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NARAC/IMAAC Provides Critical Information to Protect
the Public and the Environment

Hazardous airborne releases are a rapid and effective means to impact large
populations. NARAC/IMAAC has capabilities to respond to toxic industrial chemical
spills, nuclear-power plant accidents, fires, chemical/biological agents,
radiological/nuclear devices (RDDs, INDs), and some natural airborne hazards.
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NARAC's First Emergency Response was for Three Mile
Island (Dept. of Energy / Nuclear Regulatory Commission) &NARAC
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NARAC prediction of downwind dose

: from a potential release from the Three
Three Mile Island Nuclear Power Plant Mile Island nuclear power plant

and DOE Aerial Measurement Survey
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NARAC/IMAAC Provides Operational Services, Tools,

and Expertise for Preparedness, Response, & Recovery @NARAC

Event Information

= \Weather data

= Nuclear, radiological,
chemical, and biological
source information

= Terrain, land use, and
population databases

=  Measurement data and
observations

*'

Operational Services and
Expertise

Suite of stand-alone to
advanced WMD modeling
tools (multi-scale models)

24/7/365 expert scientific  wipp

staff (<5 min. reach-back)

Detailed analysis, expert
interpretation, quality
assurance, and training

Event reconstruction

- Ty e o
L A e Q
g -t —

i _' -'ﬁféﬁ:‘%@@grﬁe&y(}f Tracy Press..

Actionable Information

= Hazard areas and affected
populations

= Health effect, public
protective action, and
worker protection levels
based on federal
guidelines

= Casualty, fatality, and
damage estimates

= Planning and consequence
assessments




1973 DOE R&D Program

1979 ARAC Operational
Center established

Generation-2 system
(nuclear/radiological)

Naval Nuclear Propulsion
Program

DOE site support for toxic =
industrial chemicals

DOE CBNP program

1996 DOE NARAC facility
dedicated

Generation-3 system (CBRN)
2002-2005 LINC

2004 IMAAC established
2007 IXP Web

= 1980

— 1985

= 1990

— 1995

— 2000

= 2005

- 2010

2008 CMweb
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1979 Three Mile Island reactor leak
1980 Titan Missile explosion AK

1980 China atmospheric nuclear tests

1983 Russian Cosmos satellite re-entry

1986 Chernobyl reactor accident

1988 Henderson NV rocket fuel plant
explosion

1991 Mt. Pinatubo eruption, Philippines
1991 Kuwaiti oil field fires
1993 TOMSK-7 waste-tank explosion, USSR

1993 Richmond, CA oleum tank car release

1997 Cassini satellite launch
1998 Tracy tire dump fire
1999 Tokaimura criticality accident

2001 Post-September 11 threat scenarios
2003 Staten Island oil barge fire
2003-2004 New Years Orange Alert

2004 Conyers, GA chemical fire

2006 NASA Pluto New Horizons launch
2007 TOPOFF4

2009 Inaugural events

NARAC 30th
Anniversary
Timeline
(April 2009)

Chernobyl reactor building after explosion
(Ukraine, 1986) and LLNL plume prediction

(Tracy,

W|th plume

:I]E) NLE 2010
aboratory

Photo of smoke
from tire dump fire

California,1998)



NARAC Successfully Supports A Wide Range of DOE,
DHS, DoD, NASA, and Other Missions

= DOE/NNSA Emergency Operations
« Office of Emergency Response

« Office of Emergency
Management (DOE site

support) |
. . NARAC briefing (left) and predictions of the spread of
° Nat|0na| TeChmcal NUCIear Chernobyl radioactivity over Europe and Asia (right)

Forensics program

« Office of International
Emergency Management and
Cooperation

= DOE /DoD Naval Nuclear
Propulsion Program

= NASA spacecraft launch support
(coordinated via the DOE Office of
Radioisotope Power Systems)

NARAC provides the
Senior Science Advisor
and support for NASA

spacecraft launches
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IMAAC Coordinates Federal Dispersion Modeling
Under the National Response Framework

= |IMAAC created by the Homeland
Security Council in 2004

* Led by DHS, which provides the
IMAAC Director

« Partnership between eight federal
agencies

e 2010 MOU recognizes NARAC as
the “operations hub of the IMAAC”
(five-year renewal)

= National deployment plan
» Federal operations centers

» Federal agency regional assets
(e.g., EPA OSCs, NOAA SSCs)

* Special events
« National Exercise Program

The IMAAC “provides a single point for the coordination and dissemination of Federal
dispersion modeling and hazard prediction products that represent the Federal
position” during actual or potential incidents - National Response Framework, 2009
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IMAAC Is Available to Respond to Major Atmospheric %
Release Emergencies G NARAC

= Any local, state, tribal, or federal agency may activate IMAAC for a major
atmospheric release emergency

= Guidance for activation is based on
Incident Command System /
National Incident Management el QOO0
System (ICS/NIMS) Incident Types

. Type 2 -t yoooo

* IMAAC should be activated for | A S Y b

Type 1-2 incidents (extended, Type3 AR (B (&

large-scale releases) N #'h V 05% of all
« IMAAC may be activated for Lo 0O peldents

Type 3 incidents, even if they do W

: L Type 5 G

not require Federal coordination | — .

