Argonne°

NATIONAL LABORATORY

Overview and Demo of RESRAD-ONSITE,
RESRAD-OFFSITE, RESRAD-RDD, and
RESRAD-BIOTA

Charley Yu and David LePoire
Environmental Science Division

Presented at
NRC RAMP 2022 International Users Group Meeting

April 6, 2022

RESRAD Family of Codes Can be Used to Conduct
Radiological Dose Assessment

RESRAD Fan‘”ly of Codes HOME  cODES-  DOWNLOAD  TRAINING  DOCUMENTS ©rAQs  EMAL R USERCENTER

The RESRAD famnily of codes s developed at

Argonne National Laboratory to analyze potential

human and biota radiation exposures from the RESRAD-ONSTTE RESRADOFFSITE
environmental contamination of RESidual | p
RADioactive materials, The codes use pathway ‘ f

23
analysis to evaluate radiation exposure and

UPCOMING EVENTS

RESRAD-BUILD

associated risks, and to derive cleanup criteria or

authorized limits for radionuclide concentrations in RESRAD-RDD RESRAD-BIOTA
the contaminated source medium. The RESRAD y. 8

family of codes is widely used by regulatory s
agencies, the risk assessment community, and

universities in more than 100 countries around the

world.
RESRAD-ONSITE RESRAD-OFFSITE
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RESRAD-ONSITE RESRAD-OFFSITE RESRAD-BUILD RESRAD-RDD RESRAD-BIOTA

OTHER RESRAD
RESRAD-BUILD RESRADRDD CODES
RESRAD-RECYCLE
RESRAD-BASELINE
RESRAD-CHEM
RESRAD-ECORISK

More Info at RESRAD Web Site:
https://resrad.evs.anl.gov,

Email: resrad@anl.gov




. .
One Hundred Thirty-Three (133) Countries Downloaded
.
RESRAD Family of Codes (twelve (12) new countries: Brunei,
Central African Republic, Ecuador, El Salvador, Malta, Myanmar, Oman,
Palestine, Panama, Papua New Guinea, Tonga, and Tuvalu)
|Algeria Bulgaria Cuba France Italy Malawi Nepal Philippif ISouth Africa [Tunisia [Yemen
|Argentina__ |Burkina Faso Cyprus \Gabon Jamaica Malaysia Netherlands |Poland ISouth Korea [Turkey [Zambia
Czech New
|Armenia Burundi Republic  |Georgia |Japan Malta Zealand Portugal ISpain [Tuvalu Zimbabwe
D.R. of the
lAustralia  |Cameroon [Congo |Germany |Jordan Mauritius Niger Puerto Rico [Sudan Uganda
|Austria Canada Denmark  |Ghana Kazakhstan |Mexico Nigeria Qatar ISweden Ukraine
Central
|African United Arab
|Azerbaijan [Republic Djibouti Greece Kenya Moldova North Korea|Romania ISwitzerland |[Emirates
IDominican United
ladesh |Chad Republi Hungary |[Kuwait M INorway Russia ISyria Kingdom
Belarus Chile Ecuador |India Latvia Mongolia [Oman ISaudi Arabia [Taiwan United States
Belgium China Egypt Indonesia_|Lebanon Montenegro |Pakistan  |Senegal [Tajikistan Uruguay
Bosnia &
Herzegovina |Colombia El Salvador |Iran Libya Morocco Palestine  |Serbia [Tanzania Uzbekistan
Botswana _|Congo Estonia Iraq Lithuania  |[Mozambique |Panama ISingapore  [Thailand Vanuatu
Papua New
Brazil ICote D'Ivoire |Fiji Ireland Macedonia [Myanmar |Guinea ISlovakia [Togo
Brunei Croatia Finland Israel Mad: ibi Peru Slovenia [Tonga Vietnam
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RESRAD Has a Strong Track Record

= RESRAD has been in existence for over 30 years

= RESRAD is the most extensively tested, benchmarked, verified and
validated code in the environmental risk assessment and site cleanup field

= RESRAD has been widely used by federal and state agencies and their
contractors

= Qver 150 training workshops have been sponsored by DOE, NRC, EPA, DOD,
IAEA, and state agencies

= Many universities have used RESRAD as a teaching and research tool

= More than 1000 journal articles, theses and other reports have been
published based on RESRAD (some in foreign languages)

= RESRAD has been widely used in over 130 countries

= Comprehensive supporting documents are available for the application of
RESRAD family of codes

= RESRAD is continuously maintained and improved
= RESRAD can be downloaded free of charge




Overview of
RESRAD-ONSITE

RESRAD-ONSITE - A Regulatory Tool for Determining
Allowable RESidual RADioactivity in Site Cleanup

RESRAD, an internationally utilized model, successfully addresses
the critical question: "How clean is clean?"

