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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 settings may also need to be evaluated for potential ecological risk. EPA's guidance "Ecological Risk Assessment Guidance for Superfund:
Process for Designing and Conducting Ecological Risk Assessment" contains an eight step process for using benchmarks for ecological effects in the
remedy selection process.

This web calculator may be used to develop generic 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 subsurface 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 Superfund: Volume I, Human Health Evaluation
Manual (Part B, Development of Risk-based Preliminary Remediation Goals) (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. ARARs
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.

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 Knowledge. 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 Protection Knowledge 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."
http://www.epa.gov/superfund/health/contaminants/radiation/radrisk.htm#train

2. Understanding the PRG Website

2.1 General Considerations

PRGs are isotope concentrations that correspond to certain levels of risk in 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 cancer 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 dose, termed the effective dose 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. Cancer slope factors

used are provided by the Center for Radiation Protection Knowledge. The main report is Calculations of Slope Factors and Dose Coefficients and the tables of
slope factors are in a separate appendix.

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

The PRGs are generated with standard exposure route equations using EPA SFs and exposure parameters.

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 Assume Secular Equilibrium Throughout the Chain (no decay)

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.

2.2.2 Provide Results for Progeny Throughout Chain

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. This option presents the progeny so that when screening environmental data against PRGs, the risk assessor
can identify any isotopes for which he has no data.



2.2.3 No Progeny Included

This option displays PRGs, with half-life decay as identified in the PRG equation images, for only the selected isotopes. 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/cm2 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 I: 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. The radionuclides presented are those provided in the International Commission on Radiological
Protection (ICRP) Publication 107. This document contains a revised database of nuclear decay data (energies and intensities of emitted radiations, physical
half-lives and decay modes) for 1,252 naturally occurring and man-made radionuclides. ICRP Publication 107 supersedes the previous database, ICRP
Publication 38 published in 1983.

2.3.1 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.

N

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

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.

w

w1

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 IlI,
R. D. Sharp, A. L. Sjoreen, R.W. Shor. Oak Ridge National Laboratory 1984. Spreadsheet of values.

~

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 IlI: Review of Geochemistry and Available Kd Values for Americium, Arsenic, Curium, lodine, Neptunium, Radium, and
Technetium. Office of Air and Radiation. EPA 402-R-04-002C. July 2004. Spreadsheet of values.

2.4.2 Hierarchy by Parameter
Generally the hierarchies below are followed.

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



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

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

w

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

v

Poultry transfer factor (TFpo (day/kg). IAEA, EA, RESRAD. TFpO is the mass activity density in poultry (pCi/kg fresh weight) divided by the daily intake
of radionuclide (in pCi/d).

o

Egg transfer factor (TFEgg (
radionuclide (in pCi/d).

day/kg). IAEA, EA, RESRAD. TFegg is the mass activity density in egg (pCi/kg fresh weight) divided by the daily intake of

~

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

o]

Sheep Milk transfer factor (TFqairy (day/L). IAEA, NCRP, RESRAD, BAES. TFspeep.milk IS the volumetric activity density in sheep milk (pCi/L) divided by
the daily intake of radionuclide (pCi/day).

©

Sheep transfer factor (TF, e (day/kg). IAEA, EA, NCRP, RESRAD, BAES. TFsheep 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 (TFdairy (day/L). IAEA, NCRP, RESRAD, BAES. TFgoat-miIk is the volumetric activity density in goat milk (pCi/L) divided by the
daily intake of radionuclide (pCi/day).

11. Goat transfer factor(TFbeef (day/kg). IAEA, NCRP, RESRAD, BAES. TF,
intake of radionuclide (in pCi/d).

goat is the mass activity density in goat (pCi/kg fresh weight) divided by the daily

12. Soil to water partition coefficient (K (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,,; (pCi/g plant per pCi/g soil). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for cereal grain are used from
IAEA. (Bv,\e 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
BViyet Values were derived from Bvgyy sources, assuming the ratio of dry mass to fresh mass was presented in the source documents.

14. Soil to plant transfer factor-dry (Bvdry (pCi/g plant per pCi/g soil). IAEA, EA, NCRP, SSL, RESRAD, BAES. The values for cereal grain are used. (Bvdry 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 BVary values
were derived from By, Sources, assuming the ratio of dry mass to fresh mass was presented in the source documents.

BViyer and Bvyyy, can be determined using the following equations.

_ _ (100- MC
vaet_BVdry [ 100 J

where:
MC = percent moisture content (%)

and:

~ _(_100
B iy =P wet [1DD-MC]

where:
MC = percent 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 (Bvy,et), 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.

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.

Table 2.4.1-A Intake Rate | Intake Rate |Intake Rate forIntake Rate for| Intake Rate | Intake Rate (Intake Rate for|Intake Rate for
for Farmer | for Farmer |[Resident Child |Resident Adult| for Farmer | for Farmer |Resident Child Resident Adult
Child (g/day) | Adult (g/day) | (g/day) (FW) | (g/day) (FW) | Child (g/day) | Adult (g/day) | (g/day) (CPW) | (g/day) (CPW)
(FW) (FW) (CPW) (CPW)
Apples 82.9 84.7 72.2 73.7 43.0 43.9 374 38.2
Citrus 194.4 309.4 194.1 309.4 100.6 160.4 100.6 160.4
|Berries other 23.9 35.4 23.9 35.4 12.4 18.3 12.4 183
than
Strawberries
Peaches 99.3 103.1 111.4 115.7 51.5 53.5 57.7 60.0
Pears 76.9 59.9 66.7 51.9 39.9 31.1 34.6 26.9
|Strawberries 25.8 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 3.9 33.9 2.7 23.2 2.7 23.2
|Broccoli 14.4 35.3 13.1 32.0 9.9 24.1 8.9 21.9
Cabbage 1.5 85.7 12.3 92.1 7.8 58.6 8.4 62.9
Carrots 13.3 24.4 14.9 27.3 9.1 16.6 10.2 18.7
Corn 32.7 82.0 23.8 59.8 223 56.0 16.3 40.9
Cucumbers 16.9 54.9 25.4 82.4 11.5 37.5 17.3 56.3
Lettuce 4.2 37.5 4.2 37.5 2.9 25.6 2.9 25.6
Lima Beans 6.5 33.8 6.5 33.8 4.5 23.1 4.5 23.1
Okra 53 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 32.1 35.4 19.6 21.7 21.9 24.2
Pumpkins 45.2 64.8 45.2 64.8 30.9 44.2 30.9 44.2
|Snap Beans 27.5 54.3 27.3 53.9 18.8 37.0 18.7 36.8
Tomatoes 34.9 94.2 29.7 80.3 23.8 64.4 20.3 54.8
White Potatoes 57.3 141.8 51.7 127.8 39.1 96.9 35.3 87.3
Table 2.4.1-B Intake Rate for Farmer | Intake Rate for Farmer | Intake Rate for Resident | Intake Rate for Resident
Child (g/day) (DW) Adult (g/day) (DW) Child (g/day) (DW) Adult (g/day) (DW)
|Rice 34.8 88.5 28.8 73.2
|Cerea| 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 (BVyyet)

The new soil to plant transfer factors (Bv,

wet

) from IAEA (IRS-472) are unique to climate zone and soil type. There are three climate zones

(Temperate, Tropical, and Subtropical) and seven soil types (Default, Sand, Loam, Clay, Organic, Coral Sand, and Other) implemented in the PRG
calculator. When the tool is run in default mode, the climate zone is temperate and the soil type is Default, which applies to all soil types. For
rice, IAEA did not specify a particular climate zone and, therefore, the rice transfer factors have been applied to all three 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.

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




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

Organic Cation Sand content in the Clay content in the
. matter exchange . . . .
Soil group pH S mineral matter fraction mineral matter fraction
content capacity (%) (%)
(%) (cmol /kg) o .
Sand 35635 0.5-3.0 3.0-15.0 =65 <18
Loam 4.0-6.0 2.0-6.5 5.0-250 6582 18-35
Clay 5.0-8.0 35100 20.0-70.0 — =35
Organic 3.0-50 =20 2000-200.0 — —

*Technical Report Series no. 472.

Silt Loam Silly
Loom Clay
Loam

Eal‘;j

*Land Data Assimilation Systems (LDAS). NASA

2.5.2 Animal Product Modeling

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. Qp 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.

Table 2.4.2-A Intake Rate for Farmer | Intake Rate for Farmer | Intake Rate for Farmer | Intake Rate for Farmer
Child (g/day) (FW) Adult (g/day) (FW) Child (g/day) (CPW) Adult (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
IPouItry 46.9 107.4 23.2 53.1
[Egg 317 59.6 317 59.6




[Fish | 57.4 831.8 ] 35.2 509.9 |

Site-specific mode will also offer the user the option to add animal products from Table 2.4.2-B to the output. The tool has transfer factors for
these products, however, the user will need to enter their own intake rate data as the tool does not provide any. Again, the Food Commodity
Intake Database (FCID) may be used to find intake rate data but the user must convert the data to g/day, as it is required for use in this tool.

Table 2.4.2-B Intake Rate for Farmer | Intake Rate for Farmer | Intake Rate for Farmer | Intake Rate for Farmer
Child (g/day) (FW) Adult (g/day) (FW) Child (g/day) (CPW) Adult (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

2.5.3 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

Table 2.4.3-A Mass Loading Facotr Units Reference
(MLF)
Apples 1.60E-04 g dry soil / g fresh plant [EA (2009)
Citrus 1.57E-04 g dry soil / g fresh plant  [EA (2009)
|Berries other than Strawberries| 1.66E-04 g dry soil / g fresh plant [EA (2009)
Peaches 1.50E-04 g dry soil / g fresh plant  [EA (2009)
Pears 1.60E-04 g dry soil / g fresh plant [EA (2009)
|Strawberries 8.00E-05 g dry soil / g fresh plant [EA (2009)
IAsparagas 7.90E-05 g dry soil / g fresh plant [EA (2009)
|Beets 1.38E-04 g dry soil / g fresh plant  [EA (2009)
[Broccoli 1.01E-03 g dry soil / g fresh plant  |Hinton (1992), SSG-Appendix G
Cabbage 1.05E-04 g dry soil / g fresh plant [EA (2009)
Carrots 9.70E-05 g dry soil / g fresh plant [EA (2009)
Corn 1.45E-04 g dry soil / g fresh plant |Pinder & McLeod (1989), SSG-Appendix G
Cucumbers 4.00E-05 g dry soil / g fresh plant  [EA (2009)
Lettuce 1.35E-02 g dry soil / g fresh plant |Hinton (1992), SSG-Appendix G
Lima Beans 3.83E-03 g dry soil / g fresh plant |Hinton (1992), SSG-Appendix G
Okra 8.00E-05 g dry soil / g fresh plant [EA (2009)
Onions 9.70E-05 g dry soil / g fresh plant  [EA (2009)
Peas 1.78E-04 g dry soil / g fresh plant [EA (2009)
Pumpkins 5.80E-05 g dry soil / g fresh plant [EA (2009)
|Snap Beans 5.00E-03 g dry soil / g fresh plant |Hinton (1992), SSG-Appendix G
Tomatoes 1.59E-03 g dry soil / g fresh plant |Hinton (1992), SSG-Appendix G
White Potatoes 2.10E-04 g dry soil / g fresh plant  [EA (2009)
Cereal Grains 2.50E-01 g dry soil / g dry plant ~ Hinton (1992)
|Rice 2.50E-01 g dry soil /g dry plant  Hinton (1992)
|Pasture 2.50E-01 g dry soil / g dry plant  Hinton (1992)

2.6 PRG 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 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 conservative 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 Screening Guidance for Radionuclides: Technical Background Document includes more detailed modeling
approaches that take into account more complex site conditions than the generic or simple site-specific methodology used 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
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 will become disabled when risk output is 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 Output
This portion of the risk assessment process is generally referred to as "Risk Characterization". This step incorporates the outcome of the exposure and

toxicity assessments to calculate the risk resulting from potential exposure to radionuclides via the pathways and routes of exposure determined
appropriate for the source area.