and for Type 4 InCIdentS Wlth the EtEtg/l"/A/tlrzall\i/lrllilr?qsfzeorgal(jo\\//i/seurﬁliv(\s/.:bz/iS/ISZOOb/IG/OG IGICS200b_Sept

potential for becoming Type 3 200pat

Incidents

IMAAC should always be activated for a real-world threat or possible release
involving a Weapon of Mass Destruction (WMD)
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http://training.fema.gov/emiweb/is/IS200b/IG/06_IGICS200b_Sept2010.pdf�
http://training.fema.gov/emiweb/is/IS200b/IG/06_IGICS200b_Sept2010.pdf�

Unclassified Product Set 2: Top Off 4 Exercise
Portiand, OR
ROD Explosion al 12:06 160c 2008

Evacuation and Sheltering Areas
Projected radlatlon dose, lf no protective action |mplemented
d

Area A: Evacuation of entire population

| warranted (untess additional unusually
hazardous circumstances exist).
Estimated population: 5,400

Area B: Evacuation (or, for some situations,
sheltering.in-place) normally initiated.
Estimated population: 18,100

- Prompt evacuation and sheltering reduces
| radiation dose and cancer risk

P to
especially amr plume has passed

« Institutionalized groups require special
consideration

+ Protective actions are only based on dose
that can be avoided, not dose received
before protective actions implemented

e NARAC/IMAAC supports over 300 collaborating
local, state, and federal agencies, 2,500 on-line
users, and 10,000 requests/year, including

Evacuatlon and Shelterlng Areas

o preaciew st approximately 100 exercises and 20 real-world

Post Plume Phase projected radlallon dose from ground contamination only

. PO S events annually requiring staff support.

~Evacualion is generally preferred for the general population.
'Em should be dinected to designated location(s) for contamination monioring and collection of exposure
int Hon.
0 lace may be preferable to in some situations

Institutionalized popuiations (invalids, prisoners..)

Severe weather, compeling disasters, impediments fo evacuation

Very rapid radioactive decay
~Initial airborne plume has Cleared the area, leaving only ground contamination
«Protective actions are based only en dose that can be avoided, ot dose acquired prior to profective action
«Dose does not include doses acquired before 14:00 10/16/08 (presumed end of plume passage)
~Projected dose is accumulated over 4 days (14:00 10/16/08 to 14:00 10/20/08)
*Projected dose assumes individuals are unsheltered and unprotected
+Map may be updated, if implementation of profective actions has been delayed and/or new information oblained

T
H

Created: 14:00 10/16/08 Contact DOE Consequence Management Py
Check for updates Home Team (702) 794-1665 (|
Linclassitied e

Techn; h

~Shelter and evacuation guidance based on EPA/DHS guideiines for the Earty Phase (assumes 4 day duration)

*Projected dose ra #known as Tolal Effective Dose Equivalent (TEDE), which is Dn’y due fo external iradiation Dy ground
s dose due fo taken into the body by inhaiation of contaminated dust (resuspension)

*Map contours mwd o minimum and maximum evacuation/sheftering INDSMIGS of 1.and 3 rem mmﬁﬂ!’y

Created: 14:00 10/16/08 Contact DOE Consequence i
Check for updates Management Home Team (702) 794-1665 """‘ QLQ:A"’
Unclassified page 2 of 2
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NARAC/IMAAC Provides Integrated Emergency
Response in Collaboration with Over 300 Agencies

DHS national and regional operations centers (NOC Watch,
FEMA Response Watch Center, NRCC/RRCCs, and IMATS)

DOE national operations center and nuclear incident
response teams (ARG, AMS, CM, JTOT, RAP, REAC)

Interagency radiological response centers and teams (e.g.,
Federal Radiological Monitoring and Assessment Center,
Advisory Team for Environment, Food and Health )

(EOC |
'soc)

DOD national operations centers and teams
EPA operations centers and regional response teams

HHS Secretary’s Operations Center
and CDC Director’'s Emergency Operations Center

NASA launch facilities and mission operations

NOAA national centers and teams (NCEP, NOAA
Response and Restoration Division)

encies

LINC
cities

Incident WFOs
Command

NRC national and regional operations centers and teams

Naval Nuclear Propulsion Program

State operations centers and response teams
P P ESNC S

Civil Support Teams (National Guard Bureau)

Local Integration of NARAC with Cities (LINC) pilot cities and
regional partners

Lawrence Livermore National Laboratory l& 10



NARAC/IMAAC Provides Actionable Information to
Inform Emergency Response Decisions G NARAC

= Guide safe approach routes

= Site incident command posts or
resources

= Deploy field monitoring teams
(sampling plan guidance)

= Assist in evacuation, sheltering-
in-place, and relocation decisions

= Inform need for personal
protective equipment (PPE)

= Estimate potential impacts on,
and contamination of, critical
Infrastructure

= Estimate potential number of
casualties requiring hospital or
medical treatment

= Determine areas where
agricultural crops may be
contaminated (human food and
animal feed)

Lawrence Livermore National Laboratory



Key Information is Needed to Drive NARAC/IMAAC \,
lume Modeling Analyses

P 9 y (¥ NZ fz’Ac

Provide as much information as possible when
requesting NARAC/IMAAC assistance

Essential information (initial product):

* Location of release (e.qg., latitude/longitude,
street address)

* Time of release
Other key information (effects products):

* Type of material (e.g., biological agent, bio-
toxin, toxic industrial chemical, chemical agent,
radiological isotopes)

* Type of release (e.qg., spill, fire, explosion)

 Amount released or at risk (e.g., 90 ton rail car,
1000 Curies, 2 Ibs)

e Observations related to the initial plume (e.qg.,
height of plume, size of crater)

Do not delay. Contact NARAC/IMAAC even with
partial information.

