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Assessment Calculator Training

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:
• Identify 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
1. How Radiation Fits in Superfund
2. Radiation Risk Assessment Video & Community Toolkit
3. PRG Calculator
4. DCC Calculator
5. RSL for Total Uranium
6. BPRG and BDCC Calculators
7. SPRG and SDCC Calculators
8. Differences between EPA and DOE Tools
9. RVISL Calculator
10. CPM Calculator
11. BCG Calculator
12. SADA
13. Radiation Science Primer
14. Radiation Risk Assessment Basics
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Radiation Risk Assessment 
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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.

 Question: 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)
1. Protect human health and the environment
2. 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)
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Nine CERCLA Remedy Selection 
Criteria (continued)

 6 CERCLA ARAR waivers
1. Interim Measure
2. Greater Risk to Health and the Environment
3. Technical Impracticability
4. Equivalent Standard of Performance
5. Inconsistent Application of State Requirements
6. 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)
1. Long-term effectiveness and permanence
2. Reduction of waste toxicity, mobility, or volume
3. Short-term effectiveness
4. Implementability
5. 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
2. Community acceptance

State Acceptance 

Community Acceptance 
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CERCLA Cleanup Levels
ARARs 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 
1 x 10-6 to 1 x 10-4

• 10-6 used as “point of departure”
• PRGs are established at 1 x 10-6

 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, 10-6 still used as point of departure, 

and 10-4 to 10-6 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 PAGs, and Federal guidance

NOT 
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Guidance: Risk Assessment Q&A
Originally Issued 1999

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

Provides overview of then current 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 No 15 mrem/yr [0.15 

mSv/yr])
 Direct exposure rate may supplement sampling
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Guidance: Risk Assessment Q&A
Revised Issued 2014

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

Provides overview of now current 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
2. Rad SSG TBD 2000
3. PRG calculator 2002
4. Common Rads found at 

Superfund sites 2002
5. DCC calculator 2004
6. SF Rad Risk Assessment 

& How You Can Help 2005

7. BPRG calculator 2006
8. SPRG calculator 2009
9. BDCC calculator 2010
10.SDCC calculator 2010
11.RVISL calculator 2021
12.CPM calculator 2024?
13.Eco calculator 202??
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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) not dose

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



1822nd Annual NARPM Training Program 1822nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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
ft EA~ United States 
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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
ft EA~ United States 
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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 
information on:
 The Superfund risk assessment process when 

addressing radioactive contamination
 How the public is involved site-specifically
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Superfund 
Radiation Risk Assessment and 

How You Can Help: An Overview 
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Community Toolkit

 This toolkit was developed to 
help the public understand 
more about the risk 
assessment process used at 
Superfund sites with 
radioactive contamination. 
 Text is written in plain 

English 
(8th grade level)

lhled5t.R5 Olliiced~ ~{12:11.1-48 
EnwonrnemfPiulmiDriAgency Rsrecial01.n:I EPA-540-R-012-015 

TedrdcgyU"fllNaDl May20'14 

Superfund Radiation Risk Assessment: 

A Community Toolkit 
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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:

1. Superfund Radiation Fact Sheet (10 pages)
2. Superfund Radiation Risk Assessment Fact Sheet 

(8 pages)
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Superfund Radiation Fact Sheet 

 Provides informations answering the following 
questions
 What is Superfund?
 What are atoms?
 What is Radiation?
 What is Radioactivity?
 What happens to radionuclides as they decay?
 What is half-life?
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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?
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Superfund Radiation Fact Sheet
continued 

Page-26

Superfund Radiation Fact Sheet 

What is Superfund? The Superfund program is ad ministered by U.S. Environmental 

Protection Agency (EPA) in co operation with state and triba I government,:. It allows 

EPA to clean up hazardous waste sites and to force responsible parties to perform 

cleanups or reimburse th e government for cleanups led by EPA. 

For a ¥ariety 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 im properly 

managed. As a result, thousands of 

hazardous waste si tes were created 

throughout the Uni t ed States. These 

hazardous waste si tes commonly include 

mamtacturing fa cilities, processing 

plants, landfills, and mining sites. 

Superfund was established in 1980 by an 
act of Congress, gi1J ing EPA the funds and 

authority to clean up pollu ted sites 

Goals of Su erfund: 

• Protect human hea lth and t he 
environment by deanin£ up 
polluted sites 

• Invol ve communit ies in the 

Superfund process 

• Make responsible parties pay for 
work perfonned at Superfund 
sites 

Superfund is the informa l name for the 

Comp-ehensive Environmental Response, 

Compensation, and Uability Act (CERa.A). 

rn 1980, Congress enacted CERQ.A in 

response to growing concerns over the 

health and envi ronmental risks posed by 

hazardous waste sites. This law was 

enacted in the wake of the discovery of 

chemica ll y contaminated toxic waste 

dumps such as Love canal and Valley of 

the Drums in the 1970s. 

Some Superfund sites contain r adioactive 

contamination. This document was 

developed by EPA to answer quest ions 

about radia tion hazards and how EPA 

assesses health risks from potent ial 

exposure to radioactive contamination at 

Superfund sites. 
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Ionizing Radiation Found at Superfund Sites 

Descr ipt ion 

Ionizing 

Power 

Penetrating 

Power 

Human 

Healt h 
Effects 

• Two prot ons and two 
neut rons bound together 
into a single particle 

• Heaviest and slowest 
moving type of ionizing 

radiation 

• Positively charged 

• HIGH 

• Interacts strongty with 
surrounding materia l 

• Very energet ic 

• LOW 

• Travels no more than a 

• Made up of an electron • Pure energy traveling 
ej ected from nucleus at t he speed of light 

• Fa.st moving, low mass • Often accompanies 
particle t he emission of alpha 

• Negative ly charged 

• MODERATE 

• Interact less strongly 
than alpha particles but 
more strongly t han 
gamma rays w ith 
surrounding mat erial 

• MODERATE 

• Able to t ravel severa l 

or bet a part.id es 

• Has no rest mass and 
no charge 

• LOW 

• Since they have no 
mass and no charge, 
gamma rays interact 

with matter less t han 
alpha and beta 
particles 

• HIGH 

few cent imeters in air met ers through air 
• Able to trave l 

hundreds of meters 
t hrough air • Can be stopped by a sheet • Can be stopped by a 

of paper th in layer of met al or • Can be stopped by a 
t hick concrete wall • Unable to penetrate skin plast ic 

• No hea lt h effects from 
erternal exposure since 

they are unable t o 
penetrate skin 

• Very harmful if alpha· 
emitting radionuclide is 
taken int o t he body by 
ingestion,r breathing, or 
through an open wound 

• Can penet rate outer 
layers of skin 

• Can cause skin burns 

• Able to pass through 
t he human body 

• Can cause harm from 
from external exposure external exposure 

• Harmful if taken into • Can pass into the 
the body (though not body and cause 
usually as harmful as internal radiation 
alpha parti cles) exposure 
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Superfund Radiation Fact Sheet
continued

Some Common Ways to be Exposed to 

Radionuclides at Contaminated Sites 

Residential Soil Exposure 

Tap Water Exposure 

Breathing In Vapors 

- • -
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RELATIVE DOSES FROM RADIATION SOURCES 
Millirem Doses 

Radon In average home 
200mllllr"" 

/ennue~ 

otagnosllc radiology 
50 millirern 

(annue,O 

M.ammogram 
30 mllllr,rn 

(single proced1.n) 

Cosmic radioactivity 
27millirem 

(ennueo 

Olest x-ray 
4rnili rem 

(single procedure) 

Gastrolntestlnal series 
1,400 mlll~em 
(single procedure) 

Cosmic radiation llvtng 
In Denver 
50 millirem 
(annuso 

Nalural ra<lloa<:livily 
In the body 
40mllllrom 
(annuaD 

Terrestrial radloactlvlly 
28 millirem 
(snnuao 

Cosmic radiation living 
at sea level 
24 millirem (annua~ 

Living near a nuclear 
power s1auon 
< 1 rrillirem Cfl average 
(snnuaD 
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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
1. Data Collection and Evaluation
2. Exposure Assessment
3. Toxicity Assessment
4. Risk Characterization

ft EA~ United States 
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Superfund Radiation Risk Assessment 
Fact Sheet, continued 

Page-29

Superfund Radiation Risk Assessment 

Fact Sheet 
The Superfund program uses a process called risk asseHment to calculate health risks 

posed by hazardous contamination and waste. A risk assessment conducted at 

Superfund sites with radioactive contaminat ion is divided into four parts: 

1. Data Col lection and Evaluation 

2. Ex posure Assessment 

4 . Risk Characterization 
I 

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

• What typ e of radioact ive contamination i,: present? 

• Wh ere is th e radioactive conta mina tion loca te d? 

• How could people be exposed to the contamina tion? 

• What are th e potentia I harmful health effects from the contamination ? 

• And what are the u ncertaintie:i? 

All of this Information is then incorporated in the risk characteri zation, which is used to 

make a deci sion about how to clean up the slte. 

· 1 • 
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Step 3: Toxicity Assessment 

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

hea lth effects can the radionuclide cause, and how much exposure to the 

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

The t oxicity assessment is concerned with 

t he potentia l fo r radionucl ides to cause 

cancer. All rad ionucl ides can cause cancer 

and are assumed to be potentially 

harmfu l even at low doses. The risk of 

cancer from radiat ion increases as the 

exposure increases. Uranium 

radionuclides are the only rad ionucl ides 

where the noncancer effects are also 

cons idered during Superfund site 

cleanup. 

In estimat ing the toxicity of a 

radionuclide, EPA must take into account 

t he type of radiatio n it em its and how the 

radiat ion affects different organs in the 

.5. 

Understanding Radiation Toxicity 

At much higher radiation e11posures than 

would be expected at a Superfund site, 

harmful effects can~ produced in a 

relatively short time. An examp~ of this t!i 

the sickness seen in atomic bomb survivors. 

Since exposure at Superfund sites is usually 

much lower, EPA focuses primarily on the 

cancer risk from uposure to radionuclides. 

body. Alpha particles, fo r example, inflict 

about 20 t imes more damage to living 

t issue than beta part icles or gamma rays. 

In addit ion, diffe rent organs in t he body 

have diffe rent cancer rates even w hen 

exposed to the same level of radiat ion. As 

a result , EPA must consider bot h whole 

body radiat ion exposure as well as 

specific organ exposure for certain 

radionucl ides. 

EPA has developed two methods to 

assess the harmful effects of exposure to 

specif ic rad ionucl ides: 

• Slope factors provide cancer ri sk 

posed by lifet ime exposure to specific 
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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
3. Primer on EPA PRG and DCC Calculators
4. Preliminary Remediation Goals (PRG) Calculator
5. Dose Compliance Concentration (DCC) Calculator
6. Building Preliminary Remediation Goals (BPRG) 

Calculator
7. Building Dose Compliance Concentration (BDCC) 

Calculator
8. Surface Preliminary Remediation Goals (SPRG) 

Calculator
9. Surface Dose Compliance Concentration (SDCC) 

Calculator

Page-30
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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?

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



3222nd Annual NARPM Training Program 3222nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Preliminary Remediation Goals (PRG) 
Calculator Fact Sheet

Page-32

What is PRG? 
PRG stands for Preliminary 
Remediation Goal. 

PRGsare the ini~al cleanup goals at 
a Superfund st te and usually are 
not final cleanup level s. 

Used when there Is no appropriate 
gcwernmentregulation of cleanup 
levels. 

Soil to Groundwater Exposure 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

PRG Calculator 
• The PRG Calculator is a tool that allows EPA to calculate initial cleanup 

levels for rad iation in sci I, water, and air a Superfund sites. 

• Uses slope factors to calcu late cleanup levels based on a target cancer 

ris k of 10-6 . 

• Slope factors provide cancer risk posed by lifetime exposure to 

specific radlonuclides. Slo pe factors alsc take Into account the type 

of exposure (Inhalation, ingestion, or external) and am aunt of 

exposure. For example, a resident on a site would expect to have a 

different exposure level than a worker on the same site. 

• Target cancer risk of 10-6 means tha a perscn exposed to the 

contamination has a one in a mill ion chance of developing cancer. 

(Target ls based on highest est Im ated level of exposure. Most 

people will have less of a chance of developing cancer.) 

• The exposure pathways calcu lated by the PRG calculator are shown In 

the dlag-am sbelow. 

Resident : Soil Exposure 

How does the PRG Calculator Work? 
Slope Factors PRG Equations 

PRG Calculation 

~ c;> n : ....__strial--i:....;Land~Use 
Residential Land Use U 

Agricultural Land Use 

Tapwater Ingestion Exposure 
DrinkingWeter 
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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

Page-33

10. Primer on Radionuclides 
Commonly Found at 
Superfund Sites

11. Americium-241 
12. Cesium-137
13. Cobalt-60
14. Iodine
15. Plutonium

16. Radium
17. Radon
18. Uranium
19. Strontium-90
20. Technecium-99
21. Thorium
22. Tritium

ft EA~ United States 
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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
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Cesium-137 Fact Sheet

Page-35

B EPA Facts about Cesium-137 

What iscesium-137? 

Radioactrve ce sium-137 is produced 

spontaneousty when other radioactive 

mate rials, such as ur.!lnium and plutonium, 

absorb neutrons and underco fission. Fission is 

the process in which the nucleus of a 

radionuclide splits into smaller parts_ Cesium-

137 is a common radionucl ide produce d when 

nuclear fission of uranium and plutonium occurs 

in a reactor or atomic bomb. 

What are the uses ofcesium-137? 

Cesium-137 and its decay product, barium-

137m, are used in food sterilization, includine: 

wheat, spices, flour, and potatoes. Cesium-137 is 

ustd i'l a wide variety of industrial instruments, 

such as level and thickness iau,es and moisture 

density cauces. Cesium-137 is also commonty 

used i'l hospltalsfordiainosis and treatment . 
Larie sources can be used to sterilize me di cal 

,c,.,ipm,nt. 

How does cesium change in the 

environment? 

c,sium-137 decc,;-s in th, ,nvironm,nt by 

emittin, beta particles, As noted above, cesium-

137 dec~s to a short-l~d decay product, 

barium-137m . Th, latter isotop, ,mits ,amma 

radiation of moderate enerl)', which further 

decays to a stable 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 . Cesilxn-137 is sienificant because of 

· 1 • 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

it s prevalence, relatively lone half life (30years), 

and its potent ial effects on t-M.Jman health. 

Barium-137, the dauihter product of cesium-
137 decaoy, has a half-life cl 2.6 miiutes. 

How are people exposed to cesium-137? 

People mat be ex posed o:ternally to gamma 

radiation emitt!!d by cesium-137 decay 

prodlcts. lfvery hich d~s are received, skin 
bums can result . Gamma photons emitted from 

the barilATI decay product, barium-137m, can 

pass throu,h the hum;en body, delivering 

radiation ,xposure to internal tissue and organs. 

People ma:, also be exposed internally if they 

swallow or inhale cesium-137. 

Lare,e amounts of cesium-137were produced 

durn, atmospheric nudearweaponstests 

conducted in the 1950s and 1960s. As a resu lt of 

atmospheric testin, and radioactive fallout , this 

cesium was dispersed and deposited worl dwide . 

Sources of exposure from cesium-137 include 

fallout from previous nuclearweaponstestin&, 

soi ls and waste materials at radioactively 

cortaminate d sites, radioactive waste 

associMed with operation of nude ar reactors, 
spert fuel reprocessin, plants, and nuclecY 

accidents such as Chernobyl and fukushlm a. 

Cesium-137 is also a component of low-level 
radioactive waste at hospitals, radioactive 

source manufacturinc, and research facilities. 

How does cesium-13 7 get into the body? 

Cesium-137 can enter the body when it is 
inhaled, Ingested, or absorbed throueh the skin . 

After radioactive cesh..rn Is ln,ested, It ls 

distributed fairly uniformly throu,hout the 

body's soft tissues. Slicttly higher 

concentrations are found in muscle; slightty 

lower concentrations are found in bone and fat . 

Ces ium-137 remains in the body fora relatively 

short time. ltlseliminated more rapidly by 

infants and children than by adults. 

Is there a medical test to determine 

exposure to cesium-137? 

Generally, levels of cesium in the body are 

lnfen-ed from measurements cl urine samples 

usin, direct eamma spectrometry. Because of 

the presence of the eamma-emitting barium 

daughter product, a technique called whole

body countin& m?J'I also be used; th is test relies 

on detection of earn ma photon ener'ly , Skin 

contarniiation can be measured directly usin,a 

variety of portab le instruments. Other 

techniques that m~ be used include talc inc 

blood orfecal samples, then measunn, the level 

of cesium. 

How can cesium-137 affect people's 
health? 

8ased on experimentation with ionizin, 

radiation and human epidem iolo1r1, exposure to 

radiation from cesium-137 can cause cancer. 

Great Britain's National Radiological Protection 

&oard (NRP&) predicts that there will be up to 

1,000 additional cancers over the next 70 years 

amon, the population inWestem Europe 

exposed to fallout from the accident at 

Chernobyl. 

·2 • 

The maenitude of the hea lth ri sk would de pend 

on exposure conditions for scenarios involvin, 

nuclear accidents orwaste materia ls, such as: 

• Types of radioactivity encountered, 

• Natl.l"e of expos...-,. and 

• Leneth of exposure . 

What recommendations has the U.S. 

Environmental Protection Agency made 

to protect human health? 

Please note that the iriormatlon in this section 

Is limited to recommen~tions EPA has made to 

protect human health from exposure to cesium-

137. General recommendations EPA has made 

to protect human health at Superfund sites (the 

10· • to 10·' cancer risk ranee), which cover all 

radionuclides includin& cesium-137, are 

summarized in the fact sheet "'Primer on 

Radionuclides Com monly Found at Superfu'ld 

Sites.. " 

EPA has e stab Ii shed a Maximum Contaminant 

Level (MCL) of 4 milllrems per year for beta 

particle and photon radioactivity from man

made radionuclides In drinkinewater. Cesium-

137 would be covered under this MO.. The 

~eraee concentration of cesium-137, which is 

assume d to yield 4 millirems per year, is 200 

picoCuries per liter (pCi/l) . If othe r radionuclides 

that emit beta partlcle sand photon radioactivity 

are present in addition to cesuim-137, the sum 

of the annual dose from all the radionuclides 
cannot exceed 4 millirems/ye ar. 

fo r more information about how EPA addresses 

cesium-137 at Sup e: rfund sites 
O:,ntoCl s,wn Walkwo{ EPA 

(703)603-8748 or \mlffr J.llKU~pa gov, 

OT\.f.51IEPA\511p1Pr{1N1dR.ad,a l,o,i Web,:age 

h ttp lfwww rtpa govf ,~tf und/rrtJ.ouratf/rad,a a.on/ 
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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 -~ I (703) 603-8748 
Office of Suporfund Romod 1allon and Technology Innovation, U.S. Env ironmental Protection Agency RVISL http l/epa-v1sl ornl gov/rad1onucl1des 

What Is an RVISL? 

• RVISL stands for radon vapor intrusion 
screening level . 

• RVISLs present the target concentrations of 
radon in air, soil gas, and groundwater that 
are protective of people inside building at 
a Superfund site. RVISLs may also be used 
to show compliance with federal and state 
indoor radon standards. 

• RVISLs are not cleanup standards -they are 
used for site screening and initial cleanup goals. 

• RVISLs address resident ial exposures and 
indoor worker exposures. 

Radon Intrusion Exposure for a Resident 

RESIDENT 

RVISL Calculator 
The RVISL calculator determines the risk of radon 
exposure for people in their homes or workers on the 
Job when radon caused by soil or groundwater 
contamination enters a building th rough vapor 
intrusion. These pathways are shown in the diagrams to 
the left and righ t at the bottom of the page. 

This tool allows EPA to calculate radon screening levels 
inside buildings at Superfund sites based on risk, dose, 
working levels (WLs), or pCi/L. 

Risk-based RVISL: the tool calculates screening levels 
based on a ta rget cancer r isk of 10 ... This means that 
a person exposed to the contamination has a one in a 
million chance of developing cancer based on the 
highest estimated level of exposure. 

Dose-based RVISL: the tool calculates screening 
levels based on a person's exposure to radiation in 
dose per year, measured in millirems to show 
compliance w ith 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 w ith a state 
indoor radon standard that uses pCi/L. 

Calculations are based partly on air exchange rates, 
wh ich measure how much outdoor air circulates and 

How Does the RVISL Calculator Work? 
Risk/Dose Factors RVISL Equations 

RVISL Calculation 

Resident Indoor Worker 

l;tntffilMl;1Mtffil#:i·l·M1ii4i·lii,t@Mt9fflD 
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Show Video

 Quick primer of material we have covered

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Radiation Risk Assessment 
Calculator Training

Section 3 -- PRG Calculator
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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PRG Outline

• PRGs Background
• Development Approach in CERCLA
• Calculator Walkthrough

– Scenarios
– Inputs
– Outputs

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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.”

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 ARARs are not available 
or are not sufficiency protective.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Site-specific Data

• PRGs can be calculated generically (w/out 
site-specific info).

• Then can be recalculated using site-specific 
data.

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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Carcinogenicity

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

• Uranium is the only radionuclide for which 
chemical toxicity is 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 10-6 cancer risk PRG.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 soil 
because carcinogenic risks of exposure in rad 
soils 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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



4822nd Annual NARPM Training Program 4822nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

CERCLA Risk and Dose Calculators
             Human Health - Radiological

Cancer risk (1 x 10-6)
 PRG (soil, water and air) 

2002
 BPRG (inside buildings) 

2007
 SPRG (outside surfaces) 

2009
 RVISL (radon intrusion) 2021

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

Dose (millirem per year)
 DCC (soil, water and air) 

2004
 BDCC (inside buildings) 

2010
 SDCC (outside surfaces) 

2010

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Developmental Approach

• Identify 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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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:
– 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?