The process used to calculate risk in this calculator does not follow the traditional method of first calculating a CDI (Chronic Daily Intake). Rather, risk is
derived using a simple method that relies on the linear nature of the relationship between concentration and risk. Using the equation below, a PRG,
the target risk used to calculate the PRG, and a concentration entered by the user are all that is required to calculate risk.

TR/ PRG =Risk/C

The linear equation above is then rearranged to solve for risk:
Risk = (C x TR) / PRG

where:

Risk = a unitless probability of an individual developing cancer over a lifetime, determined with the equation above;

C = Concentration entered by the user in site-specific mode [pCi/g ; pCi/cm? ; pCi/m3; pCi/L]

TR = Target Risk provided by the user in site-specific mode

PRG = Preliminary Remediation Goal, determined by the values entered by the user in site-specific mode [pCi/g ; pCi/cmZ2 ; pCi/m3; pCi/L]

2.7.2 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)
® 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 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 | Outdoor Indoor | Comp. | Con. Farmer Recreator
And 5. il Route Worker Worker | Worker | Worker
Volatilization
Inhalation
Submersion
Infiltration Groundwater/ Exposure Resident | Qutdoor Indoor | Comp. | Con. Farmer Recreator
And Surface i Route Worker Worker | Worker | Worker
Percolation Water
Ingestion
Inhalation
Immersion
Radionuclide Release —
Handling —>{or Sails Exposure Resident | Outdoor Indoor | Comp. | Con. Farmer Recreator
Area Spill T Route Worker Worker | Worker | Worker
E Ingestion
Inhalation
External
E 7777777 . e > Elmg‘ Exposure Resident | Qutdoor Indeor Comp. Con. Farmer Recreator
Route Worker Worker | Worker | Worker
Produce
Poultry
Egags
Beef
Milk
Swine
. . - - Fish
Conceptual Site Model of Quantified Exposure Pathways for radionuclide PRGs.
Black lines are direct exposure routes. Game/Fowl
Black dashed lines are direct and indirect exposure routes.
Red lines are indirect exposure routes. Game/
Animal

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

® Are there potential ecological concerns?
® |sthere 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 calculator, and the RSL, both follow the recommendations in the OSWER Directive concerning use of exposure parameters
from the 2011 Exposure Factors Handbook. Any alternative values or assumptions used in remedy evaluation or selection 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 Assessment Guidance for Superfund: Volume I, Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation Goals)
(RAGS Part B).

e U.S. EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities. Washington, DC. OSWER No. 5305W. EPA530-R-05-006

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

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

e U.S. EPA 2002. Supplemental Guidance for Developing Soil 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 Radiation and Indoor Air, Washington, DC. EPA 402-R-96-011A. PDF document View Appendix C here.

® U.S. EPA. 1994c. Revised Draft Guidance for Performing Screening Level Risk Analyses at Combustion Facilities Burning Hazardous Wastes. Attachment C, Draft
Exposure Assessment Guidance for RCRA Hazardous Waste Combustion Facilities. Office of Emergency and Remedial Response. Office of Solid Waste.

December 14.

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

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

® 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.

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

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 (25% 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
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®  consumption of produce (fruits and vegetables) - back-calculated to soil. Table 13-5 and Table 13-10 of the 2011 Exposure Factors Handbook were used to derive the
intakes for fruit and vegetables, respectively.



RGres-soiI-prod uce-ing-tot (pCitg) =

n 1
z :
=1 pRGres—soiI-pmduce—ing (Cug);

where:
n = total number of produce items included

and:
1
i t ar) =h| —
s Gres-pmducs-ing (pCVg) restw ) [year]
PRG : . (pCifg) = x
res soil-produce-ing M
Rupv HQQS 1-g res

where:

= By R =MLF
upy wet es produce

1
1

PRG

re s soil-produce-ing-tot (pCitg) =

&PFRE )

res-soil-produce-ing

where:
n = total number of produce items included

The consumption of produce exposure route drives the PRGs lower than all the other routes. It is recommended that produce-specific transfer factors
be used when available for a site. Further, the transfer factors from IAEA, used in these PRG calculations, are based on a composite of all soil groups.
Transfer factors for sand, organic, clay and loam soil types are also provided that may be more suited to a particular site. Additionally this equation
combines fruit and vegetable intake but only uses a vegetable transfer factor. The site-specific option of the calculator can be used to focus on
ingestion of one or the other and also enter a specific matching transfer factor, if the user changes the "Select Isotope Info Type" to "User-provided".
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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 fruits and vegetables. These equations
are also presented in the above equations.

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

4.1.3 Resident Air

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

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

operating factory or landfill cap), equations for the second scenario should be used.

Graphical Representation
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The resident ambient air land use equation, presented here, contains the following exposure routes with half-life decay:

® inhalation and
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® external exposure to ionizing radiation

1
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The resident ambient air land use equation, presented here, contains the following exposure routes without half-life decay:

® inhalation and

4 TR
PRG__ . (pciim?) = —
res-air-inh-nodecay SF ["Sk]xIFA

il pCi res-a

Cij[131,nn|3 m3)

where:

3
350 days = 24 hours 1day 3 10m
[EFres~c[ year ]‘EDres-c(E yREES) Erres-c[ day ]’[24 hgurs] lRAres-c[ day ]]+

3
o 350 days ED [ZD yearijET 24 hours|_( 1 day <IRA 20 m
res-a year res-a res-a day 24 hours resa| day

® external exposure to ionizing radiation
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SF =EF x =ED B =ET — I xGSF_(1.0
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| 1
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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
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The tapwater land use equation, presented here, contains the following exposure routes:

® ingestion of tapwater,

- TR
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L] 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
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*  consumption of produce (fruits and vegetables) - back-calculated to tapwater, Table 13-5 and Table 13-10 of the 2011 Exposure Factors Handbook were used to

derive the intakes for fruit and vegetables, respectively.



1
1
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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 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.
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Equations

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

* incidental ingestion of soil,

1
TRxt,, (year)xh[year]
-h risk 250 days 100 mg g
oW Uihy) £22I08YS
[1 e ]xSFsa [pCi]xEFW [ T }xEDw (25 years)xIRSw [ S ]: [10[0 mg]

* inhalation of particulates emitted from soil,

s Gw- soi]-ing(pc ifg) =

1
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pCi year

er (8hours :[ 1 day ]leA Bom’ |, 1 ﬁ‘[‘IEIJUg]
wl day 24 hours w | day PEF[m3 kg

PRG .. (pCifg) =
w-s0il-inh -t :
[ [, e, e

kg

® external exposure to ionizing radiation, and

TRXlw(yearJXA[ : ]
pRGw-suiI-a)u(pCifg) = M i =
1_9‘ W |xsE riskfyear SEE 250 day ] f 1 year |_
ext-sv | pCify Wl year 365 day
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|:‘RG\o\ur-soil-ir':g F'R(""\.I\r-e.uil-inh PRGw—snil—e:d

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.
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* Direct External Exposure to contamination at infinite depth

1
R
TRt (year)xh[yaar]

it X
1-a W |xsF rlsk.-’ylrear <EF 250 days) [ 1year |_
ext-sv | pCifg Wl year 365 days

” 8hours), ( 1day
ED,, (25 year)xACF_ El‘w[ o ] [24 hgurs]”GSFu-axt-sv(l'n)

= Gw- soil-sv (vCilg) =

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

1
TRx=t A
«t, (rean) (1)
M T
e W |<sF nskf)!rear <EF 250 days) [ 1year |
ext-1em | pCifg Wl year 365 days

- 8 hours 1day 3,
ED,, (25 years)xACF, | xET, [—ﬁr]"[m) OSF, o 1o (10)

pRGw-suﬂ-h:m(pch} =

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

TRth(yBar}x.\[ ! ]
PRG, oii5em PCVa) yeal
bt Tl '“, <SF riskfyear <EF 250 days) [ 1 year |
ext-5em | pCifg Wl year 365 days
8 hours 1day 1,
ED,, (25 year)xACF_, - xET [Ty]’[m] GSF_ o 4.50m (10)

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

TRth[yaar)x.\[ ! ]
PRG,, 1 1c.(RCi)= o
pessuld ey 1-ew |xgF riskfyear| - (250 days) [ 1year )
ext-15em | pCify Wl year 365 days

8 hours 1 day
EDW (25 year)mean-ﬁcmeTw [ day ]z [24 hours]xGSFo-sxt-iscm (1.0)



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

1
TRxt (year) }‘[year]

-t riskfyear 250 days 1 year
1-e W |xSF ——_|xFF [—)X[—]x
[ ] ext-gp [pCi.fcmz Wi year 365 days
8 hours 1 day
ED,, (25 yoar)<ACF, ETw[ = ] [m]xGSFH 2gp19)

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.

PRG (pCiferm?) =

w-soil-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.

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.
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The composite worker ambient air land use equations, presented here, contain the following exposure routes with half-life decay:

® inhalation and

1
TR=t [year)x.\[ ]
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® external exposure to ionizing radiation
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The composite worker ambient air land use equation, presented here, contains the following exposure routes without half-life decay:

® inhalation and

; TR
PRG. . . (pCu‘ma) =
w-air-inh-nodecay 7 3
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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




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

* incidental ingestion of soil,
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0w year
-h isk 225 days 100 m
1.0 ow |xsp |MSX|.pp [2298¥8|epm (o5 xrg. [Eoman 9
[ g ] Sa[pci ow | “year ow (25 yoars)xIRS day ) \1000mg

* inhalation of particulates emitted from soil,
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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.
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* Direct External Exposure to contamination at infinite depth

1
TRxt xA
ow(year) [year]

. (pCifg) =
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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

1
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W(War) [yasr]

o isk 250 d 1
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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.

pRan-suiHcm(pcug):

® Direct External Exposure to contamination 5 cm thick
1
TR=t A
ow () (year]
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- Ghours) [ 1day )
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(10)

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

1
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The resulting units for this recommended PRG are in pCi/g. The units are based on mass because the SF used is the 15c¢m soil volume for external
exposure.

ow-soik15cm

PRG (nCifg) = [




* Direct External Exposure to surface contamination

1
Tthow(year)XA[ﬁ]
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16 W |xsF necyest | gr (2 oaye) [ Uyear ]
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The resulting units for this recommended PRG are in pCi/cmZ. 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.

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.

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.
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The outdoor worker ambient air land use equation, presented here, contains the following exposure routes with half-life decay:

® inhalation and
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The outdoor worker 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.

4.4 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).

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

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

4.4.2 Indoor Worker Soil 2-D External Exposure

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

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

1
TRxt, xh| ——
o (year) {year]

-At. ik 250 days 1 year
1-e W |xSF NIskeye Al e Ep | =2titayE Iy S Al
[ 2 ] a)d-ﬁcm[ pCify WL year 365 days

o B hours) ( 1lday 1}, .
wt-5cm iW[ day ] (24 hours] BRF104) 2680, (1)

BRG S itacmi 0=

EDjw (25 years) =AC Fe

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

* Direct External Exposure to surface contamination
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The resulting units for this recommended PRG are in pCi/cmZ2. 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.

