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Purpose of Training

Facilitate remedy selection and cleanup at
radioactively-contaminated sites.

Establish knowledge base on radiation, radiation
risk assessment, and CERCLA requirements and
other relevant policy.

Simplify radiation risk assessment through use of 8
radionuclide guidance calculators.

Demonstrate similar risk assessment capabilities in
SADA using GIS

Demonstrate the compatibility with RSL and VISL
chemical calculator outcomes.
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Learning Objectives

This includes conducting a risk assessment for radioactive
contaminants. By taking this course, participants will be able to:

- ldentify methods for conducting site specific risk assessments
« Compute a data assessment using the risk radiation calculator

"« Apply practical recommendations for improving radiation risk
assessment

« Perform a step by step risk assessment process on a realistic
hypothetical risk characterization problem.

« Analyze risk characterization results from hypothetical risk
characterization problem
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Outline of Training

How Radiation Fits in Superfund
Radiation Risk Assessment Video & Community Toolkit
PRG Calculator

DCC Calculator

RSL for Total Uranium

BPRG and BDCC Calculators

SPRG and SDCC Calculators

Differences between EPA and DOE Tools
RVISL Calculator

10. CPM Calculator

11. BCG Calculator

12. SADA

13. Radiation Science Primer

14. Radiation Risk Assessment Basics

n United States Superfund Radiation Risk
\U’EPA Environmental Protection ..
Agency Assessment Calculator Training

© 00N WDNE




Radiation Risk Assessment
Calculator Training

Section 1: How Radiation Fits Into
Superfund
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Superfund sites:
Number Total and Radiation

¢ 1,788 NPL sites
67 are radiation sites

37 mores sites proposed for NPL
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How to Address Radiation in a
Chemical Program?

€ With only 67 radioactively contaminated sites out
of 1,788 total, the focus of the Superfund program
has been on chemicals.

€ OQuestion: How best address radiation?
€ Answer: Address radiation in a consistent manner

with chemicals, except to account for the technical
differences posed by radiation

Radiation easily fits within Superfund framework

Improves public confidence by taking mystery out of
radiation
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Why Does Radiation Easily Fit within
the Superfund Framework?

€ Primary effect is cancer

€ People ingest, inhale, eat, same amount of
contaminated dust and food whether it is
chemical or radioactive contamination,

€ Dust gets resuspended the same whether it is
chemically or radioactively contaminated

€ Inorganic elements move through the
subsurface whether they are radioactive or not
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Nine CERCLA Remedy Selection
Criteria

€ Two threshold criteria (both must be met)
Protect human health and the environment

Comply (attain or waive) with other federal and
state laws: Applicable or Relevant and
Appropriate Requirements (ARARS)

Protect current or future sources of drinking water (e.g.,
attain MCLs or more stringent state standards)

Superfund Radiation Risk
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Nine CERCLA Remedy Selection
Criteria (continued)

€ 6 CERCLA ARAR waivers

Interim Measure

Greater Risk to Health and the Environment
Technical Impracticability

Equivalent Standard of Performance
Inconsistent Application of State Requirements
Fund Balancing
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Nine CERCLA Remedy Selection
Criteria (continued)

€ Five balancing criteria (used to evaluate
between potential remedies that meet
threshold criteria)

Long-term effectiveness and permanence
Reduction of waste toxicity, mobility, or volume
Short-term effectiveness
Implementability

Cost
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Nine CERCLA Remedy Selection
Criteria (continued)

€ Two modifying criteria (information from
public comment period that may modify
remedial action)

1. State acceptance
7. Community acceptance

: Community Acceptance
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CERCLA Cleanup Levels

€® ARARSs often determine cleanup levels

€ Where ARARs are not available or protective, EPA
sets site-specific cleanup levels that

For carcinogens, represent an increased cancer
risk of
1x10%to1x10*

10° used as “point of departure”
PRGs are established at 1 x 10

For non-carcinogens, will not result in adverse
effects to human health (hazard index (HI) <1)

€ Address ecological concerns

€ To-be-considered (TBC) material may help
determine cleanup level
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CERCLA Cleanup Levels Are NOT
Based On

€ NRC decommissioning requirements (e.g., 25, 100
mrem/yr dose limits) 10 CFR 20 Subpart E

If used as an ARAR, 10 still used as point of departure,
and 10 to 10° risk range must be met

€ Guidance outside risk range and/or if expressed as
a dose (# mrem/year). This includes:
DOE orders, NRC guidance (e.g., NUREGS), ICRP

guidance, IAEA guidance, NCRP guidance, ANSI/HPS
guidance, EPA/DHS PAGSs, and Federal guidance
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Guidance: Risk Assessment Q&A
Originally Issued

€ Radiation Risk Assessment at CERCLA Sites: Q&A
(12/99) OSWER Directive 9200.4-31P

J/]l ®Provides EPA guidance for
' radiation risk assessment

@ Written for users familiar with Superfund but not
radiation

€ Added some new guidance
Dose assessment only for ARAR compliance

No dose-based TBCs (including 15 mrem/yr [0.15
mSv/yr])

Direct exposure rate may supplement sampling

United States Superfund Radiation Risk
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Guidance: Risk Assessment Q&A

Revised Issued
€ Radiation Risk Assessment at CERCLA Sites: Q&A
(6/14) OSWER Directive 9200.4-40

I/} ® Provides EPA guidance
for radiation risk assessment

@ Written for users familiar with Superfund but not
radiation

€ Updates old overview and adds some new guidance
See following slides
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Reflect Superfund Recommended
guidance issued since 1999

1. Rad SSG User Guide 2000 7. BPRG calculator 2006
2. Rad SSG TBD 2000 8. SPRG calculator 2009
3. PRG calculator 2002 9. BDCC calculator 2010
4. Common Rads found at 10.SDCC calculator 2010
Superfund sites 2002 11.RVISL calculator 2021
5. DCC calculator 2004 12
6. SF Rad Risk Assessment

& How You Can Help 2005

United States Superfund Radiation Risk
\’ EPA Environmental Protection
Agency Assessment Calculator Training

NN



Update Policies Based on Newer
Science

For an effective dose standard ARAR to be
considered protective, it should be 12 mrem/yr
or less.

Change from 15 mrem/yr based on risk to dose
estimate in Federal Guidance 13

Cleanup levels not based on an ARAR continue to
be based on cancer risk range
(10-4 to 10-6) dose
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More consistency on Risk
Assessments (Rad & Chem)

€ Explain what type of circumstances these
Superfund guidance and tools are
recommended

/ @ Reiterate more strongly that risk assessments
(e.g., models used) should be consistent with
chemicals at site and with other regional sites

€ Don’t use a steady state model for chemical
and a transfer/dynamic model for
radionuclides

Such as using RSL calculator for chemicals then
RESRAD for radionuclides, more on this later
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More consistency on Surveys (Rad &

Chem)

€ Explain what type of circumstances these
Superfund guidance and tools are
recommended

/' ® Reiterate more strongly that site surveys (e.g.,
characterization and confirmation) should be
consistent with chemicals at site and with other
regional sites

€ Don’t use not-to-exceed (NTE) for chemicals
and area averaging (AA) for radionuclides for
residential

NTE for residential cleanup of chemicals but AA
approach like MARSIMM for the radionuclides
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Radiation Risk Assessment
Calculator Training

Section 2: Radiation Risk Assessment
Video & Community Toolkit
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Video: Radiation Risk Assessment

@ Superfund Radiation Risk Assessment and
How you can Help, an Overview (3/05)
OSWER Directive 9200.4-37

@ Video for the general public. It contains
iInformation on:

The Superfund risk assessment process when
addressing radioactive contamination

How the public is involved site-specifically

United States Superfund Radiation Risk
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Community Toolkit

 This toolkit was
developed to help the :
pu blic understand more Superfund Radiation Risk Assessment:
about the I’ISk ACommunityTolkit
assessment process i ~ (RN
used at Superfund sites
with radioactive
contamination.
« Text is written in plain
English
(8th grade level)
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Toolkit Organization

€ The Toolkit is made up of a collection of 22
fact sheets.

Not every fact sheet will be useful at each site.

Regions will also continue to use other community
Involvement tools and site-specific fact sheets

€ The first 2 fact sheets in this toolkit are:

Superfund Radiation Fact Sheet (10 pages)

Superfund Radiation Risk Assessment Fact Sheet
(8 pages)

United States Superfund Radiation Risk
\’ EPA Environmental Protection
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Superfund Radiation Fact Sheet

€ Provides informations answering the following
guestions

What is Superfund?
What are atoms?
What is Radiation?

What is Radioactivity?

What happens to radionuclides as they decay?
What is half-life?

n United States Superfund Radiation Risk
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Superfund Radiation Fact Sheet
continued

How is radioactivity measured?

Why are radionuclides harmful to human health?
How can you be exposed to harmful radiation?
How is radiation exposure measured?

How does EPA calculate risks to human health
from radiation exposure at Superfund sites?

What is background radiation?

Superfund Radiation Risk
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Superfund Radiation Fact Sheet
continued

lonizing Radiation Found at Superfund Sites

What is Superfund? The Superfund program is administered by U.S. Environmental
Protection Agency (EPA) in cooperation with state and tribal governments. It allows
EPAto clean up hazardous waste sitesand to force responsible parties to perform
cleanups or reimburse the government for cleanups led by EPA.

For a variety of reasons, hazardous
commercial and industrial wastes were
mismanaged and may pose unacceptable
risks to human health and the
environment. This waste was dumped on
the ground or in waterways, left out in
the open, or otherwise improperly
managed. As a result, thousands of
hazardous waste sites were created
throughout the United States. These
hazardous waste sites commonly include
manufacturing facilities, processing
plants, landfills, and mining sites.

Superfund was established in 1980 by an
act of Congress, giving EPAthe fundsand
authority to clean up polluted sites

Goals of Superfund:

* Protect human health and the
environment by deaning up
polluted sites
Involve communities in the
Superfund process
Make responsible parties pay for
work performed at Superfund
sites

United States

Superfund is the informal name for the

Com prehensive Environmental Response,
Com pensation, and Liability Act (CERCLA).
In 1980, Congress enacted CERCLAIn
response to growing concerns over the
health and environm ental risks posed by
hazardous waste sites. This law was
enacted in the wake of the discovery of
chemically contaminated toxic waste
dumps such as Love Canal and Valley of
the Drums in the 1370s.

s contain radioactive

Some Superfund s

contamination. This document was

developed by EPAto answer questions

about radiation hazards and how EPA

from potential

exposure to radi ve contamination at

Superfund sites.

Environmental Protection

Agen
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Alpha Particles Beta Particle/s{) Gamma Rays
y
+ Two protons and two + Made up of an electron |* Pure energy traveling
neutrons bound together ejected from nucleus at the speed of light
into a single particle = Fast moving, low mass |« Often accompanies
Description |e Heaviest and slowest particle the emission of alpha
moving type of ionizing +  Negatively charged or beta particles
radiation #  Has no rest mass and
*  Positively charged no charge
* HIGH * MODERATE + Low
+ Interacts strongly with + Interact less strongly +  Since they have no
lonizing surrounding material than alpha particles but mass and no charge,
* Very energetic more strongly than gamma rays interact
Power gamma rays with with matter less than
surrounding material alpha and beta
particles
« LOwW « MODERATE « HIGH
# Travels no more than a # Able to travel several «  Able to travel
few centimeters in air meters through air hundreds of meters
Penetrating |e Can be stopped by a sheet |« Can be stopped bya through air
Power of paper thin layer of metal or -+ Can be stopped bya
® Unable to penetrate skin plastic thick concrete wall
®  Can penetrate outer -  Able to pass through
layers of skin the human body
*  No health effects from *  Can cause skin burns Can cause harm from
external exposure since from external exposure external exposure
they are unable to « Harmful if taken into -« Can pass into the
Human penetrate skin the body (though not body and cause
Health = Very harmful if alpha- usually as harmful as internal radiation
Effects emitting radionuclide is alpha particles) exposure
taken into the body by
ingestion,r breathing, or
through an open wound

Superfund Radiation Risk
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Superfund Radiation Fact Sheet
continued

Some Common Ways to be Exposed to
Radionuclides at Contaminated Sites

Residential Soil Exposure

Breathing in Dust
Particles

Incidental Soil
Ingestion

Tap Water Exposure
Drinking Water

= z B L
e B :“'E IRE M}

0 United States
\_/ Environmental Protection
’ Agency

RELATIVE DOSES FROM RADIATION SOURCES

Millirem Doses

Gastrointestinal series
1,400 millirem
(singie procedure)
Radon in average home
200 millirem
(annual)
Cosmic radiation living
in Denver
50 millirem
(annual)

Diagnostic radiology
50 millirem £
(annual) \

Natural radioactivity

in the body
40 millirem
Mammogram (annual)
30 millirem

(single procedure)

Terrestrial radioactivity
28 millirem
(annual)

Cosmic radioactivity
27 millirem
(annuai)

% Cosmic radiation living
at sealevel
24 millirem (annual)

Chest x-ray
4 milirem Living near a nuclear
(single procedure) power station
‘ [ ] l. < 1 millirem on average
(annusl)

Superfund Radiation Risk
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Superfund Radiation Risk Assessment
Fact Sheet

€ Describes each of the 4 steps of the
Superfund risk assessment process at
radioactively contaminated sites

Data Collection and Evaluation

Exposure Assessment
Toxicity Assessment
Risk Characterization

n United States Superfund Radiation Risk
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Superfund Radiation Risk Assessmen
Fact Sheet, continued

<GB
S 7S

Fact Sheet

The Superfund program uses a process called risk assessment to calculate health risks
posed by hazardous contamination and waste. Arisk assessment conducted at
Superfund sites with radioactive contamination is divided into four parts:

1. Data Collection and Evaluation

2. Exposure Assessment

4. Risk Characterization

The first three steps allow EPAto answer key questions about the contaminated site:

* What type of radioactive contamination is present?

* Where is the radioactive contamination located?

* How could people be exposed to the contamination?

« What are the potential harmful health effects from the contamination?

* And what are the uncertainties?

All of this information is then incorporated in the risk characterization, which is used to
make a decision about how to clean up the site.

T

Superfund Radiation Risk Assessment

The toxicity assessment phase answers two key questions: what potential harmful

health effects can the radionuclide cause, and how much exposure to the

radionuclide does it take to pose a significant risk to people?

The toxicity assessment is concerned with
the potential for radionuclides to cause
cancer. All radionuclides can cause cancer
and are assumed to be potentially
harmful even at low doses. The risk of
cancer from radiation increases as the
exposure increases. Uranium
radionuclides are the only radionuclides
where the noncancer effects are also
considered during Superfund site
cleanup.

In estimating the toxicity of a
radionuclide, EPA must take into account
the type of radiation it emits and how the

radiation affects different organs in the

Superfund Radiation Risk

body. Alpha particles, for example, inflict
about 20 times more damage to living
tissue than beta particles or gamma rays.
In addition, different organs in the body
have different cancer rates even when
exposed to the same level of radiation. As
a result, EPA must consider bath whale
body radiation exposure as well as
specific organ exposure for certain
radionuclides.

EPA has developed two methods to

assess the harmful effects of exposure to

specific radionuclides:

* Slope factors provide cancer risk
posed by lifetime exposure to specific

0 United States
\_/ Environmental Protection
\’ Agency
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Compendium of Information on the

PRG & DCC Calculators

& Attachment A provides 1 Page Fact Sheets on each
of the Superfund risk and dose assessment models

Primer on EPA PRG and DCC Calculators
Preliminary Remediation Goals (PRG) Calculator
Dose Compliance Concentration (DCC) Calculator

Building Preliminary Remediation Goals (BPRG)
Calculator

Building Dose Compliance Concentration (BDCC)
Calculator

Surface Preliminary Remediation Goals (SPRG)
Calculator

Surface Dose Compliance Concentration (SDCC)
Calculator

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Compendium of Information on the
PRG & DCC Calculators, continued

€ The PRG & DCC calculator fact sheets
explain:
What is a PRG or DCC?
What media are addressed in the calculator?

What exposure pathways are addressed in the
calculator?

n United States Superfund Radiation Risk
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Preliminary Remediation Goals (PRG
Calculator Fact Sheet

3y Preliminary Remediation Goals (PRG) Calculator

Y/ Stuart Walker — walker stuart@epa.gov, (703) 603-8748 PRG: http:/fepa-prgs.oml.goviradionuclides
Office of Superfund Remediation and Technology Innovation, US E nvironmental Protection Agency

What is PRG? PRG Calculator ' How does the PRG Calculator Work?

* PRG stands for Preliminary * The PRG Caleulator is atool that allowsEPA to calculate initial cleanup | Slope Factors PRG Equations
Remediation Goal. levels for radiation in soil, water, and air at Superfund sites. “

* PRGsare the initial cleanup goals at * Uses slope factors to calculate cleanup levelsbased on a target cancer ﬂ}? ,\r /\ /
a Superfund site and usually are risk of 10 . X -
Q‘&

not final cleanup levels. * Slope factors provide cancer risk posed by lifetime exposure to

* Used when there is no appropriate specific radionuclides. Slope factors also take into account the type PRG Calculation
government regulation of cleanup

of exposure (inhalation, ingestion, or external) and amount of
levels. ; :
exposure. For example, a resident on a site would expect to have a j | l %
Soil to Groundwater Exposure different exposure level than a worker on the same site.
2

* Target cancer risk of 10® means that a person exposed to the lndustrlal Land Use
Re5|dent|al Land Use
contamination has a one in a million chance of developing cancer.
(Target isbased on highest estim ated level of exposure, Most
people will have less of a chance of developing cancer.)
* The exposure pathways calculated by the PRG calculator are shownin

the diagramsbelow. Agricultural Land Use

Outdoor {or Composnte)Worker Soil Exposure Resident: Soil Exposure Tapwater Ingestlon Exposure
amhnu Drinking Water
Breathing in Vapors o
Wil e 1
fim NS >~
- S

Fish Ingestion Exposure

reathing in Dust
Particles

Incidental Soil
Ingestion

United States Superfund Radiation Risk
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Fact Sheets on Radionuclides
Commonly Found at Superfund Sites

¢ Attachment B provides 2-3 page Fact Sheets on
Radionuclides Commonly Found at Superfund Sites

Primer on Radionuclides Commonly Found at
Superfund Sites

Americium-241 17. Radon
Cesium-137 18. Strontium-90
Cobalt-60 19. Technecium-99
lodine 20. Thorium
Plutonium 21. Tritium

Radium 22. Uranium

n United States Superfund Radiation Risk
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Fact Sheets on Radionuclides
Commonly Found at Superfund Sites

€ Similar to the 2002 booklet that is replaced by
this toolkit, each of these fact sheets contains
Information on:

Potential health effects of exposure to
radionuclides commonly found at Superfund sites

EPA policies for cleaning up these
radionuclides

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
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Cesium-137 Fact Sheet

What is cesium-1377

Radioactive cesium-137is produced

spontane ously when othe r radioactive
materials, such as uranium and plutonium,
absorb neutrons and undergo fission. Fission is
the process in which the nucleus of 3
radionuclide splits into smaller parts. Cesium-
137 is a common radionuclide produced when

nucle ar fission of uraniurm and plutonium occurs
in areactor oratoric bomb.

What are the uses of cesium-137?

Cesiurn-157 and its de cay product, barium-
137m, are usedin food sterilization, including
whe zt, spices, flour, and potatoes. Cesium-137 is
used in awide variety of industrialinstruments,
such as level and thickne ss gauges and moisture
density gauges. Cesium=137 is also commaonly
used in hospitals for diagnosis and trestment.
Large sources can be used to sterilize medical
equipment.

How does cesium change in the
environment?

Cesium-137 decaysin the environment by
emitting beta particles, As noted above, cesium-
1357 decaystoa short-lived decay product,
barium-137m. The latter isotope emits garmma
radiation of moderate energy, which further
decaysto astable form of barium. The time
required for a radioactive substance to lose 50
percent of its radioactivity by decay is known as
the half-life. Cesium-137 is significant because of

EPA Facts about Cesium-137

its prevalence, relatively long half life (30 years],
and its potential effects on hurnan health
Barium-137, the daughter product of ce sium-
137 decay, has ahalf-life of 2.6 minutes.

How are people exposed to cesium-1372

People may be exposed externally to gamma
radiation emitted by cesium-137 decay
products. If very high dose s are received, skin
bums can result. Garnma photons emitted from
the barium decay product, barium-137m, can
pass through the human body, delivering
radiation exposure to internal tissue and organs.
People may also be exposed internally if they
swallow or inhale cesium-137.

Large amounts of cesium-137were produced
during atmospheric nuclear weapons te sts
conducted inthe 19505 and 1960s. As a result of
atmospheric testing and radioactive fallout, this
cesium was dispe rsed and deposited worldwide.

Sources of exposure from cesium-137 include
fallout from previous nucle ar weaponste sting,
soils and waste materials at radioactively
cortaminated site s, radioactive waste
associated with aperation of nucle ar re actars,
spert fuel reprocessing plants, and nuclear
accide nts such as Chernobyl and Fukushima.
Cesium-137 is also a component of low-level
radioactive waste at hospitals, radioactive
source manufacturing, and rese arch facilities.

How does cesium-137 get into the body?

Ce sium-137 can enter the body whenit is
inhaled, ingested, or absorbed through the skin,
Afterradioactive cesium isingested, it is

distribute d faidy uniformly throughout the
body's soft tissue s. Slightly higher
concentrations are found in muscle; slightly
lower concentrations are found in bone and fat.
Cesium-137 remains in the body fora relatively
short time. Itiseliminated more rapidly by
infants and children than by adults,

isthere a medical test to determine
exposure to cesium-137?

Generally, levels of cesium inthe body are
inferred from measurernents of urine samples
using direct gamma spectrometry. Because of
the presence of the gamma-emitting barium
daughter product, atechnique called whole-
body counting may also be used; thistestrelies
on detection of zamma photon energy. Skin
contamination canbe measured directly using a
wariety of portable instruments. Other
technique s that may be used include taking
blood orfecal sarmples, then measuring the level
of cesium.

How can cesium-137 affect people’s
health?

Based on experimentationwith ionizing
radiztion and human epidemiclogy, exposure to
radiation from cesium-137 can cause cancer.
Great Britain's National Radiclogical Protection
Board (NRPB) predictsthat there will be up to
1,000 additional cancers over the next 70 years
among the population in We stem Europe
exposed to fallout from the accident at
Chernobyl.

The magnitude of the health risk would de pend
on exposure conditions for scenarios involving
nucle ar accide nts orwaste materials, such as:

® Typesof radioactivity encountered,
® MNature of exposure, and
» Length of exposure.

What recommendations has the U.S.

Environmental Prote ction Agency made
to protect human health?

Please note that the information in this section
islimitedto recommendations EPA has made to
protect human he alth from exposure to cesium-
137. General recommendations EPA has made
toprotect human health at Superfund site s (the
10* to 10°° cance rrisk range), which cover all
radionuclidess including ce siumn-137, are
surnmarized in the fact sheet “Primer on
Radionuclides Commmonly Found at Superfund
Sites.”

EPA has established a Maximum Contaminant
Level (MCL) of 4 millirern s per yearforbeta
particle and photon radioactivity from man-
made radionuclides in drinking water. Cesium-
137 would be covered under this MCL. The
average concentration of cesium-137, which is
assurnedto yield 4 millirem s per year, is 200
picoCuries perliter (pCifL). If other radionuclides
that emit beta particles and photon radioactivity
are present in addition to cesuim-137, the sum
of the annual dose from all the radionuclides
cannot exceed 4 millire rs/ye ar.

Superfund Radiation Risk
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RVISL Radon Vapor Intrusion
Screening Level calculator fact sheet
Issued after Toolkit

Radon Vapor Intrusion Screening Level (RVISL) Calculator

Stuart Walker — walker.stuart@epa.gov | (703) 603-8748

Office of Superfund Remediation and Technology Innovation, U.S. Environmental Protection Agency RVISL: http://epa-visl.ornl.gov/radionuclides

What Is an RVISL? RVISL Calculator How Does the RVISL Calculator Work?
« RVISL stands for radon vapor intrusion * The RVISL calculator determines the risk of radon Risk/Dose Factors RVISL Equations
screening level. exposure for people in their homes or workers on the b

. Evd AR intrusion. These pathways are shown in the diagrams to
are protective of people inside building at the left arid right at the Bottom of the page
a Superfund site. RVISLs may also be used g Pasc-

RVISLs present the target concentrations of job whgn ra.don caused by_so_ll OEETOURHwater ?;’? : f ‘/
e contamination enters a building through vapor >E ;
radon in air, soil gas, and groundwater that S ~{p
1 s
RV

to show compliance with federal and state | * This tool allows EPA to calculate radon screening levels RVISL Calculation
indoor radon standards. inside buildings at Superfund sites based on risk, dose,
* RVISLs are not cleanup standards —they are working levels (WLs), or pCi/L. 4 .0
used for site screening and initial cleanup goals. * Risk-based RVISL: the tool calculates screening levels A i 1 ‘ | 1%'
« RVISLs address residential exposures and based on a target cancer risk of 10°%. This means that vJ ‘ W ¥
indoor worker exposures. a person exposed to the contamination has aone in a Resident Indoor Worker

million chance of developing cancer based on the

Radon Intrusion Exposure for a Resident highest estimated level of exposure. Radon Intrusion Exposure for an Indoor Worker

Dose-based RVISL: the tool calculates screening INDOOR WORKER
levels based on a person’s exposure to radiation in 3
dose per year, measured in millirems to show
compliance with some regulations.

WL (working levels) RVISL: the tool calculates
whether radon levels are compliant with the
Uranium Mill Tailings Radiation Control Act
(UMTRCA) federal indoor radon standard.

pCi/L (picocuries per liter) RVISL: the tool calculates
whether radon levels are compliant with a state
indoor radon standard that uses pCi/L.

VADOSE 20NE
v

Calculations are based partly on air exchange rates,
which measure how much outdoor air circulates and
replaces indoor air in a building over time. SATURATED ZONE
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Show Video

€ Quick primer of material we have covered
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Section 3 -- PRG Calculator
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PRG QOutline

 PRGs Background
I/J/ = Development Approach in CERCLA

 Calculator Walkthrough
Scenarios
Inputs
Outputs
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About PRG Calculator

“The Radionuclide PRG calculator is part of a
continuing effort by EPA’s Office of
Superfund Remediation and Technology
Innovation (OSRTI) to provide updated
guidance for addressing radioactively
contaminated sites consistent with EPA’s
guidance for addressing chemically
contaminated sites, except to account for the
technical differences between radionuclides
and chemicals.”

United States Superfund Radiation Risk
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\’EPA oy rorecte Assessment Calculator Training

NN




PRGs Background

* Preliminary Remediation Goals for
radionuclides

« Two general sources

Concentrations based on ARARs. Often the
determining factors in establishing cleanup
levels at CERCLA sites.

Risk-based, site-specific concentrations, derived
from equations combining standardized
exposure assumptions with EPA toxicity data.

Use standard equations when ARARSs are not available
or are not sufficiency protective.

United States Superfund Radiation Risk
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Site-specific Data

 PRGs can be calculated generically (w/out
J/j  site-specific info).
« Then can be recalculated using site-specific
data.

* Generic PRGs considered to be protective
for humans, incl. the most sensitive groups.

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
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Use In Site Assessment

* PRGs are not de-facto cleanup standards
and should not be applied as such.

|/« Use for site-screening and as initial
cleanup goals when applicable.

Role In site-screening: help identify areas,
contaminants, and conditions that do not require
further attention.

Initial cleanup goals provide long-term targets to
use during analysis of remedial alternatives.

United States Superfund Radiation Risk
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Use In Site Assessment (cont.)

* At site where contaminant conc. fall below
PRGs, no further action or study Is
warranted.

« Conc. above PRGs do not automatically

trigger a “dirty” designation or response
action.

» Specific for individual chemicals for specific
medium and land use combinations at sites.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
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Carcinogenicity

* PRGs calculated for risk-based
carcinogenicity of the analytes.

/ « Uranium is the only radionuclide for which
chemical toxicity iIs comparable or greater
than the radiotoxicity.

An RfD has been established for chemical kidney
toxicity based on an ATSDR profile.

Use EPA Superfund RSL calculator to develop
uranium PRG based on HI, use PRG calculators
for 106 cancer risk PRG.

United States Superfund Radiation Risk
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Expression

« Quantities expressed in units of activity (e.g.
PCi) and units of mass (e.g. mg).
Typically units of activity are used to quantify the
concentration of radioactive material in soill

because carcinogenic risks of exposure in rad

solls are more related to the decay rate than to
Its mass.

Mass is provided to help evaluate the efficacy of
remediation technologies

« Do not address non-human health
endpoints such as ecological impacts.

n United States Superfund Radiation Risk
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PRG Calculator

 The PRG calculator establishes PRG
concentrations for each radionuclide.
Depending on the PRG option chosen, only
the radionuclide selected may be considered
or the parent and progeny may be
considered.

« Cancer risk from all radiological and non-
radiological contaminants should be summed
to provide risk estimates to people exposed
to both types of carcinogenic contaminants.

n United States Superfund Radiation Risk
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CERCLA Risk and Dose Calculators
Human Health - Radiological

Cancer risk (1 x 10-%) Dose (millirem per year)
€ PRG (soil, water and air) 4 DCC (soil, water and air)
2002 2004
/' ® BPRG (inside buildings) € BDCC (inside buildings)
2007 2010
€ SPRG (outside surfaces) € SDCC (outside surfaces)
2009 2010

€ RVISL (radon intrusion) 2021

Human Health - Chemical
€ RSL (soil, water, and air) 2008
€ VISL (vapor intrusion) 2018

United States Superfund Radiation Risk
\’ EPA Environmental Protection
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Developmental Approach

* ldentify PRGs at scoping.
« Create conceptual site model

« Modify PRGs as needed at end of RI or
during FS based on site-specific info from
baseline risk assessment.

 Select remediation levels in ROD.
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Development Approach —
Conceptual Site Model

« Exposure pathways of concern and site
conditions must match screening level

assumptions.
* Developing CSM Is necessary to identify:
Likely contaminant source areas

Exposure pathways
Potential receptors

Superfund Radiation Risk

~n United States
\U’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Development Approach —
Conceptual Site Model (cont.)

* |Info from CSM can also be used to
determine or assist with:

Applicability of screening levels at site

Prioritizing multiple sites within a facility or
exposure units

Setting dose-based detection limits for
contaminants of potential concern (COPCs)

Focusing future dose assessment efforts

n United States Superfund Radiation Risk
\U’EPA Environmental Protection ..
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Development Approach —

Conceptual Site Model (cont.)

