Graphical Representation

RESIDENT AIR

PRG Equations

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

« inhalation and
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TR

sk (1) < iFa (151,000 m3)
1 pCi e 5-ad)

yach
PRGres-a\r-mh(pCHm ) B

where:

3
EF 350 days) | ED B gt = =7 24 hours) [ 1 day ] TN 10 m .
tescl year res-c res-c | day 24 hours tes-t | day
IFa, 161000 ) =

res-adj{ 3
EF 350 days |, ey (20 years) = ET 24 hours)  f Vday | s 20m~
resal year res-a res-a day 24 hours resa | day

« external exposure to ionizing radiation

pRGresair—suh(pCMma] = -
oF riskiyear | EF B0 days| [ 1year | ED (25 years) < ET 24 hours) f Tday 3§ GSF (1 D)
sub PG| resl year 365 days res resl  day 24 hours El
pCifm
o total
o3y 1
PRGresair—lot—nodecay [plem ] B 1 R 1
PRG - PRG .
res air-inh-nodecay res air-sub-nodecay

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

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

« inhalation and

i) = G 3
O e airing PE) Cair[ma] IFA e o (161 000 )
where:
5
EF [%] = ED (6 years) = ET [2‘1 hDUFS] . ( 1 day J « A o ||,
[ 3) e year rese res-cl day 24 hours res-c | Tday
IFA 161 000 - | =

res-adj 3
EF 350 days ], ED (QD years) <ET 24 hours| , (_Tday . IRA 20 m
resa year resa res-a day 24 hours res-a | day
» external exposure to ionizing radiation
L 3 = pCi 350 days 1 year 24 hours 1 day
CI:JInas-air—suh[:pcI yeanm’) et [m_S] - EFres[ vear ) |5 days) B (8 ) = B day ) \ZAhows) A

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, Ra-226, Rn-220, and Rn-222 which volatilize. External
exposure to immersion in tapwater and exposure to produce irrigated with contaminated tapwater are also considered.

Graphical Representation

RESIDENT TAPWATER

PRG Equations

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

pRGwater—res—m (pCu‘Lj = isk —
¢ SF [ P p9aE L)
wlpCi resadj
where:
{EF [M] «ED (B years) * IRW [D i '-]] +
res-c | year resc res-cl day
Iy (19038 L) =
re & adj

{EF [M] <ED___ (20 years) = IRW [ED
res-a year res-a resal day

 inhalation, (The inhalation exposure route is only calculated for C-14, H-3, Ra-224, Ra-226, Rn-220, and Rn-222). Also, volatilization in the equation

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

PRGwaler—re:}inh fpoiL) = i e
gF (12 1 s (181100 m?) = | 22
iLpCi res-ad) el
where:
3
350 days] | . 2hours| [ lday 3, 10 m
[EFTES—C[ year ] EDI’ES-C(6 years) ETI’ES—C { day ] (24 hnurs} lRAfE‘S-C[ day ]] +
IFa, [181,1DDm3J=
res-ad)

3
EF 350 days < ED [ZEI years) < ET 24 hours . 1 day = RA 20
res-al  year res-a res-al  day 24 hours res-a | day

e immersion,
TR

gf  [risk/year) {71 i) ] <DFA (5104 hours)
imral - pCif 8760 haurs, res-adj

PRG pCiL) =

waler—res—imm(

where:

EF 350 days| ED (E years) = EV 1 event] ET 0.54 hours .
rescl  year res-c res-c | day eventrescl  event

EF 350 days <ED (20 years) <EV 1 event <ET 071 hours
res-al  year res-a res-al day event-res-al event

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

DFA 6104 hours) =

res—adj(

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

PRGwaler—re:}produ ce-ing-tot (pCifL) =

il 1
z =
[i:1 pRGwater-res-prUd uce-ing e C”’L)‘ ]

where:
n = tatal number of produce items included

and:

= (o ) = F.F']Gres-prol:lun:e-mg(pc‘jg)

RGWater-reS—pdeUCE'lng B Tky Y, r L i L (i L
1000 g rup | kg res | kg dep | kg

where:

L #
Ir % F = MLF % |T-exp|-| B [ =t (days
s 5 [MQ-day] produce [ R ”H_
res kg P{k—g] ) A_B ;
P day

L A
Ir % F = By % |1-exp [j] %t [days)}
- LY [mz—day} ] [ [ day) b
tup E

p[ﬂ] « [
e day
and:

A
Ir 2\_ =Fal=T= 1-exp[-[_E]xtb(days)]
I [LJ7 rm=-day day
sl ] =
. v (48]« |2
Yim day

where:
_ TR
PRGres—prUduce-mg(pC‘jg)_ SF tisk = CF 1
f[m] * res—am(gj * “res-produce m
whete:
EF [M] * ED (6 years) = IR [LJ +
E _ rescl oyear res-c res-c L day

9)
resadj(
EF 350 days) | - (20 years) = IR a4
resa year res-a res-a | day

o total

PRG

water-res-tot (pleL) = 1 1 1 1
+ + +
PRG - PRG PRG - PRG .
water-re s ing waterresinh water-re simem water-res produce-ing-tot

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

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

e ingestion of tapwater,

pei

cD| g-water( L

= ] < IFw (19,138 L)

water-resing (pCI) res-adj

where:

EF IS . e (B years) = IRW 07sLy| .
res-c | year resc res-c| day

EF FE0 days) L ED (20 years) * IRW 281
res-a | year res-a res-al day

. inhalation, (The inhalation exposure route is only calculated for C-14, H-3, Ra-224, Ra-226, Rn-220, and Rn-222). Also, volatilization in the equation

I ogi(19138 1) =

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

BN _il11100m?) < k[ B5E
g-water| | re s ad) 3

col

water-resinh (pCI)
where:

3
350 days 24 hours 1 day 10 m
[EFrEErC [—year J ® EDresrc(B yearg) x ETreerc {—day ] x (—24 hours} ® lRAres—c [_day ]] +

3
EF 350 days < ED [ZEI years) < ET 24 hours . 1 day = RA 20
res-al " year resa res-a day Z4 hours res-a |~ day

IFa 161,100 m3J =

res—adJ[

e immersion,

; - pCi 1 year
D aterresimm (nCiyearL) = Cg-water [TJ = [m} * DFArES.adj (104 hours]

where:
EF 350 days «ED (& spoce) o B 1 event <ET 0.54 hours +
resc year res-c res-c day eventresc event
DFArea—adj(mm hours) =
EF 350 days] ED (20 years) < Ev Tevent) ET 071 hours
resa year res-a res-a day event-res-a avent

« 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.

water-res produce-tot (pCil;

n
oy (pCi) = iEW CDlwater-res-prnduce-ing

where:
n = tatal nurber of produce items included
and:

pei
Cg—water(T] * ‘Fresadj(g) * CFres-pruducem =

5]~ 5] 5] e )

(pCiy =

CDI
water-res-produce

where:

L A
Ir = F = MLF % [1-exp|-| B | =t [d
| L. [mz—day] produce [ P[ [day] h[ a}'S)H .
Mes '

kg P k_g = A_B
m? day

I L F =B 1 [[AB] 1, (d )}
r = F x By * [1-eup|-| B | = AYS
i [L]7 mz_day wet day b

& [

day

and:
L [ A |
I ~ xFoxloxTx |1-exp - _E Xth(days)
It [LJ _ lm®-day L day |
deplig|
Pikg ¥ [k_gJ = A_E
¥ Lm? day
and:
BF _ [FB08aS) ien (6 years) < R I
resc| year res-r resc | day
IF =

res-ad) (g)
[EF {MJ xED (20 years) x IR {LH
res-a year res-a res-al day

Definitions of the input variables are in Table 1.

4.2 Composite Worker

4.2.1 Composite Worker Soil

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

https:/epa-prgs.oml.gov/radionuclides/users_guide.htmI[9/6/2019 3:33:18 PM]



PRG User's Guide

ingestion of soil, external radiation from contaminants in soil, 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

INGESTION INHALATION

-
[ &
o

.

| B |

PRG Equations

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

« incidental ingestion of soil,
TR

risk 250 days 100 my ]
SF |—=|=*EF |———| =ED_ (25 IRS | ——= —_—
sa (pCiJ - W( year J - W( years) x W( day } - [1000 mg

« inhalation of particulates emitted from soil,

PRGw-sml-mg(pCm=

TR
RG (pCify) = n
- soil-inh
Hesolkin SF [ﬂ] *EF [2—50 day] < ED_ (25 years) {—WDDD 9] .
i pCi wl year w kg
g
5 hours 1day B0 1
ETW[ day ] - [24 hoursj ><IR'AW[ day ] - m3
PEF| —
kg
» external exposure to ionizing radiation, and
F‘RGW-'anil-ext(pcu‘glj = ke QSDTdR 1
oF riskfyear| _ ep ary . year | . ack .
ext-sv| pCilg Wl year 365 day ext-sv
8 hours 1 day
ED,, (25 years) = ETW[ Ty J * [m] XGEF 4o
o total
_ 1
PRGw-sml-tm (pCu’gj - i 1 1

FRG FRG PRG
w-sai-ing wi-501-inh wi-s0il-2 ot

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,

L pCi . 250 days . . 100 mg " g
CDlw-suwl-ing(pCI) = CSU”[?J EF,, {7}{&:” ED,, (25 years) RS, oy 7800 g

« inhalation of particulates emitted from soil,

- 3
P pCi 250 days 8 hours 1 day B0 1 1000 g
DL, soikinn (PCY Csml[?} *EFy [ year ~EDy, [ o) = BT day |\ Zahaus) i day - - : kg

» external exposure to ionizing radiation, and

pCi 250 days 1 year
€l [?J B EFW[ year e days =ED,, (B o)) =
cDl [pCi-year/y) =
- 50 ilext ET Bhours) | ( 1day
ol day 24 hours

1.0) = ACF

ext-sv

] < GSF .

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]


https://epa-prgs.ornl.gov/radionuclides/download.html

PRG User's Guide

Definitions of the input variables are in Table 1.

4.2.2 Composite Worker Soil 2-D External Exposure

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

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

Graphical Representation

KER SOIL 2-D EXTERNAL EXPOSURE

PRG Equations
« Direct External Exposure to contamination at infinite depth
TR

SF riskfyear ) | EF 250 daysy [ Tyear 3 ACF N
exta | pCilg Wl year 365 days exl-sv

8 hours 1day
26 year) = ETW[ ooy ] = [2—‘1 hours] = GSFo—exl—sv

PRGW— sail-sv (pCirg) =

ED

il

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

 Direct External Exposure to contamination 1 cm thick

PRGw—soiI—1 cm(pwg): =
oF rlskfg.tear - EF 250 days . 1 year < ACF .
ext-1om | pCifg W year 365 days ext-1cm
S hours 1day
EDW (25 years) = ETW { Ty J ® [—24 hoursj % GSFO—echm

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

« Direct External Exposure to contamination 5 cm thick
TR

oF rlskfg.tear - EF 250 days . 1 year < ACF .
ext-5cm | pCifg W year 365 days ext-Scm

8 hours 1 day
25 year) = ETW[ oy ] % [—2‘1 hours] *GEF e

PRGW— soil-5cm (pCve)=

ED,, |

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

 Direct External Exposure to contamination 15 cm thick

. TR
FRG oy (pifg) =
wi-gail-15em oF rlskfgfear <EF [280days)  ( lyear § ..o .
ext-15cm | pCify Wl year 365 days ext-15cm

g hours 1 day
ED,, (25 year) * ETW{ oy } E [m] = BB 2o 5w

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

 Direct External Exposure to surface contamination
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PRG (8Cifem?) = iE

- s0il-gp oF riskfyear | EF 250daysy _ (_1 year - ACF .
ext-gp pCi.-’sz Wl year 365 days ext-gp

ED. (25 year) = ET [B h”“”] x ( 1 dhy J = GSF
e e

day 24 hours o-ext-gp

The resulting units for this recommended PRG are in pCi/cm?2. The units are based on area because the SF 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
nei 250 days 1 year

Csnil{ . J * EF (—year “ |l Tave xED_ [25 years) =
8 hours 1 day

ETW[ day ] : (24 hours] * 55 s (10) A s

« Direct External Exposure to contamination 1 cm thick

PC\] [250 days] ( 1 year ]

C [ =Bl —" | = | ————| = ED_ (25 years) =
soil e -

col {aCi-yeariy) = 4 year 365 days

-s0il-1
w-g0ik-Tem ET,, [E huurs} . [ﬂ} « GSF (1.0) = ACF

CDIW_ oilay (pCi-yeat/y) =

day 24 hours ext-1cm ext-1cm

« Direct External Exposure to contamination 5 cm thick

pC\] [ZSD daysj ( 1 year ]

C [— *BF [/ = | Z——| = ED_ (25 years) =
soil w W

ool RS ] year 365 days

w-saikSem 8 hours 1 day
ETW[ day J * [24 hnursJ * GSFexI-Scm (04@) = ACF&X{-Scm

« Direct External Exposure to contamination 15 cm thick

o {p_C\] = EF [M] x {“’i] x ED. (25 years) x
soil W W

IEd
col (aCi-yearfg) = 8 year ays
veselbisem gr [Bhours|, (_1day 3 oop (1 D) * ACF
Wl day 24 hours ext-15cm ext-15cm

« Direct External Exposure to surface contamination

& [pC\] - [250 days] . [ 1 year ] YED. (25 years) x
s0il W W

2 365 d
CDIW_SD‘l_gp(pCl-yearf:mzj = Bl soer Bl
gr [Bhours)  f 1day & gor (1.0) = ACF
wl  day 24 hours extgp ext-gp

Definitions of the input variables are in Table 1.

4.2.3 Composite Worker Air

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

Graphical Representation

‘OM OSITE WORKER AIR

{[
|

PRG Equations

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

9 = TR
- 3
tisk) , pp (20days) L gp (25 years) = ET Bhours) f 1day Y, jge B0
pei w year iy Wl day 24 hours W oday

» external exposure to ionizing radiation

RGW- air-inh [p Sl
F (

F{Gw-air-sub (pcfma) = L
oF riskfyear | EF 250 days) [ _1year |, ED, (25 years) = ET Bhous| [ Tday 3, GSF_(10)
SUB| pcim3 W, year 365 days w wl day 24 hours a
« total
L3y 1
PRGW-air—lUt-nUde:ay [:pCu"m ] B 1 N 1
PRG,

w-air-inh-nodecay pRGW-a\r—sub-nUdecay

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

The composite worker ambient air land use equation, presented here, contains the following exposure routes:
o inhalation and
f 3
- pCi 250 days 8 hours 1 day B0 rm
CDl\c\u’-air—inh ) Czair [m_3] B EFW {W ) EDW (25 years) = ETW day “ 2 hours) ‘RAW day
« external exposure to ionizing radiation

. 32 pCi 250 days 1 year 8 hours 1 day
I:pCI yearim ] Ca\r [m_3] x EFW (W Ee T ® EDW (25 years) = ETW Tay % ]| = GSFa 10

CDlw-alr-sub

Definitions of the input variables are in Table 1.

4.3 Outdoor Worker

4.3.1 Outdoor Worker Soil

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

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

« incidental ingestion of soil,
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TR
risk 225 days 100 g ]
SF_, [EJ xEF (W] =ED, (25 years) = RS, [WJ = [m

« inhalation of particulates emitted from soil,

PRGUW-SUiHI’]g(pCi'@) -

TR

SF. E = EF 25t =ED (29 years) = T )
il pCi o year oW ki

5
8 hours 1day B0 rri 1
ET — [ =IRA_ [——
DW{ day J - [24 huurs] - DW[ day ] - el
PEF| —

« external exposure to ionizing radiation, and

PRGow—soiLinh(pC”g) -

FRG . [pCify) = IR
ow-goil-ext oF r\skf;fear < EF 225 days [ _1 year < ACF "
ext-sv | pCidg ow | year 365 days ext-5v
. 8 hours L1 day .

ED .., (25 years) ETUW[ Ty J [24 hnurs] GEF o om

o total
fsy 1

PRG - sail-ot (peig) = T N T . 1

PRG

ow-s0il-ing F'RGO\n\f—s;oith F'F!Gow—s;oi\—ext
Definitions of the input variables are in Table 1.

CDI Equations

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

« incidental ingestion of soil,

- pCi 225 days 100 rmg q
CDlnw’-'anil-ing(poD C il {?J " BFou [W =B o (25 years) = RS Tday ) 7000 my

« inhalation of particulates emitted from soil,

: 3
_ pCIY 225 days| | " Bhours| _ (_Tday B0 m” |
CD‘ow-soiI-inh(pC‘) B Csoil [?] EFDW [W EDow (25 years) ETuw Tday 24 hours lRAow day

» external exposure to ionizing radiation, and

pC\] [225 days] [ 1 year J

© [_ < EF | S| x| 2| < ED__ (25 years) x
soil o oW

(e = g year 365 days

ow-soi-exd 2 hours 1 day
ETUW{ ey J x (724 hnursj x GSFexl-sv {1.0) XACFexI-sv

Definitions of the input variables are in Table 1.