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.
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.
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Equations

Two sets of ambient air exposure equations are presented below. The first set of equations include a half-life decay function and the second set of
equations does not. In situations where the contaminant in the air is not being replenished (e.g., contaminated settled dust from a previous release
that is being resuspended), the first equation should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon
from radium in the soil), the second equation should be used.

The indoor worker ambient air land use equation, presented here, contains the following exposure routes with half-life decay:

® inhalation and
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The indoor worker ambient air land use equation, presented here, contains the following exposure routes without half-life decay:
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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.
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The construction worker soil land use equations, presented here, contain the following exposure routes:

* incidental ingestion of soil,
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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 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.
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* Direct External Exposure to contamination at infinite depth
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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.

e Direct External Exposure to contamination 1 cm thick
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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
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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.

1
TRxt (year) A[

pRGcw-sciI-Scm(pCdg) =

® Direct External Exposure to contamination 15 cm thick
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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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The resulting units for this recommended PRG are in pCi/cmZ2. 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.

Definitions of the input variables are in Table 1.

4.5.3 Construction Worker Air

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) typically involve on-site exposures to surface soils. The construction worker is assumed to be exposed to contaminants via the
following pathways: inhalation of ambient air and external radiation from contaminants in ambient air.

Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the second scenario does
not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a factory), equations for the
first scenario should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil, or an
operating factory or landfill cap), equations for the second scenario should be used.
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The construction worker ambient air land use equations, presented here, contain the following exposure routes with half-life decay:
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The composite worker ambient air land use equation, presented here, contains the following exposure routes without half-life decay:
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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 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.
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The construction worker soil land use equations, presented here, contain the following exposure routes:
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Definitions of the input variables are in Table 1.

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

This assessment is the same as Unpaved Roads.

4.5.4.2 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.
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Definitions of the input variables are in Table 1.

4.6.2 Recreator Soil 2-D External Exposure

This receptor spends time outside involved in recreational activities. There are no default 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.
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* Direct External Exposure to contamination at infinite depth
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Definitions of the input variables are in Table 1.

= Greo-sol-15cm(pCUQ) -

PR Greo-sol-gp(pC“(g) =

4.6.3 Recreator Air
This receptor spends time involved in recreational activities. There are no default PRGs for this scenario; only site-specific.
Two ambient air exposure conditions are offered for this scenario. The first scenario includes a half-life decay function and the second scenario does
not. In situations where the contaminant in the air is not being replenished (e.g., an accidental one-time air release from a factory), equations for the
first scenario should be used. In situations where the contaminant in the air has a continual source (e.g., indoor radon from radium in the soil, or an

operating factory or landfill cap), equations for the second scenario should be used.
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The recreator ambient air land use equation, presented here, contains the following exposure routes with half-life decay:

* inhalation (with half-life decay)
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The recreator ambient air land use equation, presented here, contains the following exposure routes without half-life decay:
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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.
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The consumption of fowl and game equations, presented here, contains the following exposure routes:
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transfer factor for fowl is the same transfer factor used for poultry.
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® consumption of land game - back-calculated to soil

PRG

rec-game-ing (pCifg) -
SFf

toe (year) =k [L] The

PRG T

PRG rec-game-ing [pCUg)

x

soil-rec-game-ing tp Cifg] B da
s ]

i "_; xl[ap_gam [E%JﬁF-Qame (% game () [nupnmes]] +[0&gams [d_z%]ﬂﬂlgams (1]” [1 -a'A'rsc]

where:
Rupp= B"rl:lrgr Res= MLFpaﬂurs (025)

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

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

RG ing (PCV9)
Y= rec-game-ing
pRGwaterArecAgameJng(pCﬂ) TF day xQ L}, 1k
game [ﬁ w-game [ﬁ] [mm g]

Definitions of the input variables are in Table 1.

4.6.5 Recreator Surface Water

This receptor is exposed to radionuclides that are present in surface water. Ingestion of water and immersion in water are appropriate pathways for
all radionuclides. Inhalation is not considered due to mixing with outdoor air. There are no default PRGs for this scenario; only site-specific.
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® ingestion of surface water
s TR
PRGreo-walar—ing(pcm')“ oF risk <IFW L
w('ﬁf}] rsc-adj( )
where:

days x hours events 0.05L
IFW _ {EFrBI}C [year] KEDTBC-I: (years) Erevan‘t-rec-c (avant] "EVFEI:-C [ day ]xIRWrec-c [ hour ]

gt
rec-adj [EF [days] <ED_(years)=ET (hnurs]xEV [events]“mw (a_us L]]
rec-al year rec-a event-rec-a | event rec-a day rec-al hour

® immersion



TR

riskfyear 1 years
SFimm( oy ]x[B?EU e xDFArec-adj (hours)

days events hours
[EFFBI:-C [yegr]xEDrec-c(YBarS)xEVren-c[ dayI ]XETE\fEnl-I'BO-c[svem] ]+

PRG (pCiL) =

rec-water-imm

where :

DFA (hours) =

rec-adj
EF days <ED (years]!EV events SR hours
rec-a year rec-a rec-a day event-rec-a | event
* total
Gl 1
pRGrec-watar—tnt(pch) B 1 A 1
PRGrec-watar-ing pRGrsa-water—imm

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.
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Consumption of Fish Equation

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

e consumption of fish.

PRG

- (pCifg) -
res-fish-ing SF, [HSE‘]:EFres (35& days]x

TR
549

o Toar ) <EDyg (28 years)<IRF [ﬁ] ¥oF o]

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.

4.8 Farmer

4.8.1 Farmer Direct Consumption of Agricultural Products

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of farm products for a subsistence farmer.
Like the resident, the farmer assumes the receptor will be exposed via the consumption of home grown produce (100% of fruit and vegetables are
from the farm). In addition to produce, 100% of consumption of the following are also considered to be from the farm: beef, milk, fish, swine, egg and



poultry. All feed (100%) for farm products is considered to have been grown on contaminated portions of the site. For these farm products, risk-based
PRGs are provided for the farm product itself (vegetables, beef, milk, etc.). Also like the resident, age-adjusted intake equations were developed for all
of the consumption equations to account for changes in intake as the receptor ages.
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Equations

. consumption of produce (fruits and vegetables). Table 13-5 and Table 13-10 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-produced

fruit and vegetables, respectively.

PR Gfar-produ ce-ing-tot (pCirg) = [ . 1

z -
=1 PRGfar—pmduce-ing (pCu’g)iJ

where:
n =total number of produce items included

and:

PR Gfar-pmduca—ing(pwg) 5

TR

risk
SFf [E] i IFfar-a dj (g) xC Ffa r-pro duce (1 )
where:

350 days ye
IF, (g) [EFfar.l: (W]IEDfar-c (6 years)xIRy, . [day]] i
faradjt9 = 350 days =
[EF ()@T]KEDfar-aﬁ“ years)xlﬁfa,_a (da)’]]

far-a
L4 consumption of poultry. Table 13-52 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced poultry.

TR

risk
SFy [Ea]x[FPfar'a g (1318,100 g) x (:|=far'm"r!‘r (1

PR Gfar-poultry\- ing (pC ifg) =

where:

350 days 2369
[EFfar-c[ year ]xEDfar-c (E Wars)xmpfar—c[ day ]]+

350 days 106.6 g
[EFfar-a[ year ]xEDfar-a (34 years]xlﬁpfar-a[ day ]]

L4 consumption of eggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.

PP p.ag; (1318100 9) =



TR

PRG, i (pCiFg) =
far-eqgg-ing risk
SF, [pC: [FEfar-adj (558 455 gj xCFfar_ngU)
where:
350 days 1095 g
[EFfar-c[ year ]xEDfar-c ':6 Years)xlﬂEfar-c[ day J]Jr
faf i (B‘SB 455 g)

350 days o 5349
[EFfara[ — ] {34 years) IREf ra[ iy D

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

5 TR
PRG . (pCifg) =
far-beef-ing risk
SFf [pCI] IFEfar-adj (2,202410 g) x CFfar-hsaf U]
where:
350 days 401 g
. [EFfar - ["——year ] far (6 years)= lREfar-c [_-_"day ]] +
IFE\‘ar-a:lj (2202410 9) =

350 days ], . 1780 g
[EFfar-a[—year ] ED,,, , (34 years) mafar_a[—dav )]

. 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,
] IFD . oq;(6.036.5%0 o) x CF, (1)

far-dairy-ing(pcug) = risk
SF
f[pCl

far-dairy
where:

350 days | " 3495¢g
[EFfarc[ year ] ED;_ . (B years)xIRD, ['Tday——]}'

350 days - 4456 g
[EFfar-a( year ] far-a (34 yearsj IRDfar-a( day D

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

IFDfar—a:Ij (6036590 g) =

. TR
PRG .. (pCifg) =
far-swine-ing risk
SFf [pC lFSWfar o (1,203,860 g) x CFfar-swinem
where:
350 days It 1854g

[EFfarc[ year ] EDfar-c (6 years) mwfarc[ day ]]

IFSW. o [1 203 860 )

350 days 4 979g
[EFfar a[ year ] far-a (34 years] IRSW, far- a[ day J]

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

: TR
PRG, .. {pCilg) =
far-fish-ing risk
SF, [p ] PPl g; (1918140 0) XCFy_ o 0 (1)
where:
BF, o[22 uep, (6 years)xirFl,  [229])s
ar-c year far-c day
IFFlry {1 918140 6) =
EFiEn Caye | o ... (34 years)xIRFI oy
far-al  year faral day

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

TR

PR . Cifg) =
Gfar-goai-mg (vCifg) = [nsk] «IFGO
f

o0 % CF {1

far-adj(g) far-goat
where:

350 days I " ]
[EFfar-c[ year ] EDfyy.c (6 years) xIRGO,, [EQJ]Jr

far-ag (%)~ 350 days g
[ Fr [W]* Dfar-a(B" yaars}xIF?GOfar_a[ﬁ]]

IFGO

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

[g) * CF\‘ar-goat-rrliil-< (1)

PR Gfa r-goat-milk-ing (pCifg) - risk
SFf

pCi

] IFCM 54

where:

350 days 4 No%
[EFfar—c [ year ] far c(E yearsj IRGhIII1far—c [day]]+

GMfar-adj(g) ) 350 d
EF. domadays xED, (34 years)xIRGM L
far-a | year far-a | day

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



L TR
PRC, r-sheep-ing (pCilg) = (risk]

IFSHfar-adj (g) x CFfar-shtaew (1)

where:
350 days)) 2 q
e [EFfar-c [—year ] EDfar—l:: (6 years) IRSHfar-c [E]J +

far-adj (9) = 350 days i
[ P [._mr Jxeofar_a(aa years)xIRSH,_ [E]]

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

T TR
I:‘RGfar-shetap-milk—ing (nCifg) = TR = S
f (EET] far-adj (g) ¥ ar.shee p-milk( )

where:

350 days b g
o [EFfar-c [—Ye = ]xEDfar-c (B years)=IR SMfar-c [ED*-

far-adj (9)= 350 days i
[ Ffar-a [W]anfa ra (34 years)meMfar-a (ED

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.
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* incidental ingestion of soil,



1
TRxt, (year)=h [year]

- i
1:0 M |sr [”_s'ﬁ]xms (1510000 mg)x{ 3
s\ pCi far-adj 1000 mg

PRGfar-soil-in g(povg) =

where:

350 days - x 200 mg
. [EFfaI'-C[—ysar ] EDfar_c(ﬁ years) lRSfar-c[ e ]]+
350 days 100 mg
[EFfar~a[ year ]xEDfar-apj1 yearsj leSfar-a[ day ]]

* inhalation of particulates emitted from soil,

IFS|rog; {1 10000 mo)

1
TRxte (year)xﬂt[year]

B LT _[259_0130 m3)x;x 1000 g
i\ pCi far-ad = kg
PEF[ T
kg

PRGfar-soiF-inh(pcwg)z[ - ]
1-e far

where:

3
350 days |, 4 24 hours) ( 1day . 10 m
[EFfar-c [ year ] EDfar-cEB years) ETfar-c[ day ] [24 hours] lRAfsr-C[ day ]]+

3
350 days 24 hours 1 day 20m
EFfar-a [ year ]xEDfar—a (34 yeals] ’ETfar—a[ day ]z [24 hgurs]:IRAfaf-a [ day ]]

® external exposure to ionizing radiation, and

IFA

arad [259,000 m3] =

1
TR tfar(year) A[ﬁ]

far-saikext PCVO = Mo riskfyear 350 days 1 year
1-e *SF v [ pCifg }XEF[ year ]x [3‘65 days]xEDiar (40 years) xACF ;.