Accepted for use by government
regulatory agencies
= DOE (Designated by Order 5400.5
w B and 458.1)
CLoudan!rﬁlng\ = NRC (NUREG-1757)
S o = EPA
) = State agencies

Evaporation

In use for more than 30 years

= Evaluation of over 300 cleanup
sites including many DOE/EM sites

= More than 150 training workshops
= International recognition (IAEA and
other countries/organizations
sponsored training courses)




Exposure Pathways Considered in RESRAD-ONSITE:
Resident Farmer Scenario

l‘ Ingestion

Radioactively Contaminated Material in Soil

Exposure Pathways Considered in RESRAD-ONSITE:
Industrial Use Scenario

N

rinking

Radioactively Contaminated Material in Soil
Surface




RESRAD Contains An Array of Parameters for
Pathway Analysis in Performing Comprehensive
Dose and Risk Assessment

Environmental Exposure Dose or
Source Pathway Pathway Cancer Risk

On-Site ﬁ External
@ Direct | | Radiation
On-Site Air - Dust/ g
Concentration H-3 ==
§ Wi

Inhalation

Effective
Dose
Equivalent/
Excess

[ Cancer Risk
toan

Livestock £ Moat

w e~

@ Aquatic Foods

Exposed
Individual

Ingestion

On-Site Water

m On-Site Soil |
On-Site So |

L |
Major Categories of Input Parameters for
RESRAD-ONSITE

M Contamination
— Physical size, concentration, nuclides of concern
M Environmental Release and Transport
— Release: leaching, particulate air release, erosion, root uptake
— Transport: groundwater, air, radon gas, food chain
M Exposure Pathways (related to land use scenario)
— External
— Inhalation (particulates and radon),
— Ingestion (plant, meat, milk, water, soil, aquatic foods)
M Consideration of Health Impacts
— Annual dose or lifetime risk
— Use of different coefficient to convert exposure to impact (dose, risk)
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RESRAD-ONSITE Output and Analysis Tools

= Text Reports

— Summary Dose Report (with input listing, Eitorers

b=

doses, & DCGLs)
— Concentration Report

— Risk Report

— Daughter Report
— Detailed Report
= Graphics
— Dose & Risk by Nuclide & Pathway

— Concentration by Media

— Dose/Source Ratios Probabilistic Analysis Distributed Value
) of Dose Output
— Soil guidelines Monte Carlo or LHS Sampling &
= Sensitivity Analysis oW g ‘
R ‘_ll_\ ﬁ "l():’;:-'“"'
raphics Barumete \,| RESRAD |, &
Distribution £l
= Uncertainty (Probabilistic) Analysis Input _'hL_' Codes i
: . :
— Text reports and graphics ' 1 Dl )
— Scatter plots oo
A 11
11
e |
Demonstration of
o 12
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Break
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Overview of
RESRAD-OFFSITE
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\____________|
Environmental Pathways and Exposure Locations

Boundary of
Primary
Contamination

Onsite Offsite
i é)
Plant F7/>ods -
Meat & Milk l// |

i,

Atmospheric release

J ‘ Leaching‘ J

Radionuclide Balance of the Releases and the Remaining
Inventory in the Primary Contamination Zone

Release to atmosphere

Source balance considering radioactive transformations, leaching, and erosion
°\ — 16
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RESRAD-ONSITE Areas of Contamination

All activities occurred on top of the contaminated area

Fruit, grain, non- uns
etables | s

etables &5 %

Primary contamination

Leafy ve
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RESRAD-OFFSITE Areas of Contamination