* Final CSM represents linkages among:

Contaminant sources
Release mechanisms
Exposure pathways

Routes and receptors

 CSM should address following questions:

<EPA

Are there potential ecological concerns?

Is there potential for land use other than those covered by
PRG levels?

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

Are there unusual site conditions?

United States Superfund Radiation Risk

Environ
Agency
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Example Conceptual Site Model —
Overview of Contaminant Migration

CONCEPT Y= 1
CONCEPTUAL ) S
SITE MODEL STATE GAME PARTICULATES
LANDS
WIND ROSE
&
Z
PRECIPITATION
%& @ CRAZING
& LAND

SCHOOL
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PARTICULATES ‘\yasTE

TOWN

—
S I

PARTICULATES

WATER PLANT
INTAKE

: “HosPITAL
DRUM DUMP Y > i W

D 38 § S RESIDENTIAL
S Ay, WELLS

OF,
< Soy i
<3\7 A DO%SGA S
B o) ;

_ a g .

SEWAGE PLANT
OUTFALL .

AQUIFER
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Example Conceptual Site Model for
PRG and DCC

PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE M
MECHANISM MECHANISM
Resuspension Exposure Resident | Outdoor Indoor Comp. Recreator
And Route Worker Worker | Worker
Volatilization
Inhalation
Submersion g & .
Infiltration E"’“"d"@“” Exposure | Resident | Outdoor Indoor | Comp. | Con. Farmer | Recreator
And Surface gl Route Worker Worker | Worker | Worker
Percolation Water
Ingestion
Inhalation
Immersion
Radionuclide Release —
Handling —>or Soils Exposure Resident | Outdoor Indoor | Comp. | Con. Recreator
Area Spill l—'—J Route Worker Worker | Worker | Worker
f Ingestion
Inhalation 3 ) B g
Extemal
S N Blovta IR [ xposure Resident | Outdoor Indoor | Comp. | Con. Recreator
Route Worker Worker | Worker | Worker
Produce
Poultry*
Eaggs
Meat*
Milk*
Fish
- Game/Fowl
Conceptual Site Model of Quantified Exposure Pathways for radionuclide PRGs
Black lines are direct exposure routes Game/
Black dashed lines are direct and indirect exposure routes Animal
Red lines are indirect exposure routes
* Poultry consists of chicken, turkey. or duck. Meat consists of swine, beef, goat, and sheep. Milk
consists of cow, goat, and sheep

n United States Superfund Radiation Risk
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Calculator Walkthrough

Overview
Select scenario
Select PRG type
Select units
Select isotopes of interest

Scenarios
Site-specific considerations
PRG Output Options

n United States Superfund Radiation Risk
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PRG Calculator Overview

Farmer

Indoo

Resident Construction Outdoor Recreator
‘ i ‘ Worker Worker Worker l ‘ ! ‘
Soil || TapWater | Soil | Soil | Soil | |Soil/Sediment| Soil | | TapWater |
* ingestion * ingestion * ingestion * Ingestion * Ingestion * ingestion * ingestion - ingestion
+ inhalation « inhalation + inhalation * inhalation  |* inhalation » inhalation - inhalation « inhalation
+ external * immersion + external * external * external » external + external * immersion
* consumption |+ consumption * consumption |+ consumption
of produce of produce ; hAI";Io | Air | p hAIlrl | 8urfacﬂeWater| of produce of produce
. - * Inhalation |+ inhalation |+ inhalation + ingestion
Fish | Air | | submersion |- submersion |* submersion | immersion Air | Biota |
* consumption |* inhalation - * inhalation * poultry
« submersion Air | » submersion | eggs
» inhalation - beef
oil ScreeningLevels » submersion ~ milk
or protection of groundwater Biota | » swine
~ fish
» land game » goat
> fowl/ » goat milk
> sheep
» sheep milk

Superfund Radiation Risk

0 United States
\_/ Environmental Protection
\’ Agency
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PRG Calculator Inputs

Select Individual Isotopes

Using the PRG Calculator

Select Scenario

& Resident
Composite Worker
Outdoor Worker
Indoor Worker
Construction Warker - Standard Unpaved Road Vehicle Traffic (Site-specific only)
Construction Worker - Wind Erosion and Other Construction Activities (Site-specific only)
Recreator (Site-specific only)
Farmer
Soil to Groundwater

Select Media: Select Risk Output:
Sail
Air ® No
2-D External Exposure Yes
Tap Water
Fish

Select PRG type  Select Units

® Defaults ® pCi
Site-specific Bc
b l Show Individual Produce PRG Qutput:
® No
) Yes

Complete List

Ac-223
Ac-224
Ac-225
AC-226
Ac-227
Ac-228
Ac-230
Ac-231
Ac-232
Ac-233

v

Common Isotopes

I-131

Pu-238
Pu-239
Pu-240
Ra-228
Rn-220
Rn-222
Sr-90

Th-228
Th-230

~

Selected
Am-241
Cs-137

Source and Decay Output Options@

(@ assumes period of peak risk [with decay and progeny ingrowth)

() mssumes secular equilibrium throughout chain (no decay)

() Does not assume secular equilibrium, provides results for progeny throughaut chain
() Does not assume secular equilibrium, provides results for selected isotopes only

Peak Time Periode

(@) infinite (Default)
() 10,000 vears
() 1,000 vears
() 100vears

) Other

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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Select scenario

« EXxposure scenario affects allowed toxicity levels based on
length, frequency, and intensity of exposure.
e Scenarios
Resident
Composite worker
Outdoor worker
Indoor worker

Construction Worker - Standard Unpaved Road Vehicle Traffic
(Site-specific only)

Construction Worker - Wind Erosion and Other Construction
Activities (Site-specific only)

Recreator (Site-specific only)
Farmer
Soil to Groundwater

n United States Superfund Radiation Risk
\"EPA Environmental Protection
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Select PRG Type, Units,
Isotopes

Use default site parameters

Enter site-specific parameters

Select chemical info type: database hierarchy
defaults or user-provided.

Select units of activity: pCi/g or Bg/g
Select isotopes of interest

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
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Calculator Site-Specific Inputs

Resident
Exposure to Air

Inhalation and External Exposure

Air Inhalation CliCk

TR=t, [yr) =2 [%J

(pCifm3 )=
(-e ) SF[ ] <IFA (151,000 m3)
pCi rad

res-air-inh-decay

wih ere:

exposure
g 161,000 m3)=[EFr_C [%D}rﬁ] <ED,__(B y)<ET_ [2;: 21: Y lxira C[ ﬂ pathways
[EFr_a [%}EDH (20 yr)<ET [2: : ] [2;: ¥ ] RA a[ d Y:a]] for
Air Inhalation (without decay) eq u atl ons.

Air Submersion

Air Submersion (without decay)

Air Total

Air Total (without decay)

n United States Superfund Radiation Risk
\"EPA Environmental Protection
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Calculator Site-Specific Inputs

_ ED, (exposure duration - resident) yr 24 ET.. (exposure time - resident child) hr

20 ED,., (exposure duration - resident adult) yr 1.0 GSF, (gamma shielding factor - air) unitless

6 ED,_. (exposure duration - resident child) yr IFA,..q; (age-adjusted inhalation factor) m?
m EF. (exposure frequency) day/yr 20 IRA,_, (inhalation rate - resident adult) m*/day
350 EF__, (exposure frequency - resident adult) day/yr 10 IRA,_ (inhalation rate - resident child) m*/day
350 EF,.. (exposure frequency - resident child) day/yr _ t,(time - resident) yr

_ ET, (exposure time - resident) hr TR (target cancer risk) unitless

24 ET,.. (exposure time - resident adult) hr

Blue fields are not user-changeable.

* Values determined by other inputs.
EX: IRA, 4 depends on IRA.,, IRA ., ED,,, and ED, .

Superfund Radiation Risk

0 United States

\_/ Environmental Protection

\’ Agency
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Residential Scenario

 The resident spen

ds most, If not all, of the

day at home except for the hours spent at

work.

/ «  The activities for t
homemaking chor

NiS receptor involve typical
es (cooking, cleaning, and

laundering) as we
* Adults and childre

| as gardening.
n exhibit different ingestion

rates for soil and produce. The equations
account for age adjustment.

For example, the child resident is assumed to

Ingest 200 mg per
mg per day.

day while the adult ingests 100

Superfund Radiation Risk

¢ { United States
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Residential Exposure Pathways

 Ambient air

* Tap water

« Soll

« 2D direct external exposure
« Soll to groundwater

* Fish

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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Resident Common Parameters

€ These are used in most resident equations.
Changes here get carried to other areas.

Parameters Common to all Exposure Route Equations

_ ED, (exposure duration - resident) yr 24 ET. (exposure time - resident) hr

20 ED,. (exposure duration - resident adult) yr 24

ET,.. (exposure time - resident adult) hr

6 ED, . (exposure duration - resident child) yr 24 ET,.. (exposure time - resident child) hr

m EF, (exposure frequency - resident) day/yr _ t, (time - resident) yr

350 EF,__ (exposure frequency - resident adult) day/yr 1.0E-6 TR (target cancer risk) unitless

350 EF... (exposure frequency - resident child) day/yr

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection
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Residential Ambient Air

* Two sets of equations

With half-life decay function — contaminants in
air are not being replenished (e.g.
contaminated settled dust from a previous
release that is being resuspended)

Without half-life decay function — contaminants
In air have a continual source (e.g. indoor radon
from radium in the soil)

* EXposure routes: inhalation, external
exposure to ionizing radiation

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Residential Ambient Air SS Inputs
Inhalation and External Exposure

_ ED, (exposure duration - resident) yr 24 ET,.. (exposure time - resident child) hr
55 ED,_, (exposure duration - resident adult) yr 1.0 GSF, (gamma shielding factor - air) unitless
6 ED,.. (exposure duration - resident child) yr IFA, . (age-adjusted inhalation factor) m?3
m EF, (exposure frequency) day/yr 20 IRA,_, (inhalation rate - resident adult) m*/day
350 EF,_, (exposure frequency - resident adult) day/yr 10 IRA, . (inhalation rate - resident child) m*/day
350 EF.__ (exposure frequency - resident child) day/yr _ t. (time - resident) yr
_ ET, (exposure time - resident) hr TR (target cancer risk) unitless
24 ET,.. (exposure time - resident adult) hr

MNOTES:

1. SF=inhalation slope factor (risk/pCi).

2. SF_ ,=submersion slope factor (risk/pCi)
3.t =ED,=ED,__+ED, _
4

. h=decay constant

United States Superfund Radiation Risk

Environmental Protection
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Residential Tapwater

* Resident is exposed to radionuclides in tapwater
delivered into the home.

* EXposure routes:
Ingestion
External Exposure - Immersion

Inhalation of volatiles

Only for radionuclides that volatilize: C-14, H-3, Rn-219, Rn-
220, Rn-222, and radon short lived decay products that are
airborne, or isotopes that decay into one of the three radons.

Accounts for air exchange rate effect on radon progeny levels.

From household water uses: showering, laundering,
dishwashing, etc.

Consumption of fruits and vegetables grown on
contaminated soill

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Residential Tapwater

RESIDENT TAPWATER

s N
INGESTION

Environmental Protection

PAUnited States Superfund Radiation Risk
Agency Assessment Calculator Training



Residential Tapwater SS Inputs
Ingestion, Inhalation, and Irrigation
Exposure

0.18 v Selectair exchanges per hour for A_, 10 IRA, ... (inhalation rate - resident child) m*/day
6104 DFA s aqj (age-adjusted immersion factor - 3.62 |, (irrigation rate) L/m?-day
resident) hr 2.5 IRW . . (water intake rate - resident adult) L/day
ED,, (exposure duration - resident) yr 0.78 IRW, . . (water intake rate - resident child) L/day
20 ED,._, (exposure duration - resident adult) yr 0.5 K (volatilization factor of Andelman) L/m?
6 ED,.... (exposure duration - resident child) yr 0.000027 A,y (soil leaching rate) 1/day
350 EF,..., (exposure frequency - resident adult) 240 P (area density for root zone) kg/m?
day/yr 1 T (translocation factor) unitless
350 EF, ... (exposure frequency - resident child) 071 ET...u e res., (duration of bathing event - adult)

day/yr hr/event

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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Residential Tapwater SS Inputs
Ingestion, Inhalation, and Irrigation
Exposure (cont.)

[ETVA=ATE=I RN

24 ET,... (exposure time - resident adult) hr/day

10950 t, (long term deposition and buildup) day
24 ET,.... (exposure time - resident child) hr/day 0.54 ET 1ot rec.c (duration of bathing event - child)
1 EV,.. , (bathing events per day - resident adult) e
event/day TR (target cancer risk) unitless
1 EV,.. . (bathing events per day - resident child) 60 t, (above ground exposure time) day
event/day 14 t,, (weathering half-life) day
0.25 F (irrigation period) unitless 5 Y, (plant yield - wet) kg/m?
IFA es-aj (age-adjusted inhalation factor -
resident) m?
0.42 I¢ (interception fraction) unitless
IFW,o5_4; (adjusted intake factor - resident) L-
yr/kg-day
20 IRA,.._, (inhalation rate - resident adult) m*/day

NOTES:
1. SF;= Food Ingestion Slope Factor (risk/pCi)
2. SF; = Inhalation Slope Factor (risk/pCi)
3. SF,, = Water Ingestion Slope Factor (risk/pCi)
4.SF, - =Immersion External Exposure Slope Factor [(risk/year)/(pCi/m?)]

n United States Superfund Radiation Risk
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Residential Soill

RESIDENT SOIL

« EXxposure routes:
Incidental ingestion of soil

Inhalation of particles emitted from soil (wind-blown
dust)

External exposure to ionizing radiation

Consumption of fruits and vegetables grown on
contaminated soll

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Residential Soil SS Inputs

Ingestion, External, Inhalation and Produce

|Se|ect site area V|5ite area for ACE 16.416 ET ..-; (Exposure time - indoor resident) hr/day
1.752 ET exposure time - outdoor resident) hr/da
|Se|e-:t & COVEr layer V|Cm'er layer thickness for C5F, raa=z (EXP ) ¥

0 CSF, hielding factor - ind itl
|Se|ect a cover layer V| Cover layer thickness for G5F, i ([gamma shielding factor - indoor) unitless
|_ ED,., (exposure duration - resident) yr 161000 IFA ..y (age-adjusted soil inhalation factor -

resident) m#

ED,,... (exposure duration - resident adult) yr

1120000 IFSm_mJ- {age-adjusted soil ingestion factor -
IZ' ED,.... (exposure duration - resident child) yr resident) mg
ESTIIN &5 (exposure frequency - resident) day /yr IRA,,,_, (inhalation rate - resident adult) m?/day
350 EF ¢,-5 (ExpOsUre frequency - resident adult) IRA, . . (inhalaticn rate - resident child) m?/day
day/yr IRS,,_. (s0il intake rate - resident adult) mg/day
350 EF... . (exposure frequency - resident child)

200 IR5 .. (soil intake rate - resident child}) mg/day
day/yr

T, (time - resident) yr

ET,.. (exposure time - resident) hr/day

1.0E-6 TR {target cancer risk) unitless

ET, (exposure time - resident adult) hr/day

ras-a

ET ... (exposure time - resident child) hr/day

[ [
s S

NOTES:
1. 5F.=s0il ingestion slope factor (risk/pCi).

2. SF;=inhalation slope factor (risk/pCi).

[}

. SF -z =external exposure slope factor (risk-g/pCi-yr).

F=

. ED,, = g,

]

. A=decay constant

. 0<GSF=1

= o

. Q/C ing=calculations based on site size and climactic zone. Further details on the derivation of Q/C,;.4 can be
found in Appendix D

&. A, B, C = PEF region-specific dispersion constants (unitless)

n United States Superfund Radiation Risk
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Residential Soil SS Inputs

Ingestion, External, Inhalation and Produce
Exposure (cont.)

Parameters Common to all Produce Routes

Produce Consumption — direct

20 ED,,,-. (exposure duration - resident adult) yr 1.0E-6 TR (target cancer risk) unitless
& ED,_.__(exposure duration - resident child) yr Temperate V| Climate zone
Default »| Soil type
350 EF,.... (exposure frequency - resident adult)
day/yr
350 EF,.... (exposure frequency - resident child)

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Residential Soil SS Inputs

Ingestion, External, Inhalation and Produce
Exposure (cont.)

Select Produce Items to Include

Toggle All Okra
Apples Onions
Asparagus Peaches
Beets Pears
Berries Peas
Broccoli Peppers
Cabbage Potatoes
Carrots Pumpkin
[J Cereal Grains [J Rice

Citrus Fruits Snap Beans
Corn Strawberries
Cucumbers Tomatoes
Lettuce Toggle intake rates: ® Fresh weight O Cooked weight
Lima Beans

\ To completely remove produce from the output, un-check the 'Toggle All' box.

n United States Superfund Radiation Risk
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Residential Soil SS Inputs

Ingestion, External, Inhalation and Produce
Exposure (cont.)

1 CF

ras-apple (contaminated apple fraction) unitless 72.2 IRAP .. (@pple ingestion rate - resident child)

m IF.-E'c.Fm_ldj {age-adjusted apple ingestion factor) g/day

000160 MLF

{(apple mass loading factor) unitless

0 apgpla
737 IRAF, .. (apple ingestion rate - resident adult)
g/day
Asparagus
1 CFras-azparages (CONT@minated asparagus fraction) 12.0 IRAS . . {asparagus ingestion rate - resident
unitless child) g/day

00300 IF.IE'a.Sm_idj (age-adjusted asparagus ingestion 00007a0 MLF“FHEEHE {asparagus mass loading factor)
factor) g unitless
393 IRAS _ __ (asparagus ingestion rate - resident

adulty g/ day

n United States Superfund Radiation Risk
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Residential Soil SS Inputs
Particulate Emission Factor

Particulate Emission Factor

Particulate Emission Factor

Default v |City (Climatic Zone) - Selection based on most likely climatic conditions for the site
0.5 v| A_(acres)

1359344438 PEF (particulate emission factor) m3fkg

m Q/C,,p / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square

source (g/m?-s per kg/m-?) PEF Selection

m # (Dispersion Constant)
m B (Dispersion Constant)
216.108 C (Dispersion Constant)

m F{x) / function dependant on U /U, derived using Cowherd et al. (1985) (unitless)

0.5 V / fraction of vegetative cover (unitless)
4.69 U,, / mean annual wind speed (m/s)
11.32 U. / equivalent threshold value (m/s)

United States Superfund Radiation Risk

Environmental Protection
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Res 2D Direct External

Exposure
» Alternate equations for external
exposure solely for ionizing radiation of
radionuclides in soil ( no ing or inh).

* Designed to look at external exposure
contamination from different area sizes.

« Area sizes considered (m?):

- 1 - 20 « 500 10,000
e 2 « 50 1000 20,000
5 « 100 2000 50,000

nited States _ Superfund Radiation Risk
\’EPAige gym ntal Protection L.
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Res 2D Direct External
EXposure Scenarios

Infinite soil depth — “3D” model
1 cm soill depth
5 cm soll depth

15 cm soll depth
Soll depth models based on mass (pCi/g)

Contaminant dust on ground plane.
Based on area, expressed in pCi/cm?.

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
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Buried Waste

€ PRG and DCC have option for the effects of clean soill
on top of buried waste. Depth-specific gamma shielding
factors (GSF,s) are now given for:

Various slope and dose conversion factors (ground
plane, 1 cm, 5 cm, 15 cm and infinite depth) and
various soil cover depths

Does not account for radionuclide transport (e.g.,
radon through the cap, radionuclide leaching to
groundwater)

Assumes cover does not degrade

Covers of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100
cml, 2 34,5, 6,8, 10 mare available.

Receptor outside and inside buildings

n United States Superfund Radiation Risk
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Buried Waste (cont.)

Ground Plane Gamma Shieldng Factors of Mono-energetic Photons

016 T T Ground Flane Gamma Shielding Factoes of Mono-energens Photons
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Figure 2: Ground Flane GSF of Mono-energetic Photons with Cover Thickness 10cm through S0cm Emitted Fhioton Enargy (Mel)
Figure 3: Ground Plane GSF of Mono-energetic Photons with Cover Thickness 6lcm through 100cm
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Fizure 4: Gr 1 Plane CSF of Mone cetic Photons versus Cover Thickness at Various Energies Figure 5: GSF at 10 MeV using Various Contamination Thickneszes with Respect to Soil Cover Depth
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Residential 2D SS Inputs

Resident
Exposure to Alternate External Sources

_ ED, (exposure duration - resident) yr 0.4 GSF, (gamma shielding factor - indoor) unitless
m EF. (exposure frequency - resident) day/yr _ t. (time - resident) yr
16.416 ET,; (exposure time - indoor resident) hr/day 1.0E-6 TR (target cancer risk) unitless
1.752 ET,., (exposure time - outdoor resident) hr/day
NOTES:

1. Slab size for ACF in alternate external exposure equations is determined by area selected in soil section above

Soil thickness for GSF | in alternate external exposure equations is determined by area selected in soil section above
SFer-gp=Bround plane external exposure slope factor {(mrem-cmZ/pCi-yr).

SF
SF

oyr-e, ~INTINIte soil volume external exposure slope factor (mrem-g/pCi-yr).

ext-1em=50il volume at 1 cm external expasure slope factor (mrem-g/pCi-yr).

SF
SF

ext-5em=50il volume at 5 cm external expasure slope factor (mrem-g/pCi-yr).

eyr-15cm =501 volume at 15 cm external exposure slope factor (mrem-g/pCi-yr).

h=decay constant

L A L T o

ED, =t,
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Residential Soil to Groundwater

 |dentifies concentrations in soil that have
the potential to contaminate groundwater
above risk-based concentrations (RBCs)
such as PRGs or MCLs.

«  Migration of contaminants from soll to
groundwater can be envisioned as a two-
stage process. Scenario considers both of
these fate and transport mechanisms.

Release of contaminant from soll to soll
leachate.

Transport of the contaminant through the
underlying soil and aquifer to a receptor well.
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Residential Soil to Groundwater

' SOIL TO GROUND WATER

W WNGESTION =

SHOEWATERT 8

IRRIGATION, ‘3_}:;»';; y
S INGESTH \; ,n) UCE gt

VADOSE ZONE

WATER TABLE

LEACHING
SATURATED ZONE
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Res Soil to GW — Soll Screening

| evels

« SSLs accommodate partitioning between
soll and water using Kds per guidance.

« Designed for use during early states of site
evaluation when info about subsurface
conditions is limited.

» Based on conservative, simplifying
assumptions about release and transport of
contaminants in subsurface.

e Other models from SSG, rad SSG 2000 and
TBD Part 3 are available.

United States Superfund Radiation Risk
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Steps to Calculate SSLs

« Acceptable groundwater concentration is
multiplied by a dilution factor to obtain a
target leachate concentration.

 Partition equation is then used to calculate
the total soil concentration corresponding to
this soll leachate concentration.

United States Superfund Radiation Risk
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Residential Soil to Groundwater SS Inputs —
Dilution Factor for Migration to Groundwater

Dilution Factor for Migration to Groundwater

Dilution Attenuation Factor K[m] xi[m} ed(im) 0e [[ L m)xl(m]]f[K(mei[m]xd (m)]]
_ m 2 yr yr m a
DAF=1+ 2~ dim) = [00112=L (m] J 4 (m)=21-e
Mixing Zone Depth |[ﬂ}:|_(m)
¥
1 DAF (dilution attenuation factor) unitless . d, (aquifer thickness) m - site-specific
K (aquifer hydraulic conductivity) m/yr . i (hydraulic gradient) m/m
L (source length parallel to ground water flow) m 0.18 | (infiltration rate) m/yr
_ d (mixing zone depth) m - site-specific
MNOTES:

1. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.
2. If DAF is known, enter it above. Or, to calculate DAF, enter your own site-specific values for the variables in the necessary
fields above.

3. When DAF is entered or calculated, the values for the blue DAF boxes in the Migration to Groundwater sections below
will be populated. If DAF is not entered or calculated, the default value of 1 will be used.
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Residential Soil to Groundwater SS Inputs —

Partitioning Equation for Migration to Groundwater

Partitioning Equation for Migration to Groundwater

Method 1

8 [Lwater}
: . wl L .
sg [PCT)=¢ [F'_C'Jxme AN soil /|, txh
g wioL d kg [1_E-M)
Pb T

where:
CW= MCL or PRG = DAF

_ DAF (dilution attenuation factor) unitless 26 t(time) yr

1.5 Py, (dry soil bulk density) kg/L 0.3 8,, (water-filled soil porosity) L, ... /Lo

water

NOTES:

1. The Partitioning Equation for Migration to Ground Water is used by default. To use the Mass-Limit Equation, enter values
for the required parameters in the section below.

2. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.

3. If DAF is known, enter it in the Dilution Factor section above. When DAF is entered or calculated in the section above, the

value for the blue DAF box in this section will be populated. If DAF is not entered or calculated, the default value of 1 will
be used.
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Residential Soil to Groundwater SS Inputs — Mass-
Limit Equation for Migration to Groundwater

Mass-Limit Equation for Migration to Groundwater

IMethod 2

p—&]xl(m]xED (70 yr) <1073 [k—ngtx}\
w) aw g

SSL(F’—GJ: CW[ =
4 N [kTgJXdS (m)ﬂh—e'“)

where:
CW= MCL or PRG = DAF

_ DAF (dilution attenuation factor) unitless 70 EDgw (exposure duration) yr

d_ (depth of source) m - site-specific 1.5 py, (dry soil bulk density) kg/L

<EPA

NOTES:
1. The Partitioning Equation for Migration to Groundwater above is used by default. To use the Mass-Limit Equation, enter
values for ED, d_, and P, in this section and enter a value for | in the Dilution Factor section above.

2. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.

3. If DAF is known, enter it in the Dilution Factor section above. When DAF is entered or calculated in the section above, the
value for the blue DAF box in this section will be populated. If DAF is not entered or calculated, the default value of 1 will
be used.
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Residential Fish

« Radionuclide concentration in fish tissue
consumed.

Consumption rate for fish is not age-adjusted
like the farmer scenario is.

United States Superfund Radiation Risk
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Residential Fish SS Inputs

Resident
Exposure to Consumption of Fish

Fish Ingestion

TR

PRG Cifg|=
(reve) se. [15K).ep [3B098Y) ep (28 yr)=IRF 5491, nF (1)
fsh pC| r yr r a da}r fish

res-fsh-ing

_ ED, (exposure duration - resident) yr _ t,(time - resident) yr
m EF. (exposure frequency - resident) day/yr 1.0E-6 TR (target cancer risk) unitless

54 IRF, (fish intake rate - adult) g/day

NOTES:
1. SF_ =food dose conversion factor (mrem/pCi). rad-specific

n United States Superfund Radiation Risk
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Composite Worker Scenario

» Combines the most protective exposure
assumptions of the outdoor and indoor
workers.

* Only difference from outdoor worker is that
composite worker uses the more-protective
exposure frequency of 250 days/year from
the indoor worker scenario.

United States Superfund Radiation Risk
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Composite Worker Scenario
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Composite Worker Scenario

‘OMl’OSITE WORKER AIR
)

EPAUnited States Superfund Radiation Risk
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Outdoor Worker Scenario

* 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.

 Activities (e.g. moderate digging,
landscaping) typically involve on-site
exposures to surface soils.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Outdoor Worker Scenario

« Expected to have an elevated soll ingestion

rate (100 mg/day); most highly exposed
receptor in the outdoor environment under

commercial/industrial conditions.
* EXxposure pathways:
Ambient air
Soll
2D direct external exposure

Superfund Radiation Risk

~n United States
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Agency Assessment Calculator Training
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QOutdoor Worker Common Parameters

Parameters Common to all Exposure Route Equations

25 ED,,, (exposure duration - outdoor warker) yr _ t,,, (time - outdoor worker) yr
225 EF,., (exposure frequency - outdoor worker) day/yr | |1.0E-6 TR (target cancer risk) unitless
8 ET,,, (exposure time - cutdoor worker) hr/day

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Outdoor Worker Ambient Air

* Two equations:

With half-life decay function for contaminant in air
that is not being replenished.

Without half-life decay function for contaminant in
air that is being replenished.

* Exposure Pathways
Inhalation

External exposure to contaminants in air

n United States Superfund Radiation Risk
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Outdoor Worker Ambient Air SS Inputs
— Internal and External Exposure

_ ED,,, (exposure duration - outdoor worker) yr 60 IRA,,, (inhalation rate - outdoor worker) m*/day

m EF,,, (exposure frequency - outdoor warker) _ t,, (time - outdoor worker) yr

day/yr 1.0E-6 TR (target cancer risk) unitless
_ ET,,, (exposure time - outdoor worker) hr

1 GSF, (gamma shielding factor - air) unitless

NOTES:
1. SF=inhalation slope factor (risk/pCi). rad-specific

2. SF_ =submersion slope factor (risk/pCi). rad-specific

3. A=decay constant
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Outdoor Worker Soll

" OUTDOOR WORKER SOIL

* EXxposure pathways
Incidental ingestion of soill
Inhalation of dust particulates emitted from soll
External exposure to ionizing radiation

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training




Outdoor Worker Soil SS Inputs

Ingestion, External, and Inhalation Exposure

Select a slab size v Slab size for ACF
G0 IRA,,, (inhalation rate - outdoor worker) m3f'day

Select a soil thickness cover layer ¥ Select cover layer

. 100 IR
thickness for GSF (zamma shielding factor - outdaor)

v (soil intake rate - outdoor worker) mg/day

_ t,,, (time - outdoor worker) yr
_ ED,_,, (exposure duration - outdoor worker) yr _

1.0E-6 TR (target cancer risk) unitless
m EF,,., (exposure frequency - outdoor worker)
day/yr

_ ET,,, (exposure time - outdoor worker) hr/day

NOTES:
1. SF=inhalation slope factor (risk/pCi). rad-specific
SF_=ingestion slope factor (risk/pCi). rad-specific

SF =external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-sv

tD'NzEDOW

A=decay constant

S N

Q/C,;ng=calculations based on site size and climactic zone. Further details on the derivation of Q/C,, can be found in
Appendix D

7. A, B, C=PEF region-specific dispersion constants (unitless)

United States Superfund Radiation Risk
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Outdoor Worker 2D Direct

External Exposure

« Consider external exposure for different
area sizes. Isotope-specific area correction
factor (ACF) used in analysis.

* ACF Is now source depth specific.

 Site scenarios
Infinite depth (3D)
1 cm soil depth
5 cm soil depth

15 cm soil depth

Contaminated dust

n United States Superfund Radiation Risk
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Outdoor Worker 2D Direct External
Exposure (cont.)

