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» | Presentation Overview

Introduction

U.S. Federal Radiological Monitoring and Assessment Center (FRMAC)

Turbo FRMAC software

Coordinated Research Project goals



3 | Introduction

e Sandia National Laboratories, located in
Albuquergue, New Mexico, USA

* Government owned, contractor operated

* Provide research and technical solutions,
expert analysis, and highly trained
emergency response professionals to
support the U.S. government’s response to a
nuclear or radiological accident

Sandia
National
Laboratories

Turbo
FRMACN10

—l




+ | Federal Radiological Monitoring and Assessment Center
(FRMACQC)

Mission: Provide timely, high-quality predictions,
measurements, analyses, and assessments to
promote efficient and effective emergency response
for the protection of the public from the -
consequences of nuclear or radiological incidents ey

Aerial Measurements * W s

LR

Sample Control and Analysis 1 3 A | &

Field Monitoring

Data Assessment




FRMAC Participation

Department of Agriculture (USDA)
Department of Defense (DoD)

Department of Energy (DOE)/National Nuclear
Security Administration (NNSA)

Department of Health & Human Services
(DHHS)/Food & Drug Administration (FDA) and
Centers for Disease Control & Prevention (CDC)

Department of Homeland Security (DHS)/Federal
Emergency Management Agency (FEMA)

Environmental Protection Agency (EPA)
Nuclear Regulatory Commission (NRC)
Law Enforcement (FBI)
State/Local/Tribal agencies
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National Nuclear Security Admlnistration




s | U.S. Protective Action Guidance

Environmental Protection Agency (EPA)
Protective Action Guide (PAG) Manual <EPA I o

United States
Environmental Protection
Agency

PAGs are based on 3 principles:
o 1. Prevent acute effects

o 2. Reduce risk of chronic effects

o 3. Balance protection with other factors and ensure
that actions result in more benefit than harm

* PAGs are predetermined for use in emergencies Protgﬁ,?AMoﬂgHﬂ;
without regard to the magnitude or type of and Planning Guidance

) ) for Radiological Incidents
radiological release

* Decision makers may implement protective
actions at higher or lower levels than the
recommended PAGs




7 | FRMAC Assessment Manual

* The technical consensus of multiple U.S. federal
agencies with expertise in and authority over
aspects of radiological emergency response

» Referenced by the EPA PAG Manual

* Only addresses the early and intermediate
phases of a radiological incident

* Default assumptions use the International
Commission on Radiological Protection
(ICRP) 60+ dosimetry models based on
agreement with the EPA

SAND2019-0247 R
Supersedes SAND2017-7122 R
Unlimited Release

FEDERAL RADIOLOGICAL
MONITORING AND ASSESSMENT CENTER

FRMAC ASSESSMENT MANUAL
VOLUME 1
OVERVIEW AND METHODS

RESPONS,.

The Federal Manual for Assessing Environmental
Data During a Radiological Emergency

December 2018




Turbo FRMAC

Turbo FRMAC is a deployable software application developed by Sandia National Laboratories
Turbo FRMAC automates FRMAC Assessment Manual methods

Used by U.S. Federal, State, and Local radiological assessors for over 15 years

Updated periodically to implement new and revised methods

Sandia

| National _
o laboratories

SIFRMAC N0




W Turbo FRMAC

Treat this material per Department of
Commerce Export Administration
regulations, 15 CFR 732.3.
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B “New Derived Response Levels Calculation - Turbo FRMAC

t Your Calculation

Public Protection

Evaluate the potential impacts
to members of the public from
exposure to radiological
materials in the air and/or
deposited on the ground,

Worker Protection

f.w Establish worker protection
guidelines (e.q., stay-times,
turn-back limits).

Ingestion

Evaluate the potential impacts
from radiologically
contaminated food.

Choose the type of Calculation you wish to perform.

Derived Response Levels
Calculate the areal or integrated

|| air activity of radionuclides at
which the total dose from the
mixture equals the PAG over the
time phase,

Projected Public Dose

| Calculate the dose from exposure
to a release of radioactive
material.

. Dose Parameters
Calculate the External, Inhalal
and Total Dose Parameters.

ar Fallout Calculations

Nuclear Fallout Doses

|| Calculate the Doses for a
deposition of radioactive fallout
after a nudear detonation.

Nuclear Fallout Stay Time

| Calculate the Stay Time for a
deposition of radioactive fallout
after a nudear detonation.