Fruit, grain, non .H'
leafy vegetables ﬁ] ns

Primary

contamination
o §
© well

Pasture

Leafy vegetables

Offsite dwelling

:H: ]

Livestock grain
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Direct Exposure Pathways

Fruit, grain, non-\ f
leafy vegetables

Leafy vegetables

Pasture Offsite dwelling

Livestock grain
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Inhalation Exposure Pathway - Particulates

Prifaty

contéjrmina;[ion @,ﬁ] R %

Pas_fure

Leafy vegetables

e

Offsite dwelling

Livestock grain
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Ingestion Exposure Pathway - Food and Water

Fruit, grain, non s
leafy vegetables ns

e 1A

Pasture .

Leafy vegetables

it it

Livestock grain
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Ingestion Exposure Pathway - Soil

Fruit, grain, non A Y
leafy vegetables @] s
Primary

contamination P ﬁj]’ %

Pasture Leafy vegetables

Offsite dwe
Ins @A
IMI ‘

Livestock grain

II|n
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Inhalation Exposure Pathway - Radon

Prienaty

contamination

Pasfure

Leafy vegetables

Offsite dwelling
From indoor

water use

Livestock grain
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Transport to Areas of Secondary Contamination
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Transport to Surface Water Body

S
Runos

O erpg.
S0 ray.

i
|
| Oloasa
J 2
|

Three Interrelated
releases: leaching.
erosi@n by runoff,

windrerosion

l’l/as/;o Ut of

Yeposs,
oo Mate, Tty q
70,

Surface water use

25

25

L |
RESRAD-OFFSITE Analysis Tools and Advanced Features

O Text reports and graphics
O Sensitivity analysis (one parameter at a time)

O Improved probabilistic analysis (multiparameter with
sensitivity ranking)

O Both on-site and off-site receptors
O Air dispersion (Gaussian Plume) model
0 Groundwater advection/dispersion (3-D) model

O Delayed release, time series releases, waste forms,
and waste in containers, etc.

O Area factors output (for MARSSIM applications)

26

26
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Demonstration of
RESRAD-OFFSITE
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Break
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Overview of
RESRAD-RDD

29

29

RESRAD-RDD Contamination Pathways and
Routes of Exposure

= External radiation - 3

e

Image source: DHS https://www.dhs.gov/publication/st-frg-rdd-response-guidance-planning-first-100-minutes
30

30
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Role of Operational Guidelines

Protective Actions

Activities that should be conducted in response to an RDD to
reduce or eliminate exposure of the public to radiation or other
hazards.

Protective Action Guides (PAGSs)

A projected dose to a reference individual, from an accidental or
deliberate release of radioactive material, at which a specific
protective action to reduce or avoid that dose is recommended.

Operational Guidelines

Prederived levels of radiation that can be compared to field
radiation measurements to quickly determine if PAGs are
exceeded and actions for protection of the public need to be
implemented.

31

RESRAD-RDD Operational Guidelines
Considerations

Real and Personal Property:
— buildings
— roads and bridges
— vehicles

Critical Infrastructure &
Resources:
— hospitals
— transportation
— power & water
- food

Receptors-Scenarios:
— workers and general public

— urban, suburban, and rural
environments

32

32
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RESRAD-RDD Development Approach

® Addressed 11 radionuclides (Am-241, Cf-252, Cm-244, Co-60, Cs-137,
Ir-192, Po-210, Pu-238, Pu-239, Ra-226, Sr-90)

Applied a consistent methodology & parameters across groups as
appropriate

Calculated dose to source ratios (DSR) (e.g., mSv/yr per Bg/m?2 or
mrem/yr per pCi/mZ2); DSRs applied to applicable Protective Action
Guides (PAGs) to obtain Operational Guidelines

Produced Guidelines in the form of look-up tables:
— Stay Times (e.g., based on gross alpha; gamma exposure rates, etc.)
— Radionuclide Concentrations (e.g., on surfaces and in soils)

; 33
33
s |
Operational Guideline Groups
Early Phase
Groups Subgroups
A. Access (1) Life- and property-saving measures
Controls During | (2) Emergency worker demarcation
Emergency
Response 0
B. Early Phase (1) Evacuation - 7
Actions
o 34