_ ED,,, (exposure duration - outdoor worker) yr _ t,,, (time - outdoor worker) yr
m EF,,, (exposure frequency - outdoor warker) 1.0E-6 TR (target cancer risk) unitless

day/yr

_ ET,,, (exposure time - outdoor worker) hr

NOTES:
1. Slab size for ACF in alternate external exposure equations is determined by area selected in soil section above

SFeyr.gp=8round plane external exposure slope factor (risk-yr/pCi-g). rad-specific

SF =infinite soil volume external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-sv
SFur-1em=50il volume at 1 cm external exposure slope factor (risk-yr/pCi-g). rad-specific
Sk
SF

ext5em =501l volume at 5 cm external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-15em =501 volume at 15 cm external exposure slope factor (risk-yr/pCi-g). rad-specific

toszDow

e A

A=decay constant

United States Superfund Radiation Risk

Environmental Protection
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Buried Waste

€ Revised PRG and DCC added option for buried waste.
Depth-specific gamma shielding factors (GSF_s) are now
given for:

Various slope and dose conversion factors (ground
plane, 1 cm, 5 cm, 15 cm and infinite depth) and
various soil cover depths

Does not account for radionuclide transport (e.g.,
radon through the cap, radionuclide leaching to
groundwater)

Assumes cover does not degrade

Covers of 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 100
cml, 2, 3,4,5, 6,8, 10 mare available.

United States _ Superfund Radiation Risk
\’ EPA Environmental Protection
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Buried Waste (cont.)

Ground Plane Gamma Shieldng Factors of Mono-energetic Photons
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Figure 2: Ground Flane GSF of Mono-energetic Photons with Cover Thickness 10cm through S0cm Emitted Fhioton Enargy (Mel)
Figure 3: Ground Plane GSF of Mono-energetic Photons with Cover Thickness 6lcm through 100cm
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Fizure 4: Gr 1 Plane CSF of Mone cetic Photons versus Cover Thickness at Various Energies Figure 5: GSF at 10 MeV using Various Contamination Thickneszes with Respect to Soil Cover Depth
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Indoor Worker Scenario

* Long-term receptor for an indoor worker
spends most, Iif not all, of the workday
Indoors. Thus, an indoor worker has no
direct contact with outdoor solls.

* PRGs calculated for this receptor are
expected to be protective of both workers
engaged in low intensity activities (e.g. office
work) and those engaged in more strenuous
activity (e.g. factory or warehouse workers).

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
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Indoor Worker Exposure
Pathways

« Ambient air
 Soll
« 2D alternate external exposure

United States Superfund Radiation Risk
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Indoor Worker Ambient Air

« Two equations:

With half-life decay function for contaminant in air that is
not being replenished.

Without half-life decay function for contaminant in air that is
being replenished.

* EXxposure Pathways
Inhalation

External exposure to contaminants in air

Parameters Common to all Exposure Route Equations

25

250

ED,,, (exposure duration - indoor worker) yr
EF,,, (exposure frequency - indoor worker) d

ET,,, (exposure time - indoor worker) hr/day

_ t,, (time - indoor worker) yr

aylyr 1.0E-6 TR (target cancer risk) unitless

0 United States
\_/ Environmental Protection
\’ Agency

NN

Superfund Radiation Risk
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Indoor Worker Ambient Air SS Inputs —
Inhalation and External Exposure

_ ED,,, (exposure duration - indoor worker) yr 60 IRA,, (inhalation rate - indoor worker) m*/day

m EF,,, (exposure frequency - indoor warker) day/yr _ t,,, (time - indoor worker) yr
_ T, (exposure time - indoor worker) hr 1.0E-6 TR (target cancer risk) unitless

1.0 GSF, (gamma shielding factor - air) unitless

NOTES:
1. SF=inhalation slope factor (risk/pCi). rad-specific

2. SF_ ,=submersion slope factor (risk/pCi). rad-specific

3. A=decay constant

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
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Indoor Worker Soil

 No direct contact with outdoor saoill.

* Exposure Pathways

Incidental ingestion of contaminated soils
Incorporated into indoor dust

Inhalation of dust particulates emitted from soil

External exposure to ionizing radiation

Gamma rays from radionuclides in soil penetrate the
building foundations and flooring.

n United States Superfund Radiation Risk
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Indoor Worker Soil

o e -

R SOIL

™

INHALATION
ﬁn
{7/

(UG AMMA SHIELDING)))))))))) -
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Indoor Worker Soil SS Inputs

Ingestion, External, and Inhalation Exposure

Select a slab size v Slab size for ACF

60 IRA,,, (inhalation rate - indoor worker) m>/day
_ ED,,, (exposure duration - indoor worker) yr 50 IRS,,, (soil intake rate - indoor worker) mg/day
m EF.,, (exposure frequency - indoor worker) day/yr _ ., (time - indoor worker) yr
_ ET,,, (exposure time - indoor worker) hr/day TR (target cancer risk) unitless
0.4 GSF, (gamma shielding factor - indoor) unitless
NOTES:

1. SF=inhalation slope factor (risk/pCi). rad-specific
SF_=ingestion slope factor (risk/pCi). rad-specific

SF =external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-sv

t. . =ED.

I W

A=decay constant

S N

Q/C,;ng=calculations based on site size and climactic zone. Further details on the derivation of Q/C, can be found in
Appendix D

7. A, B, C=PEF region-specific dispersion constants (unitless)

United States Superfund Radiation Risk
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Indoor Worker 2D Alternate
External Exposure

* EXxposure to ionizing radiation (namely
gamma rays) penetrating building foundation

and floor.
« Gamma shielding factor (GSF) accounts for
the shielding provided by the building.

GSF is the ratio of external gamma radiation level
Indoors on site to the radiation outdoors on site.

Superfund Radiation Risk

United States
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Indoor Worker 2D Alternate
External Exposure

« Site scenarios
Infinite depth (3D)
1 cm soil depth
5 cm soil depth
15 cm soil depth
Contaminated dust

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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Indoor Worker 2D SS Inputs (cont.)

ED,,, (exposure duration - indoor worker) yr 0.4 GSF, (gamma shielding factor - indoor) unitless

EF.,, (exposure frequency - indoor worker) day/yr _ t,,, (time - indoor worker) yr

ET,,, (exposure time - indoor worker) hr 1.0E-6 TR (target cancer risk) unitless

NOTES:
1. Slab size for ACF in alternate external exposure equations is determined by area selected in soil section above

SFeyr.gp=8round plane external exposure slope factor (risk-yr/pCi-g). rad-specific

SF =infinite soil volume external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-sv
SFoyr1em =500l volume at 1 cm external exposure slope factor (risk-yr/pCi-g). rad-specific
SF
SF

ext-50m =501l volume at 5 cm external exposure slope factor (risk-yr/pCi-g). rad-specific

ext-15cm=50il volume at 15 cm external exposure slope factor (risk-yr/pCi-g). rad-specific

e A L R

A=decay constant
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Construction Worker

Standard Unpaved Road Vehicle Traffic (Site-specific only)

€ This is a short-term receptor exposed during
the work day working around vehicles
suspending dust In the air.

€ The construction worker is expected to have
an elevated soll ingestion rate

€ Exposure pathways
Incidental ingestion of soil

Inhalation of dust particulates emitted from soil
External exposure to ionizing radiation

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

' CONSTRUCTION WORKER (UNPAVED ROAD TRAFFIC)

n United States Superfund Radiation Risk
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

Parameters Common to all Exposure Route Equations

5 DW_,, (days worked - construction worker) day/wk 50 EW_,, (weeks worked - construction worker) wk/yr
_ ED.,, (exposure duration - construction worker) _ t.,, (time - construction worker) yr

yr 1.0E-6 TR (target cancer risk) unitless

m EF_,, (exposure frequency - canstruction worker)

day/yr

8 ET_,, (exposure time - construction worker) hr

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

_ DW_,, (days worked - construction worker) 1 GSF, (gamma shielding factor - air) unitless
day/wk G0 IRA.,, (inhalation rate - construction worker) m3fday
_ ED_,, (exposure duration - construction worker)
_ t_, (time - construction worker) yr
yr
m EF_,, (exposure frequency - construction worker) | LELLERD TR (target cancer risk) unitless

day/yr

ET_, (exposure time - construction worker) hr

EW_,, (weeks worked - construction worker)

=

Z
-

=

NOTES:
1. SF=inhalation slope factor (risk/pCi).

2. SF_ =submersion slope factor (risk/pCi)

3.t =ED

ow

4. )=decay constant
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

_ DW_,, (days worked - construction worker) _ EW,_,, (weeks worked - construction worker)

day/wk whkiyr

_ ED_,, (exposure duration - construction worker) _ t_, (time - construction worker) yr

¥r 1.0E-6 TR (target cancer risk) unitless
m EF.,, (exposure frequency - construction worker)

day/yr

_ ET_,, (exposure time - construction worker) hr

NOTES:
1. Slab size for ACF in alternate external exposure equations is determined by area selected in soil section above

SFeyr-gp=Bround plane external exposure slope factor (mrem-cmZ/pCi-yr).
SF

o =infinite soil volume external exposure slope factor (mrem-g/pCi-yr).
SF
SF

SF

ext-1em=50il volume at 1 cm external expasure slope factor (mrem-g/pCi-yr).

eyr-5cm =501l volume at 5 cm external exposure slope factor (mrem-g/pCi-yr).

eyr-15cm =501 volume at 15 cm external exposure slope factor (mrem-g/pCi-yr).

h=decay constant

e T I o

ED, =t,

United States Superfund Radiation Risk
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

Select a slab size v Slab size for ACF )
_ EW_,, (weeks worked - construction worker)

Select a soil thickness cover layer ¥ Select cover layer wkiyr

thickness for GSF, (2 shielding factor - autdoor)

o (gamma shielding factor - outdoor) 60 IRA_,, (soil inhalation rate - construction worker)
3

_ DW_,, (days worked - construction worker) m=/day

330 IRS,,, (soil ingestion rate - construction worker)

day/wk

_ ED,,, (exposure duration - construction worker) | M&/day
yr _ t.,, (time - construction worker) yr

m EF_,, (exposure frequency - canstruction worker) 1.0E-6 TR (target cancer risk) unitless

day/yr

_ ET.,, (exposure time - construction worker) hr

NOTES:
1. EF_, = freq (weeks/year) * days (days/week);

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Construction Worker (PEF)

Standard Unpaved Road Vehicle Traffic (Site-specific only)

20 Wy (width of road segment) ft

0.2 Mg, (road surface material moisture content

under dry, uncontrolled conditions) %

number of cars
number of trucks

tons/car

tons/truck

p (Rainfall Zone) (number of days with at least 0.0
cm precipitation) day/year

8.5 s (road surface silt content) %

0.5 A_ [/ (acres) PEF

A (Dispersion Constant)

147.58077 L, (length of road segment) ft

Ag (surface area of contaminated road

segment) m?

B (Dispersion Constant)
C (Dispersion Constant)
DR e Fr Unitless Dispersion Correction Factor

total number of vehicles

_ IVKT (sum of fleet vehicle km traveled) km
_ W {mean vehicle weight) tons

0.04498 distance (road length) km/day
_ PEF.. (particulate emission factor) m3fkg
m Q/C_, (inverse of the ratio of the 1-h. geometri

mean air concentration to the emission flux along a straight road
segment bisecting a square site (g/) g/mZ-s per kg/m-

t. (duration of construction) hours
T (time over which traffic occurs) s

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Construction Worker (PEF)

Standard Unpaved Road Vehicle Traffic (Site-specific only)

2
- 1 T(s) = An [m ]
TR 08 04
D126 [i] . [_W(m”s)] ' [355[—d”5]- p[—days
12 3 year year
=

J] x 2819 x £ VKT (km)
0.3
Mary 365 [%]
year
0z

c

A exp [Inpﬂ\S (acre:l—El]2 ]

A (m? =L (1) = i (2017) » 0.092903[:_5]

tons tons

number of cars = —— +number of trucks =
car truck
W(tnns) =

total wehicles

. . krn wee ks days
YT [km) = totalwehichles = distance | — | = EW =0y —
z (k) [day] CW[ year ] L [week]
_ 250 days g hrs 3600 s
T (7200000 5) = ED,, {1 yr)XEFCW[ Joar ]XETCW[ Ty ]x[ - J

Fp (0.18584)=0.1852 + (5.3637 /1) + [-9.5318 Itc2)

50 whs 7 days 24 hrs
t_ 8400 hr) =ED 1 yr] = BEWY = =
C( :l CW( }f:l Cw[year] [week] [day]

n United States Superfund Radiation Risk
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Construction Worker

Wind Erosion and Other Construction Activities (Site-specific only)

€ This is a short-term receptor exposed during
the work day working around heavy
machinery suspending dust in the air.

€ The construction worker is expected to have
an elevated soll ingestion rate

€ Exposure pathways
Incidental ingestion of soil

Inhalation of dust particulates emitted from soil
External exposure to ionizing radiation

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Construction Worker

Wind Erosion and Other Construction Activities (Site-specific only)

CTION WORKER (UNPAVED ROAD TRAFFIC)

Ll
L

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Construction Worker (PEF)

Wind Erosion and Other Construction Activities (Site-specific only)

A_ 4o, (areal extent of dozing) acres NA-grada (number of times site was graded)
A ycay (area of excavation site) m? 11.4 S4o: (dozing speed) kph
A grade (areal extent of grading) acres 1.4 Sgrage (dozing speed) kph
A (areal extent of tilling) acres d_,coy (Bverage depth of excavation site) m
B, (dozing blade length) m 1.68 P.oi (density) g/em? - chemical-specific
B, (grading blade length) m 0.5 A_/(acres) PEF
7.9 M, oz (Gravimetric soil moisture cantent) % 6.9 Sye: (S0il silt content) %
12 M excayv (Gravimetric soil moisture content) % 18 s, (soil silt content) %
2 Ny gump (Number of times soil is dumped) 4.69 U, (mean annual wind speed) m/s
2 N (number of times soil is tilled) 11.32 U. (equivalent threshold value) m/s
N4 4oz (NumMber of times site was dozed) o] V (fraction of vegetative cover)

M, (dust emitted from tilling operations) g

m A (Dispersion Constant)
M, ing (dust emitted b d i
mAsurf(afEEH extent of site) m2 51288.84717 | wing (dust emitted by wind erosion) g
m B (Dispersion Constant) VKT, (sum of fleet vehicle km traveled) krr
189.0426 C (Dispersion Constant)
DRyl P Unitless Dispersion Correction Factor
using Cowherd et al. (1985))
P+ g i » ;
_ PEF"__ (particulate emission factor) m=/kg
Mo, (dust emitted f dozi ti
N v (dust emitted from dozing operations) g FEETETTIIN orc.. (nverse of the ratio of the geometric

_ Meycay (dust emitted from excavation soil mean air concentration to the emission flux at the center of a
square source) g/m?-s per kg/m?

VKT, (sum of fleet vehicle km traveled) k

grade

F(x) (function dependant on U _ /U, derived

dumping) g
_ My, .q. (dust emitted from grading operations) _ t. (duration of construction) hours
g T (time over which traffic occurs) s

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




Construction Worker (PEF)

Wind Erosion and Other Construction Activities (Site-specific only)

d
3
pEFISC Mair |—_©@ [mz— s] L 1
kgsull Csa [kg] FD <.JT [ k=] ]

m—s

<JT >[ a J= ME\-'Cind (=) Mecay (a) Mgz ) +Mgrade (=) i (=

Aaurf [mzij (s)
3
MBS g la)=0036 = [1-v) = {L:T[[%?]]}

m
U, [?

22

2 F () =oAL [mQJ = ED (yr) in?aD[::]
] 1.3

kg 2 d
Me}{cav tg) 035 = 0.0016 = R - pSDI|[ 3] * Aexcav [m j = doycay (m) = N;ﬂx—l:lumpx 1000 [E]

[Mm excay b ]

1
0.45 ) W krm

Mygz (9)=0.75 = “doz | )1 = doz () 40 [i]

= krm ir]

|: mdoz( ):I duz[hr

=060 = 0.0056 = Sgrade [

ki

Il ~m
hr

2.0
g
grade (9] ] * VKT o ge (km) < 1000 [@]

and:

1
2
1)
c - grade (a cre s) = 4047 [m] = =

1
where: T WKTyqge (k) = A, = Mo grade
g glm muu[l] g
km
where: = wkTy - [km) = AL _ doz [acres) leDA?[acre] e Ma_doz
Q 1UUD —
I-cm
T (7200000 ) =ED_ (1 yr)=EF_ [250 days] [ ] 3500 9
year

Fp (0.18584)=01852 + [5.3537 /1] + [:9 6318 £t

_ S0 whks 7 days 24 hrs
t. (8400 hr) =ED_,. (1 yr} = EWCW[ o ] ( p— ] [ Tay ]

n United States Superfund Radiation Risk
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Recreator Scenario

Extension of residential scenario.

* There are no default exposure parameters.

Age-adjusted for change in intake as the
receptor ages.

Main pathways: soll, water, wild game, air

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Recreator Common Parameters

Parameters Common to all Exposure Route Equations

_ ED, .. (exposure duration - recreator) yr . ET,.. (exposure time - recreator) hr
ED, ..., ([exposure duration - recreator adult) yr , ET, ..., (exposure time - recreator adult) hr
ED, ... (exposure duration - recreator child) yr , ET, ... (exposure time - recreator child) hr
_ EF .. (exposure frequency - recreator) day/yr _ t,.. (time - recreator) yr
EF. ..., (exposure frequency - recreator adult) day/yr | |1.0E-6 TR (target cancer risk) unitless
EF,.... (exposure frequency - recreator child) day/yr

NOTES: Changes in these parameters will be copied down to all the media containers, however you may change each media value
independently as well in the fields below.

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Recreator Soill

* Exposure pathways
Incidental ingestion of soil
Inhalation of particulates emitted from soll
External exposure to ionizing radiation
Consumption of game

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Recreator Surface Water

* EXxposure pathways
Incidental ingestion of water
Inhalation of vapors NOT addresed
External exposure to ionizing radiation
Consumption of game

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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Recreator SS Inputs for Soll

Select a slab size v | Slab size for ACF
. ET..... (exposure time - recreator) hr/day

Select a soil thickness cover layer v Select cover layer . . )
- _ IFA .c.sqi (8ge-adjusted inhalation rate -
thickness for GSFD (gamma shielding factor - outdoor) |

recreator) m?

_ ED, .. (exposure duration - recreator) yr _ IFSrecaq) (age-adjusted soil intake rate -

ED, ..., (exposure duration - recreator adult) yr recreator) mg

20 IRA .5 (inhalation rate - recreator adult) m3;’day
ED, ..... (exposure duration - recreator child) yr
10 IRA ... (inhalation rate - recreator child) m3fday
_ EF .. (exposure frequency - recreator) day/yr
100 IRS,...5 (s0il intake rate - recreator adult) mg/day
EF, ..o (exposure frequency - recreator adult)
daylyr 200 IRS, ... (soil intake rate - recreator child) mg/day
EF, ... (exposure frequency - recreator child) day/yr _ to. (time - recreator) yr
ETrec (exposure time - recreator) hrfday 1.0E-6 TR (target cancer risk) unitless

ET....., (exposure time - recreator) hr/day

NOTES:
1. SF_=oral ingestion dose conversion factor (risk/pCi).
2. SF=inhalation slope factor (risk/pCi).

3. SF.,...,~external exposure slope factor (risk-g/pCi-yr).

4' EDI’EE = tre

C

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection
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Recreator SS Inputs for Air

_ ED, .. (exposure duration - recreator) yr . ET..... (exposure time - recreator child) hr
ED, ..., (exposure duration - recreator adult) yr 1.0 GSF, (gamma shielding factor - air) unitless
ED,... (exposure duration - recreator child) yr _ IFAoc.sqj (@ge-adjusted inhalation factor) m3
_ EF_. (exposure frequency) day/yr 20 IRA, .., (inhalation rate - recreator adult) m3/day
EF oc.5 (exposure frequency - recreator adult) day/yr | 110 IRA . (inhalation rate - recreator child) m*/day
EF,.... (exposure frequency - recreator child) day/yr _ t... (time - recreator) yr
ET,.. (exposure time - recreator) hr 1.0E-6 TR (target cancer risk) unitless
ET,.... (exposure time - recreator adult) hr

NOTES:
1. SF=inhalation slope factor (risk/pCi).

SF, p=submersion slope factor (risk/pCi)

t,=ED,=ED, +ED,,

B

h=decay constant

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Recreator SS Inputs for 2-D Analysis

_ ED, .. (exposure duration - recreator) yr _ t .. (time - recreatar) yr
_ EF... (exposure frequency - recreator) day/yr 1.0E-6 TR (target cancer risk) unitless

ET,.. (exposure time - recreator) hr

NOTES:
1. Slab size for ACF in alternate external exposure equations is determined by area selected in soil section above

- SFeyr.gp=ground plane external exposure slope factor (mrem-cm2/pCi-yr).
. SF
. SF

exr-o,=INfiNite soil volume external exposure slope factor (mrem-g/pCi-yr).

ext-1em=50il volume at 1 cm external exposure slope factor (mrem-g/pCi-yr).

ext5em =501 volume at 5 cm external exposure slope factor (mrem-g/pCi-yr).

. SF =soil volume at 15 cm external exposure slope factor (mrem-g/pCi-yr).

ext-13cm

2
3
4
5. SF
6
7. h=decay constant
8

. ED,_ =t

rec

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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Recreator SS Inputs for Surface Water

_ DFA o cyy-ag; (age-adjusted immersion factor - : ET acy-c (€XpOsure time - recreator child) hr/day
recreator) L , EV, ccw-s (Nnumber of bathing events per day -
_ ED,.. (exposure duration - recreator) yr
recreator adult) event/day
ED,...5 (exposure duration - recreator adult) yr . EV, .c.c (Number of bathing events per day -
ED, ... (exposure duration - recreator child) yr recreator child) event/day
_ IFW, ccy-aq; (8ge-adjusted water intake rate -
EF ..o (Bxposure frequency - recreator adult)
recreator) L
day/yr
0.05 IRW ... (water intake rate - recreator adult) L/hr
EF, ... (exposure frequency - recreator child)
daylyr 0.05 IRW ___,,.c (water intake rate - recreatar child) L/hr
ET. .- (EXpOSure time - recreator adult) hr/day 1.0E-6 TR (target cancer risk) unitless
NOTES:

1. SF_=oral ingestion slope factor (risk/pCi).

2. SF=food ingestion slope factor (risk/pCi).

3. SF=inhalation slope factor (risk/pCi).
4 ED,_ =t

2

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Recreator SS Inputs for Game

1 CF fowl contaminated fraction) unitless 0.25 MLF (game pasture plant mass loading factor)

rec-fo (

1 CFrec—ga {game contaminated fraction) unitless unitless

_ ED, .. (exposure duration - recreator) yr
: Qp-
_ EF,.. (exposure frequency - recreator) day/yr preame

Q_ o (fowl scil intake rate) kg/day

Qp—fowl (fowl fodder intake rate) kg/day

(land game fodder intake rate) kg/day

1 fo-ow (fowl on-site fraction) unitless
Q.. {land game soil intake rate) kg/da

1 fo-zame (land game on-site fraction) unitless =Eame & graay
Q. (fowl water intake rate) ke/da

1 . o (fraction of year fowl is on site) unitless vt glday

1 f (fraction of year land game is on site) Qu-gome (1and game water intake rate) kg/day

s-game
unitless _

IRGL, .. (fowl consumption rate) g/day 1.0E-6 TR (target cancer risk) unitless

rec (

IRGF,.. (land game consumption rate) g/day

rec

NOTES:
1. SF_=foed ingestion slope factor (risk/pCi). rad-specific

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Farmer Scenario

 Extension of residential scenario.

» Evaluates direct consumption of farm
products for a subsistence farmer.

« Evaluates consumption of farm products
back=calculated to soil and water.

« Age-adjusted for change in intake as the
receptor ages.

« Malin pathways: soil and livestock
consumption

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Farmer Scenario

CONSUMPTION.OF A -
BEEF & MILK & SWINE " ﬁ;’ Y

CONSUMPTION

CON
SH &

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Farmer Soil

* Exposure pathways
Incidental ingestion of soil
Inhalation of particulates emitted from soll
External exposure to ionizing radiation

Consumption of fruits and vegetables
100% home grown

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Farmer Water

* EXxposure pathways
Incidental ingestion of water
Inhalation of volatiles from water
External exposure to ionizing radiation

Consumption of fruits and vegetables
100% home grown

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Farmer Livestock Consumption

« 100% homegrown livestock consumption

 All feed for animal products considered
grown on contaminated media on site.

e Scenarios:
Meat (cattle, goat, sheep) — Swine
Milk (cow, goat, sheep) — Eggs
Poultry (chicken, goose, — Fish

turkey, duck)
Produce (24 categories)

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Farmer SS Inputs
Common Parameters

Parameters Common to all Exposure Route Equations

_ ED; (exposure duration - farmer) yr

34 ED;_, (exposure duration - farmer adult) yr

G ED;.. (exposure duration - farmer child) yr
m EF; (exposure frequency - farmer) day/yr

350 EF;.. (exposure frequency - farmer adult) day/yr
350 EF; . (exposure frequency - farmer child) day/yr

24

ET; (exposure time - farmer) hr
ET, _ (exposure time - farmer adult) hr

ET;.. (exposure time - farmer child) hr

_ t; (time - farmer) yr

1.0E-6

TR (target cancer risk) unitless

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Farmer SS Inputs for Air

_ ED; (exposure duration - farmer) yr 24 ET;: (exposure time - farmer child) hr
34 ED; _ (exposure duration - farmer adult) yr 1 GSF, (gamma shielding factor - air) unitless
6 ED;.. (exposure duration - farmer child) yr 259000 IFA; .g; (age-adjusted inhalation factor - farmer)
3
m EF; (exposure frequency - farmer) day/yr m
20 IRA;_, (inhalation rate - farmer adult) m3f’day
350 EF;.. (exposure frequency - farmer adult) day/yr
10 IRA;. (inhalation rate - farmer child) m3.’day
350 EF;.. (exposure frequency - farmer child) day/yr
_ t; (time - farmer) yr
_ ET; (exposure time - farmer) hr
1.0E-6 TR (target cancer risk) unitless
24 ET; (exposure time - farmer adult) hr
NOTES:

1. SF=inhalation slope factor (risk/pCi).
2. SF_ ,=submersion slope factor (risk/pCi)

3. A=decay constant

United States
Environmental Protection
Agency

Superfund Radiation Risk
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Farmer SS Inputs for Soll

V|Site area for ACE 10.008 ET;.,; (indoor exposure time fraction) hr/day

12.168 ET. td ti fracti hr/d
|Se|ect a cover layer V|C0ver layer thickness for GSF, far-o (Outdoor exposure time fraction) hr/day
4 GSF, hielding factor - ind
|Se|ect a cover layer v| Cover layer thickness for GSF, + (9amma shielding factor - indoor)
_ ED;,, (exposure duration - farmer) yr Z5O000 IFA¢-aq; (age-adjusted soil inhalation factor) m?

LIPS, g (age-adjusted soil ingestion factor) mg

ED;,,_, (exposure duration - farmer adult) yr
I:l ED,, __ (exposure duration — farmer child) yr IRA;,,_. (inhalation rate - farmer adult) m3/day
m EF;,. (exposure frequency) day/yr IRAy.. (inhalation rate - farmer child) m#/day
far /
350 EF,,.., (exposure frequency - farmer adult) day/yr 100 IRS;,,, (soil ingestion rate - farmer adult) mg/day
50 EF,,_. (expusure frequency — farmer child) day/yr 200 IRS;,,_. (soil ingestion rate - farmer child) mg/day

ET;.,_. (exposure time - farmer adult) hr/day ta, (time — farme) yr

1.0E-6 TR (target cancer risk) unitless

=

P P W
=

ET;.,_. (exposure time - farmer child) hr/day

NOTES:
1. SF.=soil ingestion slope factor (risk/pCi).

. SF,=inhalation slope factor (risk/pCi).

. SF,._.,=external exposure slope factor (risk-g/pCi-yr).
- EDfar = tfar

. A=decay constant

. 0=GSF=1

~ v B W N

. Q/C,;.q=calculations based on site size and climactic zone. Further details on the derivation of Q/C,; 4 can be
found in Appendix D

8. A, B, C = PEF region-specific dispersion constants (unitless)

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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Farmer SS Inputs for Produce

Parameters Common to all Agricultural Products

Produce Consumption — back calculated to soil

Produce Consumption - back calculated to soil and water

Produce consumption — direct

ED;., (exposure duration - farmer) yr

ED;,,; (exposure duration - farmer adult) yr

I

ED;.,.. (exposure duration - farmer child) yr

EF:.._. (exposure frequency - farmer adult)

day/yr

EFs,_. (exposure frequency - farmer child)
day/yr

TR (target cancer risk} unitless

Temperate w| Climate zone

|

Default »| Soil type

0.25 MLFpam,i (pasture plant mass loading factor)
unitless
F {irrigation period) unitless

[=]

42 l¢ (interception fraction) unitless

3.62 I, (irrigation rate) L/m?-day

0.000027 | Ay (soil leaching rate) 1/day
240 F (area density for root zone) kg/m?
T {translocation factor) unitless

10950 t,, {long term deposition and buildup) day

1AL

t, (above ground exposure time) day

t, (weathering half-life) day

¥, (plant yield - wet) kg/m?

I

Superfund Radiation Risk
Assessment Calculator Training
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Farmer SS Inputs for Produce

Select Produce Items to Include

Toggle All Okra
Apples Onions
Asparagus Peaches
Beets Pears
Berries Peas
Broccoli Peppers
Cabbage Potatoes
Carrots Pumpkin
[J Cereal Grains [J Rice

Citrus Fruits Snap Beans
Corn Strawberries
Cucumbers Tomatoes
Lettuce Toggle intake rates: @ Fresh weight O Cooked weight
Lima Beans

To completely remave produce from the output, un-check the 'Toggle All" box.