4.3.2 Outdoor Worker Soil 2-D External Exposure

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

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

Graphical Representation
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PRG Equations
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Direct External Exposure to contamination at infinite depth
TR

oF r\skf’;fear - EF 250 daysy [ _1 year « AGF «
ext-sv | pCig ow | year 365 days ext-5v

. Bhours) [ lday
EDUW(QS years) ET v {WJ [m] L=

(pCifg) =

RG
ove-s0il-sv

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

o Direct External Exposure to contamination 1 cm thick
TR

oF risk!}fear < EF 250 days) (1 year « AGE "
exd-Tem | nCifg ow | year 365 days ext-lcm

. Shours} _( lday |,
EDEIW (25 years) ETUW{ Tay J (274 hnursJ GSFU-E)([-1 om

PRGUW-SUiH Cm(pleg) =

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

» Direct External Exposure to contamination 5 cm thick
TR

oF risk!}fear < EF 250 days) (1 year « AGE "
exd-Bem | nCifg ow | year 365 days ext-5cm

. Bhours) | ( lday 7§,
ED,,, (25 year) ETUW( day] [24hnurs] Z8F

PRGUW-SUi\-ScmtpCI‘rg) =

o-ext-Gcm

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

» Direct External Exposure to contamination 15 cm thick
TR

riskiyear 250 days 1 year
5F = EF = = ACF =
ext-15:m[ pCifg J DW[ year } [355 days ext-15cm

ED (25 ywars) x ET {8 h”““] . [“’ij < GEF
0w Oy

F{Gclw-sclii-15cm(pc“ﬁ:‘” =

day 24 hours o-2:xt-15cm

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

» Direct External Exposure to surface contamination
TR

riskiyear 250 days 1 year
SF —4— | = EF_[—— —3== | = ACF
EXt-gp[pCifch} . DW[ year J [365 days) " extap
Bhours| [ lday =F
day 24 hours 0-ext-gp

2y =
PRGUW-SU”—gp (pCifcm=])

ED

o (25 years) = ET e {

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

Definitions of the input variables are in Table 1.

CDI Equations
e Direct External Exposure to contamination at infinite depth
pCi 250 days 1 year
C {_] = EF [—] x (—J xED_ (25 years) =
soil 0w 365 d ow
(pCi-yeariy) = 8 year ays

| .
ow-soiksv 5 hours 1 day
ETDW{ = J = {—24 hws} xGSF, . {1.0) xACF

o Direct External Exposure to contamination 1 cm thick

o {PC'] < EF {M] x [”i} =ED_ (25 years) =
soil oW e

0 365 d
col . (pCi-yearig) = . year ays
pursoiklem gr [Bhours) ([ 1day ), oor (10 = ACF
0wl day 24 hours ext-lcm extTorm

» Direct External Exposure to contamination 5 cm thick

poi 250 days 1 year
C il {?J xEF . (W * T =ED (25 years) =

8 hours 1 day

ETDW[ day ] * (24 hgurgJ ) GSFext—S:m(1 o) = ACFext-Ecm

» Direct External Exposure to contamination 15 cm thick
pi 250 days 1 year

C il [TJ <EF . (W * E days *ED . [25 years) =
8 hours 1 day

ETDW[ day ] ) (24 hgurs] ) GSFexHEcm UDJ xACF@){ME:m

o Direct External Exposure to surface contamination

CDIow-soll-Scm(pC‘_ W) =

CDIDW_SUI|_15Cm(pC\-yeang) =

pCi 250 days 1 year
= | = EF | T/ = [ | *ED_ (25 years) =
sml[ 2] B ow{ 365 d o
CDlnw-snil-gp(pCi'Yea”sz) = cm et %2
gr (Bhours) [ 198y ). ggr 1oy xacF
ow | day 24 hours ext-gp ext-gn

Definitions of the input variables are in Table 1.
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4.3.3 Outdoor Worker Air

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

Graphical Representation

UTDOOR WORKER AIR

INHALATION

SUBMERSION

PRG Equations

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

 inhalation and
TR

; 3
oF tisk ) EF 225 daysy | ED (25 years) < ET Bhoursy | Tday IRA BO
T pGi ow year oW oW L day 24 hours ow | day

« external exposure to ionizing radiation

PRG pGima) =

ow-air-inh I:

PRGUW-air—sub l:pCu’mSJ = L
oF riskfyear | L pp [250day) [ Tyear | ep (25 years) = ET Bhours) ( 1day | oo (1.0)
sub | % i ow | year 365 days ow ow | "day 74 hours a
o total
o3y 1
PRGUW-air—tUt-nUdecay(polfm ) B 1 N 1
PRG

ow-air-inh-nodecay PRGUW—EN-SUb-I’]UdEan’

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

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

« inhalation and

CDlnw-a\r-mh (nei) = Cair [En_%‘} = Ean [22;3%} * EDDW [25 years) = ETDW [B DZ;’SJ - [21 hd:z’rsj ) ‘RADW [5353]
« external exposure to ionizing radiation

. 3 pCi 250 days 1 year 8 hours 1 day
(pCI yeardm J Calr [m_3] x EFoW (W x e ® EDDW {25 years) = ETUW Tay “ o] = GSFa (1.0)

]l
ov-air-sub

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

Graphical Representation

UL UUGAMMA SHIELDING)))1)))))

PRG Equations

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

« incidental ingestion of soil,
TR

risk ) 250 days) . s0mgy | g
SFsa [E} EFiW [75@” } ED‘W (25 year) IRS‘W [Tay } [17000 ]

« inhalation of particulates emitted from soil,

F‘F{Giw— 50 \I—ing(poi'fg) =

TR

RG. . Cifg) =
|w-sm|—|nh(p ig) ar [ﬂ} < EF [250 days} - ED
HpCi ik year

5
8 hours 1 day B0 1
ET | ——— — | ®IRA | ———
IW[ day ] - (24 hoursJ : IW[ day ] :
PEF

1000 g
W[25 years) x ( ] =

I kg

md

kg

« external exposure to ionizing radiation, and

o TR
e o B e ] () e
ED,, (25 vears) < ET, [%] * [21:%} * B3 g
o total
F{Gi\u\f—s;ml—tot (pCifg) = 1 11 1

PRG, f PRG. f PRG. ;
tw-sail-ing tw-soil-ink Tu-s0il-e

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,

_ pCi 250 days S0 my ]
CDIIW_SUII_mg(pC\) =C_.i {?J = (—year = ED, (25 years) = IRS,, T 5| = T

« inhalation of particulates emitted from soil,

f 3
- poi 250 days 8 hours 1 day B0 m 1 1000 gy
CDliw— soil—mh(pc‘J Csoil {T] . EFiw { year ) EDiW (25 years) = ETiw day * | Zaheurs) ” H:{Aiw day - i kg

« external exposure to ionizing radiation, and

poi 250 days 1 year
(5 ) i (e = (i) * o 5 o) -

8 hours 1 day
ET\W[ day ] = (24 hgurs] = GSFl-tDtaI = ACFext-sv

IIW— soil-ext (pe=yerit)) =

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.
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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 factor (ACF) were developed for this analysis.

Graphical Representation

TERNAL EXPOSURE
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PRG Equations
« Direct External Exposure to contamination at infinite depth
TR

oF riskfyeary EF. 280 days) | [ Tyear | ACF .
ext-sv | pCifg il year 365 days ext-av

8 hours 1day
ED;,, (25 years) = ETIW[ ey ] E3 (m} 5 B e

F‘RGiW- s0il-sv (pCifg) =

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

« Direct External Exposure to contamination 1 cm thick
TR

oF riskiyear - EF 250 days) [ 1 year F .
ext-em| pCifg il year 365 days ext-1em

ED, , (25 years) ET. [B “”“”] x ( 1 iy J * GSF

(pCifg) =

R,
iw-s0il-1em

i day 24 hours rtotal

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

« Direct External Exposure to contamination 5 cm thick
TR
oF riskfyaar | EF 250 days) , (1 year 7§ CF "
ext-5cm| pCifg il year 365 days ext-Hem

B hours 1 day
ED,, (25 years) = ET [d—ay] & (m} = IR e

PRGiW—smI-Scm(pCI;g) =

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

« Direct External Exposure to contamination 15 cm thick

; TR
PRG Cify) =
IW—SD\I-WSCm(p o SE riskdyear < EF 250 days ,, (1 year 3, F "
ext15cm | pCifg | year 365 days ext-15cm

8 hours 1 day
ED‘W (25 years) = ET‘W[ T J & (24 hours] * GSF\-total

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

« Direct External Exposure to surface contamination
TR

riskfyear (250 days} [ 1 year J
5F = FF | —/—————| = | ———| = ACF =
ext-gp {pCil’cmz] Wl year 365 days ext-gp

8 hours 1 day
25 years) ETiw{ day] [24hnurs] GSF.

(pCifer?) =

RG
w=s0ikgp

EDiw(

Hotal

The resulting units for this recommended PRG are in pCi/cm?2. The units are based on area because the SF used is the
ground plane for external exposure.
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Definitions of the input variables are in Table 1.

CDI Equations

« Direct External Exposure to contamination at infinite depth

co {p_c'] = EF. [%} . {”i} < ED. (25 years) x
soil [ [

365 d
hw-sai-gy PCFY887) = th 1 5;93' w
FEBIF ours ay
ET\W[ day ] ) [24 murs] * G5 ot ™ Aoy oy

« Direct External Exposure to contamination 1 cm thick

c (pc'] NEH [MJ 5 {ﬂ} = ED. (25 years) =
soil iw [

D 365 d
CDL . (pChyeart) = g ety aye
tw-sail-1cm - & s . 1 day - CACE
Wl day 24 hours i-total ext-1cm

« Direct External Exposure to contamination 5 cm thick

& [pc'] % EF. [MJ = [”’i] = ED. (25 years) =
soil iw [

D 365 d
CDL . (pChyeart) = g ety aye
iw-soil-5cm - & s . 1 day - CACE
Wl day 24 hours i-total ext-5cm

« Direct External Exposure to contamination 15 cm thick

pCi 250 days 1 year
i [?} xEF [W * 35 dave ED, (25 years) =

8 hours 1 day
ETIW[ day J = (24 hgursJ = GSF\-totaI = ACFexHEcm

CDIIW— 50|I-15|:m(pCI_YEa re) =

« Direct External Exposure to surface contamination

q [p_C'J = EF. [MJ x {H'i] <ED. (25 years) x
(pCi—yean’cmE): =l o " "

CDliW_SD”_gp year 365 days
g (Bhous)  flday L ger  LpcF
el day 24 hours tatal ext-gp

Definitions of the input variables are in Table 1.

4.4.3 Indoor Worker Air

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

Graphical Representation

PRG Equations

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

« inhalation and

_ TR
*Ch-sirh (prfm J B risk 250 days B hours 1 da B0 2
SF 2| < EF, | 2220 < ED. (25 years) = ET, L) B Ty
1 pCi W year I el day 24 hours ) day
« external exposure to ionizing radiation
F‘RGi\p\f—air-suh l:pCu‘ma) = =
oF riskfyear | EF 280 days |, [ 1year ED. (25 years) - BT Shours] , (_Tday . GSF (1 .D)
sub [y Wl year 365 day W w | day 24 hours a
pCifm
o total
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1
1 . 1

PHGiw—air—inh—nodecay F'HGiw—air—s;uh—nudecay

3
PRGiW—air—tUt-ﬂudecay (pCl.-’m ) B

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

The indoor worker ambient air land use equation, presented here, contains the following exposure routes:
« inhalation and
3
_ pCi 250 days 8 hours 1 day B0 rm
CDliy. g in (PED = Cyip [ﬁ] * B [W *ED; (28 vears) BTy, | =gy ) * \zamows) * R | Ty

« external exposure to ionizing radiation

col [pCiveanim?) =c_ [ES) xEF (M] = [ 1 g ] * ED_ (25 years) x ET [8 h”“rs] = (ﬂ] * GSF_(1.0)
air m3 W T T El

- air-sub year 365 days day 24 hours

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 is a short-term receptor exposed during the work day working around vehicles suspending dust in the air. The activities
for this receptor (e.g., trenching, excavating) typically involve on-site exposures to surface soils. The construction worker is
expected to have an elevated soil ingestion rate (330 mg per day) and is assumed to be exposed to contaminants via the
following pathways: incidental ingestion of soil, external radiation from contaminants in soil, inhalation of fugitive dust. The
only difference between this construction worker and the one described in section 4.12 is that this construction worker uses a
different PEF.

The construction worker soil land use is not provided in the Generic Tables but PRGs 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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PRG Equations

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

TR
PRGCW—SDH-In (pCifa) =
¢ k) pr (pw BOweeks pyy  S93S) L en i years) xips  [3EMA] L8
sa | pCi i W year oW week = oW | day 1000 myg

« inhalation of particulates emitted from soil,
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PRGcw—smI—inh(pCifg): k 50 k = ad
SF [EJ x EF [EW 2 WEEKS L Dwy ays] XED_ {1 years) =
il pCi =1 oW year o week oW
3
ET 8 hours . 1 day < IRA B0 " 1 " 1000 g
o | day 24 hours ocw | day i ky
PEF | —
sc| ko
» external exposure to ionizing radiation, and
FPRG [pCify) = = R
cw-s0il-ext oF rlsl-dyf'ear < EF Evy S0weeks | D Sdaysy [ _Tyear 3,
ext-sv | pCifg Cu oW year oW oweek 365 days
5 hours 1day
EDcw (1 years) xM:’:e}‘:t—s;v ) ETCW[ day J : [2:1 hoursJ : GSFU'BXT’SV
o total
ot 1
FRG y-soibot (pCig) = 1 A T + 1
PRG - PRG . PRG .
cw-soiking cw-soil-inh - 50il-ext

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,

_ R 50 weeks | Sdays) | . 33 mg) | g
CD'CW—SU”-\HQ(’JCO B Csuil {?] EFCW {EWEM' T year DWCW week EDCW (1 year) lRScw day 1000 g

« inhalation of particulates emitted from soil,

o p_C\ <EF Ew A0 weeks - DWW 5 days < ED (1 yearj .
soil | g v oW year oW week e

- 5
CDIM_SD”_mh(pC\) = et 8 hours " 1 day = IRA B0 rri « 17 " 1000 g
ow | day 24 hours ow | day [mS} kg

PEF_ [T
sC

» external exposure to ionizing radiation, and

c . p_Cl < EF Ew EDweeksxDW 5 days . T year .
soil| g oW oW year oW week 365 days

8 hours 1 day
EDEW {1 year) = ETCW( e J = [24 huurs] = GSFm_SV 1.0} xACFext-sv

Cchw— snil-2 m(pC\- yeari) =

Definitions of the input variables are in Table 1.

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

This is a short-term receptor exposed during the work day who 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 factor (ACF) were developed for this analysis.

Graphical Representation
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PRG Equations

» Direct External Exposure to contamination at infinite depth
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PRG
cw-s0iksv

(pCifg) =

TR

SF rlskfyfear < EF Evy a0 weeks < DY S days " 1 year .
ext-sv | pCifg T oW year oW oweek 365 days
8 hours 1day
ED., {1 years) XACF . o~ ETCW{ Tay } * [m} ®GEF e

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

o Direct External Exposure to contamination 1 cm thick

PRG (pCifg) = I
cw-sail-1em aF riskfyear’| S0weeks ., Gdays) [ 1year 3
ext-1eml pCifg CW CW  year o week 365 days

8 hours 1 day
ED,, (1 yzars) < ACE_ Ercw[ Ty J x [m] * BB e om

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

o Direct External Exposure to contamination 5 cm thick

RG (nCifg) = - TR
cw-soiksem oF riskiyear| er gy S0weeks n.  Bdays| [ 1year |
ext-Geml pCifg CW CW  year o week 365 days

8 hours 1 day
xACFE)H-Scm * Ercw[ day J X [24 huurg] X GSFn-em-Scm

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

ED.. (1 years)

o Direct External Exposure to contamination 15 cm thick

PRGCW—SD\I-WScm(pCifgJ = et SDTR k id 1
aF rskivear)  cr (Ew weeks ays) | year ),
ext15om | pCify ow o year oW week 365 days

1 day

8 hours
EDDW U years) X ACFext-15cm * Ercw[ day J * [24 hgurs] * GSFn-exMScm

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

o Direct External Exposure to surface contamination

. TR
RG...o1 {pCifem?) =
ap oF riskfyear | EF EW 50 weeks | Sdays], [ _Tyear
ext-gp pCifErn2 oW oW year oW week 65 days

8 hours 1 day
ED 1 ACF ET —_— GEF
CW( years) = ext-gp " CW[ day ] : (24 hours] : 0-exd-gp

The resulting units for this recommended PRG are in pCi/cm2. The units are based on area because the SF 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
o P <EF |Ew A0 weeks - D 5 days B 1 year "
s0ill g i W year o ek 365 days
8 hours 1 day
cur [1 year) = ETCW[ Ty J ® (—24 huurs] xGSF . o (1o} = ACF_ 4 o

o Direct External Exposure to contamination 1 cm thick

C p_Cl < EF Ew SDweeksxD
soill g =13 o year

col

- soil-sv (et =

ED

W 5 days . 1 year "
oW week 365 days

col

cw-s0il-1cm

(pChyeari) =

ED,, [1 year) = Er:w{

8 hours
day

)

1 day
24 hours

] * GSFechm (1 'D) * AC’:ext-hrn

o Direct External Exposure to contamination 5 cm thick

C pci < EF Ew 50 weeks - DWW 5 days . 1 year "
soill g oW oW year oW week 365 days
3 hours 1 day
EDCW [ year) = EI'CW[ T } x [2—‘1 hours] ® GSFEHI—Scm 1.0 = ACFext—Scm

o Direct External Exposure to contamination 15 cm thick

col

cw-50il-5 Cm(pC»—yearfg) -

pCi a0 weeks

. . S days . 1 year .
CSU”[ gJ EFCW[EWEW year Do WEEkJ [EES days}

8 hours 1 day
oW {1 years) = ETCW[ day ] * (24 hourg] * GSFexHScm (1 D) xACFexHScm
« Direct External Exposure to surface contamination

pCi 50 weeks 5 days 1 year
T < EF |BEW. ———— xDW, —— | = [ | x
SDI|[ 2] B cw[ e =13
(pCl-yean’cmz) _ I year week 365 days

ED_ (1 year) =T [E00urs| f Vday | gap gy gy eack
ok o b day 24 hours ext-gp ext-gp

col

e - el =

ED

col .
cw-soil-gp

Definitions of the input variables are in Table 1.