&
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Additional Information Can be Valuable During an

NARAC/IMAAC Response @ NARAC

= Local meteorological observations

* Field measurement data
« Type of measurement or instrument B
* Location =
* Time of measurement
* Measures value, units, threshold, sensitivity

= List of agencies involved in response for
NARAC/IMAAC product distribution

e I Qe

Federal ' | State/Tribal / Regional

Lawrence Livermore National Laboratory



NARAC/IMAAC Provides Auxiliary Analyses For
Situational Awareness

= Wind observations and fields
= Numerical weather prediction forecasts

= Field measurement data

= Deposition (standard in radiological cases)
= Time series or plume animations

Lawrence Livermore National Laboratory




Standard Operational Procedures Couple

Set 1. An initial automated — Set 2. We use revised Set 3. We compare the model
=" plot shows downwind ./, event datato produce ~ With a few initial field
= | location only with no W | quality assured reach- == | measurements to make an initial
\ estimate of health effects | back plots estimate of the amount released
- I‘.I 3 = @é{il mrml"hg_‘ ; i
[0 — N IO, TS
5 A ._ \ B
= | “Qo .
Automated Web-Initiated N = P e i
or via Emergency Call; Example revised data: Updated Source scaled to initial
Only know release time source location, detailed weather set of measurements
and location
s \ e LA//EW%’”“‘% . V
. ,,:—' 0 , Geas Lowpbrce Lete - -':.‘I Cnamnooches &t e CyCIe Of ¥ ":M’E*‘*—-,q:zttﬁw_a
' new i B g
products " )
____________ based on $
updated
sets of ; i
measure- ;
’ Set 4. We develop a
Later sets: . ments p
devel _..| | Set5.We use more extensiv health-effects plot based
We develop sets of field measurements to i = on asource term
Relodcatlon and I improve the accuracy of the estimated from field
Food-Ingestion plots source term calculation il | measurements




NARAC/IMAAC Products

Y IMAAC
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= Standard plot sets
 Plume hazard areas
« Affected population numbers
* Expected health effects
» Protective action guide levels
e Geographical information
= Multi-page consequence reports
« Expanded descriptions
e Input data and assumptions
* Interpretation guides

= Briefing Products for decision
makers

Available on IMAAC/NARAC/CM Web
PDF, PowerPoint, HTML/XML, JPG/PNG graphics,

ESRI Shape and Google Earth KMZ GIS files with
plume areas

Lawrence Livermore National Laboratory
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One page summaries
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Briefing Products Were Tailored to Convey Key Informationto "4
Senior Officials and Federal, State, and Local Decision Makers @ NARAC

= Homeland Security Council tasking to develop products to communicate key
information about the impacts of hazardous releases and possible actions in
non-technical terms to decision makers

 DOE-funded RDD/IND briefing products completed in collaboration with RSL
« DHS-funded Chem/Bio briefing products designed, not yet implemented

For Example Only + . For Example Only 5 For Example Only
Wi e 1 e . = \%T . g = o
_t"lr_', Al RO Exphonken at 08 5d 2010 00,00 LOT | x :(_a‘ﬂr,fﬁim ROD Explobm 08:00 EOT
Predicted Evacuation and Sheltering Areas Based on EPA/DHS Guides Predicted Evacuation and Sheltering Areas Based -on EPA/DHS Guides Predicted Evacuation and Sheltering Areas Based 'on EPA/DHS Guides
Applicable within first hours/days while radicactive cloud is present Applicable within first hoursidays butafter radioactive cloud has passed Applicable within firsthours/days but after radioactive cloud has passed
—tii i e Evncuntion af antire papulstion warantad, <
E A | unless addional unusually hozardous — . KeyPoints
1\‘ circumstances exist (exceeds 5 rem). Estimated «Protective actions are based on dose thatcan be avoided.
B dito smualby ok 115 «Areas shown do not include.dose received before 09 Jul 2010 20:00.EDT.
B | 5 sumi. Estimaied Populaiion; 18400 «Evacuation or sheltering minimizes long-term cancer risk.
\ «Sheltering-in-place may be preferable to evacuationin some situations
- Motea: 1 +For certajn populations needing special consideration (Hospitals/fursing homes,
i mtcnan i btad prisoners, elderly...J,
+Sheeing i lace can e more protecive than +Other hazards are present which complicate orimpede evacuation (severe weather,

competing disasters...).

Lk and i i
vl el deb e b e « Sheltering followed by delayed evacuation may be best if radioactive decay is very

Eonamination srees 1008 dgs.
*Prosective actions are anly based on dose that can be avoeded. ‘rapid

08 2400 08:00 pid. © : Lk e
il ] «Radioactive cloud has cleared tha area, leaving only radioactive ground contamination.