Nuclear Fallout DRLs

| Calculate the Nudlear Fallout DRLs
for a deposition of radioactive
fallout after a nudear detonation.

Time Varying Calculations

Varying Evaluation Time

|| Calculate a curve of the DRL for a
fixed time phase at different
evaluation times.

Projected Return Time
Calculate a curve of the DRL at
. the fixed evaluation time for
shifting time phases. Answers
questions like: 'When can I go
home?' or "When wil the limit not

Return Thresholds
Calaulate the DRL for the
beginning of the time phase for a

questions like:
today?' or "Will the limit be
exceeded now?'

Calculates a curve of the dose
from exposure to a release of
radioactive material over time
intervals for a selected Time
Phase.

| Blank
Create a Calculation using all
default inputs.

) Copy from Existing
\i Make a copy of a saved
Calculation to get started,




*New Derived Response Levels Calculation - Turbo FRMAC - a X
TOOLS HELP A
z ) g [ Dose Parameters y = — R Coliapse Al 0 =1
| E & & = 15€)
E‘gﬂﬁ:;:ag:m Bl More Mixture Properties A0® Group: [Adult . - ¥ Expand All
Other = Reset Dose and Deposition  Integrated - — Dose Rollup Input Briefing Details Switch
| &) | Inputs v Exposure Air Organ: |Whole Body Tool Report  Products « || O Search v Calculations v
Inputs Results Tools Reports View Window
! e Levels

A Radionuciide Mixture

Unknown X ca

Name:

Ir 1}

Description: x
Name and Description

Time Settings » = : :
s Activit Ar tegrated Air Concentration values will be
' | @actuty per area @ Acinype e calulated using the Depositon Veloaty.
P ————————— @ Szims o i O Integrated Air Concentration
Radionuclide Mixture O #oth

ICRP Guidance @ AddRadonudide:

x | search X P - ‘.

Radionudide

63 age e 0O~ .
AT .. SR Derived Response Level (DRL)

T A level of radioactivity in an
environmental medium that would
be expected to produce a dose
equal to the corresponding PAG

Protective Action Guides (PAGS)

Activity per Area Integrated Air Concentration Particle Size Distribution

Relative Biological Effectiveness

Breathing Rates

Building Protection Factors

Exposure to Dose Factors

0 parents, 0 daughters, 0 total radionudiides, 0 total forms Truncation: ON Equilibrium: ON
Wi v |l m2 v (ua vlefs vhim v| [m Vs ~
[4.86E303, 4.86E303] [-4.86E303, 4.86E303] [0, o0]

ICRPand Lung Clearance

Instrument Thresholds

o Daughters are assigned the Deposition Velodty of their parent.

@) The Mixture must contain 1 or more Radionudides. Add Radionudiides or Import a Mixture.
A ICRP Guidance
ICRP Guidance:

|

ction Factors

|1CRP 60 v

|

Occupancy Factors

Commitment Period: |Chronic v

Particle Size

esuspension

A Protective Action Guides (PAGS)
Evacuation/Shelter/Relocation

Early Phase (TD)  Early Phase (AD)  First Year Second Year Fifty Year
Total Effective Dose (TED) | 1.00 1.00 2.00| 0.500| 5.00
Thyroid | 5.00 5.00 100 250 25.0
Skin \ 50.0 50.0 100| 25.0| 2.50E2

>
Memory w Usage: | 12%




2 I How are Derived Response Levels calculated!?

Public protection calculations include four exposure pathways:
° Plume Inhalation

o Plume Submersion

o Resuspension Inhalation

° Groundshine

Ingestion exposure pathways is handled separately
Bateman equations used for decay and in-growth

Dose is integrated over a user-specified time period

Plume Pathways

Inhalation (a,B,Y)

Deposition

Ground

Inhalation of Resuspended
' Shine (y)

Material (a,B,y)

Ground Pathways |

Submersion (y) '




3 I FRMAC Default Assumptions

* Adult receptor, Whole Body (Effective) dose

Turbo FRMAC settings can be
* The receptor is outside and unprotected adjusted to use different

models or event-specific data

* The plume is in contact with the ground

* Airborne noble gases are not deposited
* Deposition is immediate

* Deposition is assumed to be dry particulates with a default particle size of 1-micron Activity
Median Aerodynamic Diameter (AMAD)

* |CRP Recommended Lung Clearance Type

* |ICRP 60 based dose coefficients and breathing rates
* Maxwell and Anspaugh (2011) resuspension model!
* Anspaugh (2002) weathering model?