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

Graphical Representation
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B
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PRG Equations

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

o inhalation and
TR

SF ﬁ < EF Evy o0 weeks Dy 5 days "
1 pCi Cw Cv year oW oweek
3
8 hours 1 day BO
EDcw i peere) = ETCW( day } ) (24 huurs} ) ‘RACW[ day ]

« external exposure to ionizing radiation

3
PRC - airin lpcum?) =

PRGCW—air—sub (pCu’ma) = —
oF . rlskfyegr < EF [E S0 weeks . ] daysj .
sul P Cifr cowe oW year o ek
1 year S hours 1 day
——— | =xED_ [l ET ——| = G5F_(1.0
{385 dast - CW( years) * CW[ day J ) [24 huurs] ) 3( )
* total
3] _ 1
F{ch\f—air—tot—nDdecay l:pCu‘m J - 1 R 1
PRG L PRG .
cw-ait-inh-nodecay cw-air-sub-nodecay

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

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

« inhalation and

C pCi < EF EW SDweeksxDW 5days) .,
air | 3 o oW year oW week

5

8 hours 1 day B0 rri
ED (1 ET IRA | ——
CW( year) ) EW{ day J - [24 hUurs} - CW[ day ]

« external exposure to ionizing radiation

CDILW- air-inh (eI} =

pCi . a0 weeks . o days . 1 year .
[pCi) = Caif[ 3] EFCW[EWDN year DWCW week 365 days

m
8hours} [ lday |,
day J [24 hnursJ GSFE 1)

CI::Ilc\n\t-air-suh

ED {1 year) = ETDN{
Definitions of the input variables are in Table 1.

4.5.4 Construction Worker Soil Exposure to Other Construction Activities

This is a short-term receptor exposed during the work day working around heavy vehicles suspending dust in the air. The
activities for this receptor (e.g., dozing, grading, tilling, dumping, excavating) typically involve on-site exposures to surface
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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,
inhalation of fugitive dust. The only difference between this construction worker and the one described in section 4.10 is that
this construction worker uses a different PEF.

The construction worker soil land use is not provided in the Generic Tables but PRGs 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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PRG Equations

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

PRGCW—SDH-ing-Sa(pC”g) - risk A0 weeks 3 daTsR 330 m
SF ||« EF  [Ew, 2 WEEKE L pyy 51 <ED_ (1 years) = IRS B« 2
58 | pCi G O year oW week cw Ciy day 1000 my
« inhalation of particulates emitted from soil,
PRG:W—SD\I-mh-sa(pC”g) = isk 50 k = ad
SF. {EJ = EF [EW SIWERES «Dw ”SJ <ED_ (1 years) =
ilpci cw oW year oW week cw
er (Bhowrs) [ tday o, [60m?] 1 1000 g
cw | day 24 hours ow | day - kg
PEF [T
sC | kg
» external exposure to ionizing radiation, and
PRGCW—SD\I-e}ﬁ-‘aa(pCi'fgJ = sk 50 = k 6d 1
nskiyear = [EF E WEEKS = DWW ays = year =
ext-sv | pCiig CW O year oW week 365 days

8 hours 1day
ED_, (1 year) = ACF oy o ¥ Ercw{ Tay } * [m} ®GEF 4o

o total

L 1
pCify) = ; i i

FPRG

PRG

cw-soiHaot-sa (

: PRG L PRG ;
o= soil-ing-sa cw-soil-inh-sa Cini- S0l - 53

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,

. pi a0 weeks 5 days 330 my [
Cchw—soiI—mg—sa(pCD Csoi\ [T] = EFCW [EWCW e ® Dch = EDCW {1 year) = \RSC & T
« inhalation of particulates emitted from soil,

e pCi < EF Ew SDWEEkaDW 5 days < ED (1 year]x
saill g oW o year oW week i

- 3
CDIm-soll-mh-sa(pCI) = et 8 hours L[t day = IRA B0 rmi " 1 1000 1000 g
ow | day 24 hours ow | day | [ 3] T kg
FEF

m

st | kg

« external exposure to ionizing radiation, and
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C pCi < EF Ew 50 weeks - W 5 days " 1 year "
soill g = oy year oW week 365 days

col [pCi-yearfy) = - 1d
ours ay
EDCW {1 year) = ETCW[ J ® [—J ® GSFextrsv 1.0 xACFextrsv

ow-soil-ext-sa

day 24 hours
Definitions of the input variables are in Table 1.

4.5.5 Construction Worker Soil Exposure to Other Construction Activities 2-D External Exposure

This assessment is the same as Unpaved Roads.

4.5.6 Construction Worker Air from Exposure to Other Construction Activities

This assessment is the same as Unpaved Roads.

4.6 Recreator

4.6.1 Recreator Soil
This receptor spends time outside involved in recreational activities. There are no default PRGs for this scenario; only site-

specific.

Graphical Representation

s

INHALATION OF PARTICULATES FROM WIND

PRG Equations
« incidental ingestion of soil

_ TR
PRGre:-soI-mg(pCm) a ik E
SF |—| = IFS (mgj = | —
slpC rec-adj 1000 my
whete:
EF d3Y5) L Ep fyears) < IRS 00mg |,
rec-c | year rec-c rec-cl " day
IF3 =

rec-ad) (ma) days 100 my
EF * ED (years) =IRS
rec-a | year rec-a rec-al ~day

« inhalation of particulates emitted from soil
TR

PRG

rec-sol-inh risk 1

3
SF EJ XIFArEC_adj{m | =

pCive) = ( - [muu g]
m3 ky
PEF[k—g]

where:

3
EF days < ED fyeis) & BT haurs " 1 day < IRA 10 m +
rec-c | year rec-c rec-c | day 24 hours rec-c | day

3
days hours 1 day 20 rri
[EFrec—a[year] *EDy . o (years) = ETrecra[ day] . [24 hgurs] : lRArec—a{ day H

« external exposure to ionizing radiation

‘FArec-adJ [m3J -

PRGrec—soI—em pCi/e) = ket d . 1
o riskiyear) | pr ays) vear Y app .
ext-sv | pCify rec | year 365 days ext-=v

hours 1 day
ED, g, (vears) ETrec[ day ] * (24 hours} * G5 exter

* total
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B 1
nCifg) = g " 1 " ]

PRG PRG - PRG
rec-sol-ing rec-sol-inh rec-sol-e it

PRGre c-sol-tot (

Definitions of the input variables are in Table 1.

CDI Equations
« incidental ingestion of soil

. pCi ]
CDlrec-sm-ing(pCI) Csni\ [TJ - IFsrec-atlj (mg) * [1 ooo mg]

whete:

EF 25%5 ) LED  (years) = IRS 200 gl
rec-c | yaar rec-c rec-c | day

TEC'adJ(mg) - days 100 my
[EF [—J = ED (years) = IRS [—D
rec-al yaar rec-a rec-al  day

« inhalation of particulates emitted from soil

. pCi 3 1 1000 g
CDIrec-sm-inh(pCIJ_Csni\[T} x”:Arec-atlj (m ) ) [ 3] * { kg
PEF

IFS

Ll

where:

FArec-adj {m

3
EF days| |, gq e hoursy [ 1 day ] < IRA 10m .
. rec-c | year recc rec-c | “day 74 hours rec-c ¥
il
a

da
days hours 1 day 20
[EFrec-a [year} * EDrec-a (yeare] = ETrec—a[ day J ® (24 hgursJ ® IRArec-a [ day U
« external exposure to ionizing radiation
. _ pCiY days| [ Tyear | | . hour} _f Tday "
CDlrec-su\-exl(pCI_yearfg) - Csclil {?J EFre: {ygar] [355 days EDre: (years) ETrec day 24 hours GSFEX{-SV ACFext-sv

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 PRGs for this scenario; 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 factor (ACF) were developed for this analysis.

Graphical Representation

PRG Equations
« Direct External Exposure to contamination at infinite depth
TR

RG__ .. BCH= :
rec-sol-sv oF rlska’gfear -« EF daysy , (_1year 3, ACF "
ext-sv | pCify rer | year 365 days ext-sv
. hours} [ Tday 3,
EDrEE(years) ETre:( Tay ] (274 hnursj GSFU-ext-sv

« Direct External Exposure to contamination 1 cm thick
TR

oF r\skf;{ear < EF days " 1 year < ACF .
ex-1com pCify rec| year 365 days ext-1cm

hours 1 day
EDyg, (yeats) < ETrec[ ay ] ) [24 hours] * G5 o exttem

F{Grec—soHcm(pcu‘gj -

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]



PRG User's Guide

« Direct External Exposure to contamination 5 cm thick
TR

- riskivear)  gp  (days), (1 year ) .ep *
ext-Sem | pCig rechyear) 385 days FSem
hours 1 day
ED,.. [years) = ETrec[ a7 ] * (2—4 hoursJ = B3R ousem

« Direct External Exposure to contamination 15 cm thick
TR

oF riskf;fear - EF daysy [ Tyear ) ACF "
ext-15em | pCifg rec | year 365 days ext-15cm
hours 1 day
EDy,, (Years) = ETrec[ day ] ) [24 hours] * G5 ext-150m
« Direct External Exposure to surface contamination

Grec-snl- (pCifg) = I/ dTR 1
ap oF riskiyear’ _ o ayE| L year | ucF .
ext-gp [ pCifg recl year 365 days extgp

hours 1 day
ED g (yeare) = ETrec{ Tay J : (24 huurSJ * O oestegp

Definitions of the input variables are in Table 1.

(pCify) =

RGre:-sol-E:m

(pCi/gy =

RGFEC—SU|-15EITI

CDI Equations
« Direct External Exposure to contamination at infinite depth

y - pCi days 1 year hour 1 day
CDlrec-so\-sv(pCI FEEIE) Csoll [?J * EFre:[ﬁ] = [m = EDrec(years) = ETrec day * |\ T hours) GSFext-sv * ACFext-sv

« Direct External Exposure to contamination 1 cm thick

_ pCi days 1 year hour 1 day
rec—ancmtpc"yean’gJ - Csml [TJ * EFrec {year} * [355 days = EDrec (years) = ETrec day * 24 hours * GSFE}{Hcm * ACFe;d—1 cm

« Direct External Exposure to contamination 5 cm thick

_ pCi days 1 year hour 1 day
rec-snl-ScmtpC"year"’gJ - Csml[?] * EFrec (ygar] * [355 days = EDrec (years) = ETrec day * 24 hours * GSFext-Scm x”L\C':na)d-ﬁcm

« Direct External Exposure to contamination 15 cm thick

_ pCi days 1 year hour 1 day
rec-sul-WScm(pC"YeaHg)_ Csml[?} * EFrec (Ygarj * [355 days * EDrec (years) * ETrec day * 24 hours * GSF&Xt—WScm * ACFemJScm

« Direct External Exposure to surface contamination

L - pCi days 1 year hour 1 day
CDlrec—su\—gp(pC‘ yearig) CSDH[T} ® EFFBC(_yearJ ® {—355 s = EDrec [years) x ETrec Ty “ |l GSFexl—gp xACFexl—gp

Definitions of the input variables are in Table 1.

cDI

cDI

col

4.6.3 Recreator Air

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

Graphical Representation
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PRG Equations

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

« inhalation
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o3y TR
F‘RGrec-air-inh(polfm ) B =
SF (2]« e [
1 pCi rec-ad)
where:
3
EF days < ED e = ET hours " 1 day < RA 10 m .
rec-c | year rec-c recc | day 24 hours rec-c| day
3 _
IFA .{m
rec-adj

3
EF days < ED (years) <ET hours " 1 day < IRA 20 m
rec-a | year rec-a rec-a | day 24 hours rec-a | day

« external exposure to ionizing radiation

PRGrec—alr—sub (pCiMS) - =
oF viskiyear | EF days) [ Tyear ED [years) <ET houes f_ Tday . GSF (1 D)
sub pCi.-’m3 rec | year 365 days rec rec | day 24 hours a
o total
L 1
PRGrec—air—lnt-nndecay (plem ] - 1 o 1
F.F'lGnac-air—inh-nndecay PRGrec—air—suh-nndecay

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

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

e inhalation

"o pCi 3
CDlrec-air—imh-nnl:hacay(pCIj e [m_i] x”:')ﬁ\rec-adj[m )
where:

3
days| | . hours) (1 Tday 10 m
[EFrec-c{ygarJ EDrec-c(yearSj ETrec-c[ day ] [24 hnurs] lRArec—c[ day ]] *

8
EF days) . ep (years) = ET hours) " 1day ) pa 20 i
rec-a | year rec-a rec-a | “day I8 hours rec-a | day

« external exposure to ionizing radiation

8 3= pCi days) _ ( Tyear ) . hours} _( Tday 3,
CDlrec—air—sub—nodecay[:pCIYearfm] Ca\r[ﬁ] EFrec[year] [355days EDrec(yearS) ETrec day 24 haurs GSFaUD)

IFa [m] =
rec-adj

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 PRGs for this
scenario; only site-specific.

Graphical Representation
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PRG Equations

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

» consumption of fowl - direct
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TR
risk days g
SFf {EJ = EFre: {aJ = EDrec [years) = lRGFrec [mj = CFfDWI i

« consumption of fowl - back-calculated to soil

PRG (pCifa) =

rec-fowk ing

PRG PRGrec-fuw\-mg [pCif’g)

s0il-rec-fowl-ing (pCi.-’g) -

kg
day [Gp-fnwl [HJ " fp-r’nwl UK T (1) = [Hupp+ResJJ *
P [_J -

kg kg
{Gsfowl [ﬁ] * fp—fow\ (1)
where:

pCid g-dry plant] R =

— _ 0.25 g-dry soil
Rupp BVdry{pCUg-drysoll 'es i pasture[ g-dryp\am]

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

o consumption of fowl - back-calculated to water

AR Gre c-fowl-ing (pC u'g)

day L 1 ky
o o) *Ouvtom 357) * (keg)

» consumption of land game - direct

PRG

water-rec-fowlking (pC”L):

TR
risk days ]
SFy [m] = [year} <ED, {years) = \RGLrec[m] * CFgame {1

» consumption of land game - back-calculated to soil

PRGrec—game-ing (pCu’g) -

PRG pCifg)

rec—game—ing(
[g (ﬁ] » 1y = K [R +R ]J +
m} . p-game | day p-game s-game upp  es

ame[k
T o 58] eme)
s-game | day p-game

PRG pCilg) =

soil-rec-game-ing (

where:

pCi/ g-dry plant} ‘R =

0.25 g-dry soil
R =B =ML it Nkl et
upp Vdry( pCi/g-dry soil J ' es pasture[ g-dry plant J

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

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

F.HGrec-game-ing (pCifg)

day L 1ky
TFgame{E] " C’]w—game [HJ : (WDDU g]

Definitions of the input variables are in Table 1.

PRGwater-rec-game-mg (enj=

CDI Equations

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

o consumption of fowl - direct

- pCi days ]
CDlrec-fnwl-ing (pC\) Cfnwl[TJ X EFTEC[}(Q@[} * EDrec (years) * ‘RGFrec [HJ X CFrec-fnw\ (1)

« consumption of fowl - back-calculated to soil

¢ (PC «iRgr. (8] «EF [93¥8) 2 ED  (years) = GF (1) =
sail| g fowd | day rec | year rec re o= fowl

W k
CDlsni\-rec-fan-ing(pC') B [dayJ [Gp—fow\[EJ B fp—fuwlm XT-:a—fowl m * [Hupp+ResJ} *
%
ol

k_g [Qs—fow\[ ayJ XT-p—fuwl (1)]

=

o
=
=]

where:

_ pCid g-dry planty _ 0.25 g-dry soil
R =B —= 'R =M == 2 TR
upp Vdf!{( pCi/f g-dry soil | ' es pasture | g-dry plant

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

» consumption of fowl - back-calculated to water

_ pCi day L 1kg days g
CDlwater-rec-fow\-ing (pC\) - Cs—water [T] * TFfowI [WJ * QW-fowl [Hy * 1000 g * EFrec year * EDrec(years) * ‘RGFfDW| day * CFrec-fow\m

e consumption of land game - direct

DI (nCij=c {LC‘] < EF [daYSJ <ED__[years) = IRGL (LJ = CF (1)
rec-game-ing game | g rec | year rec rec | day rec-game

» consumption of land game - back-calculated to soil

€
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o[PS s ReL 9 ) xeF [9995) LED  (years)= CF 1] =
soil| g game | day rec | year rec rec-game
{O (EJ xf (1) <f (1) = [R +R J] +
p-game | day p-game S-game upp  es

(0]}

garme | ki
P Bl fatt]
sgame | day p-game

soil-rec-game-ing (pCi) =

where:
R, =B, (ELESYRRN p _pir 025 gpdliy il
upp dry | pCi/ g-dry soil es 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.
S pCi day L 1 ky days q
CDlwater-rec-game-mg (pC') - Cs-water [T] * TFgame (WJ * Qw-game (m * 000 g * EFre: year * EDreD(yearsj = IRGLgame day = CFrec-gamem

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
PRGs for this scenario; only site-specific.

Graphical Representation

INCIDENTAL

INGESTION
i —

PRG Equations

« ingestion of surface water
TR

PRG {pCiL) = ——————
sF | R wirw (L)
wlpCi te c-adj

rec-water-ing

where:

=1
R
—
—
R —y

B [92%) cen{years) xET hous |, gy [Evens) gy (B
rec-c | year tec-c gventrec-c | event recc| day rec-c | haur
IFw

L=
re:—adj(
EF days <ED (years] <ET hours <EV events) = 0071 L
rec-a | year rec-a event-rec-a L event rec-al day rec-al  hour

e immersion

TR

FRG CiilL) =
(pei) riskfyeary | ( 1 years j « DFA
imm | pCifL 8760 hours rec-ad]

rec-water-imm

(hours)

whete:

EF days < ED fyears) » EV events < ET hours o
rec-c | year rec-c rec-c | day event-rec-c | eyent

DFA
EF days < ED (years) “EV events) ET hours
tec-a | year rec-a rec-al day event-rec-a | gy ant

rec-adj (huurs) -

o total

PRG pCifl) =

rec-water-tot ( 1 1

PRG FRG .
rec-water-ing rec-water-imm

Definitions of the input variables are in Table 1.