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training

NN




Farmer SS Inputs for Produce

(contaminated apple fraction) unitless

CFhHPPh, IRAPFN___ (apple ingestion rate - farmer child)

m IFa!\P_-m,_idj {age-adjusted apple ingestion factor) o/day
g 0.000160 |MLF, pcie (BPPlE mass loading factor) unitless
IRAP.___ (apple ingestion rate - farmer adult)

g/day

I:I CFfarasparagus (CONtAMinated asparagus fraction)

IRASH - (asparagus ingestion rate - farmer child)

unitless g/day

IFAS:,, .4 (age-adjusted asparagus ingestion MLF_ 2 2rague (35Paragus mass loading factor)
factor) g unitless

- IRAS,, _ (asparagus ingestion rate - farmer adult)

g/day

':3F,,,_lmt {contaminated beet fraction) unitless

411600 IFBTE,,. g (age-adjusted beet ingestion factor) g | (0.000138 |MLF,_,, (beet mass loading factor) unitless
IRET,,., (beet ingestion rate - farmer adult) g/day

Berries

|:|CF,=,_|,,,,,.|r (contaminated berry fraction) unitless

471450 IFBE;,,.s (2ge-adjusted berry ingestion factor) g g/day

0.0001886 MLFh‘.W {berry mass loading factor) unitless
IREE;,,_, (berry ingestion rate - farmer adult)

IRBTf_, - (beet ingestion rate - farmer child) g/day

IREE,_, —c (berry ingestion rate - farmer child)

g/day

Environmental Protection

EPAumt_ed States _ Superfund Radiation Risk
Agency Assessment Calculator Training




Farmer SS Inputs for Farm Animals

Select Animal Products to Include

Toggle All Dairy

Beef [ Sheep

Eggs and Poultry () Sheep Milk

Finfish Shellfish

[J Goat Swine

[J Goat Milk Toggle intake rates: @ Fresh weight O Cooked weight

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Farmer SS Inputs for Beef

Beef
Beef Consumption — back calculated to soil
Beef Consumption — back calculated to soil and water
Beef Consumption — back calculated to water
Beef Consumption - direct
1 CFi.r_pees (beef contaminated fraction) unitless 1 f. .. (fraction of year animal on site) unitless
m IFB,,-.q (@age-adjusted beef ingestion factor) g 11.77 Q,-peer (beef fodder intake rate) kg/day
178.0 IRB;,,_, (beef ingestion rate - farmer adult) g/day 0.5 Q,_p..; (beef soil intake rate) kg/day
40.1 IRB;,,_. (beef ingestion rate - farmer child) g/day 53 Q- peet (beef water intake rate) L/day
. 1 fp_beef (animal on-site fraction) unitless

United States Superfund Radiation Risk

Environmental Protection
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Farmer SS Inputs for Milk

Dairy Consumption — back calculated to soil

Dairy Consumption — back calculated to soil and water

Dairy Consumption — back calculated to water

Dairy Consumption — direct

1 CFtygairy (dairy contaminated fraction) unitless 1 fosairy (@animal on-site fraction) unitless
IFD;,,..4; (age-adjusted dairy ingestion factor) g 1 f._gairy (fraction of year animal on site) unitless
445.6 IRDy,,., (dairy ingestion rate — farmer adult) g/day | |20.3 Q,-gairy (dairy fodder intake rate) kg/day
349.5 IRDy,,. (dairy ingestion rate - farmer child) g/day 0.4 Q,-¢airy (dairy soil intake rate) kg/day

1.03 P, (density of milk) kg/L - Q,gair, (dairy water intake rate) L/day

n United States Superfund Radiation Risk
"EPA Environmental Protection
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Farmer SS Inputs for Swine

Swine Consumption - back calculated to soil

Swine Consumption - back calculated to soil and water

Swine Consumption - back calculated to water

Swine Consumption — direct

1 CFs.rcuine tswine contaminated fraction) unitless

eIV IFSWy,, ., (age-adjusted swine ingestion factor)

g

97.9 IRSW,,,_, (swine ingestion rate - farmer adult)
g/day

18.5 IRSW;,,_. (swine ingestion rate - farmer child)
g/day

1 f o cwine (@nimal on-site fraction) unitless

4.7

0.37

f

s-5Wine

{fraction of year animal on site) unitless
Qp-swine (3wine fodder intake rate) kg/day
Q. _.ine (swine soil intake rate) kg/day

Q- awine (sWine water intake rate) L/day

n United States Superfund Radiation Risk
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Farmer SS Inputs for Egg & Poultry

United States

Eggs and Poultry

Egg Consumption — back calculated to soil

Egg Consumption — back calculated to soil and water

Egg Consumption — back calculated to water

Eag Consumption — direct

Poultry Consumption — back calculated to soil

Poultry Consumption - back calculated to soil and water

Poultry Consumption - back calculated to water

Poultry Consumption — direct

I:l CF¢,,—cqq (egg contaminated fraction) unitless
|:| CFt. —poultry (PoUltry contaminated fraction

unitless)

658455 IFE;,,_.q; (age-adjusted egg ingestion factor) g

LR n L PPy, (age-adjusted poultry ingestion factor)

g

53.4 IRE;,,_, (egg ingestion rate - farmer adult) g/day

10.95 IRE,,_. (egg ingestion rate - farmer child) g/day
IRP,,_, (poultry ingestion rate - farmer adult)

Environmental Protection

Agency

23.6 IRP;,,_. (poultry ingestion rate — farmer child)

‘;]."r‘::la‘f'r

f animal on-site fraction) unitless

p-poultry (

f

s-poultry (fraction of year animal on site) unitless

2 Q- pounry (Poultry fodder intake rate) kg/day

=) =) = =
5 N

Mo

(%]

Q,_poulery (PouUltry soil intake rate) kg/day

Qu-poultry (POUltry water intake rate) L/day

Toggle poultry type: ®Chicken ODuck OTurkey OGoose

Superfund Radiation Risk

Assessment Calculator Training




Farmer SS Inputs for Fish

Fish Consumption PRG - back calculated to soil

Fish Consumption PRG - back calculated to water

Fish Consumption PRG - direct

1 CFtarsinfieh (finfish contaminated fraction) unitless = 155.9 IRFl;,,., (finfish ingestion rate - farmer adult)
1931020 |FF|far-adj (age-adjusted finfish ingestion fraction) g/day
g 36.1 IRFI.___(finfishiingestion rate - farmer child) g/day

A Top of Page

Shellfish

1 CFtar-shelifisn (shellfish contaminated fraction) 208.9 IRSF;,,., (shellfish ingestion rate - farmer adult)
unitless g/day

IFSF¢,.qj (age-adjusted shellfish ingestion 21.3 IRSF;, .. (shellfish ingestion rate - farmer child)
fraction) g z/day

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Farmer Total Equations

Total Soi
PRG (pCig) = 1
sailf-tat F 10 1 1 1 1 1
PRG "PRG "PRG "PRG "PRG i
s0il-f-sol-ing soil-f-sol-inh soil-f-sol-ext soil-f-prod-ing soil-f-eqgg-ing
1 + 1 + 1 + 1 + 1
PRGsoiI—f—pn—ing PRGsniI—f—fish—ing pRGsniI—f—heef—ing PRGsniI—f—dairy—ing PRGsniI—f—sw—ing
Total Agricultural products - back calculated to water
— 1
PRG a0 POV 1 N 1 . 1 1 1 .
IjHGWater-f-ing PRGwater-f-inh IjHGWater—f—imm ljHG\p\f&lter-f-|:Jm|:|-ing l:'HGwater-f-egg-ing
1 + 1 + 1 + 1 + 1
PRGwatwater—f—pn—ing PRGwater—f—fish—ing PRGwater—f—beef—ing PRGwater—f—dairy—ing PRGwater—f—sw—ing
Total Water
PRG Citg)= !
water-f—tnt(p ) 1 1 1 1
+ + +
PRGwater-f-ing IjHGWater-f—inh PRGwater-f-imm PRGwater-f-prnd

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training



Farmer Soil and Water Graph

0.1

0.075 ¥

Soil PRG

= (Water PRG = 3.5250 pCifL, Soil PRG = 0.0614 pCi/g)
(pCi/g)

0.05 ¥

0.025 ¥

(0,0) 3.7 7.5 11.0 15.0

Water PRG (pCi/L)

n United States Superfund Radiation Risk
\"EPA Environmental Protection

Agency Assessment Calculator Training




Site-specific Factors

 Blue input fields in the calculator are
variable-dependent and automatically
adjusted based on site-specific inputs.

 Particular Emission Factor (PEF)
 Volatilization Factor (VF)

» Soll to Groundwater transport

« Radionuclide decay constant (lambda)
* Area Correction Factor (ACF)

« Gamma Shielding Factor (soil) GSF,

nited States Superfund Radiation Risk
En mental Protection
\’EPAAge oy R Assessment Calculator Training

NN




Particulate Emission Factor

* Expresses the dispersion of particulate matter
In a specific climate. Varies with weather
conditions.

« Determines impact of adsorbed radionuclides
on dispersed particulate matter.

* Required for calculations in soil scenarios for
residential, farmer, and outdoor, indoor, and
composite workers.

* Does not significantly affect most PRGs with
exception of a few radionuclides

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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US Climactic Zones — For
Calculating PEF

Sedttle
Salem IV Bismark
Boize V Minneapalis
Winnemucca Cazper
Salt Lake Ot e Chicago
san Fr e Vll :
untintton  Lee
Las "
- | I Sy e I —r el
Los Angel Albugueriue Lt Roek EE
- Phoenix: i ;55;3-&"‘ i
£ arts / Charlest
S L arleston
/ fnn

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training




Soil to GW Equations —
Dilution Factor

* For residential soil to groundwater, the
PRGs can be calculated with one of two
methods:

Partitioning equation for migration to
groundwater:. employs default partitioning
equation for migration. Dilution factor defaults to
1 for 0.5-acre source.

Mass-limit equation for migration to groundwater.
Use If all the parameters needed to calculate a
dilution factor are available.

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training

NN




Volatilization Factor

» Replaces PEF for tritium (°*H) assessment.

l/|/ «+ Default value is 17 m3/kg

* VF value is based on steady state model
that assumes, on average, 3H in soil pore
water and in air

Superfund Radiation Risk

~n United States
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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Groundwater Transport — K,

* K, — soll-to-water partition coefficient.

* Accounts for partitioning of contaminants in
soll to groundwater migration.

« Use for farmer soll land use in fish, milk,
beef, and swine exposure routes.

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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Radionuclide Decay Constant (A)

« Residential air, soil, workers, and farmer soll
nave a decay constant term based on the
nalf-life of the isotope.

« Make realistic PRGs by including contributions
from short-lived decay products.

« Should be used to establish the actual degree
of equilibrium between parent nuclide and
daughters.

« Should use +D values if data is not sufficient
to calculate A.

Superfund Radiation Risk

United States
\’EPAEn ironmental Protection . .
Agency Assessment Calculator Training
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Area Correction Factor

* Infinite slab assumption — thickness of
contaminated zone and its aerial extent are
so large that it effectively behaves as if it
were Infinite In its physical dimensions.

 In practice, soil contaminated to depth >
15cm, aerial extent > 10,000 m? creates a
radiation field comparable to infinite slab.

United States Superfund Radiation Risk
EPAEn ironmental Protection . .
Y/ Agency Assessment Calculator Training
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Area Correction Factor

* In most residential settings, infinite slab
assumption results in an overly conservative
PRG.

« ACF used to compensate and adjust source
area.

« ACF is variable by isotope, source thickness
and area for site-specific analysis.

 PRG calculator has 19 different site area
choices. If no size Is selected for finite
analysis, the ACF for the most protective size

IS selected.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Residential Generic Outputs

. . . Produce
ReSIdent Pea k R|Sk PRGS for Al r Ingestion Inhalation | Immersion  Consumption Total
PRG PRG PRG PRG PRG
External R=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-
Inhalation Exposure Total Peak PRG Results (pCi/L) (pCi/L) (pCi/Ly (pCi/L) (pGi/L)
PRG PRG PRG Peak PRG for Cs-137 @ PRG units L28E+00 | - 3.69E+05 | 6.516-01 5.066-01
TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Peak PRG Results (pCi/m3) (PCi/m3) (pCi/m3) Peak start time for maximum risk {yrs) .O0OE-08 - 1.00E-08 1.00E-08 1.00E-08
Peak PRG for Cs—137 @ PRG units 2.82E-03 2.24E+01 i 2.82E-03 Maximum risk during peak interval (unitless) L39E-07 - 2.71E-12 1.54E-06 1.97E-06
Peak start time for maximum risk (yrs) 1.00E-08 [ 1.00E-08 i 1.00E-08 Maximum risk-rate during peak interval (risk/yr)’.24E-08 - 1.38E-13 7.84E-08 1.01E-07
Maximum risk during peak interval (unitless) 3.54F-04 4.47E-08 } 3.55E-04
Maximum risk-rate during peak interval (risk/yr) 1.81E-05 2.28E-09 | 1.81E-05
0.18 exchanges ICRP
per hour Lung Water Ingesti halati Food Ingesti Immersion
Ag Absorption  Slope Factor  Slope Factor Slope Factor Slope Factor
Isotope = Parent (unitless) Type (risk/pCi) (risk/pCi) (risk/pCi) (risk/yr per pCi/L)
g H Cs-137 -137|- i - : = 3 = . =
ReSIdent PRGS forAIr Cs-137 |Cs-137 S 3.05E-11 1.12E-10 74E-11 2.24E-15
Ba-137m|Cs-137|- - 0.00E+00 }0.00E—OO 0.00E+00 5.46E-12
External Wet Wet Wet Wet Wet
Submersion Inhalation | Exposure Total Tota Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant
Inhalation  External Exposure PRG PRG PRG PRG transfer factor fer factor fer factor transfer factor transfer factor
Slope Factor Slope Factor Lambda  Halflife 'TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0I Woody tree Leaf Root Shrub Non-leafy fruit
Isotope  (risk/pCi)  (risk/yr per pCi/m3)  (1/yr) (yn (pCi/m3) (pCi/m?3) (pCi/m3) (mg/n (pCi/g-fresh plant | (pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant  (pCi/g-fresh plant
Isotope i i i/g-d i i/g-di i i/g-di i —d i
Cs-137 1.12E-10 |1.62E-12 230E-02 |3.02E+01 5.52E-02 | 2.47E+04 |5.52E-02 |6.39E-1 2 PespCifg dey =om| perpCygs dey so)| pex /g diy sol) per PCG ey oWl pepci/g diy sorl)
Cs-137 3 | G -02 4. = > -03 .10E-
Ba-137m 0.00E+00 2.52E-09 1.43E+05 |4.86E-06 | - 1.59E+01 1.59E+01 2.96E-1 = 280802 S0E0 205,02 21050 210802
Ba-137m | 1.00E-02 5.00E-03 5.00E-03 1.00E-02 1.00E-02
Produce
Ingestion Inhalation = Immersion  Consumption Total Total
| PRG PRG PRG PRG PRG PRG
Lambdag '"dep TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Isotope | (1/day) = (L/kg) = (CI/D | (@C/D)  (PCi/D) (pCi/L) (pCi/L) (mg/L)
Cs-137 |4.95E-02 | 3.64E+00|1.71E+00 - 6.40E+08 4.88E-01 3.80E-01 4.40E-12
Ba-137m 4.95E-02 | 3.64E+00 |- - 2.63E+05 |- 2.63E+05 |4.89E-13
I 1

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Residential Generic Outputs

. External Produce
S O I I gestion | Inhalation = Exposure |Consumption Total
PRG PRG PRG PRG PRG
=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Peak PRG Results pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
Peak PRG for Cs—137 @ PRG units QE+01 | 9.97E+04 | 6.06E-02 | 1.19E-01 4.01E-02
Peak start time for maximum risk (yrs) O0E-08 1.00E-08 1.00E-08 1.00E-08 1.00E-08
Maximum risk during peak interval (unitless) QF-08 1.O0E-1T 1.65E-05 B.41E-06 2.49F-05
Maximum risk-rate during peak interval (risk/yr) 3E-09 5.12E-13 B.43E-07 4.30E-07 B.43E-07
Wet Wet Wet Wet
Default Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant
ICRP External Soil Volume | transfer factor transfer factor transfer factor transfer factor
Lung Inhalation Exposure Food Ingestion  Soil Ingestion Area Woody tree Leaf Root Shrub
Absorption Slope Factor  Slope Factor Slope Factor = Slope Factor Lambda = Halflife | correction @ (pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant (pCi/g—fresh plant
Isotope Type (risk/pCi)  (risk/yr per pCi/g)  (risk/pCi) (risk/pCi) /7y yn) Factor  per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil)
Cs-137 |S 1.12E-10 5.52E-10 3.74E-11 4.26E-11 2.30E-02 |3.02E+01 || 1.00E+00 5.80E-03 6.00E-02 4.20E-02 2.10E-03
Ba-137m| - 0.00E+00 2.69E-06 0.00E+00 0.00E+00 1.43E+05 | 4.86E-06 || 1.00E+00 1.00E-02 5.00E-03 5.00E-03 1.00E-02
Wet Wet Wet Wet Wet
Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant External Produce
transfer factor transfer factor transfer factor transfer factor transfer factor | Particulate| Ingestion = Inhalation | Exp e |G ption Total Total
Non-leafy fruit Maize grain Legume seed Tuber Herbaceous Emission PRG PRG PRG PRG PRG PRG
(pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant  (pCi/g-fresh plant (pCi/g-fresh plant| Factor TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Isotope | per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) | (m3/kg) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (mg/kg)
Cs-137 2.10E-02 3.30E-02 4.00E-02 5.60E-02 2.90E-03 1.36E+09 |2.10E+01 7.51E+04 2.10E+02 8.95E-02 8.91E-02 1.03E-09
Ba-137m || 1.00E-02 1.00E-02 1.00E-02 5.00E-03 1.00E-02 1.36E+09 |- - 4.31E-02 - 4.31E-02 8.03E-17

EPA

Agency

United States
Environmental Protection

Superfund Radiation Risk
Assessment Calculator Training




Residential Generic Outputs

Soil Vol Soil Vol Soil Vol Soil Volume | Ground Pl
PRG @ lcm PRG | @ 5cm PRG | @ 15cm PRG PRG
FR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-
Peak PRG Results (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/cmi

Peak PRG for Cs-137 & PRG units b.06E-02 2.97E-01 1.056-01 6.80E-02 3.03E-01

2D Direct External EXPOSUIE | wromimumn e oo voscos roncon  soocon roocos

Maximum risk during peak interval (unitless) 1.65E-05 2.36E-06 9.48E-06 1.47E-05 3.30E-06

Maximum risk-rate during peak interval (risk/yr) 8. 43E-07 1.72E-07 4.84E-07 751607 1.68E-07

External External External Default Default Default
External Exposure Exposure Exposure Ground Plane Soil Volume | Ground Plane  Default Default Default | Soil Volume
Exposure Slope Factor Slope Factor Slope Factor External Exposure Area Area 1cmArea 5cmArea 15cm Area  Gamma
Slope Factor (1 cm) (5 cm) (15 cm) Slope Factor Lambda Halflife Correction Correction Correction Correction Correction Shielding
Isotope (risk_/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/cm?)  (1/yr) (yn) Factor Factor Factor Factor Factor Factor
Cs-137 |5.52E-10 1.92E-10 4.24E-10 5.42E-10 5.53E-10 2.30E-02 | 3.02E+01 | 1.00E+00 1.00E+00 1.00E+00 |1.00E+00 |1.00E+00 |1.00E+00
Ba-137m| 2.69E-06 5.47E-07 1.54E-06 2.39E-06 5.36E-07 1.43E+05 | 4.86E-06 | 1.00E+00 1.00E+00 1.00E+-00 |1.00E+00 |1.00E+00 |1.00E+00
Default
Ground Plane Default Default Default Total Total Total Total Total | Soil Volume @ Soil Volume | Soil Volume | Soil Volume  Ground Plane ' Soil Volume
Gamma |1 cm Gamma 5 cm Gamma | 15 cm Gamma Indoor Indoor Indoor | Indoor | Indoor PRG @ 1cm PRG | @ 5cm PRG | @ 15cm PRG PRG PRG
Shielding Shielding Shielding Shielding GSF GSF GSF GSF GSF TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Isotope Factor Factor Factor Factor Soil Volume Ground Plane @ Icm | @ 5cm | @ 15cm  (pCi/g) (pCi/g) (pCi/g) (pCi/qg) (pCi/cm?) (mg/kg)
Cs-137 (1.00E+00 1.00E+00 1.00E+00 1.00E+00 4.00E-01 4.00E-01 4.00E-01 |[4.00E-01 | 4.00E-01 | 2.10E+02 6.01E+02 2.73E+02 2.14E+02 2.09E+02 2.42E-06
Ba-137m (1.00E+00 1.00E+00 1.00E+00 1.00E+00 4.00E-01 4.00E-01 I4.00E—01 4.00E-01 (4.00E-01 | 4.31E-02 2.11E-01 7.50E-02 4.83E-02 2.16E-01 8.03E-17

n United States Superfund Radiation Risk
\U’EPA Environmental Protection



Residential Generic Outputs
Soil to ngestion | nhalaion | mmersion | Consompron|  Towl | 551

PRG PRG PRG PRG PRG Risk-based SSL
TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 | TR=1.0E-06 TR=1E-06 MCL-based

Groundwater Peac PG esus Ga GG G | e | G 6o el

Peak PRG for Cs-137 @ PRG units 2.28E+00 - 3.69E+05 6.51E-01 5.06E-01 4.96E+01 | -
Peak start time for maximum risk (yrs) 1.00E-08 - 1.00E-08 1.00E-08 1.00F-08 1.00E-08 | -
Maximum risk during peak interval (unitless) 4.39E-07 - 2.71E-12 I1.54E-06 I.97E-06 |2.0]1E-08 |-
Maximum risk—rate during peak interval (risk/yr)| 2.24E-08 - 1.38E-13 7.84E-08 1.01E-07 1.03E-09 | -
Wet Wet Wet Wet Wet
Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant
0.18 exchanges ICRP transfer factor transfer factor transfer factor transfer factor transfer factor
per hour Lung Water Ingesti halati Food Ingesti Immersion Woody tree Leaf Root Shrub Non-leafy fruit
A Absorption  Slope Factor | Slope Factor  Slope Factor slope Factor | (PCi/g-fresh l"*“_‘t (pCi/! 9_‘f“'5h P'a'_" (pCi/ 9_‘f"95h P"“:“ (pCi/g-fresh l-"““_'t (pCi/g-fresh P'a'_“
Isotope | Parent (unitless) Type (risk/pCi) (risk/pCi) (risk/pCi) | (risk/yr per pCi/L Per PCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil)
Cs-137 |Cs-137|- s 3.05E-11 1.12E-10  |3.74E-11 2.24E-15 2:80E0° o002 220502 AU 210602
Ba-137m |Cs-137 - - 0.00E+00 0.00E<00 | 0.00E+00 5.46E-12 LD0Es02 20502 2:00E703 L0002 L0602
Wet Wet Wet Wet
Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant Produce
transfer factor transfer factor transfer factor transfer factor Ky gestit i i C i Total Total
Maize grain Legume seed Tuber Herbaceous Distribution PRG PRG PRG PRG PRG PRG
(pCi/g-fresh plant | (pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant coefficient Lambdag ~ Ifge,  TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06 TR=1.0E-06
Isotope per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil)  (L/kg) | (1/day) = (L/kg) (pCi/y (pCi/y (pCi/L) (pCi/L) (pCi/L) (mg/L)
Cs-137 B.30E-02 ‘4.005-02 5.60E-02 2.90E-03 1.00E+01 |2.70E-05 |[3.64E+00|1.71E+00 |- 6.40E+08  |4.88E-01 3.80E-01 |[4.40E-12
Ba-137m | 00E-02 |1.00e-02 [5.006-03 [1.00e-02 | 4.00e-01 [ 2.708-05 || 3.64€+00| - - 2.63E+05 |- 2.63E+05 |4.89E-13
Groundwater
Total Risk-based = Groundwater SSL SSL
PRG Concentration MCL-based Risk-based Risk-based SSL SSL
TR=1.0E-06 TR=1E-06 Concentration TR=1E-06 TR=1E-06 MCL-based MCL-based
(mg/L) (pGi/L) (pCi/L) (pCi/g) (mg/kg) (pCi/g) (mg/kg)
4.40E-12 3.80E-01 2.00E+02 3.88E-03 |4.49E-14 2.04E+00 |2.36E-11
4.89E-13 2.63E+05 - 1.58E+02 |2.93E-16 - -

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training




Residential Generic Outputs
Fish

<EPA

United States

Finfish
Consumption
PRG
TR=1.0E-06
Peak PRG Results (pCi/g)
Peak PRG for Cs5-137 & PRG units 7L23E-02
Peak start time for maximum risk (yrs) 1.00E-08
Maximum risk during peak interval (unitless) 1.38E-05
Maximum risk-rate during peak interval (risk/yr) 7.O06E-07
Finfish Finfish
Consumption Consumption
Food Ingestion PRG PRG
Slope Factor TR=1.0E-06 TR=1.0E-06
Isotope (risk/pCi) (pCi/g) (mg/kg)
Cs-137 3.74E-11 5.45E-02 6.30E-10
Ba-137m 0.00E+00 - -

Environmental Protection

Agency

Superfund Radiation Risk
Assessment Calculator Training
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Radiation Risk Assessment
Calculator Training

Section 4: DCC Calculator

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training



DCC Outline

Background

Use of Dose Assessment at Superfund
Sites

Development Approach

Calculator Walkthrough
Scenarios
Inputs
Outputs

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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DCC Background

« Dose compliance concentrations (DCCs)
are isotope activities that correspond to
fixed levels of dose.

* Dose conversion factors (DCFs) for a given
radionuclide represent the dose equivalent
per unit intake or external exposure of that
radionuclide.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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DCFs

 Used to convert a radionuclide concentration in soill,
air, water or foodstuffs to a radiation dose.

- May be specified for specific body organs or tissues
of interest, or as a weighted sum of individual organ

dose (EDE)

« DCF sets: present DCFs that may be used to
calculate either organ DE or EDE for ingestion and
iInhalation

ICRP 30

ICRP 60

ICRP 107 (ORNL) — based on more recent
findings

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Radiation Standards

- Standards consist of Effective Dose or Organ
Equivalent Dose critical organ dose annual limits

* Equivalent Dose Limits may consider:
Specific target tissue or organ (e.g. thyroid)
The most radiosensitive tissue or organ
Tissue or organ receiving highest dose

* Dose to an organ from internally-deposited
radionuclides Is generally calculated separately
from dose due to external exposure. However, the
annual limit is based on the sum of external and
Internal organ dose.

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Dose Assessment in Superfund
Sites

» Superfund is NOT a dose-based program.

Dose assessments should only be conducted
under CERCLA when necessary to
demonstrate ARAR compliance.

* Dose recommendations (e.g. DOE orders,

NRC regulatory guides) should generally not
be used as TBCs.

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Dose Assessment in Superfund
Sites (cont.)

* Dose Is not used because dose-based
guidance would result in unnecessary
Inconsistency regarding how radiological and
non-radiological (chemical) contaminants are
addressed at Superfund sites.

Estimates of risk from a given dose estimate may
vary by an order of magnitude or more.

United States Superfund Radiation Risk
EPAEn ironmental Protection . .
Y/ Agency Assessment Calculator Training
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Dose Assessment in Superfund
Sites (cont.)

* Dose-based guidance generally begins an
analysis for determining a site-specific
cleanup level at a minimally acceptable risk
level rather than the 10-° departure set by
NCP.

 ARARSs above dose of 12 mrem/yr are not
considered sufficiently protective.
Do not use to establish cleanup levels.

Cleanup levels not based on ARAR should be
based on carcinogenic risk range of 104 to 10°.

nited States Superfund Radiation Risk
En mental Protection
\’EPAAge oy olecto Assessment Calculator Training
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Development Approach —
Addressing Radionuclide

Background

* Natural background radiation should be
considered prior to applying DCCs as
cleanup levels.

 Some ARARs are established as
Increments above background
concentrations — obey ARAR procedure.

United States Superfund Radiation Risk
nnnnnnnnn | Protection .
\’EPA oy e Assessment Calculator Training
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Development Approach —
Potential Problems

* To avoid misuse of DCCs, the following
should be avoided:

Applying DCCs w/out adequate CSM

Use of DCCs as cleanup levels w/out considering
other relevant criteria

Use of DCCs as cleanup levels w/out verifying
numbers with a health physicist/risk assessor

Use of outdated, superseded DCC tables

Not considering effects from presence of multiple
Isotopes

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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DCC Calculator Overview

Using the DCC Calculator

Select Scenario

® Resident
Composite Worker
Outdoor Worker
Indoor Worker
Construction Worker - Standard Unpaved Road Vehicle Traffic (Site-specific only)
Construction Worker - Wind Erosion and Other Construction Activities (Site-specific anly)
Recreator (Site-specific only)
Farmer Select ICRP rule

Soil to Groundwater - .
® 107 - Center for Radiation Protection Knowledge

. 60/68/72
Select Media:
. 30
Soil
Alr Select DCC type
2-D External Exposure
Tap Water Defaults
Fich * site-specific
Select Isotope Info Type: | Database defaults *
Select Units -select-
Database defaults
® pCi Select Dose Output: | User-provided
Bq
* No
Yes

Select Individual Isotopes

Complete List Selected
Ac-223
Ac-224
Ac-225
AC-226
Ac-227

Ac-228
Ac-230
Ac-231
Ac-232
Ac-233

v

Commeon Isotopes
Ra-226
Ra-228
Rn-220
Rn-222

Tc-99

o228
Th-230
Th-232
U-234
u-238

A

Or Select All
ALL
Source and Decay Output Options®

@ #ssumes period of peak dose (with decay and progeny ingrowth)
) Assumes secular equilibrium throughout chain (no decay)
_) Does not assume secular equilibrium, provides results for progeny throughout chain
Does not assume secular equilibrium, provides results for selected isotopes only

Peak Time Period®

@ infinite
_J 10,000 Years
) 1,000 Years
) 100 Years
) Other.

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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DCC Calculator Walkthrough

Select exposure scenario
Same scenarios as discussed in PRG

ect DCC type: defaults or site-specific
ect units: units of activity in pCi or Bq
ect ICRP rule (107, 60 or 30)

ect isotopes of interest

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

NN
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Residential SS Inputs

Common Parameters

Parameters Common to all Exposure Route Equations

m AAF, (annual age fraction - resident adult) 350 EF,__ (exposure frequency - resident adult) day/yr
unitless 350 EF... (exposure frequency - resident child) day/yr
m AAF_(annual age fraction - resident child)

_ 24 ET, (exposure time - resident) hr
unitless r
1 DL (daose limit) mrem 24 ET,.. (exposure time - resident adult) hr
_ ED, (exposure duration - resident) yr 24 ET.. (exposure time - resident child) hr
20 ED,_ (exposure duration - resident adult) yr _ t,(time - resident) yr
G ED, . (exposure duration - resident child) yr

m EF. (exposure frequency - resident) day/yr

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training
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Residential SS Inputs

Soil- Inaestion. External Inhalatlon & Produce

_c (exposure time - resident child) hr/day

Select a slab size ¥ | Slab size for ACF

Select a soil thickness cover layer v |Select cover layer 16416 BT, (exposure time - indoor resident) hr/day
thickness for GSFD {gamma shielding factor - cutdoor) 1.752 ETrro (exposure time - outdoor resident) hrfday
m AAF_ (annual age fraction - resident adult)

0.4 GSF, (gamma shielding factor - indoor) unitless

unitless

m AAF_ (annual age fraction - resident child) m IFA,_.g; (age-adjusted soil inhalation factor -
unitless resident) m?