12168 hours) [ 1day |, 10008 hours)_{ 1day 1}, =
{[ETfar-n[ day ] [24 hnurs] GSFD-ext-s\r ( 'D)]+[ETfar-i( day ] [24 hours] GSFi (D'd) GSFI: (“:I}H

consumption of produce (fruits and vegetables). Table 13-5 and Table 13-10 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-produced
fruit and vegetables, respectively.

PRG pCifg) =

soil-far-produce-ing-tot (

n 1
z ;
[#1 F'RGSOil-ranr-prmziuce-irrg (pCdg)i}

where:
n=total number of produce items included

and:
1
i t gar) x| —
SE pRGfar-produce-ing(pCD‘G) far“ ) [year]
PRG_ . . [pCifg) = x
soil-far-produce-ing -M
Rupv+Res 1.g far
where:
R =By R

= MLF
upy  wet ' es produce

The consumption of produce exposure route drives the PRGs lower than all the other routes. It is recommended that produce-specific transfer factors
be used when available for a site. Further, the transfer factors from IAEA, used in these PRG calculations, are based on a composite of all soil groups.
Transfer factors for sand, organic, clay and loam soil types are also provided that may be more suited to a particular site. Additionally this equation
combines fruit and vegetable intake but only uses a vegetable transfer factor. The site-specific option of the calculator can be used to focus on
ingestion of one or the other and also enter a specific matching transfer factor, if the user changes the "Select Isotope Info Type" to "User-provided".

where:



PR Gfa r-produce-ing-tot (pCifg) = = 1
z -
=1 PRGfar—produce-ing (pCVa);
where:

n =total number of produce items included

and:
i TR
PRG _(pCifg) = .
far-produce-ing figk
SFf [EJ 2 IFfana tf] (g) xC Ffa I- produ ce (1)
where:

350 days g
[EFfar-c[ year ]xEofar-c (8 yoars)xIR [El-é_y]]+

IF, [g)
far-adj 350 days .
[E Teed [WT]KEDWW (34 yeare) XIQfa'r-a (EYD

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

1
; 1 h| —
FRG {pCig) = pRGf""EE"“Q(pwg) x far(!"“f)" (yaal]
soil-far-egg-ing day 0.2k 0.022 k M
2 kg - ] f:

TFagg[ kg ]’lt [Qp-poullry[ day J"p-puulrry (1)*Es—poulry{1)X[Rupp+ﬂes]]+[us-puultry[ day ]x[P'PDU'"!‘ U]J i

where:

R =By

upp dry Ras= MLFpaslurs ':025)

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

1
- t ar)=h| —
PRG (pCirg) = RCtar-pouttrying (P°9) (Dol [!w]
soil-far-poultry-ing day 02 k 0.022 k -M
x L x x DL KD |, g
TFpﬂuI(y[ ki J [Gp-puullq[ day ] f;:l-pmrllr)r v i'vpuulirg; [:1) [Ruppmas]]‘{as-puuhly[ day ] rP'Pqutlym] feisl
where:
Hupp=&ldly RBSZMLFFIBSWIB (025)

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

O i () el
L At
BCF [_] M
kg [1 e J

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

P

RGsuiE-fa r-figh-ing (pCifg) =

1
t gar)xh
PRG (pCig) = PR tarecting 10 X for 0220 [3"“’]
soilfar-beef-ing At
day 11.77 kg 0.5 kg ihlp
TFheaf[kg]!I[op-heef[ day =‘fp-}:lael‘m’d&heafmx Ruppmes +ms—hea‘F day xfp—heal‘m 1-e A
where:
R =B R =MLF {0.25)

upp dry es pasture

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

1
i t xh —
PRG {nCifg) = PRCtar-daiy-ing P°¥4) : A [war}
soilfar-dairy-ing da =1 =it
¥ ), 103 ka)", 03kg],, i . 04 kg, 1-a Tar

TFdaily [L mik] Pm [I I miik] [[Op-dairj[ day T'p-dairj' [:1) fs-da'rryt‘) I:tupp +Res i Qs-daify day {p-l:h‘vliry[ll"| 2

where:

R =By R_=MLF (0.25)

upp dry eg pasture

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

1
; t 7Y (L
e e-ing (pCifg) far (Y29 [ year ]

da 47 kg 0.37 kg -M
TF ewine [Tgi] i l[ap-swina [ day ]xfp-smina m"'s-swina (1) [Rupp +Ras]] * [stswina [ day ]ﬁp- swine (')]J [l-e {ar]

where:
I;'.uppz B"'iiryI Res: MLFpaslure(D 25)

PRG

pCifg) =

soil-far-swine-ing {

* total in default.



PRGSOH-[&F—IM (pCivg)= 1 5 1 + 1 + 1 + 1 +
PHGsnI-fapsol-ing F'RGsoil-{:ar-sol-'nh PRGsoi-farAsol-em F'RGsoil-far-prol:luce-ing;ptot F”RGsoiI-{aar-egg-ing
1 4 1 » 1 i 1 i 1

PRGsoi-farApouItry-ing F'RGSGiI-far-fn;hAing PRGsmIAfar-beef-mg PResol-fapu’airyqng PRGsoiLfarAmineMQ

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

1
i t ar)xh| —
PRG {pCifg) = RGfa\r-qmant-ing{pc"'g) | fr (year) [warJ
soilfar-goat-ing \* "9 T ” = =
TFQ“‘[ kg ]x p-goat [HJ“%—goat (1)“5-9031 (1)x[Rupp+RES] *| 9 goat [day]xfp-goatm L
where:
=By R =MLF (025)
upp dry es pasture

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

1
t ear)=A| —
PRG {pCilg) = PRGfarvgoa[-rmli-mg {pCua) | (year) [year]
soil-far-goat-mik-ing & ] BT
Y | [LDB3kg) 7, g, ¢ - kg |, o far

T Fgoat—mlfk [m] Pm [m) [[Qp-gual-mll( [E] rp-gl:lat-mﬂk 0} {;goat-mllk m [Rupp+nes]] +[':'si_;nat-mllk [r.,] [p-goa!-mllk {1]]] [1 ° ]

whera:

F{u;)p= a"dry R§s= MLFpa sune {I:I 25)

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

: 1
PRG pCilg) 1, (year)xh [@]

far-sheep-ing [
day), fa ), 5 . Xa), %
TFsheep[kg] I[Qp-sheep [day] [p-sheep (1) fsfsheep (1) [ﬂuppmes]]{os—sheep[uay [p-sheepm T

where:

Ruop™Pary  Ros™MFoqure (025)

FRGsoiI-fav-sheep.ing(PCi"g] =

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

1
whf ==
pnclar-sheep-mllk-lng{pcn‘g} % “aftwar] [rearJ

PR
-1 ; ) y M,
day 1, 103kg) ", kg - LR e e far
rFsheep-mllk [L milk] pm[] L mili Qp-sheep-mllk day "fp-sheep-n\ﬂ. {1} ’s-shezp-mll; “J % [Rupgmzsl_ # Qs—ﬂneepm-lk day, ’p-sheep-m-ik m L

Gsnll-far-shee p-milk-ing [II £ .rg} =

where

R _=Br R__=MLF 1025)
upp dry es pasture

Definitions of the input variables are in Table 1.

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

The farmer scenario should be considered an extension of the resident scenario and evaluate consumption of farm products for a subsistence farmer.
Like the resident, the farmer scenario assumes the receptor will be exposed via the following pathways: ingestion of tapwater, external radiation from
contaminants in tapwater, inhalation of gases in tapwater and consumption of home grown produce (100% of fruit and vegetables are from the farm).
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 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.
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Equations
* ingestion of tapwater,
: TR
PRG, - (pCilL) =
water-fing risk
SFW ater [“pﬁ}x(l waar-a di (31,388 L))
where:

350 days 078 L
[EFfar-c[ year ]!EDfar-c 6 years)xtRWfar_c[ day ]]+

350 days . 25L
[EFfar-a[ year ]xEDfar-a (34 yaars] Iwaa r-a[ day D

. immersion in tapwater,

lefsr-adj (31388L) =

. TR
PRG ; Cill) = 5
water-far-imm (pCin) SF ( riskyr
imm

1 year
pCifl ]x[] FAfar-ar.ij (9 83 hnursj x[am ho urs]

where:

350 days 1 event 0.54 hours
[EFfar-c[ year ]xEDfar-c(Brsa's)xEvfar-c( day ]xEra\rant-far-c[ event ]] g

I.‘.l]—‘Af ; (3,583 hcurs)=
ar-ad)
/] EFf 350 days <ED E34 years]xEV 1 event PT 0.71 hours
ar-a year far-a faral day event-far-a event

® inhalation,

R TR
PRGater-far-inh (pCin) = e 3 05 L
SFi[p—c—i]“'FAfar-a 4259000 m ]:K[_m,r]
where:
350 days 24 hours 1 day 10 m?
5 [EFfar—c[ year ]“Enfar—c(6 years)xETfar_c[ day }{24 hou;s]xlmfar—c[ day k2
IFAG . oq;(259000 m?) =

3
350 days |, 24 hours 1 day 20 m
=70 [—War ] ED,,, , (34 years)<ET,_ (——dar ]x [24 o ur_s)xIRAfar-a [_day ]]

® consumption of produce (fruits and vegetables). Table 13-5 and Table 13-10 of the 2011 Exposure Factors Handbook were used to derive the intakes for home-produced
fruit and vegetables, respectively.