CDI Equations
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« ingestion of surface water

- pCi
CI:]Irec-v'faha-r-|ng (pCI) s-water {TJ = IFWrec-adJ (L)
where:
[EF [da){s] «ED (years) = ET {hours] <EV [events} « IRW (0.12 L]J .
W _ rec-c | year rec-c event-rec-c | gyent rec-c | " day rec-c | hour

rec—ad'( J
] EF daysy | ED (years) x ET hoursy By BVents) 0071 L
rec-a | year rec-a event-rec-a L gvent rec-a - day rec-al hour

o immersion

; _ pCi 1 ymar
CDlrec—waler—imm(polryeam‘) B Cs—water{ L ] * [m) = DFArec,adJ {hours)
where:
days events hours
EF —— | = ED (years) = EY = ET +
feccl year recc rec-c | day aventrecc | event
{hours) =
rec-adj

EF days - ED (years) < Ev events < ET hours
rec-a | year rec-a rec-al day event-rec-a | event

Definitions of the input variables are in Table 1.

4.7 Consumption of Fish

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

Graphical Representation

¢ INGESTION
g

CONSUMPTION
OF FISH

PRG Equation

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

« consumption of fish.

[nCifg) = UR

RG
res-fish-ing 3
T = =Ny = (26 years) = IRFI S w26 g 0]
flpCi resk  year res res-a day 1 my reg-fish

Note: the consumption rate for fish is not age adjusted for this land use. Also the PRG calculated for fish is not for soil, like
for the farmer land uses, but is for fish tissue.

Definitions of the input variables are in Table 1.

CDI Equation

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

e consumption of fish.

3
- pCi 350 days 94 000 rmy 0 g
CDIreS_fsh_mg {nCi) ey [?J % EFrES[—year % EDrES(ZE years) = IRFL ., TR |5 i % CF . fich {1

Note: the consumption rate for fish is not age adjusted for this land use. Also the CDI calculated for fish is not for soil, like
for the farmer land uses, but is for fish tissue.

Definitions of the input variables are in Table 1.
4.8 Farmer

4.8.1 Farmer Direct Consumption of Agricultural Products
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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, risk-based PRGs are provided
for the farm product itself (produce, 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

PRG 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.

PRG

far—produce—ing—mt(pCifg) = [n 1

E s —
=1 PRGfar-pmduce-mg [pCu’g)i
where:

n = tatal number of produce items included

and:
TR

PRG [BCifg) = .
rst
& (ﬁ} = Wiy g) = CFfar.pmdqu)

far-produce-ing

where:

350 days | . g
. [EFfar—c {7%&” ] EDfar—cl:B years) lRfaf*C[HyD +
g) =
far-adJ( ) 350 days
EF,
far-a

x x 9
year ] EDfar—a(34yearS) Hqfar—a[day}]

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

TR
{pCifg) =

RG
far-poultry-ing risk
SFT' [E] * Iprar-al:lj (1378.550 ) = CFfar-pnuHry )

whete:

350 days 469 g
{EFfar-c {—year J XEDg . (B years) = IRPe {_day JJ +

350 days 107.4 g
{EFfar-a {—year J xED (34 years) = Iﬁpfar-a{ Ty D

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

PPy g (1 576550 6) =

TR
PRG {pCifg) =
far-egg-ing risk
SFf I ® IFEfar-adj (Frag10g) = CFfar—egg {n
where:
350 days N7y
) [EFfar-: [—year J <EDp (6 years) = ‘REfar-c[—day D +

IFEfar—adJ (7758104g) =

350 days 596 g
[EFfar-a [W] *EDp,. . (34 years) = ‘REfar-a[ dar D
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o consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef

. TR
FRG (nCifg) =
far-beef-ing risk
SFf(pCJ *IFB, (2098850 ) * CF_ (1)
whete:
350 days 628y
[EFfar-c {—year } *EDp (6 years) = ‘RBfar-c[ oy JJ

lFBfar-adJ {2098 950 g) =

350 days 1653 9
[EFfar-a {W} =EDp (34 years) = IRBy, . [ e D

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

. TR
PRG - {pCifg) =
far-dairying risk
SFf[ CI] = IFDfar-adJ (10,138,030 g = CFfardalrym
p
where:
350 days 994.7 g
[EFfar-: [—year J <ED. (B years) = lRDfar-c[ aay J] +

IFD (10,138,030 g) =

far-adj
gr,  [B00E) CEp (34 years) % RD EEE A
far-a year far-a far-a day
. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.
TR

1471520g) <CF_ (1)

PRG ! (pCifg) =

far-swine-ing risk
SFf[ J lFSWfaradj(

where:

360 days) | . EERE|
[EFfar-:{ Jear J EDfar-: (B years) IRSWfar_C{ Tay J] +

350 days 925 ¢y
[EFfar—a[ year J - EDfar—a (34 years) = IFeSWfara [ day H

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

IFSWE g (1171520 g) =

. TR
PRG (pCifg) =
far-fish-ing tick
SF, [ C] \FF\ ] (10,018,960 g) XCFfarflshm
where:
350 days
[EFfar-c {—year J *EDg. . (6 years) = IR’FIfar_C Tay J

lFFlfar—adj (10018 960 g) = 0

350 days 8318q
[EFfara { Vo J xED (34 years) = IRFlc { Ty D

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

FRG Cifg) =
far-goating [p g) aF (risk} « IFGO
5=

pCi far—eu:ij(gj xCFfar—goat (13

where:

350 days q
[EFfar-: [WJ <EDp (B years) = RGO [ﬁ]} +

far-ad] fo) = 350 da
¥s ]
[EFfar s [WJ =EDp (34 years) = IRGO, [ﬁ]}

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

risk
SFf [EJ : lFGMfar—adj(g) * CFfar—goat—milk {1

IFGO

PRGfar—gnat-milk-mg (pCl.-’g) -

where:

350 days| . g
{EFfar-:[—ygar J EDfar-c(B years) lRGMfar—c[ED +

far-ad] (g) = 350 da
2o davs x g
{EFfar a( Jear ] EDfar—a (34 years) = IRG Mfar—a [day D

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

IFGM

PRG (nCify) =

far-sheep-ing - SF tisk = IFSH
flaci

far-ad] (gj B CFfar—sheep (1)

where:

350 days ]
[EFfar—c {7%&" ] = EDfar—c [B years) = H?{SHfa o {ED +

faradj (g) = 350 da
ye L]
[ fara [7year ] = EDfar—a {34 years) = ‘RSHfar—a [a]]

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

IFSH,
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PR TR

G o (RCifg) =
far-sheep-milk-ing SFf [ﬁ] < IFSM

pCi far—adj(g) = CFfar—sheep-mi\kU)

where:

350 days ) | . g
[EFfar-c [—year J EDfar—: (6 years) lRSMfar—: {ED +

it (g)
far-ad] 350 days q
[EFfar-a [—year J x EDfar—a {34 years) = IRSM%”_a [EJ]

Definitions of the input variables are in Table 1.

CDI 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.
. h .
Clear-prnduce-mg-tnt (pCi) = ‘51 Clear-prnduce-ing (pol)l
where:
n = tatal number of produce items included

and:
col (pCi)=C BE wip ) % 0F i
far-produce-ing produce | g far-adj far-produce
where:
350 days g
E [EFfar—c{ year ] * EDfar—c (6 years) * H:{felr*C [H]}.

far-adj (g)
Br [P2099¥8) e (3 gearg iR [ L
far-a year far-a far-al day
. consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.

0= EET)| =
Clear—pouItry—\ng(pCI) Cpuultry[ g } lFPfar—adJ (1 SHE 2D g) CFfar—pDuItry m

where:

30 days] | . 469 g
{EFfar-c {—year ] EDfar-c (6 years) lRF’far-c { Tay n +
BF, [P L Ep 34 years) < Rp_ [194E
far-a year far-a faral day

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

j= BED) - <
olearreggiing(pm) cegg[?J IFEfarradj[??S‘Bmg) CFfarregg(ﬂ)

PPy .o (1376850 6) =

where:

IFE 775,810 g) = !
Br, [309%5) L Ep (34 years) < 1RE,[228
far-a year fara faral day

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

350 days| . 7y
[EFfar-: {—year J EDfar-c (6 years) ‘REfar-c[ e ]] +
far-adj( g

= FED = .
Clear—beef—ing(pC‘) Cbeef[?} lFBfar—adj(QDBEBSDg) CFfar—beer)

where:

350 days G289
{EFfar—c {7%&" J ® EDfar—c(E years) x ‘RBfar—c[ FEn D +

Er. [FB095) LEp (34 years) < kB, (18530
fara year far-a far-al day

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

I pCiY 5
Clear—dairy—mg(pCI) Cdairy[?] ‘FDfar—adJ(m'HE'DaDg) CFfar—da\rym

IFB,,, (2090 950 g) =

where:

350 days 9947 g
[EFfar—c[ year J - EDfar—c(B years) = lRDfar—c[ day D -

EF 30 days| | gp {34 years) x IRD 6764 g
fara year far-a faral day
. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.

pCiy
swme[T] lFSWfar—adj(

IFD 10,138,030 g) =

far-ad) (

col {pci) =c

far-swine-ing {7 520 g) =Ch (1)

far-swine

where:

350 days 337 g
[EFfar—c[ year J - EDfar—c(E years) = IRSWfar—c[ day H -

Er,  [B09%5) LEp (34 years) < IRswy [9258
fara year far-a fara | day

IFSW g (1171520 g) =

o consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.
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P pCi
> I Cf.sh(TJ = ||=|=|far_adJ (10018960 g) = CF

lear-flsh-mg(p ) far-fish (1)

where:

350 days 574 g
[EFfar-c [W] *ED. . . (6 years) = IRFIL [WD +

Er[(350dayst g (34 years) = IRFI sy
far-a year far-a far-a day

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

IFFlray g (10018960 o) =

- pCi
CDIfar-goat—mg (pC\) Cgoat [TJ B IFGOfar—adJ (g) ) CFfar—goat (1)

where:

350 days [
[EFfar-: [—year J <EDp (6 years) = IRGO,, [MD +

far-ad (o)
] EF, 30 days)  pp (34 years) = IRGO g
far-a year far-a far-a | day

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

IFGO

- pCi
Clear-gclat-mi\k-ing () Cguat-milk [T] ) ‘FGMfar-adJ (g) = CFfar-guat-m\Ik v

where:

350 days ]
[EFfar-: [W] <EDp . (6 years) = IRGM,_ [MJ]+

far-ad (o) =
] Er,  [3809a¥sy, gp (34 years) x IRGM g
far-a year far-a far-al day

. consumption of Sheep. There are no widely accepted human intakes for home-produced sheep.

BT Fspy
sheepl g

IFGM

(©

lear-sheep-mg (pCIJ far-adj (gj * CFfar-sheep (1)

where:

350 days ]
{EFfar-c (W] xEDL (6 years) = IRSH, [KYD +

far-adj (e)
J EF S . (34 years) * IRSH 8
far-a year far-a far-a | day

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

IFEH

- pCi
CI:JIfar-sheep-m\Ik—iﬂg(pcIj Csheep-rmlk (TJ * IFSMfar-adj (gj B CFfar—shena;:l-milk (1)

where:

350 days ]
[EFfar_c [—year ] < ED_ (B years) = IRSM. (EJ}

far—ad'(g) =
L EF, D AR e (34 years) = IRSM 8
far-a year far-a far-a day

IFEM

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, risk-based PRGs are provided
for soil 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
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oo A CONSUMPTION.OF
INCIDENTAL A § BEEF & MILK & SWINE

INGESTION OF SOIL
B
LS

EXTERNAL
EXPOSURE

PRG Equations

« incidental ingestion of soil,

PRGfar—suiI—ing(p Cig) =

TR
risk

sF [ B2 . Fg 1510000 mg) = | —9
S[pCJ far—adj( mag) [‘IEIEIEI mg}

where:

350 days ) . 200 mg
[EFfar-E(iyear J EDfar—:(E years) lRSfar-c[ e ]J+

350 days . . 100 rng
[EFfar-a[—year J EDfar-a (34 years) lRSfar-a {—day J]

« inhalation of particulates emitted from soil,

1P ar- gy (1510000 mg) =

. TR
PRG o (pCifg) = -
far-soil-inh
57 [« ra,  [2s9 000 m?) x 1o« (1008
iLnCi far-adj [mB} kg
PEF|
kg
whete:
3
350 days . . 24 hours . 1 day . 10
[EFfar-c{ year J EDfar—c(E bt ETfar-:{ day ] (24 hnursj lRAfar—:[ day H *
Py (258,000 %) =
far-adj

5
350 days 24 hours 1 day 20
EFfar-a[ year ] * EDfar-a (34 ygars) = ETfar-a[ day J ® (24 hgurs] ® IRAfar-a[ day ]]

« external exposure to ionizing radiation, and
TR

oF riskiyear | EF 350 days) | [ Tyear ED (40 years)  ACF .
extsv | pCify year 365 days far ext-sv

12188 hours| [ _Tday )| 10008 hours) _ (_Tday 3
[[ETfar-U{ day J [24 hnursj GSFD-EXt-SV] + {ETfar-i{ day ] [2.-1 hnurs] GSFi—lUtal]]

« consumption of produce (fruits and vegetables).

(nCifg) =

(pCifg) =

RGf:ar—snil-ext

RGsnil-f:a r-produce-ing-tot

n 1
z
[‘:1 PRGSUiI-fa r-produce-ing (pleg)iJ

where:
n = tatal number of produce items included

and:
PRG [pCifg)
PRGsmI-far-produ:e-mg(pCIfg) = fsepadui e g
(R +R ]
upy  es
where:
_ pCifg-fresh planty) _ g-dry soil
R = ————— | ;R__=MLF —_
upy wiet ( pCif g-drysoil ) ' es produce | g-fresh plant

Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-grown produce.

The consumption of produce exposure route drives the PRGs 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,et) from
IAEA, used in these PRG calculations, are based on a composite of all soil groups. Transfer factors (Bv,,,t) 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.
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where:

PRGfar—produce-mg-tDt(pCIfg) = i g
z

=1 PRGfar—pmduce—ing (pCia);

where:

n = tatal nurber of produce items included

and:
TR

risk
o (WJ : IFfar'adJ (g) = CFfar—prndu:e(1)

PRGfa r-produ :e-ing(pcwg) =

where:

350 days g
i {EFfar-c {—year J = EDfar—c(B years) = lRfar—c[ED +

IF (9)
] 350 days g
[EFfar-a [ year ] - EDfar—a (34 years) ‘Rfar-a [ED

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

PRG, . (pCifg)
e = far-egg-ing
PRGSDiI-fer—egg-mg (FCIJ’Q)

{Q {DQ ng * (1) =f 1) = [R +R H +
[day] . p-poultry | day p-poultry s-poultry upp  es
egy

=
L] Q D022 kgt f (1)
g-poultry day p-poultry

where:
pCi/ g-dry plant] ‘R =M

R — By - 0.25 g-dry soil
upp dry | pCi/ g-dry soil | ' es pasture L g-dry plant

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

PRGfar—pouItry—mg (pCia’g)

{g (Dz"ng (1 «f (1)::[}2’ +R H+
dﬂ] ; p-poultry | day p-poultry g-poultry upp  es

poultry [ kg 0.022 ky
[Qs-pnuhry[ day J = T-p-pnultry (”J

PRGsuiI—far—pouHry—ing (pCu‘g) =

where:

pCi/ g-dry plant} ‘R =

0.25 g-dry soil
R =B B e = ML _—
upp Vdry( pCi/g-drysoil J ' 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.
FRG, . (RCifg) *kd[
far-fish-ing kg

BCF [L_]
kg

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

pRGfa r-beef-ing (pCu’g)

(pCifg) =

FeGsmI-fa r-fish-ing

PR ifg) =

©
soil-far-beef-ing (p
( {Mlx ) =f (1)X[R R ]J+
day p-beef | day p-beef 5 beef upp es
beef

kg 05 kg
{Qs-beef{ day J * fp-beef (1)

where:

=Bvdry [pCu’ g-dry plant] ‘R =MLF 0.25 g-dry sml}

R
upp pCil g-dry soil | ' 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 home-produced total beef dairy.

IR Gfza -dairy-ing [pCifg)

PRGsnil-far-da\ry-ing (pCifg) =

03k, [ J
. |== My =f . ()= R +R +
day Y, 1.05 kg = . { p-dalry{ day J p-dalry() s-dalry(J upp  es
dairy m

L milk 1L milk
Q WAL (1)
sdairy | day p-dairy

where:
pCi/ g-dry plant] R =

_ 0.25 g-dry =oil
R =B By PR =M e
upp Vdry( pCil g-drysoil | ' es paslure[ 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.

PRG - [pCifg)
PRG . ) (pCia’g) _ far-gwine-ing
soil-far-swine-ing 47 kg
a < 1) «f (1)::[}2’ +R J +
[daY}X p-swine day p-swine S Swine upp es
swine | kg
g [Q _ {n a7 ng a0 (1)]

sawine | day p-swine

where:

pCi/ g-dry plant} ‘R =

R — By - 0.25 g-dry soil
upp dry | pCi/g-drysoil | ' es pasture L g-dry plant

o total in default.

https:/epa-prgs.oml.gov/radionuclides/users_guide.htmI[9/6/2019 3:33:18 PM]



PRG User's Guide

PRG (pCifg) =

soil-far-tat 1 1 1 1 1
FRG " PG " FrG " FrG =T *
soil-far-saking soil-far-sal-inh soil-far-sokext soil-far-produce-ing-tot soil-far-egg-ing
1 1 1 1 1
+ + + +
PRG

soil-far-poultry-ing F'RGsml-far-fish-mg PRGSU\I-far-beef-mg PRGSUi\-far-dairy—mg PRGSD”-fEI’-SW\I’]E-iI’]g

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.