34



\____________|
Operational Guideline Groups

Intermediate Phase
Groups Subgroups

C. Critical Infrastructure
Utilization in
Relocation Areas

(1) Residential areas

(2) Commercial and industrial areas

(3) Other areas such as parks & monuments

(4) Hospitals and health care facilities

(5) Critical transport facilities m\
(6) Water and sewer facilities

( 1 A

(

7) Power and fuel facilities

D. Temporary Access 1) Worker access to businesses for essential

to Relocation Areas actions
for Essential (2) Public access to residences for retrieval
Services

E. Transportation and | (1) Bridges T

Access Routes (2) Streets and thoroughfares 8
(3) Sidewalks and walkways 2

Operational Guideline Groups
Late (Recovery) Phase

Groups Subgroups

F. Release of Property | (1

Personal property except wastes
from Radiological (2

Waste

Hazardous waste

Lands and buildings

)
)
Controlled Areas 3)
)
)

Derived Intervention Levels (early phase)

G. Food Consumption | (1
Planning Values (PVs)
s ) (2) Soil Concentrations for crops in place

(38) Soil Concentrations (intermediate phase) for
growing new crops

(4) Soil Concentrations (recovery phase) for land
use restrictions

36




Demonstration of
RESRAD-RDD

37

Break
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Overview of
RESRAD-BIOTA

39

39

Evolution of Dose Limits for Biota

= Historical setting:

— Human limits are dose-based

— Protection established by examining all exposure pathways
= 1990’s DOE considered parallel protection for biota

— DOE Standard (DOE Order 5400.5):
» 10 mGy/d (1 rad/d) for aquatic organisms

» Intended to protect natural populations if dose to a representative
exposed individual is less than the limit.

= QOther standards proposed
— 10 CFR 834, Subpart F:
» 400 uGy/hr (1 rad/d) for aquatic animals
» 400 uGy/hr (1 rad/d) for terrestrial plants
» 40 uGy/hr (0.1 rad/d) for terrestrial animals

40

40
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\____________|
ICRP Derived Consideration Reference Levels (DCRLs)

= DCRL bands for Reference Animals and Plants (RAPs) (ICRP 2014)

DOE Category & Reference DCRL DCRL
Criteria Organism mGy/d rad/d
Crab 10to 100 1to 10

0.1to1l

Trout 1to 10

01to1l

Frog

Duck 01tol 0.01to0.1

Pine tree 01to1 0.01t00.1
Wild grass 1to10  0ltol

Deer 01tol 0.01t00.1

Bee 1to10

A 41
41

DOE’s Graded Approach

@ Data
Assembly
(2 General Cpmpare media s:oncen.trations with
Screening Biota Concentration Guides
(BCGs) (RESRAD-BIOTA Level 1)

3 Analysis

Site Specific Site-representative parameters
Screening (RESRAD-BIOTA Level 2)

Site Specific Kinetic/allometric modeling tool
LT (RESRAD-BIOTA Level 3)

Site Specific ) _ .

Biota Dose Collection of biota using

Assessment eco-risk protocols

DOE Standard-A Graded approach for Evaluating Radiation Doses
to Aquatic and Terrestrial Biota (DOE-STD-1153-2019)

°; \ 42

42
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Receptors Used in Deriving the Screening
Methodology

BCGs

Aquatic Riparian Terrestrial Terrestrial
Animal Animal Animal Plant

43

LY
43
e |
RESRAD-BIOTA: Key Features
= Duplicates DOE Graded Approach process & BCGs B Emr 1 =
= Retains flexibility to modify organism exposure
profile, parameters, dose limits, allometric
relationships
= Like the Graded Approach, the code implements
primary and secondary reference organism
concepts
= Organism Wizard allows users to configure their
own “secondary” organisms
= Includes DCFs for 8 specific geometries covering a [
wide range of organisms N A s
= Sensitivity analysis skt i e
= Probabilistic analysis
= Import and export data
= Food chain model
° 44
44
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RESRAD-BIOTA Main Window

RESRAD-BIOTA
File View Sensitivity Analysis Uncertainty Analysis  Help

O[ez( Q|06 2]