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Example Conceptual Site Model – 
Overview of Contaminant Migration

FIGURE 1: 
CONCEPTUAL 
SITE MODEL 

WIND ROSE 

~~e 
.f:' 

STATE GAME 
LANDS 
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Example Conceptual Site Model for 
PRG and DCC

PRIMARY 
SOURCES 

PRIMARY 
RELEASE 
MECHANISM 

SECONDARY 
SOURCES 

SECONDARY 
RELEASE 
MECHANISM 

Resuspension 
---------,><And 

Volatilization 

EXPOSURE 
MEDIA 

lnfiltral1on 
And 
Percolation 

Groundwiiler/ 
t----~ Surface 

Water 

Radionuclidg 
Handling 
Area 

Concepcual Si1e Model of Quantified Exposure Pathways for radionuclide PRGs 
BIK k nnes ere direct exposure rout es 
Black dashed lines are direct and indirect exposure ,outes 
Red llnes are incfirect exposure routes 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Exposure Resident 
Route 

Inhalation 

Submersion • 
Exposure I Resident 
Route 

Ingestion 

Inhalation 

Immersion 
• 

Exposure I Resident 
Route 

Ingestion 

Inhalation 

Extemal 

P,oduce 

Poultry' 

Ew s 

Meat ' 

Milk' 

Fish 

GamefFowl 

Gamel 
Ammal 

• • • 

• 

• 

RECEPTOR 

Outdoor Indoor Comp I Con I Farmer I Recrentor 
Worker Worker Worker Worker 

• • • • 
• 
• 

Outdoor I lndoo, I Comp I Con I Farmer I Recreator 
W01ker Worke1 Worker Wo1ke1 

• • • 
• 

Outdoor Indoor I Comp. Con I FiJrmer Re<:reator 
Worker Worker Wo1ke1 Worker 

• • 
• • • • • • • 

• • • 
• • • 

Outdoor Indoor Comp Co11 Farmer Recreator 
Worker Worke1 Wotker Worker 

• • • • • • • • 
" Poultry consists of chicken, turkey. or duck MeBt consists of swine. beef. goat. a.nd sheep Milk 
consists of caw, goat. a.Ad sheep 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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PRG Calculator Overview

Resident 

I 

Soil TapWater 
• ingestion • ingestion 
• inhalation • inha.lation 
• exrernal • immersion 
• consumption • consumprion 

of produce of produce 

Fish Air 
• consumption • inhalation 

• submersion 

construction 

Wof er 

Indoor 
Worker 

Soil f--_S_o_il_~I 1-----o--S_o...,..il_~I 
• ingestion • mgest1on • mgest1on 
• inhalation • inhalation • inhalation 
• external • external • external 

Air I Air I Air 
I--------' 
• inhalation • inhalarion • inhalation 
• submersion submersion submersion 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

PRG Equations 

Recreator Farmer 

! ' 
I 

J 
Soil/Sediment I Soil I Tap Water I 
• ingestion • ingestion • ingestion 
• inhalation • inha/alion • inhalation 
• external • external • immersion 

Surface Water I . lnaesrion 
• immersion 

I• consumption • consumption 
I of produce of produce ' 
' 

Air I Biota l 

Air I 
inhalation • poultry 

• submersion • eggs 
• inhalation beef 

submersion • milk 

Biota I 
• swine 
• fish 

~ landgame goat 
fowl • goarmilk 

• sheep 
sheep milk 
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PRG Calculator Inputs
Using the PRG Calculator 

Select Scenario 

• Resident 

Composite Worker 

0 OL!tdoor Worker 

Indoor Worker 

Construction Worker - St andard Unpaved Road Vehicle Traffic (Sit e-specific only) 

0 Construction Worker - Wind Erosion and other Construction Act ivit ies (Sit e-specif ic on ly) 

Recreator (Site-specific only) 

0 Farmer 

Soil to Groundwater 

Select Media: 

□ Soi l 

□ Air 

Sellect Risk Out put: 

• No 

D 2-D External Exposure Yes 

D Tap Water 

0 Rsh 

Select PRG type 

• Defaults 

Site-specific 

Select Units 

• pCi 

Bq 
Show Individual Produce PRG Output: 

@ No 

Q Yes 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Individual Isotopes 

Complete List 

Ac-223 

Ac-224 

Ac-225 

Ac-226 

Ac-227 

Ac-228 

Ac-230 

Ac-231 

Ac-232 

Ac-233 

Common Isotopes 

1-13 1 
I\ 

Pu-238 

Pu - 239 

Pu - 240 

Ra-228 

Rn - 220 

Rn-222 

Sr-90 

Th - 228 
V 

Th-230 

Selected 
--------
Am - 24 l 

Cs-137 

Ra-226 

Tc-99 

Source and Decay Output Options& 

(jl Assumes period of peak risk (with decay and progeny ingrowth) 

0 Assumes secular equi librium throughout chain (no decay) 

0 Does not assume secular equilibrium, provides results for progeny throughout chain 

0 Does not assume secular equilibrium, provides results for selected isotopes only 

Peak Time Periodo 

(i) 1nfinite (Default) 

0 10,000Years 

0 1,ooovears 
0 1oovears 
O other: 

(VoluetbetwHn70yursondlh12yearsoMly) 
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Select scenario
• Exposure scenario affects allowed toxicity levels based on 

length, frequency, and intensity of exposure.
• 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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 Bq/g
• Select isotopes of interest

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Calculator Site-Specific Inputs

Click 
exposure 
pathways 
for 
equations.

Air Inhalation 

Resident 
Exposure to Air 

lnhalaition and External Exposure 

TRxt (yr) xi,(~) 
r yr 

PRG .. h d (pCi/m3 ) res-air-in - ecay 
(1-e-!..\)xSF (risk)xlFA d. (161,000 m3 ) 

1 pC1 r-a J 

where : 

IFA . (161 ,ODO m3 )= (EF ( 350 day) xED (6 yr)xET ( 24 hr)x (~)xi RA (1 O m3 J) + 
r-a dJ r-c yr r-c r-c day 24h ours r-c day 

( EF (350 day)xED (2□ yr) xET (24 hr)x ( 1 day ) xlRA (2 □ m3 J) 
r-a yr r-a r-a day 24 hours r-a day 

Air Inhalation (without decay) 

Air Submersion 

Air Submersion (wit hout decay) 

Air Tota l 

Air Tota l {w it hout decay) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Calculator Site-Specific Inputs

• Blue fields are not user-changeable.
• Values determined by other inputs.

• Ex: IRAr-adj depends on IRAr-a, IRAr-c, EDr-a, and EDr-c

EDr (exposure duration - resident) yr 

.__ ___ _,I EDr-a (exposure durat ion - resident adult) y r 

_____ I EDr-c (exposure duration - resident child) yr 

EFr (exposure frequency) day/yr 

'-13_5_0 __ ___,I EFr-a (exposu re frequency - resident adu~t) day/yr 

_____ I EFr-c (exposure frequency - resident ch ild) day/yr 

El r (exposure t ime - resident) hr 

'-12_4 ___ _,I El r-a (exposure t ime - resident adult) hr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

124 I El r-c (exposure t ime - resident child) h r 
-----

I 1 .0 I GSF a (gamma sh ield ing factor - air) unitless 
-----

161000 IFAr-adj (age-adj usted inhalat ion factor) m3 

120 I 1RAr-a (inhalat ion rate - resident adult) m3/day 
-----

I 1RAr-c (inhalat ion rate - resident ch ild) m3/day 
-----

tr (time - resident) y r 

1.0E-6 TR (target cancer risk) un it less 
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Residential Scenario
• The resident spends most, if not all, of the 

day at home except for the hours spent at 
work.

• The activities for this receptor involve typical 
homemaking chores (cooking, cleaning, and 
laundering) as well as gardening.

• Adults and children 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 day while the adult ingests 100 
mg per day.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Exposure Pathways

• Ambient air
• Tap water
• Soil
• 2D direct external exposure
• Soil to groundwater
• Fish

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 

EDr (exposure duration - resident) yr 124 I El r (exposure t ime - resident) hr 
-----

~l2_o ____ l EDra (exposure duration - resident adult ) yr 124 I El r-a (exposure t ime - resident adu lt) hr 
-----

16 I EDrc (exposure du ration - resident child) yr 
-----

124 I El r-c (exposure t ime - resident ch ild) hr 
-----

EFr (exposure frequency - resident) day/yr t r (t ime - resident) yr 

1350 I EFr-a (exposure frequency - resident adu lt ) day/yr 
-----

11.0E-6 I TR (target cancer risk) un it less 
-----

1350 I EFr-c (exposure frequency - resident child) day/yr 
-----

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Ambient Air SS Inputs
Inhalation and External Exposure

EDr (exposure duration - resident) yr 124 I ETr-c (exposure t ime - resident ch ild ) h r 
-----

.__ ____ I EDr-a (exposure du rat ion - res ident adult ) y r ~11_.o ____ l GSFa (gamma shielding fact or - air) unit less 

.__ ____ I EDr-c (exposure du ration - resident child) yr 406000 IFAr-adj (age-adj usted inhalat ion factor) m3 

EFr (exposure frequency) day/yr 120 I 1RAr-a (inhalat ion rate - res ident adult) m3/day 
-----

~13_5_0 __ ~1 EFr-a (exposu re frequency - resident adult ) day/yr ~l1_o ____ l 1RAr-c (inhalat ion rate - res ident ch ild) m3/day 

.__ ____ I EFr-c (exposure frequency - res ident ch ild) day/yr t r (t ime - res ident) yr 

ETr (exposure t ime - resident ) hr 1.0E-6 TR (target cancer risk) un it less 

~12_4 ____ 1 ETr-a (exposure t ime - resident adu lt) hr 

NOTES: 
1. SFi=inhalat ion slope factor (risk/pCi). 

2. SFsub=su bmersion slope factor (risk/pCi) 

3. t ,. = EDr = EDr-c + EDr-a 

4. A=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 soil
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Tapwater
RESIDENT TAPWATER 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Tapwater SS Inputs
Ingestion, Inhalation, and Irrigation

Exposure

0.18 V Se lect air excha nges per hour for Aeq 

DFAres-adj (age-adjusted immersion factor -

resident) hr 

EDres (exposure duratio n - res ident) yr 

20 EDres-a (exposu re duration - resident adu lt ) yr 

6 EDres-c (exposure duration - resident ch ild) yr 

350 EF res-a (exposu re frequency- resident ad ult) 

day/y r 

350 EF res-c (exposu re frequency - res ident child) 

day/y r 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

10 

3.62 

2.5 

0.78 

0.5 

0.000027 

240 

1 

0.71 

hr/even t 

I RAres-c (inha lat ion rate - resident child) m3/day 

Ir {irr igat ion rate) L/ m2-day 

I RWres-a (water intake rate - residen t adult) L/day 

I RWres-c (water in take ra te - residen t child) L/day 

K (volatil izat ion factor of Andelman) L/m3 

A HL (soil leach ing ra te) 1/day 

P (area density for root zone) kg/m2 

T (t ranslocation factor) u nitless 

ET event-res-a (d urat ion of bathing event- adu lt) 
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Assessment Calculator Training

Residential Tapwater SS Inputs
Ingestion, Inhalation, and Irrigation 

Exposure (cont.)
24 

24 

1 

event /day 

1 

event/day 

0.25 

resid ent) m3 

0.42 

yr/ kg-day 

20 

NOTES: 

ET (exposure time - resident adult) hr/day res-a 

ET (exposure time - resident ch ild) hr/day res-c 

EV (bath ing events per day - resident ad ult ) res-a 

EV (bathing events per day - resi dent chi ld) res-c 

F (i rrigat ion period) unitless 

IFA d. (age-adjusted inhalation factor -res-a J 

If (interception fraction) unitless 

IFWres-adj (adjusted intake factor - resident) L-

IRA (in halation rate - resident adu lt) m3/day res-a 

1. SFr = Food Ingestion Slope Factor (risk/ pCi) 

2. SFi = Inha lation Slope Factor (risk/pCi) 

3. SFw = Water Ingestion Slope Factor (risk/ pCi) 

1 11 / CVC I I L 

10950 

0.54 

hr/event 

60 

14 

2 

4 SF = Immersion External Exposure Slope Facto r [(risk/year)/(pCi/ m3)] • 1mm 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

tb (long term deposit ion and buildup) day 

ET t (durat ion of bathing event- chi ld) even -res-c 

TR (target cancer r isk) unitless 

~ (aboveground exposure t ime) day 

tw (weathering half-life) day 

Yv (plant yield - wet) kg/ m2 
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Residential Soil

• Exposure 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 soil

RESIDENT SOIL 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Soil SS Inputs 
Ingestion, External, Inhalation and Produce 

ExposureI Select site ar ea v~ ite area for ACF 

I select a cover layer vlcover layer t hick ness for GSF0 

I Select a cover layer v i Cover layer th ickness for CSFb 

fJ, ED , (ex posure duration - res ident) yr 

'-12_0 ___ _,I ED,. ,-, (expos ure duration - resident adult) yr 

16 I ED,. ,_,, (e.xposure durat ion - resident child) yr 
~----' 

Ff1• EF ,., (exposu re freq uency - resident) day/ yr 

I '-3_s_o __ __,I EF,.,_, (expos ure freq uency - res ident adult) 

day/ yr 

I '-3_s_o __ __,I EF,.<-< (ex posure f req uency - re siden t child) 

day/ yr 

fj ET,., (expos ure ti me - resident) hr/ day 

j'-2_4 ___ _,I ET,.,_, (ex po sure t ime - resident adult) hr / day 

j'-2_4 ___ _,I ET,.,_, (ex posure t ime - res ident child) hr / day 

NOTES: 

I . SF,=so il ingest ion slope factor (r isk/ pCi) . 

2 . SF;= inhal ation slope facto r (r isk / pCi). 

3 . SF,.,_,.=ex te rnal ex posure slope factor (r isk-g / pCi - yr). 

5. ]..=decay constant 

6 . 0 ;;CSF;;; I 

'-11_6_.4_1_6 _ __,I ET,.,_; (ex posure t ime - indoor res ident) hr/ day 

'-l1_.1_s_2 __ _,I ET,.,_0 (expos ure time - outdoo r resident) nr / day 

'-10_.4 ___ _,l csF,; (gam ma shield ing facto r - indoor) unit less 

l i$f,f,j,- IFA,,,_,di (age -adj ust ed soi l i nhalat ion fact or -

resident) m~ 

i ifimjm@ lf S....,_.dj (age- adjusted: so il ingest ion facto r -

resident) mg 

'-12_0 ___ _, IRA,.,_, (i nhalation rat e - resident adu lt) m 3/ day 

'-11_0 ___ _, IRA,.,-< (inhalat i,on rate - res ident child) m1 / day 

'-11_0_0 __ __, IRS,..,_, (soi l intake rate - re sident adu lt) m g/ d ay 

'-12_0_0 __ __, IRS,.._, (soil intake rate - res ident ch ild) mg/ day 

Et• t,.,. (t ime - res ident) y r 

'-1I_O_E_-_6 _ __,I TR (target cance r r isk) unitl es s 

7. Q/ C~ind= calcu lat ions base d on site size and climact ic zo ne. Furt her details on t he derivat ion of Q/ ~ ind can be 

found in Appendix 0 

8 . A , B, C = PEF reg ion- spec ific dispersion constants (unit less) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Soil SS Inputs 
Ingestion, External, Inhalation and Produce 

Exposure (cont.)

Parameters Common to all Produce Routes 

Produce Con sumptio n - di rect 

~l2_o ___ ~I EID~~,-.. (exposure duration - re.sident adu lt) yr 

~16 ___ ~1 EID,~,-.:: (e:iq:rnsu re ol uratio,11 - res,ident child) yir 

1350 I EFr,;,s.-;;, (exp osure freq L1 re 11 cy - r,es·iol ent ,adult) 
~---~ 
aay/yr 

.... 13_5_0 __ ___,I EFl"QN. (ex posur,e fireq uency - resident child) 

aay/yr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~ll_. o_E_-_16_~1 TR (talfget cancer r,isk unit11ess 

Tem pe rate vi · Ii mat e zone 

Defau 11i: vi Soi I tw e 
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Assessment Calculator Training

Residential Soil SS Inputs 
Ingestion, External, Inhalation and Produce 

Exposure (cont.)

Select Produce Items to lndude 

m Toggle All m Okra 

m App les m Onions 

m Asparagus m Peaches 

m Beets m Pears 

m Berries m Peas 

m Broccoli m Peppers 

m Cabbage m Potatoes 

m Carrots m Pumpkin 

D Cerea l Grains D Rice 

m Ci t rus Fruits m Sna p Beans 

m Corn m Strawberries 

m Cucumbers m Tomatoes 

m Lettuce Toggle intake rates: @ Fresh weight 0 Cooked weight 

m Lima Beans 

To com pletely remove produce from the output , un-check the 'Toggle All ' box. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Soil SS Inputs 
Ingestion, External, Inhalation and Produce 

Exposure (cont.)
Apples 

~11 ___ ~1 C F,r1:1is - :1.Rp1~ (conrtam inatIeal aipp le • ·ractIion) un i less 

667520 IFAP,...,- .. d (age-adj usted apple ingestion factJor) 

g 

~I7_3_.7 __ ~I IRAP ,...,. (apple inge s tiro n rat e - ire side nt aal u I ) 

g/ ol ay 

In .2 I 1RA.Pl"QIM (app l,e ing,estio,n rate - res ident chilC!l) 

g / day 

1.000160 I MLIF .. ~ ~ (<!lpp le mass load ing fa.ctor} unrtliess 

Asparagus 

~I l ___ ~I C F r1:1s- aspar..'B us (con tam in ated a.s.paIrag us ftra.ct ion) 

11rn · le.ss 

300300 

._13_9_1.3_. __ _.I IRAS,...,...._ (asparagus ingest ion ratIe - res,ident 

adult) g/ d,ay 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

._l1_2_.o __ ~l 1RA.S,r1:1s--.,;: (asp aragus i g1estio n rat e - resident 

,chi lal) g / ol ay 

1.0000790 I MLIF .. . a.g1.1, (asparagus mass loaol i g1 fact or) 

un it less 
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Residential Soil SS Inputs 
Particulate Emission Factor

Particulate Emission Factor 

Part icu late Emission Factor 

Default ... City (Climatic Zone) - Selection based on most likely cl imat ic condit ions for the site 

0.5 ... A5 (acres) 

1359344438 PEF (part iculate emiss ion factor) m3/ kg 

93.77 Q/Cwp / inverse of t he rat io of the geometric mean air concentrat ion to the emiss ion flux at center of a square 

source (g/m2-s per kg/m3) PEF Select ion 

16.2302 

18.7762 

216.108 

0.194 

A (Dispersion Co nstant) 

B (Dispersion Constant) 

C (Dispersion Constant) 

F(x) / funct ion dependant on Um/Uc derived using Cowherd et all. (1985) (unitless) 

~lo_.s ____ ~I V /fract ion of vegetative cover (unit less) 

~14_.6_9 ____ ~1 Um / mean annual wind speed (mis) 

~11_1 _.3_2 ___ ~1 Uc/ equ ivalent th reshold va lue (mis) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Res 2D Direct External 
Exposure

• 1
• 2
• 5
• 10

• 500
• 1000
• 2000
• 5000

• 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 (m2):
• 20
• 50
• 100
• 200

•10,000
•20,000
•50,000

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Res 2D Direct External 
Exposure Scenarios

• Infinite soil depth – “3D” model
• 1 cm soil depth
• 5 cm soil depth
• 15 cm soil depth

– Soil depth models based on mass (pCi/g)
• Contaminant dust on ground plane.

– Based on area, expressed in pCi/cm2.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Buried Waste
 PRG and DCC have option for the effects of clean soil 

on top of buried waste. Depth-specific gamma shielding 
factors (GSFos) 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 

cm 1, 2, 3, 4, 5, 6, 8, 10 m are available.
 Receptor outside and inside buildings

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Buried Waste (cont.)
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Assessment Calculator Training

Residential 2D SS Inputs 
Resident 

Exposure to Alternate External Sources 

EDr (exposure duration - resident) yr '-----~I GSFi (gamma shielding factor - indoor) unit less 

EFr (exposure frequency - resident) day/yr 

~11_6_.4_1_6_~1 ETr-i (exposure t ime - indoor resident) hr/ day 

1~1_.7_5_2 __ ~1 ETr-o (exposure t ime - outdoor resident) hr/day 

NOTES: 

t r (t ime - resident) yr 

1.0E-6 TR (target cancer risk) unit less 

1. Slab size for ACF in alt ernate external exposure equat ions is determined by area sellect ed in soil sect ion above 

2. Soil th ickness for GSF O in alternate external exposure equat ions is determined by area selected in soil sect ion above 

3. SF ext-gp =ground p lane externa I exposure slope factor (mrem-cm2/ pCi-yr). 

4. SF ext-sv=infinite soil volume external exposu re slope facto r (mrem-g/pCi-yr). 

5. SF ext-1cm=soil volume at 1 cm external exposure slope factor (mrem-g/pCi-yr). 

6. SF ext-Scm =soi I volume at 5 cm external exposure slope factor (m rem-g/pCi-yr). 

7. SF ext-1Scm=soil volume at 15 cm external exposure slope factor (mrem-g/pCi-yr). 

8. A=decay constant 

9. EDr = tr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Soil to Groundwater
• Identifies concentrations in soil that have 

the potential to contaminate groundwater 
above risk-based concentrations (RBCs) 
such as  PRGs or MCLs.

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

– Release of contaminant from soil to soil 
leachate.

– Transport of the contaminant through the 
underlying soil and aquifer to a receptor well.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Soil to Groundwater
SOIL TO GROUND WATER 

ft EA~ United States 
~~ Environmental Protection 
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Res Soil to GW – Soil Screening 
Levels

• SSLs accommodate partitioning between 
soil 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.

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

ft EA~ United States 
~~ Environmental Protection 
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Assessment Calculator Training

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 soil leachate concentration.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Soil to Groundwater SS Inputs – 
Dilution Factor for Migration to Groundwater

Dilution Factor for Migration to Groundwater 

Dilut ion Attenuation Factor 

Mixing Zone Depth 
[K( m) xi(~) xd (m)] 

DAF=1+ yr m 

i(;) xL(m) 

0 5 f [(-L(m) xl (m))1(K( m) x{~) xd (m))]1 
d(m) 0 (□□ 112'L(ml2) - "', (m), 1-e ~ ~ m a f 

'-11 ___ ___,I OAF (d ilution attenuat ion factor) unit less '-1-___ ___,I da (aquifer th ickness) m - site-specif ic 

'-1-___ ___,I K (aqu ifer hydraulic conduct iv ity) m/yr '-1-___ ___,I i (hyd raulic grad ient) m/m 

'-1-___ ___,I L (source length parallel to ground water fl ow) m '-lo_.1_8 __ ___,1 1 (infillt rat ion rate) m/yr 

d (mixing zone depth) m - site-spec if ic 

NOTES: 
1. The dilution factor (OAF) has a defau lt of 1 for a <= 0.5-acre sou rce. 

2. If DAF is known, enter it above. Or, to calcu late OAF, enter you r own site-specific values for the variables in the necessary 

fi elds above. 

3. When DAF is entered or ca lculated, the values fo r t he blue DAF boxes in t he Migrat ion to Groundwater sect ions below 

will be popu lated. lf OAF is not entered or ca lcu lated, the default va lue of 1 w ill! be used. 

ft EA~ United States 
~~ Environmental Protection 
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Residential Soil to Groundwater SS Inputs – 
Partitioning Equation for Migration to Groundwater

Partitioning Equation for Migration to Groundwater 

Method 1 

where: 

C = MCL or PRG x DAF 
w 

[ L J 8 water 

K (~) + w Lsoil 
d kg (kg) 

Pb L 

OAF (dilution attenuation fa ctor) unit less 

~11_.s __ ~I Pb (d ry soil bulk density) kg/L 

NOTES: 

~12_6 ___ ~1 t (t ime) yr 

~lo_.3 ___ ~1 ew (water-f il led soil poros ity) ~ ace/Lsoil 

1. The Part it ion ing Equat ion fo r Migrat ion to Ground Water is used by defau lt. To use the Mass-L imit Equation, enter va lues 

for the required parameters in the section below. 

2. The d ilution factor (DAF) has a default of 1 fo r a <= 0.5-acre source. 

3. If DAF is known, enter it in the Di lut ion Factor sect ion above. When DAF is entered or ca lculated in the sect ion above, the 

value fo r t he blue DAF box in t his sect ion w ill be populated . If OAF is not entered or ca lculated, the default value of 1 w ill 

be used. 

ft EA~ United States 
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Residential Soil to Groundwater SS Inputs – Mass-
Limit Equation for Migration to Groundwater

Mass-Limi1t Equation for Migration to Groundwater 

Method 2 

where: 

C = MCL or PRG x DAF 
w 

OAF (dilution attenuat ion factor) unit less 

I~• ---~I d5 (depth of source) m - site-specific 

NOTES: 

I ~7_0 ___ ~1 EDgw (exposu re durat ion) yr 

~I1_.s __ ~I Pb (dry soil bulk density) kg/L 

1. The Partit ioning Equation fo r Migrat ion to Groundwater above is used by defau It. To use t he Mass-Li mit Equat ion, enter 

values for ED, d5, and Pb in th is sect ion and enter a value for I in the Dilution Factor sect ion above. 