PRG

n 1

z -
F1PRC ytercfar produce-ing (pCYg); ]

water-far-produce-ng-tot (pCifg) = [

where:
n = total number of produce iterns included

and:
F F|Ftefar-pmdur.:e-ingj (pCig)
RG - (pciL) =
water-far-produce-ing 1kg Y, i u e = e =
1000 g rup | kg res | kg dep | kg
where:
b [HI:‘] 3 |ervawetx[‘| -BXp (.]\thb)] i [.!:.] 3 IrXFXMLFpmdUCGX[q-exp (—ABxlh)]
rup kg PxAB " res | kg PXAB
and:
(L. IrXFxlr*T[‘I-exp(-AEXtvﬂ
dep kg \"Vx.\E
where:
PRG 1

PR

PR

PR

PR

PR

n 1
z -
i=1 PRGfar—pruduce-ing {pCla’g)i]

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

where:
n = total number of produce items included

and:
: TR
PRG, . (pCifg) = =
far-produce-ing risk
SFf [FETJ Z IFfar—a dj (8)26 Ffa r-produce M
where:

350 days a
[EFfar-c [W]’Eofar-c (® Fars)*mf&rc [dTy]J i+

IF, [g) =
far-adj 350 da
ys ; 9
[EF [ = ]xEDfar_a[Sr# years) mfar-a[day]]

far-a
consumption of eggs. Table 13-40 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced eggs.
PRGfar—eg_g-ing [:pCifg)
egg [%] “Cw-poulry [%] o)

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

G,

water-far-egg-ing (pCiL) =

PRG . {pCi/g)
(pCifL) - far-poultry-ing

TF day | q 0A4LY [ 1kg
poultry kg ) “w-poultry | "day ) \T00D g
consumption of fish. Table 13-20 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-caught fish.

LY. [ Tkg
BCF[E] [1000 g]

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

Gwaier—far-poultry—ing

Gwater—far-ﬁsh- ing (

PRGfar-beef—ing(pCUg)

day hailt 1 kg
TFbeef[W]‘Qw-haef {WJ"(mm g]

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

) _ PRGfar—dairy—ing (pCifg)

G T CiL) =
water-far-dairy-ing (e e day 1.03kg Y a 92L),(_1kg
darry [m] P [1 L mi1k] wi-dairy [day] [1 0oo g]

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

G,

water-far-beef-ing (pCiL) =




PRG PRGfar—wine-ing(pCi’g)

watef-far-swine-:'ng(pCUL)=TF day a 11.4L 1 ky
sw | kg ) w-swine | day 1000 g

e total in default.

e 1
PRC catfar-0t (pCin)= i 1 1 1 1
PRG

+ + + + +

water-far-ing pRGwaier-lar-nh l:.FIG\o\.rater-far-imm pRGwaler-lar-pmduc&-ing-tot pRGwaier—far—egg-mg

1 1 1 1 1
+ + +

PRGwatwater-far-pclul‘lzy—ing PRGwaler-far-ﬁsh-ing F‘RGwater-ial-heef—ing PRGwater-far-dairy-ing PRGwater-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.

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

PRG - (oCilg
PRG (pCiL) = far-goat-ing (PCV9)

water-far-goat-ing s day «Q L il
goat| kg ) “w-goat|day) \1000 g

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

PRG {pCia)

far-goat- milk-ing

day 1.03kgY" L 1kg
TF x - =P - %0l ; e | ]| it
goat-milk \ L milk ] "m {1 L milk w-goat-mik | day ) \1000 g
L4 consumption of Sheep. Table 13-33 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced goat.

[pCii’L) = PRGfar-sheep—ing(pC"rg)

day L 1 kg
TFsheep[HJxaw—sheep [HJ:[‘IDDU g]

L4 consumption of Sheep milk. Table 11-4 of the 2011 Exposure Factors Handbook was used to derive the intakes for home-produced total sheep dairy.

i G'\-verater-far— goat-milk-ing (pCin) =

pRGwater—far—sheep—ing

[:pCi.fL) - pRGfar—Sheep-mllk-ing (pCifg)

— [ day ] (1_03 kg]“ LY. (1kg
(L) 2 P *Q ikl ==
sheep-milk \L milk) "m {1 L mik w-sheep-milk  day ) \1000 g

Definitions of the input variables are in Table 1.

iR Gwater-far— sheep-milk-ing

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
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Equations

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).

y-INTERCEPT =
T 1

PRCpilfa r-produce-ing-ot (pCg) = 5 ;

Z -

= l:‘RGsnil-far-;.)rt:ndut:e—ing (pCifg);
and:
x-INTERCEPT =
PRG 1

water-far-produce-ing-tot (pCig) =

1
>3 -
i=1 PRCyater-far-produce-ing (pCug);

where:

n = total number of produce items included.

*  consumption of eggs.



PRG gil-far-egg-ing™

1
FPRG, - Cif te  [year x.h[_]
yINTERCEPT = far-egg-ing("*V2) x 4 1. =
day |, 02kg|, % 2 0022 kg ), e Ha
TFagg[k_g] l[ap-poullry{ day ] rpvpclultnr(al) rs-pcultry(1) (Rupp+nes]]+[os—puuhr;r[ day } I‘p-pcultry':“)]J [1 8 r]
and:
PRGwatsr- faregg-ng (peinL)=
PRG __(pCify
xINTERCEPT = fa-eggring **19)
TF day «Q 04L). [ 1kg
egal kg w-poultry | “day 1000 g
where:
o [0.4 L]
w-poultr
SEREES 02k = 0.022 k
—_— 9 = = = _....._q =
[QF-PUUIIIY[ day ] fppuultrym rs-puuiirym [Rupp+Res]]{Qs-puuﬁry[ day ] f|:»-5:||:|uilr§r(1JJ
where:
Rupp=8‘rdry G Res= MLFpasture iy
®  consumption of poultry.
l:’R"?'stlil-far-paullrjr—ing=
4
PRG, . Ci/ 1. [year x.’.[_]
+INTERCEPT = far-poutry-ing (PCV9) | ! L i
day |, D2kg |, 2 0022 kg |, o Yar
TFpounry [‘;5‘] [[Qp.pnuluy[ day J 'p-pnunr_v,r(")”fspouluy{‘) [Ruppmas]}[os-pauhry[ da““y ] fp.poulnym]J [1 = ]
and:
PR Gwater—f ar-poultry-ing (pci) =
PRG . CiA
y-INTERCEPT = far-poultrf-mg(p 9
TF day ), 04L),( 1kg
poultry | kg | ~w-poultry | "day | (1000 g
where:
‘owpoullry [Dd:;_]
e 02k 0022 kg
._..._..g = o = e A
[Qp—pouhry[ day ] fp-pou!try(l) rs-poullry'rl] (Ruppmes]]"{as—pnullry( day ] rp—puul!ryrl)]
where:
Rupp= B"rdr)' i Hes= M"'Fpaslure {0'25)
®  consumption of beef.
pRGsniI—far-beefAinf
1
PRG . (pCifg) ifariyear)“[ ]
y-INTERCEPT = far beeting 5 -
day 11.77 kg 7 " 05kg), o Mar
TFheef[Tg‘]"[[Qp-heef[‘__“day ‘]"fp-heefm fo-peet 1) (Rupp“qes)]"[as-beef[““_da, fo-beef (1 1-e
and:
PRG (pCin) =

water-far-beef-ing

¥-INTERCEPT =

pRGfar-he ef-ing (pCi.‘g)

day 53L 1 kg
TFheef ['ﬁ"]’gw-b eef['ﬂﬁ]x[ﬁ'ﬁﬁ'ﬁ]
where:

SLOPE=

53 L
Oy beef [day J
M7k

q 0.5ky
L-;’;:s-heef[ day ]ﬁp-heefm"fs-heefE1)x[nupp+ges]]+[0s-beef[ day ﬂp-beerm

;i R__=MLF (0.25)

upp dry es pasture

®  consumption of milk.



PRG

soilfar-dairy-ing
1
PRG, . . (nCilg i (year)x?.[—]
y-INTERCEPT = : fa:-dalry-mg( ) r 8 year
day 103kg Y 203 kg 0.4 kg Mo
TFdaiq[LmilkJ“'m{1 Crilk, "[[Op-dairy[—da, ]xfp'dair\'[1)‘ff"dai‘s‘(1)x[Ruppmes]]+[Qs-dairy[Ty]xfp-daif)'[1)]] [19 ]
and:
PRGwaler-l‘ar-dair}ing {pCiﬂ.) =
PRG .. [pCifg
%INTERCEPT = far-dairy-ing (P€12)

-1
day 1.03 kg 92L 1kg
Fdairy [L milkJ’pm[1 L milk] 0. daiy[Fy]‘[mm g]

where:
92L
a2
-d
SLOPE= . bt AL :
.d kg A kg
[Qp-daiy[ day ]xfp-dairy ':1)x's-dairy(I)*[Ruppmesﬂ +[Qs-ﬂair;«'[ day ]’fp-dairy ':1)]

where:
Ru;ssz"'ﬂrgr ¥ Rasz MI‘Fpaslura{D'E]

®  consumption of swine.

FJFaC’\S\.\e-far-su\rina—rad-ing:
1
: t xh
INTERCEPT = PRO far-swine-ing (PC19) s far(!’e‘"lt [Year]
TF..o. [ﬂ][[a . [ﬂ}f o (1)x[R R ]J+[o . [M]f . (1)]} [1-&! far]
sWine | kg p-swine | day p-swine S swine upp  es sswinel day p-swine
and:
; [11.4 L]
w-swine
SLOPE= 47 k = 0.37 ki
el Ele]
[Op-swine[ day J‘fpﬁwinam‘fs-swina (1)~[Rupp+nas]]+[os-wina[ day ]‘fp-swinem]
where:
F'zl.lppzavnziry ; Res= MLFpastura (0'25)

®  consumption of fish.

PRGgpil-farsh- ing~

: L 1
PRGfarAfis;hAing (pCifg)xka [EJ Yar (year)x.\[ year ]

y-INTERCEPT = - 4 -
ay =
Bt . far
8¢ [ kg ] [‘l e J
and:
PRGy, ater-far-fish- ing (pCiL) =

PRG, . . (pCilg)

%INTERCEPT = _-m—-—-—fa’:"‘h '"91 "
Fl = x| —=2—

Be [kg] [NJDIJ 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 goat.



PRCgitfa rgoating

1
i t ar)=h
y-INTERCEPT = PRCfar-goating (PC2) -[ far (year) [year]
day kg kg L
Tanat {E]x [[Qplgnat [m]‘fplgaatm'fgguat W"[RUpp +Res]]+[os-gnal[m ‘fp‘goa[m 18
and:
PRG (pCiL) =

water-far-goat-ing

PR Gfa r-goat-ing (pC Lfg)

day L[ ke
Fyoat [ kg ]xa“"g"a‘[dar]‘ [1 oo QJ

®-INTERCEPT =

wheare:
L
)
w-goat
SLOPE= 039 Loy
kg x = x kg x
[Qp-goal[ﬁ) fp~gnai(1) fs-guatm (Ruppmesj]+[os-goai[ﬁ] rp-goal m]

where:
Rupp=mdry ' Res=ML'Fpaslure(D'25}

consumption of goat milk.

PRGSﬁiI—lar-goal-miHc-hg=

#INTERCEPT = = PRStar goa-miting %) [Ifa! (mr.)a: A[‘w_z;]
Tanal-miIk {Ldm%}pm (%} x[[ Dp»g oat-mik [:Tgnyprgo at-milk {‘)er-goal-miﬂc (1 [Ru pp ms S]J +[09-90 at-milk [:_:}] xtwgaat‘milk m]] l [14? far J

and.

FRGwaIal-farvguatvmilk-ing (o) =

*INTERCEPT = PRG'af-goal-mw:k-hs (pCif)
TFl;mal-:'nilk [[E:]%K]xpm [%‘.}%} *Owgnal-miﬂt [E'La:;-']* [T;E%g_g]

where:

S 'OwAguat-milk [%]

kg . x ko),
Qp-goat-mik [EJ 'p-gnat‘ milk [1)x's-gost~milk V) [Rupp mes]]"[‘%gnal-milk [ﬁ} f;)-gnm-rﬂik m]

upp  dry * Res: MLFpastura(D'zs)

consumption of sheep.