1 Maxwell, R. and Anspaugh, L., “An Improved Model for Prediction of Resuspension” in Health Physics, Vol. 101, pp. 722-730, December 2011
2 Anspaugh, L., et al., “Movement of Radionuclides in Terrestrial Ecosystems by Physical Processes” in Health Physics, Vol. 82, pp. 670-679, April 2002



Determine
initial source
term

Potential data
sources include
regulatory
agencies, intel,
models, and
measurements

Calculate DRL

Turbo FRMAC is
used to calculate
DRLs

How are Derived Response Levels used?

Run
atmospheric
dispersion
models and
contour DRL

Resulting map
products are
used by local
officials to
decide where to
take protective
actions

Collect field
measurements
and use to
refine source
term

DRLs can also be
calculated for
specific areas
and compared
to field
measurements




s | Model Limitations

* Turbo FRMAC is not an atmospheric dispersion model, so assumptions are used to estimate the
relative radionuclide activities in the air and on the ground

* However, monitoring and sampling, and atmospheric dispersion model data can be entered to
improve the accuracy and dose projections and DRLs

* Because Turbo FRMAC does not perform atmospheric dispersion, DRLs are calculated for a
single radionuclide mixture that does not account for spatial variance



6 | Examples of Turbo FRMAC Use

* Turbo FRMAC has proved to be a valuable tool to guide protective action decisions following
real-world releases including the 2011 Fukushima Daiichi Nuclear Power Plant disaster, the
2017 Ru-106 release, and other accidental releases in the U.S.

* Turbo FRMAC is also used to support Federal, State, and Local emergency response planning
and preparedness activities

itoring Survey Area
| itoring Contoured Results (3/17-03/19 2011)

Exposure Rate at 1 meter
. > 125 mR/hr

Map_created on 05142011,0200JST UNCLASSIFIED Nuckeciney reshl)




7 I Coordinated Research Project Goals

* Perform benchmark analysis of Turbo FRMAC implementation of IAEA methodology

* Acquire better understanding of emergency response dose assessment capabilities among
IAEA Member States

* Work toward harmonizing international emergency response dose assessment methods to
ensure effective and consistent dose and agricultural impact assessments are obtained



8 | U.S. and |AEA Assumption Comparison

Time Phase

PAG/Generic Criteria

Dose Pathways

Dosimetry Model

Breathing Rate

Deposition Velocity

Building Protection Factors
Ground Roughness Factor
Lung Clearance Type
Occupancy Factor

Particle Size Distribution
Resuspension Factor

Weathering Factor

Early Phase (Total Dose): 0-96 hours

Early Phase (Avoidable Dose): 12-108 hours
1st Year: 12-8772 hours

2nd Year: 365-730 days

Early: 0.01 Sv
1st Year: 0.02 Sv
2nd Year: 0.005 Sv

Early Phase (Total Dose): Plume and Ground
Other time phases: Ground only

ICRP 60

Plume 1.5 m3/h
Resuspension 0.92 m3/h

lodine 6.5E-03 m/s
Particulate 3.0E-03 m/s
Noble gases 0 m/s

None

0.82

ICRP Recommended
None

1 um AMAD
Maxwell-Anspaugh 2011
Anspaugh 2002

OIL1 - Urgent (Avoidable Dose): 0-168 hours
OIL2 — Early (1st Year): 0-365 days

OIL1&2: 0.1 Sv

Ground only

ICRP 30
1.2 m3/h

lodine 1.0E-02 m/s
Particulate 3.0E-03 m/s

2.5 for Groundshine

0.7

Maximum

0.6 for inside, 0.4 for outside

1 um AMAD

NCRP 129, Start Value = 1.00E-05 m-1
WASH 1400



s I Turbo FRMAC Implementation of IAEA Methodology

* In 2018, Mr Terry Kraus (SNL) worked with Mr Phillip Vilar Welter and Mr Sanjoy
Mukhopadhyay of the IAEA’s Incident and Emergency Centre to compare the dose projections
made by Turbo FRMAC to those made by the IAEA’s Excel-based tool

* The comparison demonstrated that Turbo FRMAC can essentially duplicate the results
produced by the IAEA tool when the Turbo FRMAC inputs are set to match those specified by
IAEA’s “Operational Intervention Levels for Reactor Emergencies” (EPR-NPP-OlLs, 2017)
document
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22 | FRMAC HiStOI")’