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

PRG Cife
PRG Cilg) = far-gesting (P29

sml-far—goat-mg(p

[12”‘9]: 1) <7 (1)x[R +R ] +
[day} § p-goatl day p-goat s-goat upp - es
goat | kg 0.23 kg
{Qs-guat( day ] xfp-guatm

where:

pCi/ g-dry plant] ‘R =M

R =By - 0.25 g-dry =oil
upp dry | pCi/g-drysoil | ' es pasturel  g-dry plant

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

PRG PHGfar—gnat—milk—mg(FCUQ)

soil-far-goat-milk-ing (pleg) -

1.59 ky
day 103 kg =fl [Qp-gual-m\\k[ day ] * p-guat-ml\km " fs-guat—m\\k (1) * (Rupp+pest *
guat—m\\k{ ] " F'm[ ] =

L milk 1L milk 0.29 ky
(Qs-goat-mwlk { day ] * fp-goat-mi\k m

where:

_ Ci/ g-dry plant _ 0.25 g-dry soil
R =gy |ELEONREL g oy .22 g-dry soil
upp Vdry’[ pCifgrdry soil | ' es pasture | g-dry plant

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

F'RGfar-sheep-ing (pCif’g)

1.75 kg
day] [Gp-sheep{ day J xfp-eaheep (1) xT—‘.a—sheepm ) [Rupp+Res]J *
x

sheep [W 032 k
]
(Gs—sheep { day } * fp—sheep mJ

PRGSUiI-far-sheep-ing (pCifg) =

where:

:Bvdry {M] CR =MLF 0.25 g-dry SU”J

R
upp pCif grdry soil | ' 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.

PRG Cif
PR (FC“'B) - farrsheep—mwlk—mg(p |g)

Gsmlrfarrsheep—milk—mg 316 kg

day J . [1 03 kgr . [Qp-sheep-mwlk{ day ] Xfp-Esht:.‘t:.‘p-miIk (1) xfEs-Esheep-rﬂi\k (1) * (Rupp+Res]]
m

1 L milk 057 kg
[ersheep—mwlk { day J = fprsheep—mllk (1)

+

TFsheep-mi\k {L milk

whera:

R =By pC\ffgrdry p\ar.'n ‘R =MWLF 0.25 g-dry soil
upp dry | pCi/ g-dry sail es pasture | g-dry plant

Definitions of the input variables are in Table 1.

CDI Equations
« incidental ingestion of soil,
i

P pCiy L 5
o] (pCh Csoi\[?} ‘star—adj(1'81D‘DDDmg) [

g
far-soil-ing 1000 mg}

where:

350 days) . 200 mg
[EFfar-E(—year J EDfar—:(E years) lRSfar-c[ Ty ]J+

EF, BWEE] - ey (34 years) = IRS oD g
far-a year far-a far-a day

« inhalation of particulates emitted from soil,

1P ar- gy (1510000 mg) =

_ pCiy L 3 . 1 L (1000 g
CI:Ilfar-scli\-\nh(pcD - CSU” {T] ‘FAfar-adj[zsg'DDD m ) k] ( kg
PEF| T
kg
where:
3
EF 350 days?) | ED {6 years) = ET 24 hoursy | Vday IRA 10 o
far-c year far-c far-c day 24 hours farc| day
IFa, .[259‘000 m3) =
far-adj

3
EF 350 days) ED (34 years) < ET 24 hoursy  (_Tday IRA 20 i
far-a year far-a far-a day 24 hours far-a| day
» external exposure to ionizing radiation, and
© PCI) pp [38D0ays)  f 1year 3 pp {40 years) = ACF ®
saill g far year 365 days far ext-sv

(0] (pCi-yearig) =
ET 12168 hoursy [ Tday 7§, GaF (1 D) +leT 10008 hoursy (1 Tday 7§ GaF
far-o day 24 hours ext-gr far-i day 24 hours rtotal

far-soil-ext
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« consumption of produce (fruits and vegetables).

n
CDIfar-SUH-pruduce-lng-lut (pCi) = |§1 CDIfar—sul\-prUduce-mg

(pCi);
where:
n = tatal number of produce items included

and:

_ pCi
CDlsol\-far-produce-mg(pCI)_ Csm\[?} * [Rupv+R95] * ‘Ffar-adj (a) = CFfar-prm:lun:em“I

where:
pCi#g-fresh plant

_ . _ g-dry soil
RLI;JV ENWBI { pCif g-dry soil J 'HES MLFPYUdUCB{g-fresh plam]

and:

350 days | . g
[EFfar—c {7%&” ] EDfar—cl:B years) lRfaf*C[HyD +

350 days) | . g
(EFfar—a {7}@&” ] EDfar—a (34 years) ‘Rfar—a [HYD

Sections 9 and 13 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-grown produce.

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

IFfar—adJ(g)

where:

Clear-prnduce-mg-tnt

L, _h .
(vCD = 51 Clear-prnduce-ing (pol)l

where:
n = tatal number of produce items included

and:
CDlfenr—protiuce—mgtpc‘J = Cproduce [%J * H:far—adj(g) " CFfar—pdeuce (1)
where:

far-adj

350 days | . g
[EFfar—a [7%&” ] EDfar—a (34 years) ‘Rfar—a[mn

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

nCi day
Csnil {?J g FEfar—adj (776810 g) ~ CFfar—Eggm * EGG[k_gJ ’

a 0.2 ky
CDIsoH-far—egg-mg(pC') B [Gp—poultry[ day ] : T-p—poultry (1) : T-:3—poultrymx[ﬁupp*'Res;]]*'

0.022 ky
[Gs—poultry[ day } xfp—puultrme

where:

_ pCi/g-dry planty _ 0.25 g-dry soil
R =B ——T | R =M _—

upp Vdf!{( pCi/f g-dry soil | ' es pasture | g-dry plant
and:
er, (399 Loy (myears) x RE,[TLTE)] 4
_ far-c year farc far-c | day

IFE sy gy 775810 §) =

350 days 596 g
{EFfar—a [—year ] ® EDfar—a [34 years) = ‘REfar—a[—day ]]

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

pCi . . . day .
C e (T] Iprar-atlj {1376 550 ¢) CFfar-pUuHrym TFpUunry {HJ

. 0.2 ky
= ] 1) =f 1 R +R +
CDlsoi\—far—pouItry—mg (pC') { p-puultry{ day J B p-puultry() B s—puultry() * [ upp ESH

0.022 kg
[Qs-poultry[ day ] = fp-poultry UJJ

_ pCi/g-dry plant _ 0.25 g-dry soil
Rupp Bvdry{ pCif grdry soil ) * Res LFpaalure g-dry plant

where:

and:

e [F09WE L En  (Gyears) <irR [#898))
B far-c year far-c far-c day

IFP._ (1376550 g)
350 days 107.4 g
[EFfar_a[W] x ED;,, . (34 years) = IRPfar_a[ Tay J]

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

c [F_GJXBCF[L]
col (pei) = 20\ @ K2 ipr (10018960 g) = CF._ . (1)
soil-far-fish-ing P - far-adjr ~ 7 " g far-fish
kg,
where:
Er (3095 en (5 ysas) < 1RFI,[F74
_ farc year far-c far-c| day
IFFIfar_adj (10,018 960 g) =

Er  [309avs) L ey (34 years) « 1pF (22189
far-a year far-a far-a day

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

pCi day
C il [?J " IFBfar-al:Ij (2202410 g) = CFtar-beer ) TFheef{ kg J

. 1177 kg
CD'SUi\-far—beef—ing (pC') - [Qp-beef[ day ] xfp-bez:.-f(‘Ij xfs—beef(n * [Rupp+ResJJ *

05 ky
{Qs-beef( day J * fp-beef m}

where:
Rupp =Fary {%] R = MLFpamure[%]
and:
{EFfar,c (%} ® EDfar—c (6 years) = H:“Eifar—c [Biaay gﬂ
IFB,, o (2098350 g) =

350 days| . 1653 g
{EFfar-a{iyear J EDfar-a (34 years) ‘RBfar-a[ Ty J]

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

pCi day
CSDI\[?J " IFDfar—adJ EEEEEDg) = CFfar dalry(n TFda\ry (L m\lk] "

242 20“9 1) xf 1 [R’ R J
CD'sun-far-dairy-mg(pc""‘ ) [1 03 kg [ pdalry oy ) Toedairy ) Ty (0 (Rugp * R )]

m 1Lm||k Dllkg - (1)
s dalry day p-dairy

where:

pCid g-dry plant] R =

0.25 g-dry soil
R =B =
upp VdFY[ nCi/ g-dry soil J

pasture [ g-dry plant

and:

Er. [3La) vep (6 years) x1RD, (224740
far-c year far-c far-c | day

350 days B76.4 g
[EFfar-a [—year J *ED. (34 years) = IRDL . {—day D

. consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.

RCiY . . day
C:30i| [?J I’:S\"\d’far—adj (1 771 20 g) CFfar—swinem Tstme [ ky J
P 47 kg . .
CDlsni\-far-swme-ing {pci) = [Qp-swine { day J fp-SWiﬂE {1 fs—swima {f) (Rupp+Res]} *

[a , {03”9] = (1)}
s-swine | day p-swine

IFD 10,133,030 g) =

far-adj (

where:
_ pCid g-dry planty _ 0.25 g-dry soil
RUFJFI Bvdr}f{ pCI/ g-dry soil MLFFlaSlUfB g-dry plant
and:
Er. [0 95) JEp (G years) = IRSW
farc year farc far-c d
IFSW {1,171 520 g) =

far-ad]

350 days ) 925
[EFfar-a{iygar J EDfar-a (34 years) = IRSWfar a{ Ty J]

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.

» consumption of goat. Please see table 1, in section 5 below, for sources of derived intakes for home-produced goat.
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pCi day
et {TJ * IFGOfar—adJ o) = CFfar—guatU) B TFguaI {EJ B
_ 127 kg | . .
CI::Ilsni\-far-gnat-ing (pC\) B [Qp'gﬂat{ day ] fp-gclal m fs-gual (1) (Rupp+Res]] +

023 kg)
[Qs—guat{ day ] fp-guat (1)]

whete:
R, =Br, [Eilddvpant) o _yp 025 grdls) Gl
upp dry pCi/ g-dry sail Bs pasture wrdry plant
and:
EF, 0 dars)  gp (6 years) = IRGO, S+
farcl  year far-c far-c | day
IFGD

far-adj (g) = 350 da
L x 9
{EFfar-a{ Jear J EDfar-a (34 years) lRGOfar—a {day]}

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

. -1
nCi day 1.03 ky
Csml [TJ B IFGMfar—adJ {9) = CFfar—goat-mllkm ) TFgoat-m\Ik [k_g] Py (1 Trik)

. 1.59 kg
CDlsni\-far-gnat-mi\k-ing(pCI) [Qp-goat-ml\k[ day J * p- g at-rmilk (1) = fs-goat—m\lk m * (Rupp+Resﬂ *

0239 kg
[Qs-goat-mwlk[ day J * fp-goat—mllk (13]

where:

pCid g-dry plant] ‘R =M

025 g-dry sail
R =@ =MLl =
upp Vdry( pCilf g-dry soil | ' es PaSiUfe[ g-dry plant ]

and:

Er, (B0 i Ep (5 years) xIReM_ (-S| +
(9) = farcl  year far-c far-c | day
far-adj \% =
EF, W a6 . g (34 years) x IRGM g
far-a year far-a far-al day
e consumption of sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep.

pCi) | x = ) -
Csoi‘[?} IFSHfarradj(g) CFfar'ShEBPm TFSheep[le]

e 176 ky
CD'sm\-far—sheep-mg(pc"'g) B {Qp—sheep{ day ] xfp—s;heep (1) xfssheepm " (Rupp+ResH *

0.32 ky
{Qs—sheep{ day ] . T-p—sheep“)]

IFGM

where:
_ pCid g-dry planty _ 0.25 g-dry soil
RUFJFI Bvdr}f{ pCif grdry soil | ' es MLFFlaSlUfB g-dry plant
and:
{EF {M] “ED, (B years) x IRSH {LD +
- far-c year far-c far-c | day

faradj (g) = 360 da
S ]
[ far-a [—year ] = EDfar—a {34 years) = ‘RSHfar—a (d_ayn

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

-1
pCi day 1.03 kg
Csuil{?] B IFSMfar—ath g = CFfar—sheep—m\IkU) B TIEsheep—milk [L m\IkJ “Pm (1 Tl

et = 315 ky
(0]} Cify) = iRl I3 x x
soil-far-sheep-milk-ing (p : g) {Qp-sheep-mi\k[ day J fp-sheep-milk (1) fs-sheep-milk (1) (Rupp+Res]} *

057 kg
{Qs-sheep-mwlk[ day J = p-sheep-milk (1)}

whete:
pCif g-dry plant

_ _ 0.25 g-dry soil
Ruep Vdf}f{pCiIg-drysnil}' o = L, }

pasture [ g-dry plant

and:

350 days) | " ]
[EFfar—c[ year J EDT’ar—c(B years) lRSMfar—c[E}]+

far-adj (g) 350 da
¥E x 9
[EFfar-a [ Jear J EDfar-a (34 years) lRSMfar—a {day}]

Definitions of the input variables are in Table 1.

IFSM

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 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, risk-based PRGs are
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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

PRG Equations

« ingestion of tapwater,
TR

PRG (pCifL) = —
tis
SFwahar (E} " [IFWfar-adJ [ L)}

water-far-ing

whete:

e, el days| | gy (6 years) = IRW/, LAIL o
ar-c year farc far-c | day
1P, 31388L) =

far-adj 350 days 251
[EFfar-a (W] *ED.. . (34 years) = IRW [d_ayD
« inhalation,
- TR
PF{Gwaler-far-inh pets) = risk E 05L
SF [ 1) < 1Fa, .(zsa,mum ) =K[=2=
il pCi faradj ]
where:
3
350 days ) | . 24 hours) [ Tday 3 10 m
[EFfar-c{ year J EDfar—c(E IR ETfar-:{ day ] [24 hnursj lRAfar—:[ day H *
IFA .{259‘000 ma) =
far-adj

3
350 days 24 hours 1 day 20 rri
EFfar-a( year J - EDfar—a [ ers) ETfar—a[ day J - [24 huurs} - IRAfar-a[ day ]]

e immersion in tapwater,

F‘RG\Mahar-far-imm(pom') = isk 1= 1
I LLCIIA I TN {9583 hours) = [&]

imm | pCifl far-adj 8760 hours

where:
EFf 350 days | ED B g = B 1 event) | T 0.54 hours .

ar-c year farc far-c day eventfar-c event
DF A, . (9583 hours)=
ar-adj

EFf 350 days < ED (34 years) < EY T event < ET 0.71 hours
ar-a year far-a far-a day event-far-a event

« 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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PRGwaler—far—produce—mg—tot (nCiL) = n 1
iE1 PRGwaIer-far-prUduce-iﬂg (pC\.fL)i
where:
n = tatal number of produce items included
and:
PRG (pCifL) PRGfar—pdeuce-mg (pCifg)

wate-far-produce- ing

STk L L L
[mo gJ ) ['”rup (EJ s (EJ *Mgep (ED

where:

L

#
Ir % F = MLF % |T-exp|-| B[ =t, (days
Irr L= [mQ-day] FRREE [ [[day] b[ y)ﬂ
res

o p[k_g] [l '
P day

L h
Ir *FxBy__ = |1-emp [73] =t (days)}
" [LJ _ [mzrday} wet |: [ day b
" p{"_g] « [
e day

kg

and:
A
Ir 2\_ =Fal=T= 1-exp[-[_EJ =t (days)]
I [LJ7 = -day day
el s | =
. v (XL« |2
v m2 day
where:
PRG (pCify) = 1
far-produce-ing-tot i g
z
=1 PRG {pCig);

far-produce-ing

where:
n = tatal nurber of produce items included

and:
TR

FRG, - RCifg) =
far-produce-ing risk
SFf(pCiJ " far-adj (g) = CFfar—pdeuce(1)

where:

350 days g
{EFfar-c {—year J = EDfar—c(B years) = lRfar—c[ED +

350 days q
[EFfar-a [ year ] - EDfar—a (e eere) mfar-a {EH

IFfa r-adj (g)

o total
- 1
PRE, at far-tot (POVL)= T T i T T
PRG * PRG * PRG * PRG * PRG -
water-far-ing water-far-inh water-far-imm water-far-produce-ing-tot water-far-egg-ing
1 1 1 1 1
FRG * FRG “PRE BT “PRE
water-far-pouliry-ing water-far-fish-ing water-far-beef-ing water-far-dairy-ing water-far-swine-ing

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

PRGfar-egg-mg {pCiig)

day 04L 1ky

TF —L =0 =

EGQ[RQJ W'PDU‘"Y[dayJ {WDDDQJ

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

IR Gfar-pouhry-mg [pleg)

day 040 1 ky
TF — | =0Q —_—
poultry [ kg J B w-pouhry[ day J B [1000 g}

o consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.
PR - (pCily)
[pCif’L) = fa[ﬂsh-mg1 -
BOF[— | = | -2
kg 1000 g
e consumption of beef. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced beef.

PRG . Cif
(pCu’L) _ far-beef-ing [p ! g)

day| | 53L) [ Tky
TPy et (TJ Q-beer [day} {mﬂﬂ gj

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

PRG ; CiA
(pCifL) - far-dairy-ing (p 'g)

water-far-dairy-ing -1
TF da.y g 1.03 Ifg <0 2Ly, [ _Thy
dairy | L milk ml1 L milk w-dairy | day 1000 g

PR (pCifL) =

water-faregg-ing

PRG

wate -far-poultry-ing [plel_) =

PRGwale -far-fish-ing

PRG

water-far-beef-ing

PRG
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e consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.

FRG {pCif)
PRG (pCu’L)Z far-swine-ing

lorfar-swine
water-far-swine-ing TF dﬂ < Q 1M4L " 1ky
sw | hy w-swine | " day 1000 g

o total in default.