FJI:‘)G'sclil-fa r-shaep-ing=
y-INTERCEPT = PRrar-sheep-ing (P*V) 3 tfa,(year):*[,;a,]
Y S X VT A S W £ o | O ()
and:
pRGwater-far—sheep-ing (pCifL) =
F‘R':’Lfaanr-mut'tnn-ing(m:i'Ing

¥-INTERCEPT =

day E L b 1kg
TFeheep [W] Syv-sheep [Fy] [1 000 g]

where:
_Ow-sheep [dL]
SLOPE= 21
a e (1) (mx(r_+R__]|+0 LR D)
p-sheep | day | p-sheep s-sheep upp  es s-sheep | day | p-sheep
where:
Rupp=Bary + Res™ MLF - cure (025)



®  consumption of sheep milk.

PRE. gitfar-sheep-milking ™

1
4 INTERCEPT = PRG - shesp-milking (PC9) .[t“‘ “WN[ m']

TFsha ep-milk [Ld% “Pm [11 .Eﬁm'i‘li ]‘ Ix[ [ﬂp-sheep-mik [%]'fp-shaep-milk n dssllea p-milk (1) i (nupp R 8 5]] "[ﬂ sshesp-milk [:Tgy] i |Ip- sheep-milk m]:l { [‘ _.'Mlar ]

and:
PR Gwaler—far—sheep— milk-ing (pCiL) =
PRG, o [pGifg)
*INTERCEPT = SE GO Mk ihg
day 103 kg Y L 1 kg
TF eheep-milk [m]‘Pm [m] *Qyy.cheap-milk [ﬁ]“ [m]
whera:
Oy che ep-milk [f)
SLOPE= 2

ki ki
[Qp-sllaermil( [ﬁg;] dp—shaep— milk (1)~ s-sheep-milk [1]‘[Rup pmas ]] ’[os—sh eep-mitk [ﬁ;] lfp-sh?ep-rmlk m}
where:
R, pp=ﬁ\' s Rys™ MI'Fpaslure [0.25)

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.
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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.



The farmer ambient air land use equation, presented here, contains the following exposure routes with half-life decay:

® inhalation and

1
TRxte {year)=A [——!’9 ]

: oo ar
pRGfar~air—inh-decavjr (peum) = -At riek 3
e far |usF (B )uipa (250,000 m)
iLpCi far-ad)
where:
3
350 days 24 hours 1 day 10m
3 [EFfarAc[ year ]‘EDfar-c(E years)*El'farﬁc[ day ]x[ﬂ hDurs]leAfar-c[ day ]]+
IFjﬁ'far—al:fj (259 gl ] =

3
350 days | . 24 hours 1day 3, 20m
[EFfar—a[ year ] EDfar—a [34 Years) ETfar—a[ da,r ]x[zd huurs] IRAfar-a[ da,r J]

® external exposure to ionizing radiation

1
TR e (year)xA [—]

PRG{ar airsub-dacay[pwmal = M el
B T%ar | riskfyear | 350 day ) [ 1year ). " 24 hours) ( 1day .
[1 e ] SFsub[ pCi.Fm3] EFfar( e 555 daye ED;, (40 years)<ET,_ P e {10
e total
o3y 1
F'RGfar-air-tr.lt-n:ieca).r(pC"fm = 1 . 1
PRG PRG,

far-air-inh-decay far-air-sub-decay

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

® inhalation and

(pCifm3:l = 1

risk = 3
EF"[W] IFA a0y (252000 7 )

PR Gfa r-air-inh-nodecay

where:

3
350 days 24 hours 1 day 10 m
[EFfemc [ year ]’EDfar‘c(B years)xETraM ( day ]‘ [24 hourg) :mAfam: [ day ]] *

3
350 days |, “ 24 hours) _( 1day 1§ 20 my
EFfaf-a[ year ] EDfar-a [34 Wars) ETfar-a[ day ] [24 hours] IRAfar-a[ day ]]

® external exposure to ionizing radiation

IFAfar

ad (25900 ) =

F'RGfar-air-sub-r'etldecay(pCi"m3) = K 150 1 = 24 h d
riskfyear days year 4 hours 1 day
SFSUD[ 3 ]*EFfar[ T ]x[3ﬁ5days xEDfarl:dﬂ years)XETfar T i Eric *GSF,_ (1.0)
P
* total
L 1
F'RGfar-air-tr.lt-nodacay(pc"fm = 1 . 1

PRGfar-a ir-inh-nodecay PRGfaHa ir-sub-nodecay

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 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
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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 conservative, simplifying assumptions about the release and transport of contaminants in the
subsurface.

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

) [ Lwater]
i i w
pCIY _ [p_Cl] -3 (kg LY, soil txd
SSL[H] ST G Kalis)? kg x[?-e'n)
Py T

where:
C_=MCLx DAF
W

or
CW= PRG = DAF

Method 2. Mass-Limit Equation for Migration to Groundwater



p_Ci]x m = =1 -3 |_'(g ==y
SSL[F_C'] _ Cw[ T l[year] EDgw(?U years) =10 : t

g kal, 1M

ph[T] ds(m) [1 e )
where:
CW= MCLx* DAF
or
CW= PRG x DAF

Then calculate the dilution factor using this equation.

) o

Dilution Attenuation Factor (DAF) =1 + [
l[ms m] L
*L(m)
year

where:

d(m) = (0-0112"L2(m)]05+da il K(iin)‘ EL{QIJ i
year m "

where:

dlm) = [U.uﬂzxum)?]u's w0 (m) 1_e[['L(m)XJ[Y:al]]f[K[yemar]xi(%dea (’")]]

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 (Ky).

4.10.1 Particulate Emission Factor (PEF)

Inhalation of isotopes adsorbed to respirable particles (PM10) was assessed using a default PEF equal to 1.36 x 102 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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= Axexp = -
wind
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U
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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.

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 PEFg 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 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:

Y VKT =30 vehicles x 0.045 km/day x (52 wks/yr / 2) x 5 days/wk = 175.5 km
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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's.. 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 resident soil, outdoor worker soil, indoor worker soil, recreator soil, construction worker soil, and farmer soil land uses have a decay constant
term (A) which is based on the half-life of the isotope. The decay constant, A, = 0.693/half-life in years (where, 0.693=In(2)). The intention of this termis
to make realistic PRGs by including the contributions from their short-lived decay products, assuming equal activity concentrations (i.e. , secular
equilibrium) with the principal or parent nuclide in the environment. (Note that there is one exception to the assumption of secular equilibrium. For
the inhalation slope factor for Rn-222+D reported in the table, EPA assumes a 50% equilibrium value for radon decay products (Po-218, Pb-214, Bi-214
and Po-214) in air). 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 "+D" values for radionuclides should be
used unless there are compelling reasons not to. The term (1 - e'M) takes into account the number of half-lives that will occur within the ED to calculate
an appropriate 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 m?2 will create a radiation field
comparable to that of an infinite slab. (U.S. EPA. 2000a)

To accommodate the fact that in most residential settings the assumption of an infinite slab source will result in overly conservative 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 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.

* Adefault 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 GSFq_eyt.sy: GSFo.ext-1cm: GSFo-ext-5cmr GSFo-ext-15¢m: & GSFo.ext-gp

* Intheresident, farmer, and indoor worker soil external exposure equations GSFy, is applied to account for the gamma sheilding provided by clean soil

cover and the building subfloor. GSFy, = GSF; x GSF, and therefore is product of the gamma shielding provided by the soil cover under the building
(outdoors) and the subfloor of the building (indoors). This accounts for all the gamma shielding during the exposure time of a resident while indoors.

*  Adefault gamma shielding factor for exposure to ionizing radiation in air (GSF,) is established at 1 (0% shielding).

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

Fish Fish Beef Beef Dairy Dairy

Soil Water Soil Water Soil Water
Intercept  Intercept Intercept  Intercept Intercept  Intercept

Fish PRG PRG Beef PRG PRG Dairy PRG PRG

Isotope Slope = (pCi/g) (pCi/L) | Slope | (pCi/g) (pCi/L}  Slope | (pCifg) | (pCi/L)

Am-241 (-4.00E-03 [1.29E-05 3.11E-03 -1.54E+01 |2.14E+00 (1.35E+02 |-1.68E+01 |3.41E+02 |1.97E+04

Cs-137 |-1.00E-02 |1.63E-05 1.07E-03 |-1.3BE+01 [2.31E-01 1.09E+01 |-1.50E+01 [1.47E-01 6.42E+00

Ra-226 |-1.00E-03 |4.89E-05 |4.85E-02 |-1.44E+01 [1.50E-01 1.03E+01 |-1.57E+01 (8.

w

3E-02 5.65E+00

Rn-222 [0.00E+00 |- = —1.54E101 |[— = -1.68E+01 |- =

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.



Am-241

Ingestion of Vegetables RISK=1_0E-06
Water PRG (x-intercept) = 1.04e-1 pCi/L
Soil PRG (y-intercept) = 3.86e-1 pCi/g
Slope = -3.721616033

3.86e-1 |

3.01e-1

2.16e-1
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4.63e-2 1

] [ ' t +
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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.

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.

Table 1. Recommended Default Exposure Parameters

Slope Factors

Symbol ¥ |Definition (units) Default Reference
SFext-15cm  (Slope Factor - external exposure (risk/yr per pCi/g)  [sotope-specific ~ JORNL 2014c
SFaxt-1cm  Slope Factor - external exposure (risk/yr per pCi/g)  |sotope-specific ~ |ORNL 2014c
SFextsem  (Slope Factor - external exposure (risk/yr per pCi/g)  [Isotope-specific ~ |[ORNL 2014¢
SFext_gp Slope Factor - external exposure (risk/yr per pCi/cm?2) |sotope-specific ~ |[ORNL 2014c
SFextsy  Slope Factor - external exposure (risk/yr per pCi/g)  [sotope-specific ~ (ORNL 2014c
SF¢ Food Ingestion Slope Factor (risk/pCi) Isotope-specific ~ [ORNL 2014c
SF; Slope Factor - inhalation (risk/pCi) Isotope-specific ORNL 2014c




SE - Slope Factor - immersion (risk/yr per pCi/L) Isotope-specific ~ |ORNL 2014c
SF Soil Ingestion Slope Factor - population (risk/pCi) Isotope-specific ~ [ORNL 2014c
SES Soil Ingestion Slope Factor - adult only (risk/pCi) Isotope-specific ~ |ORNL 2014c
SFsub Slope Factor - submersion (risk/yr per pCi/cm3) Isotope-specific ~ |[ORNL 2014c
SF Water Ingestion Slope Factor (risk/pCi) Isotope-specific ~ [ORNL 2014c
Dose and Decay Constant Variables
Symbol ¥  Definition (units) Default Reference
- Time - construction worker (years) 1 U.S. EPA 2002 Exhibit 5-1
e Time - farmer (years) 40 U.S. EPA 2005 (pg. C-24/C-26)
™ Time - indoor worker (years) 25 U.S. EPA 1991a (pg. 15)
- Time - outdoor worker (years) 25 U.S. EPA 1991a (pg. 15)
TR Target Risk 1x10 U.S. EPA 1991b
e Time - recreator (years) site-specific site-specific
. Time - resident (years) 26 U.S. EPA 20113, Table 16-108; 90th percentile or current residence
time.
ey 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 calculator
where 0.693 = In(2)
Miscellaneous Variables
Symbol ¥ Definition (units) Default Reference
ACFeyt15cm Area Correction Factor - 15cm (unitless) Isotope-specific ORNL 2014a
ACFM_1cm Area Correction Factor - 1cm (unitless) Isotope-specific ORNL 2014a
ACFyi.5cm Area Correction Factor - 5cm (unitless) Isotope-specific ORNL 2014a
ACFext_gp Area Correction Factor - ground plane (unitless) Isotope-specific ~ ORNL 2014a
ACFq,¢.y (Area Correction Factor - soil volume (unitless) Isotope-specific ORNL 2014a
CFfarpeer  Be€f Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar-dairy Dairy Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFf‘.M_egg Egg Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFearfisn  [Fish Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator
CFfar-goat Goat Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator

CFfar-goa'c-milk

Goat Milk Contaminated Fraction - Farmer (unitless)

Developed for Radionuclide Soil Screening calculator

CFfa r-poultry

Poultry Contaminated Fraction - farmer (unitless)

Developed for Radionuclide Soil Screening calculator

CFfar-produce

Produce Contaminated Fraction - farmer (unitless)

U.S. EPA 2011, U.S. EPA 2005

CFfar-sheep Sheep Contaminated Fraction - Farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator

CFtar-sheen- Sheep Milk Contaminated Fraction - Farmer (unitless) |1 Developed for Radionuclide Soil Screening calculator
milk

CFar-swine SWine Contaminated Fraction - farmer (unitless) 1 Developed for Radionuclide Soil Screening calculator

CF

res-produce

Produce Contaminated Fraction - resident (unitless)

1

U.S. EPA 2011, U.S. EPA 2005

GSF,

Gamma Shielding Factor - Air (unitless)

1

Developed for Radionuclide Soil Screening calculator

GSF, Gamma Shielding Factor - building (unitless) GSF; x GSF Developed for Radionuclide Soil Screening calculator
GSF; Gamma Shielding Factor - Indoor (unitless) 0.4 U.S. EPA 2000a. (pg. 2-22). U.S. EPA 2000b. (pg. 2-18)
GSFy _ext.15cm (Ga@mma Shielding Factor - 15¢m (unitless) Isotope-specific ORNL 2014b
GSFy_axt-1cm (Gamma Shielding Factor - 1cm (unitless) Isotope-specific ~ (ORNL 2014b
GSFy_ext-5cm (G@mma Shielding Factor - 5¢m (unitless) Isotope-specific ~ ORNL 2014b
GSFo_ext_gp Gamma Shielding Factor - ground plane (unitless) Isotope-specific ~ ORNL 2014b
GSFy ext.sy [@G@Mma Shielding Factor - soil volume (unitless) Isotope-specific ~ ORNL 2014a
K Andelman Volatilization Factor (L/m3) 0.5 U.S. EPA 1991b (pg. 20)
Pm Density of milk (kg/L) 1.03 Milk Composition & Synthesis Resource Library
Tissue Transfer Factors and Animal Ingestion Rates of Fodder, Water, and Soil
Symbol ¥  Definition (units) IM Reference




BVgry Soil to Plant Transfer Factor - dry (pCi/g-dry plant per adionuclide-specific hierarchy selection in Section 2.3.2
pCi/g-dry soil)

e e e I B
I e 0

Area Density for Root Zone (kg/mz) 2 Hoffman, F. O., R. H. Gardner, and K. F. Eckerman. 1982; Peterson, H.
., Jr. 1983; McKone, T. E. 1994
Dairy Fodder Intake Rate (kg/day) .S. EPA 2005 (pg. B-145)
oat Milk Fodder Intake Rate (kg/day) L ons et. al. 1999 and Tarr

- heep Soil Intake Rate (kg/day) Handbook of Ecotoxicology (Qg is 18% of Qp)




Swine Soil Intake Rate (kg/day) 0.37 .S. EPA 2005 (pg. B-153)

Qs-swine

Dairy Water Intake Rate (L/day) .S. EPA 1999a (pg 10-23). U.S. EPA 1997b.

. heep Water Intake Rate (L/day) OMAFRA
wine Water Intake Rate (L/day) NEC, Swine Nutrition Guide (pg. 19). U.S. EPA 1998 (pg B-180)

“- ry root uptake for pasture multiplier (dimensionless) adionuclide-specific fierarchy selection in Section 2.3.2
=Bvy.)
ranslocation Factor (unitless) NCRP 1984

N s O .

Inhalation, Ingestion, and Consumption Rates
Symbol ¥  Definition (units) Default Reference
DFAec.agj [Recreator Immersion Factor - age-adjusted (hours) site-specific U.S. EPA 1991a (pg. 15)
IFAfar-adj Farmer Inhalation Fraction - age-adjusted (m3) 259,000 Calculated using the age-adjusted intake factors equation.
IFArec_adj Recreator Inhalation Fraction - age-adjusted (m3) site-specific Calculated using the age-adjusted intake factors equation.
IFAres_adj Resident Inhalation Rate - age-adjusted (m3) 161,100 Calculated using the age-adjusted intake factors equation.
IFBfar-adj Farmer Beef Ingestion Fraction - age-adjusted (g) 2,202,410 Calculated using the aged adjusted intake factors equation
IFDfar_aG,j Farmer Dairy Ingestion Fraction - age-adjusted (g) 6,036,590 Calculated using the aged adjusted intake factors equation
IFEfaI,_adj Farmer Egg Ingestion Rate - age-adjusted (g) 658,455 Calculated using the aged adjusted intake factors equation
IFfar-adj Farmer Produce Ingestion Fraction - age-adjusted (g) plant-specific Calculated using the aged adjusted intake factors equation
IFFIfar_adj Farmer Fish Ingestion Fraction - age-adjusted (g) 1,918,140 Calculated using the aged adjusted intake factors equation
IFPfar_adj Farmer Poultry Ingestion Fraction - age-adjusted (g) 1,318,100 Calculated using the aged adjusted intake factors equation
IFres-adj Resident Produce Ingestion Fraction - age-adjusted (g) plant-specific Calculated using the aged adjusted intake factors equation
Istar-adj Farmer Soil Ingestion Fraction - age-adjusted (mg) 1,610,000 Calculated using the age-adjusted intake factors equation.
IFSrec—adj Recreator Ingestion Fraction - age-adjusted (mg) site-specific Calculated using the age-adjusted intake factors equation.



”:Sres-adj Resident Ingestion Fraction - age-adjusted (mg) 1,120,000 Calculated using the age-adjusted intake factors equation.
IFSWfar_adj Farmer Swine Ingestion Fraction - age-adjusted (g) 1,203,860 Calculated using the aged adjusted intake factors equation
IFWrec_adJ- Recreator Surface Water Ingestion Fraction - age-adjusted site-specific Calculated using the age-adjusted intake factors equation.
L)
IFWres-adj Resident Tapwater Ingestion Rate - age-adjusted (L) 19,138 Calculated using the age-adjusted intake factors equation.
IRA., Construction Worker Inhalation Rate (m3/day; based ona 60 U.S. EPA 1997a (pg. 5-11)
rate of 2.5m3/hour for 24 hours)
IRA¢; Soil Inhalation Rate - adult farmer(m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA¢, Farmer Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRA, Indoor Worker Inhalation Rate (m3; based on a rate of 60 U.S. EPA 1997a (pg. 5-11)
2.5m3/hour for 24 hours)
IRAGw Outdoor Worker Inhalation Rate (m3/day; based on a rate |60 U.S. EPA 1997a (pg. 5-11)
of 2.5m3/hour for 24 hours)
IRA o5 Recreator Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA o Recreator Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IR Resident Inhalation Rate - adult (m3/day) 20 U.S. EPA 1991a (pg. 15)
IRA os.¢ Resident Inhalation Rate - child (m3/day) 10 U.S. EPA 1997a (pg. 5-11)
IRA,, Composite Worker Inhalation Rate (m3/day; based on a 60 U.S. EPA 1997a (pg. 5-11)
rate of 2.5m3/hour for 24 hours)
IRB,.5 Farmer Beef Ingestion Rate - adult (g/day) 178.0 U.S. EPA 2011 (Table 13-33)
IRB;,,..  [Farmer Beef Ingestion Rate - child (g/day) 40.1 U.S. EPA 2011 (Table 13-33)
IRDgy,.5 Farmer Dairy Ingestion Rate - adult (g/day) 445.6 U.S. EPA 2011 (Table 11-4)
IRD¢,..  [Farmer Dairy Ingestion Rate - child (g/day) 349.5 U.S. EPA 2011 (Table 11-4)
IRE¢, o Farmer Egg Ingestion Rate - adult (g/day) 53.4 U.S. EPA 2011 (Table 13-40)
IRE¢, Farmer Egg Ingestion Rate - child (g/day) 10.95 U.S. EPA 2011 (Table 13-40)
IR¢ar-a Farmer Produce Ingestion Rate - adult (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
R e Farmer Produce Ingestion Rate - child (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
IRFleara Farmer Fish Ingestion Rate - adult (g/day) 155.4 U.S. EPA 2011 (Table 13-20)
IRFle, Farmer Fish Ingestion Rate - child (g/day) 32.8 U.S. EPA 2011 (Table 13-20)
IRF,os Resident Fish Ingestion Rate (g/day) 54 U.S. EPA 1991a (page 15)
IRP¢,1a Farmer Poultry Ingestion Rate - adult (g/day) 106.6 U.S. EPA 2011 (Table 13-52)
IRP¢ar Farmer Poultry Ingestion Rate - child (g/day) 23.6 U.S. EPA 2011 (Table 13-52)
Reesa Resident Produce Ingestion Rate - adult (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
IRV Resident Produce Ingestion Rate - child (g/day) plant-specific U.S. EPA 2011 (Table 13-10)
IRS¢\y Construction Worker Soil Ingestion Rate (mg/day) 330
IRS¢.ra Farmer Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
JRST. Farmer Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS;y Indoor Worker Soil Ingestion Rate (mg/day) 50 U.S. EPA 2001 (pg. 4-3)
IRS, Outdoor Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
RS Recreator Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRS,oc.c  [Recreator Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS,os.;  [Resident Soil Ingestion Rate - adult (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRSHu. Resident Soil Ingestion Rate - child (mg/day) 200 U.S. EPA 1991a (pg. 15)
IRS,, Composite Worker Soil Ingestion Rate (mg/day) 100 U.S. EPA 1991a (pg. 15)
IRSWs,,  [Farmer Swine Ingestion Rate - adult (g/day) 97.9 U.S. EPA 2011 (Table 13-51)
IRSWg, .. [Farmer Swine Ingestion Rate - child (g/day) 18.5 U.S. EPA 2011 (Table 13-51)
IRW ..., [Recreator Surface water Ingestion - adult (L/hour) 0.05 U.S. EPA Region 4
IRW o Recreator Surface water Ingestion - child (L/hour) 0.05 U.S. EPA Region 4
IRW, s, [Resident Tapwater Ingestion - adult (L/day) 2.5 U.S. EPA 20113, Tables 3-15 and 3-33; weighted average of 90th
percentile consumer-only ingestion of drinking water (birth to <6 years)
IRW, Resident Tapwater Ingestion - child (L/day) 0.78 U.S. EPA 2011a, Tables 3-15 and 3-33; weighted average of 90th

res-c




|percenti|e consumer-only ingestion of drinking water (birth to <6 years)