BIOTA Case

LN Default
’— Ecosystem

Nuclides

otcolid Contaminants
Contaminants [ Aguatic Animal
41 [ Riparian Animal
enestial Animal

Concentration:

45

45

Level 1 Windows

Organism _ Sensitivity Analysis  Uncer

Selected Organism Name: [EEELTT]
Organisms:

E"E Ha m\ DCF 7 Exposure. Input Sovrce: 1 Reference.
DCFs(rad/y)/(pCi/g)

| [Nucide | Ewtemal Intemal]
b [amodt 107603 2086+00

Area Factor:

External Exposure Geometry Factors
Water

| [Wucide | Concentishon [ BCG | Rao | Lintng Oigarism
|7 [Am201 | 100Ew00 20205 A0 Teresinal Arimal

Ingestion:

o Summed Hatiosfor Limiing Urgorssm aro the Limiing Hatios 4> and nuchdos

46
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Level 2 Windows

BIOTA Case
Run

Nuclides Grgamom
Contaminants Contaminants

Concentration:

Gamma

Orgrism ety s Unceaey aip
Selected | Organism Nam

Organisms:
Terstial Arimal | OCF/Ewpose | IpuSouce | npi

Title (EEIT
Ecosystem Level ——  Units———
Tyr

Reforence

CER 2 616-05.

Exormal Intermal

i ] w0

el [
T Ao

[ Mucide [  Waler [ Sedmet | 5ol |
o

BIOTA Case
Title [aS1=T)

Ecosystem
{9 Tenestid @

Nuclides rgame

Potential
Contaminants Contaminants
i 1 Fiparion Animal

Terestial Animal

Concentration:

Organism _ Sensitivity Analysis _ Uncertainty Analyss

Selected Organism Name: CE N
Organisms:
[ ot /Ewose | pwsouee |

Level 3 Windows

Olglnm-speof‘ rame
Organism _Sensiivity Analysis _Uncertinty Anabyss

Selected Organism Name: ECEEET]

=

& Fraction of encray ingested thal is assinilated and oxidized|

 Mass loading factor, o/n"3 [ITTITY

Soil Intake Rate.

Summad Doso
Total (RN

Mo DTN

tornel
73

Y.

[ tuckde |
Am2s1

Exana
Todewin  PETETI
o [ v |

| hoie | civsuboe | asollos | Gosdos | Geeabos | fobes |
5 Tt TS TSIETE GO | TADE
LA T

48
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Parameter Access vs Level

Parameter Level

1 2 3
Units X X X
Concentration, K; Option, Dose Limit X X X
View BCG results X X X
View dose results X X
Sensitivity X X
K4 Modification, Mean Conc. Setting X X
BIV X X
CFTf X
DCF options (RBE, T) X
Organism selection X
Organism addition (W, shape, base) X
Organism allometric parameters X
Allometric option (org, nuc) X

49

49

Text Results
Terrestrial BCG Report for Level 2

Title: Default

(Summed) Total Ratio for Limiting Organism: 1.34E-03
(Summed) Water Ratio for Limiting Organism: 2.94E-07

(Summed) Soil Ratio for limiting Organism: 1.34E-03

I

Water Soil TOTAL
Nuclide (| Concentration (Bq/m~3) || BCG (Bq/m~3) | Ratio || Limiting Organism || Concentration (Bq/kg) || BCG (Bq/kg) || Ratio || Limiting Organism | Ratio
Ca-60 1 442E+07 249E-07 Yes 1 256E+04 391E-05 Yes 3.93E-05
Cs-137 1 2.22E-07 451E-08 Yes 1 7.69E-02 1.30E-03 Yes 1.30E-03
Summed - - 2.93E-07 - - - 134E-03 - 1.34E-03

Water Soil TOTAL
Nuclide (| Concentration (By/im*3) || BCC (Ba/m*3) || Ratie | Limiting Organiem || Concentration (Ba/kg) (| BCC (Ba/kg) || Ratie || Limiting Organism | Ratie
Co-60 1 5.52E+05 1.99E-08 o 1 2.27E+05 4.41E-06 heo 4.43E-06
Gs-137 1 1.83E+09 5.48E-10 No 1 8ATE+04 122E-05 o 122605
Summed - - 2.05E-08 - - - 1.66E-05 - 1.67E-05