PRC,atsartot POV = 7 N 7 N 7 N 7 N 7 -
pRGwater-far-ing pF“Gwater-far-mh PHGWater—felr—\mm pRGwater-far—produce-mg-tot pﬁewater-far-egg-mg

PRG : * PRG : * PRG : - PRG 1 * PRG :
water-far-pouliry-ing water-far-fish-ing water-far-beef-ing water-far-dairy-ing water-far-swine-ing

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.

F.F'leza r-goat-ing (pCilg)

day 381 L 1 kg
TFgDal [H} B QW—goat [Ty] ) [m]

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

A Gfa - oat-rnilk-ing (p leg)

-1
TE ] da.y . 1.03 i-fg <0 ] 8751, [ Tky
goat-milk | L milk m i1 L milk wegoat-milk | day 1000 g
e consumption of sheep. Please see table 1, in section 5 below, for sources of derived intakes for home-produced sheep.

PRG - [pCifg)
PRG (pCif’L) - far-sheep-ing

water-far-sheep-ing TF day <0 5250 (1 ke
sheep H w-sheep | day 1000 g

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

PRG : CiA
PRG (pCia’L) _ far—sheep—mllk—mg(p 'g)

water-far-sheep-milk-ing -1
TF da.y <p 103 F.(g - } 104LY, [ Thky
sheep-milk | L milk g L omilk w-sheep-mik | day 1000 g

Definitions of the input variables are in Table 1.

PRG

water-far-goat-ing (pC ‘;L) =

PRGwater-far-goat-ml\k-lng (pCu’L) =

CDI Equations
 ingestion of tapwater,

. pCi
“Olyateraring P = Couater (T] i [”:V\'ffar—adj(a1 88 L)]

where:

350 days 078 L
(EFfar—c {7%&” ] ® EDfar—c [6 years) = ‘RWfar—c {Tay D +

IFW (31 388 Lj =

far-adj
B, (39995 cen (34 years) <R [25L
far-a year far-a far-al day
o inhalation,
P pCiy 3% . [05L
CDlwater—far—inh {rCi) Cg—water(fj I’:Afar—atlj [259DDDm ) K( i
whete:
3
350 days ) | . 24 hours) [ Tday 3 10 m
[EFfar-c{ year J EDfar—c(E bt ETfar-:{ day ] (24 hnursj lRAfar—:[ day H *
IFA, [259‘000 ma) =
ar-ad)

5
350 days 24 hours 1 day 20 rri
EFfar-a[ year J * EDT’ar—a (34 years) * ETfar—a[ day } * [24 huurs] * IRAfar-a[ day ]]

e immersion in tapwater,

. _ pCi 1 year
Ol for i (POFYERTL) = Co o [TJ * DA, ;{9 883 hours) « (57750 hours]
where:
350 days 1 event 0.54 hours
[EFfar—c[ year J = EDfar—c(E years) = Evfar—c[ day J evem—far—c[ event N *
DFAfar—adJ (9 5A3 hnurs) =

EF 350 days) ED (34 years) sy, 1event) | ET 0.71 hours
fara year far-a faratl day event-far-a event

« 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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n
col [pCi) = & CDI [nCi);
=1

water-far-produce-tot water-far-produce-ing

where:
n =total number of produce iterns included

and:

pCi
Cg—water [TJ * ”:far—adj (g) = CFfar-pruducem) =

)~ ) < 5 ) s ()

(pCij =

CDlwater-far-pruduce

where:

L B
Ir = F = MLF s [1-ewp|-| B | =t [days
i) o ¢ i |
res | kg F{k—g] . A_B
e day

L A 1
Ir x F = By = [1-exp [ [_B] B! [days)}
Ire {i] = [mz-dayJ et [ Ty b d
rup |
P kg plka

far-produce-ing-tot

and:
Ir mF ol T | 1-exp [E]H(days)
| [ L} _ \m*-day ]
d
ep kg . {k_gj « [
¥ day
and:
350 days q
{EFfar-c [T] = s (@ e = e [HJ]JF
¥ ¥
IFfar—atij (9) = 350 days g
{EFfar-a {—year J =" (34 years) = IRe\a [HH
where:
n
col (pCi = £ CDI (nCil;
i

- far-produce-ing

where:
n =total number of produce items included

and:

pGi

oy (pCi) = Cproduce [?] * H:far—adj(g) " CFfar—pdeuce (1)

far-produce-ing

where:

350 days ]
{EFfar-c {—year J XEDg . (6 years) = IRear e [EHJF

IF, () =
far-adj
EF 380 days |, g (34 years) = IR 9
far-a year far-a far-al day

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

EE - = 8
Cg-water [T] ‘FEfar-adJ (T?S,BWD g) CFfar—eggm)

col - (pCi) =

water-far-egg-ing . day) a 04LY  (_1kg

eyl ky w-poultry | day 1000 g
where:
er,  [B0995) cep (5 years) xRE. (317 8)]
_ far-c year far-c farcl day

IFEp, o 775810 0) =

350 days) | . 596 g
{EFfar-a {7year ] EDfar—a (34 years) ‘REfar-a[ doy n

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

LC'J = IFP (1 376,560 g) = CF, )=

Cg-water[ L far-adj far-poultry
col L (pch) =
water-far-poultry-ing o= day a 04L 1 ky
=« ®
pnultry{ kg } W-pnultry[ day } [1 ooo0 g}

where:

e [F09) Len  (Byears) <ipp  [4898))
B far-c year far-c far-c day
350 days 107.4 g
{EFfar-a {—year ] % EDfar—a {34 years) = IRPfar—a{ Ty J]

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

PPy 501 376,550 6)
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_ pCiy L LY, [Tk . .

CDlwater-far-ﬂsh-ing {pCi) = g-water[TJ {ECF[@J {WDDD ] IFFlfar-atlj {10,018 960 ¢) CFfar—ﬂshm
where:

Er (39995 L en (5 years) xRFI_[5740]) L

far-c year far-c farc | day
1Pl pqp (10018.360 &) =
g 350 days 831849
[EFfar—a [—year ] = EDfar—a [34 years) = ‘RFlfar—a { Ty D

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

pCi
Cg-water [T] . ‘FBfar-adJ (2 (W20 g) * CFfar—heefm) *
col - (pCi) =
water-far-beef-ing TE day a 53L 1 ky
beef {k_g] w-beef{dayJ (1 [T} g]
where:
Er [PB5) L ep (5 years) < IRE,[B2B8)]
farc year farc far-c | day
IFBfar ] (2098 950 g) =
B 350 days 1653 g
{EFfar—a {—year } <ED (34 years) x RE, [—day D

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

pi
Cg—water [TJ *IFD

. Cij =
water-far-da\ry-mg(p ) T day 3 | 1.03 ky o . a L2L) (kg
dairy \Crmil )~ P LT mik w-dairy | day 1000 g

(10,138,030 g) = CF, =

far-adj far-dairy

col

where:
9947 g

350 days
[EFfar-c [—year J x EDfar—: (6 years) = lRDfar—c {—day J] +

EF, B ey (34 years) % IRD ETtEd g
far-a year far-a far-a day

IFD (10,138,030 g) =

far-adj

0 consumption of swine. Table 13-51 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced swine.

p_C‘] = IFSW, (1) =

Cg-water[ L far-ad]

chl . [pCi) =
water-far-swine-ing TE day a 11.4L 1 ky
sw | kg w-swing | day 1000 g

where:

(1071820 g) xCF, .

EF SE RS 1. (B years) = IRSW 337 97) 4
far-c year far-c far-c | day

IFSW, (1 1715208 =
- 350 days 925 g
S [—J *ED. (34 years) = IRSW {Wn

year

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.

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

pCi
Cg-water [T] = ‘FGOfar-adJ (o) = CFf:ar-gn:atm) "
chl - (pCi) =
water-far-goat-ing TE m . q 3.61L . 1 kg
goat | kg w-goat | day 1000 g
where:
EF 350 days) ED (E years) = |IRGO B+
far-c year far-c far-cl day
GE R g
BF., |38 « e, (34 years) xIRGO, |-
ar-a year far-a far-a | day

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

pCi
Cg—water [TJ * I’:GMfar—adj (o) = C’:far—goat—mi\k(1J "

CDlwater—far—gual—rnilk—mg (pCI) - TF day 1.03 ky ! a 875 L 1ky
Y R VP Ll T I =g oy o I
goat-milk [L mllkj P (1 Lm\lk] W—goat—ml\k[ day J [muu gJ

where:
350 days . . g
{EFfar-: [—year ] EDfar—c (6 years) lRGMfar-c[mH +
P08 = 350 days
EF, 2SR < ED (34 years) % IRGM g
far-a year fara far-a day

. 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
Cg-water [T} " IFSHfar—adJ(g) " CFfzar—sheep(1J "

water-far-sheep-ing (pC\) - TF day aQ 525 L 1ky
=t Y 2| ==
sheep[ kg ] W—sheep[ day ] [mutl g]

whete:

col

350 days ]
{EFfar-c (W] = EDfar-c (B years) = ‘RSHfar-c [d_ayn +

far-adj (g)
EF; S ) | g (34 years) = IRSH 9
ar-a year far-a far-al day

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

IFEH

pCi
Cg-water [T] " IFSMfar—al:lj (o) - CFr'zar-sheep-mwlkm:I "
CDlwater—far—sheep—mi\k—ing(pCI) - TF day 1.03 ky 3 a 104 L 1 kg
) % ® ®
sheep-milk [L mukJ P [1 L m.\k] w—sheep—mwlk[ day ] [mun g}
where:
350 days . . g
[EFfar-c [—year J EDfar—: (6 years) lRSMfar—: {K}J] +
IFSih

far-adj (g) =
Br [309) cep (34 years) xREM_ [ 9
far-a year fara faral day

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,
risk-based PRGs 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 4.26.7 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

CONSUMPTION .OF W. q
BEEF & MILK & SWINE s H'

CONSUMPTION O
ETABLES

PRG Equations - Only
Results of back-calculating exposure to soil and water are presented in an interactive graph. See Section 4.26.7 for details.

« consumption of produce (fruits and vegetables).
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y-INTERCEPT =

PRG [pCifg) =

soil-far-produce-ing-tot

0! 1

z PRG Cift
=1 soil-far-produce-ing {pCi g)‘
and:

#-INTERCEPT =

PRG (pCill) =

water-farproduce-ing-tot

il 1
=
[i=1 PRG,ater-fa r-produce-ing (pCiL; J

where:

n = tatal number of produce items included.

e consumption of eggs.

F‘QGsuil—far—egg—mg=
PR3 (nCify)
y-INTERCEPT = far-egg-ing
a W2 .. q 1y =1 (1)x[R +R } +
[daJ p-poultry day p-poultry S-poultry upp  es
TF [ 22Y)
eqol k
] a 0.022 ky i 1)
s poultry day p-poultry
and:
PRGwaler-far-egg-ing UJCUL):

PRGp g yq-ing (PCH)

wINTERCEPT = ; L .
day : g
TFegg{ ky J * QW-pDultry[ day } * [muu gJ
where:
_Qw-puultry {Ddi L]
SLOPE= g

0.2 kg 0.022 ky
Qp—pnultry[ day J xfp—pnuhrym XT-sfpnultry (1) = [RuperReaJ] + [Qs—pnuhry{ day J xfp—pnultry (1)]

where:

pCi/ g-dry p\ant] R =m
es

025 g-dry soil
R =B =
upp Vdf}‘( nCi/ g-dry soil ]

pasture [ g-dry plant

» consumption of poultry.

PWBsnil-ﬁar—pnuHry—ing=
PRG . Cift
4 INTERCEPT = far poulrying (*°1)
e ‘ [Dng}X UL, (1)x[R +R ] +
[day] p-poultry | day p-poultry s-poultry upp es
TF —L | =
poultry | K
g a D022 ky ) f i
s-poultry day p-poultry
and:
PRGwater-far-poultry-mg (pleL) =
PRG

far-poultry-ing [p Cifg)

y-INTERCEPT = 3 AL "
ay . g
TF i Yl 285
pouhry[ kg J * w—poultry[ day J * {mgu QJ
where:
’Gw—poultry [Udl;;_J
SLOPE=

0.2 kg 0.022 ky
{Qp-poultry[ day J Xfp-pou\try(‘lj xfs—poultry (1) * [Rupp"'ResJ] + {Qs-poukry{ day J Xfp-poultry (1)]

where:

_ pCif g-dry plant _ 0.25 g-dry =oil
R =B —_ =MLF _
upp vdf}’{ pCifg-drysoil | ' es pasture | g-dry plant

o consumption of beef.
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PRGsml-far—bz=.-ef—mg=
PRG [nCidy)
y-INTERCEPT = HIREEERTY
11.77 ky
day [Gp-beef{ day ] * fp-beefm o beer 1) = [Ruppmesn +
beef {k_g] *
05 kg
[Qs-beef [Ty} = f;:u-bz:.-.:,-f (1)}
and:
PRGwater-far-beef-mg(pcm‘) =
F.HGfar-heef-in (pCu’g)
#*INTERGEPT = - 953 - -
fay S8 4
TFheef[ ka ] ) Qw-heef[ day] ) [mgg g]
where:
53L
onl3)
w-beef
SLOPE= ¥

11.77 kg
{Qp-beef[ day ] = fp-heef (13 Xfs,-heef (13 * [Rupp+ﬁesj] * [Qs-beef[

where:

=] =By 04 iy i i 0.25 g-dry soil
upp dry | pCifg-dry sail | ' es pasture | g-dry plant

o consumption of milk.

05 kg
day ] Xfp-beefm]

PRGsmI-far-da\ry-mg=
PRG o (pCifg)
y-INTERGEPT = far-dairy-ing
20.3 ky ( J
Q (2 gy =f . My = [R+R ||+
TF day . 1.03 ky - . [p-dalry[ day J p-dalry” 5—da|ry() upp” Tes
dairy | Trmi )~ Pml T milk 04 kg
Qs—dairy[ day fop-dairym
and:
PRGwater-far-dalry-mg (pCiL) =

IR Gfa r-dairy-ing (p Cifg)

#-INTERCEPT = 3

day 1.03 ky 92 L 1 kg

TF, . Q L=
daw[L muk] . pm[1 Lmnk] . W'dalf}"[day J ) [mUUg
whete:
. {92 LJ
wi-dair

SLOPE= — Y\ day —

] g

Qp-da\ry[ day ] xfp-l:lairy (1) # fs-dairy (1) * [Rupp"'Res]J * [Qs-dairy[TyJ xfp-dairy (1)]

where:

pCi/ g-dry p\ant] R =M
as

R = By _ 0.25 g-dry =oil
upp dry | pCif g-dry sall

pasture [ g-dry plant

o consumption of swine.

PF{Gsnil-f:ar-swine-mg=
PRG - Cif
y-INTERCEPT = far-swing-ing P* /9]
a [m]xf et (1)X[R +R]+
{day] p-swine | day p-swine s awine upp es
=
swine | ky D37 kg
[Qs-swme[ day fop-swine(w)
and:
PRGwater-far-swme-mg(pc"’l‘)=

PRG, .. . (pCit)
wINTERCEPT = 3 LET-ETE '”191 0 —
ay d q
TP [EJ = Qw—swme[ day J * [mgg QJ
where:
i [11.4 LJ
W-swine
SLOPE= day

47 ky
[Qp-swme[ day ] = fp-swme (1 XT—s-swmem * (Rupp+Res]J * [Os-swme{ da

where:
0.25 g-dry sml]

pCif g-dry plant R =M
B pasture g-dry plant

RUPPZ vdf}’[ pCi f g-dry soil -

o consumption of fish.
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PF{Gsml-fa r-feh- mg=

farfish-ing
BorF| 43
kg

pCil) =

PR3 {pCifg) = Kd [ki]
y-INTERCEPT = c

and:

PRGwaler—far—ﬂsh—mg(

PR3 {pCifg)
#INTERCEPT = 7”'[“5“"”91 -
g
BoF|— | = |19
{kg] : [1000 g]
where:

i
SLOPE= — 3/
1000

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.

« consumption of goat.

PRGsnil-far-gnat-mg=

PRG {nCifg)
y-INTERCEPT = far-goat-ing
1.27 kg
g [QF'W‘[ Tay fop-goat(” “Togaat (1) = {Ruppmes]] :
[ﬂ] .
goat | ky
Q W2 || g 1)
s-goat] day p-goat
and:
PRGwaler-far-gnat-ing(pc"'L) =

FRG _[pGiry)

« INTERCEPT = ; far'w"'”g . -

BE - g

TFgoat( ky J : Gw—guat[ day J * (muu gJ
where:
B [3 81 LJ
- goat

SLOPE= goatl, day

1.27 ky 0.23 ky
[Qp-goat[ day ] xfp-goat (1) ‘fs-goatm = [HuperResJ] + [Qs—goat[ day ] Mrp-goatm]

where:

pCi/ g-dry p\ant] R =m
es

025 g-dry soil
R =B = it Mkl it
upp Vdf}‘( nCi/ g-dry soil ]

pasture [ g-dry plant

e consumption of goat milk.