* Before the March 28, 1979 Three Mile Island Nuclear
Power Plant accident radiological responses were
largely led by local officials

* Uncoordinated event response highlighted
inadequacies in planning for a large-scale nuclear
emergency
° Inadequate evacuation plans for the nearby cities

o Significant confusion about protective actions

> Lack of coordination between Federal agencies and levels
of government

e FRMAC was formed in 1985




23 | PAG Summary Table

PAG Manual

EPA-400/R-17/001

Table 1-1. Summary Table for PAGs. Guidelines. and Planning Guidance for Radiological Incidents®

Phase

Protective Action Recommendation

PAG, Guideline, or Planning Guidance

Early Phase

Sheltering-in-place or evacuation of the
public®

PAG: 1 to 5rem (10 to 50 mSv) projected dose over
four days*

Supplementary administration of
prophylactic drugs — K1

PAG: 5 rem (50 mSv) projected child thyroid dose®
from exposure to radioactive iodine

Limit emergency worker exposure (total
dose incurred over entire response)

Guideline: 5 rem (50 mSv)/year (or greater under
. . £
exceptional circumstances)

Intermediate
Phase

Relocation of the public

PAG: > 2 rem (20 mSv) projected dose® in the first
year

0.5 rem (5 mSv)/year projected dose in the second
and subsequent years

Apply simple dose reduction techniques

Guideline: < 2 rem (20 mSv) projected dose in the
first year

Food interdiction®

PAG: 0.5 rem (5 mSv)/year projected whole body
dose. or 5 rem (50 mSv)/year to any individual organ
or tissue, whichever is limiting

Drinking water

PAG: 100 mrem (1 mSv or 0.1 rem) projected dose.
for one year. to the most sensitive populations (e.g..
infants, children, pregnant women and nursing
women):

500 mrem (5 mSv or 0.5 rem) projected dose. for one
year. to the general population

Limit emergency worker exposure (total
dose incurred over entire response)

Guideline: 5 rem (50 mSv)/year

Reentry

Guideline: Operational Guidelines® (stay times and
concentrations) for specific reentry activities (see
Section 4.5)

Late Phase

C leanupi

Planning Guidance: Brief description of planning
process (see Section 5.1)

Waste Disposal

Planning Guidance: Brief description of planning
process (see Section 5.2

4 This guidance does not address or impact site cleanups occurring under other statutory authorities such as the United States
Environmental Protection Agency’s (EPA) Superfund program, the Nuclear Regulatory Commission’s (NRC)
decommussioning program, or other federal or state cleanup programs.

b Should begm at 1 rem (10 mSv); take whichever action (or combination of actions) that results i the lowest exposure for the
majority of the population. Sheltering may begin at lower levels if advantageous.

€ Projected dose is the sum of the effective dose from external radiation exposure (e.g., groundshine and plume submersion)
and the committed effective dose from inhaled radioactive material.

Note: Footnotes continued on next page




2 | Terminology

* Protective Action - An activity conducted in response to an incident or potential incident to
avoid or reduce radiation dose to members of the public

* Protective Action Guide (PAG) - A projected dose to an individual from released radioactive
material at which a specific protective action to reduce or avoid that dose is recommended

* Projected Dose - The prediction of the dose that a population or individual might receive

* Derived Response Level (DRL) - A level of radioactivity in an environmental medium that would
be expected to produce a dose equal to the corresponding PAG



» | Types of Derived Response Levels (DRL)

* Integrated Air DRLs - The integrated air activity of a radionuclide at which the total dose from
all radionuclides in a release would equal the PAG over the time phase under consideration

* Deposition DRLs - The areal activity at a specific evaluation time of a radionuclide at which the
total dose from all radionuclides in a release would equal the PAG over the time phase under
consideration

* Dose Rate/Exposure Rate DRLs - The external dose or exposure rate from all radionuclides in a
release that would produce a dose equal to the PAG over the time phase under consideration

Which flavor of DRL to use
depends on the question
being asked




2 | Accessing Turbo FRMAC

* Final approval of Turbo FRMAC Copyright from DOE

* Registration required via the following site: https://nirp.sandia.gov

Sandia NUCGLEAR INCIDENT

National

Laboratoies RESPONSE PROGRAM

Home  Software Lab Analysis Portal 1.1  Training Contact Us My Profile

Due to new NNSA regulations, we can no longer allow .EXE files (installers) to be downloaded from the website. ZIP files are now provided for all installers, so
after downloading the ZIP file, extract the EXE and run the installer.