«Predicted dose is accumulated over 4 days (09 Jul 2010 20:00 EDT to 13 Jul 2010 20:00

Ao
o

BT DR R measUrEments
=P Phise - Radicacties chod may #8 be present o i,
-Four days exposure 1o poth srbame and prousd cossumination

EDT).
sPredicted dose assumes individuals are unsheltered and unprotected. e i i mie
: 3 et e, b B oo,

Hristing Produet tor Publie Otficials Technical Datails: CMMT 027941665

“: 3 Eriefing Product for Public Officials- Technical Detzils: CMHT 702-794-1665 Briefing Product for Public Officials. Technical Details: CMHT 702-794-1665
Currat: 0 Jul 2090 1437 EOT HAuvics & Recommandations: A.Team 770.458.7100 Current: 03 Jul 2010°14:27 EDT - . Advice & Recommendations: A-Team 770-488:7100 Current: 09 Jul 2010°14:27 EDT © Advice &Recommendations: A-Team 7704887100
Tk for updates For Example Only page 10of 3 ... Cheak for updates ] . ForExample Only : page of 3 ] For Examiple Only page 3 of 3

Slide 1. Plot: Slide 2. Key Points: Slide 3. Presenter Notes:

Map with legend, notes Expanded list of key Additional information
on key briefing points, information concerning the and technical background
and assumptions product and/or relevant (for use by the presenter,
actions for consideration not intended to be shown)
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NARAC/IMAAC Provides Standard Plots Derived From
Interagency Input and Consensus

Plot standards are developed with user input and agency consensus
« Standard plot format and color schemes

« Standard plot types and contour values

« Consequence reports documenting model inputs and assumptions
and providing interpretational guidance

* Maps showing areas reaching health effect levels, and protective
action guides from DHS/EPA, if available

Default plots produced automatically when a model request is made
* Web users may directly initiate a modeling request

 NARAC-IMAAC Operations can produce and share results with
designated users

NARAC-IMAAC Operations provides reach-back support to:
* Develop additional event-specific plots
* Refine predictions based on field data and event information
* Provide subject matter expertise on plots and analyses

Lawrence Livermore National Laboratory l& 19



Standard Product Contour Level and Color Scheme

re Used for Ease of Interpretation

a E @G NARAC

~00¢ - &

Have levels
Model Contour been Contour Colors Description Wording
Levels reached?
Acute/Chronic Consistent with EPA,
exposure/dose or Yes I I NRC, FDA or other
) . guidance.
protective action
guideline levels May be below health
exist in the NARAC l l effect or PAG levels.
database (release Possibly contaminated
q No area.
amount assume Confirm with monitoring
to be known) surveys.
Customer specified Customer specified
Yes level
levels evels.
Below customer
No specified levels.

No levels exist in
NARAC database
(or no release
amount known)

No guidelines specified.
Possibly contaminated
area.

Lawrence Livermore National Laboratory
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A Standard Default Plot Set if Provided For Each Type

of Release

Release Type

Default Plot Type

Unknown source
material

Hourly average air concentration
Deposition if particulate is used

Industrial chemical

“Peak” average air concentration

Chemical agent

“Peak” average air concentration

Biological agent

Time-integrated air concentration

Explosive Health effects from blast overpressure
Radiological Dose, dose rate, deposition
Nuclear Prompt effects, dose, dose rate

Lawrence Livermore National Laboratory
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NARAC/IMAAC Provides Extensive User Documentation
Including User Guides and Web-Based Trainin

UCRL-TM-202090

1 Folder Cantents - Windows aternet Explorer R ||
& - : @] % 2|
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W ot comerts o - B - e Qs
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Brokmadie M -

5| L o u = a Baslc Scenario, p. 25
Bookmakms 5 /USA/NARAC/Training Modules Guide to Initial — csers e, P
folder :
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New Run Here B _NARAC Overview Book aluzzi1-usa-ca 03/17/2008 16:44:20 UTC o = Wen feg ERANOAA ALOHA)
Contact NARAC apons

New Folder B NARAC Dispersion Modeling Book aluzzi1-usa-ca 02/05/2008 16:38:48 UTC Hazard Estimates Rk Explosion
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New Web Log 246465
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avetang nracive Viws of rodct | Conrioe 10

part” ) Corsecuance Repors 10

ot Rasuts

Simgie. sngle. sick @scussing INe IS 10 DS COVerSa I 1he NARAC gypyes
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il e
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1w
High
Toxicity

= Technical manuals
= Web-based training
= Step-by-step guide to software use

» Guide books for determining model
inputs from known information

SOBGE MODEL HFO
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NARAC/IMAAC Web Sites Allow User Communities to

>

Request Model Runs and Share Information @ NARAC

= NARAC Web serves as the
foundation for multiple user
community portals

= |IMAAC Web supports the
DHS interagency
community

= CMweb serves as the

& CMweb

https llcmweb lInl.gov

By

[ & CMweb ~~™

iskcoma 1o DOR's Canteqanice Management 12554 ¢
.........

unified DOE NA-42 Web https //|maac lInl.gov

site for distribution of
consequence management
data and model products
(NARAC and FRMAC)