2. The dilut ion factor (DAF) has a defau lt of 1 fo r a <= 0.5-acre source. 

3. If DAF is known, enter it in the Di lut ion Factor section above. When DAF is entered or calcu lated in the sect ion above, the 

value fo r the blue OAF box in this sect ion will be populated . If OAF is not entered or callcullated, t he defau lt value of 1 will 

be used. 

ft EA~ United States 
~~ Environmental Protection 
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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.

FISH 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Fish SS Inputs
Resident 

Exposure to Consumption of Fish 

Ingestion Exposure 

Fish Ingest ion 

PRG fh (pCi/g)= () ( ) TR ( ) res- s -ing SF risk xEF 350 day xED (26 yr)xlRF 54 g x CF (1) 
fsh pC1 r yr r a day fish 

EDr (exposure du rat ion - resident) yr 

EFr (exposure frequency - resident ) day/yr 

~154_. --~I I RF a (flsh intake rate - adullt ) g/day 

NOTES: 
1. SF 0 =food dose conversion factor (mrem/ pCi). rad-specif ic 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

1.0E-6 

t r (t ime - resident) yr 

TR (target cancer risk) unit less 
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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.

ft EA~ United States 
~~ Environmental Protection 
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Composite Worker Scenario

COMPOSITE WO~KER SOIL 2-D EXTERNAL EXPOSURE 

ft EA~ United States 
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Composite Worker Scenario

COMPOSITE WORKER AIR 

'Ti--N----i---r1CM 
SCM 

r---tt--N-_J_--+15 CM 

ft EA~ United States 
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~, Agency 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Outdoor Worker Scenario

• Expected to have an elevated soil ingestion 
rate (100 mg/day); most highly exposed 
receptor in the outdoor environment under 
commercial/industrial conditions.

• Exposure pathways:
– Ambient air
– Soil
– 2D direct external exposure

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Outdoor Worker Common Parameters

Parameters Common to all Exposure Route Equations 

~l2_s __ ____,I ED0 w (exposure du rat ion - outdoor worker) yr t0 w (t ime - outdoor worker) yr 

I~2_25 __ ____,I EF ow (exposure frequency - outdoor worker) day/yr LI 1 _.0_E-_6 _ __JI TR (target cancer risk) u nit less 

l~a ___ ~I ET0 w (exposure t ime - outdoor worker) hr/day 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Outdoor Worker Ambient Air SS Inputs 
– Internal and External Exposure

day/yr 

ED0 w (exposure durat io n - ou tdoor worker) y r 

EF ow (ex posure frequency - outdoor worker) 

ET 0 w (exposu re t im e - o ut door w orker) h r 

'-I1 ___ ___,I GSFa (gam m a sh ield ing fa cto r - air ) unit less 

NOTES: 
1. SFi=inhalat ion slope fact or (r isk/ pCi). rad-specif ic 

2. SF sub =subm ersion slope fa ct o r (risk/pCi). rad-spec ific 

3. )\.=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~l6_0 ___ ~I IRA0 w (inhalat ion rate - out door worker) m3/ day 

t 0 w (t ime - outdoor worker) yr 

1.0E-6 TR (target cancer r isk) u nit less 
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Outdoor Worker Soil

• Exposure pathways
– Incidental ingestion of soil
– Inhalation of dust particulates emitted from soil
– External exposure to ionizing radiation

OUTDOOR WORKER SOIL 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Outdoor Worker Soil SS Inputs
Ingestion, External, and Inhalation Exposure

~I S_e_le_c_t _a_s_la_b_s_i_ze __ ~ .., I Sia b size for ACF 

~I S_e_le_c_t _a_s_o_i l_t_h_ic_kn_e_s_s_c_o_v_e_r _la~y_er __ ..,~lse lect cover I ayer 

th ickness for GSF O (ga 111 111a shielding facto r - outdoor) 

day/yr 

NOTES: 

ED0 w (exposure durat ion - outdoor worker) yr 

EF ow (exposure frequency - outdoor worker) 

ET ow (exposu re time - outdoor worker) hr/day 

1. SFi=inhalat ion slope factor (risk/pCi). rad-specif ic 

2. SF 0 =ingest ion slope facto r (ri sk/ pCi). rad-spec ifi c 

~16_0 ___ ~1 1 RA0 w (inhalat ion rate - ou tdoor worker) m3/day 

~---~I I R0 w (so i I intake rate - outdoor w orker) mg/day 

t0 w (t ime - outdoor worker) yr 

1.0E-6 TR (target cancer risk) unit less 

3. SF ext-sv=externa l exposure slope factor (risk-yr/pCi-g). rad-specif ic 

4. tow=EDow 

5. A=decay constant 

6. Q/Cwind=calcu lat ions based on sit e size and cl imact ic zone. Furt her details on the derivat ion of Q/ Cw can be found in 

Appendix D 

7. A, B, C = PEF region-specific d ispersion constants (u nit less) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Outdoor Worker 2D Direct External 
Exposure (cont.)

day/yr 

NOTES: 

ED0 w (exposure durat ion - outdoor worker) yr 

EF ow (exposure frequency - outdoor worker) 

ET 0 w (exposure time - outdoor worker) hr 

1.0E-6 

t0 w (t ime - outdoor worker) yr 

TR (target cancer risk) unit less 

1. Slab size for ACF in alt ernate external exposure equat ions is deter mined by area sellect ed in soil section above 

2. SF ext-gp =ground p lane ext ern a I exposure slope fact or (risk-yr/ pCi-g). rad-specif ic 

3. SFext-sv=infinite soil volume external exposu re slope facto r (risk-yr/pCi-g). rad-specifi c 

4. SF ext-1cm=soil volume at 1 cm external exposure slope facto r (risk-yr/pCi-g). rad-specific 

5. SF ext-Scm =soi I volume at 5 cm external exposure slope facto r (risk-yr/pCi-g). rad-specif ic 

6. SF ext-, scm=soil volume at 15 cm externa l exposure slope factor (risk-yr/pCi-g). rad-specific 

7. tow=EDow 

8. A=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Buried Waste

 Revised PRG and DCC added option for buried waste. 
Depth-specific gamma shielding factors (GSFos) 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 cm 

and 1, 2, 3, 4, 5, 6, 8, 10 m are available.
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Buried Waste (cont.)
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Indoor Worker Scenario

• Long-term receptor for an indoor worker 
spends most, if not all, of the workday 
indoors. Thus, an indoor worker has no 
direct contact with outdoor soils. 

• 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).

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker Exposure 
Pathways

• Ambient air
• Soil
• 2D alternate external exposure

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker - Soil

INDOOR WORKER SOIL 2-D EXTERNAL EXPOSURE 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker - Air

INDOOR WO-Rl<ER AIR 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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.

• Exposure Pathways
– Inhalation
– External exposure to contaminants in air

Parameters Common to a1II Exposure Route Equations 

1~2_5 --~I EDiw (exposure du ration - indoor worker) yr 

l~2_so __ ~I EFiw (exposure frequency - indoor worker) day/yr 

l~s ___ ~I ETiw (exposure t ime - indoor wor ker) hr/day 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

t iw (time - indoor worker) yr 

'-I 1 _.0_E-_6_~I TR (target cancer risk) u nit less 
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Indoor Worker Ambient Air SS Inputs – 
Inhalation and External Exposure

EDiw (exposure duratio11 - indoor worker) yr 

EFiw (exposure freque11cy - indoor worker) day/yr 

ET;w (exposure t ime - indoor worker) hr 

'-I1_.o ___ _JI GSFa (gamma sh ielding factor - air) u11 it less 

NOTES: 
1. SFi=inhalat ion slope factor (risk/pCi). rad-specif ic 

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

3. A=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

160 I I RAiw (i nhalat io11 rate - indoor w orker) m3/day 
~---~ 

1.0E-6 

t ;w (time - indoor worker) yr 

TR (target cancer risk) unit less 
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Indoor Worker Soil

• No direct contact with outdoor soil.
• 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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker Soil
INDOOR WORKER SOIL 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker Soil SS Inputs
Ingestion, External, and Inhalation Exposure

l~s_e_le_c_t _a_s_la_b_s_i_ze __ ~" I Slab size fo r ACF 

EDiw (exposure du ration - indoor worker) yr 

EFiw (exposure freq uency - indoor worker) day/yr 

ETiw (exposure t ime - indoor worker) hr/day 

~lo_.4 ___ ~I GSFi (gamma sh ield ing factor - indoor) un it less 

NOTES: 

1. SFi=inhalat ion slope factor (risk/pCi). rad-specif ic 

2. SF0 =ingestion slope factor (risk/ pCi). rad-spec if ic 

~I6_0 ___ ~1 IRAiw (inhalat ion rate - indoor worker) m3/day 

~---~I IRSiw (soil intake rate - indoor worker) mg/day 

t iw (time - indoor worker) yr 

1.0E-6 TR (target cancer risk) unit less 

3. SF ext-sv=external exposure slope factor (risk-yr/pCi-g). rad-specif ic 

4. t iw=EDiw 

5. A=decay constant 

6. Q/Cwind=calcu lat ions based on site size and cl imactic zone. Further details on the derivat ion of Q/Cw can be found in 

Appendix D 

7. A, B, C = PEF region-specif ic d ispersion consta nts (unit less) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker 2D Alternate 
External Exposure

• Exposure 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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Indoor Worker 2D SS Inputs (cont.)

NOTES: 

EDiw (exposure duration - indoor worker) yr 

EFiw (exposu re frequency - indoor worker) day/yr 

ETiw (exposure t ime - indoor worker) hr 

~---~I GSFi (ga mma shielld ing factor - indoor) un it less 

t iw (time - indoor worker) yr 

1.0E-6 TR (target cancer risk) unit less 

1. Slab size fo r AC F in alternate externa l exposu re equations is determined by area selected in soil section above 

2. SF ext-gp =ground p lane extern a I exposure slope factor (risk-yr/pCi-g). rad-specif ic 

3. SFext-sv=infinite soil vo lume externa l exposure slope facto r (risk-yr/pCi-g). rad -specific 

4. SF ext-1cm=soil vo lume at 1 cm external exposu re slope factor (r isk-yr/ pCi-g). rad-specifi c 

5. SF ext-Scm =soi I vo lume at 5 cm external exposu re slope facto r (risk-yr/ pCi-g). rad-specifi c 

6. SF ext-1Scm=soil volume at 15 cm external exposure slope factor (ri sk-yr/pCi-g). rad-specific 

7. t iw=EDiw 

8. ;\.=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 soil ingestion rate

 Exposure pathways
– Incidental ingestion of soil
– Inhalation of dust particulates emitted from soil
– External exposure to ionizing radiation

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

coNSTRuci: eN WORKER cuNPAvED ROAD TRAFFIC> 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

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

Parameters Common to all Exposure Route Equations 

~----'I DWCJ'/ (days worked - const ruct ion worker) day/wk ~----'I EWcw (weeks worked - const ruction worker) wk/yr 

EDcw (exposure durat ion - construct ion worker) tcw (t ime - const ruction worker) yr 

yr 

EF cw (exposure frequency - construct ion worker) 
'-11_.0_E_-6 __ _,I TR (target cancer risk) unit less 

day/yr 

'-18 ___ ~1 ETcw (exposure t ime - co nst ruct ion worker) hr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

day/wk 

yr 

day/yr 

wk/yr 

NOTES: 

DW(W (days worked - const ruct ion worker) 

EDcw (exposure durat ion - const ruction worker) 

EF cw (exposure frequency - construct ion worker) 

ET cw ( exposure t ime - co nst ruct ion worker) hr 

EWcw (weeks worked - construction worker) 

1. SFi=inhalat ion slope factor (risk/pCi). 

2. SF su b =su bmersion slope factor (risk/pCi) 

3. tcw = ED,cw 

4. A=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~11 ___ ~1 GSFa (gamma shielding factor - air) unitless 

.__ ___ _,I I RAcw (inhalation rate - const ruct ion worker) m3/day 

tcw (t ime - construction worker) yr 

1.0E-6 TR (target cancer ri sk) unit less 
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

OW= (days worked - construct ion worker) 

day/wk 

EDcw (exposure durat ion - constr uction worker) 

yr 

EF cw (exposure frequency - construct ion worker) 

day/yr 

ETcw (exposure t ime - co nstruct ion worker) hr 

NOTES: 

wk/yr 

1.0E-6 

EWcw (weeks worked - construct ion worker) 

tcw (t ime - const ruct ion worker) yr 

TR (target cancer risk) un it less 

1. Slab size for ACF in alte rnate external exposure equations is deter mined by area sellect ed in soil sect ion above 

2. SF ext-gp =ground p lane externa I exposure slope factor (mrem-cm2/ pCi-yr). 

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

4. SF ext-1cm=soil volume at 1 cm external exposure slope factor (mrem-g/pCi-yr). 

5. SF ext-Scm =soi I volume at 5 cm external exposure slope factor (m rem-g/pCi-yr). 

6. SF ext-1Scm=soil volume at 15 cm external exposure slope factor (mrem-g/pCi-yr) . 

7. A=decay constant 

8. EDr = tr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Construction Worker
Standard Unpaved Road Vehicle Traffic (Site-specific only)

~I S_e_le_c_t _a_s_la_b_si_1ze __ ~ ... I Slab size fo r ACF 

I Select a soil th ickness cover layer ..- !select cover layer 
~----------~--~ 
t hickness fo r GSF O {gamma sh ield ing factor -outdoor) 

DW°"' (days worked - const ruct ion worker) 

day/wk 

EDcw (exposure durat ion - const ruct ion worker) 

yr 

EF cw (exposure freq uency - const ruct ion worker) 

day/yr 

ET cw (exposure t ime - co nst ruct ion worker) hr 

NOTES: 
1. EF cw = freq (weeks/year) * days (days/week); 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

EWcw (weeks worked - const ruction worker) 

w k/yr 

~16_0 ___ ~1 1 RAcw (soi I inhalat ion rate - construct ion worker) 

m3/day 

~I3_3_0 __ ~I IRScw (soil ingest ion rate - const ruct ion worker) 

mg/day 

1.0E-6 

tcw (t ime - const ruction worker) yr 

TR (target cancer risk) unit less 
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Construction Worker (PEF)
Standard Unpaved Road Vehicle Traffic (Site-specific only)

120 I WR (width of road segment) ft 

lo.2 I Mdry (road surface material moisture content 

under dry, uncontro lled condit ions) % 

'-------'I number of cars 

~----~I number of t rucks 

'-------'I tons/car 

12.9351 

147.58077 

274.21393 

segment) m2 

5.7383 

71.7711 

0.185837208 

A (Dispersion Co nstant) 

LR (length of road segment) ft 

AR (surface area of contaminated road 

B (Dispersion Constant ) 

C (Dispersion Constant) 

F0 Unit less Dispersion Correct ion Factor 

total number of vehicles 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~----~I tons/ t ruck 

~---~I p (Rai nfall Zone) (number of days w ith at least 0.0 

cm precipitat ion) day/year 

18.5 I s (road surface sil t content ) % 

io.s I~/ (acres) PEF 

EVKT (sum of fl eet vehicle km t ravelled) km 

W (mea n vehicle weight ) tons 

distance (road length) km/day 

PEF5c (part iculate emiss ion factor) m3/ kg 

23.01785 Q/Csr (inverse of the ratio of the 1-h. geomet ri 

mean air concentrat ion to t he emission flux along a st raight road 

segment bisect ing a square site (g/ ) g/ni2-s per kg/m3 

8400 tc (duration of const ruction) hours 

7200000 T (t ime over which t raffic occurs) s 
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Construction Worker (PEF)
Standard Unpaved Road Vehicle Traffic (Site-specific only)

P EF ~ = ___Q_ [ m3 l 
2.6 X (~)08 X (~)04 

sc kg soil C sr 

(
lvl )0 .3 
~ 
0.2 

Q [~] "A ' "P (1"", ( a~rn)-s)' l 
"R ( m2)=LR (ft) x WR (20 ft) x 0.092903 ( :~) 

number of cars x - + number of trucks x --( tons tons) 

w( ) car truck 
tons = ----------------

Iota Ive hicle s 

( 365 (~1_ p(days1J 
year) year) 

x ~--~-~-~ x 281 .9 x z VKT(km) 
365(days l 

year) 

z VKT (km) = total vehichles x distance (~ l x EW (weeks l x ow (days) 
day) cw year) cw week 

T (7200000 s) = ED (1 r)xEF (250 daysJxET (8 hrsJx( 3600 s) 
cw Y cw year cw day hr 

F0 (□ .18584)=0 . 1852 + (53537 /tc) + (-9631811/) 

I (8400 hr) =ED (1 yr) x EW (50 wksJ x (7 days) x (24 hrs) 
c cw cw year week day 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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 soil ingestion rate

 Exposure pathways
– Incidental ingestion of soil
– Inhalation of dust particulates emitted from soil
– External exposure to ionizing radiation

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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

coNsrRucr. ef{.I WORKER cuNPAvED ROAD TRAFF1c> 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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

I I Ac,doz (area l extent of dozing) acres I I NA,grade (number of t imes site was graded) 

I I Aexcav (a rea of excavation site) m2 111 .4 I Sdoz (dozing speed) kph 

I I Ac-grade (areal extent of grad ing) acres 111 .4 I Sg,ade (dozing speed) kph 

I I A.m (a rea l extent of t illing) acres I I dexcav (average depth of excavat ion site) m 

I I B1 (dozing blade length) m 11.68 I Psoil (density) g/cm3 • chemical-specific 

I I B1 (grad ing blade length) m io.s I A,/ (acres) PEF 

17,9 I Mm·doz (Gravimetric soil moisture content)% 16,9 I sdoz (soil si It content) % 

112 I M m·excav (G ravimetr ic soil moisture content) % 118 I s, 11 1 (soil si It content ) % 

12 I NA-dump (number of t imes soil is du mped) 14,69 I Um (mean annual wind speed) m/s 

12 I NA-ti ll (number of t imes soil is t illed) 111.32 I U, (equivalent th reshold value) mi s 

I I NA·do, (number of t imes site was dozed) lo IV (fract ion of vegetat ive cover) 

M,m (d ust emitted from t ill ing operat ions) g Elhfr A {Dispersion Constant) 

EMiik A,urf (area l extent of site) m2 
&,Q:j:8:hJM Mwind (dust emit ted by wind erosion) g 

,u,aa, B (Dispersion Constant) 
LVKTdoz (sum of fleet vehicle km traveled) kn 

ll=a!•ZE2· C (Dispersion Constant) 
LVKTg,ade (su m of fleet vehicle km trave led) ~ 

j,&,:fi:QWu:i Fo Unit less Dispersion Correct ion Factor l'HGt F(x) (function dependant on Um/U, derived 

J ·T (g/m2s) 
using Cowherd et al. (1985)) 

PEF • sc (particu late emiss ion factor) m3/kg 

Mdoz {dust emitted from dozing operat ions) g ll&lillf QI C,a (inverse of the rat io of the geometric 

Mexcav (dust emitted from excavat ion so il mean air concentrat ion to the em ission flux at t he cente r of a 

dumping) g square source) g/m2-s per kgtm3 

Mgcade (dust emitted from grading operat ions) UM• t, (duration of construct ion) hours 

g WmMm T (t ime over which traffic occurs) s 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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

[ um(~ir 
rv, ( g) = o .35 x 0 .001 6 x ~ x p .1 [!':'1.g_) x A (m2 ) x d (m) 

excav ( ( ) )1 4 so i 3 e xcav excav M % • m 
m -excav 

2 

x NA d x 1000 (.JL) - ump kg 

( - x 0 .45xs do z (%)1 .5 x :E VKTdo z (km) x ( g J 
lvldo z g ) - 0 .75 o 1.4 S (km) 1000 kg 

(Mm- doz ( Yo )) d oz hr 

rv, g r a d e (g) = 0 .60 x 0 .0056 x s gra d e (~~)
2

•
0 

x :,::VKTgra d e (km) x 1ooo(k9g) 

a nd: 

tvltlll (g) = 1 .1 xstill (%)0 •6 x A c- till (acre s ) x 4047 [ a: :e J x 10 -4 (:~ ) x 1ooo(kgg ) x NA- till 

wh e r e::,:: V KTgra d e (km) =Ac _ gra d e ( ac res) x 4 0 4 7 [ m
2 

) x __1__() x ( ) x NA- gr a d e 
acr e B 9 m 1000 ~ 

km 

w h e r e: :;;VKTdo z (km) =J\:- doz ( ac res) x 4047[ m
2 J x __1__() x ( ) x NA- do z 

ac re s 9 m 1000 ~ 
km 

T (72 00000 s) = E D (1 y r )xE F ( 25 0 d ays ) xET ( 8 hrs ) x ( 3600 sJ 
DN cw yea r cw d ay hr 

FD (□ . 18584 ) = 0 1852 + (5 3537 / t c ) + ( -9 6 3 18 /t c 2 ) 

t (8 400 hr) = ED (1 yr) x E W ( 5 0 w k s J x ( 7 days ) x ( 2 4 hr s ] 
c cw cw year we ek da y 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator Scenario

• Extension of residential scenario.
• There are no default exposure parameters.
• Age-adjusted for change in intake as the 

receptor ages.
• Main pathways: soil, water, wild game, air

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator Common Parameters

Parameters Common to all Exposure Route Equations 

EDrec (exposure duration - recreator) yr 

~I• ---~I EDrec-a (exposure duration - recreator adult) yr 

~I• ---~I EDrec-c (exposure du ration - recreator ch ild) yr 

EFrec (exposu re frequency - rec reator) day/yr 

.__ ___ _,I ET rec (exposure t ime - recreato r) hr 

.__ ___ _,I ET rec-a (exposure t ime - recreator adult ) h r 

.__ ___ _,I ETrec-c (exposure t ime - recreat or child) hr 

t ree (t im e - recreator) yr 

I~• ---~I EFrec-a (exposu re frequency - rec reator adult) day/yr 11 .0E-6 I TR (target cancer risk) u n it less 

~I• ---~I EFrec-c (exposure frequency - recreator ch ild) day/yr 

NOTES: Changes in t hese parameters w ill be copied down t o all the media containers, how ever you may change each media va lue 

independent lry as well in the f ields below . 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator Soil

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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator Surface Water

• Exposure pathways
– Incidental ingestion of water
– Inhalation of vapors NOT addresed
– External exposure to ionizing radiation
– Consumption of game

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator SS Inputs for Soil

~I S_e_le_c_t_a_s_l_ab_ s_iz_e ___ •~I Slab size fo r ACF 

~I S_e_le_c_t_a_s_o_i_l t_h_ic_k_n_e_ss_ co_v_e_r_la_y~e_r_~• lselect cover laye r 

th ickness fo r GSF O (gamma shielding factor - outdoor) 

- EDrec (exposure du ration - recreator) yr 

LI• ___ ___,I EDrecs-a (exposure duration - recreator adult) yr 

LI• ___ ___,I EDresc-c (exposure duration - rec reator child) yr 

- EF,ec (exposu re frequency - rec reator) day/yr 

IL• ___ ___,I EF,ecs-a (exposure frequency- recreator adult) 

day/yr 

IL• ___ ___,I EF,ecs-c (exposure frequency - recreator child) day/yr 

IL• ___ ___,I ETrec (exposure t ime - recreato r) hr/day 

IL• ___ ___,I ETrecs-a (exposure t ime - recreator) hr/day 

NOTES: 

1. SF 0 =oral ingestion dose conversion facto r (risk/pCi). 

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

3. SF exr-sv=external exposure slope factor (risk-g/pCi-yr). 

4. ED,ec = t,ec 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Ll• ___ ___,I ETrecs-c (exposure t ime - recreator) hr/day 

- IFArec-adj (age-adjusted inhalat ion rate -

recreator) m3 

- IFS,ec-adj (age-adjusted soil intake rate -

recreator) mg 

120 IRA,ecs-a (inha lat ion rate - recreator adu lt) m3/day 

Ll1_o ___ _j IRA,ecs-c (inhalation rate - recreato r child) m3/day 

Ll1_0_0 ___ ..., IRSrecs-a (soil intake rate - recreator adu lt) mg/day 

Ll2_0_0 __ ___, IRSrecs-c (soil intake rate - recreator ch ild) mg/day 

- t ree (time - recreator) yr 

'-l1_.0_E_-6 __ _jl TR (target cancer risk) un it less 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator SS Inputs for Air

EDrec (exposure duration - recreator) yr I- I El rec-c (exposure t ime - recreator child) hr 
----~ 

.__ ___ _,I EDrec-a (exposure duration - recreator adult ) yr I GSF a (gamma sh ield ing fact or - air) unitless 
-----

.__ ___ _,I EDrec-c (exposure du ration - recreator child) yr 1 FArec-adj (age-adj usted inhalation factor) m3 

EFrec (exposu re frequency) day/yr I IRArec-a (inhalat ion rate - recreator adu lt) m 3/day 
----~ 

EFrec-a (exposure frequency - rec reator adult) day/yr .__ ___ _, I IRArec-c (inhalat ion rate - recreator child) m3/day 
-----

----~ 
EFrec-c (exposure frequency - recreator ch ild) day/yr t ree (t ime - recreator) y r 

.__ ___ _, ET rec (exposure t ime - recreato r) hr I1.0E-6 I TR (target cancer risk) unit less 
----~ 

.__ ___ _, ET rec-a (exposure t ime - recreator adult ) h r 

NOTES: 
1. SFi=inhalat ion slope factor (risk/pCi). 