_ DL (dose limit) mrem m IFS,_,qj (age-adjusted soil ingestion factor -
_ ED, (exposure duration - resident) yr resident) mg

20 IRA, , (inhalation rate - resident adult) m¥/day
20 ED,_, (exposure duration - resident adult) yr

10 IRA__ (inhalation rate - resident child) mg;’day
] ED,_. (exposure duration - resident child) yr

100 IRS,_, (soil intake rate - resident adult) mg/day
m EF, (exposure frequency - resident) day/yr

200 IRS, . (soil intake rate - resident child) mg/day
350 EF,_, (exposure frequency - resident adult) day/yr

0.26 MLF (produce plant mass loading factor) unitless
350 EF,_. (exposure frequency - resident child) day/yr

_ t, (time - resident) yr
24 ET, . (exposure time - resident adult) hr/day

NOTES:

1. DCF =oral ingestion dose conversion factor (mrem/pCi).
. DCF=inhalation dose conversion factor (mrem/pCi).

DCF =external exposure dose conversion factor {mrem-g/pCi-yr).

ext-sv
. t.=time of exposure (yr) =ED, =ED, _=ED,
. A=decay constant

. Q/C,,; gq=calculations based on site size and climactic zone. Further details on the derivation of Q/C
Appendix D

wing €an be found in

=~

. A, B, C = PEF region-specific dispersion constants (unitless)

8. 0=GSF=1

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training



Residential SS Inputs
Produce

Produce Ingestion Parameters

Produce Consumption - direct

0.25 CPF_ (contaminated plant fraction) unitless 68.1 IRF___ (fruit consumption rate - resident child) g/day
m IFF,..qj (age-adjusted fruit ingestion factor - 128.9 IRV, [vegetable consumption rate - resident adult)
resident) g g/day

38095 IFV, g (2ge-adjusted vegetable ingestion factor - | 41,7 IRV, (vegetable consumption rate - resident child)
resident) g g/day

188.5 IRF._, (fruit consumption rate - resident adult) g/day

Superfund Radiation Risk

Environmental Protection ..
Agency Assessment Calculator Training

United States
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Residential SS Inputs

AIr = External and Inhalation

m AAF_ (annual age fraction - resident adult)

_ ET, (exposure time - resident) hr

1. DCF=inhalation dose conversion factor (mrem/pCi)
. DCF_ ,,=submersion dose conversion factor (mrem/pCi)

. t,=time of exposure (yr)=ED.=ED__=ED__

2
3
4. h=decay constant
5. 0=GSF_ =]

United States
Environmental Protection
Agency

unitless 24 ET,_, (exposure time - resident adult) hr
m AAF_(annual age fraction - resident child)

24 ET,.. (exposure time - resident child) hr
unitless
_ DL (dose limit) mrem 1.0 G5SF, (gamma shielding factor) unitless
_ ED, (exposure duration - resident) yr m lFAr—adj (age-adjusted inhalation factor) m?
20 ED, . (exposure duration - resident adult) yr 20 IRA,_, (inhalation rate - resident adult) m*/day
6 ED,_. (exposure duration - resident child) yr 10 IRA,__ (inhalation rate - resident child) m*/day
m EF, (exposure frequency) day/yr _ t. (time - resident) yr
350 EF,.. (exposure frequency - resident adult) day/yr
350 EF,_. (exposure frequency - resident child) day/yr

NOTES:

Superfund Radiation Risk
Assessment Calculator Training




Residential SS Inputs

Tapwater - ingestion, External Inhalation, & Produce

m AAF_ (annual age fraction - resident adult) IRA,_, (inhalation rate - resident adult) m3/day
unitless 10 IRA,_. (inhalation rate - resident child) m3/day
m AAF_(annual age fraction - resident child)

Unitless 3.62 I, (irrigation rate) L/m2-day

m DFAr_adj (age-adjusted immersion factor - 25 IRW,__ (water intake rate - resident adult) L/day
resident) hr 0.78 IRW,__ (water intake rate - resident child) L/day

_ DL (dose limit) mrem
_ ED, (exposure duration - resident) yr

0.5 K (volatilization factor of Andelman) L/m3

0.000027 Mgy (soil leaching rate) 1/day

20 ED, _ (exposure duration - resident adult) yr
0.26 MLF {(produce plant mass loading factor) unitless
6 ED,_ . (exposure duration - resident child) yr
240 P (area density for root zone) kg;"m2
350 EF,_, (exposure frequency - resident adult) day/yr
1 T (translocation factor) unitless
350 EF, . (exposure frequency - resident child) day/yr
0.71 t. cven: (duration of bathing event - adult) hr/even
24 ET. . (exposure time - resident adult) hr
10950 t, (long term deposition and buildup) day
24 ET __ (exposure time - resident child) hr
0.54 te cven: (duration of bathing event - child) hr/event
1 EV,_, (bathing events per day - resident adult)
event/day 60 t, (above ground exposure time) day
1 EV. . (bathing events per day - resident child) 14 t,, (weathering half-life) day
event/day 2 ¥, (plant yield - wet) kg/m2
0.25 F(irrigation period) unitless
m IFAI__adj (age-adjusted inhalation factor - resident)
m3
0.42 I; (interception fraction) unitless

m IFWr_adj (adjusted intake factor - resident) L-

yrikg-day

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training
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Residential SS Inputs
Soil — 2-D Analysis

_ DL (dose limit) mrem 16.416 ET,., (exposure time - outdoor resident) hr/day
_ ED, (exposure duration - resident) yr 0.4 GSF, (gamma shielding factor - indoor) unitless
m EF_ (exposure frequency - resident) day/yr _ t_(time - resident) yr
1.752 ET.; (exposure time - indoor resident) hr/day

NOTES:

—_

. Slab size for ACF in alternate external exposure equations is determined by size selected in soil section above
DCF,;.gp=ground plane external exposure dose conversion factor (mrem-cmZ/pCi-yr).

DCF
DCF
DCF
DCF

e, ~INfiNite soil volume external exposure dose conversion factor (mrem-g/pCi-yr).

r-1em=50il volume at 1 cm external exposure daose conversion factor (mrem-g/pCi-yr).

—yr-5cmn =501 volume at 5 cm external exposure dose conversion factor (mrem-g/pCi-yr).

eyr-15cm =501l volume at 15 cm external exposure dose conversion factor (mrem-g/pCi-yr).

t =time of exposure (yr) = ED,

h=decay constant

0=GSF =1

A o R ST o

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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Residential SS Inputs

Particulate Emission Factor
3 ] NES

PEF_ | 2
W [kg

3500[—3—J
. hour

C . m 3
d [m_%] 0.038x(1-V) x Um[g] * F(x)

“(5)

s0il

2
In&_ (acre ) -B
and: 2 =A=exp ( SI: ) )
[ c
wind

Default v |City (Climatic Zone) - Selection based on most likely climatic conditions for the site
0.5 v | A_(acres)
1359344438 PEF (particulate emission factor) m3fkg

m Q/C,,, / inverse of the ratio of the geemetric mean air concentration to the emission flux at center of a square

source (g/mZ-s per kg/m?) PEF Selection

m A (Dispersion Constant)
m B (Dispersion Constant)
216.108 C (Dispersion Constant)

0.5 V [ fraction of vegetative cover (unitless)

469 U, / mean annual wind speed (m/s)

11.32 U. / equivalent threshold value (m/s)

0.194 F{x) / function dependant on U_ /U, derived using Cowherd et al. (1985) (unitless)

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection
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Residential SS Inputs
Fish

Resident
Exposure to Consumption of Fish

Fish Ingestion

_ DL (dose limit) mrem 54 IRF, (fish intake rate - adult) g/day
_ ED, (exposure duration - resident) yr _ t. (time - resident) yr
m EF. (exposure frequency - resident) day/yr

MNOTES:
1. DCF_=food dose conversion factor (mrem/pCi). rad-specific

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Residential SS Inputs

Soil to Groundwater — Dilution Factor

Dilution Factor for Migration to Groundwater
Dilution Attenuation Factor

Mixing Zone Depth

1 DAF (dilution attenuation factor) unitless . d, (aquifer thickness) m - site-specific
K (aquifer hydraulic conductivity) m/yr . i (hydraulic gradient) m/m
L (source length parallel to ground water flow) m 0.18 | (infiltration rate) m/yr
_ d (mixing zone depth) m - site-specific
NOTES:

1. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.

2. If DAF is known, enter it above. Or, to calculate DAF, enter your own site-specific values for the variables in the necessary
fields above.

3. When DAF is entered or calculated, the values for the blue DAF boxes in the Migration to Groundwater sections below
will be populated. If DAF is not entered or calculated, the default value of 1 will be used.

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Residential SS Inputs

Soil to Groundwater — Partition Equation

Partitioning Equation for Migration to Groundwater

Method 1

_ DAF (dilution attenuation factor) unitless 26 t (time) yr

1.5 Py, (dry soil bulk density) kg/L 0.3 8,, (water-filled soil porosity) L, ... /L.

soil

NOTES:
1. The Partitioning Equation for Migration to Ground Water is used by default. To use the Mass-Limit Equation, enter values
for the required parameters in the section below.

2. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.

3. If DAF is known, enter it in the Dilution Factor section above, When DAF is entered or calculated in the section above, the

value for the blue DAF box in this section will be populated. If DAF is not entered or calculated, the default value of 1 will
be used.

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Residential SS Inputs

Soil to Groundwater — Mass Limit

Mass-Limit Equation for Migration to Groundwater

Method 2
_ DAF (dilution attenuation factor) unitless 70 EDgw (exposure duration) yr
d. (depth of source) m - site-specific 1.5 py, (dry soil bulk density) kg/L
NOTES:

1. The Partitioning Equation for Migration to Groundwater above is used by default. To use the Mass-Limit Equation, enter
values for ED, d,, and P, in this section and enter a value for | in the Dilution Factor section above.

2. The dilution factor (DAF) has a default of 1 for a <= 0.5-acre source.

3. If DAF is known, enter it in the Dilution Factor section above. When DAF is entered or calculated in the section above, the

value for the blue DAF box in this section will be populated. If DAF is not entered or calculated, the default value of 1 will
be used.

United States Superfund Radiation Risk

Environmental Protection
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DCC Residential Generic Output

Particulate

S . I ICRP Emission
OI Lung Inhalation External Exposure Ingestion or Volatilization
Absorption DCF DCF DCF factor
Isotope Type (mrem/pCi) (mrem/yr per pCi/g) (mrem/pCi) (m3/kg)

K-40 F 7.77E-6 0.994045 0.0000229 1.36E+09

1000029 m? cm
Soil Volume  Soil Volume Wet Soil-to-plant
Area Gamma transfer factor Ingestion
Lambda  Halflife Correction Shielding (pCi/g-fresh plant PRG

(1/yr) (years) Factor Factor per pCi/g-wet soil) (pCi/g)

5.54E-10 | 1.25E+09 [ 1.00E+Q00 1.00E+00 6.44E-01 1.01E+03

External Produce
Inhalation Exposure Consumption Total
PRG PRG PRG PRG

(pCi/g) (pCi/g) (pCi/g) (pCi/g)
2.82E+07 1.16E-01 2.04E+00 1.10E-01 | 1.54E-02

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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DCC Residential Generic Output
Alr

External Exposure
Inhalation DCF

DCF (Submersion) Lambda Halflife
Isotope (mrem/pCi) (mrem/yr per pCi/m3) (1/yr) (years)

K-40 7.77E-6 0.0009243 5.54E-10 | 1.25E+09

Inhalation External Exposure Ambient Air
Inhalation External Exposure Ambient Air PRG PRG PRG
PRG PRG PRG (no decay) { no decay) (no decay)
(pCi/m3) (pCirm3) (pCirm3) (pCi/m3) (pCi/m3) ( pCi/m3)

2.08E+01 4.34E+01 1.40E+01 2.08E+01 4.34E+01 1.40E+01

Fish

Ingestion of  Ingestion of
Ingestion Fish PRG Fish PRG
DCF DL=1 DL=1
Isotope  (mrem/pCi) (pCi/g) (mg/kg)

K-40 0.0000225 8.87E-02 1.24E-02

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




DCC Residential Generic Output

Tapwater

ICRP
Lung Water Ingestion Inhalation Ingestion Immersion

Absorption DCF DCF DCF DCF
Isotope Type (mrem/pCi) (mrem/pCi) (mrem/pCi) (mrem/yr per pCi/L)

K-40 F = 7.77E-06 2.29E-05 1.96E-06

Wet Soil-to-plant
transfer factor
Halflife A; Ag Ap (pCi/g-fresh plant ey Irrog I gep
CEVA (1/day) (1/day) (1/day) per pCi/g-wet soil) (L/kg) (L/kg) (L/kg)

4.57E+11 | 1.52E-12 | 2.70E-05 | 4.95E-02 | 6.44E-01 2.30E+01| 9.29E+00| 3.64E+0C

Produce
Ingestion Inhalation Immersion Consumption Total Total
PRG PRG PRG PRG PRG PRG

(pCi/L) (pCi/L) (pCi/L) ingpp (pCi/L) (pCi/L)  (mg/L)
1.90E+07 1.8475483| 5.14E+01 5.14E+01 | 7.20E-03

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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DCC Residential Generic Output

External Exposure External Exposure External Exposure

External Exposure DCF DCF DCF
DCF (1 cm) (5 cm) (15 cm)
Isotope  (mrem/yr per pCi/g) (mrem/yr per pCi/g) (mrem/yr per pCi/g) (mrem/yr per pCi/g)

K-40 0.994045 0177175 0.50355 0.8206

1000029 m2 1000029 m? 1000029 m? 1000029 m? 1000029 m?
External Exposure Soil Volume  Ground Plane 1cm 5cm 15cm
DCF Area Area Area Area Area
(Ground Plane) Correction Correction Correction Correction Correction
(mrem/yr per pCi/cm?) Factor Factor Factor Factor Factor

0.238068 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00

cm cm cm cm cm
Soil Volume  Ground Plane 1cm 5cm 15 cm

Gamma Gamma Gamma Gamma Gamma
Shielding Shielding Shielding Shielding Shielding Halflife
Factor Factor Factor Factor Factor Lambda (years)

1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 5.54E-10 | 1.25E+09

Soil Volume  Soil Volume  Soil Volume Soil Volume Ground Plane  Soil Volume
PRG @ 1cm PRG @ 5cm PRG @ 15cm PRG PRG PRG
(pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/em?) (mg/kg)

1.47E+00 8.25E+00 2.90E+00 1.78E+00 6.14E+00 2.06E-01

United States Superfund Radiation Risk

Environmental Protection
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DCC Residential Generic Output

Solil to Groundwater

ICRP
Lung Ingestion Water Ingestion Inhalation Immersion

Absorption DCF DCF DCF DCF
Isotope Type (mrem/pCi) (mrem/pCi) (mrem/pCi) (mrem/yr per pCi/L)

K-40 F 2.29E-05 = 7.77E-06 1.96E-06

Wet Soil-to-plant
transfer factor
Halflife A; Ag Ag (pCi/g-fresh plant Irrmp Irr o I"l:lep
(days) (1/day) (1/day) (1/day) perpCi/g-wetsoil) (L/kg) (L/kg) (L/kg)

4.57E+11 | 1.52E-12 | 2.70E-05 | 4.95E-02 | 6.44E-01 2.30E+01| 9.29E+00| 3.64E+00

Ingestion Inhalation Immersion
MCL Distribution coefficient Lambda PRG PRG PRG
(pCi/L) (L/kg) (1/yr) decay (pCi/L) (pCi/L) (pCi/L)

1.88E+00( 1.30E+01 5.54E-10 | 1.4403E-8| - = 7.32E+05

Produce Tap Groundwater Groundwater
Consumption Water Total Risk-based MCL-based
PRG PRG PRG Concentration Concentration
(pCi/L) (pCi/L) (mg/L) (activity) (activity)

SSL SSL SSL SSL

Risk-based Risk-based MCL-based MCL-based
(pCi/g) (mg/kg) (pCi/g) (mg/kg)

2.71E-02

3.80E-03 2.49E-02 3.48E-03

2.05E+00 2.05E+00| 2.88E-04 | 2.05E+00 1.88E+00

United States Superfund Radiation Risk

Environmental Protection
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Radiation Risk Assessment
Calculator Training

Section 5: RSL for Total Uranium

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
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RSL Calculator Inputs

http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search

Using the RSL Calculator

Select Scenario

& Resident
Composite Worker (presented in Generic Tables)
Construction Worker (RSL only)
Indoor Worker (RSL only)
Cutdoor Worker RSL anly)
Fish (RSL only)
Soil to Groundwater (RSL only)
Recreator (Site Specific RSL anly)

Select Media:  Select RfD/RfC Type:

Soil
Air ® Chronic
Tapwater subchronic

Select SL type

& Defaults
Site Specific

Select Risk Output:

® No

Yes

0 United States
\_/ Environmental Protection
\’ Agency

Select Individual Chemicals

ALAR (1596845)
Acenaphthene [83323)
Acenaphthylene (208968)
Acephate (30560191)

Acetaldehyde (75070) Selected
Acetochlor (34256821)

&3 >
Acetone (67641) l‘—‘ l—/
Acetone Cyanohydrin (75865)

Acetonitrile (75058)

Acetophenone (98862)

Acetylaminofluorene, 2- (53963)

Acifluorofen {50534666) -

Or Select Individual CAS Numbers

50000
50328
50293
50011
51752
51365
51365
51796
51285
52857
53703
53963

Or Select All

ALL

To add a chemical not in the list, select "Site Specific”, "User-provided”, then "Test Chemical”.

Include Metadata

LIYes

Retrieve

Superfund Radiation Risk
Assessment Calculator Training




RSL SS Parameters - soill

Age AF BW ED 3 IRS SA
Segment (yr) (mg/cm?) (kg) (yr) (hr/event)  (mg/day) (cmZ/day)
= E : = = = =
= E z = = = =
o | fo = = oo =
on  |pE T | fo = = oo =
Adult (6-26) 0.07 EEE B N E =

Superfund Radiation Risk
Assessment Calculator Training
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RSL SS Parameters - air

Inhalation Exposure

Air Carcinogenic Inhalation

Air Carinogenic-{Vinyl Chloride) Inhalation

Air Non-Carcinogenic Inhalation

26 ED, (exposure duration - resident) year 1 THQ (target hazard quotient) unitless
350 EF. (exposure frequency) day/year 70 LT (lifetime - resident) year
24 ET, (exposure time) hour/day 1.0E-6 TR (target cancer risk) unitless
NOTES:
1. Input fieldswitha™ " background are a required entry.
2. Input fields with a "blue" background are calculated dynamically.
3. IUR=inhalation unit risk (pg/m3)'. chemical-specific
4, RfC=inhalation reference concentration (mgfm3). chemical-specific

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training




Exposure Assessment Details

RSL SS Parameters - tapwater

Age BW EF ET EV IRW
Segment (yr) (kg) (day/yr) (hr/fevent) (events/day) (L/day)
E z = pa || s |
E z = pa || s |
= fo = b7 |1 ps pos
o | fo = b7 |1 ps pos

Superfund Radiation Risk
Assessment Calculator Training

United States
Environmental Protection
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RSL SS Output - soll

Inhalation
Unit

Ingestion SF SFO Risk IUR
Chemical CAS Number Mutagen? VOC? (mg/kg-day)? Ref (ug/m3)1  Ref

Uranium (Soluble Salts)

Particulate
Chronic Chronic Emission
Chronic RfD RfD Chronic RfC RfC Factor
(mgrkg-day) Ref (mg/m3) Ref GIABS ABS RBA (m3/kg)
3.00E-03

4.00E-05 1.36E+09

IngestionSL Dermal SL  InhalationSL  Noncarcinogenic SL

Ingestion SL Dermal SL  InhalationSL  Carcinogenic SL i S ol 5

TR=1.0E-6 TR=1.0E-6 TR=1.0E-6 TR=1.0E-6 HQT: HQ=k1 HQ=k1 HE=

2.35E+02 5.67E+04 2.34E+02

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training



Inhalation
Unit

Risk IUR
Chemical CAS Number Mutagen? VOC? (ug/m3)1 Ref

Uranium (Soluble Salts)
A Mo Mo

RSL SS Output - air

Chronic RfD
(mg/kg-day)

3.00E-03

Chronic CarcinogenicSL  Noncarcinogenic SL
Chronic RfC RfC TR=1.0E-6 HiI=1

(mg/m3) Ref (ug/m3) (ug/m3)

4.00E-05 4.17E-02

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



RSL SS Output - tapwater

Ingestion SF SFO
Chemical CAS Number Mutagen? VOC? Chemical Type (mg/kg-day)? Ref

-_m Inorganics -

Chronic RfD RfD Chronic RfC E— FA
(mg/kg-day) Ref (mg/m3) R GIABS (cm!hr} MW (umtless} (hr) (hr/event) (unitless)

In EPD? DAevent (ca) DAE'IEI’It {nc child) DAE'IEI’It {nc adult) ug/

Uranium (Soluble Salts)

3.00E-03

0.0059339 5.4328535| 2.2636889

0.0073579 0.0119754

3.00E+01

IngestionSL  Dermal SL  InhalationSL  Noncarcinogenic SL Ingestion SL Dermal SL  Inhalation SL  Noncarcinogenic SL
Child Child Child Child Adult Adult Adult Adult
HQ=1 HQ=1 HQ=1 L | | HQ=1 HQ=1 HQ=1 HiI=1
(ug/L) (ug/L) (vg/L) (Hg/L) (ug/L) (ug/L) (ug/L) (ug/L)

6.02E+01 1.36E+04 5.99E+01 1.00E+02 1.69E+04 9.95E+01

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training
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Radiation Risk Assessment
Calculator Training

Section 6: BPRG and BDCC

Calculators

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




BPRG Background

- Establish 107° risk-based PRGs inside
radioactively contaminated buildings.

* Presented for settled dust and fixed 3D
external exposure for residents and
Indoor workers.

« Based on default exposure parameters,
RME conditions.

- * BPRGs In both activity and mass units.
\ * CSFs from ORNL.

United States Superfund Radiation Risk
nnnnnnnnn | Protection
’EPA oy rorecte Assessment Calculator Training
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Building Calculator
Walkthrough

e Scenarios

Residential
Commercial/industrial indoor worker

* EXxposure pathways

Settled dust
Ambient air

3D direct external exposure to
contaminated building materials

3D direct external exposure to settled dust
on indoor surface

Superfund Radiation Risk

~n United States
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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BDCC Background

« Establish DCCs inside radioactively
contaminated buildings.

/' « Calculate RME concentrations from
standardized equations that combine
exposure and toxicity info in the form of DCFs.

e Choice of ICRP 30, 60 and 107 DCFs.

e Same exposure scenarios and pathways as
BPRG.

nited States Superfund Radiation Risk
En mental Protection
\’EPAAge oy R Assessment Calculator Training
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Example CSM — BPRG and BDCC

PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM MECHANISM
Exposure Resident Worker
%I Resuspension HAirborne ‘ Route Indoor Indoor
Inhalation
Indoor Breakdown

Building of Buikding Submersion

Materials Materials
— Settled Exposure Resident Worker
Dust > BLEE Indoor Indoor

Ingestion

Inhalation

3-D Sources Exposure Resident Worker
Route Indoor Indoor

Conceptual Site Model of Quantified Exposure Pathways for radionuclide BPRGs.
Black lines are direct exposure routes. External
Exposure

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection

Agency Assessment Calculator Training
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BPRG Calculator Overview

Select Target Risk® Select Individual Isotopes®
@ 10° Complete List Selected
() 103 A

223
O 10* Ac224
O Other: AC-225
Ac-226
. Ac-228
Select Scenario® Ac-230
Ac-231
@ Resident Ac-232
Y
() Indoor Worker Ac-233 -
Select Source Depths@
Select Media: O 1em Common Isotopes
BEE H-3
Dust
15 1-129
Air L 15cm 1-131

Infinite Soil Volume

3-D External Exj Pu-238
Ground Plane PU-239 <=

Select Site Info Type® Pu-240
i Or Select All
n-220
Rn-222
@) pefaults $r-90 . () AL
'C' Site-specific Source and Decay Output Options®

@) Assumes period of peak risk (with decay and progeny ingrowth)
SE].eCt Ri Sk Outpute ) Assumes secular equilibrium throughout chain (no decay)
") Does not assume secular equilibrium, provides results for progeny throughout chain
~) Does not assume secular equilibrium, provides results for selected isotopes only

© No Peak Time Period®
O Yes @ infinite (Default)
10,000 Years
- 1,000 Years
Select Units@ =
her:
@ rci

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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BDCC Calculator Overview

Select Dose Limit (mrem/year)@ Select Individual Isotopes®
@ 1 Complete List Selected
O Other: Ac-223
Ac-224
AC-225
. Ac-226
Select Scenario®
Ac-228
© Resident Ac-230
O Indoor Worker Ac-231
Ac-232
Ac-233 o
Select Media:
Dust Common Isotopes
us Select Source Depths®@ e
Air
() 1em I-129
3-D External Exposure I-131
D 5cm
Pu-238
Select Site Info Type® Infinite Seil Volume Pu-240
@ Defautts el Ra 228 Or Select All
O Site-specific Rn-222
590 - (] aLL
Select Dose Output
Source and Decay Output Options@
@ No @) Assumes period of peak risk (with decay and progeny ingrowth)
Yes ) Assumes secular equilibrium throughout chain (no decay)
) Does not assume secular equilibrium, provides results for progeny throughout chain
Select ICRP Rule@ )i Dives not assianie sscular e librim; providles results for selacted 13ctoped orty
Peak Time Period®
@ 107 - Center for Radiation Protection Knowledge o
@ infinite (Default)
O so/68/72 10,000 Years
1,000 Years
Q 30 . 100 Years
Select Units®@ Other:

ol ==

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




Residential Settled Dust

» Exposure to radionuclides in settled dust on
Indoor surfaces.

* Two exposure routes
External exposure

Ingestion: occurs when hands contact dust-
laden surface, then come in contact with
mouth

 Variation allowed for hard and soft surfaces,
as transfer to skin varies by surface type.

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Residential Settled Dust
External Exposure

Ingestion of Dust

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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<EPA

Residential SS Input
Settled Dust on Surfaces

EXxposure
_ ED, (exposure duration - resident) yr

20 ED,_. (exposure duration - resident adult) yr

G ED,_. (exposure duration - resident child) yr

350 EF, (exposure frequency - resident) day/yr

350 EF,., (expasure frequency - resident adult) day/yr
350 EF,_. (exposure frequency - resident child) day/yr
24 ET, (exposure time) hr/day

[ ET, ., (exposure time - resident adult hard

surface) hr/day

6 ET,.. , {exposure time - resident child hard

surface) hr/day

10 ET (exposure time - resident adult soft

r-a,s

surface) hr/day

10 ET, .. (exposure time - resident child soft surface)
hriday
1 Fun (@rea and material factor) unitless

1 F; (fraction of time spent in compartment) unitless

Superfund Radiation Risk
Assessment Calculator Training

United States
Environmental Protection
Agency

€ Combined Ingestion and Ground Plane External

1 Fi, (fraction time spent indoors) unitless

1 Fore.cpr (off-set factor) unitless

3 FQ, (frequency of hand to mouth - adult) event/hr
17 FQ. (frequency of hand to mouth - child) event/hr
0.5 FTSS,, (fraction transferred surface to skin - hard

surface) unitless

0.1 FTSS_ (fraction transferred surface to skin - soft

surface) unitless

IFD,_, 4 (age-adjusted dust ingestion rate -

resident) cm?

0.0 k (dissipation rate constant) yr'1

49 SA,_, (surface area of fingers - resident adult) cm?
16 SA,_ (surface area of fingers - resident child) cm?2
0.5 SE (saliva extraction factor) unitless

_ t, (time - resident) yr

1.0E-6 TR (target cancer risk) unitless




Residential SS Input

Settled Dust on Surfaces (cont.)

NOTES:

. SF4.ors=0ral slope factor (risk/pCi) - radionuclide-specific

. SF4...=ground-plane external exposure slope factor (risk/yr per pCi/em?) - radionuclide-specific

1

2
3.
4
5

ED,=t,=ED, +ED,

. h=decay constant - radionuclide-specific

. When k = 0, the dissipation term is not included in the calculation to prevent division by zero which would result a BPRG
of zero.

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Residential Ambient Air

- Exposure routes

Inhalation: assumed to occur for entire 24-
hr day

Submersion: external exposure to
contaminated air

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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Residential Ambient Air

Submersion . Inhalation

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Residential SS Inputs
Ambient Air

€ Combined Inhalation & Submersion External Exposure

_ ED, (exposure duration - resident) yr 1 F, (fraction of time spent in compartment)

20 ED,_, (exposure duration - resident adult) yr unitless

1 F., (fraction of time spent indoors) unitless
G ED,.. (exposure duration - resident child) yr

1 GSF, (gamma shielding factor - air) unitless
350 EF. (exposure frequency - resident) day/yr

161000 IFA, .q; (age-adjusted inhalation rate -
350 EF... (exposure frequency - resident adult) day/yr

resident) m?
350 EF,_. (exposure frequency - resident child) day/yr 20 IRA,_, (inhalation rate - resident adult) m*/day
24 ET, (exposure time - resident) hr 10 IRA__ (inhalation rate - resident child) m3/day
24 ET._ (exposure time - resident adult) hr _ t, (time - resident) yr
24 ET,.. (exposure time - resident child) hr 1.0E-6 TR (target cancer risk) unitless

NOTES:

1. SF=inhalation slope factor (risk/pCi) - radionuclide-specific
2. SF_,,=submersion external exposure slope factor (risk/yr per pCi/m?) - radionuclide-specific

3. ED,=t,=ED, +ED,,

4. h=decay constant - radionuclide-specific

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Res 3D Direct Ext Exposure to
Contaminated Building

Materials
* Direct external exposure to radionuclides
In building materials of walls and floors.

» Uses 4 source thickness volume slope

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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Res 3D Direct Ext Exposure to
Settled Dust on Indoor Surfaces

* Direct external exposure to radionuclides
In settled dust on floors and walls.