= |XP Web supports the IAEA
and signatory agencies
under DOE NA-46
auspices

Lawrence Livermore National Laboratory
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https://cmweb.llnl.gov/�
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Examples of IMAAC

Real-World Event Support

Y IMAAC
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IMAAC Has Provided Support for Numerous Real-
World Emergencies G NARAC

e -

May 25-26,2004 July 28, 2005 solvent July 17, 2007
chemical warehouse fire plant industrial fire in Barton solvents fire
in Conyers, GA Ft. Worth, TX in Valley Center, KS

Jan 16, 2007 train April 7-10, 2008 Kilauea,

. /ra - A May-June, 2010 Deepwater
derailment fire in Hawaii sulfur dioxide Horizon in-situ burns,
Sheperdsville, KY releases Gulf of Mexico

Lawrence Livermore National Laboratory Ib 25



IMAAC Responded to an Interagency Request for the
Kilauea, Hawaili, Volcanic Eruption (April 7-11, 2008

= EPA On-Scene Coordinator requested
IMAAC activation due to potential health
impacts from SO, (sulfur dioxide) releases
from two volcanic vents, Hawaii

= |nitial calculation based on USGS estimate
of release amount and wind forecast from
the Honolulu Weather Forecast Office

= Coordinated with DHS, EPA, DTRA, NOAA,
Civil Support Teams (CST), National Park | -
Service, USGS and State/County of Hawaii o

= Performed additional analyses based on
local observations and high-resolution ‘
weather forecasts o

= Conducted initial measurement-model | ™
analysis based on CST field data

= Provided 24-hr high-resolution forecasts of
winds and plumes

= Required utilization of both standard
operational tools and new simulation
capabilities

Lawrence Livermore National Laboratory



NARAC/IMAAC Recently Provided Analysis and Predictions for
Gulf of Mexico QOil Fires and Iceland Volcano Eruption

= Eyjafjallajokull volcano eruption,
Iceland (IXP)

e April 17-19. Demonstration
calculation of local ash air
concentration and
deposition

* Forecasts provided to
Iceland Civil Defense and
Met Offices

Lawrence Livermore National Laboratory

= Deepwater Horizon, Gulf of Mexico (IMAAC)

April 22. Platform oil fire
April 27-May 18. Oil spill burns

Products shared with NOAA, EPA, DHS

Satellite picture
of smoke plume
from oil platform
fire 2010 April 21

L
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Examples of NARAC/IMAAC

Real-World Event Support

Queen City Barrel Warehouse Fire
Cincinnati, OH

National Atmospheric Advisory Center

G NARAC




IMAAC Responded to the Queen City Barrel Chemical %
Warehouse Fire in Support of the City of Cincinnati  @NARAC

= 7:25pm EDT. Massive fire begins at
chemical storage facility (50000 drums)

= Cincinnati Fire, Health, and Queen City Barrel chemical warehouse fire
Evening Local News

August 19, 2004

Environmental Departments
immediately concerned about potential
health effects from unknown chemicals
in the smoke

=  7:45pm EDT. Cincinnati activates and
requests LLNL assistance

= 7:54 pm EDT. IMAAC distributes initial
predictions via Web

= 8:00pm EDT. Cincinnati uses initial
predictions to guide approach routes, air
sampling, and shelter-in-place
recommendations
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IMAAC Worked with Cincinnati Responders to

Surface
observations (red
arrows) and model

wind pattern
(black vectors) at
time near the
beginning of the
fire

Winds shifts due
to passage of a
front, caused
plume to change
direction (initial
northeast
heading veering
later to the
southeast)

- o Amberiey y v
3:00 am EDT |§ P L
. " dY . g L
Elrriter s, ‘.E 7 y i
ights East | & b\ ud i

Analysis of local and
regional weather
observations

Selection of NOAA
National Weather Service
ETA model as the best
forecast data

Changing weather
conditions communicated
to Cincinnati, Ohio, and
EPA incident command
and responders

Lawrence Livermore National Laboratory



3 Map Viewer - Microsoft Internet Explorer 3

File Edit Miew Fowvorites Tools Help
EBock ~ = - & i} | @Search FEFevorites FMedia 3| Y- S =1 5 D

Address I@ hitps:/fnaracwe b2 linl. goviNaracWeb/ spiisapviewer jsp j #Go |
Goeglev| dl |Gl Search ~ Gy | 5 0~ | M Chack = R Autolink ~ [g] +» ‘
— Bookmarks — 'I
= Mo Msgs
T Max 10-min Air Conc over 1 hr at 20Aug 0000
+ - !J
uTC
1 e = Acute (Short-Tenm) Effects
e i ;Jlna (ppm) |Population
o A Extent |Fatalities |Description
= 1o Area  |Casualties
=
=5 25
; 1.8km N |=10% of ERPG-1
— 3 " 03km2 | A
L il i EE 25,025 L
I !
s ] =/ Smoke plume covered
e s g, i ! Acumputer model, ﬂ |_ e
/ L using information
=l ] S [ 42 w = | about wind direction
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- - b : (o £ of how
6 [ Lg e the smoke plume
.