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

3. t r = EDr = EDr-c + EDr-a 

4. A=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator SS Inputs for 2-D Analysis

EDrec (exposure du ration - recreator) yr t ree (t ime - recreator) yr 

EFrec (exposure frequency - recreator) day/yr 1.0E-6 TR (target cancer risk) unit less 

~l• ____ ~I ET rec (exposure t ime - recreator) hr 

NOTES: 
1. Slab size fo r ACF in alternate exte rna l exposure equations is determined by area select ed in soil sect ion above 

2. SF ext-gp=ground p lane external exposure slope fact or (mrem-cm2/ pCi-yr). 

3. SF exr-sv=infinite soil volume external exposure slope facto r (mrem-g/pCi-yr). 

4. SF ext-1cm=soil volume at 1 cm external exposu re slope factor (mrem-g/ pCi-yr). 

5. SF ext-Scm =soi I volume at 5 cm external exposure slope factor (m rem-g/pCi-yr). 

6. SF ext-1Scm=soil volume at 15 cm external exposure slope factor (mrem-g/pCi-yr). 

7. )\=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator SS Inputs for Surface Water

DFArecw-adj (age-adjusted immersion factor -

EDrec (exposure duration - recrea tor) yr 

~l• ____ ~I EDrecw-a (exposure durat ion - recreator adult ) yr 

~l• ____ ~I EDrecw-c (exposure durat ion - recreator child) yr 

~l• ____ _.I EFrecw-a (exposure frequency - recreator adu lt ) 

day/yr 

~l• ____ ~I EFrecw-c (exposure frequency - recreator ch ild) 

day/yr 

~l• ____ ~I ETrecw-a (exposure t ime - recreator adult) hr/day 

NOTES: 
1. SF 0 =oral ingest ion slope factor (risk/ pCi). 

2. SFr=food ingest ion slope factor (risk/ pCi) . 

3. SFi=inhalat ion slope factor (risk/pCi). 

4- EDrec = t ree 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~l• ____ ~I ETrecw-c (exposure t ime - recreator child) hr/day 

~l• ____ ~I EVrecw-a (number of bat hing events per day -

recreator adult) event/day 

1- I EVrecw-c (number of bathing events per day -

recreator chilld) event/day 

IFWrecw-adj (age-adj usted water intake rate -

recreator) L 

10.os I IRwrecw-a (wate r intake rate - recreator adult) L/hr 

lo.OS I I RW recw-c (water intake rate - recreator ch ild) L/h r 

1.0E-6 TR (target cancer risk) un it less 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Recreator SS Inputs for Game

~11 ___ ~1 CFrec-fo (fow l contaminated fraction) unit less 

.__ ___ _,I CFrec-ga (ga me contaminated fract ion) unit less 

EDrec (exposure du ration - recreator) y r 

EF rec (exposure frequency - recreator) day/yr 

~11 ___ ~ fp-fowl (fow l on-site fract ion) un it less 

~11 ___ ~ fp-game (land game on-site fract ion) unit less 

~11 ___ ~ fs-fowl (fract ion of yea r fowl is on srte) unit less 

~11 ___ ~ fs-game (fraction of year land game is on site) 

unit less 

~l• ___ ~I IRGL,ec (fowl consumpt ion rate) g/day 

~I• ---~I I RGF rec (land game consu m ptron rate) g/day 

NOTES: 
1. SF O =food ingest ion slope factor (r isk/pCi). rad-specific 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

l~o_.2_5 __ ~1 MLF (game pasture plant mass load ing factor) 

un it less 

~---~ 
Op-fowl (fow l fodder intake rate) kg/day 

~---~ 
Op-game (land game fodder intake rate) kg/day 

Os-fowl (fow l soil intake rate) kg/day 
~---~ 

~---~ 
Os-game (land game soil intake rate) kg/day 

Ow-fowl (fowl w ater intake rate) kg/day 
~---~ 

~---~ 
Ow-game (land game water intake rate) kg/day 

1.0E-6 TR (target cancer risk) unit less 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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.
• Main pathways: soil and livestock 

consumption
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer Scenario
FARMER SOIL WATER 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer Soil

• Exposure pathways
– Incidental ingestion of soil
– Inhalation of particulates emitted from soil
– External exposure to ionizing radiation
– Consumption of fruits and vegetables

• 100% home grown

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer Water

• Exposure pathways
– Incidental ingestion of water
– Inhalation of volatiles from water
– External exposure to ionizing radiation
– Consumption of fruits and vegetables

• 100% home grown

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer Livestock Consumption

• 100% homegrown livestock consumption
• All feed for animal products considered 

grown on contaminated media on site.
• Scenarios:

– Meat (cattle, goat, sheep)   – Swine
– Milk (cow, goat, sheep)    – Eggs
– Poultry (chicken, goose,    – Fish

turkey, duck)  
– Produce (25 categories)

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs
Common Parameters

Parameters Common to all Exposure Route Equations 

EDf (exposure durat ion - fa rmer) yr 

~---~I EDf-a (exposure durat ion - fa rmer adu lt ) yr 

~---~I EDf-c (exposure durat ion - fa rmer child) yr 

EFf (exposure frequency - fa rmer) day/yr 

~13_5_0 __ ~1 EFf-a (exposure frequency - fa rmer adu lt) day/yr 

~13_5_0 __ ~1 EFf-c (exposure frequency - fa rmer child) day/yr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

124 I ETf (exposure t ime - fa rmer) hr 
~---~ 

~12_4 ___ ~1 El f-a (exposure t ime - farmer adult ) hr 

124 I ETf-c (exposure t ime - fa rmer ch ild) hr 
~---~ 

lt (t ime - fa rmer) yr 

11 .0E-6 I TR (target cancer risk) unit less 
~---~ 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs for Air

EDf (exposure durat ion - fa rmer) yr 

'-----~I EDf-a (exposure durat ion - fa rmer adult) yr 

'-----~I EDf-c (exposure durat ion - fa rmer child) yr 

EFf (exposure frequency - fa rmer) day/yr 

~13_5_0 __ ~1 EFf-a (exposure frequency - fa rmer adult ) day/yr 

'-----~I EFf-c (exposure frequency - fa rmer child) day/yr 

El f (exposure t ime - farmer) hr 

~12_4 ___ ~1 El f (exposure t ime - farmer adult ) hr 

NOTES: 
1. SFi=inhalat ion slope factor (risk/pCi). 

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

3. ;\=decay constant 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

124 I El f (exposure t ime - fa rmer ch ild) hr 
-----

~11 ___ ~1 GSFa (gamma shielding factor - air) unitless 

259000 IF-At.adj (age-adjusted inhalat ion factor - farmer) 

m 3 

~l2_o ___ ~I IRAf-a (inhalat ion rate - fa rmer adult ) m3/day 

I IRAf-c (inhalat ion rate - fa rmer child) m3/day 
-----

tf (t i me - farmer) yr 

I 1.0E-6 I TR (target cancer ri sk) u nit less 
----~ 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs for Soil
I select site area v ls ite area for ACF 

I select a cove r layer v lcover layer t hickness fo r GSF0 

I select a cover layer vi Cove r layer t hickness for GSFb 

- EDr., (exposu re durat ion - fa rmer) yr 

Ll3_4 ___ __JI EDfa...-a (exposure duration - fa rmer adult) yr 

Ll6 ____ I EDfa...-, (ex posu re du rat ion - farme r child) yr 

- EFfa, (ex posu re freque ncy) day/ yr 

LI l_O_.o_o_a __ l ETra,-, (indoor ex posu re t ime fract ion) hr / day 

Lll_2_._16_8_~I ETra,-o (ou tdoor exposu re t ime fraction) hr/ day 

LI 0_._4 ___ I GSF, (gamma shield ing factor - indoor) 

F#Mm IFAi.,-adj (age- adjusted soil inhalat ion factor) m3 

uijmnmM IFSfa,-adj (age-adjusted soil ingest ion facto r) mg 

~l2_o ___ ~I IRAra,-. (inhalat ion rate - fa rmer adu lt) m ' / day 

LI l_O ____ I IRAra,-, (i nhalat ion rate - fa rmer ch i ld) m' / day 

Ll3_S_O __ __J EFra,-. (exposu re frequency - fa rmer adult) day/ yr LI l_O_O __ ~I IRSr.,-. (soi l ingest ion rate - fa rmer adu lt) mg / day 

Ll3_s_o __ __J EFfa...-, (exposu re freq uency - fa rme r ch ild) day/ yr ~l2_0_o __ ~l 1RSra,..., (soil ingest ion rate - fa rme r chi ld) mg / day 

Ll2_4 ____ ET1.,-a (ex posu re t ime - farmer adult) hr/ day - tr., (t ime - fa rmer) yr 

~I2_4 ___ __J ET1.,_, (exposu re t ime - fa rmer ch ild) hr / day 
LI l_.O_E_-_6_~I TR (target cance r risk) unit less 

NOTES: 

1. SF,=soi l ingestion slope fact or (risk / pCi). 

2. SF,= inhalat ion slope factor (risk / pCi). 

3. SF.,,_,.=external exposu re slope factor (risk-g / pCi-yr). 

4. EDr., = tr., 

5. X=decay cons tant 

6. OsGSF,s l 

7. Q/ Cw,nd= calculat ions based on site size and cl imact ic zone. Further details on the de rivat ion of Q/ C . can be 
found in Append ix D w,

nd 

8. A, B, C = PEF reg ion- specif ic d ispersion constants (un it less) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs for Produce
Parameters Common to all Agriculrural Products 

Produce Consu mpt ion - back calcu lated to soi l 

Produce Consumpt ion - back calculated t o soi l and water 

Produce Consumpt ion hack calculated to water 

Produce consu mpt ion - di rect 

- EDt.., (exposure dur,at ion - farmer) yr 

Ll3_4 ___ _,I ED .. ,-~ (exposure durat ion - farm er adu lt) yr 

Ll6 ___ __,I EDt..,-c (exposure d urat ion - fa.rmer ch ild) yr 

- Ef • .,...,. exposure frequency - farmer adult ) 

day/ y r 

- EF, c (exposure frequency - farmer child) 

day/ y r 

11 .OE- 6, I TR (t arget cancer risk) un it less 

::====:::::'...., 
Tem perat e v Cl imate z one 

Default v S.o il type 

c__ ___ _,I LF i,a• t (past ure p,lant mass loading fact or) 

unitless 

.._lo_.2_s __ __,I F (i rr igat io n per iod) unit less 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~lo_.4_2 ___ 11, (intercept ion fr act ion) un it less 

~13_.6_,2 ___ 11, (irr igat io n rat e) L/ mLday 

10.00002 7 I A1,1L (soil leac hin,g r ate) l / day 

.._12_4_0 __ __,I P (a.rea density f or root zone) kg/ m2 

~11 ____ 1 T (translocat ion fact or) unit less 

.... l1_0_9_s_o_~I tb (lon g term d epos it ion and bui ldup) day 

.... 16_0 ___ ~1 t,. (albove ground exposure t im e) day 

.... 11_4 ___ ~1 \,, (weat heri ng 11.alf- life) day 

.... l2 ___ ~l yv (plant yield - wet) kg/ m2 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs for Produce

Select Produce Items to lndude 

m Toggle All m Okra 

m App les m Onions 

m Asparagus m Peaches 

m Beets m Pears 

m Berries m Peas 

m Broccoli m Peppers 

m Cabbage m Potatoes 

m Carrots m Pumpkin 

D Cereal Grai ns D Rice 

m Ci t rus Fruits m Snap Beans 

m Corn m Strawberries 

m Cucumbers m Tomatoes 

m Lettuce Toggle intake rates: @ Fresh weight 0 Cooked weight 

m Lima Beans 

To comp letely remove produce from the output, un-check the 'Toggle All' box. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Farmer SS Inputs for Produce
Apples 

._li ___ ___,I CFf:ir- :ippla (contaminated app le fract ion) unitfes.s 

jf f;fJ•fJ•M IFAP:.,--.dj (age- adj usted apple ingest ion facto r) 

._ls_4_.7 __ ___,I IRAP.,,_, (apple ingestion rate - farmer adu lt) 

g/ day 

._ls_2_.9 __ _,I IRAP,~--< (apple i ngest ion rate - far mer chi ld) 

g / day 

lo.000160 I MLF. ,.,1, (app le mass load ing factor) unft less 

Asparagus 

~ll ___ ~I C F f:ir- n p;angu!:; (contam inated asparagus fraction) 

unitless 

i@fj:fJ•M IFASfar-.dj (age - adjusted asp aragu s ingestion 

factor) g 

~13_9_.3 __ ~1 IRAS,~ , (asparagus ingest ion rate - fa rm er ad ult) 

g/ day 

~11_2_.o __ ~I IRAS,~-c (asparagu s inges l ion rate - farmer ch ild) 

g / day 

10.0000790 I MLF • 'fMa,gu, (asparagus mass load ing factor) 

unitless 

Beets 

~li ___ ~I C Ff:ir-b-..at {contaminated beet fraction) unit le:ss ~13_.9 ___ ~I IRBT,-~-, (beet ingest ion rate - farmer ch ild) g / day 

iihdmM IFBT faMdj (age-adj usted beet ingestion factor) g 10.000138 I MLF. ,., (beet mass load i ng factor) unitless 

~13_3_.9 __ ~1 IRBT,~, (beet ingestion rate - fa rm er ad ult) g/ day 

Berries 

~li ___ ~I CFf:ir-b-..rry (contaminated berry fract ion) unit less 

IQEh•M IFBE,,~.,dj (age-adj usted be r ry ingestion facto r) g 

13 5.4 I IRBEi~-• (berry ingest.io n rate - farmer adult ) 
~----

g/ day 

~12_3_.9 __ ~I IRB E,.,_, (be r ry ingestion rate - farmer child) 

g / day 

lo.000166 I MLFbM,y (berry mass load ing fact or) unit less 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Farmer SS Inputs for Farm Animals

Select Animal Products to Include 

~ Toggle All ~ Da iry 

~ Beef 0 Sheep 

~ Eggs and Poultry 0 Sheep Milk 

~ Finfi sh ~ Shellfish 

0 Goat ~ Swine 

0 Goat Milk Toggle intake ra tes: @ Fresh weight 0 Cooked weight 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Farmer SS Inputs for Beef

Beef 

Beef Consumption - back calculated to soil 

Beef Consumption - back calculated to soil and wate r 

Beef Consumption - back calculated to water 

Beef Consumption - direct 

~11 ___ ~1 CFfar-beef (beef contam inated fract ion) un it lless 

2202410 IFBfa,-adj (age- adju sted beef ingest ion factor) g 

'--11_7_8_.o __ _,I IIRBfa.,..,. (beef ingest ion rate - fa rmer adu lt) g / day 

'--14_0_.1 __ __,I IRBfar-c (beef ingest ion rate - farmer ch1ild) g / day 

~11 ___ ~1 fp-beef (an imal on - site fract ion) unit less 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

11 I f s-beef (fraction of year anii mal on site} u ni t less 
~---~ 

~ll_l_.7_7 __ ~1 Qp-b,,ef (beef fodder intake rate) kg/ day 

10.s I Qs-beef (beef soil intake rate) kg / day 
~---~ 

~I 5_3 ___ ~1 Q v-beef (beef water intake rate) L/ day 

• 
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Farmer SS Inputs for Milk

Dairy 

Dairy Consum ption - back calculated to soil 

Dairy Consum ption - back calculated to soil and water 

Dairy Consum ption - back calculated to water 

Dairy Consum ption - d irect 

~ll ____ l CF hr-dairy (dai ry contami nated fract ion) unit less ~I 1 ____ fp-clairy (animal on- site fract ion) un it less 

IFD1a,-adi (age- adj usted dai ry ingestion factor) g 11 f, -dairy (fraction of year an imal on site) uni t less 
~----

6036590 

~I4_4_5_.6 __ ~I IRDfa,-a (dairy ingest ion rate - fa rmer adu lt) g / day _I2_0_.3 ___ Qp-dairy (dairy fodder intake rate) kg / day 

_I3_4_9_.5 __ ~I IRDfa,-c (dai ry ingest ion rate - fa rmer child) g / day _lo_A ____ Q,-dairy (dai ry soi l intake rate) kg / day 

_11_.0_3 ___ 1 Pm (density of mil k} kg / L _I9_2 ____ Q.v-dairy (dai ry water intake rate) L/ day 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Farmer SS Inputs for Swine
Swine 

Swine Consumpt ion - back calcu lated to soil 

Sw ine Consumpt ion - back calcu lated to soil and water 

Swine Consumpt ion - back calcu lated to water 

Swine Consumpt ion - d irect 

11 I CFfar-swine (swine contam inated fract ion) un it less fs-swine (fract ion of year an imal on site) unit less 

■ •JIJ:Hmn I IFSW far-adj (age- adju sted sw ine ingest ion factor} '-14_.7 ___ ~ Qp-swine (sw ine fodder intake rate) kg / day 

g 

197.9 I 1RSWfa ,-a (sw ine ingest ion rate - farme r adu lt) 

g / day 

'-lo_.3_7 __ __, Qs-swine (sw ine soil intake rate) kg / day 

111 .4 Q,v--swine (swine water ii ntake rate) IL / day 

118. 5 I 1RSWfa ,-c (sw1ine ingest1ion rate - farmer chi ld) 

g / day 

'-11 ___ ~1 fp-swine (an imal on- site fract ion) un it less 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Farmer SS Inputs for Egg & Poultry
Eggs and Poultry 

Egg Consumption - back calculated to so il 

Egg Consumption - back calculated to soil and water 

Egg Consumption - back calculated to water 

Egg Consumpt ion - d irect 

Poult ry Consumpt ion - back ca lcu lated to soil 

Poult ry Consumpt ion - back ca lcu lated to soil and water 

Poult ry Consumpt ion - back ca lcu lated to water 

Poult ry Consumpt ion - d irect 

Lll ___ ~I CF1a,-egg (egg contam inated fraction) un it less 

Lll ___ ~I CF1a,-poui,,,. (pou ltry contam inated fract ion 

un it less) 

- IFEt,..--adi (age-adjus ted egg ingestion facto r) g 

•+h=hmM IFP1a,-adj (age-adj usted pou ltry ingest ion facto r) 

g 

Ll5_3_.4 __ ~1 IREt.,-a (egg ingest ion rate - farmer adu lt) g / day 

~11_0_.9_5 __ ~1 IRE1a,-c (egg ingest ion rate - fa rmer chi ld) g / day 

~l1_0_6_.6 __ ~I IRP1a,-a (pou ltry ingestion rate - farmer adu lt) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~12_3_.6 __ ~1 IRP1.,_c (poult ry ingest ion rate - farme r child) 

g / day 

l~i ___ ~ fp-pouluy (an imal on-s ite fract ion) un it less 

l~i ___ ~ f,-poult,y (fract ion of year an imal on site) unit less 

10 .2 Qp-poult,y (poultry fodder intake rate) kg / day 
~---~ 

l~o_.0_2_2 __ ~ Q,-poult,y (pou ltry soil intake rate) kg / day 

l~0_.4 ___ ~ Q •-poult"' (pou lt ry water intake rate) L/ day 

Togg le pou l ry type : @Chicken O Duck O Turkey O Goose 
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Farmer SS Inputs for Fish
Finfish 

Fish ConsumQt ion PRG - back calculated to soil 

Fish ConsumQt ion PRG - back calculated to water 

Fish Consu mQt ion PRG - direct 

1 

g 

CFfa,.finfish (finfish contaminated fraction) unit less 

IFFlfa,-adj (age-adjusted finfish ingestion fract ion) 

155.9 

g/day 

36.1 

Shellfish 

1 

unit less 

fraction) g 

CFfa,-shellfish (shellfish contam inated fraction) 

IFSFfa ,-adj (age-adjusted shellfish ingestion 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

208.9 

g/day 

21.3 

g/day 

IRF lfa,-a (finfish ingestion rate - farmer adult ) 

IRFlfa,-c (finfish ingestion rate - farm er chi ld) g/day 

+ Top of Page 

IRSFfa ,-a (shellfish ingestion rate - farmer adu lt) 

IRSFfa r-c (shellfish ingest ion rate - fa rmer ch ild) 
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Farmer Total Equations

Tota l Soil 

PRG .1 ft t (pCi/g)----------------------------so1- - 0 
------+------+------+------+------+ 
PRG ·1 f I . PRG ·1 f I • h PRG ·1 f I PRG ·1 f d • PRG ·1 f • so1--so-1ng so1--so-1n so1--so-ext so1--pro -mg so1--egg-1ng 

1 1 1 1 1 
------+------+ +------+------
PRG ·1r • PRG ·1rr· h . PRG ·1f.b r · PRG ·1rd. • PRG ·1f. • SOI - -po-mg SOI - - IS -Ing SOI - - ee -mg so I - - airy-mg SOI - -SW- 1n g 

Tota l Agricultu ra l products - back ca lculated to water 

PR Gwat-f-tot (p Ci/L)=--~----~-----~-----~-----~~-------
-----+-----+------+-------+-------+ 
PRG f . PRG f . h PRG f. . PRG f d . PRG f . waler- -mg waler- -in waler- -1mm water- -pro -1n g water- -egg-1ng 

1 + 1 + 1 + 1 +------
PRGwat f . PRG fr· h . PRG f b f . PRG f d . . PRG f . waler- -po-mg water- - 1s -in g water- - ee -mg waler- - airy-mg waler- - sw-1n g 

Tota l Water 

PR Gwater-f-tot (pCi/g)=--~-----~-----~-----~---
-----+-----+------+------
PRG f . PR G f . h PRG f. PRG f d water- -mg water- -in water- -1mm water- -pro 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Farmer Soil and Water Graph

0) --G 
Q_ 

(9 
O'.'. 
0.. 