50

50
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Graphic Results

F*? RESRAD-BIOTA Graphic Resulis
Ele Edt Options

0.00030
0.00025
0.00020

0.00015

Sum of Ratios

0.00010

0.00005

B Al Nuclides Summed

Terrestrial Animal TotalRatio ' Terrestrial Plant TotalRatio

Title: Default
Ratio Results for All Organisms,

All Radionuclides Summed in Summed Environments

51
)
A |
Organism- Biv’s
Organism  Sensitivity Analysis  Uncertainty Analysis
Selected Organism Name: BRG]
Organisms:
I il 1 DCF / Exposure Input Source
Tenestrial Plant
BIV T Tissue Concentrations T Allametric
Nuclide "/ ater Sediment
Am-241 8.65E-02 0.00E+00
Co&0 1.26e-01 0.00E+00
Cs137 3.38E+00 0.00E+00
Pu233 93E02 0.00E+00
52
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Organism - Allometric

T oo Speate o
Organism _ Sensitivity Analysis  Uncertainty Analysis Organism  Sensitivity Analysis  Uncertainty Analysis

Selected  Organism Name Selected  Organism Name

g R bept]

Teuestial Arimal | OCF/Ewosue | InputSource | | Refoence | Terestial Arinal DCF /Esposure | Input Souce
Tenestial Plant BV

Am2dT I < I
| oS0 [ No [ Ves ]

| [MNuide [ 0 | s | b |PTIT

Am24T | 0001 | 08 | 081 | 260 | 44106

Selected Organism Name [T errestrial Animal Selected Orgamgm L BT T errestrial Animal

Organisms Organisms

il Arinal DCF/Ewposwe | InputSouce | Input | Refeence | Tenestial Arinal OCF/Exposue | InputSouce |
B | Tissue Concentiatons | Allometiic. B Tissue Concentrations Allometiic.
Metabolsm quations/Parameter Intake Rates | Food Chain Metabolism | Equations/Parameters | Food Chan

L O R —

m: Body mass. ko FETIFR Ovenide
R llometic
73 calculations’
s a: Ratio of active to basal metabolic rate TR = Food intake rae, o/d RERRREN B8

iCaoic s ol enil bl 1_sdss: Sedimen/So ingesion k. 5/ FETEN

d: Fraction of energy ingested that is assimilated and nxldlzedm
i_w: Water ingestion rate, L/d m
1_inh: Breathing intake rate. g/d m
T: Maximum lifespan. yr W

x Mass loading factor, g/m™3

Jr.o0e 04 |
Soil Intake Rate ——
oo |

- Fraction of ol in diet

A 53

Organism - Allometric - Food Chain

Organism-Specific Parameters

Organism  Sensitivity Analysis  Uncertainty Analysis
Selected Organism Name: IETEIGE]

Organisms

T DCF/Ewposwe | InpwSowce | Input Reeference
Teneslial Plant
BIY | TissueConcenwations | Allometric
Melabolm | Equations Peramelers | Intskefales | Food Chai
Food Chain C i 1 Food Source Char

Add Food Saurce

Delete Food Source

"Diet Fraction’

e
Terestrial Plant

Organism-Specific Parameters
Organism _ Sensitivity Analysis Uncertainty Analysis
Selected Organism Name: [EEXEETT]

Organisms:

DCF/Emosure | InputSouee | Input
BV

Reference

e | G o

Metabolism | Equaions/Parameters | InakeRates | Food Chain

Food Chain Chatacterstics T Food Source Ci i

Sort by:
O Food Source @ Nuclide
Food Source BIVs
Food Soice” Fiocide ol Waler | Gedment
Temestrial Flant Anr241 7.64E-03. ‘0.00E +00

a 54
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Organism Specification

DCF’s based
on Size

Interaction »
with Allometric Biv's

Environment

< Biv's R|pa_r|an
Environment

Organism Wizard (to Create an Organism)

Advanced Geometry Settings

New Drganism Wizard - Geometry

There is an option to use ssparate geometry sizes for
intemnal and extemal dose conversion Factors, To use tis
oplion, check the box below and select which sizes you

Select a geometry for this organzim. The geometiy determines the dose - wish to use for intemal and estemnal dose conversion
ion hat wil be used far thi [ = AR
conversion Factars that will be used for this organism.