8:00pm — 12:00am

Analysis of chemical
iInventory to estimate
emission rate

Maps of acute health
impacts

Updated plume maps
based on air sampling,
photographs, eye
witness accounts

9:00am (next day)

Cincinnati releases plots
based on IMAAC
analyses and briefs plots
on TV
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Examples of NARAC/IMAAC

Exercise Support

TOPOFF4 Exercise - 2007 October 15-19
Empire 09 - 2009 June 2-5

aaaaaa | Atmospheric Advisory Center

# NARAC




= Largest exercise to date involving
over 15000 participants

= Tested response to three
radiological dispersal device
attacks (Guam, Oregon, Arizona)

= |LLNL staff served as exercise
planners and controllers

= |IMAAC/NARAC provided 24x7
support 2007 October 15-19

» Worked collaboratively with
operations centers, field
teams, and technical experts

 Predicted blast and radiation
impacts
* Correctly estimated source

and explosive quantity from
limited initial field data

» Distributed plots to a wide
range of federal, state, and
local agencies

Guam: Protective Action
Guidelines for relocation

Lawrence Livermore National Laboratory



NARAC Supported the DOE-Led Empire 09 Full Scale
Exercise (June 2-5, 2009

= DOE-led Tier Il National Level Exercise

= 550 participants from 30 federal, New York
State and local agencies in Albany NY

= NARAC planner / controller / observer NARAC
deployed to Albany NY OcherLal\tlifns
= Excellent performance from NARAC staff,
who generated eight major sets fo analyses/
predictions in a timely manner
= Successful first exercise application of new

LLNL CMweb portal to distribute all NA-42 Aerial Measurement -
consequence management products System helicopter :

= First use of new RDD Briefing Products
(developed pursuant to a Homeland Security
Council tasker)

= New NA-42 Tl-developed software used to
streamline electronic processing of eFRMAC
field data and speed up NARAC response
time

= Generation of special products to address
scientific issues arising from overlapping

cesium and americium RDD plumes
Lawrence Livermore National Laboratory Ib 34
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Examples of IMAAC

Special Event Support

2009 Presidential Inauguration

National Atmospheric Advisory Center

G NARAC




IMAAC Supported the Pre-Inaugural and Inauguration \2/
National Security Special Events Januar 17-21, 2009) @NARAC

= |MAAC engaged in three months of pre-
event coordination in preparation for
the Inauguration

= LLNL deployed an IMAAC liaison to the
US Secret Service-led Multi-Agency
Communications Center (MACC)

= |MAAC established excellent working

Inauguration of
President Obama
January 20, 2009

relationships with federal, state, and DHS
; Secretary
local agencies | Chertoff
= |MAAC Operations at LLNL stood up for thanks
extended hours and participated in MACC
. . participants
plume modeling exercises

= DHS IMAAC Director expressed his
appreciation and thanked IMAAC
Operations for its outstanding support

= DHS Secretary Chertoff thanked the
MACC for the highest level of
preparedness for any NSSE on his
watch

Ron Baskett
(LLNL) at IMAAC
Desk in MAAC
(right) with DOE
Senior Energy
Official (left) and
NOAA liaison

(center)
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NARAC/IMAAC Modeling System

Y IMAAC

;3 Interagency Modeling and
< Atmospheric Assessment Center




""""""
ML

Component-based NARAC/IMAAC Computer Systems @
at LLNL Support In-house and External Users @ NARAC

LLNL Computer Systems
Central System: Automated model set-up and execution software
Weather Data & Geographic/Terrain CBRN Material Dose/Risk Measurement
Forecasts Data Property Data Factor Data Data
Source  3-D Meteorological, Dispersion Prompt Effects Data-driven
models and Fallout Models Models modeling tools
Mapping and product Population, casualty
generation software and fatality estimation
I' _ .I_- User interfaces and
Remote Access | Analysis Tools for
Computer System | LLNL scientists

* Over 400 software
applications

* 50 databases

* 3 million lines of
computer code

e 28 servers

8 data storage
systems

External
User Tools

& e

IMAAC/CM/NARAC Web tools
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NARAC/IMAAC Central Modeling System Provides
Automated 3-D Worldwide Plume Model Predictions ~ @NARAC

Geographical,
Terrain
Elevation,
Population
Databases

Meteorological

Observations Data
Upper air F H
assimilation
model
Surface (A DA PT)

/ Lagrangian Air and ground
Large- Operational contamination,
scale Q Regional Dispersion Dose, Protective
forecast Forecast Integrator Action Guides,
models Model (LODI) acute health
(Navy, (WRF, effects

NOAA) COAMPS,

RUC)

Automated initial products are available in 5 to 10 minutes. Quality-assured refined products based on field
data are available in 10 — 60 minutes, depending on the quantity and quality of the data.