0 
if) 

Arn-241 
Ingestion of Vegeta bles TR= l E-06 

Water PRG (x-intercept ) = 1.03e-1 pCi/ L 

So il PRG (y-intercept ) = 3.66e-1 pCi/ g 

Slope = -3.567950234 0.35 _ _______ ---T ______ ""T"" ____________________ _ 

0.25 

0.2 

0.15 

o-----------------------------------0 0.02 0.04 0.06 0.08 0.1 

Water PRG pCi/L 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

1!111 
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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)
• Soil to Groundwater transport
• Radionuclide decay constant (lambda)
• Area Correction Factor (ACF)
• Gamma Shielding Factor (soil) GSFo

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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US Climactic Zones – For 
Calculating PEF

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

.:.:.:.:.:.:.:.:.:. :,:.: ....................... ....................... i ii ____ _ 
••1:oenv.e 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Volatilization Factor

• Replaces PEF for tritium (3H) assessment.
• 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 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Groundwater Transport – KD

• KD – soil-to-water partition coefficient.
• Accounts for partitioning of contaminants in 

soil to groundwater migration.
• Use for farmer soil land use in fish, milk, 

beef, and swine exposure routes.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Radionuclide Decay Constant (λ)
• Residential air, soil, workers, and farmer soil 

have a decay constant term based on the 
half-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 λ. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 m2 creates a 
radiation field comparable to infinite slab.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Generic Outputs
Ambient Air Tapwater

Resident Peak Risk PRGs for Air 

Peak PRG Results 

Pedk PRG for ( 5 / -17 (a> PRC mut5 

Pedk 5ldll {l/1/t' fot flldXIIIIIIIIJ 115k (y,s) 

M,IXillllllll tisk dming pe.1k iJJ{('JV,11 (1111itless) 

M,1x111111111 ti'ik 1,ue durmg peak mterval (ti'ik/ yt) 

Resident PRGs for Air 

Submersion 
Inhalation External Exposure 

Slope Factor Slope Factor Lambda Halflife 

Isotope (risk/pCi) (risk/yr per pCi/m3) (1 /yr) (yr) 

External 

Inhalation Exposure Total 

PRG PRG PRG 

TR-1.0E-06 TR-I.OE-06 TR-1.0E-06 

(pCi / m 3J (pCi / m 3) (pCi / m 3) 

2.82E-03 2.24£+0 / 2. 82 E- 03 

I. OOE-08 I.OOE-08 I.OOE- 08 

3.54E- 04 4.47E- 08 3.SSE- 04 

l.8/E- 05 2.28E- 09 l .8/E- 05 

External 
Inhalation Exposure Total 

PRG PRG PRG 

TR~ l.OE- 06 TR~ l .OE- 06 TR~ l.OE- 06 

(pCi/m 3) (pCi/m3) (pCi/m 3) 

Cs-137 1.l 2E- l0 l .62E - l2 2.30E- 02 3.02E+O l 5.52E- 02 2.4 7E + 04 5.52E-02 6.39E- l 

Ba- 1 37m 0.00E+OO 2.52E-09 l .43E+05 4 .86E-06 l .59 E+ Ol 1.59E+O l 2.96E- l 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Peak PRG Results 

Peak PRC for Cs-137@PRG units 

Peak stan time for maximum risk (yrs) 

Maximum risk during peak interval (unitless) 

lngeslion 
PRG 

Inhalation 
PRG 

Produce 
Immersion Consumption 

PRG PRG 
"R=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=l .OE-06 

(pCi/1.) (pCi/1.) (pCi/1.) (pCi /1.) 

!.28£+00 

'.00£-08 

1.39£-07 

3.69£+05 6.5/E-01 

Total 

PRG 

Maximum risk-rate during peak interval (risk/ yr) !.24£-08 

1.00£-08 

2.71£-/2 

1.38£- /3 

1.00£-08 

1.54£-06 

7.84£-08 

1.00£-08 

1.97£-06 

1.01£-07. 

0.18 exchanges ICRP 
per hour 

A.., 
Isotope Parent (unitless) 

Cs-137 

Ba-137m 

Wet 
soil-to-plant 

transfer factor 
Woody tree 

(pCi/g-fresh plant 
Isotope per pCi/g-dry soil) 

Cs- 137 5.80E-03 

Ba- 137m l.OOE-02 

Lung Water Ingestion Inhalation Food Ingestion Immersion 
Absorption Slope Factor Slope Factor Slope Factor Slope Factor 

Type (risk/pCi) (risk/pCi) (risk /pCi) (risk/yr per pCi/ 

3.0SE- l l l. l 2E- l 0 3.74E- l l 2 .24E- l 5 

O.OOE+OO O.OOE-00 O.OOE- 00 5.46E- l 2 

Wet Wet Wet Wet 
soil-to-plant soil-to-plant soil-to-plant soil-to-plant 

transfer factor transfer factor transfer factor transfer factor 
Leaf Root Shrub Non-leafy fruit 

(pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant (pCi/g-fresh plant 
per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) per pCi/g-dry soil) 

6 .00E- 02 4.20E-02 2. lOE-03 2.1 OE- 02 

5.00E-03 5.00E-03 1.00E-02 l.OOE-02 

Produce 
Ingestion 

PRG 
Inhalation Immersion Consumption Total Total 

PRG PRG PRG PRG PRG 
Lambda, 

Isotope (1 /day) 
lrra.,, 
(l/kg) 

TR=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=l .OE-06 TR=l .OE-06 
(pCi/1.) (pCi/1.) (pCi/1.) (pCi/1.) (pCi/1.) (mg/I.) 

Cs- 137 4.95 E-02 3.64E+OO 1. 7 1 E+OO 6.40E+08 4.88E-Ol 3.80E-01 4.40E- l 2 

Ba-137m 4.95 E-02 3.64E+OO - 2.63E+05 2.63E+05 4.89E-13 
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Residential Generic Outputs
Soil gestion Inhalation 

External I Produce 
I 
I 

Exposure Consumption Total 
PRG PRG PRG PRG PRG 

, J.OE-06 TR=I.OE-06 TR=I.OE-06 TR=I.OE-06 TR= I .OE-06
1
, 

Peale PRG Results pCi/g) (pCi/g) (pCi/g) (pCi/ g) (pCi/ g) 

Peak PRG for Cs- /37@PRG units 9£+01 l!-97£+04 1-6-06£-02 1.19£-01 4.01£-02 
-

Peak start time for maximum risk (yrs) 0£-08 1.00£-08 1.00£-08 1.00£-08 1.00£-08 I 
Maximum risk during peak interval (unitless) 9£-08 11.00E-l I 11.65£-05 8.41£-06 2.49£-05 I 
Maximum risk-rate during peak interval {risk/ yr} 3E-09 15.12£-13 18.43£-07 4.30£-07 8.43£-07 I 

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 plam (pCi/ g-fresh plant (pCi / g-fresh plam 
Isotope Type (risk/ pCi) (risk/yr per pCi/g) (risk/ pCi) (risk/ pCi) (1 / yr) (yr) Factor per pCi/ g--dry soil) per pCi/ g--dry soil) per pCi/ g--dry soil) per pCi/ g--dry soil) 

Cs-137 s l.12E- 10 S.S2 E- l 0 3.74E- l l 4 ,26E- I l 2.30E-02 3 .02 E+Ol I .OO E+OO S.SOE-03 6 .00E- 02 4.20E- 02 2. 1 OE-03 

O.OO E+OO 2.69E-06 O.OO E-00 O.OOE+OO l .43E-05 4 .86 E- 06 I .OO E+OO l .OOE- 02 S.OOE- 03 5.00 E-03 l. OOE-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 Exposure Consumption Total Total 
Non- leafy fruit Maize grain Legume seed Tuber Herbaceous Emission PRG PRG PRG PRG PRG PRG 

(pCi/ g-fresh plam (pCi / g-fresh plam (pCi / g-fresh plant (pCi/g-fresh plant (pCi/ g-fresh plant Factor TR=I.OE-06 TR=I.OE-06 TR=l .OE-06 TR=I.OE- 06 TR= 1.0E- 06 TR= I.OE- 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) (m'/ kg) (pCi/ g) (pCi/ g) (pCi/ g) (pCi/ g) (pCi/ g) (mg/ kg) 

2 . lOE- 02 3.30E-02 4 .00E- 02 S.60 E- 02 2.90 E- 03 l .36E+09 2. 1 OE+O l 7.5 1E+04 2.1 OE+02 8.95E-02 8.91E-02 I .03 E-09 

l .OOE-02 l .OOE-02 l .OOE-02 S.OOE-03 l .OO E- 02 l .36E- 09 - 4.31 E-02 4.31 E- 02 8.03 E- l 7 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential Generic Outputs

2D Direct External Exposure

SOil Volume I soil Volume 
PRG fl> lcmPRG 

soil Volume I SOil Volume Ground Pl, 
fl> Scm PRG fl> l Scm PRG PRG 

IR=l.OE-Q6 TR=l.OE-Q6 TR=l.OE-06 TR=l.OE-06 TR=l .OE-
Peak PRG Results (pCi/g) (pCi/g) (pCi /g) (pCi/g) (pa/cm; 

Peak PRC forCs-137@PRG units 5.06£-02 2 .97£-01 1.05£-01 6.80£-02 3.03£-011 
~ 

Peak start time for maximum risk (yrs) l .OOE-08 l .OOE-08 l .OOE-08 1.00£-08 1.00£-08 

Maximum risk during peak interval (unitless) 1.65£-05 3.36£-06 9.48£-06 1.47£-05 3.30£-061 

Maximum risk-rate during peak interval (risk/ yr) S.43£-07 1.72£-07 4.84£-07 7.51£-07 1.68£-071 

External External External Default Default Default 

External Exposure Exposure Exposure Ground Plane Soil Volume Ground Plane Default Default Default Soil Volume 

Exposure Slope Faaor Slope Faaor Slope Faaor External Exposure Area Area l cm Area S cm Area l5cmArea Gamma 

Slope Factor (l cm) (5 cm) (15 cm) Slope Faaor Lambda Halflife Correction Correction Correction Correction Correction Shielding 

(risk/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/g) (risk/yr per pCi/cm2) (l /yr) (yr) Factor Factor Factor Factor Factor Faaor 

5.52E-1 0 1.92E- 10 4.24 E- 10 5.42E- 10 5.53E- 10 2.30E-02 3.02 E+Ol 1.00E+OO 1.00E+OO 1.00E- 00 1.00E-00 1.00E-00 1.00E-00 

2.69E-06 5.4 7E-07 1.54 E-06 2.39E-06 5.36E-07 l .43 E+05 4.86E-06 1.00E+OO l .OOE+OO 1.00E-00 1.00E-00 1.00E-00 1.00E-00 

Default 

round Plane Default Default Default Total Total Total Total Total Soil Volume Soil Volume Soil Volume Soil Volume Ground Plane Soil Volume 

Gamma l cm Gamma 5 cm Gamma l5cmGamma Indoor Indoor Indoor Indoor Indoor PRG @ 1cm PRG @5cml'RG @ 15cm PRG PRG PRG 

Shielding Shielding Shielding Shielding GSF GSF GSF GSF GSF TR=l .OE-06 TR=l .OE-06 TR=l .OE-06 TR=l.OE-06 TR=l.OE-06 TR=l.OE-

Isotope Factor Factor Faaor Factor Soil Volume Ground Plane @lcm @Scm @ IScrn (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/cm2) (mg/kg) 

l .OOE+OO l .OOE+OO l .OOE+OO 1.00E+OO 4.00E-0 1 4.00E-01 4.00E-01 4.00E-0 1 4.00E-0 1 2.IOE+02 6.0IE+02 2.73E+02 2.14E+02 2.09E+02 2.42E-06 

l .OOE+OO l .OOE-00 1.00E+ OO 4.00E-0 1 4.00E-01 4.00E-01 4.00E-0 1 4.00E-0 1 4.31E-02 2. llE-01 7.50E-02 4.83E-02 2.l6E-Ol 8.03E- 17 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



16
9

22nd Annual NARPM Training Program 16
9

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Residential Generic Outputs
Soil to 
Groundwater

I Ingestion I I I Produce 

Inhalation Immersion Consumption Total I SSL I 
PRG PRG PRG PRG PRG Risk-based SSL 

TR=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=l.OE-06 TR=lE-06 MCL-based 

Peak PRG Results (pCi/L) (pCi/!,) (pCi/!,) (pCi/L) (pCi/L) (pCi/g) (pCi/g) - -
Peak PRG forCs-l37@PRG units 2.28£+00 - 3.69£+05 6.51£-01 5.06£-01 4.96£+01 -

Peak start time for maximum risk (yrs) 1.00£- 08 - 1.00£- 08 1.00£- 08 1.00£-08 1.00£-08 -
~ ~ - -
Maximum risk during peak interval (unitless) 4.39£-07 - 2.71£-12 1.54£-06 1.97£-06 2.01£-08 -

Maximum risk-rate during peak interval (risk/ yr) 2.24£-08 - 1.38£-13 7.84£-08 1.01£-07 1.03£-09 -

Wet Wet Wet Wet Wet 
SOil-to-plant SOU-to-plant SOU-to-plant SOU-to-plant SOU-to-plant 

0. 18 exchanges ICRP transfer factor transfer factor transfer factor transfer factor transfer factor 

per hour Lung Water Ingestion Inhalation Food Ingestion Immersion Woody tree Leaf Root Shrub Non-leafy fruit 

A.., Absorption Slope Factor Slope Factor Slope Factor Slope Factor (pei/g-fresh plant (pei/ g-fresh plant (pCi/g-fresh plant (pei/g-fresh plant (pei/g-fresh plant 

Isotope Parent (unitless) Type (risk/pa) (risk/pCi) (risk/pa) (risk/yr per pCi/ 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 - 5 3.0SE-11 I. I 2E- 10 3.74E-1 1 2.24E-15 5.SOE- 03 6.00E-02 4 .20 E-02 2 .I OE- 03 2. I OE-02 

Ba-137m Cs -1 37 - O.OOE+OO O.OOE- 00 O.OOE-00 5.46E-12 l.OOE- 02 5.00E-03 5.00E-03 1.00E- 02 l.OOE- 02 

Wet Wet Wet 

I 
Wet 

I II I Soil-to-plant Soil-to-plant Soil-to-plant Soil-to-plant Produce 

transfer faaor transfer factor transfer faaor transfer faaor K,, Ingestion Inhalation Immersion Consumption 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 Lambdaa lrrdop TR= l.OE--06 TR= l.OE--06 TR= l.OE--06 TR= 1.0E--06 TR= l.OE--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/1.,) (pCi/1.) (pCi/1.) (pCi/1.) (pCi/1.) (mg/1.) 

Cs- 137 ~.30E-02 I 4.00E-02 I s .60E-02 12.90E-03 11.00E+Ol 12.70E-05 II 3,64E+OO I 1.1 1E+OO I- I 6.40E+OB I 4,88E-Ol I 3.BOE-01 I 4.40E- l 2 

Ba- 137m ~ .00E-02 11.00E-02 I s .ooE-03 I 1.ooE-02 14.00E-Ol I 2.10E-os II 3.64E+oo I- I- I 2,63E+05 I- 12 .63E+05 I 4,89E- l 3 

Groundwater 

Total Risk-based Groundwater SSL SSL 

PRG Concentration MCL- based Risk-based Risk-based SSL SSL 

TR=l.OE-06 TR=lE--06 Concentration TR=IE-06 TR=lE-06 MCL-based MCL-based 

(mg/L) (pei/L) (pei/L) (pei/g) (mg/kg) (pei/g) (mg/kg) 

4.40E-12 3.SOE-0 1 2.00E+02 3.88[- 03 4.49E- 14 2.04[+ 00 2.36E- l l 

4.89E-13 2.63E- 05 J.S8E+02 2.93E-1 6 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential Generic Outputs
Fish

Finfish 
Consumption 

PRG 
TR=l.OE-06 

Peak PRG Results (pCi/g) 

Peak PRG for Cs- 137@ PRG units 7.23£-02 

Peak start time for maximum risk (yrs) 1.00£-0B 

Maximum risk during peak interval (unitless) 1.3B£-05 

Maximum risk-rate during peak interval (risk/ yr) 7.0fiE-07 

I 
Finfish 

I 
Finfish 

Consumption Consumption 
Food Ingestion PRG PRG 

Slope Faaor TR=l.OE-06 TR=l.OE-06 

Isotope (risk/pCt1 (pCi/g) (mg/kg) 

Cs-137 3.74E- l l 15.45E-02 16.30E- 10 I 
Ba-l37m 0.00E- 00 I- I- I 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22 nd Annua l NARPM Tra in ing Program
Superfund Radia tion Risk 

Assessment Ca lcula tor Tra ining

Radiation Risk Assessment 
Calculator Training

Section 4:  DCC Calculator
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

DCC Outline

• Background
• Use of Dose Assessment at Superfund 

Sites
• Development Approach
• Calculator Walkthrough

– Scenarios
– Inputs
– Outputs

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

DCFs
• Used to convert a radionuclide concentration in soil, 

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 
inhalation
– ICRP 30
– ICRP 60
– ICRP 107 (ORNL) – based on more recent 

findings

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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 10-6 departure set by 
NCP.

• ARARs 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 10-4 to 10-6.
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

DCC Calculator Overview
Using the DCC Calculator 

Select Scenario 

Composite Worker 

Outdoor Worker 

Indoor Worker 

Const ruction Worker - Standard Unpaved Road Veh icle Traffic (Site-specific only) 

Const ruction Worker - Wind Erosion and Other Constru ction Act ivit ies [Site-specif ic on ly) 

Recreator (Site-specific only) 

Farmer 

Soil to Groundwater 

Select Media: 

□ Soi l 

Select ICRP rule 

i 107 - Center for Radiation Protection Knowledge 

60/68/72 

30 

D Air Select DCC type 
D 2-D Extern al Exposure 

D Tap Water 

0 Fish 

Select Uniits 

• pCi 

Bq 

Defaults 

• Site-specirfic 

Select Isotope Info Type: Database defaults • 

• No 

Yes 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Individual Isotopes 

Complete List 

Ac-223 

Ac-224 

Ac-22 5 

Ac-226 

Ac-227 

Ac-228 

Ac-230 

Ac-23 l 

Ac-232 

Ac-2 33 

Common Isotopes 

Ra-226 

Ra-228 

Rn -220 

Rn -222 

Tc-99 

Th-228 

Th-230 

Th-232 

U-234 

U-238 

Or Select All 

□ ALL 

"' 

Source and Decay Output Optionso 

<i) Assumes period of peak dose (with decay and progeny ingrowt h) 

Q Assumes secular equilibrium throu11:hout chain (no decay) 

Selected 

Am-241 

Cs-137 

Sr-90 

U-235 

Q Does not assume secular equi librium, provides results for progenyth rouehout chain 

0 Does not assume secular equi librium, provides results for selected isotopes only 

Peak Tim e PeriodO 

@ infinite 

0 10,ooovears 

0 1,000Years 

0 1oovears 

O other: 

E4iiiiifi 
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Assessment Calculator Training

DCC Calculator Walkthrough

• Select exposure scenario
– Same scenarios as discussed in PRG

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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Common Parameters

Parameters Common to a,11 Exposure Route Equations 

0.77 M F a (annual age fract ion - resident adu lt) 

unit less 

0.23 M Fc (annual age fract ion - resident child) 

unit less 

~---~I DL (dose limit) mrem 

EDr (exposure durat ion - resident) yr 

~---~I EDra (exposure du ration - resident adu lt ) yr 

~---~I EDrc (exposure duration - resident child) yr 

EF r (exposure frequency - resident) day/yr 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~13_5_0 __ ~ EFr-a (exposure frequency - resident adult) cl ay/yr 

~13_5_0 __ ~ EFr-c (exposu re frequency - resident child) clay/yr 

I ~2_4 ___ ~ ETr (exposure t ime - resident) hr 

~---~ 
ETr-a (exposure t ime - resident adult) hr 

ETr-c (exposure t ime - resident child) hr 
~---~ 

tr (t ime - resident) yr 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Soil- Ingestion, External, Inhalation & Produce

LI S_e_l_e_ct_a_ s_la_b_s_i_ze ___ •~I Slab size for ACF 

I Select a so il th ickness cover layer • !select cover layer ~-----------~--~ 
th ickness for GSF O {gam m a shielding factor • outdoor) 

j,Q M F. (annual age fract ion - resident adu lt) 

unit less 

j,Q AAFc (annual age fract ion - resident child) 

unit less 

DL (dose lim it) mrem 

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

Ll2_o ___ ~I ED,-a (exposure durat ion - resident adu lt ) yr 

Ll6 ____ ~I ED,-c (exposure duration - resident ch ild) yr 

EF, (exposure frequency - resident) day/yr 

Ll3_5_o ___ ~I EF,-a (exposure frequency - resident ad ult ) day/yr 

1350 I EF, -c (exposure frequency - resident ch ild) day/yr 
~---~ 

Ll2_4 ___ ~I ET,-a (exposure t ime - resident adult) hr/day 

NOTES: 

1. DCF 0 =ora l ingest ion dose conversion fact or (mrem/pCi). 

2. DCF;=inhalation dose conversion factor (mrem/pCi). 

Ll2_4 ___ ~ ET,-c (exposure t ime - resident ch ild) h r/day 

Ll1_6_.4_1_6 __ ~ ET,_; (exposu re t ime - indoor resident) hr/day 

Ll1_.7_5_2 __ ~ ET,.0 (exposure t ime - ou tdoor resident) hr/day 

Llo_.4 ___ ~ GSF; (gamma sh ield ing factor - indoor) un it less 

iNGP IFA,-adj (age-adj usted so il inhalat ion factor -

resident) m 3 

dQu4i1 IFS,-adj (age-adjusted so il ingestion factor -

residen t) mg 

120 IRA,-a (inhalat ion rate - res ident adult) m3/ day 

110 IRA,-c (inhalat ion rate - resident ch ild) m3/day 

1100 IRS, .• (so il intake rate - resident adult) mg/day 

1200 IRS,.c (so il intake rate - resident child) mg/day 

lo.26 MLF (produce plant mass loading fact or) unit less 

f), t , (t ime - res ident) yr 

3. DCF exc-sv=external exposure dose conversion factor (mrem-g/pCi-yr). 

4. t ,=time of exposu re (yr) = ED, = ED,-c = ED, .• 

5. A=decay constant 

6. Q/Cwind=calcu lat ions based on site size and climactic zone. Fu rther details on the derivat ion of Q/Cwind can be found in 

Appendix D 

7. A, B, C = PEF region-specific d ispersion constants (unit less) 

8. 0 o;GSF;,; 1 

ft EA~ United States 
~~ Environmental Protection 
~..- Agency 
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Assessment Calculator Training

Residential SS Inputs
Produce

Produce Ingestion Parameters 

Produce Consumption - direct 

'-lo_.2_5 __ __.I CPFr (contaminated plant fraction) unitless 168.1 I I RF r-c (fru it consumption rate - resident chi Id) g/day 
-----

56283 IFFr-adj (age-adjusted fru it ingest ion factor - '-l1_2_8_.9 ___ 11Rvr-a (vegetable consumpt ion rate - resident adult) 

resident) g g/day 

38095 IFVr-adj (age-adj usted vegetable ingest ion factor - 141.7 I 1RVr-c (vegetable consumption rate - resident child) 
-----

resident) g g/day 

I 188 .5 I I RF r-a (fru it consumpt ion rate - resident ad ult ) g/day 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Air – External and Inhalation

0.77 M F a (annual age fract ion - resident adu lt) 

un it less 

0.23 M Fc (annual age fract ion - resident ch ild ) 

u nit less 

DL (dose lim it) mrem 

EDr (exposure duration - resident ) yr 

'--------'I EDr-a (exposure du rat ion - resident adult ) y r 

~---~I EDr-c (exposure du ration - resident child) yr 

EFr (exposure frequency) day/yr 

._13_5_0 ___ ~1 EFr-a (exposu re frequency - resident ad ult ) day/yr 

._13_5_0 ___ ~1 EFr-c (exposu re frequency - res ident ch ild) day/yr 

NOTES: 