» Uses ground plane slope factors.

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training




Residential SS Input
3D Direct External Exposure
€ Soil Volume & Ground Plane External Exposure

6 ED,., (exposure duration - resident) yr I:l GSFy, (building gamma shielding factor) unitless

I

350 EF s (exposure frequency) day/yr |Se|ect a room material v| Select room material

|Se|ect a room position v| Select room position

=

ET s (exposure time - resident) hr/day
|Se|ect a room size V| Select room size (ft)

F.m (area and materials factor) unitless . )
_ t,.s (time - resident) yr

F. (fraction of time spent in compartment) unitless . )

i( P p ) 1.0E-6 TR (target cancer risk) unitless

F., (fraction time spent indoors) unitless

Fore_ser (Off-set factor) unitless

NOTES:
SF

SF,
SF,

—_

=ground plane external exposure slope factor (risk-cm?/pCi-yr)

m
4

[f=]
b=

ext-sy—INfinite soil volume external exposure slope factor (risk-g/pCi-yr)

ext-1cm =501l VOlume at 1 cm external exposure slope factor (risk-g/pCi-yr)
SFext-5cm=5011 vOolume at 5 cm external exposure slope factor (risk-g/pCi-yr)
SFoto15cm=50I11 volume at 15 cm external exposure slope factor (risk-g/pCi-yr)
ED,.; =t

A=decay constant

Fsyre=Ratio of the dose rate in the room to that for an infinite plane source

Composite 1 room material = drywall room, glass window, wooden doors, drywall walls, concrete floor, drywall ceiling

A R R A T S

=

Composite 2 room material = concrete room, wooden doors, concrete floor, drywall ceiling

n United States Superfund Radiation Risk
\"EPA Environmental Protection
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Indoor Worker Settled Dust

External Expuaure Incidential Ingestion

of Dust

B 4 o

b4
++++++
#hd b

|||||||||||||||||

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Indoor Worker Ambient Air

External Exposure
Due to Air Submersion -,

United States
Environmental Protection
\’ Agency
N\ \

Inhalation

A T

Superfund Radiation Risk
Assessment Calculator Training



IW 3D Direct Ext Exposure to
Contaminated Building
Materials

United States Superfund Radiation Risk
nvironmen taI Protection
\’EPA ncy o Assessment Calculator Training




IW 3D Direct Ext Exposure to
Settled Dust on Indoor Surfaces

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




BPRG Residential Generic Output

Ambient Air

External Exposure
Inhalation Slope Factor
Slope Factor (Submersion)
Radionuclide (risk/pCi) (risk/yr per pCi/m3)

Settled Dust

External Exposure
Soil Ingestion Slope Factor
Slope Factor (Ground Plane)
Radionuclide (risk/pCi) (risk/yr per pCi/cm2)

K-40 2.22E-10 7.25E-10

Inhalation  External Exposure
Halflife BPRG BPRG
Lambda (years) (pCi/m3) (pCi/m3)

5.85E-11 1.42E-07

5.54E-10 | 1.25E+09 | 2.80E-02 5.53E+01

Halflife

Inhalation
Ambient Air Ambient Air BPRG
BPRG BPRG (no decay)
(pCi/m3) (mg/m?3) (pCi/m3)

Lambda Dissipation Decay (years)

5.54E-10 |1 1.4403E-8| 1.25E+09

Ingestion  External Exposure Dust Dust
BPRG BPRG BPRG BPRG
(pCi/cm2) (pCi/cm?) (pCifem2)  (mg/cm2)

2.80E-02 3.92E-06 2.80E-02

Ambient Air Ambient Air

External Exposure BPRG BPRG

5.34E-03 2.82E-01 5.25E-03 7.35E-07

BPRG (no decay) (no decay) (no decay)
(pCi/m3) (pCi/m3) (mg/m3)

5.53E+01 2.80E-02 3.92E-06

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




BPRG Residential Generic Output

3D Direct External Exposure

Soil Volume Soil Volume
Soil Volume External Exposure External Exposure External Exposure

External Exposure Slope Factor Slope Factor Slope Factor
Slope Factor (Ground Plane) (1 cm) (5 cm)
Radionuclide  (risk/yr per pCifg) (risk/yr per pCi/cm?)  (risk/yr per pCi/g)  (risk/yr per pCi/g)

K-40 7.99E-07 1.42E-07 1.42E-07 4.09E-07

Soil Volume
External Exposure
Slope Factor 3-D External 3-D External
(15 cm) Halflife Soil Volume BPRG Ground Plane BPRG
(risk/yr per pCi/g) (years) (pCi/g) (pCi/cm?2)

6.62E-07 1.01 5.54E-10 | 1.25E+09 | 4.97E-02 2.79E-01

3-D External 3-D External 3-D External
Soil Volume BPRG  Soil Volume BPRG  Soil Volume BPRG 3-D External 3-D External

(1 cm) (5 cm) (15 cm) Soil Volume BPRG  Ground Plane BPRG
(pCi/g) (pCi/g) (pCi/g) (mg/kg) (mg/kg)

2.80E-01 9.71E-02 6.00E-02 6.97E-03 3.91E-05

3-D External 3-D External 3-D External
Soil Volume BPRG Soil Volume BPRG  Soil Volume BPRG
(1 cm) (5 cm) (15 cm)

(mg/kg) (mg/kg) (mg/kg)

3.93E-02 1.36E-02

8.40E-03

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training
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Radiation Risk Assessment
Calculator Training

Section 7: SPRG and SDCC

Calculators

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




SPRG Background

€ Establish 10-6 risk-based PRGs for
radioactively contaminated outside hard
surfaces.

Examples: street slabs, pavement, sidewalks, and
sides of buildings.

€ Standardized SPRGs based on default
exposure parameters and incorporate
exposure factors that present RME conditions.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Exposure

€ Scenarios: residential, outdoor worker, indoor
worker

€ Pathways

Settled dust on outdoor surfaces

3D direct external exposure to fixed contaminated
building materials

3D direct external exposure to fixed settled dust
on outdoor surfaces

2D direct external exposure to fixed contaminated
finite slabs

2D direct external exposure to settled dust on
finite slabs

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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SDCC Background

& Establish DCCs based on RMEs for
contaminated outside hard surfaces.

/' @ Choice of ICRP 30, 60 and 107 DCFs.
€ Same exposure scenarios and pathways as

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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Example CSM — SPRG and SDCC

PRIMARY PRIMARY SECONDARY SECONDARY EXPOSURE RECEPTOR‘
SOURCES RELEASE SOURCES RELEASE MEDIA
MECHANISM - MECHANISM
Hard Breakdown Resuspension Settled Exposure | Resident | Worker | Worker | Composite
Outdoor of Surface % Wind Dust Route Indoor Outdoor | Indoor | Worker
Surfaces Materials - Mechanical
Ingestion
Inhalation
External

3-D and 2-D Sources Exposure Resident | Worker Worker | Composite
Route Indoor Outdoor Indoor Worker
External :

Conceptual Site Model of Quantified Exposure Pathways for radionuclide SPRGs
Black lines are direct exposure routes.

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection

Agency Assessment Calculator Training
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SDCC Calculator

€ Permits SDCC calculations using default
values, site-specific, and state values.

€ State values permit more specific calculations
In absence of site-specific information.

Select most likely road conditions based on state,
location (urban or rural), and road type.

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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SPRG Calculator Overview

Using the SPRG Calculator Select Units
Select Scenario ® PCi
B
@ Residential
() Composite Worker Select Individual Isotopes
() Outdoor Worker
O Indoor Worker Complete List Selected
AC-223
AC-223+D
Select Media: Ac2ad
et Hedia- Ac-225
[ Dust Ac-225+D - =
[] 3-D External Exposure AC-226 )
[] 2-D External Exposure AC-227
AC-228
Select SPRG type AC-230
AC-231 ~
® Defaults
Common Isotopes
O State Am-241
O site-specific Co-60
Cs-137+D
H-3 To add an isotope not in the list, select "Site Specific”, "User-provided", then "Test Isotope™.
1129 — 0
-131 =] == Or Select All
Select Risk Output: Pu-238 AL
PuU-239+D
® No PU-240
O Yes Ra-226+D - Retrers
n United States _ Superfund Radiation Risk
\Q’ Environmental Protection ..
Agency Assessment Calculator Training

NN



SDCC Calculator Overview

Using the SDCC Calculator

select Scenario (streets, outside surfaces)
Select Individual Isotopes

(® Resident
O Indoor Worker Complete List Selected
() Outdoor Worker AC-223
) Compaosite Worker AC-223+D
AC-223+E
Select Media: Ac-224
. = AC-225 —l
AC-225+D ===
[ 2-D External Exposure
[] 2-D External Exposure Ac-225+E
AC-226
Select Result Type Ac-227
AC-228 =2
® Defaults Common Isotopes
) State Am-241
O Site-specific Co-60
Cs-137+E
H-3
1-125
L€ ==
select Dose Output: 131
Pu-238
@ No Pu-239+E
O Yes Pu-240
Ra-226+E -
Select Units To add an isotope not in the list, select "Site Specific”, "User-provided", then "Test Isotope”.
® pCi
COeg

Or Select All

\ ALL
Select ICRP rule
(® 107 - Center for Radiztion Protection Knowledge BEiaa]
O BD/6E/ 72 I—I

O 30

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




Exposure to Settled Dust on
Outdoor Surfaces

€ Exposure routes

Exposure to contamination deposited on surfaces
via incidental ingestion

Inhalation of resuspended particulates

External exposure to ionizing radiation from dust
settled on contaminated surfaces

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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Exposure to Settled Dust on
Outdoor Surfaces (cont.)

€ Resident spends some time inside and some
time outside.

For indoor time, equation includes GSF for
external exposure.

€ Outdoor worker spends entire shift outside

€ Indoor worker spends entire shift indoors.
Includes GSF for external exposure.

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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Residential Exposure to Settled
Dust on Outdoor Surfaces

n United States Superfund Radiation Risk
\"EPA Environmen tal Protection ..
Agency Assessment Calculator Training
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Outdoor Worker Exposure to
Settled Dust on Outdoor Surfaces

n United States Superfund Radiation Risk
\"EPA Environmen tal Protection ..
Agency Assessment Calculator Training
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Indoor Worker Exposure to Settled
Dust on Outdoor Surfaces

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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3D Direct Ext Exposure to Fixed
Contaminated Building Materials

€ Exposure route: external exposure to ionizing
radiation.

/' @ Assume that street (horizontal) and building
walls (vertical) on both sides of street are
constructed with contaminated materials.

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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Res 3D Direct Ext Exposure to Fixed
Contaminated Building Materials

\\

= External

W"”””

ik

United States Superfund Radiation Risk
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OW 3D Direct Ext Exposure to Fixed
Contaminated Building Materials

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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IW 3D Direct Ext Exposure to Fixed
Contaminated Building Materials

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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3D Direct Ext Exposure to Fixed
Settled Dust on Outdoor Surfaces

€ Exposure route: external exposure to ionizing
radiation.

/' € Assume that street and building walls on both
sides of street are radioactively contaminated.

€ Resident (indoor portion) and indoor worker
Include GSF for external exposure.

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy rorecte Assessment Calculator Training
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Res 3D Direct Ext Exposure to Fixed
Settled Dust on Outdoor Surfaces
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OW 3D Direct Ext Exposure to Fixed
Settled Dust on Outdoor Surfaces

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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IW 3D Direct Ext Exposure to Fixed
Settled Dust on Outdoor Surfaces

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training




2D Direct External Exposure to
Fixed Contaminated Finite Slabs

€ Exposure route: external exposure to ionizing
radiation.

/' @ Assume that finite slab (horizontal) is
constructed with contaminated materials.

€ Scenario details

Resident assumed to live in structure built on top
of the middle of the slab.

Indoor worker assumed to be employed in
structure built on top of the middle of the slab.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Res 2D Direct Ext Exposure to
Fixed Contaminated Finite Slabs

United States Superfund Radiation Risk
nvironmen taI Protection
\’EPA ncy o Assessment Calculator Training




OW 2D Direct Ext Exposure to
Fixed Contaminated Finite Slabs

n United States Superfund Radiation Risk
\Q’EPA Environmen tal Protection ..
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IW 2D Direct Ext Exposure to Fixed
Contaminated Finite Slabs

External

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy e Assessment Calculator Training
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2D Direct External Exposure to
Settled Dust on Finite Slabs

€ Exposure route: external exposure to ionizing
radiation.

/' € Assume that dust on finite slab (horizontal) is
radioactively contaminated.

€ Scenario details:

Resident assumed to live in structure built on top
of the middle of the slab.

Indoor worker assumed to be employed in
structure built on top of the middle of the slab.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Res 2D Direct External Exposure to
Settled Dust on Finite Slabs

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




OW 2D Direct External Exposure to
Settled Dust on Finite Slabs

n United States Superfund Radiation Risk
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IW 2D Direct External Exposure to
Settled Dust on Finite Slabs

Walley’s widgﬁt works

...............

qqqqqqqqqqqqqqqqq
+++++++++++++++++
rrrrrrrrrrrrrrrr

11111111111111111

0N EPAUnited States Superfund Radiation Risk
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Residential State Inputs
PEF Wind Driven

Particulate Emission Factor Wind Driven

PEF Wind Equation

Default

05 AS (acres)
FETT=TTN PEF,, / Wind Particulate Emission Factor (m?/kg)
FEEFAN Q/C,,. 4/ inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m?-s per kg/m?)

v City (Climatic Zone) - Selection based on most likely climatic conditions for the site

0.5 WV / fraction of vegetative cover (unitless)

4.69 U, / mean annual wind speed (m/s)

11.32 U, / equivalent threshold value

0.194 F(x) / function dependant on U_/U, derived using Cowherd et al. (1985] (unitless)
16.2302 A (Dispersion Constant)

18.7762 B (Dispersion Constant)

216.108 C (Dispersion Constant)

United States Superfund Radiation Risk
Environmental Protection

Agency Assessment Calculator Training




Residential State Inputs
PEF Mechanically Driven for Public Paved Roads

Select a State ¥ || Select Geographic Setting - v

Particulate Emission Factor Mechanically Driven for Public Paved Roads

PEF Equation

2116407 | PEF, o / Mechanical Particulate Emission Factor - paved public (m3/kg)

Q/C,, / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m?-s per kg/m?>).
Calculated from A_ above. (default Minneapolis)

Fp / Dispersion correction factor (unitless)

EFEETTTTN T/ Time in seconds (calculated from worker ED)

t_/ Time in hours (calculated from worker ED)
FEZETETSN A / Area (m?)

L, / Length of road segment (ft); Calculated from As above.

[EEN =L/ Road surface silt loading (g/m?)
[EFTTETTTTITN AKY / Annual vehical kilometers per road class (kmiyr)
T VKT / Sum of fleet vehicle kilometers traveled during ED (km/yr)

FEFTIN km per road class

3.2 W/ (mean vehicle weight) tons

20 W, / Width of road segment (ft)

4.6 k-pp / Particle size multiplier for public-paved road (g/VKT)

0.1317 C / Emission factor for fleet exhaust, brake and tire wear

150 p / number of days in a year with at least 0.001 inches of precipitation
16.2302 A (Dispersion Constant)

18.7762 B (Dispersion Constant)

216.108 C (Dispersion Constant)

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




Site-Specific Inputs

Select Scenario (streets, outside surfaces)

® Resident
Indoor Warker
Outdoor Worker
Composite Worker

Select Media:

¢ Dust

¥ 3-D External Exposure
¥ 2.D External Exposure

Select Result Type

Defaults
State
® Site-specific

Select Road Type:| Public Paved v

Fublic Paved

Select Isotope Infg Public Unpaved hy defaults
Industrial Unpaved

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection

Agency
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Residential SS Inputs

Settled Dust — Combined Ingestion & Ground
Plane External Exposure

Combined Ingestion and Ground Plane External Exposure

Dust Total
0.8 AAF___ (annual age fraction - resident adult) 1 t. (time - resident) yr
0.2 AAF, . (annual age fraction - resident child) 1 D,., (exposure duration - resident adult) yr
1 DL (dose limit) unitless 1 ED,.. (exposure duration - resident child) yr
1 ED, (exposure duration - resident) yr 4 ETr_a'h (exposure time - resident adult hard surface) hr/day
350 EF, (exposure frequency - resident) day/yr 4 ET,.. i (exposure time - resident child hard surface) hr/day
16.4 ETLI. (indoor exposure time - resident) hr/day Select a slab size ¥ Slab size for ACF
1,752 ET, . {outdoor exposure time - resident) hr/day 1 FQ,.. (frequency of hand to mouth - resident adult)
1 Faw (area and material factor) unitless event/hr
1 Forp.set (off-set factor) unitless 9.5 FQ,.. (frequency of hand to mouth - resident child)
0.4 G5F, (Indoor Gamma Shielding Factor) unitless event/hr
GSF, (Outdoor Gamma Shielding Factor) unitless 0.5 FTSS,, (fraction transferred surface to skin - hard surface)
_ IFA_,q; (2ge-adjusted dust inhalation rate - resident) unitless
m3/day 20 IRA._, (inhalation rate - resident adult) m->/day
m IFD g (age-adjusted dust ingestion rate - resident) 10 IRA, . (inhalation rate - resident child) m*/day
' cmzfday 45 SA,., (surface area of fingers - resident adult) cm?
\ 0.0 k (dissipation rate constant) yr-! 15 SA,.. (surface area of fingers - resident child) em?
6.67E+08 SLF (Silt Loading Factor) cm?/kg 0.5 SE (saliva extraction factor) unitless

Environmental Protection

o EPAumt_ed States _ Superfund Radiation R|§k.
Agency Assessment Calculator Training



Residential SS Inputs (cont.)

Settled Dust — Combined Ingestion & Ground

Plane External Exposure

NOTES:

_1
=]

e A R R

A=decay constant
When k = 0.0, the dissipation term is not included in the calculation to prevent division by zero which would result a PRG of zero.
A, B, and C are constants.

ED t

r-co T

ED, =ED, =
DCF,.,.5 = ingestion dose conversion factor

DCF,, = inhalation dose conversion factor

DCFy_,,. = external exposure dose conversion factor
IFD

[FA

r-sdj = age-adjusted ingestion factor

r-adj = @ge-adjusted inhalation factor

L, = (A, * 43560)05

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency
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Residential SS Inputs
Settled Dust — PEF Wind Driven

PEF Wind Equation

g 3,500[ 8 J
[EJ . fir

PEF,, = QIC,, . -
m3 U.USﬁx(l-V)x(Um[?]ll'Ut[%D =F{3)

whete

g
0 [2_] L (i, (acres]-B)z
o % i e

m?

Default

v City (Climatic Zone) - Selection based on most likely climatic conditions for the site
05 - AS (acres)

FETT=TTN PEF,, / Wind Particulate Emission Factor (m3/kg)
EEFZAN Q/C,, 4/ inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m?-s per kg/m?)

0.5 W/ fraction of vegetative cover (unitless)

4.69 U, / mean annual wind speed (m/s)

11.32 U, / equivalent threshold value

0.194 F(x) / function dependant on U_ /U, derived using Cowherd et al. (1985) {unitless)
16.2302 A (Dispersion Constant)

18.7762 B (Dispersion Constant)

216.108 C (Dispersion Constant)

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection

Agency
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Residential SS Inputs

Settled Dust — PEF Mechanically Driven for
Public Paved Roads

PEF .5 / Mechanical Particulate Emission Factor - paved public (m3/kg)
FEEZAN Q/C,, / inverse of the ratio of the geometric mean air concentration to the emission flux
Calculated from A_ above. (default Minneapolis)

Fp / Dispersion correction factor (unitless)

EFEETTITN T/ Time in seconds (calculated from worker ED)

FETTN t_/ Time in hours (calculated from worker ED)

PIZETEYSN A / Area (m?)

L / Length of road segment (ft); Calculated from As above.

EEI W / (mean vehicle weight) tons

I VKT / Sum of fleet vehicle kilometers traveled during ED (km/yr)

[ErTIN km per road class

20 W, / Width of road segment (ft)

4.6 k-pp / Particle size multiplier for public-paved road (g/VKT)

0.015 sL / Road surface silt loading (g/m?)

0.1317 C / Emission factor for fleet exhaust, brake and tire wear

150 p / number of days in a year with at least 0.001 inches of precipitation
16.2302 A (Dispersion Constant)

18.7762 B (Dispersion Constant)

216,108 C (Dispersion Constant)

# of trips per day * Required

# of days per week the trip is taken * Reguired

# of weeks per year the site is traveled * Required
average # of cars per day * Required

average # of trucks per day * Required

Tons/car * Required

Tons/truck * Required

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection

Agency Assessment Calculator Training
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Residential SS Inputs (cont.)

3D - Soil Volume & Ground Plane External Exposure

Soil Volume and Ground Plane External Exposure

3-D Direct External Exposure (1 cm)

3-D Direct External Exposure (15 cm)

3-D Direct External Exposure (5 cm)

3-D Direct External Exposure (ground plane)

3-D Direct External Exposure (sv)

Select a sidewalk/street position ¥ | Select sidewalk/street position
Select a building height (ft) ¥ | Select building height (ft)

Fuy (@rea and material factor) unitless
Fcp (depth and cover function) unitless

ext”

. A=decay constant. radionuclide-specific

. ED, =t,

1 DL (dose limit) unitless 1 Foepcer (off-set factor) unitless
1 ED, (exposure duration - resident) yr 0.4 GSF, (gamma shielding factor - indoor) unitless
350 EF, (exposure frequency - resident) day/yr 1 GSF, (gamma shielding factor - outdoor) unitless
16.4 ETLI_ (exposure time - resident indoor) hr/day 1 t, (time - resident) yr
1.752 ET, . (exposure time - resident outdoor) hr/day

NOTES:

1. SF_,.=soil-volume external exposure slope factor (risk/yr per pCi/g). radionuclide-specific

2
3. Fgpe=Ratio of the surface dose rate to that for an infinite plane source - radionuclide-specific
4

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Residential SS Inputs

2D — Soil Volume & Ground Plane External
Exposure

Soil Volume and Ground Plane External Exposure

2-D Direct External Exposure {1 cm)

2-D Direct External Exposure {15 cm)

2-D Direct External Exposure {5 cm)

2-D Direct External Exposure (ground plane)

2-D Direct External Exposure (sv)

NOTES:
1. Equation parameters from 3-D external exposure will be used in addition to slab size

2. ACF - radionuclide-specific

3. Slab size for ACF in 2-D alternate external equation is determined by area selected in dust section above

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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SPRG Residential Generic Output

Surfaces 3D Direct External Exposure

External Exposure Soil Volume Soil Volume

Soil Ingestion Inhalation DCF External Exposure External Exposure
DCF DCF

DCF DCF (Ground Plane) (Infinite Volume) (1cm)
Radionuclide  (mrem/pCi)  (mrem/pCi) (mrem/yr per pCi/cm2) Radionuclide  (mrem/yr per pCi/g)  (mrem/yr per pCi/g)

9.94E-01 1.77E-01

2.29E-05 1.77E-06

Soil Volume Soil Volume

External Exposure External Exposure External Exposure

Halflife
Area Correction Factor Lambda (years)

DCF DCF DCF
(5 cm) (15 cm) (Ground Plane)
(mrem/yr per pCi/g)  (mrem/yr per pCi/g) (mrem/yr per pCi/cm?)

6.18E-01 5.54E-10 | 1.25E+09
5.04E-01 8.21E-01 2.38E-01

sDCC sDCC Soil Volume

Soil Volume 1cm
Halflife sSDCC sSDCC

(Wind) (Mechanical)
(pCi/cm?2) (pCi/cm?) (years) (pCi/g) (pCilg)

1.36E+09| 2.81E+10| 1.71E+00 1.76E+00 9.95E-01( 5.54E-10 | 1.25E+09 | 3.04E+00 1.71E+01

Soil Volume  Soil Volume
5cm 15cm Ground Plane  Soil Volume
SDCC SDCC SDCC sDCC
(pCi/g) (pCi/g) (pCi/cm?) (mg/kg)

6.01E+00 3.69E+00 1.27E+01 4.27E-01

United States Superfund Radiation Risk

Environmental Protection

Agency Assessment Calculator Training
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Radiation Risk Assessment
Calculator Training

Section 8: Differences between
EPA and DOE tools

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training




Why Does Radiation Easily Fit within
the Superfund Framework?

€ Primary effect is cancer

€ People ingest, inhale, eat, same amount of
contaminated dust and food whether it is
chemical or radioactive contamination,

€ Dust gets resuspended the same whether it is
chemically or radioactively contaminated

€ Inorganic elements move through the
subsurface the same whether they are
radioactive or not

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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wEPA

RSL, PRG, DCC,

Similar Look and Feel

Select Target Risk

@ 104

Select Screening Level Type

© Regional Screening Levels (RSLs)
[__) Regional Removal Management Levels (RMLs)

Select Hazard Quotient

Q 0.1

() Other:

Select Target Risk

Select Scenario

@ Resident

_) Indoor Worker
Outdoor Worker
Compaosite Worker (presented in Generic Tables)

Construction Worker {Site Specific only)
Fish (Site Specific Only)
Soil to Groundwater

|} Recreator (Site Specific only)

Select Media:

[ soil
I_I Air

O Tapwater

Select Screening Level Choice

@ Defaults

() site Specific

United States
Environmental Protection
Agency

Py
L
P
L

J 108
J 10#

[_) Other:

Select Scenario

@ Resident

a1
J
1
A
%
A

_} Indoor Worker

Outdoor Worker

Composite Worker

) Construction Worker (Site-specific only)
) Recreator (Site-specific only)

Farmer

Soil to Groundwater

Select Media:

|

[ air

[ Tap Water
("] 2-D External Exposure
(J Fish

Select Site Info Type

®

Defaults

) Site-specific

Select Dose Limit (mrem/yr)

@:

-
5,

| Other:

J

Select Scenario

@ Resident

__I Indoor Worker

: Qutdoor Worker

: Compaosite Worker

) Construction Worker (Site-specific only)
) Recreator (Site-specific only)

: Farmer

S0il to Groundwater

Select Media:

L

(] Air

(] Tap Water
[ ] 2-D Bxternal Exposure
() Fish

Select Site Info Type

@ Defaults

Site-specific

Superfund Radiation Risk
Assessment Calculator Training




Preliminary Remediation Goals for Radionuclides ==

RSL, PRG, DCC,

RSL Calculator

Resident
Exposure to Soil

Instructions

Exposure Assessment Details

* Risk Calculator

BW ©0 T IRS sA
(kg) (yn) (dayfyr)  (hrievent)  (mg/day)  (cm?/day)
is ] 350 n
26 p2 15 N 350 2a
16 fo.07 B0 ] 350 24
1626 foo7 B0 0 350 24
ciioe  |EHEEN (CHEEEN (NN NN | NN

Select a slab size v | Slab size for ACF

Select a soil thickness cover layer v Select cover layer
thickness for GSF, (gamma shielding factor - sutdoer)

ED, (exposure duration - resident) yr

20 ED,_, (exposure duration - resident adult) yr

6 ED, . (exposure duration - resident child) yr
m EF, (exposure frequency - resident) day/yr
350 EF,_, (exposure frequency - resident adult) day/yr
350 EF,_ (exposure frequency - resident child) day/yr
24 ET,__ (exposure time - resident adult) hr/day

24 ET,_ (exposure time - resident child) hr/day

16.416 ET, (exposure time - indoor resident) hr/day

1.752 ET, , (exposure time - outdoor resident) hr/day
0.4 GSF, (gamma shielding factor - indoor) unitless
161000 ‘FA\-EdJ (age-adjusted soil inhalation factor -
resident) m*

1120000 IFS,..;; (age-adjusted soil ingestion factor -
resident) mg

20 IRA, _, (inhalation rate - resident adult) m3fday
10 IRA, . (inhalation rate - resident child) m3/day
100 IRS,., (soil intake rate - resident adult) mg/day
200 IRS,... (soil intake rate - resident child) mg/day
0.26 MLF (produce plant mass loading factor) unitless

t, (time - resident) yr

1.0E-6 TR (target cancer risk) unitless

United States

Environmental Protection

Agency

Select a slab size v |Slab size for ACF

Select a soil thickness cover layer |Select cover layer
thickness for GSF, (gamma shielding factor - outdoor)

m AAF_ (annual age fraction - resident adult)

unitless

m AAF, (annual age fraction - resident child)

unitless

_ DL (dose limit) mrem
_ ED, (exposure duration - resident) yr

20 ED, . (exposure duration - resident adult) yr

6 ED,.. (exposure duration - resident child) yr
m EF, (exposure frequency - resident) day/yr
350 EF,_, (exposure frequency - resident adult) day/yr
350 EF,__(exposure frequency - resident child) day/yr
24 ET, _ (exposure time - resident adult) hr/day

Dose Compliance Concentrations for Radionuclides (DCC)

24 ET. . (exposure time - resident child) hr/day
16.416 ET,, (exposure time - indoor resident) hr/day
1.752 ET,, (exposure time - outdoor resident) hr/day
0.4 GSF, (zamma shielding factor - indoor) unitless

m IFA. 2q) (age-adjusted sail inhalation factor -

resident) m?

m IFS, aq) (age-adjusted soil ingestion factor -

resident) mg

20 IRA,.., (inhalation rate - resident adult) m3/day
10 IRA, (inhalation rate - resident child) m3/day
100 IRS, _ (soil intake rate - resident adult) mg/day
200 IRS, . (soil intake rate - resident child) mg/day
0.26 MLF (produce plant mass loading factor) unitless,

_ t, (time - resident) yr

Superfund Radiation Risk
Assessment Calculator Training




RSL, PRG, DCC
Consistent treatment of inorganics

€ Resuspension — same
€ Soil to groundwater — same

/] & Al3 steady state models. Not depleting
source (transfer/dynamic) models

United States Superfund Radiation Risk
nvironmen taI Protection
\’EPA ncy recto Assessment Calculator Training
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Guidance: World Trade Center (WTC)
Benchmark

€ Document used to establish 1x10+ risk
based cleanup levels for the reuse of

chemically contaminated buildings after the
9/11 attacks.