Multiple Weather Services and Networks Provide

Automated I\/Ieteorological Data to LLNL @ NARAC

f NOAA

National Weather Service

(observational data, gridded
analyses & forecast data)

7,500,000 observations per day
(over 1,000,000 unique)
47,000+ world-wide sites

83 GBytes per day of forecast data
1.5 TBytes of active forecast data

AFWA
Air Force Weather Agency

(observational data, gridded
analyses & forecast data

FNMOC

Fleet Numerical Meteorological
and Oceanographic Center

(gridded analyses & forecast data)

-

Other
Meteorological

Networks and Towers
m———p>  Internet DOE, Navy facilities,
el Djal-up line Kennedy Space Center,

. MADIS, MESOWEST,
)  Satellite AWS

Lawrence Livermore National Laboratory
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World-Wide Geospatial Databases Provide Input Data to
Model Calculations and Assessment Products

Terrain Elevation is used
in 3-D meteorological flow

and dispersion models

Global coverage
* NGDC 10km
* USGS 1km
* NIMADTED (1km, 100m,

and 30m)

U.S. coverage

* USGS DEM 30m

Lawrence Livermore National Laboratory

Urban and Rural Land Characteristics
are used to model their effects on

wind and turbulence

Global coverage
* ORNL 1km GLCC
U.S. coverage

USGS 200m LULC

USGS 30m NLCD

NGA 133-city 3-D building data
LBNL US building infiltration
database

Population Density is
used to estimate affected
population and casualties

Global coverage

* ORNL 1km LandScan
U.S. coverage

» Census Bureau

* LANL day and night

* ORNL LandScanUSA day
and night




High-Resolution Day-Night Population Databases are
Used in Model Calculations

@G NARAC

Nighttime Population Density
New York City Area

New York City Area

Daytime Population Density

¥ikm)

Hihac: motaedd

5400 5600 5800 600.0 6200 5400 5600 5800 600.0 6200

Oak Ridge National Laboratory LandScanUSA day-night population data
obtained from HSIP GOLD dataset

42



/A
Modular, Redundant, Fault-Tolerant Servers Ensure >
24[7 Reliabilitz of Com[:_)uter sttems @ NARAC
Data Servers Core :_l\_ﬂo_d;' _____ C:e;tl;l_System Servers

Weather Servers Servers | Servers For Core Capabilities

Observed
Data |[¢

Production - 1

m

Computing

Forecast =
Data Production
Database
Servers 3
Emergency LLNL
@ Backup High Performance

Tape Backup  Disk Storage Internal Users

Production System

Access
Data Sharing™— Remote Access Servers
Small Models Databases
For External Users
External Users ~~ ) Disk Storage

User

Databases
Disk Storage

Beta System
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Multiple Source Term Models are Used In
NARAC/IMAAC Plume Model Predictions

= Explosive dispersal devices: airborne fractions,
particle-size distribution (SNL Source Term
Calculator)

= Nuclear detonation (LLNL KDFOC3, LWAC)
= CBRN material properties (DIPPR, ORNL, DoD)

= Chemical and biological weapon sources/sprayers
(SNL Source Term and Dose Response Assessment
Tool)

= Classified weapons data (DoD, DOE)

= Toxic industrial chemicals (leaks, spills, tanks)
(NOAA/EPA)

= Explosive prompt blast effects prediction
(SNL BLAST model)

= Buoyant & momentum plume rise from fires or stack
emission (LLNL LODI model)

= Nuclear power plant release characteristics
(NRC RASCAL model)
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NARAC/IMAAC Utilizes a Suite of In-House and
Collaborating Agency Atmospheric and Plume Models

= LLNL regional modeling suite (ADAPT/
LODI) and fallout model (KDFOC)

= Weather forecast models (NOAA, Air ¥, \
Force and Navy global and regional : -3 =
models)

= Radiological plume models (DOE
HOTSPOT)

= Hazmat / toxic industrial chemical models
(e.g., NOAA/EPA ALOHA / CAMEDO,
EPICode)

= Nuclear power plant (NRC’'s RASCAL)

=  Prompt/blast effects models (SNL's
BLAST and NUKE)

= Urban building-scale models (FEM3MP,
UDM)

= NOAA HYSPLIT
= DoD Joint Effects Model / HPAC
=  Subway (ANL), indoor (LBNL/NIST)
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NARAC/IMAAC

Automated Reach-back Modeling Capabilities

Hypothetical Salt Lake City RDD

National Atmospheric Advisory Center

G NARAC




Winter Case Study: Hypothetical RDD in Salt Lake Cit @ NARAC

Mesonet Surface Wind Observations

Great
Salt

v

e

’.ILLLJ

.|

Lawrence Livermore National Laboratory

January. Early
morning light near-
surface winds show
cold air drainage
flow down slopes &
towards the Great
Salt Lake
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Detonation Point I

Red particles show LLNL NARAC ADAPT/LODI dispersion simulation using
SNL ERAD explosive source characteristics (particle size distribution and
spatial distribution of mass from surface to several hundred meters above
ground) — Simulation begins at 05:00 MST (ends at 11:00 MST)




Upper level cloud
transported southward

Lower level cloud
transported northward
by surface winds

Note: Increase mixing begins as
daytime heating of surface occurs







m
71'%0 /7

Winter Case Study: Hypothetical RDD Ground-level
Time-integrated Dose G NARAC

Northward transport
due to surface winds

5
I -
i3

Detonation Point

Fumigation (downward
mixing of upper level cloud)
after sunrise
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Animation of NARAC/IMAAC Model Simulation of

Airborne Nuclear Debris Cloud and Fallout Contamination
Footprint

IND Response Strategy
Planning Guidance

National Atmospheric Advisory Center

G NARAC
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A Comprehensive Approach to Quality Assurance and
Operational Readiness Ensures Reliability and Accuracy