Exposure Frequency, Exposure Duration, and Exposure Time Variables

Symbol ¥ Definition (units) Default Reference
DW,,, Construction Worker Exposure Frequency (days/week) 5 U.S. EPA 2002 Exhibit 5-1
ED_ Construction Worker Exposure Duration (years) 1 U.S. EPA 2002 Exhibit 5-1
EDgy, Farmer Exposure Duration (years) 40 U.S. EPA 2005 (Table 6-3)
EDe Farmer Exposure Duration - adult (years) 34 U.S. EPA 1994a
EDfar-c Farmer Exposure Duration - child (years) 6 U.S. EPA 2005 (Table 6-3)
ED;, Indoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
ED/S. Outdoor Worker Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
ED/ec Recreator Exposure Duration (years) site-specific U.S. EPA 20114, Table 16-108; 90th percentile or current residence time.
ED) sy Recreator Exposure Duration - adult (years) site-specific F
ED) e Recreator Exposure Duration - child (years) site-specific U.S. EPA 199143, Pages 6 and 15
EDes Resident Exposure Duration (years) 26 U.S. EPA 20114, Table 16-108; 90th percentile or current residence time.
ED s Resident Exposure Duration - adult (years) 20 ED,qs (26 years) - ED ¢ (6 years)
ED) e Resident Exposure Duration - child (years) 6 U.S. EPA 199143, Pages 6 and 15
ED,, Composite Exposure Duration (years) 25 U.S. EPA 1991a (pg. 15)
Er- Construction Worker Exposure Frequency (days/year) 250 U.S. EPA 2002 Exhibit 5-1
EEra Farmer Exposure Frequency (days/year) 350 U.S. EPA 1991a (pg. 15)
EFy Indoor Worker Exposure Frequency (days/year) 250 U.S. EPA 1991a (pg. 15)
EFS- Outdoor Worker Exposure Frequency (days/year) 225 U.S. EPA 1991a (pg. 15)
E RS- Recreator Exposure Frequency - (days/year) site-specific U.S. EPA 1991a (pg. 15)
EES. Recreator Exposure Frequency - adult (days/year) site-specific U.S. EPA 1991a (pg. 15)
. Recreator Exposure Frequency - child (days/year) site-specific U.S. EPA 1991a (pg. 15)
EF- Resident Exposure Frequency - (days/year) 350 U.S. EPA 1991a (pg. 15)
EF S, Resident Exposure Frequency - adult (days/year) B350 U.S. EPA 1991a (pg. 15)
EF S Resident Exposure Frequency - child (days/year) B350 U.S. EPA 1991a (pg. 15)
ERgy Composite Worker Exposure Frequency (days/year) 250 U.S. EPA 1991a (pg. 15)
BT Construction Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
Eler Farmer Exposure Time (hours/day) 24 24 Hours per 24 hour Day
Elesy Farmer Exposure Time - away (hours/day) 1.83 U.S. EPA 2011 (Tables 16-20 and 16-24 total of time in vehicles, near
ehicles and outdoors other than near residence 25th%)
Ef-y Farmer Exposure Time - indoor (hours/day) 10.0 1440 hrs/day - (ET¢, + ET¢_ )
Ele g Farmer Exposure Time - outdoor (hours/day) 12.167 U.S. EPA 2011 (Table 16-20 95tho))
ET, Indoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
Bl gy Outdoor Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
Efjee Recreator Exposure Time (hours/day) site-specific
Elmes Recreator Exposure Time - adult (hours/day) site-specific
Bl Recreator Exposure Time - child (hours/day) site-specific
s Resident Exposure Time (hours/day) 24 24 Hours per 24 hour Day
. Resident Exposure Time - indoor (hours/day) 16.416 U.S. EPA 2011 (Table 16-16 50th%)
T Resident Exposure Time - outdoor (hours/day) 1.752 U.S. EPA 2011 (Table 16-20 50th%))
- Composite Worker Exposure Time (hours/day) 8 Eight Hours per 24 hour Day
EV/S—_—- Number of bathing events per day - adult recreator site-specific -
events/day)
EVi—. Number of bathing events per day - child recreator site-specific U.S. EPA 199143, Pages 6 and 15
events/day)
EV/ S Number of bathing events per day - adult resident 1
events/day)
EVigs Number of bathing events per day - child resident 1
events/day)




Construction Worker Exposure Frequency (weeks/year) FO U.S. EPA 2002 Exhibit 5-1

Soil to Groundwater SSL Factor Variables

| d |mixing zone depth (m) site-specific  |U.S. EPA. 2002 Equation 4-12
Dilution attenuation factor (unitless) 1 (or site-specific)  |U.S. EPA. 2002 Equation 4-11
| ED,, [Exposure duration 70  |US.EPA. 2002 Equation 4-14

| 1 |nfiltration Rate (m/year) 018  |U.S.EPA.2002 Equation 4-11

oiI-water partition coefficient (L/kg) Koo for U.S. EPA. 2002 Equation 4-10
organics

otal soil porosity(L,o/L<o) 1-(pp/Pe) U.S. EPA. 2002 Equation 4-10
|6, waterilled soil porosity (Ly,qer/Leoy) 03 US EPA 2002 Equation 410

P soil particle density (Kg/L) 2.65 U.S. EPA. 2002 Equation 4-10
Wind Particulate Emission Factor Variables
Symbol ¥  Definition (units) Default Reference
A Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit D-2
specific
A Areal extent of the site or contamination (acres) 0.5 (range 0.5 to 500 [U.S. EPA 2002 Exhibit D-2
B Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit D-2
specific
C Dispersion constant unitless PEF and region- U.S. EPA 2002 Exhibit D-2
specific
F(x) Function Dependent on 0.886 x (U,/U,) (unitless) 0.194 U.S. EPA. 1996, Appendix D Table 2
Q/Ching Inverse of the Mean Concentration at the Center of a 0.5- 93.77 (region- U.S. EPA 2002 Exhibit D-2
Acre-Square Source (g/m2-s per kg/m3) specific)
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
Ue Equivalent Threshold Value of Wind Speed at 7m (m/s) 11.32 U.S. EPA. 1996, Appendix D Table 2
\Y Fraction of Vegetative Cover (unitless) 0.5 U.S. EPA. 2002 Equation 4-5
REE Particulate Emission Factor - Minneapolis (m3/kg) 1.36 x 109(region-  |U.S. EPA 2002 Exhibit D-2
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
AR Surface area of contaminated road segment (m2) AR = L x Wp x U.S. EPA 2002 Equation 5-5
0.092903m?2 /ft2 )
A Areal extent of site surface soil contamination (acres) 0.5 (range 0.5 to 500 ) |U.S. EPA 2002 Equation 5-6
B Dispersion constant unitless 5.7383 U.S. EPA 2002 Equation 5-6
C Dispersion constant unitless 71.7711 U.S. EPA 2002 Equation 5-6
Fo Dispersion correction factor (unitless) 0.185 U.S. EPA 2002 Equation E-16
[ Length of road segment (ft) Site-specific U.S. EPA 2002 Equation 5-5
p Number of days with at least 0.01 inches of precipitation Site-specific U.S. EPA 2002 Exhibit 5-2
days/year)
Q/C, Inverse of the ratio of the 1-h geometric mean concentration 23.02 (for 0.5 acre site) [U.S. EPA 2002 Equation 5-5
to the emission flux along a straight road segment bisecting a
square site (g/m2-s per kg/m3)
T Total time over which construction occurs (s) site-specific U.S. EPA 2002 Equation 5-5
W Mean vehicle weight (tons) number of cars x U.S. EPA 2002 Equation 5-5
tons/car + number of
trucks x tons/truck) /
total vehicles)
Wr Width of road segment (ft) 20 U.S. EPA 2002 Equation E-18
Y VKT Sum of fleet vehicle kilometers traveled during the exposure [¥VKT = total vehicles x |U.S. EPA 2002 Equation 5-5
duration (km) distance (km/day) x
frequency (weeks/year)
x (days/year)
PEF, Particulate Emission Factor - subchronic (m3/kg) site-specific) U.S. EPA 2002 Equation 5-5
Mechanical Particulate Emission Factor Variables from Other Construction Activities
Symbol ¥  |Definition (units) Default Reference
0.35 PM, 4 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, 4 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
Pasitors Areal extent of dozing (acres) Site-specific Necessary to solve 3 VKT, in U.S. EPA 2002 Equation E-22
Acill Areal extent of tilling (acres) Site-specific U.S. EPA 2002 Equation E-24
Aexcav Areal extent of excavation (m2) range 0.5 to 500) U.S. EPA 2002 Equation E-21
A Areal extent of site surface soil contamination (acres) range 0.5 to 500) U.S. EPA 2002 Equation E-15
Asurt Areal extent of site surface soil contamination (m?2) range 0.5 to 500) U.S. EPA 2002 Equation E-20
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
B, 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
/- 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
F(x) Function Dependent on 0.886 x (U,/U,)) (unitless) 0.194 U.S. EPA. 1996, Appendix D Table 2
Fo Dispersion correction factor (unitless) Site-specific U.S. EPA 2002 Equation E-16
J7(8/m2-s) [Total time-averaged PM, ¢ unit emission flux for construction  Site-specific U.S. EPA 2002 Equation E-25
activities other than traffic on unpaved roads
Myo Unit mass emitted from dozing operations (g) site-specific U.S. EPA 2002 Equation E-22
Mexcay  |Unit mass emitted from excavation soil dumping (g) site-specific U.S. EPA 2002 Equation E-21
M, .4 |Unit mass emitted from grading operations (g) site-specific U.S. EPA 2002 Equation E-23
Mih-doz Gravimetric soil moisture content (%) 7.9 (mean value for  [U.S. EPA 2002 Equation E-22
overburden)
M.excay  [Gravimetric soil moisture content (%) 12 (mean value for  [U.S. EPA 2002 Equation E-21
municipal landfill
cover)
MPCing  [Unit mass emitted from wind erosion (g) site-specific U.S. EPA 2002 Equation E-20
M Unit mass emitted from tilling operations (g) site-specific U.S. EPA 2002 Equation E-24
Na.do Number of times site is dozed (unitless) Site-specific U.S. EPA 2002 Equation E-22
Naqump INumber 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
N atill Number of times soil is tilled (unitless) 2 U.S. EPA 2002 Equation E-24
Q/Cq, Inverse of the ratio of the 1-h. geometric mean air Site-specific U.S. EPA 2002 Equation E-15
concentration and the emission flux at the center of the
square emission source (g/m2-s per kg/m3)
Sérm Average dozing speed (kph) 11.4 (mean value for [U.S. EPA 2002 Equation E-22
graders)
Sdo Soil silt content (%) 6.9 U.S. EPA 2002 Equation E-22
Sgrade Average grading speed (kph) 11.4 (mean value for |U.S. EPA 2002 Equation E-23
graders)
Still Soil silt content (%) 18 U.S. EPA 2002 Equation E-24
Un Mean Annual Wind Speed (m/s) 4.69 U.S. EPA. 1996, Appendix D Table 2
U, Equivalent Threshold Value of Wind Speed at 7m (m/s) 11.32 U.S. EPA. 1996, Appendix D Table 2
V 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
>VKT4o, Sum of dozing kilometers traveled (km) Site-specific U.S. EPA 2002 Equation E-22
VKT, .4e  Sum of grading kilometers traveled (km) U.S. EPA 2002 Equation E-23
Acorade  Areal extent of grading (acres) Site-specific Necessary to solve 3 VKT, .. in U.S. EPA 2002 Equation E-23
PEF'Sc Particulate Emission Factor - subchronic (m3/kg) site-specific) U.S. EPA 2002 Equation E-26
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