PRGsuiI—far—goat—milk—mg:

PRG o (pCif
y-INTERCEPT = far-goat-mulk-mg( )
1.59 kg
day 103 kg)" [Qp'gw'm"k{ day J *fo-goat-mik £ * fo.goatmine () = (Rupp+R95]] +
TF —
gnat-milk [L milk} P [1 T milk} b 0.9 kg
Q el N (1)
sgoat-mik day p-goat-milk
and:
PRGwater-far—gnat-mi\k—ing (pCu‘Lj =
PRG . Cid
% INTERCEPT = far-guai-qmlk-mg (pC i)
day 103 kg | B75 L 1ky
Uy | e =Q I AT
goat-milk | | milk m L1 L milk w-goat-milk| ~day 1000 g
where:
875 L
-Qw-goat-ml\k da
SLOPE= i

1.6 ky 0.29 ky
[Gp-gnal-milk[ day ] ) T-p-gnzat-milk m * T—s-gnzat-milk (1)X(Rupp+ges]] + [Qs-gnat-mwlk[ day J * fp-gnat-milk(w)]

where:

_ pCi/ g-dry plant _ 0.25 g-dry soil
R“PP - Evdf}"[ uCifgdrysail | Tes MLFPSSTUVE g-dry plant

» consumption of sheep.

https:/epa-prgs.oml.gov/radionuclides/users_guide.htmI[9/6/2019 3:33:18 PM]



PRG User's Guide

PRGsmI-far-sheep-mg=

PRG (pCig)

far-sheep-ing

y-INTERCEPT =
1.75 ky
day [Gp-sheep[ day J xfp-E.heep m xT—E»—sheepm = (Hupp"'Res]] +
sheep[k_} *
g aQ 0.32 kg . f 1)
s-sheep| day p-sheep
and:
PRGwaIer-far-sheep-mg (pCifL) -

PRGfar-sheep-ing (pC u’g)

#-INTERCEPT = 5 T r

ay g

TF — | =Q
sheep[ kg J = W-sheep[ day J * {WDDD gJ
whete:
5.261L
’Gw—sheep da

SLOPE= g

175kg) j j 032kg) |
[Qp-sheep{ day } fp-sheepm fs-sheep(1J [Rupp+Res]]+[Os—sheep{ day } fp-sheepmJ

where:

pCi/ g-dry p\ant] R =M
s

0.25 g-dry =oil
R =B =
upp vdf}’{ pCif g-dry soil ]

pasture [ g-dry plant

o consumption of sheep milk.

PRGSDiI-fer—sheep-milk-ing=

PRG (rCifg)

far-sheep-milk-ing

y-INTERCEPT =
315k . .
ey 1.09 ky -1 [Qp-sheep-mi\k[ day ] fp-sheep-rnilk(ﬂ) fs-sheep-mi\km [Rupp+Res]] *
TF, —_— —_
sheep-mllk[L miIkJ - m(1 LmiIkJ ) 057 ky
Q I i (1)
s-sheep-milk| = gy p-sheep-milk
and:
PRGwaIer-far-sheep-milk-mg(pcm') -
FRG o [pGig)
wINTERCEFT = far—shee;:j—1mllk—|ng
TF ] day “p W.DSF.(g 5@ 104l 1ky
sheep-milk | L milk Ml Lmilk we-sheep-milk | day 1000 g
where:
a {10.4 LJ
w-sheep-milk
SLOPE= r day

3.15 ky 0.57 kg
{Qp-sheep-ml\k[ day ] xfp-shee;:u-mllk(“) xfs-shee;:u-mm-(m # [Ruppﬂqes)] * [Qs-sheep-mllk[ day J * p-sheep-m|lk(1)J

where:
_ pCi/ g-dry plant _ 0.25 g-dry soil
Fupp _Evdw{ nCif g-dry sail | os = M-Foasure o-dry plant

Results of back-calculating exposure to soil and water are presented in an interactive graph. See Section 4.26.7 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. 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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PRG Equations

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

* inhalation and
TR

risk . 3
SF, (ﬁ} IFAfar_adj(QSB,DDDm ]

PRG

i3] =
far-ait-inh [plem ]7

where:

3
350 days 24 hours 1 day 10 m
{EFfarrc [7}@&” ] ® EDfar—c(B years) = ETfarrc [7day ] = [724 hours] x ‘RAfarrc [Tay J] +

3
350 days 24 hours 1 day 20
{EFfar-a[ year ] *Flara (B2 geae) = ETfar—a{ day J = [24 hnurs] * IRAfar—a[ day ]]

« external exposure to ionizing radiation

I (259000 %) =

PRGfar—air—suh l:pC\.frnBJ = i
oF fiskiyear | pp (350 days) [ Tyear 1 ep (40 years) x ET hours) f dday ), cor (1.09
sub | cim? far | ™ year 365 days far far |~ day FEhours a
o total
3 _ 1
pRGfar-air—mt—nndecay l:pCu‘m J B T N 7
FRG

far-air-inh-nodecay PRGfar—a\r—suh-nndecay

« In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a
factory), decay should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from
radium in the soil, or an operating factory or landfill cap), the equations without decay should be used. The decay function,
found in section 4.10.8, can be multiplied by the ambient air equations above to acquire ambient air PRGs with decay.
Definitions of the input variables are in Table 1.

CDI Equations

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

 inhalation and
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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 risk based PRGs 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
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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

IRRIGATIONAN
INGESTIONIOF PROD

VADOSE ZONE
v

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.

PRG Equations

The method for calculating SSLs for the migration to groundwater pathway was developed to identify radionuclide concentrations in
soil that have the potential to contaminate groundwater above screening levels (i.e., MCLs or risk-based concentrations (RBCs).
Migration of radionuclides from soil to groundwater can be envisioned as a two-stage process: (1) release of contaminant in soil
leachate and (2) transport of the contaminant through the underlying soil and aquifer to a receptor well. The SSL method considers
both of these fate and transport mechanisms.

SSLs are back-calculated from acceptable groundwater concentrations. 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 acceptable groundwater
concentration is 10 pCi/L, the target soil leachate concentration would be 100 pCi/L. The partition equation is then used to calculate
the total soil concentration (i.e., SSL) corresponding to this soil leachate concentration.

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 the user has all of the parameters needed to

calculate a dilution factor, you may use the Method 2 (mass-limit equation for migration to groundwater).

Method 1. Partitioning Equation for Migration to Groundwater

Bw [eraler]
saL[PE - ¢ B (ke ) (L) o A sl ]
g water | | 1000 g d

where:

© = MCL= DAF
water

or
C =PRG = DAF
water

Method 2. Mass-Limit Equation for Migration to Groundwater

e (051) - water[ L J (year} Dgw [70 years)
g (_g] 1000 g
L S kg
whete:

C =MCL= DAF
water

or
© =PRG = DAF
water

Then calculate the dilution factor using this equation.
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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. The first is the explanation of the inhalation
variable: the particulate emission factor (PEF). The second is the use of the radionuclide decay constant (A). The third is the
explanation of the area correction factor (ACF). The fourth is the explanation of the outdoor soil gamma shielding factor (GCF ). The
fifth is explanation of the groundwater transport portion of the equations involving the soil to water partition coefficient (Kg).

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 PRGs. 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.
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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 PRG 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 estimates of parameters 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
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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: 3 VKT = 30 vehicles x 0.045 km/day x (52 wks/yr / 2) x 5 days/wk = 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
from wind erosion, excavation soil dumping, dozing, grading, and tilling or similar operations PEF'.. 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 (A)

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"\) takes into account the number of half-lives that will occur
within the exposure duration to calculate an appropriate value. For the secular equilibrium PRG 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. However, in the absence of empirical data, the secular
equilibrium PRGs 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 PRGs, 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 PRGs. 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 ACF report and_appendix containing +D and +E values. For the calculation of
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area correction factors, a standard soil density of 1.6 g/cm3 has been used. For a description of other EPA default ACF
values that predate this guidance, follow the link here.

4.10.6 Gamma Shielding Factor

PRGs 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. When the calculator is ran in 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 risk 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 dose corresponding to covered contamination to that of an 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 soil gamma 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_gyi.svs GSFo.ext-1cm» GSFo.ext-5cm: CSFo-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 GSFy,; 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.

Understanding GSF,; GSF,; GSF, istal

LGSk

‘GSF; = “Indoor Exposure” Factor =04 |

GSF, = GSF, X GSFy ~‘

Gamma Shielding Factor | Recipient Exposure Location | Shielding from Subfloor | Shielding from Soil Cover
GSFi Inside v

GSFo Qutside «

GSFb Inside Vg

GSFi-total Inside v «

Figure provided by Lyndsey Nguyen of U.S. EPA Environmental Response Team-Las Vegas

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.

4.10.7 Using the Back-calculated to Soil and Water Graph

When multiple media are contributing to the overall site risk, it may be more practical to remediate one medium vs another. In
the case of the farmer scenario, water and soil may both contribute to the risk from ingesting produce, milk, beef, swine,
poultry, eggs, and fish. Sheep, sheep milk, goat, and goat milk will be available for selection in site-specific mode, provided
the user is able to provide intake rate data for children and adults. The graph shows the PRGs for soil and water to achieve
the target risk or target hazard index for the exposure route of concern. The back-calculated to soil and water PRG results are
listed after back-calculated to soil and back-calculated to water on the results page. The graph is available for ingestion of
produce and animal products and may be accessed by clicking on any highlighted blue PRG link in the image below.

Default

Farmer PRGs for Contaminated Soil and Water - Secular Equilibrium

Produce | Produce Fish Fish
Soil Water Soil Water
Intercept | Intercept Intercept | Intercept
PRG | PRG PRG
Produce TR=1E-06 | TR=1E-06 | TR=1E-06  Beef
Isotope Siope | (sCifg) | (bCi) (i) Slope
*Secular Equilibrium PRG for Am-241 | -3.17E-02 1.27E-02 242E03 -6.48E-03
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Clicking on a highlighted blue back-calculated to soil and water PRG will take the user to the Farmer PRG Graphical Results
page where the graph is displayed. The x-intercept (x,0) shows where the water PRG = Target Risk (TR) and soil
concentration must equal 0. The y-intercept (0,y) shows where the soil PRG = TR and the water concentration must equal 0.
Any point between (x,0) and (0,y) shows a separate PRG for water and soil that will meet the TR. The slope between the
water PRG and soil PRG is provided, if the user wishes to calculate another PRG that will meet the TR.

*Secular Equilibrium PRG for Am-241

Ingestion of Vegetables RISK=1.0E-06
Water PRG [x-intercept] = 2.54e-1 pCifL
Soil PRG (y-intercept) = 8.06e-3 pCijg
Slope =-0.031726258

Soil PRG pCU’g

01 0.15

Water PRG pCi/lL

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCifg and 1.0E+6 pCi/L and lower bounds of 1.0E-10 pCi/g and 1.0E-10 pCi/L

solely for presentation purposes to avoid scaling issues.

The scale of the graph has been programmed with upper bounds of 1.0E+6 pCi/g and 1.0E+6 pCi/L and lower bounds of
1.0E-10 pCi/g and 1.0E-10 pCi/L solely for presentation purposes to avoid scaling issues.

4.10.8 Half Life Decay Function

In situations where the contaminant in the soil or air is not being replenished, 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 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, or an operating factory or landfill cap, 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 PRGs with decay.

« The following half life should be multiplied by CDI equations:

(1-9'“)
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« The following half life should be multiplied by PRG equations:
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5. Recommended Default Exposure Parameters

Table 1 presents the definitions of the variables and their default values. The PRG default values and exposure models are consistent with the
Dose Compliance Concentrations for Radionuclides (DCC) calculator. Both the PRG and DCC calculator default values are consistent with the
Regional Screening Levels for Chemical Contaminants at Superfund Sites (RSL) calculator where the same pathways are addressed (e.g.,
ingestion and inhalation) and are analogous where pathways are similar (e.g., dermal and external exposure). This calculator, the DCC, 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

Slope Factors
Symbol * Definition (unit: Default Reference
Sl Factor - ext | isk/
SF o150 Qpe actor - external exposure (risk/yr per Isotope-specific ORNL 2014c
pCi/g)
Slope Factor - external exposure (risk/yr per
SFext-1cm pCi;)g) z (riskiyr p Isotope-specific ORNL 2014c
Slope Factor - external exposure (risk/yr per
SF ext-5cm ,p 2 (risk/yr p Isotope-specific ORNL 2014¢
pCi/g)
Slope Factor - external exposure (risk/yr per -
SFext-gp pCilem2) Isotope-specific ORNL 2014¢
Sl Factor - ext | isk/
SForiar qpe actor - external exposure (risk/yr per s ORNL 2014c
pCi/g)
SF;¢ Food Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c
SF; Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014c
SFimm Slope Factor - immersion (risk/yr per pCi/L) Isotope-specific ORNL 2014c
Soil | tion SI Factor - lati
SF, S RATEI B (RS PRl R Isotope-specific | ORNL 2014c
(risk/pCi)
Soil | tion SI Factor - adult onl
SF., oft ingestion wlope Factor - adult only Isotope-specific | ORNL 2014c
(risk/pCi)
Slope Factor - submersion (risk/yr per
pCilcm3): -
SF, Isotope- fi ORNL 2014
b For use in this tool, ORNL 2014c units were R e =
converted to (risk/yr per pCi/m3)
SF,, Water Ingestion Slope Factor (risk/pCi) Isotope-specific ORNL 2014c
Dose and Decay Constant Variables
Symbol * Definition (units) Default Reference
gy Time - construction worker (years) 1 U.S. EPA 2002 Exhibit 5-1
trar Time - farmer (years) 40 U.S. EPA 2005 (pg. C-24/C-26)
tw Time - indoor worker (years) 25 U.S. EPA 1991a (pg. 15)
g Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)
TR Target Risk 1x 106 U.S. EPA 1991b
g Time - recreator (years) site-specific site-specific
U.S. EPA 2011a, Table 16-108; 90th percentile or
tres Time - resident (years) 26 ) ) P :
current residence time.
tiyy Time - worker (years) 25 U.S. EPA 1991a (pg. 15)
A decay constant = 0.693/half-life (year) Isotope-specific Developed for Radionuclide Soil Screening
where 0.693 = In(2) FH calculator
Miscellaneous Variables
T
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(unitless)

Symbol * Definition (units) Default Reference
ACFgyt.15cm | Area Correction Factor - 15cm (unitless) Isotope-specific ORNL 2014a
ACF gyt1cm Area Correction Factor - 1cm (unitless) Isotope-specific ORNL 2014a
ACF gxt-5cm Area Correction Factor - 5¢cm (unitless) Isotope-specific ORNL 2014a
Area Correction Factor - ground plane
ACFext.gp (i) 4 ? Isotope-specific ORNL 2014a
Area Correction Factor - soil volume
ACF gyt-sv (unitless) Isotope-specific ORNL 2014a
CF Beef Contaminated Fraction - farmer 1 Developed for Radionuclide Soil Screening
(TR (unitless) calculator
CF Dairy Contaminated Fraction - farmer 1 Developed for Radionuclide Soil Screening
(ETHET (unitless) calculator
CF Egg Contaminated Fraction - Farmer 1 Developed for Radionuclide Soil Screening
far-egg (unitless) calculator
CF Fish Contaminated Fraction - farmer 1 Developed for Radionuclide Soil Screening
far-fish (unitless) calculator
CF Goat Contaminated Fraction - Farmer 1 Developed for Radionuclide Soil Screening
laocey (unitless) calculator
O Goat Milk Contaminated Fraction - Farmer Developed for Radionuclide Soil Screening
far-goat: 1
i unitless calculator
milk
Poultry Contaminated Fraction - farmer Developed for Radionuclide Soil Screening
CFfar-pouHry 1

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 - farmer Developed for Radionuclide Soil Screening
CFfar-swine : 1
(unitless) calculator
CFres. Pro.duce Contaminated Fraction - resident 1 U.S. EPA 2011, U.S. EPA 2005
produce (unitless)
Developed for Radi lide Soil S i
GSF, Gamma Shielding Factor - Air (unitless) 1 SUCNELTTEIE [RETMETEI S Sl
calculator
Developed for Radi lide Soil S i
GSF, Gamma Shielding Factor - building (unitless) | GSF, x GSF, ORIl el [RETTOMIE TS Sl Sy
calculator
U.S. EPA 2000a. . 2-22). U.S. EPA 2000b. .
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 2-18) (pg ) (Pg
GSFg.ext-
ool Gamma Shielding Factor - 15cm (unitless) Isotope-specific ORNL 2014b
15cm
GSF,
ot Gamma Shielding Factor - 1cm (unitless) Isotope-specific ORNL 2014b
1cm
GSF,
ety Gamma Shielding Factor - 5cm (unitless) Isotope-specific ORNL 2014b
5cm
Gamma Shielding Factor - ground plane
GSFext-gp € € £ Isotope-specific | ORNL 2014b

Gamma Shielding Factor - soil volume
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Isotope-specific

(unitless)

_ Andelman Volatilization Factor (L/m3) _ U.S. EPA 1991b (pg. 20)