1. DCFi=inhalation dose conversion fa ct or (mrem/pCi) 

2. DCF sub =su bmersion dose conversion fact or (m rem/pCi) 

3. t r=t ime of exposu re (yr) = EDr = EDr-c = EDr·a 

4. A=decay const ant 

5. 0 :s GSF0 :;;; 1 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

ET r (exposure t ime - resident) hr 

._I2_4 ___ ___,I El r·a (exposure t ime - resident adu lt) hr 

._I2_4 ___ ___,I El r·c (exposure t ime - resident ch ild ) h r 

._l1_.o ___ ~I GSFa (gamm a shield ing factor) unit less 

6195 IFAr-adj (age-adj usted inha lat ion fa cto r) m 3 

._l2_0 ___ ___,l IRAr-a (inhalat ion rate - res ident adult) m3t day 

'---------'I IRAr-c (inhalat ion rate - resident ch ild) m3/ day 

t r (t im e - resident) y r 
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Assessment Calculator Training

Residential SS Inputs
Tapwater – Ingestion, External, Inhalation, & Produce 

Exposure
,.,, AA Fa (ann u a l age fract ion - resid e nt adu lt ) IL2_0 ____ ~ IRA,-a (inha la t ion rate - r es iden t adu lt) m 3/d ay 

un it less 

pQ 
un it less 

AAFc (annual age fract ion - resid e n t ch i ld ) 
110 IRA, -c ( inhala t ion rate - r es iden t ch ild) m 3/day 
~----~ 

IL3_.6_2 ___ ~ I, (irrigat ion rate) Um2-d ay 

Fib DFA, -adj (age-adj u sted im m e r sion fact o r - Ll2_.s ____ ~ IRW,-a (wat e r int a ke rate - res id e n t a d u lt) L/d ay 

r es iden t) h r 

DL (dose l im it ) m r e m 

ED, (exposu r e du rat ion - res ident) yr 

I ED, -a (exposu r e du rat ion - r es ident ad u lt ) y r 
~----~ 

~----~I ED, -c (exposu r e du rat ion - r es ident ch ild) y r 

Ll3_S_O ___ ~I EF,-a (exposure freq u ency - r es id ent ad u lt ) d ay/yr 

1350 I EF, -c (exposure freq uency - r es id ent ch ild ) day/yr 
~----~ 

Ll2_4 ____ ~1 ET, .a (exposure t im e - re sid e nt adu lt ) h r 

Ll2_4 ____ ~1 ET, .c (exposu r e t im e - re sid e n t ch i ld ) h r 

11 I EV, -a (bat h ing even t s pe r day - resident adult) 
~----~ 
event/day 

ILo_.7_8 ___ ~ IRW,-c (water in t a ke rate - r es ident ch ild) L/d ay 

lo.s K (vola til izat ion f acto r o f And e lm an) U m 3 

10.000027 

ILo_.2_6 ___ ~ M LF (pr o duce p lan t m ass load ing fact o r ) unit le ss 

IL2_4_0 ___ ~ P (ar ea d ensity fo r root zone) kg/m2 

1, 

AH L (soi l leaching r at e) 1/day 

T (t ransloca t ion factor) unit less 

IL0_.7_ 1 ___ ~ t a-event (durat ion o f bat h ing eve nt - adult ) h r/even 

Ll1_0_9_5_0 __ ~ t b (long t e rm d epos it ion and bu ild up) day 

ILo_.5_4 ___ ~ t c-event {d urat ion o f b at h ing event - ch i ld) h r/even, 

IL6_0 ____ ~ t v (above ground e x posu r e t im e) d ay 

Ll1 ____ ~I EV, -c (ba t h ing event s per day - res ident ch i ld ) IL1_4 ___ ~ tw (weathering half- lif e) d ay 

eve nt/day 

Llo_._2_5 ___ ~1 F (irr igation per iod) un it less 

IL2 ____ ~ Y v (p lant y ie ld - wet ) kglm 2 

u,,, IFA ,-adj (age-a dj usted in ha lat ion fact o r - res ident ) 

m3 

Llo_.4_ 2 ___ ~1 If (in t e r cept ion fract ion) un it less 

Qf IFW , -adj (ad j usted in t ake facto r - res ident) L-

y r / kg-d ay 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential SS Inputs
Soil – 2-D Analysis

DL (dose limit) mrem 

EDr (exposure duration - resident) yr 

EFr (exposure frequency - resident) day/yr 

~11_.7_5_2 __ ~1 El r-i (exposu re t ime - indoor resident) hr/day 

NOTES: 

~11_6_.4_1_6_~1 El r-o (exposure t ime - outdoor resident) hr/day 

~lo_.4 ___ ~I GSFi (gamma shield ing factor - indoor) un it less 

t r (t ime - res ident) yr 

1. Slab size fo r ACF in alltemate external exposure eq uatio11s is determi11ed by size selected in soil sect ion above 

2. DCF ext-gp=grou11d plane external exposu re dose conversion factor (mrem-cm2/ pCi-yr). 

3. DCF ext-sv=i11finite soil volume external exposure dose conversion factor (mrem-g/pCi-yr). 

4. DCFext-1cm=soil volume at 1 cm external exposure dose co11version factor {mrem-g/pCi-yr). 

5. DCF ext-Scm =soil volume at 5 cm extern a I exposure dose co11version factor (m rem-g/pCi-yr). 

6. DCF ext-l Scm=soil volume at 15 cm external exposure dose conversion factor (mrem-g/pCi-yr). 

7. t r=t ime of exposu re (yr) = EDr 

8. A=decay constant 

9. 0:o:GSF( :;:; 1 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential SS Inputs
Particulate Emission Factor

p EF _i_i!:__ = _O_ 
[ m3 l 

w k . C 9s011 wind 

0.036x (1-V) x [Um [~J]3 
x F( x) 

u1 [~J 

1---~-----"~ City (Climat ic Zone) - Selection based on most likely cl imat ic condit ions for the site 

A5 (acres) 

1359344438 PEF [part iculate emission factor) m3/ kg 

93.77 Q/Cwp I inverse of the rat io of the geometric mean air concentrat ion to the emission flux at center of a square 

sou rce (g/m 2-s per kgtm 3) PEF Select ion 

16.2302 

18.7762 

216.108 

A (Dispersion Constant) 

B (Dispersion Constant ) 

C (Dispersion Constant) 

~lo_.s _____ V / fract ion of vegetat ive cover (unit less) 

~14_.6_9 ____ ~ Um / mean annual w ind speed (mi s) 

111.32 U, / eq uiva lent th reshold value (mis) 
~-----

~lo_.1_9_4 ____ F(x) / funct ion dependant on Um/Ut derived using Cowherd et al. (1985) (unitless) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Fish

Resident 
Exposure to Consumption of Fish 

Ingestion Exposure 

Fish Ingestion 

DL (dose limit) mrem 

EDr (exposure duration - resident) yr t r (t ime - resident) yr 

EFr (exposure frequency - resident) day/yr 

NOTES: 
1. DCF 0 =food dose conversion factor (mrem/pCi). rad-specif ic 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Soil to Groundwater – Dilution Factor

Dilution Factor for Migration to Groundwater 

Dilution Attenuation Factor 

Mixing Zone Depth 

~---~I OAF (dilut ion att enuat ion factor) unit lless 

~---~I K (aquifer hydraulic conduct ivity) m/yr 

~---~I L (source length parallel to ground water fl ow) m 

d (mixing zone depth) m - site-spec ific 

NOTES: 

~I• ---~I da (aq uifer th ickness) m - sirte-specific 

~I• ---~I i (hydraulic gradient) m/m 

~lo_.1_8 __ ~I 1 (infilt rat ion rate) m/yr 

1. The dilut ion factor (DAF) has a default of 1 fo r a <= 0.5-acre source. 

2. If DAF is known, enter it above. Or, to ca lcu late OAF, enter your own site-specif ic values fo r the variables in the necessary 

f ields above. 

3. When OAF is entered or ca lculated, the values for the blue OAF boxes in t he Migrat ion to Groundwater sect ions below 

will be populated. If OAF is not entered or ca lculated, the default vallue of 1 will be used. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Soil to Groundwater – Partition Equation

Partitioni1ng Equation for Mi1gration to Groundwater 

Method 1 

OAF (d ilut ion attenuation factor) unit less 

~I1_.s __ ~I Pb (dry soil bulk density) kg/L 

NOTES: 

~12_6 ___ ~1 t (t ime) yr 

~lo_.3 ___ ~I ew (water-flll led soil porosity) ¼ifate/ Lsoil 

1. The Partit ioning Equat ion fo r Migrat ion to Ground Water is used by default. To use the Mass-Limit Equation, enter va lues 

fo r the required paramete rs in the section below. 

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

3. If OAF is known, enter it in the Di lut ion Factor sect ion above. When OAF is entered or calcu lated in the sect ion above, the 

value for the blue OAF box in this sect ion will be populated. If OAF is not entered or ca lculated, the default value of 1 will 

be used. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs
Soil to Groundwater – Mass Limit

Mass-Umit Equation for Migration to Groundwater 

Method 2 

OAF (dilution attenuat ion factor) unit less 

I~• ---~I ds (depth of source) m - site-specific 

NOTES: 

~17_0 ___ ~1 EDgw (exposure durat ion) yr 

._l1_.s __ ____,I Pb (dry soil bulk density) kg/L 

1. The Partit ioning Equation fo r Migrat ion to Groundwater above is used by defau lt . To use t he Mass-Limit Equat ion, enter 

values for ED, d5, and Pb in th is sect ion and enter a value fo r I in the Dilution Factor sect ion above. 

2. The dilution factor (OAF) has a defau lt of 1 for a <= 0.5-au e source. 

3. If DAF is known, enter it in the Di lut ion Factor sect ion above. When OAF is entered or ca lcu lated in the section above, the 

value for the blue OAF box in this sect ion will be pop ulated. If OAF is not entered or calculated, the default value of 1 will 

be used. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

DCC Residential Generic Output
Soil

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

DCC Residential Generic Output
Air

Fish

Isotope 

K-40 

Inhalation 

PRG 
(pCi/m3) 

2.08E+01 

Isotope 

K-40 

lnhaliation 

DCF 

(mrem/pCi) 

7.77E-6 

External Exposure 

DCF 

(Submersion) 

(mrem/yr per pCi/m3) 

0.0009243 

Lambda Halflife 

(1/yr) (years) .... 
Inhalation External Exposure 

External Exposure Ambient Air PRG PRG 
PRG 

(pCi/m3) 

4.34E+01 

Ingestion 

DCF 
(mrem/pCi) 

--0.0000229 

PRG (no decay) 

(pCi/m3) (pCi/m3} 

1.40E+01 2.08E+01 

Ingestion of 
Fish PRG 

DL=1 

(pCi/g) 

8.87E-02 

Ingestion of 

Fish PRG 

DL=1 

(mg/kg) 

1.24E-02 

( no decay) 

(pCi/m3} 

4 .34E+01 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Ambient Air 

PRG 

(no decay) 

( pCi/m3) 

1.40E+01 
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Superfund Radiation Risk

Assessment Calculator Training

DCC Residential Generic Output

Tapwater

Ingestion 
PRG 

(pCi/L} 

lnhal!ation 

PRG 
(pCi/L} 

Immersion 
PRG 

(pCi/L} 

1.90E+07 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

ingpp 

1111 • 

Produce 
Consumption 

PRG 
(pCi/L} 

5.14E+01 

Total 
PRG 

(pCi/L} 

Total 
PRG 

(mg/L} 

--
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Superfund Radiation Risk

Assessment Calculator Training

DCC Residential Generic Output

2-D

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

DCC Residential Generic Output
Soil to Groundwater

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22 nd Annua l NARPM Tra in ing Program
Superfund Radia tion Risk 

Assessment Ca lcula tor Tra ining

Radiation Risk Assessment 
Calculator Training

Section 5: RSL for Total Uranium

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL Calculator Inputs
http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search
us·ng the RS L Calculator 

Select Scena1rio 

• Res ident 

Composite Worker (presented in Generic Tables) 

0 Construction Worker (RSL on ly) 

Indoor Worker (RSL only) 

Outdoor Wo rker RSL o nly) 

Rsh (RSL only) 

Soil to Gro undwater (RSL only) 

Recreato r (Site Spec if ic RSL o nly) 

Select Media: Sellect RfD/RfC Type: 
□ Soi l 

D Air i Chronic 
D Tapwat er 

Select SL type 

• Defaults 

Site Specific 

- Subchronic 

Select Risk Output: 

• No 

Yes 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Individual Chemicals -ALAR (1596845) 

Acen.aphthene (83329) 
Acenaphthylene (208968) 

Acephare (30560191) 

Acetaldehyde {75070) 
Acetochlor (34256821) 
Acerone 167641) 
Acetone Cyanohydrin (75865) 

Acetonit rile (75058) 
Acetophenone (98862) 
Acetytaminofluorene, 2•( 53963) 
Acifluorofen (50594666) 

Or Select Individual CAS Numbers 

50000 ■ 
50328 
50293 
50011 
51752 
51365 
51365 
51796 
51285 
52857 
53703 
53963 

■ 

El El 

B G 

To add a chemical not in the list se lect "Sit e Specific", "User-provided", then ''Test Chemical". 

Selected 

Or Select All 

□ ALL 

Include Metadata 

□ Yes 

!Retrieve[ 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

RSL SS Parameters - soil
Age AF BW ED EF ET IRS SA 

Segment (yr) (mg/cm2) (kg) (yr) (day/yr) (hr/event) (mg/day) (cm2/day) 

0c2 10.2 I1s 12 1350 124 1200 12373 

2-6 10.2 I1s 14 1350 124 1200 12373 

6-16 lo,07 Isa 110 1350 124 1100 16032 

16-26 lo,07 Isa 110 1350 124 1100 16032 

Child (0-6) - - - - - - -
Adult (6-26) - - - - - - -

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL SS Parameters - air
Inhalation Exposure 

Air Carcinogen ic Inhalat ion 

Air Cari nogenic•(Vinyl Chloride) Inhalation 

Air Non-Carcinogenic Inha lation 

'-I2_6 ___ _,I EDr (exposure durat ion - resident) year '-I1 ___ ___,I THO (target hazard quot ient ) unit less 

'-I3_5_0 __ ___,I EFr (exposure frequency) day/yea r '-I7_0 ___ _,I LT ([lifet ime - resident) year 

'-I2_4 ___ _,I ETr (exposure t ime) hour/day '-!1_.0_E_-6 __ _,I TR (target cancer risk) un it less 

NOTES: 
1. Input f ields wit h a " " background are a requ ired entry. 

2. Input f ields wit h a "blue" backgrou nd are ca lcu lated dynamically. 

3. IUR=inhalat ion un it risk (µg/m3i-1. chemica l-spec ific 

4. RfC=inhalat ion reference concentrat ion (mg/m3). chemical-specific 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL SS Parameters - tapwater

Exposure Assessment Details 

0·2 115 12 1350 I□ .s4 1, 1□ . 78 16378 

2-6 115 14 1350 I□ .s4 1, 1□ . 78 16378 

6-16 !so 1, 0 1350 1□ . 1 1 1, I2.s 120900 

16-26 !so 1, 0 1350 1□ . 1 1 1, I2.s 120900 

Child (0-6) - - - - - - -
Adult (6-26) - - - - - - -

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL SS Output - soil

Uranium (Soluble Sa lts) 

NA No No 

3.OOE-O3 4.OOE-05 A 1.36E+O9 

2.35E+02 5.67E+04 2.34E+02 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL SS Output - air

Uranium (Soluble Sa lts) 
NA No No 3.00E-03 

4 .00E-05 A 4.17E-02 4.17E-02 nc 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

RSL SS Output - tapwater
Uranium (Soluble Sa lts) 

238.03 0.0059339 5.4328535 2.2636889 

6.02E+01 1.36E+04 5.99E+01 1.00E+02 1.69E+04 9.95E+01 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radia tion Risk 

Assessment Ca lcula tor Tra ining

Radiation Risk Assessment 
Calculator Training

Section 6: BPRG and BDCC 
Calculators

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



20
8

22nd Annual NARPM Training Program 20
8
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Superfund Radiation Risk

Assessment Calculator Training

BPRG Background

• Establish 10-6 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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Building Calculator 
Walkthrough

• Scenarios
– Residential
– Commercial/industrial indoor worker

• Exposure pathways
– Settled dust
– Ambient air
– 3D direct external exposure to 

contaminated building materials
– 3D direct external exposure to settled dust 

on indoor surface
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

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.

• Choice of ICRP 30, 60 and 107 DCFs.
• Same exposure scenarios and pathways as 

BPRG.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Example CSM – BPRG and BDCC

PRIMARY PRIMARY 
SOURCES RELEASE 

MECHANISM 

Indoor Breakdown 
Building of Building 
Materials Materials 

SECONDARY 
SOURCES 

Particulates 

3-D Sources 

SECONDARY EXPOSURE 
RELEASE MEDIA 
MECHANISM 

Resuspension Airborne 

Settled 
~D_e_p_os_it_io_n~ ,----,., Dust 

Conceptual Site Model of Quantified Exposure Pathways for radionuclide BPRGs. 
Black lines are direct exposure routes. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

I 

Inhalation 

Submersion 

Exposure 
Route 

Ingestion 

Inhalation 

Exposure 
Route 

External 
Exposure 

I RECEPTOR I 

1111111 
• • 

11111111 
• • 

1111111 
• • 
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Assessment Calculator Training

BPRG Calculator Overview
Select Target Risko 

(i) 10-6 

Q 10-s 

0 rn-4 

Q Other: 

[ l 
Select ScenarioO 

(i) Res ident 

Q lndoor Worker 

Select Media: 

m Dust 

m Ai r 

m 3-D Extern al Elq 

Select Source DepthsO 

0 1cm 

0 5cm 

0 15 cm 

m Infinite Soil Volume 

m Ground Plane 

Select Site Info TypeO 

{i) Defaults 

Q Site-specific 

Select Risk OutputO 

(i) No 

Q Yes 

Select UnitsO 

{i) pCi 

Q Bq 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Individual Isotopeso 

Complete List 

Ac-223 

Ac-224 
Ac-225 
Ac-226 
Ac-227 
Ac-228 

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

Common Isotopes 

H-3 

1-129 
1-131 

Pu-238 

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

Source and Decay Output OptionsO 

~ Assumes period of pea k risk (with decay and progeny ingrowth) 

0 Assumes secular equilibrium throughout chain (no decay) 

Or Select All 

D ALL 

Q Does not assume secular equilibrium, provides results for progeny throughout chain 

Q Does not assume secular equilibrium, provides results for selected isotopes only 

Peak Time PeriodO 

{i) 1nfinite (Default) 

0 10,000Years 

0 1,000Years 

Q 100Years 

Q other: 

Hibl:iit 
~lue5 bet- 70 y,,~r,; ~nd 1E+l1 y,,arsonly) 

Selected 
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Assessment Calculator Training

BDCC Calculator Overview
Select Dose Limit (mrem/year)e 

(i) 1 

Q Other: 

Select Scenario9 

(i) Resident 

Q Indoor Worker 

Select Media: 

m Du st 

m Air 

m 3-D Extern al Exposure 

Select Site Info Typeo 
(i) Defau lts 

0 Site-spec ific 

Select Dose Output 

(i) No 

O ves 

Select ICRP Ruleo 

Select Source Depths@ 

0 1 cm 

0 5cm 

0 15cm 

~ Infinite So il Vo lume 

~ Ground Plane 

(i) 107 - Center fo r Rad iati on Protect ion Knowledge 

0 60/68/72 

Q 30 

Select Units@ 

(i) pCi 

0 Bq 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Individual Isotopeso 

Complete List 

Ac-223 

Ac-224 

Ac-225 

Ac-226 

Ac-227 

Ac-228 

Ac-230 

Ac-231 

Ac-232 

Ac-233 

Common Isotopes 

H-3 

1-129 

1-131 

Pu-238 

Pu-239 

Pu-240 

Ra-228 

Rn-220 

Rn-222 

Sr-90 

Source and Decay Output OptionsO 

~ Assumes period of peak risk (with decay and progeny ingrowth) 

0 Assumes secular equilibrium throughout chain (no decay) 

Or Select All 

D ALL 

Q Does not assume secular equilibrium, provides results for progeny throughout chain 

Q Does not assume secular equilibrium, provides results for selected isotopes only 

Peak Time PeriodO 

{i:l 1nfinite (Default) 

0 10,000Years 

0 1,000Years 

Q 100Years 

Q other: 

1'151:111 
~lues betweffl 70 y,,~r,; ~nd 1E+l1 J"'arsonly) 

Selected 
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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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential Settled Dust
External Exposure Ingestion of Dust 

Dust 
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Input
Settled Dust on Surfaces

 Combined Ingestion and Ground Plane External 
Exposure

------

------

ED, (exposure duration - resident) yr 

ED,-a (exposu re durat ion - resident adu lt ) yr 

ED,-c (exposure durat ion - resident child) yr 

11 Fin (fract ion t ime spent indoors) unit less 
------

1, Fo FF-S ET (off-set facto r) unit less 
------

13 FQa (freq uency of hand to mouth - adult ) event/hr 
------

1350 EF, (exposure freq uency - resident ) day/yr 117 FQc (freq uency of hand to mouth - child) event/hr 
------ ------

1350 EF,-a (exposure frequency - resident adu lt ) day/yr lo.s FTSSh (fract ion t ransferred surface to skin - hard 
------ ~----~ 

1350 EF,-c (exposure freq uency - resident child) day/yr 
------

124 ET, (exposure t ime) hr/day 
------

16 ET,-a,h (exposure t ime - resident adult hard 
------

surface) unitless 

lo.1 I FTS\ (fr action t ransferred surf ace to skin - soft 

surface) unitless 

3200400 IFD, -adj (age-adjusted dust ingestion rate -

SU rface) hr/day resident) cm2 

16 I ET,-c,h (exposure t ime - resident ch ild hard lo.o k (dissipat ion rate constant) yr·1 

surface) hr/day 

110 I ET,-a,s (exposure t ime - resident adult soft 

surface) hr/day 

149 SA,-a (surface area of f ingers - resident adult) cm2 
------

116 SA,-c (surface area of fingers - resident child) cm2 
------

110 I ET,-c,s (exposure t ime - resident child soft surface) lo.s SE {saliva ext ract ion factor) unit less 

hr/day 

11 I FAM (area and mater ial factor) unit less 
------

I F; (fract ion of t ime spent in compartment) unit less 

t , (t ime - resident) yr 

I TR (target cancer risk) un it less 
------

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Input
Settled Dust on Surfaces (cont.)