4 Eguations and parameters were the latest
EPA chemical methodology

€ Ingestion, inhalation, and dermal

http://www.epa.gov/wtc/reports/contaminants of
concern benchmark study.pdf

n United States Superfund Radiation Risk
EP;

Environmental Protection

Agency Assessment Calculator Training

NN


http://www.epa.gov/wtc/reports/contaminants_of_concern_benchmark_study.pdf

Guidance: World Trade Center (WTC)
Benchmark (continued)

€ WTC benchmark document includes 1 land
use scenario

Residential

€ This land use includes
2 exposure routes
Settled dust

Ambient air

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Select Differences

€ Some examples that have come up during site
ISsues
Input parameters and default values

Steady state vs dynamic/transfer
Depleting source in soil
Movement of dust through buildings

€ Not an attempt at any comprehensive analysis
of differences, these are issues which have
been on sites and/or interagency discussions

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Steady State vs
Dynamic Transfer

€ EPA PRG, DCC, and RSL calculators are
steady state models

Conservative assumption of no lessening of
contaminated source, except radioactive decay

This assumption is in early EPA CERCLA risk
assessment documents (RAGs, SSG, Rad
SSG)

€ RESRAD assumes source is depleting from
erosion (soil runoff) and leaching into the
subsurface

Not conservative compared to EPA

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Factors Affecting Source Loss

mixing layer 1

uncontaminated
cover

contaminated
zone

erosion

Y
& decay —=

leaching

:

unsaturated/
saturate
Zones

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Settled Dust & Indoor Air
Resuspension

€ EPA BPRG and BDCC calculators and WTC
document

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
NN
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BPRG = Indoor Air

Submersion . Inhalation

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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BPRG - Settled Dust

External Exposure

Ingestion of Dust

L

n United States Superfund Radiation Risk
\"EPA Environmental Protection . .
Agency Assessment Calculator Training
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Source Removal/lnjection - Point, Line, Area Sources

B Source removal and injection treated

the same for point, line and area Removable fraction
B Parameters affecting source removal
— Removable fraction
— Source lifetime
B Parameters affecting source injection & Lifetime
— Source lifetime
— Removable fraction

B Source is linearly removed over the
source lifetime Air fraction x Removable fraction
i H ” '::} ‘::} C::I
— “Erosion Rate” or removal rate - < o o ©
o)

« Removable Fraction/ Source Lifetime
« 20% over 10 years

- 2% PeEr yedar R df buildi
. . emoved 1Trom bundin
B Radioactive decay occurs g
simultaneously o <

Argonne '~

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Source Injection to Air Pathways

B Models the release of the
radionuclides from the
source to the air

— Building renovation
— Building occupancy

m The airflow in the building
will transport the airborne
nuclides from room to
room

® Nuclides will deposit and
will be resuspended

m Pathways considered

—  External

» Submersion, deposited
nuclides

— Inhalation

— Ingestion
- Deposited nuclides

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training



RESRAD-BUILD One Room Air Flow Model

VdCidt = | - QC - AVC + AVC, - AVC + A A VC/(Ag*A)

Change of Activity Exchange Decay of

in the room with outside parent in Air Resuspension

Injection
Rate

Decay in Air Deposition

Argonne "%

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Default Parameters

€ EPA. Inhalation and ingestion parameters and
default input values the same for radiation and
chemical risk assessment methods.

€ DOE. Uses different parameters and different
defaults input parameters for radiation vs
chemical risk assessment methods.

DOE differs from both EPA radiation and chemical
parameters and default input values

There Is no scientific reason for these differences
It was a policy decision by RESRAD developers

n United States Superfund Radiation Risk
. EPA Environmental Protection . .
A\ Y 4 Agency Assessment Calculator Training
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PRG and RSL
Inhalation

| Default v City (Climatic Zone) - Selection based an mast likely climatic conditions for t

|O.5 Y| A, (acres)

PEF (particulate emission factor) m3/kg

-
W
N
o
W

44438

93.77 Q/C,,, ! inverse of the ratio of the geometric mean air concentration to the e
source (g/m?-s per kg/m?) PEF Selection

A (Dispersion Constant)

18.7762 B (Dispersion Constant)

216.108 C (Dispersion Constant)

o
n

V / fraction of vegetative cover (unitless)

&
=]
o

U,/ mean annual wind speed (m/s)

U,/ equivalent threshold value (m/s)

o=
oW
R

Fix) / function dependant on U, /U, derived using Cowherd et al. (1985) (unitless)

ED, (exposure duration - resident) yr

ET,. (exposure time - resident child) hr

GSF, (gamma shielding factor - air) unitless
IFA, . (age-adjusted inhalation factor) m3
_ IRA, , (inhalation rate - resident adult) m3!day
IRA, .. (inhalation rate - resident child) m*/day
_ t, (time - resident) yr

TR (target cancer risk) unitless

ED,.. (exposure duration - resident adult) yr

ED

Il

¢ (exposure duration - resident child) yr

EF, (exposure frequency) day/fyr

350 EF,., (exposure frequency - resident adult) day/yr

350 EF_. (exposure frequency - resident child) day/yr

r-c (

ET, (exposure time - resident) hr

ET,.. (exposure time - resident adult) hr

United States
Environmental Protection

| Default ¥ | City (Climatic Zone) - Selection based on most likely climatic cor

057'| A_ (acres)

-
W
u
\0

344438 PEF (particulate emission factor) m3/kg
X QIC,, (g/m2-s per kg/m?3) PEF Selection
A (PEF Dispersion Constant)

18.7762 E (PEF Dispersion Constant)
216.108 C (PEF Dispersion Constant)

F(x) (function dependant on U _/U.) unitless

93.77

V (fraction of vegetative cover) unitless

Age AF BW ED EF 1) IRS SA
Sogment(yr) (mg/em?)  (kg) W (ayly)  (wevent) (mgiday)  (cmPday)
« ETFT T F FE E R
o al ol ol -l ol ol =
o ol ol el ol ol =
ool ol ol ol ol el =

Child (0-6)

Adult (6-26)

Superfund Radiation Risk

Assessment Calculator Training




RESRAD andRESCHENM
Inhalation

Inhalation rate: B | m=3/vear
Mass loading for inhalation: 0001 grams/m==3
Mean Onsite mass loading - 0001 grams/m**3
Im!onl to outdoor dust concentration 4

External gamma penetration factor: 7

Shape of Primairy Contamination |

Dccupancy Factors |

Save
E Cancel IE

Atmospheric Transport

Release height 1 meters Di: 1on Model C ici Wind: d Temain
Release heat flux ] calfs & Pasquill Gifford Coefficients Aural
Anemometer height 10 meters . A5 © Rural
) ) ) Briggs Rural Coefficients
Ambient temperature 285 Kelvin O Urban
AM atmospheric mixing height | 400 meters QO Briggs Urban Coefficients
PM atmospheric mizing height 1600 meters
AAWINDOWS\systemi.  md.exe
Fruit, grain, Leafy Pasture, Grain Dwelling Surface
Dffsite location non-leafy  vegetables silage fields site water body
vegetables plot growing
plot area

Elevation of offsite location, relative to ground
level at primary contamination | o " o ” 0 ” 0 ” 0 ” 0

Grid spacing for areal integration m

Read Meteorological STAR file ‘

Wind speed 0,89 [2-48 [+.47 [6:93 [8-62 [12.52 [més
Stability class Joint frequency of wind speed and stability class for wind from 5 to |y -
A 0 0 0 0

Press ""F1'' "F2'" for HELP, or “Esc' to IGHNORE CHANGES and retuw. "o main menu.
Press ¥ for Sensitivity fAnalysis. Press "FiB" to SAVE DATA A “ONTINUE.

Save
E Cancel IE

ithat che inhalation rate?

(o)

NN

Environmental Protection

PAUnited States Superfund Radiation Risk
Agency Assessment Calculator Training



RESEHEMand RESRAD
look and feel

A CAWINDOWS\system.  md.exe

MAIN MENU
Change title

odify data
Set graphics

un RESRAD-CHEM

Hioss bartors o C12

iew output —_—

T

Reset colors
Modify libhr:
uit

Pres 1" or
“F* ror HELP

Wetart 8 mEC [@heabe. |

n United States Superfund Radiation Risk
\U’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Implications

€® RME exposure defined by EPA through its
guidance

When using RESRAD, you are protecting a
different RME than using EPA guidance

€ Use of RESRAD results in unnecessary
iInconsistency how chemicals and
radionuclides are addressed at the same site

RESRAD differs from EPA’s PRG and RSL, and
even with RESCHEM before DOE withdrew
RESCHEM

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Why Is this important?

€ EPA cannot defer to states, DOE, DOD, or
other entities for remedy selection.

/' ® EPA is a signature on the ROD.

¢ EPA what is being
sald and be able to stand behind it based on
the NCP, CERCLA, and EPA guidance.

This includes what concentrations constitute
meeting the risk range and/or ARARS.

nited States Superfund Radiation Risk
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EPA Is the Decision Maker

€® EPA determines the levels needed for
protections and compliance with ARARs
and guidance (TBCs)

€ EPA needs to be able to justify the level
selected.

€ EPA’s PRG calculators are recommended
for Superfund radiation risk assessments.

If another model is to be used, EPA needs to:
run both models
have a thorough understanding of both models
be able to explain the differences.

United States Superfund Radiation Risk
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EPA As the Decision Maker (cont.)

€ Federal Facilities Disputes ultimately

resolved by the EPA Administrator

€ Mather AFB/George AFB Dis

oute by Adm.

Carol Browner (April 1993) regarding
Interpretation of a State standard:

“Thus, while state law is applied, the decision

IS made by EPA, not the state..

As the

remedial decision is made by EPA the
interpretive decision is necessarily EPA’s as
well.”

United States Superfund Radiation Risk
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EPA Policy
2014 Risk Assessment Q&A

€® 3 PRG (PRG, BRPG, SPRG) and 3 DCC (DCC,
BDCC, and SDCC) calculators are EPA’s
recommended models for risk and dose
assessment

€ Reiterate more strongly that risk assessments
(e.g., models used) should be consistent with
chemicals at site and with other regional sites

€ Don’t use a steady state model for chemical and
a transfer/dynamic model for radionuclides

Such as using RSL calculator for chemicals then
RESRAD for radionuclides

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
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EPA Policy
2014 Risk Assessment Q&A, continued

@ If EPA regions are considering use of model
other than PRG or DCC calculators,
of the risk or dose assessment then
they should:

Consult with EPA HQ (Stuart Walker)

Region should run PRG/DCC calculators and
alternative model using PRG/DCC default input
parameters

Region should have technical justification why
alternative model would replace preferred
PRG/DCC calculator for some portion of risk/dose
assessment

n United States Superfund Radiation Risk
. EPA Environmental Protection . .
A\ Y 4 Agency Assessment Calculator Training

NN




Consistency with Rad and Chem Risk
Assessment is Long-standing Policy

€ EPA Superfund remedial approach to
address chemical and radiation risks
consistently dates back to the 1990 NCP
and guidance of that era.

€ More recent EPA guidance continues that
approach

€ Remaining slides in this section will
demonstrate that earlier and current EPA
guidance are consistent on this matter

nited States Superfund Radiation Risk
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CERCLA risk assessments use RME

4

In the NCP preamble EPA identified RME
(reasonable maximum exposure scenario)
as the approach for developing CERCLA
risk assessments

RME is a mix of average and 95 percentile

default input assumptions (see 55 FR 9710,
March 8, 1990)

assumptions. The reasonable maximum rule. EPA will continue to use the _
exposure scenario is “reasonable” reasonable maximum exXposure scenario
because it is a product of factors, such in risk _aaseasment, althaugjn EPA dpea
as concentration and exposure not believe it necessary to include it as a
frequency and duration, that are an requirement in the rule,

appropriate mix of values that reflect EPA responds to the requests fur_
averages and 95th percentile clarification of the reasonable maximum

distributions (see the “Risk Assessment exposure scenario and the baseline risk
Guidance for Superfund: Human Health assessment in the remainder of this
Evaluation Manual"). section. In the Superfund program, the

United States Superfund Radiation Risk
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RME based risk assessments are used
for compliance with risk range

€ In the NCP (see 55 FR 9710, March 8,
1990), EPA stated that RME was used to:

comply with the 10-4 to 10-6 risk range for all
“carcinogenic contaminants” (add chemicals
and radionuclides)

Develop PRGs at 10-6

The primary goals of Superfund
cleanups are to protect human health
and the environment and to comply with
ARARs. When ARARS are not
available, Superfund develops a :
reasonable maximum exposure scenario

exposure scenarm} Based on this
scenario, Superfund selects remedies
that reduce the threat from carcinogenic
contaminants at a site such that the
excess risk from any medium to an
individual exposed over a lifetime
generally falls within a range from 10

that describes the carrent and potential
risk posed by the site in order to
determine what is necessary to achieve
protection against such risks to human
health (see preamble section above on

to 107¢. EPA’s preference, all things
being equal, is to select remedies that
are at the more protective end of the risk
range. Therefore, when developing its
preliminary remediation goals, EPA uses

1079 as a paint of departure (see next

baseline risk assessment for more
preamble section on point of departure).

discussion of reasonable maximum -

United States
Environmental Protection
\’ Agency
NN
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EPA 1989 guidance against using
different models for rad and chem

€ In “Risk Assessment Guidance for Superfund
(RAGS) Part A" (December 1989), Chapter 10
"Radiation Risk Assessment Guidance,”

EPA warned that using different risk assessment
models for radionuclides and chemicals may
result in incompatibilities when trying to sum the
risk assessment (see pg. 10-33)

In cases where different environmental fate and
transport models have been used to predict chemical
and radionuclide exposure. the mathematical models
may incorporate somewhat different assumptions.
These differences can result in incompatibilities n
the two estumates of risk. One important difference

n United States Superfund Radiation Risk
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EPA Superfund chem & rad Risk
Harmonization efforts

€ Since 1991 EPA has been developing
consistent approaches for chemical and
radiation Superfund risk assessments.

See “Risk Assessment Guidance for
Superfund (RAGS) Part B” (RAGS Part B),
December 1991, Chapter 4, "Risk-based PRGs
for Radioactive Contaminants,” pg 33.

United States Superfund Radiation Risk
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EPA 1991 consistent PRGs

® RAGS Part B includes PRGs for chemicals
and radionuclides that use:

Same land uses and similar equations

Standard default exposure parameters for RME
risk assessments

In general, standardized default exposure « Use standardized default exposure parameters
equations and parameters wied to caicutats rigk- consistent with OSWER Directive 9285.6-03
R s Lk A LRI (EPA 1991b). Where default parameters arc

structure and function to those equations and
parameters  developed in Chapter 3 for
nonradioactive chemical carcinogens. Both types
of risk equations:

e Calculate risk-based PRGs for each carcinogen
corresponding 1o a pre-specified target cancer
risk level of 10% As mentioned in Section

not available in that guidance document, other
appropniate reference values are uwsed and

2.8, target risk levels may be modified after the cited.

baseline risk assessment based on site-specific

exposure conditions, technical limitations, or » Incorporate pathway-specific defaull exposure -
other uncertainties, as well as on the nine factors that generally reflect RME conditions.

remedy selection criteria specified in the NCP.

n United States Superfund Radiation Risk
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Section 9: RVISL
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What does the RVISL do?

¢ The RVISL calculator output provides
comparison values for residential and
commercial/industrial exposures to radons
(Rn-219, Rn-220, and Rn-222) in soll gas,
air, and groundwater

¢ Output provides risk estimates for residential
and commercial/industrial exposures to
radon in soil gas, air, and groundwater

United States Superfund Radiation Risk
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RVISL Scope

¢ Developed to provide concentrations of radons
In soll and groundwater that will not result in
radon intrusion into buildings that exceed
target levels
I'/' ® Indoor radon/thoron target level concentrations
based on:

»Risk (default to 1 x 10-6)

» UMTRCA correspond to 0.02 Working
_evels (Rn-220 and 222 only)

»Dose (default to 1 mrem/yr)
Potential State 4 pCi/l standard

nited States Superfund Radiation Risk
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| RADON GETS IN THROUGH:
1. Cracks in solid floors.
| 2. Construction joints.

3. Cracks in walls.

4. Gaps in
suspended floors.

5. Gaps around
| service pipes.

6. Cavities inside walls.

7. The water supply.

n United States on Risk
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RVISL: Conceptual model

4 Same as VISL conceptual model for
chemicals

/' & Assumes a groundwater or vadose zone of
vapors that diffuse upwards through
unsaturated solils toward the surface and into
buildings

¢ Soll is relatively homogeneous and isotropic

»Horizontal layers of different soll types can
used

United States Superfund Radiation Risk
EPAEn ironmental Protection . .
Y/ Agency Assessment Calculator Training

NN




RVISL: Conceptual model, cont.

4 Receptors are occupants in buildings with
concrete foundation

»Resident or Workers

¢ Subsurface and building characteristics
reduce or attenuate radon concentrations

n United States Superfund Radiation Risk
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RVISL: Site-Specific Adjustments

4 Users should consider whether
assumptions underlying generic conceptual
model are applicable at each site

»Use professional judgement to make
adjustments based on site-specific
iInformation

United States Superfund Radiation Risk
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RVISL: Site-Specific Adjustments, cont.

& Factors that may result in unattenuated or
enhanced transport of radon, and render default
RVISL generic defaults inappropriate, include:

»Very shallow groundwater (e.g., depth to water
<5 feet)

»Shallow soil contamination source (e.g., within
few feet of foundation)

»Buildings with significant openings to the
subsurface (e.g., sumps, unlined crawlspaces,
earthen floors) or significant preferential

pathways

n United States Superfund Radiation Risk
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RVISL — HoOme page

RVISL Home

stack

f’ effects

RVISLs for Radon
\)ﬂdf e Home Page
e User's Guide

H o What's New

J | e Frequent Questions
e ; e Equations
'\ e RVISL Calculator
vapor intrusion e Generic Tables

through cracks in
foundation slab

vapor intrusion
through

floor-wall cracks (
Z Z { Z l water table

soil vapor migration /

groundwater with radon

soil containing radon
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RVISL — User Guide

RVISL User's Guide

ser Cuide

Welcome to the EPX's Radon Vapor Intrusion S creening Level (RUISL) Caloulator Usar's Guide for
Radionuclide Cantaminants ot Superfund Sites. This guide contains descriptions, equations, and defoult
exposure parsmeters used to calculate cancer risk and dose-based AVISLs. Additional guidance is also
provided on sources of parameters and proper AVISL use. [tis suggested that uzers read the AVISL Frequent
Questions page before proceeding, The user's guide is extensive, zo please use the "Open Ml Sections"” and
"Clase All Sections" links below o5 needed. Individusl sections can be apened and closed by clicking on the
section titles. 5 guide, please read the Disclsimer.

Thiz ted provi ing level [SL) i radon (An) for gr =oil gaz [sub-slab and
exterior), and indoor sir te assist Agency staff with making s AVISL determination besed on imited, initial
data. In addition ta calculating 5L, this tool can calculateindoor air concentrations from radon in soil gas and groundwater

concantrations avtered by the user. The cancer rizk and dose from clculated indoor sir concentrati user-p indaar sir
concentrati b The cquati these feotures are pr in ing sections. Note that far
Compr ive Emi R . C ion, and Liability Act (CERCLA) remedial actions, dase assessment is generslly
| dane only &a sh pli ith = dose-based Appli Rel Appropriate Requirement [ARAR]. In sddition, the

| ! ulcul.atnrpn:i:nt'shtuphunhnmﬂpureﬂulndmrnlrmmhml,cnlmdbyﬂu user or derived from groundwater ar soil gas
activities, tostate standards ar Uranium Mill Tailings Rediation Cantrol Act [UMTRCA} standards, which slsc may be potential ARARS.
For more infarmation on when UMTRCA indoor radon standards sre potential ARARS, see the guidance document "Establishment of
Cleanup Levels for CERCLA Sites with Radiooctive Contamination™ Attachment A: Likely Federal Radistion (AEA, UMTRCA, CAS, CWA,
SDWA| ARAR= page 3 (OSWER Directive 9200.4-18_ August 1907, Users should note that since background radon Levels are typically
outside the risk range, the AVISL is fikely to be imarily for ARAR comgliancz, For cxample, the UMTRCA indeor radan
standards 40 CFR 152.12{5)(1) and 192.41(b) were identified as likely Federal ARARS for Rn-222 and Rn-220 in Attachment A of the EPA
guidancs document “Establishment of Cleanup Levels for CERCLA Sites with Radicactive Contamination Thers are same state
standards axpressed in pCijl ar mrem{yr that, if more stringent than the UMTRCA standards, may be selected as ARARS.

RI5Ls are o type of preliminary remediction gasl (PRE) and both are o specific varicty of the broad SL category. The RVISL colculator
provides updated guidance for developing SLs), for indoar An-222, R-220, and An-218 that are risk- or dose-based and for showing
compliznce with the UMTRCA indoar redon standards for Rn-222 and Rn-220. The RVISL, therefore, supersedes the risk assessment
approach in Preliminary Remediation Goals for Radionudides in Buildings [EPRG) clectronic calculator, the dose assessment

approach in ARAR Dose Complisnce Concentrations Gasls for Radicnuclides in Buildings (BDCC) i and Q17 of the
guidance document "Radiation Risk t 4 CERCLA Sites: O f A" izsued on May 2014, Computer codes such as the RVISL,
whlchwer:dmLopod to predict hazards from potential human expesure to radon concentrations in indoor air, are based on

nd ionz. While RUISLE may b imprecize for an individusl houze or structure they sre
profective in natun: for ing o wide varicty where possible, Regions use messurements of

radon indoors rather than rely on the transpart portions afthe AVISL. In particular, testing of groundwater or soil gas is not required
to demanstrate complisnce with AVISL WL, pG/L, risk, or dose targets.

Open All Sactions | Cloze All Sactions

Disclaimer

1. Introduction

2. Understanding the RVISL Website

3. Using the RVISL Table

4. RVISL Equations

5. Predicting WL, ELCR, and Annual Dose from Indoor Air Concentration
6. Modificartions of Standard Equation Inputs

7. Recommended Default Exposure Parameters

8. References

Environmental Protection

Agency Assessment Calculator Training
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RVISL - Calculator page

Radon Vapor Intrusion Screening Levels (RVISL) Calculator

_ RVISLs for Radon
Hover over any form section for instructions about the individual selection and
requirements.
eq = Home Page
»  User's Guide
Select Screening Level Type + What's New

(@) unTRCA-bazed
() Risk-bazed

() Dose-based = Generic Tables

Select Target UMTRCA WL Standard

@ o0z
:: Other:
Select Site Info Type
. R Defaults
Select Exposure Scenario @

: : Site Specific
@ Resident

{ :: Commercial Worker R
- Select Units
Predict indoor air concentrations and WL from measured media concentrations @ o
pCi
@ neo (Jzq
:: Yes

Groundwater Temperature (: C)

25
Attenuation Factor Sub-Slab (unitless)
0.03 | For sub-zlab =oil zas, the recommended generic attenuation factor (o, ) is 0.03.

Attenuation Factor Groundwater (unitless)

0.001 |For groundwater, the recommended generic attenuation factor () is 0.001.

n United States Superfund Radiation Risk
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RVISL - Scenarios (Resident)

RESIDENT

VADOSE ZONE
v

WATER TABLE

- SATURATED ZONE

n United States Superfund Radiation Risk
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\ RVISL Scenarlos (Indoor Worker)

((URADON VENTILATION) ) . * .

WATER TABLE

SATURATED ZONE

n United States Superfund Radiation Risk
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Section 10 CPM Calculator
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CPM Background

€ Counts per minute is a measure of
radioactivity: number of atoms in a given
guantity of radioactive material that are
detected to have decayed in 1 minute.

€ Similar to DPM (or DPS), but the efficiency
of the radiation detector must be accounted
for in CPM.

¢ CPM vs. DPM: number of atoms measured
to have decayed vs. number of atoms that
have decayed.

nited States Superfund Radiation Risk
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CPM Background

€ Field screening tool.

€ Helps equate detector measurement in CPM
to a remedial level in pCi/cm? or pCi/g given in
ARAR, PRG, or DCC.

€ No current EPA guidance on correlating CPM
field reading with risk, dose, or ARAR-based
concentrations.

nited States Superfund Radiation Risk
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CPM Background

€ Intended to facilitate use of real-time
measurement techniques to supplement
sampling.

€ Not to replace sampling.

n United States Superfund Radiation Risk
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CPM Calculator Scenarios

€ 3 major sub-calculators
Ground-based scanning of surface contamination

Ground-based scanning of volumetric
contamination

Air-based scanning of contamination (under
consideration)

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
Agency Assessment Calculator Training

NN



CPM Model Assumptions

€ Only addresses gamma emitters.

Alpha and beta rad omitted because field
measurements are difficult.

Nuclides w/gamma yield <0.1% omitted.
Only uses primary gamma patrticle.

€ Does addresses ingrowth of daughters.
Daughter radionuclides included in output.

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
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CPM Model Assumptions

€ Uniform contamination.

€ Source surface free from all substances (oil,
moisture, etc.)

€ Background radiation not considered.
€ Omits shielding factors.

€ Backscatter or buildup in surface not
accounted for.

n United States Superfund Radiation Risk
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CPM Model Equation

€ Goal detector response is the total
calculated response of the detector in cpm
for the desired remedial activity of the
particular radionuclides in soill.

€ MARSSIM equation is used to find the goal
detector response:

1
Goal Detector Response =
| ratioy _l_ﬂ:r,tmq - _I_r'n::ntmu
C:ﬂ 1 E:" 2 C:ﬂ,:rz
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CPM Calculator Walkthrough

Using the Area CPM Calculator

I have read and understand the limitations of this model set forth in the User Guide and FAQ.

Radionuclides
(and daughter progeny)
Ac-223
Ac-224
Ac-225
Ac-226
Ac-227
Ac-228
Ag-102
Ag-103 << 5
104 il i
Ag-104m
Ag-105
Ag-106
Ag-106m
Ag-108
Ag-108m -

Radionuclides of Interest

Include daughter products (Recommended) ¥

m = metastable state
n = second metastable state
nat = naturally occuring

Reset Mext

n United States Superfund Radiation Risk
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CPM Calculator Walkthrough

Using the Area CPM Calculator

. . Field Activity Target Activity
Rad lid . - . ]
1oNUCEe | concentration (pCi/cm?) | Concentration (pCi/cm?)
Am-243 9 9
Br-80 9 9
U-233 9 9
Back Next

Counts Per Minute (CPM)

Using the Area CPM Calculator

Select Detector size
Enter distance between detector and surface (cm.):

2x2
| Next | 3% 3

n United States Superfund Radiation Risk
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CPM Calculator Walkthrough

Using the Area CPM Calculator

Input and calculation parameters
Radiouclide | Daughter E;a;:;::::;l Activity E;:S;I;i; of I(:Il)(i!;j/i\s;czn;lty '(flz:(l;?}ect::;;clwty I(:::eFI,;d\.‘I ?ctnﬂty '(I'g;?\;aic Activity
Am-243 1 9 9 550 550
Np-239 1.000E+400 12
Br-80 5 9 9 16 16
U-233 0 ] 9

Gross Detector Response for user supplied detector parameters

Gamma Detector Size 05x1
Distance between detector and surface (cm.) 100
Gross Detector Response (CPM) 283

Gross Detector Response (GDR) is the instrument reading that must be achieved in order to
meet the target activity entered by the user. A Field or Target Activity (CPM) result of "-"
indicates that no photons are generated by the radionuclide's decay chain and thus cannot
be detected by a gamma scintillation detector. Radionuclides with O photons do not
contribute to the total GDR. This tool only works for gamma emitters.
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CPM Calculator Walkthrough

Using the Volume CPM Calculator

I have read and understand the limitations of this model set forth in the User Guide and FAQ.

Radionuclides
(and daughter progeny)
Ac-223
Ac-224
Ac-225
Ac-226
Ac-227
Ac-228
Ag-102
Ag-103 << 5
104 il i
Ag-104m
Ag-105
Ag-106
Ag-106m
Ag-108
Ag-108m -

Radionuclides of Interest

Include daughter products (Recommended) ¥

m = metastable state
n = second metastable state
nat = naturally occuring

Reset Mext

n United States Superfund Radiation Risk
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CPM Calculator Walkthrough

Using the Volume CPM Calculator
. . Field Activity Target Activity
S Concentration (pCi/g) | Concentration (pCi/qg)
Am-243 50 5
Br-80 50 5
U-233 50 5
Back Mext

n United States Superfund Radiation Risk
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CPM Calculator Output

Using the Volume CPM Calculator

Select Source Material Soil M
Select Source Depth 100 cm v
Select Detector size 05x1 »
Select Detector Height M0cm

Using the Volume CPM Calculator

Input and calculation parameters
Radiouclide | Daughter E;a[::;i::;:l Activity Ell::;l;:e]; of I(:Ii)ti!;i/g;:tivity '([;E??gt)}\ctivity E:e;:;l ,}Activity '(rgll;gl{;a;c Activity
Am-243 1 5 5 1390 139
Np-239 1.000E+00 12
Br-80 5 5 5 397 40
U-233 0 5 5 = =

Gross Detector Response for user supplied detector parameters
Source Material Soil
Source Depth 100 cm.
Detector Size 05x1
Detector Height 10 cm.

' Gross Detector Response (CPM) 89

n United States Superfund Radiation Risk
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Calculator Links

PRG: http://epa-prgs.ornl.gov/radionuclides/
DCC: http://epa-dccs.ornl.gov/

SPRG: http://epa-sprg.ornl.gov/

SDCC: http://epa-sdcc.ornl.gov/

BPRG: http://epa-bprg.ornl.gov/

BDCC: http://epa-bdcc.ornl.gov/

RVISL: https://epa-visl.ornl.gov/radionuclides/

Decay Chain: https://epa-prgs.ornl.gov/cgi-
bin/radionuclides/chain.pl

SADA: http://www.sadaproject.net/
CPM: Draft. Scheduled finalization 2023.
BCG: Draft. Scheduled finalization 2024.

O G06060606000

B
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Section 11: BCG Calculator
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BCG Outline

€ Background

€ Development approach
Representative species
DCFs
CSM

€ Calculator walkthrough
EXposure scenarios
Species- and site-specific
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BCG Background

€ Biota Concentration Guides (BCGs), also
known as ecological screening benchmarks,
are used in ecological risk assessment at
CERCLA sites.

€ BCGs are environmental concentrations of
radionuclides that would result in an exposure
of radiation equal to NOAEL biota dose limits.

NOAEL: No Observed Adverse Effect Level
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BCG Background — NOAEL

€ NOAEL: level of exposure at which there is
no biologically or statistically significant
Increase In severity of adverse effects Iin
exposed population.

@ Critical points: impairment of reproductive
capabillity; alteration of morphology,
functional capacity, growth, development, or
lifespan,;

€ Does not consider biota risk from
mechanisms other than cell death.
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BCG Background (cont.)

Develops conservatively protective ecological
nenchmarks based on cell death.

Protective of populations, not individuals.
Does not address human cancer risk.