Login ‘ Register News and Updates
: " Latest Software Releases

Our Mission B Turbo FRMAC 2019
The NIRP program provides research and technical solutions, expert analysis, and highly trained emergency response

Welcome




»7 | Radionuclide Viewer

4 Radionuclide Viewer

* Tool that comes with Turbo FRMAC Bm—

Radionuclide Viewer
View the decay chain, dose and other properties of

* Displays full radionuclide decay chain

Radionudide Halflife DecayMode Decay Constant Branch Factor Spedific Activity Fire Release Fraction Total Emitted Alpha Energy  Total Emitted Beta Energy  Total Emitted Photon Energy
=8 g | 110e48- | 6.3%-5| N 8.71E10| 10062 0.0 18762 0.0/

* Displays basic radionuclide data (half life, o oe- EE S S .- = oo
decay mode) e

Filter:  Show Al v
Search: s ||,
* Provides access to dose coefficients for - e e i o ]

e a C h ra d io n u CI id e Cs-128 S Cs-137 Stochastic Inhalation Dose Coefficients

Cs-129
i Organ Dose Coefficient ;‘:’ e ;ﬂw
¥ +-1am Soil Depth
Cs-131 Esesined Adrenal 178 6 [ it Period:
Cs-132 15 cm Soil Depth Bone Surface 17.3
Infinite Soi Depth Brain 14.8 )
el ~Air Submersion easts 141 | ViewParticle Sizes for:
Water Immersion Compound Distribution
Cs-134m i ion | Kidneys 69 | ©
Cs-135 ~Ingestion pas 17.1 O Vapor or Gas
Lower Large Intestine 20.9
Lung 16.0 Compound Distribution
Musde 158 [ i View/Edit Distributions...
Ovaries 18.0 ISy
Pancreas 18.1 i Summary:
Red Marrow 16.5
Skin 13.5
small Intestine 17.6
Spleen 16.9 Fast (F) - ICRP Recommended
Stomach 16.5
Testes 158 v/ Sow(®
Committed Effective Dose 17.3
mrem v |[|uCi v




28 | Mixture Manager

* Tool that comes with Turbo FRMAC

* Allows user to create, save, export, and
import custom radionuclide mixtures

* Pre-determined radionuclide mixtures are
also provided

= Mixture Manager

@2
.| Home | Share Tools

Online Build 163

e B g P e e 7 = Fere &
LI S I
. 3[\-‘10”& ” — e R tf

MNew MNew Uranium MNew Edit Rename Delete - Details Rename Delete Select Generate
Mixture Enriched Mixture Folder * 2 Report ~
Create Mixture Folder Report

7z 1=

Radionuclide hMixtures
E]{lﬂ Aged Fission Product
E]--{;@Iﬂ Muclear Detonation
E:I--{kﬁ Muclear Power Plant
----- : ’éj Muclear Weapon
i {3y Other
E]"ﬁ%}]] Plutonium

[:I--{IB,:]] Radiological Thermal Generator
EJ--{f_ﬂ Uranium Enriched

W Accident1 hour(s) After 8
W Accident 12 hour(s) After 8
W Accident 15 day(s) After 8
W Accident 24 hour(s) After 8
[ Accident 3 day(s) After &
[ Accident 30 day(s) After &
M Accident 6 hour(s) After ®
W Accident 7 day(s) After ®

[ Ricks At Time of Accident &

MNu -:lear Power Plﬂ nt | Click below to view a Mixture in the 'Nudlear Power Plant' folder,




» | Computer Requirements

Turbo FRMAC has been designed for Windows 10 and is compatible with Windows Vista, 7, 8,

and 10
Compatible with Mac OS 10.6 or newer

Minimum 2 GHz Pentium 4 Processor
o Recommended: Dual- or Quad-Core or higher

Minimum 2 GB RAM Memory
o Recommended: 4 GB RAM or higher

Minimum 15 GB Free Disk Space
o Recommended: 25 GB Free or higher

Minimum 1024 x 768 Screen Resolution
o Recommended: 1280 x 1024 or higher

° Other Software

(e]

MS Excel 2007 or newer (for special data
export capabilities)

MS Outlook 2007 or newer (for built-in email
attachment support)

MS PowerPoint 2007 or newer (for briefing
products)

MS Word 2007 or newer (for report
generation)

Adobe Acrobat Reader (for viewing related
documents)