[ {Lise different geometties for intemal and estemal DCFS

Use default
u geametry

g g g g 0% 100 % 100 e

* denotes the default dimensions were modeled for this organism
Geometiy|Mass (k]| Erample Receptors | References Dimensians [cm
g 1000 Grizzly bear® Wild Mammals of Morth 220% 100100
America, 1982

J.&. Chapman and

G.A. Feldhamer, editors

Jahns Hopkins University Press,
Baltimore.

Cancel | Back | Mext |

o 56
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Food Chain Model in RESRAD-BIOTA

= The user has the option of adding multiple food sources
= The user provides the diet fraction of the food source

Organism-Specific Parameters

Organisr  Sensitivity Analysis  Uncertainty Analysis

Selected  Organism Name: T ET I

Organisms:

Terestial Animal DCF / Exposure Input Source

. Input FRieference
Terrestrial Plant

BIv T Tissue Concentrations T Allometric

Mourning dove

Metabolsm | Equations/Farameters | IntakeRates | Food Chain

Tood Chain Ch istics! 1 Food Saurce Characteristics

Add Food Source Delete Food Source

‘Food Source’ ‘Diet Fraction'
Sourcel
Source2 96

A 57

Food Chain Model in RESRAD-BIOTA (Cont.)

= The user provides the bioaccumulation factors (Bivs) for all food
sources

= |f Biv of a food source is not known, use RESRAD-BIOTA in a
separate run to calculate Biv values

Organism-Specific Parameters

Organistn  Sensitivity &nalysis  Uncertainty Analysis

Selected  Organism Namo: [N

Organisms:

Tenestral Animal | DCF/ Exposure | Input Source If Input v
Tenestrial Plant
= -

BN | Tiesuel i T Al

Mourning dove

Metaboism | Equalions/Parameters | IntakeFidles | Food Chain

Food Chain Charscteristics T ¥Food Source T

Sort by:
@ Food Source ® Nuclide
Food Source BlYs
‘Food Source’ Nuclide: Soil Yl ater Sediment
Sourcel Am-241 0.00E+00 0.00E+00
Sourcel Cs137 0.00E+00 0.00E-+00
Sourcel Sro0 0.00E+00 0.00E+00
Source? Am-241 0.00E+00 0.00E+00
Source2 Cs137 0.00E+00 0.00E-+00
Source? 590 0.00E+00 0.00E-+00 0.00E+00

29



Demonstration of
RESRAD-BIOTA

59

Thank you!

RESRAD Family of Codes  "ove cooss-  vowsiow  mmamnG  oocowewts o

The RESRAD family of codes Is developed at
‘Argonne National Laboratory to analyze potential
human and
environmental contamination of Residual
RADioactive materials. The codes use pathway
analysis to evaluate radiation exposure and
‘associated risks, and to derive cleanup criteria or
authorized limits for radionuclide concentrations in
the contaminated source medium. The RESRAD
family of codes is widely used by regulatory Lesrm More & Regicer»
‘agencies, the risk assessment community, and
universities in more than 100 countries around the.

DISCLAIMER
RESRAD-RDD RESRAD-BIOTA i al User Qual
: OTHER RESRAD
CODES

RESRAD-ONSITE
For assessing radiation
exposures of @ human

RESRAD-OFFSITE

RESRAD-BUILD

For assessing radiation For assessing radiation

exposures of 3 human

exposures of a human

RESRAD-RDD

For evaluating human
adiation exposures during

RESRAD-BIOTA

For evaluating radiation
‘exposures of nonhuman
biota, includ

RESRAD-BASELINE
RESRAD-CHEM

receptor located ontopof  recept receptorin . .
soll contaminatedwith or atsome ditance from  buiding or 3 building Iate phase o response fauna, materrestrator  RESRAD-ECORISK
radioactive materials furniture o equipment dispersal device (R0D)

incident

More Info at RESRAD Web Site:
https://resrad.evs.anl.gov/
Email: resrad@anl.gov
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