NOTES: 
1. SF d-orai=oral slope factor (risk/ pCi) - rad ionucl ide-specific 

2. SF d-ext=ground-p lane external exposure slope factor (risk/yr per pCi/c m2) - radionuclide-specif ic 

3. EDr = tr = EDr-c + EDr-a 

4. >-=decay constant - radionucl ide-specifi c 

5. When k = 0, the dissipat ion term is not included in the calculat ion to prevent d ivision by zero which wou ld result a BPRG 

of zero. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



21
8

22nd Annual NARPM Training Program 21
8

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Residential Ambient Air

• Exposure routes
– Inhalation: assumed to occur for entire 24-

hr day
– Submersion: external exposure to 

contaminated air 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential Ambient Air
Submersion • t , 

• 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential SS Inputs
Ambient Air

 Combined Inhalation & Submersion External Exposure
EDr (exposure du ration - resident) yr 11 I Fi (fract ion of t i me spent in compartment) 

-----~ 

120 EDr-a (exposu re duration - resident adult ) yr 
------

16 EDr-c (exposure duration - resident child) yr 
------

1350 EFr (exposu re frequency - res ident) day/yr 
------

unit less 

11 I Fin (fract ion oft ime spent indoors) un it less 

11 I GSFa (gamma shield ing factor - air) unit less 

~13_5_0 ____ EFr-a (exposure frequency - resident adu lt ) day/yr 
I FAr-adj (age-adj usted inha lat ion rate -161000 

res ident) m3 

1350 EFr-c (exposure frequency - resident ch ild) day/yr 
-----~ 120 I IRAr-a (inhalat ion rate - res ident adult) m3/day 

124 ETr (exposure t ime - resident) hr 
------ I iRAr-c (inhalat ion rate - resident ch ild) m3/day 

------

~12_4 ____ ~ ETr-a (exposure t ime - resident adult) hr t r (time - resident) yr 

~12_4 ____ ~ ETr-c (exposure t ime - resident child) h r 11 .0E-6 I TR (target cancer risk) un it less 

NOTES: 

1. SF1=inhalat ion slope factor (risk/pCi) - radionuclide-specif ic 

2. SFsub=su bmersion externa l exposure slope factor (risk/yr per pCi/ m3) - radionucl ide-specific 

3. EDr = tr = EDr-c + EDr-a 

4. A=decay constant - radionucl ide-specif ic 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

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 

factors. 
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Superfund Radiation Risk

Assessment Calculator Training

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. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential SS Input
3D Direct External Exposure

 Soil Volume & Ground Plane External Exposure
Ll2_6 ___ ~ ED,e, (exposure duration - resident) yr 

Ll3_s_o __ __. EF,e, (exposure frequency) day/yr 

124 ET,., (exposure t ime - resident) hr / day 

I l Fam (area and materials factor) unitless 
----~ 

LI l ___ ~ F; (fraction of t ime spent in compartment) unitless 

LI l ___ ~ F;0 (fract ion t ime spent indoors) unit less 

LI l ___ __. FoFF-sIT (off-set factor) unit less 

NOTIES: 
l. SFext-gp=ground plane external exposure slope factor (risk- cm 2/ pCi- yr) 

Lli ___ ~I GSFb (bu ild ing gamma sh ield ing factor) unitless 

I Se lect a room material v I Select room material 
~=======~ I Se lect a room position v I Se lect room posit ion ~=======;--
1 Se lect a room size v I Select room size (ft) 

t ,., (t ime - resident) yr 

I TR (target cancer risk) unitless 
----~ 

2. SFext-,v=infinite soil volume external exposure slope factor (risk-g / pCi- yr) 

3. SFext- i cm=soil volume at l cm external exposure slope factor (risk- g / pCi- yr) 

4. SFext-scm=soil volume at 5 cm external exposure slope factor (risk-g / pCi-yr) 

5. SFext- i scm=soil volume at 15 cm external exposure slope factor (r isk-g / pCi-yr) 

7. A=decay constant 

8. FsuRF=Ratio of the dose rate in the room to that for an infin ite plane source 

9. Composite l room material = drywall room, glass window, wooden doors, drywall wal ls, concrete floor, drywall ce iling 

l 0. Composite 2 room material = concrete room, wooden doors, concrete f loor, drywall cei ling 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Indoor Worker Settled Dust

External Exposure 
to Radiation 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

lncident1al Ingestion 
o Dust 

i-------

I 

I 

H! . .... 
N ■M H I ,aN■• 
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Superfund Radiation Risk

Assessment Calculator Training

Indoor Worker Ambient Air

Ext rnal xpo re 
' . . . . ' • 

,Due to Air Submersion •. 
• . . 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Inhalation 

I 

I • 
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Superfund Radiation Risk

Assessment Calculator Training

IW 3D Direct Ext Exposure to 
Contaminated Building 

Materials

7 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

IW 3D Direct Ext Exposure to 
Settled Dust on Indoor Surfaces

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

BPRG Residential Generic Output

Settled Dust

Ambient Air

5.53E+01 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

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 pCi/g) (risk/yr per pCi/cm2) (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 
(15 cm) 

(risk/yr per pCi/g) 
Halflife 

FsuRF Lambda (years) 

3-D Externa I 
Soil Volume BPRG 

(pCi/g) 

3-D External 
Ground Plane BPRG 

(pCi/cm2) 

6.62E-07 

3-D External 
Soil Volume BPRG 

(1 cm) 

(pCi/g) 

2.SOE-01 

3-D Extern a I 

Soil Volume BPRG 
(1 cm) 

(mg/kg) 

---4.97E-02 

3-D External 
Soil Volume BPRG 

(5 cm) 

(pCi/g) 

9.71 E-02 

3-D External 

Soil Volume BPRG 
(5 cm) 

(mg/kg) 

3-D External 
Soil Volume BPRG 

(15 cm) 

(pCi/g) 

6.00E-02 

3-D External 

Soil Volume BPR 
(15 cm) 

(mg/kg) 

: • I I 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

2. 79E-01 

3-D External 
Soil Volume BPRG 

(mg/kg) 

6.97E-03 

3-D External 
Ground Plane BPRG 

(mg/kg) 
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22 nd Annua l NARPM Tra in ing Program
Superfund Radia tion Risk 

Assessment Ca lcula tor Tra ining

Radiation Risk Assessment 
Calculator Training

Section 7: SPRG and SDCC 
Calculators

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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
ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

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 

SPRG.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Example CSM – SPRG and SDCC

PR MARY 
SOURCES 

Hard 
Outdoor 
Surfaces 

PRIMARY 
RELEASE 
MECHANISM 

Breakdown 
ol Surface 
Materials 

SECONDARY 
SOURCES 

SECONDARY 
RELEASE 
MECHANISM 

Resuspenston 
,__ _ ___,., pafticulates 1----,,i -Wind 

-1, chanical 

3-D and 2-D Sources 

Conceptu I Si e Model of Quantified Exposure Palhways for radionuclide SPRGs 
Blac lines are dcrect exposure routes. 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

EXPOSURE 
MEDIA 

I Settled 
Dust ·-Ingestion 

Inhalation 

External 

I RECEPTOR I 

R@~ld@nt I Work@r 
Indoor Outdoor 

• • • • 

WorkM Cc:>mpo,;it@ 
Indoor Worker 

• • • • 
Exposure I Resident Worker Worker 
Rout@ lndo,:,r Outdoor Indoor il!il 
External 
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Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

SPRG Calculator Overview
Using the SPRG Calculator 

Select Scenario 

@ Residential 

0 Composite Worker 

O Outdoor Worker 

O Indoor Worker 

Selea Media: 

D Dust 

D 3- D Ext ernal Exposure 

D 2- D Ext ernal Exposure 

Select SPRG type 

@ Defau lts 

O St ate 

0 Sit e-specific 

Select Risk Output: 

@ No 

Q Yes 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Units 

• PCi 

Bq 

Select Individual Isotopes 

Complete List 

Ac-223 

Ac-223+D 

Ac-224 

Ac-225 

Ac-225 D 

Ac-226 

Ac-227 

Ac-228 

Ac-230 

Ac-231 

I 

Common Isotopes 

Am-241 

Co-60 

Cs-137+0 

H-3 
1-129 

1-131 

Pu-238 

Pu-239 D 
Pu-240 

Ra-226+D 

I 

Select ed 

To add an isotope not in the list. select "Site Specific", "User-provided", then "Test Isotope". 

~ 1>0 
~ L:'._J Or Select All 

□ All 
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Superfund Radiation Risk

Assessment Calculator Training

SDCC Calculator Overview
Using the SDCC Calculator 

Select Scenario (streets, outside surfaces) 

@Res id ent 

0 Indoor Worke r 

0 Outdoor Worke r 

0 Co m pos it e Wo rker 

S..lect Media: 

0 Dust 

D 3- D Extern.a l Exposure 

D 2- D Extern al Exposu re 

Select Result Type 

@ Defa ults 

0 Stat e 

0 Sit e - spec ific 

Select Dose Output 

No 

0 Yes 

Select Units 

@ pC i 

Q Bq 

Select ICRP ru le 

@ 107 - Cent-e r fo r Rad ia tion Protect io n Knowledge 

0 60 / 68/ 72 

0 30 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select lndi1v idual Isotopes 

Compl ete List 

Ac-223 
Ac-223+D 

Ac-223+E 
Ac-224 

Ac-225 

Ac-225+D 
Ac-225+E 

Ac-226 
Ac-227 

Ac-228 

■ 

Common Isot opes 

Am-241 
Co-60 I Cs-1 37+E 
H-3 

1-129 
1-13 1 

Pu -238 
Pu-239+ E 

Pu -2 40 
Ra-226+E 

ElEl 

<< >> 

Selected 

To add an isotope not in t he list, select "Sit e Specifi c'', "User-provid ed ", t hen "Test Isotope" . 

Or Select AIII 

□ ALL 

IRet r ievel 
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Superfund Radiation Risk

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

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Residential Exposure to Settled 
Dust on Outdoor Surfaces

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Outdoor Worker Exposure to 
Settled Dust on Outdoor Surfaces

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Indoor Worker Exposure to Settled 
Dust on Outdoor Surfaces

•■•H 
... H. •n ........ 

''fl!1.~" 
t,. 

• • , 

Walley's Wid 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

9etWorks 
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Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Res 3D Direct Ext Exposure to Fixed 
Contaminated Building Materials
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Superfund Radiation Risk

Assessment Calculator Training

OW 3D Direct Ext Exposure to Fixed 
Contaminated Building Materials

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

IW 3D Direct Ext Exposure to Fixed 
Contaminated Building Materials

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 



24
8

22nd Annual NARPM Training Program 24
8

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Res 3D Direct Ext Exposure to Fixed 
Settled Dust on Outdoor Surfaces
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Superfund Radiation Risk

Assessment Calculator Training

OW 3D Direct Ext Exposure to Fixed 
Settled Dust on Outdoor Surfaces

Bailey Build· 
ingand Loan 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

IW 3D Direct Ext Exposure to Fixed 
Settled Dust on Outdoor Surfaces

Wallets Wid 
9etWorks 

Un i~ed States 
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Superfund Radiation Risk

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Superfund Radiation Risk

Assessment Calculator Training

Res 2D Direct Ext Exposure to 
Fixed Contaminated Finite Slabs

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

~ 

Extemal 
Exposure 
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Assessment Calculator Training

OW 2D Direct Ext Exposure to 
Fixed Contaminated Finite Slabs

Bailey Buildin 
• g and Loan 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

External 
Exposure 
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Assessment Calculator Training

IW 2D Direct Ext Exposure to Fixed 
Contaminated Finite Slabs

Wall,n,1 Wi 
.. , s idget Works 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Ex ernal 
Exposure 
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Superfund Radiation Risk

Assessment Calculator Training

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.

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Res 2D Direct External Exposure to 
Settled Dust on Finite Slabs

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

External 
Exposure 
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Superfund Radiation Risk

Assessment Calculator Training

OW 2D Direct External Exposure to 
Settled Dust on Finite Slabs

Bailey Buildin 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

9and Loan 

External 
Exposure 
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Assessment Calculator Training

IW 2D Direct External Exposure to 
Settled Dust on Finite Slabs

\VaH,n,1 1tl! 

.. , s rr1dget Works 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

f HOIH 933:>I 

Ex e~nal 
~posure 



25
9

22nd Annual NARPM Training Program 25
9

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Residential State Inputs
PEF Wind Driven

Particulate Emission Factor Wind Driven 

PEF Wind Equation 

Default .. City (Climatic Zone) - Selection based on most likely cl imatic conditions for the site 

0. 5 .. s (acres) 

pitd=M PEF w / Wind Particulate Emission Factor (m3/kg) 
93.77 

0.5 

4,69 

11.32 

0.194 

16.2302 

18.7762 

216.108 

Q/Cwind I inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m2-s per kg/m3) 

V / fr action of vegetative cover ( u nitless) 

Um/ mean annual wind speed (mi s) 

Ut / equiva lent threshold value 

F(x) / function dependant on Um/Ut derived using Cowherd et al. {1985) (unitless) 

A (Dispersion Constant) 

8 (Dispersion Constant) 

C (Dispersion Constant) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential State Inputs
PEF Mechanically Driven for Public Paved Roads

~I s_e_le_ct_a_s_t_at_e ___ ~ .. 11 Select Geographic Setting .. I [3 

Particulate Emission Factor Mechanically Driven for Public Paved Roads 

PEF Equation 

2.11E+07 PEFrn -pp / Mechanical Part icu late Em ission Factor - paved public (m3/kg) 

Q/Cw I inverse of the rat io of the geometric mean air concentrat ion t o the em ission fl ux at center of a square source (g/m2 -s per kg/m3 ). 93.77 

Calculated from As above. {default M in neapolis) 

0.185811027 

31536000 

8760 

274.2134 

147.5805 

0.015 

112015000000 

2821594.655 

1786 

FD/ Dispersion correction factor (un it less) 

T / Time in seconds (calcu lated fro m worker ED) 

tc I Time in hours (calculated from worker ED) 

AR / Area (m 2) 

LR/ Length of road segment (ft); Ca lcu lated from As above. 

sL / Road surface silt loading (g/m2) 

AKV / Ann ual veh ical kilo meters per road class (km/ yr) 

:E VKT / Sum of fleet vehicle kilom eters t raveled du ring ED (km/yr) 

km per road class 

,..3_.2 ____ --1 W I (mean veh icle we ight ) tons 

,..2_0 ____ --1 WR/ Width of road segment (ft) 

,..4_.6 ____ --1 k-pp / Part icle size mu lt ip lier for pub lic-paved road (gNKT) 

0.1317 C / Emission factor for fleet exhaust, brake and t ire wear 
1--------1 

,..1_s_o ____ p / num ber of days in a year w ith at least 0.001 inches of precipita t ion 

,..1_6_.2_3_0_2 __ --1 A (Dispersion Constant) 

,..1_8_.7_7_6_2 __ --1 B (Dispersio n Constant) 

216.108 C (Dispersion Constant) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Site-Specific Inputs
Select Scenario (streets, outside surfaces) 

• Resident 

Indoor Worker 

Out door Worker 

Composite Worker 

Select Media: 
,; Dust 

,; 3-D External Exposure 

[{) 2-D Externa l Exposure 

Select Resu It Type 

Defaults 

State 

• Sit e-specifi c 

Sel1ect Road Type: 

Public Paved 

Sel1ect !Isotope Inf Public Unpaved 
Industr ial Unpaved 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

hy defaults • 
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Assessment Calculator Training

Residential SS Inputs
Settled Dust – Combined Ingestion & Ground 

Plane External Exposure

1-------; 
MFr-a (annual age fract ion - resident adult) 

1-------; 
MFr-c (annual age fract ion - resident child) 

DL (dose lim it) unirt less 
1-------; 

1-------; 
EDr (exposure duration - resident) yr 

350 EFr (exposure frequency - resident ) day/yr 
1-------; 
1-1_6_.4 ___ --1 ETv (indoor exposure t ime - resident ) hr/ day 

t-1_.7_5_2 __ --; ET0 ,r (outdoor exposure t ime - res ident) hr/day 

1-------; 
FAM (area and material factor) unit less 

1-------; 
FoFF-SET (off-set factor) unit less 

GSFi (Indoor Gamma Shield ing Factor) unirt less 
1-------; 
0.4 

GSF O (O utdoor Gamma Shielding Factor) unit less 

IFAr-adj (age-adjusted dust inhalation rate - resident) 

64.5 IFOr-adj (age-adj usted dust ingest ion rate - resident) 

1-------; 
k (d issipat ion rate constant) yr-1 

~---~ SLF (Silt Load ing Factor) cm2/ kg 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

1 tr (t ime -

1 E□ r-a (ex 

1 E□ r-c (ex 

4 ETr-a,h (e 

resident) yr 

posure durat ion - res ident adu lt) y r 

posu re durat ion - resident child) yr 

4 

xposure t ime - resident adult hard surface) hr/day 

posu re t ime - resident ch ild hard surface) hr/day 

Slab size for ACF 

ETr-c h (ex 

I Select a slab size · I 
I 1 I FQr-a (fr equency of hand to mouth - resident adu lt) 

event /hr 

'-19_.5 ___ ___,I FQ,._c (frequency of hand to mouth - resident ch ild) 

event /hr 

'-lo_.5 ___ ___,I FTSSh (fract ion t ransferred surface to skin - hard surface) 

unit less 

20 IRAr-a (inhalat ion rate - resident adult) m3/day 
t------

10 IRAr-c (inhalat ion rate - resident child) m3/day 
t------

45 SAr-a (surface area offingers - resident adult) cm2 
t------

15 SAr-c (surface area of f ingers - resident child) cm2 
t------

0.5 SE (sa liva ext ract ion factor) unit less 
~------' 
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Superfund Radiation Risk

Assessment Calculator Training

Residential SS Inputs (cont.)
Settled Dust – Combined Ingestion & Ground 

Plane External Exposure

NOTES: 

1. A=decay constant 

2. When k = 0.0, the dissipat ion term is not included in the calcu lation to prevent division by zero which would result a PRG of ze ro. 

3. A, B, and Care constants. 

4 . EDr = EDr-a = EDr-c = tr 
5. DCF d-ora l = ingest ion dose conversion factor 

6. DCFinh = inhalat ion dose conversion factor 

7. DCF d-ext = external exposu re dose conversion factor 

8. IFD r-adj = age-adjusted ingest ion factor 

9. IFAr-adj = age-adjusted inhalat ion factor 

10. L,. = (A5 * 43560)0.5 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Assessment Calculator Training

Residential SS Inputs
Settled Dust – PEF Wind Driven

PEF Wind Equation 

where 

_g_ (J%J =Axe~ (lnAJacres)·Bf 
C,, g C 

m1 

Default • City (Climatic Zone) - Selection based on most likely cl imatic conditions for the site 

0.5 • s (ac res) 

~.....:i..:.11--• PEF w / Wind Particu late Emission Factor (m3/kg) 
93.77 

0.5 

4.69 

11.32 

0.194 

16.2302 

18.7762 

216.108 

Q/Cwind / inverse of the ratio of the geometric mean air concentration to the emission flux at center of a square source (g/m2-s per kg/m3) 

V / fraction of vegetative cover (unitless) 

Um/ mean annual wind speed (mi s) 

Ut / equivalent threshold value 

F(x) / funct ion dependant on Um/Ut derived using Cowherd et al. (1985) (unitless) 

A (Dispersion Constant) 

B (Dispersion Constant) 

C tDisoersion Constant) 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential SS Inputs
Settled Dust – PEF Mechanically Driven for 

Public Paved Roads
2.11E+07 PEF m-pp / Mechanical Part iculate Emission Factor - paved public (m3/kg) 

93.77 Q/Cw I inverse of the rat io of t he geometric mea n air concentrat ion to the emission fl u> 

Calculated from A5 above. (default Minnea polis) 

0.185811027 

31536000 

8760 

274.2134 

147.5805 

2821594.655 

F0 / Dispersion correct ion factor (un it less) 

T / Time in seconds (calcu lated fro m worker ED) 

tc I Time in hours (calculated from worker ED) 

AR / Area (m2) 

LR/ Length of road segment (ft); Ca lcu lated from As above. 

WI (mean veh icle weight) tons 

:E VKT / Sum of fleet vehicle kilometers t raveled during ED (km/yr) 

1786 . km per road class 

WR/ Width of road segment (ft) 
1--------1 
20 

4.6 k-pp / Part icle size mult ip lier for pub lic-paved road (gN KT) 
1--------1 
0.01 5 sl / Road surface silt loading (g/ m2) 
t--------1 
0.1317 C / Emission factor for fleet exhaust, brake and t ire wear 
1--------1 
1-1_so ___ ___, p / number of days in a year w ith at least 0.001 inches of precipitat ion 

,_1_6._2_3_02 __ ..... A (Dispersion Constant) 

1-1_8._7_7_62 __ --1 B (Dispersion Constant) 

1-2_16_._1 _os __ --1 C (Dispersion Constant) 

# of t rips per day * Required 
I-------, 

1--------, # of days per week the t rip is taken * Required 

1--------, # of weeks per year the site is t raveled * Requ ired 

,__ ____ average# of cars per day * Requ ired 

average# of t rucks per day * Requ ired 
1--------1 

Tons/car * Requ ired 
I-------, 

Tons/t ruck * Requ ired 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential SS Inputs (cont.)
3D – Soil Volume & Ground Plane External Exposure

Soil Volume and Ground Plane External Exposure 

3-D Di rect External Exposure (1 cm) 

3-D Di rect External Exposure (15 cm) 

3-D Di rect External Exposure (5 cm) 

3-D Di rect External Exposure (ground plane) 

3-D Di rect External Exposure (svl 

Select a sidewalk/ st reet posit ion • I Select sidewa lk/street posit ion 

Select a bu ilding height (ft) • I Select bu ilding height (h ) 

1 DL (dose limit ) unit less 

1 ED, (exposure durat ion - resident) yr 

350 EF, (exposure frequency - resident) day/yr 

1-1_6_.4 ___ -1 ET;,, (exposure t ime - resident indoor) hr/ day 

1.752 ET 0 , , (exposure t ime - resident outdoor) hr/ day 

NOTES: 

1-1 ____ __, FAM (area and material fact or) unitless 

1 Frn (depth and cover funct ion) unit less 
i--------; 

1 FoFF-SET (off-set factor) un it less 
t--------; 

1-0_.4 ___ __, GSF; (gamma shielding fact or - indoor) unit less 

__ 1 ______ GSF O (gamma sh ield ing factor - outd oar) u nit less 

~1----~ tr (t ime - resident) yr 

1. SF ext=soil-volume external exposure slope factor (risk/yr per pCi/g). rad ionucl ide-specif ic 

2. 11.=decay constant. radionucl ide-specif ic 

3. FsuRF=Rat io of the su rface dose rate to that for an infin ite plane source - rad ionucl ide-specifi c 

4. ED, = t r 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Residential SS Inputs
2D – Soil Volume & Ground Plane External 

Exposure

Soill Volume and Ground Plane External Exposure 

2-0 Direct External Exposure (1 cm) 

2-0 Direct External Exposure (15 cm) 

2-0 Direct Externa l Exposure (5 cm) 

2-0 Direct Externa l Exposure (ground plane) 

2-0 Direct External Exposure (svl 

NOTES: 

1. Equation parameters from 3-D external exposure w ill be used in addit ion to slab size 

2. ACF - rad ionucl ide-spec ifi c 

3. Slab size fo r ACF in 2-0 alternate external equation is determined by area selected in dust section above 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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SPRG Residential Generic Output

Surfaces 3D Direct External Exposure

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Radiation Risk Assessment 
Calculator Training

Section 8: Differences between 
EPA and DOE tools

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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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 the same whether they are 
radioactive or not

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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RSL, PRG, DCC, 
Similar Look and Feel

Select Screening Level Type 

@ Regio nal Screening Levels (RSLs) 

0 Regional Remova l Management Levels (RMLs) 

Select Hazard Quotient 

@ 0.1 

0 1 

0 other: 

Select Target Risk 

@ 10 .. 

0 10·5 

0 10 ... 