External Use and
Peer Review

Verification

Operational

Validation Readiness

Documentation

Testing / Source System software \
Generation
SQA Models and 1~ Fate and Transport Consequence
Databases Models ,| and Health
Geospatial | ° Meteorological Data Effect
Databases Assimilation Databases
—— | » Forecasts v
C&A Meteorological || © Fate and Transport \‘[Assessments}
Databases /

System
Monitoring

On-Call

Readiness
Configuration

Management Contingency Planning
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NARAC/IMAAC Models and Capabilities are
Extensively Tested and Evaluated @ NARAC

*Field experiments test models in real-
world cases

Examples: Roller Coaster, Project Prairie
Grass, Savannah River Musicale Atmospheric
0.008 *  Numerical solution ] Tracer Studies, Diablo Canyon Tracer Study,

I ' ETEX, Urban 2000, Joint Urban 2003, UDP

e Analytic solutions test
models versus known, exact
results

o
D
[=}
&)
I

Q.002 -

0.000 L L | L L L | L L L | L L L | L L L | L
200 430 600 800 1030
X (m)

* Operational testing evaluates the usability, efficiency,
consistency and robustness of models for operational conditions
Examples: Chernobyl, Kuwait oil fires, tire fires, industrial
accidents, Algeciras Spain Cesium release, Tokaimura criticality
accident, Cerro Grande (Los Alamos) fire
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LLNL’s State-of-the-Science System Benefits from a

Tight Coupling of R&D and Operations @ NARAC

Operational
needs drive R&D

objectives

R&D Operations
Multi-institutional Subject matter
collaborations expertise

R&D results
directly benefit

operations
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Radar Derived Winds for Dispersion Applications @ NARAC

= Radar potentially provides higher resolution
upper air data by measuring the altitude, range, long range __
speed of moving objects Sy

= Use PNNL developed-algorithm used to convert
raw data to gridded profiles

= Quantify availability of NEXRAD data
= Quantify NEXRAD data availability

= Conduct statistical analysis of impact of
NEXRAD-derived into diagnostic

= Evaluate impact of NEXRAD-data assimilation
Into weather prediction models

DHS S&T Project Evaluated the Impact of NEXRAD >

Cofiffol Run . '| | NEXRAD'Data Run
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Isosurface of 100 ppm Concentration
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LLNL Calculated Indoor Exposures Based on Coupled
Outdoor and Subway/Indoor Models (with ANL and LBNL) @NARAC

Outdoor Plume Air Corresponding Indoor
Concentration Air Concentration

- 4

[ | AEGL1: Discomfort [ AEGL2: Long-term Effects B AEGL3: Lethal

0.48 mg-min/m?3 6.24 mg-min/m3 24.5 mg-min/m?3
Building leakiness data and Census data on Prototype capability
residences used to develop statistical estimates outdoor
relationships and derive a U.S.-wide geospatial Impacts from a subway
leakiness database to infer indoor exposures release (coupled ANL-
from outdoor plumes (LBNL collaboration) LLNL model)
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Dense Gas Physics Coupled to CFD Models Provides Realistic
Predictions for Toxic Industrial Chemicals in Urban Areas

Neutrally
buoyant

" gas release Isosurfaces of 200 mg/m?3

10 minutes after release

400

Dense gas release

Buildings increase vertical mixing.
Gas density suppresses vertical N | __ N
mixing, while increasing lateral - - - o
spreading near the source and e '
upwind dispersion.

X (m) 600 Y (m)
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New LLNL-SNL Explosive Dispersal Model Improves
Predictions of Ground-level Contamination

= KDFOCS3 nuclear detonation
source description extended and
used in LODI particle dispersion
model

= Neutron-activation products from het;

LWAC code

= Fission product inventory from
ORNL ORIGEN code

= Sandia PUFF dynamic high-
explosive cloud rise model

Deposition versus Downwind Distance

KDFOC3

| <« New model - Run-Time
R * . 47 Measurements > . Efficiency
s - B Options
-% ...-' - - [ G 44 + Measured Dep
E 100 — = - — lStatic(?Ioud
E \ '.” Dynamic Cloud
i Old Model ORNL
_ National
| Laboratories
conterine Distance bownwind (metersy !
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Event Reconstruction Produces Composite Plume with
Uncertainty Estimate Based on Field Data

500+

T 400

. Sensors
3007 Actual

I 10000

Crosswind distance (y/

100
source

o.region ]
-300 -200 -100 0 100 200 300 400
Downwind distance (x/H)

0.2 . | | | |
\ Strength

015 Actual release rate

0.1

Probability

0.05

90% confidence plume

o lli[l JL_ o ln

n B__ | T el
0 0.02 0.04 0.06 0.08 0.1
Release rate

Event reconstruction based on Bayesian inference and stochastic sampling
estimates source location to within a half block and release rate (left figures) for
the JU2003 Oklahoma City release. The 90% confidence level composite plume

contours are compared to field data (colored squares) in the figure at right.




Additional Information

%Nat_ional Atmospherit_: Release Advisory Center
Web: narac.lInl.gov Web: imaacweb.lInl.gov
Email: narac@lInl.gov Email: imaac@IlInl.gov

IMAAC

' Interagency Modeling and
Atmospheric Assessment Center
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