® oo O

Does not address nonradioactive toxicity.

€ Calculates generic steady-state BCGs. Can
also be used to find species- or site-specific
BCGs.
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Biota Dose Limits

€ Thresholds of protection:

Terrestrial and riparian animals: 1 mGy/day (0.1
rad/day)

Aquatic animals: 10 mGy/day (1 rad/day)

Aguatic and terrestrial plants: 10 mGy/day (1
rad/day)
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Developmental Approach - Selecting
a Representative Species

Considerations:

€ Home range (prefer € Familiarity with general
| small) public
~ @ Susceptibility to ionizing € Data available from

radiation (prefer literature or site-specific
radiosensitive) studies.
Represent major € Keystone or focal
exposure pathways for species of ecosystem
aguatic and terrestrial evaluated.
biota

Indigenous to and
utilizes evaluation area

United States Superfund Radiation Risk
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Developmental Approach — Dose

Conversion Factors

& External DCFs

Give dose rates for external exposure per unit
concentration of radionuclides in environmental
media.

Only penetrating radiation (photons, electrons) of
concern.

For terrestrial biota, contaminated air is not an
Important source medium.

n United States Superfund Radiation Risk
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Developmental Approach — Dose

Conversion Factors

& Internal DCFs

Give dose rates from internal exposure per unit
concentration of radionuclides in wet tissue.

Dose factors calculated as sum of all decay
energies and multiplied by appropriate unit
conversion factors.

The default RBE is 20 for exposure to alpha
particles.

Dose factors calculated as Gy/y per Bg/kg of
wet tissue.

United States _ Superfund Radiation Risk
\’ EPA Environmental Protection

Agency
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Developing a Conceptual Site
Model

€ CSM should address the following checklists:

Terrestrial Habitat Checklist for
Wooded
Shrub/scrub
Open field
Miscellaneous

Aquatic Habitat Checklist — non-flowing systems
Aquatic Habitat Checklist — flowing systems
Wetlands Habitat Checklist

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Additional Considerations for
Developing a CSM for Biota

€ Are there potential human health concerns?

//J ® Is there potential for future land uses other
than those covered by the BCGs?

& Are there other likely species not
considered in the development of the BCG
levels?

€ Are there unusual site conditions that might
make the site attractive for certain species?

United States Superfund Radiation Risk
nnnnnnnnn | Protection
\’EPA oy rorecte Assessment Calculator Training
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BCG Calculator Walkthrough

€ Source media
Water
Sediment
Soll

€ Exposure scenarios

Riparian animal (living on shore/banks of bodies
of water)

Terrestrial animal
Aquatic animal
Aquatic plant
Terrestrial plant

Superfund Radiation Risk

~n United States
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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Riparian Animal

External Dose Pathways
a = Exposure to radionuclides i
In sediments vl
b = Exposure to r:adlnnunideg . —
in water -~

Internal Dose Pathways

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

d = Exposure to radionuclides
biomagnified through the food web

United States _ Superfund Radiation Risk
\’ EPA Environmental Protection

Agency Assessment Calculator Training




Terrestrial Animal

Internal Dose Pathways

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

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

e = Exposure to radionuclides via ingestion of contaminated water

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

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection
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Aguatic Animal

External Dose Pathways

a = Exposure to radionuclides
in sediments

b = Exposure to radionuclides
in water

Internal Dose Pathways

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

d = Exposure to radionuclides
biomagnified through the food web

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Aquatic Plant

External Dose Pathways

a = Exposure to radionuclides
in sediments

b = Exposure to radionuclides

in water

Internal Dose Pathways
¢ = Exposure to radionuclides taken up
in water including dissolved

nutrients and minerals

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training



Terrestrial Plant

External Dose Pathways

a= Exposure to radionuclides
in soil

Internal Dose Pathways

b= Exposure to radionuclides taken
up in pore water including
dissolved nitrients and minerals

)

n United States Superfund Radiation Risk
\Q’EPA Environmental Protection ..
Agency Assessment Calculator Training

NN



Animal Exposure Pathways
Aquatic | Riparian | Terrestrial

External: rad in soll v v v

lExternaI: rad in water v v v

/ Internal: ingestion of v v v
// | contaminated vegetation

Internal: ingestion of v v v

contaminated food and
soll, inhalation of soill

Internal: ingestion of v
contaminated water

Internal: biomagnified v
through food web

United States Superfund Radiation Risk
\’ EPA Environmental Protection
Agency Assessment Calculator Training

NN




Plant Exposure Pathways

Aquatic | Terrestrial
External; rad in sediments v
External: rad in water v
External; rad in soll v
Internal: rad taken up in (pore) v v
water, incl. dissolved nutrients and
minerals

United Stat P :
\‘e’EPAEr?\IIi?onmaer?tsal Protection Superfund Radlatlon RlSk

Agency Assessment Calculator Training




Calculator Walkthrough

Select Generic Composite Benchmarks.

¥ Sediment Aguatic Animals {generic only) ’ G e n e rIC Com pOS Ite
r Wat.er Aguatic ﬂ.nimaIS (generic.unlyj be n Ch m arkS req u I re I n p ut

[T Sediment Aquatic Plants (generic anly)

[ water Agquatic Plants (generic anly) Of D L an d C F
[T Sediment Riparian &nimals .
[T water Riparian &nimals

™ Soil Terrestrial _F'IantS {generic qnly‘j ’ SpeCieS_S peCifIC and Site_

[T Water Terrestrial Plants {generic anly)

™ Sail Terreztria'f""‘r-'ir'-'a_'lS SpeCIfIC benChmarkS

[T \Water Terrestrial Animals

Select Species-Specific/Site-Specific Benchmarks. permit more detailed iﬂpUt
™ sediment Riparian Animals about diet, phySIOlogy’

[T water Riparian &nimals-carnivorous

[T water Riparian &nimals-herbivaraus etC
™ Sail Terrestrial Animals-carnivorous -
[ Sail Terrestrial &nimals-herbivarous

[T water Terrestrial &nimals

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Calculator Walkthrough (cont.)

0 REE u parameter € RBE of alpha radiation.
Please select desired units option: DefaUIt |S 20

i piCi

g € Units in pCi or Bg.

Select Chemicals. Select one or more . .
i ® Select radionuclides and/or
Ac-227 +D :| radionuclide decay chains.

Arm-24 1
Am-243 +0
C-14
Ce-144 +D0
Cm-242
Cm-243
Cm-244

Co-60 =]

n United States Superfund Radiation Risk
\"EPA Environmental Protection
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BCG Generic Input

Aquatic Animals — Sediment

radJ

Plaa (?
radjday}

pCi]:
CF, ., *DCF,+_ _
aa ext-sed ( pCi /g

g

V]l 3cG (sed)

aquatic animal (

Vvariables with Defaults

1 DLaa = Target Dose Limit - terrestrial animal (rad/day)

1 L‘:FEIEI = Area/Residence Time Carrection Factor (unitless)

n United States Superfund Radiation Risk
\U’EPA Environmental Protection
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BCG Site/species-specific Input

Sediment Riparian Animals

pCil -
3CG (SEd)rlparlan animal ( ] - I

o 3
{fl - {1 —e_ (krad [%J Kpio (én 8920 [%J T} DCF, (%]
(g (krad (d] Kpio [:JJ Mkg)

d/d
+ [DCFext—sed (r?:,ci ;? H

where:

T = Lifespan of Organism (yr) = G XM(kg)bL

r = Food Intake Rate (kg/d)=1073 x (%J 70xMPi
United States Superfund Radiation Risk
\’EPA nnnnnnnnn taI Protection . .
Assessment Calculator Training
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BCG Site/species-specific Input

Sediment Riparian Animals

variables with Defaults

IEH— DL, = Target Dose Lirnit - riparian animal (rad/day)

|1 CFra = AreafResidence Time Correction Factor (unitless)

0.1 f = Fraction of Daily Diet coming from Sediment {unitless) [Recommended Fange: 0.01 - 0.55]

2_ a = Ratio of Active of Maintenance Metabolic Rate to the Basal Metabolic Rate (unitless) [Recommended Range: 0.5 - 3.0]
0.65 d = Fraction of Energy Ingested that is Assimilated and Oxidized (unitless) [Recommended Range: 0.3 - 0.9]

5 ¢ = CaloricWalue of Food (keal/g) [Recommended Range: 4 - 9]

1 M = Live Body Weight (kg) [Recommended Range: 0.02 - 6000]

0.75 hi = Exponent in allometric relationship detailing consurnption as a function of body mass (unitless) [Recommended Range: 0,638 -
0.2]

1.02 CL = Constant detailing lifespan as a function of body mass (unitless) [Recommended Range: 0.9 - 2.0]

IEI.3 hL = Exponent detailing lifespan as a function of body mass (unitdless) [Recommended Range: 0.25 - 0.33]

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
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BCG Generic Calculator Output

Aquatic Animals — Sediment

Total ;
Alpha ra

cia Joosss| ofssuees| [ [ [ -] -] o] of 1] o

Default

Sediment Sediment

External External External Internal DC BCG T
DC DC DC (rad/d per h t'?’
(rad/d per | (rad/d per pCifg) A:iur:all.;

pCifg) pCi/L) pCi/g) (pCi’g)

0 0 0 O1.27E-06 ||1.27E-09 || 2.53E-00 | 2. 24E-06 || /. 89E+05

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training




Species-specific and Site-specific

€ Examine internal exposure pathways in
greater detall.

/]l ® Generic equations estimate internal tissue
concentrations using lumped parameters
from measurements of contamination in
environmental media.

€ Alternative approach is kinetic/allometric:
Fills in data gaps from lumped parameters

Provides more sophisticated method for
evaluating dose.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
Agency Assessment Calculator Training
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Sectionl2: SADA
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Spatial Analysis & Decision Assistance

SADA project engages research and development at the nexus of
geospatial analytics, risk assessment, and decision analysis.

Goals are to embed risk assessment (environmental, decision, etc.) ,
uncertainty modeling, and downstream decision processes entirely
within a spatial context

€ Two lanes define project activities

Advancing methods in a variety of areas particularly well connected to
environmental regulatory community, characterization, remediation, RCRA,
Superfund, MARSSIM etc

Freeware desktop application (SADA) integrating environmental risk
analytics, spatial modeling, and decision sciences

SO;? Open Literature
W, NUREGs
e Conferences etc.

D)

N)\)\‘\ed R& Distribution
Training
Support

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Questions That SADA Addresses

What exposure scenarios are likely dangerous?
What contaminants are driving the risk?
What pathways (ingestion, inhalation, etc)?

What is the risk or concentration limit for an exposure time of 30 years?, 1
day? 1 hour?

Where is exposure unsafe? Who might be in harms way? How sure are we?
Where should we apply risk mitigation measures?

Where and what type of additional information would support the model?
What are our decision risks?

Geospatia Uncertainty

<@\ Cost

1

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Answers that SADA V5&6 Pro_vide

”,.. DORKE
4 w|‘ ~’! -—\I ” - l.
RO/ l

@D\ﬂl}ﬁ&'ﬂleflt Analytlcs
Built on risk-space models
Permit what if’'s

Quantify cost and decision
risk reduction

i Padiation Risk




How SADA Version 5 Looks

"w SADA (C:\Program Files\SADA 5.0\ExampleSADAFile sda)

File Graphics Data Setup Reports Staistics Export Tools Help

Draw a LISA Map
Develop sample design
Ferform geostatistical simulation

Set grid specs
Interpolation methods
Choose helper data
Assess helper data
Correlation modeling
Search neighborhood
Show the results v Use this percentl

Autodocumentation
Type of Caokriging

Manage model results

. a Intrinsic Coregionalizatio
Cross validation d

Format picture Data Transform
. Export to file & Unit transform {0 me

" Mo transform
<<Back Help Mext ==

Intrinsic Model “ariable

show The Results Primary

73816 312.36

59053,045.89

44 289 787 .42

29525 524.94

14,763 262 47

Contarminated

Might Be Clean

Querburden

Might Be Contaminated

i |
159 2.40

Concentration Cleanup Goal
A 4 IIMIIIIIID




Version 6 Inputs

h Set Human Health Exposure Parameters
= W 0 e

|Ac-225 -
h C'Ontamina nt IdEntiﬁCElti{}n RESU":S ﬁ Residential | Recreator | Farmer | Indoor Worker | Outdoor Worker | Composite Worker | Construction '\ ¢ | *
Age-adjusted Parameters
Adult Child Adjusted
An attempt has been made to match your contaminants with Exposure frequency (days/year) 30 350 =
contaminants found in source file by Name and/or CAS Exposure duration (years) 20 6 =
number. Accept (register) or modify the results below as Exposure time (hours/day) 24 24 2
ﬂeeded. Soil ingestion rate (mg/day) 100 200 1120000
Matched Soil inhalation rate (m3/day) 20 10 jz:;m
Fruit ingestion rate (g/day) 178.1 68.1
@ | Anthracene (120127) ~ | | Anthracene (120127) \
Vegetable ingestion rate (g/day) 126.2 417 970970
Partial Body weight (kg) 80 15
lArsenic (7440382) - ] [Arsenic, Inorganic (7440382) = ] Surface area (cm2/day) 6032 2690
Adherence factor (mg/cm2) 0.07 0.02
Mo Match
Dermal factor (mg/kg)
- -
General Parameters
Registered Slab size (square m) 1 v
Ac-225 (14255851} as Ac-225 (14255851} Cover layer thickness (cm) 0 (No cover ¥
Barnum (T440393} as Barnum (T440393} Area of site (square m) 05
Averaging Time (day/year) 365
Lifetime (years) 70
Indoor gamma shielding factor (unitless) 04
Outdoor exposure time (hr/day) 1752
l Reg|Ster l [ Unrengter l l ReglE’ter Al l Indoor exposure time (hr/day) 16416
Fraction of vegetative cover 05
’ Cancel ] [ Help ] ’ MNext == ] _
Plant Mass Loading Factor 0.26
[ Update I [ Exit I

n United States Superfund Radiation Risk
\U’EPA Environmental Protection
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SADA Risk and PRG results

E=8

h Human Health Risk Results
Bl 0EO | [B%wy .
Pathways Residential
Tngestion External Agricultural
_ Recreational
Inhalation Indoor Worker
Produce Outdoor Worker
. . . . |Composite Worker
Rads/Soil/Residential/Carcinogen construction worker
Name CAS Conc Excavation Worker alation External Produce Total
> Ac-225 14265851 2.9910786 2.49E-09 153E-11 1.62E-09 191E-07 1.95E-07
* Total 2.49E-09 153E-11 1.62E-09 191E-07 1.95E-07

h Human Health Risk Results
= . G = @ !?,' gt Residential -

Pathways
Ingestion [[] External

"] Inhalation ] Total
|:| Dermial D Produce

/Soil/Residential/Noncarcinogenic

MName CAS Conc Ingestion

» Hazard (Adult) | Hazard (Child)
Barium 7440393 7441570531 | 4.46E-04 4.76E-03
Arsenic, Inor... | 7440382 348220336 1.39E-01 1.48E+00
Anthracene 120127 3.0336929 1.21E-05 1.29E-04

* Total 1.40E-01 1.49E+00

Superfund Radiation Risk

~n United States
\"EPA Environmental Protection ..
Agency Assessment Calculator Training
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SADA Version 6

€ Modern GIS infrastructure
€ Advanced 3d visualization and scene creation

el 2 O

n United States Superfund Radiation Risk
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SADA Version 6

n United States Superfund Radiation Risk
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Thank You for Participating

€ Contact: Stuart Walker
walker.stuart@epa.qov
(703) 603-8748

€ Additional Resources

Calculator Links (next slide)

ITRC: http://www.clu-
In.org/conf/itrc/radsdd/resource.cfm

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
A\ Y 4 Agency Assessment Calculator Training
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Calculator Links

PRG: http://epa-prgs.ornl.gov/radionuclides/
DCC: http://epa-dccs.ornl.gov/

SPRG: http://epa-sprg.ornl.gov/

SDCC: http://epa-sdcc.ornl.gov/

BPRG: http://epa-bprg.ornl.gov/

BDCC: http://epa-bdcc.ornl.gov/

RVISL: https://epa-visl.ornl.gov/radionuclides/

Decay Chain: https://epa-prgs.ornl.gov/cgi-
bin/radionuclides/chain.pl

SADA: http://www.sadaproject.net/
CPM: Draft. Scheduled finalization 2023.
BCG: Draft. Scheduled finalization 2024.

O G06060606000

B
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Section 13: Radiation Primer
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Radiation Outline

Definitions/background

Toxic effects

Types of radiation

« Radiation Concepts and Units
* Decay products

* Decay chains

Transfer and accumulation

« Common radionuclides

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training
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Background

The primary stressor from radiological
contamination Is ionizing radiation resulting from

the decay of unstable isotopes that have been
released to the environment.

Energy

Radiation

Radioactive

Atom
Q

Particle

0N EPAUnited States Superfund Radiation Risk
\_/ Environmental Protection
\’ Agency

Assessment Calculator Training




lonizing Radiation

 Either particle or electromagnetic radiation

 Individual particles/photons carry enough
energy to ionizing atoms by removing an
electron from orbit.

B 0 C |

() % \y&‘“ 4 Q/{l
\ é
8 8-> 8 8 -> - 8 °F

J

" - \l’/ 4

lonizing él «(\

Radiation W e '\\(\

n United States Superfund Radiation Risk
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lonizing Radiation

* |onized atoms/molecules can become free
radicals, oxidants, and other highly reactive
molecules.

« Can damage living tissue through DNA
damage and mutation.

« Carcinogen, mutagen, and teratogen.

n United States Superfund Radiation Risk
\U’EPA Environmental Protection ..
Agency Assessment Calculator Training
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Toxic Effects

« Primarily effects at cellular level, rather than organ level.
» Possible outcomes of toxic effects.

Cells experience DNA damage; able to detect and repair
the damage.

Cells experience DNA damage; unable to repair the
damage. Cells go through programmed cell death,
eliminating the potential genetic damage from the larger
tissue.

Cells experience a nonlethal DNA mutation that is passed
on to subsequent cell divisions. This mutation may
contribute to the formation of a cancer.

« Cells and organisms can repair a limited amount of radiation
damage.

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Types of Radiation
N\
a & -

 Alpha particles (a)

 Beta particles ([3)

i P

+ Gamma rays (V)

United States Superfund Radiation Risk
nnnnnnnnn | Protection
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Alpha radiation:

« Consists of two protons and two neutrons bound
together; helium atom stripped of electrons. 4 He 2+

 Highly ionizing
* Low penetration, but highly destructive.

* Not considered dangerous unless ingested or
iInhaled.

* Not a significant source of risk in external dose
pathways because of low penetration power.

* Primary source of risk in internal dose pathways.

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Beta radiation

* High-speed, charged particles (electrons)

I/l = Moderate penetrating power
Can penetrate skin
Require thin shielding (thin metal, clothes)

« Can enter body through ingestion, inhalation,
unprotected open wounds, lens of eye

n United States Superfund Radiation Risk
\U’EPA Environmental Protection ..
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Gamma radiation

« Emission of electromagnetic radiation from
nucleus.

/= High-frequency, low wavelength

« High penetrating power

Penetrates deeply into tissue and damages
Internal organs.

Can travel long distances in air.

n United States Superfund Radiation Risk
\"EPA Environmental Protection ..
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Radionuclides — Source of
lonizing Radiation

 Aradionuclide is an atom with an unstable
nucleus.

* The radionuclide can undergo radioactive
decay and emit gamma rays and/or
subatomic particles. These particles and
rays constitute ionizing radiation.

United States Superfund Radiation Risk
\’EPA nnnnnnnnn taI Protection ..
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Radionuclides

« A radionuclide will normally exhibit all the
usual chemical characteristics of that
atom/molecule.

Molecules that exhibit chemical toxicity will need
to be addressed through standard risk
assessment methods as well as the method used
for ionizing radiation.

Fate and transport of radionuclides in the
environment is generally determined by chemical
properties, rather than isotopic properties.

United States Superfund Radiation Risk
\’ EPA Environmental Protection . .
Agency Assessment Calculator Training
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Activity

« Transformation (or disintegration, or decay)
rate of a radioactive substance.

~« Measured in disintegrations per second
(dps).
e Units

1 Becquerel (Bg) =1 dps
Sl unit

1 Curie (Ci) = 3.7 x 1019 dps = 3.7 x 1019 Bq
Usually use pCi. 1 pCi=1x 1012 Ci

n United States Superfund Radiation Risk
\U’EPA Environmental Protection ..
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Absorbed Dose

* Energy imparted by radiation onto an
absorbing material, or energy deposited per
unit mass.

« Also known as Total lonizing Dose (TID)

* Not a good indicator of biological effect
because it does not account for RBE of
different types of radiation.

* Units
1 Gray (Gy) = 1 J/kg (SI unit)
1 rad = 100 Gy (obsolete unit)

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
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Dose Equivalent

* Dose in terms of its biological effect.
I/J -+ DE = absorbed does x Wg
* Wrg=N*Q
Q (quality factor) = RBE

Q = 1 for gamma, x-ray, and beta radiation
Q = 20 for alpha radiation

N — product of other multiplying factors

Depends on organ type, time and volume over which
dose is spread, and species.

n United States Superfund Radiation Risk
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Dose Equivalent (cont.)

* The effectiveness of radiation in producing
tissue damage Is related to linear energy
transfer (LET).

Greater LET indicates greater effectiveness of
radiation in producing tissue damage.

e Units

Sievert (Sv) — same units as Gray
Sl unit

1 rem (Roentgen equivalent man) = 100 Sv
Obsolete unit

United States Superfund Radiation Risk
EPA Environmental Protection . .
Y/ Agency Assessment Calculator Training
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Exposure

 Ability of radiation to ionize air and create
electric charges.

o Units

1 Roentgen (R) = amount of radiation required to
liberate positive and negative charges of 1 esu
from 1 cm?3 of dry air at STP

1 R =2.58x10% C/kg air

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
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Decay Products

Alpha
Particle

=h

Am-241 Np-237

Alpha Decay of Americium-241 to Neptunium-237

The decay product (Np-237) is called a daughter
product, daughter isotope or daughter nuclide.

n United States Superfund Radiation Risk
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Decay Products

» Alpha: subtract the ;He*" particle:
Atomic mass decreases by 4 amul.
Atomic number decreases by 2.

e Beta:

Atomic mass does not change.

Atomic number increases by 1 as a neutron Is
transmuted to an additional proton.

« Gamma:
Atomic particles are not emitted.
Atomic mass and number do not change.

n United States Superfund Radiation Risk
./ EPA Environmental Protection ..
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Decay Chains

« Most radioactive elements do not decay
directly to a stable state, but rather undergo
a series of decays until a stable isotope Is
reached.

« A parent isotope decays to form a daughter
Isotope. The daughter may be stable, or can
decay to form a daughter isotope of its own.

United States Superfund Radiation Risk
\’EPA Environmental Protection . .
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Decay Chains in Calculator

* Risk/dose coefficients are provided for
several different decay chains for individual
radionuclides. They factor in the decay
energies for the parent isotope and
subseguent daughter isotopes.

+D: 100-yr environmental commitment period
+E: 1000-yr environmental commitment pd.

+pD: Partial inclusion of daughters. When a long-
lived daughter in decay chain is reached, the
summing of decay energies are stopped.

n United States Superfund Radiation Risk
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Transfer and Accumulation

Exposure to ionizing radiation generally does not cause
ambient media or biological tissues to become
radioactive. This occurs through the transfer and
accumulation of radionuclides that are the source of
lonizing radiation.

e Y
./,f//‘;':ﬁ“ b
e -
"’/ 3 ;?'{ﬁ, v
L ?

lonizing radiation is 4
sometimes used to ‘
sterilize food and
medical equipment.
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Additivity of Exposure

« The absorbed dose (or dose rate) of ionizing
radiation from all radionuclides, in all media,
should be added together.

* Dose conversion factors (DCFs) are used to
account for differences in ionizing energy
and exposure.

« The safe exposure levels or Biota Dose
Limits that have been established are based
on the total absorbed dose of ionizing
radiation.

United States Superfund Radiation Risk
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Common Radionuclides

Some radionuclides commonly found at
Superfund sites:

V//Americium-241 Radon-220, 222
/ Cesium-137 Strontium-90
Cobalt-60 Technetium-99
lodine-129, 131 Thorium-230, 232
Plutonium-239, 240, 3H (Tritium)
241 Uranium-234, 235,

\ Radium-226, 228 238
unvt”gniglet nnnnnnnnn Superfund Radiation Risk
\’EPA e Assessment Calculator Training
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Section 14: Radiation Risk

Assessment Basics
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Basis of Radiological Risk
Assessments

 lonizing radiation Is a carcinogen, a
mutagen, and a teratogen.

I'J' < Cancer risks are usually the most harmful,
so most assessments of harmful effects only
consider carcinogenic effects.

* Risks from radiological exposure are
generally estimated in a manner similar to
exposures to chemical contaminants.

 Total incremental lifetime cancer risk from
radiation exposure = sum of risks from all
radionuclides in all exposure pathways.
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Risk Approach

* Risk = exposure x cancer slope factor

I/J| < Exposure: estimated lifetime intake or
//  external exposure (In Roentgen units)

« CSF: estimate of the probability of response;
l.e. the probability of an individual developing
cancer per unit intake.

CSF takes intake, uses set of assumptions and
calculates absorbed dose.

Dose is compared to human exposure/cancer
data and a risk of cancer is assigned.
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Dose Approach

* Dose = exposure x dose conversion factor

* DCF: assigns a unit dose for every unit
exposure. Based on an annual exposure to
radiation.

 DCFs depend on:
Type of radiation
Relative strength of radiation
Target organs and tissues
Cancer induction rates
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Dose Definitions

 Absorbed dose: expression of energy
Imparted per unit mass of tissue. Units: rad,
Gray (Gy). 1 Gy =1 J/Kg = 100 rads.

 Dose equivalent (DE). measure of the
energy absorbed by living tissue, adjusted
by the quality factor of different types of

radiation. Units: rem, Sievert (Sv). 1 Sv =
100 rems.
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Dose Definitions (cont.)

» Effective Dose Equivalent (EDE): DE
adjusted by organ-based weighting factors
to provide a risk-based equivalence to
external radiation dose.

« Committed Effective Dose Equivalent
(CEDE): EDE summed over projected 50-yr
exposure from internal radiation

 Total Effective Dose Equivalent (TEDE) =
EDE (external) + CEDE (internal)

nited States Superfund Radiation Risk
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Example: Inhalation Pathway

e RISk =

(Inhalation slope factor) x (radionuclide
concentration in air) x (breathing rate) x
exposure duration

 Dose =

(DCF) x (radionuclide concentration in air) x
(breathing rate) x (exposure duration)
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Risk and Dose Approaches

Risk Dose
Used by EPA. Used by NRC and DOE.

Approach: cleanup of sites  Approach: safe dose that
to a particular cancer risk | protects workers and public
from ongoing nuclear
operations on site.

Lifetime exposure to an Annual exposure to an
iIndividual with a RME average member of critical
(EPA) group

Risk is unitless Dose equivalent is
measurement of likelihood =measured in units of rem,
of an adverse effect. mrem, or sievert.
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Basis for Risk and Dose
Approaches (cont.)

Risk Dose
Standards expressed Iin Standards expressed in

l/J) | terms of risk (e.g. CERCLA terms of dose equivalent

// | 10-4 to 10-6 range) (e.g. NRC 25 mrem/year)
CSFs based primarily on DCFs based on populations
US population. from other nations.

Age- and sex-dependent Age-dependent DCFs
risk models in CSFs

CSFs do not consider DCFs consider genetic risk
genetic risk
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Basis for Risk and Dose
Approaches (cont.)

Risk

Dose

Considers causes of death
other than rad-induced
J/J/ | cancer.

Does not consider other
competing causes of death.

Low-LET and high-LET
estimates considered
separately for each target
organ.

DE includes both low-LET
and high-LET rad multiplied
by appropriate RBE factors

RBE for most sites = 20
RBE for breast = 10
RBE for leukemia=1

RBE for alpha rad, all sites
=20
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Basis for Risk and Dose

Approaches (cont.)
Risk Dose

Estimates of absorbed dose to 16 | Effective dose considers dose
target organs/tissues, considered @ estimates to 12 target organs plus
for 13 specific cancer sites, plus | average of 10 other organs

residual risk

Lung dose based on weighted Lung dose based on average

sum of absorbed dose to dose to total lung

tracheobronchial (80% weight) (tracheobronchial,

and pulmonary regions (20%) nasopharyngeal, and pulmonary
regions)

Variable length to integration Fixed length of 50 years for

period (<110 years). Depends on | integration period
organ-specific risk models and
considerations of competing

risks.
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Basis for Risk and Dose
Approaches (cont.)

 Reasonable maximum exposure (RME):
highest exposure that is reasonably
expected to occur at a site; resulting from a
combination of all intake variables.

 Average member of critical group: the
group of individuals reasonably expected to
receive the greatest exposure to residual
radioactivity for any applicable set of
circumstances.
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Summary: Risk vs Dose

 EPA believes that the SF method produces a
more reliable estimate of risk.

* Most national and international
guidelines/standards for rad protection are in
terms of dose or concentration.

Most standards are concerned w/radiological doses.

No need to calculate associated risk — simply
compare the dose to an appropriate dose-based

standard.
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Summary: Risk vs Dose (cont.)

 Dose can be converted into risk and vice
versa using a probability coefficient.

Risk = total dose x probability coefficient
(risk/unit dose)

Fed Guide 13: 8.46x10-4/rem

* EPA believes that DCFs are NOT adequate
for assessing risks, especially from internal
exposure to alpha- and beta-emitting
radionuclides.
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Updates to Dose Equivalent
Approach

 Most standards are based on DCFs in ICRP
Publications 26/30 (1979)

/A Revised DCFs in ICRP Publication 72
(1996).

Based on additional scientific data

More applicable to general public
Correspond to current cancer slope factors

e 2014 ORNL DCFs based on ICRP 107.
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Updates to Slope Factor
Approach

* Old slope factors issued in 2001

J/J/ + Based on updated and improved radiation
risk coefficients in Federal Guidance Report
No. 13 (EPA 1999) and ICRP Publication 72.

« Updated risk coefficients are based on
developments in radiation risk and
dosimetry.

* New Slope Factors issued in 2014 from
ORNL based on ICRP 107.
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Updates to Slope Factor
Approach (cont.)

* Changes to Slope Factors (ORNL 2014)
Include:

Cancer risk model updated
Biokinetic and dosimetry models
External dosimetry models
Exposure pathways expanded

Population group now based on average member
of general public (vs. adult worker)
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