0 other: 

L 
Select Scenario 

@ Resident 

Q Indoor Worker 

Q Outdoor Worker 

Q Co mposite Worker (presented in Generic. Ta bles) 

Q Construction Worker (Site Specific only) 

0 Fish (Sile Specific Only) 

Q Soil to Groundwater 

Q Recre ator (S ite Specific only) 

Select Media: 

0 Soil 

0 Air 

0 Ta pwaler 

Select Screening Level Choice 

@ Defaults 

Q Site Specific 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

Select Target Risk 

(i) 10-o 
0 io-5 

0 10-4 

0 Other: 

Select Scenario 

(i) IResi dent 

0 llndoor Worker 

0 Outdoor Worker 

0 Composite Worker 

Q Consrrud ion Worker (Sit e-specifi c only) 

0 IRecreator (Sit e-specif ic only) 

0 f armer 

0 So il to Groundwater 

Selea Media: 

0 Soil 

D Air 

0 Tap Water 

0 2-D External Exposure 

0 Fish 

Select Site Info Type 

(i) l)efaults 

0 Site-specific 

Select Dose Limit (mrem/yr) 

Ci) 1 

0 Other: 

7 
Select Scenario 

Ci) Resident 

0 Indoor Worker 

Q Outdoor Worker 

0 Com posite Worker 

Q Cons-trud ion Worker (Sit e-specific only) 

0 Recreator (Sit e-srecif ic only) 

Q Farmer 

Q So il to Groundwater 

Select Media: 

0 Soil 

D Air 

0 Ta p Water 

0 2-D Extern al Exposure 

0 Fish 

Select Site Info Type 

Ci) Defa ults 

0 Sit e-srecific 
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RSL, PRG, DCC, 
Consistent Exposure Assumptions

RSL Calculator 
--•""""~ ::r7~J 

Instructions 

Resident 
Exposure to Soil 

Exposure Assessment Details 

■ Substitute Sc.ii-Saturation Concentrati m (CSAn for ii inhala1 m RSL: 

ii Substitute theoreti ii ceilini lim· for total ;oil RSL? 

... AF BW ,o " H 
Segment(yr) {mg/cm2) (kg) (yr) (day/yr) (hr/event) 

., p:,- i;;-- i,-- r,;,- i;:,-
,. p:,- i;;-- r,- r,;,- i;:,-

.,. ~ ~ r,o- r,;,- i;:,-

16-26 ~ ~ r,o- r,;,- i;:,-

Chlld (0-6) - ----

• "" • Equations 

• GenericT.-ibles 

• RSLCalc-'cltor 

• RiskCakWtor 

IRS SA 
(mg/day) (cm2Jday} 

~ ~ 

~ ~ 

~ ~ 

~ ~ -- mall' 

Preliminary Remediation Goals for Radionuclides Adult (&-26) 1!1!!1111 -- --- -- ll!!!IIII Dose Compliance Concentrations for Radionuclides (DCC) 

LI S_el_ec'-"t -'--a"--sl'-'ab'--'s"'iz-'--e-__J-.- I Slab size for ACF 

I Select a soil thickness cover layer -. ~elect cover layer 

thickness for GSF O (gamma shield ing factor - outdoor) 

EJ. EDr (exposure durat ion - resident) yr 

~ EDr-a (exposure duration resident adu lt) yr 

~ EDr-c (exposure duration resident child) yr 

EFr {exposure frequency - resident) day/yr 

~ EFr-a (exposure frequency · resident adu lt) day/yr 

~ EFr-c (exposure frequency- resident child) day/yr 

~ ETr·a (exposure t ime resident adu lt) hr/day 

~ ETr-c (exposure time resident child) hr/day 

~ ETr·i (exposure t ime - indoor resident) hr/day 

~ ETr-o (exposure t ime · outdoor resident) hr/day 

~ GSF1 (gamma shielding factor - indoor) unit less 

h31IIl!IM IFA.--adj (age-adjusted soi l inhalat ion factor -

resident) m3 

hf)•!IIl!I@ JFSr·adJ (age-adjusted soil ingest ion factor -

resident) mg 

~ lft\_3 (inha lation rate resident adu lt) m3/day 

~ l ft\.c (inhala tion rate resident child) m3/day 

~ JRSr·a (soil intake rate resident adu lt) mg/day 

~ lRSr-c (soil intake rate resident child) mg/day 

~ MLF (produce plant mass loading factor) unit less 

f). tr (t ime - resident) yr 

lilli• TR (target cancer risk) unit less 

ft EA~ United States 
~~ Environmental Protection 
~, Agency 

LI S_el~e~ct~•~•~l•~b~• i~ze~ _ _,• I Slab size for ACF 
~ ETr-c (exposure t ime · resident child) hr/day 

I Select a soil thickness cover layer • lselect cover layer 
~ ETr-i (exposu re t ime · indoor res ident) hr/ day 

th ickness for GSF O (gamma shielding factor -outdoor) 

Pfi AA.Fa (annual age fract ion - resident adu lt) 

unlt less 

~ ETr·o (exposure t ime - ou tdoor resident) hr/ day 

~ GSF1 (gamma sh ield ing factor - indoor) unit less 

PIA AAF c (annual age fract ion - resident child) ,s,, IFAr-adj (age-adjusted soil inhalat ion factor -

unit less resident) m3 

DL (dose lim it) mrem IFll?i• IFSr-adJ (age-adjusted soil ingest ion factor -

El· 

Ffi• 

EDr (exposure duration - resident) yr 

~ EDr-a (exposure du rat ion - resident adult) yr 

~ EDr-c (exposure durat ion · resident ch ild) yr 

EF r (exposure frequency - resident) day/yr 

~ EF,-a (exposure frequency - res ident adult) day/yr 

~ EFr-c (exposu re frequency - resident ch ild) day/yr 

~ ETr-a (exposure t ime· resident adu lt) hr/day 

resident) mg 

~ IRAr·a (inhala t ion rate - res iden t adult) m3/day 

~ IRAr·c (inhalation rate - resident child) m3/day 

~ IRSr-a {soil intake rate - resident adult) mg/day 

~ IRSr-c (soil intake rate resident ch ild) mg/day 

~ MLF (produce plant mass loading factor) unit less 

El· t r (t ime - resident) yr 
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RSL, PRG, DCC
Consistent treatment of inorganics

 Resuspension – same
 Soil to groundwater – same
 All 3 steady state models.  Not depleting 

source (transfer/dynamic) models

ft EA~ United States 
~~ Environmental Protection 
~, Agency 
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Page-274

Guidance: World Trade Center (WTC) 
Benchmark 

 Document used to  establish 1x10-4 risk 
based cleanup levels for the reuse of 
chemically  contaminated buildings after the 
9/11 attacks.

 Equations and parameters were the latest 
EPA chemical methodology

 Ingestion, inhalation, and dermal
 http://www.epa.gov/wtc/reports/contaminants_of

_concern_benchmark_study.pdf

http://www.epa.gov/wtc/reports/contaminants_of_concern_benchmark_study.pdf
http://www.epa.gov/wtc/reports/contaminants_of_concern_benchmark_study.pdf
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Page-275

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
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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
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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
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Settled Dust & Indoor Air
Resuspension

 EPA BPRG and BDCC calculators and WTC 
document 
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BPRG – Indoor Air
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BPRG – Settled Dust
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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
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PRG and RSL 
Inhalation
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RESRAD and RESCHEM 
Inhalation
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RESCHEM and RESRAD 
look and feel
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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 

inconsistency 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 
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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 needs to fully understand what is being 

said 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.
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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:

1. run both models
2. have a thorough understanding of both models
3. be able to explain the differences.
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EPA As the Decision Maker (cont.)

 Federal Facilities Disputes ultimately 
resolved by the EPA Administrator 

 Mather AFB/George AFB Dispute 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.”



29
3

22nd Annual NARPM Training Program 29
3

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training
Page-293

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
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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, for some 
portion of the risk or dose assessment then 
they should:
1. Consult with EPA HQ (Stuart Walker)
2. Region should run PRG/DCC calculators and 

alternative model using PRG/DCC default input 
parameters

3. Region should have technical justification why 
alternative model would replace preferred 
PRG/DCC calculator for some portion of risk/dose 
assessment
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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

Page-295
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CERCLA risk assessments use RME
 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 95th percentile 

default input assumptions (see 55 FR 9710, 
March 8, 1990)

Page-296
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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

Page-297
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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)

Page-298
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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.

Page-299
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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

Page-300
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High Level Review of Superfund 
Approach for Risk Harmonization

 EPA’s approach of addressing radiation and 
chemicals in a similar approach has received 
outside high- level review, both:
 Risk management/policy review
 Scientific review
1. Blue Ribbon (Presidential/Congressional) committee report
2. National Academy of Science (NAS) report
3. EPA Science Advisory Board (SAB)
4. ISCORS report signed by US Federal Agencies
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Blue-ribbon committee
 The Presidential/Congressional Commission 

on Risk Assessment and Risk Management 
developed a 1997 report to Congress on the 
appropriate uses of risk assessment and risk 
management in Federal regulatory programs.

 Final Report Volume 2 issued 1997, Risk 
Assessment and Risk Management In 
Regulatory Decision-Making recommended:
 Radiation and chemicals should be addressed 

consistently, particularly when co-located.
 Superfund should continue to use the 10-4 to 10-6 

cancer risk range and reasonably anticipated land 
use
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Blue-ribbon committee screen shots 
(pp 82, 122)
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EPA Science Advisory Board (SAB)
 In 1992 the EPA SAB sent a letter to the EPA 

Administrator “Commentary on Harmonizing 
Chemical and Radiation Risk-Reduction 
Strategies.”  The SAB:  
 SAB acknowledged that EPA guidance for 

Superfund sites, including DOE sites under 
CERCLA, would use a consistent risk-based 
approach for addressing radiation and chemical 
contamination in both risk assessment 
methodology and cleanup levels (e.g., no more 
than 10-4 cancer risk).  

 SAB viewed the harmonization of radionuclides to 
the chemical approach as scientifically valid.
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SAB screenshots (pg 2)
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SAB screenshots (pg 9)
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SAB screenshots (pp 10, 12)
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Radiation Risk Assessment 
Calculator Training

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 soil gas, 
air, and groundwater

◆ Output provides risk estimates for residential 
and commercial/industrial exposures to 
radon in soil gas, air, and groundwater
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RVISL Scope
◆Developed to provide concentrations of radons 

in soil and groundwater that will not result in 
radon intrusion into buildings that exceed 
target levels

◆ Indoor radon/thoron target level concentrations 
based on:
»Risk (default to 1 x 10-6)
»UMTRCA correspond to 0.02 Working 

Levels (Rn-220 and 222 only)
»Dose (default to 1 mrem/yr)
»Potential State 4 pCi/l standard
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RVISL: Conceptual model

◆Same as VISL conceptual model for 
chemicals

◆Assumes a groundwater or vadose zone of 
vapors that diffuse upwards through 
unsaturated soils toward the surface and into 
buildings

◆Soil is relatively homogeneous and isotropic
»Horizontal layers of different soil types can 

used



31
3

22nd Annual NARPM Training Program 31
3

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

RVISL: Conceptual model, cont.

◆Receptors are occupants in buildings with 
concrete foundation
»Resident or Workers

◆Subsurface and building characteristics 
reduce or attenuate radon concentrations
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RVISL: Site-Specific Adjustments

◆Users should consider whether 
assumptions underlying generic conceptual 
model are applicable at each site
»Use professional judgement to make 

adjustments based on site-specific 
information
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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

Page-315
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RVISL – Home page
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RVISL – User Guide



31
8

22nd Annual NARPM Training Program 31
8

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

RVISL -  Calculator page
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RVISL -  Scenarios (Resident)
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RVISL -  Scenarios (Indoor Worker)
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CPM Background

 Counts per minute is a measure of 
radioactivity: number of atoms in a given 
quantity 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.
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CPM Background

 Field screening tool.
 Helps equate detector measurement in CPM 

to a remedial level in pCi/cm2 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.
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CPM Background

 Intended to facilitate use of real-time 
measurement techniques to supplement 
sampling.

 Not to replace sampling.
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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)



32
6

22nd Annual NARPM Training Program 32
6

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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 particle.

 Does addresses ingrowth of daughters. 
 Daughter radionuclides included in output. 
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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.
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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 soil.

 MARSSIM equation is used to find the goal 
detector response:
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CPM Calculator Walkthrough
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CPM Calculator Walkthrough
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CPM Calculator Walkthrough

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 0 photons do not 
contribute to the total GDR. This tool only works for gamma emitters.
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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 2024.
 BCG: Draft. Scheduled finalization 2025?

http://epa-prgs.ornl.gov/radionuclides/
http://epa-dccs.ornl.gov/
http://epa-sprg.ornl.gov/
http://epa-sdcc.ornl.gov/
http://epa-bprg.ornl.gov/
http://epa-bdcc.ornl.gov/
https://epa-visl.ornl.gov/radionuclides/
https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl
https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl
http://www.sadaproject.net/
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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 in 
exposed population. 

 Critical points: impairment of reproductive 
capability; 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 
benchmarks based on cell death.

 Protective of populations, not individuals.
 Does not address human cancer risk.
 Does not address nonradioactive toxicity.
 Calculates generic steady-state BCGs. Can 

also be used to find species- or site-specific 
BCGs.



33
9

22nd Annual NARPM Training Program 33
9

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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)
 Aquatic and terrestrial plants: 10 mGy/day (1 

rad/day)
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Developmental Approach - Selecting 
a Representative Species

 Home range (prefer 
small)

 Susceptibility to ionizing 
radiation (prefer 
radiosensitive)

 Represent major 
exposure pathways for 
aquatic and terrestrial 
biota

 Indigenous to and 
utilizes evaluation area

 Familiarity with general 
public

 Data available from 
literature or site-specific 
studies.

 Keystone or focal 
species of ecosystem 
evaluated.

Considerations:
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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.
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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 Bq/kg of 
wet tissue.
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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
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Additional Considerations for 
Developing a CSM for Biota

 Are there potential human health concerns?
 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?
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BCG Calculator Walkthrough
 Source media

 Water
 Sediment
 Soil

 Exposure scenarios
 Riparian animal (living on shore/banks of bodies 

of water)
 Terrestrial animal
 Aquatic animal
 Aquatic plant
 Terrestrial plant
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Riparian Animal
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Terrestrial Animal
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Aquatic Animal



34
9

22nd Annual NARPM Training Program 34
9

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Aquatic Plant
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Terrestrial Plant
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Animal Exposure Pathways
Aquatic Riparian Terrestrial

External: rad in soil   

Externa l: rad in water   

Inte rna l: inges tion of 
contamina ted vege ta tion

  

Inte rna l: inges tion of 
contamina ted food and 
soil, inha la tion of soil

  

Inte rna l: inges tion of 
contamina ted water



Inte rna l: biomagnified 
through food web
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Plant Exposure Pathways

Aquatic Terrestrial

External: rad in sediments 

Externa l: rad in water 

Externa l: rad in soil 

Inte rna l: rad taken up in (pore) 
water, incl. dissolved nutrients  and 
minera ls
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Calculator Walkthrough

 Generic composite 
benchmarks require input 
of DL and CF.

 Species-specific and site-
specific benchmarks 
permit more detailed input 
about diet, physiology, 
etc.
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Calculator Walkthrough (cont.)

 RBE of alpha radiation. 
Default is 20.

 Units in pCi or Bq.
 Select radionuclides and/or 

radionuclide decay chains.
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BCG Generic Input
Aquatic Animals – Sediment
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BCG Site/species-specific Input
Sediment Riparian Animals
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BCG Site/species-specific Input
Sediment Riparian Animals
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BCG Generic Calculator Output
Aquatic Animals – Sediment
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Species-specific and Site-specific

 Examine internal exposure pathways in 
greater detail.

 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.
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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

Distribution
Training
Support

Open Literature
NUREGs
Conferences etc.
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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?

SADA

Geospatia
l

Risk

Uncertainty

Decision Support

Cost
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Answers that SADA V5&6 Provide

Probability of Exceeding 
Acceptable Risk Limit

C
er

ta
in

GIS
Spatial Context
Area of Investigation
2D or 3D

Initial Sample Designs
Judgmental
Random
Simple Grid
Standard Grid
Unaligned Grids
Search Grids
MARSSIM
3D Search

Data Collection
Data Management
Multiple Contaminants
Spatio-Temporal 
Referenced

Risk Based Screening
Radionuclides
Chemical
Custom
State
Federal
Site Specific
Considers landuse, 
individual behaviors
Database of 1000s of 
analytes

Traditionally, risk was used 
in an all or nothing decision

SADA integrates spatial 
modeling with risk

Nearest Neighbor
Natural Neighbor
Inverse Distance
Ordinary Kriging
Indicator Kriging
Cokriging
Imported Models

that propogates spatial 
uncertainty through the risk 

Probability Maps
Model Variance Maps
Simulations

Moving away from all or 
nothing rules to spatially 
enabled risk based 
decisions that offer better 
choices to stakeholders
And quantifying uncertainty 
in the final decision

Cost Benefit Analytics
Built on risk-space models
Permit what if’s
Quantify cost and decision 
risk reduction

Secondary Sample Designs
Sample where model needs most 
support....
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How SADA Version 5 Looks
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Version 6 Inputs
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SADA Risk and PRG results
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SADA Version 6
 Modern GIS infrastructure
 Advanced 3d visualization and scene creation
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SADA Version 6
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Thank You for Participating

 Contact: Stuart Walker
 walker.stuart@epa.gov
 (202) 566-1148

 Additional Resources
 Calculator Links (next slide)
 ITRC: http://www.clu-

in.org/conf/itrc/radsdd/resource.cfm

mailto:walker.stuart@epa.gov
http://www.clu-in.org/conf/itrc/radsdd/resource.cfm
http://www.clu-in.org/conf/itrc/radsdd/resource.cfm
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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 2024.
 BCG: Draft. Scheduled finalization 2025?

http://epa-prgs.ornl.gov/radionuclides/
http://epa-dccs.ornl.gov/
http://epa-sprg.ornl.gov/
http://epa-sdcc.ornl.gov/
http://epa-bprg.ornl.gov/
http://epa-bdcc.ornl.gov/
https://epa-visl.ornl.gov/radionuclides/
https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl
https://epa-prgs.ornl.gov/cgi-bin/radionuclides/chain.pl
http://www.sadaproject.net/
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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



37
3

22nd Annual NARPM Training Program 37
3

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

Background
• The primary stressor from radiological 

contamination is ionizing radiation resulting from 
the decay of unstable isotopes that have been 
released to the environment.
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Ionizing Radiation

• Either particle or electromagnetic radiation
• Individual particles/photons carry enough 

energy to ionizing atoms by removing an 
electron from orbit.

Ionizing 
Radiation
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Ionizing Radiation

• Ionized 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.
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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. 
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Types of Radiation

• Alpha particles (α)

• Beta particles (β)

• Gamma rays (γ)
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Alpha radiation:

• Consists of two protons and two neutrons bound 
together; helium atom stripped of electrons.

• Highly ionizing
• Low penetration, but highly destructive.
• Not considered dangerous unless ingested or 

inhaled.
• Not a significant source of risk in external dose 

pathways because of low penetration power.
• Primary source of risk in internal dose pathways.

+24
2 He
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Beta radiation

• High-speed, charged particles (electrons)
• Moderate penetrating power

– Can penetrate skin
– Require thin shielding (thin metal, clothes)

• Can enter body through ingestion, inhalation, 
unprotected open wounds, lens of eye
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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.
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Radionuclides – Source of 
Ionizing Radiation

• A radionuclide 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.



38
2

22nd Annual NARPM Training Program 38
2

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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. 
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Activity

• Transformation (or disintegration, or decay) 
rate of a radioactive substance.

• Measured in disintegrations per second 
(dps).

• Units
– 1 Becquerel (Bq) = 1 dps

• SI unit
– 1 Curie (Ci) = 3.7 x 1010 dps = 3.7 x 1010 Bq

• Usually use pCi. 1 pCi = 1 x 10-12 Ci
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Absorbed Dose
• Energy imparted by radiation onto an 

absorbing material, or energy deposited per 
unit mass.

• Also known as Total Ionizing 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)
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Dose Equivalent

• Dose in terms of its biological effect.
• DE = absorbed does x WR
• WR = 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.



38
6

22nd Annual NARPM Training Program 38
6

22nd Annual NARPM Training Program
Superfund Radiation Risk

Assessment Calculator Training

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.
• Units

– Sievert (Sv) – same units as Gray  
• SI unit

– 1 rem (Roentgen equivalent man) = 100 Sv 
• Obsolete unit
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Exposure

• Ability of radiation to ionize air and create 
electric charges.

• Units
– 1 Roentgen (R) = amount of radiation required to 

liberate positive and negative charges of 1 esu 
from 1 cm3 of dry air at STP

• 1 R = 2.58 x 10-4 C/kg air
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Decay Products

Alpha Decay of Americium-241 to Neptunium-237 

The decay product (Np-237) is called a daughter 
product, daughter isotope or daughter nuclide.
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Decay Products

• Alpha: subtract the         particle:
– Atomic mass decreases by 4 amu.
– Atomic number decreases by 2.

• 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.

+24
2 He
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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.
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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 
subsequent 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.
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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 
ionizing radiation. 

Ionizing radiation is 
sometimes used to 
sterilize food and 

medical equipment.

Transfer and Accumulation
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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. 
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Common Radionuclides

Americium-241
Cesium-137
Cobalt-60
Iodine-129, 131
Plutonium-239, 240, 

241
Radium-226, 228

Radon-220, 222
Strontium-90
Technetium-99
Thorium-230, 232
3H (Tritium)
Uranium-234, 235, 

238

Some radionuclides commonly found at 
Superfund sites:
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Radiation Risk Assessment 
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Section 14: Radiation Risk 
Assessment Basics
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Basis of Radiological Risk 
Assessments

• Ionizing radiation is a carcinogen, a 
mutagen, and a teratogen.

• 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
• Exposure: estimated lifetime intake or 

external exposure (in Roentgen units)
• CSF: estimate of the probability of response; 

i.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)
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Example: Inhalation Pathway

• 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 
to a particular cancer risk

Approach: safe dose that 
protects workers and public 
from ongoing nuclear 
operations on site.

Lifetime exposure to an 
individual with a RME 
(EPA)

Annual exposure to an 
average member of critical 
group

Risk is unitless 
measurement of likelihood 
of an adverse effect.

Dose equivalent is 
measured in units of rem, 
mrem, or sievert.
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Basis for Risk and Dose 
Approaches (cont.)

Risk Dose
Standards expressed in 
terms of risk (e.g. CERCLA 
10-4 to 10-6 range) 

Standards expressed in 
terms of dose equivalent 
(e.g. NRC 25 mrem/year) 

CSFs based primarily on 
US population. 

DCFs based on populations 
from other nations. 

Age- and sex-dependent 
risk models in CSFs 

Age-dependent DCFs 

CSFs do not consider 
genetic risk 

DCFs consider genetic risk 
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Basis for Risk and Dose 
Approaches (cont.)

Risk Dose
Considers causes of death 
other than rad-induced 
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 
target organs/tissues, considered 
for 13 specific cancer sites, plus 
residual risk 

Effective dose considers dose 
estimates to 12 target organs plus 
average of 10 other organs 

Lung dose based on weighted 
sum of absorbed dose to 
tracheobronchial (80% weight) 
and pulmonary regions (20%) 

Lung dose based on average 
dose to total lung 
(tracheobronchial, 
nasopharyngeal, and pulmonary 
regions) 

Variable length to integration 
period (<110 years). Depends on 
organ-specific risk models and 
considerations of competing 
risks. 

Fixed length of 50 years for 
integration period 
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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)

• Revised DCFs in ICRP Publication 72 
(1996). 
• Based on additional scientific data
• More applicable to general public
• Correspond to current cancer slope factors

• 2014 ORNL DCFs based on ICRP 107.
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Updates to Slope Factor 
Approach

• Old slope factors issued in 2001
• 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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