Density of milk (kg/L)
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Inhalation, Ingestion, and Consumption Rates
Symbol * Definition (units) Default Reference
Recreator Immersion Factor - age-adjusted
DFAvccas | (mourey et site-specific U.S. EPA 1991a (pg. 15)
Farmer Inhalation Fraction - age-adjusted Calculated using the age-adjusted intake factors
IFAtar.aq) g 259,000 : ditislaocedl
(m3) equation.
Recreator Inhalation Fraction - age-adjusted . ” Calculated using the age-adjusted intake factors
IFAec-adi site-specific )
L (md) equation.
Calculated using th -adjusted intake fact
IFAwsag | Resident Inhalation Rate - age-adjusted (m?) | 161,100 IR CEilt S GRjsree R e e
res-adj equation.
FBrar.ag Falrmer Beef Ingestion Fraction - age- 2,098,950 Calcullated using the aged adjusted intake factors
] adjusted (g) equation
IFDiarac Fa.rmer Dairy Ingestion Fraction - age- 10,138,030 Calcu.lated using the aged adjusted intake factors
adjusted (g) equation
Farmer Egg Ingestion Rate - age-adjusted Calculated using the aged adjusted intake factors
IFEfarad) 775,810 )
d (9) equation
Farmer Produce Ingestion Fraction - age- ” Calculated using the aged adjusted intake factors
IFfar-adj ' plant-specific )
adjusted (g) equation
IFFlaraq; Falrmer Fish Ingestion Fraction - age- 10,018,960 Calcullated using the aged adjusted intake factors
adjusted (g) equation
FPoar g Falrmer Poultry Ingestion Fraction - age- 1,376,550 Calcullated using the aged adjusted intake factors
d adjusted (g) equation
Resident Produce Ingestion Fraction - age- . Calculated using the aged adjusted intake factors
IFres»adj . plant-specific X
adjusted (g) equation
Farmer Soil Ingestion Fraction - age- Calculated using the age-adjusted intake factors
IFStar-acj : ¢ 9 1,610,000 : g the age-adj
adjusted (mg) equation.
Recreator Ingestion Fraction - age-adjusted X - Calculated using the age-adjusted intake factors
IFS ec-adj site-specific .
(mg) equation.
IFS g0 Resident Ingestion Fraction - age-adjusted 1,120,000 Calcullated using the age-adjusted intake factors
(mg) equation.
FSWiara Falrmer Swine Ingestion Fraction - age- 1171520 Calcullated using the aged adjusted intake factors
adjusted (g) equation
Recreator Surface Water Ingestion Fraction X . Calculated using the age-adjusted intake factors
IFWrec-adj . site-specific )
- age-adjusted (L) equation.
Resident Tapwater Ingestion Rate - age- Calculated using the age-adjusted intake factors
I':Wres-adj : 19,138 .
adjusted (L) equation.
Construction Worker Inhalation Rate
IRA.w (m3/day; based on a rate of 2.5m3/hour for 60 U.S. EPA 1997a (pg. 5-11)
24 hours)
IRAfar.a Soil Inhalation Rate - adult farmer(m3/day) 20 U.S. EPA 1991a (pg. 15)
IRAfar-c Farmer Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
Indoor Worker Inhalation Rate (m3; based
IRA; 60 U.S. EPA 1997 .5-11
w on a rate of 2.5m3/hour for 24 hours) alpg )
Outdoor Worker Inhalation Rate (m3/day;
IRA 60 U.S. EPA 1997 .5-11
ow based on a rate of 2.5m3/hour for 24 hours) a(pg )
IRA(ec.a Recreator Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA Recreator Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
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rec-c
IRA(csa Resident Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA(esc Resident Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
Composite Worker Inhalation Rate (m3/day;
IRA 60 U.S. EPA 1997a (pg. 5-11
w based on a rate of 2.5m3/hour for 24 hours) (Pg )
IRBgsr.o 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)
IRDf,r-4 Farmer Dairy Ingestion Rate - adult (g/day) 676.4 U.S. EPA 2011 (Table 13-25)
IRDgarc Farmer Dairy Ingestion Rate - child (g/day) 994.7 U.S. EPA 2011 (Table 13-25)
IREfr.a Farmer Egg Ingestion Rate - adult (g/day) 59.6 U.S. EPA 2011 (Table 13-40)
IREfar.c Farmer Egg Ingestion Rate - child (g/day) 31.7 U.S. EPA 2011 (Table 13-40)
Farmer Produce Ingestion Rate - adult
IReara uce Ingest Y plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
F Prod | tion Rate - child
Rearc EIMEITFHEELES IR (RS = en plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
IRFleyra Farmer Fish Ingestion Rate - adult (g/day) 831.8 U.S. EPA 2011 (Table 13-20)
IRFlegrc Farmer Fish Ingestion Rate - child (g/day) 57.4 U.S. EPA 2011 (Table 13-20)
IRF s Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page 15)
[REF Farmer Poultry Ingestion Rate - adult (g/day) 107.4 U.S. EPA 2011 (Table 13-52)
IRPfgrc Farmer Poultry Ingestion Rate - child (g/day) 46.9 U.S. EPA 2011 (Table 13-52)
Resident Produce Ingestion Rate - adult
IR & plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
Resident Produce Ingestion Rate - child
Rresc ' uce Ingest : plant-specific U.S. EPA 2011 (Table 13-10)
(g/day)
RSy Construction Worker Soil Ingestion Rate 330
(mg/day)
IRS¢;r5 Farmer Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRSfarc 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)
Outdoor Worker Soil | tion Rat
IRSqy, S EORERGEEEIIEE SIS 100 U.S. EPA 1991a (pg. 15)
(mg/day)
R tor Soil | tion Rate - adult
IRS 00 ecreator Sollingestion Rate - adu 100 U.S. EPA 1991a (pg. 15)
(mg/day)
Recreator Soil Ingestion Rate - child
IRS 200 U.S. EPA 1991a (pg. 15
rec-c (mg/day) (pg )
Resident Soil Ingestion Rate - adult
IRS 100 U.S. EPA 1991a .15
res-a (mg/day) (pg )
IRS/es.¢ Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
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C ite Worker Soil | tion Rat
RS, TSI ORI STel] gEstfe (RN 100 U.S. EPA 1991a (pg. 15)
(mg/day)
IRSWe,ra Farmer Swine Ingestion Rate - adult (g/day) 92.5 U.S. EPA 2011 (Table 13-51)
IRSWi,rc Farmer Swine Ingestion Rate - child (g/day) 33.7 U.S. EPA 2011 (Table 13-51)
Recreator Surface Water Ingestion Rate -
IRW, 0.071 Adult er percentile from Table 3.5 of EFH 2011
rec-a adult (L/hour) ult upperp !
Recreator Surface Water Ingestion Rate -
RWsce | i L /hourl; gest 0.12 Child upper percentile from Table 3.5 of EFH 2011
U.S. EPA 2011a, Tables 3-15 and 3-33; weighted
IRW 5.2 Resident Tapwater Ingestion - adult (L/day) 2.5 average of 90th percentile consumer-only ingestion
of drinking water (birth to <6 years)
U.S. EPA 2011a, Tables 3-15 and 3-33; weighted
IRW gs.c Resident Tapwater Ingestion - child (L/day) 0.78 average of 90th percentile consumer-only ingestion
of drinking water (birth to <6 years)
Exposure Frequency, Exposure Duration, and Exposure Time Variables
Symbol * Definition (units) Default Reference
Construction Worker Exposure Frequenc
DW,,, uet e 5 U.S. EPA 2002 Exhibit 5-1
(days/week)
Construction Worker Exposure Duration
EDgy e DU I SPsis L 1 U.S. EPA 2002 Exhibit 5-1
(years)
EDgy, Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-3)
EDfar-q Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a
EDs¢arc Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-3)
EDjy Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
EDow Outdoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
U.S. EPA 2011a, Table 16-108; 90th til
EDec Recreator Exposure Duration (years) site-specific ) a _a © e er
current residence time.
£ . Recreator Exposure Duration - adult (years) site-specific -
[E0) e Recreator Exposure Duration - child (years) site-specific U.S. EPA 1991a, Pages 6 and 15
U.S. EPA 2011a, Table 16-108; 90th til
ED/es Resident Exposure Duration (years) 26 ) a ,a © PRIEMID r
current residence time.
Epr- Resident Exposure Duration - adult (years) 20 ED,cs (26 years) - ED g ¢ (6 years)
[E0e s Resident Exposure Duration - child (years) 6 U.S. EPA 1991a, Pages 6 and 15
ED,, Composite Exposure Duration (years) 25} U.S. EPA 1991a (pg. 15)
EFu, Construction Worker Exposure Frequency 250 U.S. EPA 2002 Exhibit 5-1
(days/year)
ERrs Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
Indoor Worker E F
EFy ndoor Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
Outdoor Worker E [H
EF,, utdoor Worker Exposure Frequency 295 U.S. EPA 1991a (pg. 15)
(days/year)




PRG User's Guide

e Recreator Exposure Frequency - (days/year) site-specific U.S. EPA 1991a (pg. 15)
Recreator Exposure Frequency - adult . .
B e — site-specific U.S. EPA 1991a (pg. 15)
R tor E: I - child
EFoce CIEKELRIr LSBT (RS = i) site-specific U.S. EPA 1991a (pg. 15)
(days/year)
e Resident Exposure Frequency - (days/year) 350 U.S. EPA 1991a (pg. 15)
Resident Exposure Frequency - adult
EH 350 U.S. EPA 1991 .15
res-a (days/year) a(pg )
Resident E IF - child
EFocc CHIRISIN I SAEEIO GRS = €l 350 U.S. EPA 1991a (pg. 15)
(days/year)
EF,, Composite Worker Exposure Frequency 250 U.S. EPA 1991a (pg. 15)
(days/year)
Construction Worker Exposure Time
ET, 8 Eight Hours per 24 hour Da
ow (hours/day) 9 urs p By
ETsar Farmer Exposure Time (hours/day) 24 24 Hours per 24 hour Day
U.S. EPA 2011 (Tables 16-20 and 16-24 total of
[Era Farmer Exposure Time - away (hours/day) 1.83 time in vehicles, near vehicles and outdoors other
than near residence 25"%)
ETtar Farmer Exposure Time - indoor (hours/day) 10.0 1440 hrs/day - (ET¢, + ETyp)
[Elr Farmer Exposure Time - outdoor (hours/day) 12.167 U.S. EPA 2011 (Table 16-20 95t%))
e Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
STy Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
[Elee Recreator Exposure Time (hours/day) site-specific
2l izea Recreator Exposure Time - adult (hours/day) site-specific
Elliees Recreator Exposure Time - child (hours/day) site-specific
[Eles Resident Exposure Time (hours/day) 24 24 Hours per 24 hour Day
Resident E Time - ind
ET,oe SR S D = [eieer 16.416 U.S. EPA 2011 (Table 16-16 50th%)
(hours/day)
Resident Exposure Time - outdoor
ET 1.752 U.S. EPA 2011 (Table 16-20 50th%
res-o (hours/day) ( o)
Composite Worker Exposure Time .
=Ty T — 8 Eight Hours per 24 hour Day
Number of bathing events per day - adult . .
EV, te- i -
rec-a recreator (events/day) SIS
Number of bathi t: day - child
EVieoe LSS IS S [ (2 = Gl site-specific U.S. EPA 1991a, Pages 6 and 15
recreator (events/day)
Number of bathing events per day - adult
EVI’SS»E : 1
resident (events/day)
Number of bathing events per day - child
Evres-c . 1
resident (events/day)
Ew,, Construction Worker Exposure Frequency 50 U.S. EPA 2002 Exhibit 5-1
(weeks/year)
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Soil to Groundwater SSL Factor Variables

Wind Particulate Emission Factor Variables
Symbol ¥ Definition (units) Default Reference
PEF ion-
A Dispersion constant unitless andregion- |\, 5 E£pa 2002 Exhibit D-2
specific
A Areal extent of the site or contamination 0.5 (range 0.5 to U.S. EPA 2002 Exhibit D-2
(acres) 500 )
B Dispersion constant unitless PEF andregion- |, o £pa 2002 Exhibit D-2
specific
c Dispersion constant unitless PEF andregion- |, 5 £pa 2002 Exhibit D-2
specific
F(x) Function Dependent on 0886 x (UfUn) 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
Inverse of the Mean Concentration at the .
93.77 (region- L
Q/Cying Center of a 0.5-Acre-Square Source (g/m2-s specific) U.S. EPA 2002 Exhibit D-2
per kg/m3) P
Uk Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
U, Equivalent Threshold Value of Wind Speed 11.32 U.S. EPA. 1996, Appendix D Table 2
at 7m (m/s)
V Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002 Equation 4-5
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1.36 x
Particulate Emission Factor - Minneapolis
PEF,, el /'k “) 1SS! TP 109(region- U.S. EPA 2002 Exhibit D-2
g 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 2002 Equation 5-6
Surface area of contaminated road segment (AR = Lr x WR x )
A U.S. EPA 2002 Equation 5-5
R (m2) 0.092903m? /ft2 ) auet
Areal extent of site surface soil 0.5 (range 0.5 to
As e (rang U.S. EPA 2002 Equation 5-6
contamination (acres) 500 )
B Dispersion constant unitless 5.7383 U.S. EPA 2002 Equation 5-6
(0] Dispersion constant unitless 71.7711 U.S. EPA 2002 Equation 5-6
Fp Dispersion correction factor (unitless) 0.185 U.S. EPA 2002 Equation E-16
Lr Length of road segment (ft) Site-specific U.S. EPA 2002 Equation 5-5
Number of days with at least 0.01 inches of
p L Y Site-specific U.S. EPA 2002 Exhibit 5-2
precipitation (days/year)
Inverse of the ratio of the 1-h geometric
alc, mean conce-ntration to the emi5§ion Tlux 23.02 -(for 0.5 U.S. EPA 2002 Equation 5-5
along a straight road segment bisecting a acre site)
square site (g/m2-s per kg/m?3)
g Total time over which construction occurs (s) | site-specific U.S. EPA 2002 Equation 5-5
(number of cars x
tons/car +
W Mean vehicle weight (tons) number of trucks U.S. EPA 2002 Equation 5-5
x tons/truck) /
total vehicles)
WRr Width of road segment (ft) 20 U.S. EPA 2002 Equation E-18
Y VKT = total
vehicles x
distance
Si f fleet vehicle kil ters ti led
SukT um ot fieet venicie iriometers travele (km/day) x U.S. EPA 2002 Equation 5-5
during the exposure duration (km)
frequency
(weeks/year) x
(days/year)
Particulate Emission Factor - subchronic
REESS (site-specific) U.S. EPA 2002 Equation 5-5
(m3/kg)
Mechanical Particulate Emission Factor Variables from Other Construction Activities
Symbol ¥ Definition (units Default Reference
0.35 PMy particle size multiplier (unitless) 0.35 U.S. EPA 2002 Equation E-21
0.60 PM; g scaling factor (unitless) 0.60 U.S. EPA 2002 Equation E-23
0.75 PM;q scaling factor (unitless) 0.75 U.S. EPA 2002 Equation E-22
A Dispersion constant unitless 2.4538 U.S. EPA 2002 Equation E-15
. . - Necessary to solve VKT, in U.S. EPA 2002
A Areal extent of dozing (acres Site-specific
ez X Zing ( ) fie-specil Equation E-22
Acil Areal extent of tilling (acres) Site-specific U.S. EPA 2002 Equation E-24

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]




PRG User's Guide

0.5t
Ay Areal extent of excavation (m2) ggg?e ° U.S. EPA 2002 Equation E-21
A Areal e)‘<tenlt of site surface soil (range 0.5 to U.S. EPA 2002 Equation E-15
contamination (acres) 500)
Areal extent of site surface soil (range 0.5 to .
A U.S. EPA 2002 Equation E-20
ST contamination (m2) 500) q
B Dispersion constant unitless 17.5660 U.S. EPA 2002 Equation E-15
By Dozer blade length (m) Site-specific U.S. EPA 2002 Page E-28
By Grader blade length (m) Site-specific U.S. EPA 2002 Page E-28
C Dispersion constant unitless 189.0426 U.S. EPA 2002 Equation E-15
Clyeay Average depth of excavation (m) Site-specific U.S. EPA 2002 Equation E-21
ED Exposure duration (years) Site-specific U.S. EPA 2002 Equation E-20
Function Dependent on 0.886 x (Uy/U,
F(x) uncfion Lep (U¢Um) 0.194 U.S. EPA. 1996, Appendix D Table 2
(unitless)
Fp Dispersion correction factor (unitless) Site-specific U.S. EPA 2002 Equation E-16
Total time-averaged PMyq unit emission flux
J'7 (9/m2-s) for construction activities other than traffic Site-specific U.S. EPA 2002 Equation E-25
on unpaved roads
Unit itted from dozi ti
Mo, (gr;' B e site-specific U.S. EPA 2002 Equation E-22
Unit itted fi ti il
Mexcay nit mass emitiec from excavation sot site-specific U.S. EPA 2002 Equation E-21
dumping (g)
Unit mass emitted from grading operations
Magrade o el el site-specific U.S. EPA 2002 Equation E-23
M Gravimetric soil moisture content (%) 7.9 (mean value U.S. EPA 2002 Equation E-22
ez ? for overburden) e “
12 (mean value
Mm-excav Gravimetric soil moisture content (%) for municipal U.S. EPA 2002 Equation E-21
landfill cover)
MPC ing Unit mass emitted from wind erosion (g) site-specific U.S. EPA 2002 Equation E-20
Mgy Unit mass emitted from tilling operations (g) site-specific U.S. EPA 2002 Equation E-24
Na-doz Number of times site is dozed (unitless) Site-specific U.S. EPA 2002 Equation E-22
NA-dump Number of times soil is dumped (unitless) 2 U.S. EPA 2002 Equation E-21
Na-grade Number of times site is graded (unitless) Site-specific U.S. EPA 2002 Equation E-23
Nt Number of times soil is tilled (unitless) 2 U.S. EPA 2002 Equation E-24
Inverse of the ratio of the 1-h. geometric
i trati d th issi
Q/c,, mean air concentration and e emission Site-specific U.S. EPA 2002 Equation E-15
flux at the center of the square emission
source (g/m2-s per kg/m3)
Sdoz Soil silt content (%) 6.9 U.S. EPA 2002 Equation E-22
s Average dozing speed (kph) 114 (meanvalue |\, ¢ £pa 2002 Equation E-22
oz & e e for graders) - Y
S Average grading speed (kph) 114 (meanvalue |\, o £on 2002 Equation E-23
grade ge g g sp p for graders) . q
Sl Soil silt content (%) 18 U.S. EPA 2002 Equation E-24

https://epa-prgs.ornl.gov/radionuclides/users_guide.html[9/6/2019 3:33:18 PM]




PRG User's Guide

U Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Equivalent Threshold Value of Wind Speed
U, FRIRELEIS TRSEe VRO G S0 11.32 U.S. EPA. 1996, Appendix D Table 2
at 7m (m/s)
\ Fraction of Vegetative Cover (unitless) 0 U.S. EPA 2002 Equation E-20
Psoil In situ soil density (includes water) (Mg/m3) 1.68 U.S. EPA 2002 Equation E-21
2> VKT 40z Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002 Equation E-22
> VKTgrade Sum of grading kilometers traveled (km) U.S. EPA 2002 Equation E-23
Necessary to solve 3 VKT in U.S. EPA 2002
Ac.grade Areal extent of grading (acres) Site-specific Equationr}I;—ZS ve 3V Tgrage |
g Particulate Emission Factor - subchroni
PEF, (;3/'::)3 € =mission Factor - subchronic (site-specific) U.S. EPA 2002 Equation E-26
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