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NARAC provides reach-back emergency 
response service 

We access world-wide 
weather data and 
geographical information:

• Observed & forecast 
weather data

• Terrain & land surface
• Maps
• Population
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We deliver plume model predictions in 
minutes via secure Web pages
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National Center at LLNL with
24x7 scientific support
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LLNL Combines Research & Development (R&D) 
and Operations

OperationsR&D

Operational 
needs drive R&D 

objectives

R&D results quickly 
benefit Operations

R&D is a collaborative effort with many national 
and international organizations
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NARAC is Integrating LBNL Research 
on Outdoor-Indoor Infiltration Models

Outdoor Plume 
Air Concentration 

Corresponding
Indoor Air 
Concentration 

Building leakiness data from several states is used with 
Census data on residences to infer statistical relationships 

and derive a U.S.-wide geospatial database
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NARAC uses new LANL Database of Time-varying 
Population Density to Estimate Affected Population

Example for Washington, DC
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NARAC is Collaborating on Developing an 
Advanced Nuclear Fallout Model

New model features:
• 4-D wind variation & terrain effects
• Large and respirable particles
• Gross activity & specific nuclides
• Groundshine, cloudshine & inhalation doses
• Rainout
• Long-range transport
• Buried, surface or air burst; Multi-bursts

Existing Operational Model (KDFOC) New Model (LODI-FOC)

Existing model features:
• 1-D (vertical) wind variation
• Large fallout particles
• Gross activity
• Groundshine
• Buried, surface or air burst

4-hr Groundshine Dose
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NARAC Resuspension Upgrades

Resuspension Factor Models
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Loosmore, G.A., Evaluation and Development of Models for Resuspension of Aerosols at 
Short Times After Deposition. Atmospheric Environment, 2003. 37: 639-647

Options:

• NCRP 129 (FRMAC) 

• Loosmore (2003)
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NARAC Weathering Factor Upgrades

Options: 
• WASH 1400
• Anspaugh (2002)
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New NARAC Guidebooks and Training Materials

• Developed guidebooks for 
determining model inputs

• Explains model defaults and 
assumptions

• Step-by-step guide to 
NARAC iClient options

• Joint guidance material on 
how to use NARAC and 
CAMEO/ALOHA systems 
during an incident – in 
progress 
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Integration of NARAC and EPA/NOAA 
CAMEO/ALOHA Chemical Hazard Databases 
and Plume Modeling Tools

• Completed standardization of hazard 
levels and color for both ALOHA v5.3 
and NARAC plume modeling results

Red: life threatening effects (AEGL3, 
ERPG3 or TEEL3)

Orange: serious long-lasting effects 
(AEGL2, ERPG2 or TEEL2)

Yellow: notable discomfort (AEGL1, 
ERPG1 or TEEL1)

• Designing software interface between 
CAMEO/ALOHA and NARAC iClient

• Standardized on chemical material 
property databases (DIPPR)

AEGL:  EPA Acute Emergency Guideline Level 
ERPG:  American Industrial Hygiene Association (AIHA) Emergency Response Planning Guideline 
TEEL:   DOE Subcommittee on Consequence Assessment & Protective Actions (SCAPA) 

Temporary Emergency Exposure Limits 
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• Multi-page format
• Input data and assumptions
• Expanded descriptions of 

products and interpretation 
guide

• Definition of terms
• Approvals
• Date/time issued 
• Input data and assumptions:

– Source term
– Field measurements
– Weather data 

(observations/forecast)
• Future: Description of 

type/quality of data
– Known, estimated or 

unknown source term
– Model projection 
– Model prediction calibrated 

with measurement data

Expanded NARAC-Sandia Model Products and 
Reports
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Building-scale Flow and Dispersion Models

• Fast-running empirical UDM 
urban model (developed by 
UK DSTL)

•High-resolution building-scale 
computational fluid dynamics 
model (FEM)

FEM Model

UDM 
Model
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• Extensible Markup Language (XML) file 
for storing and Web-based sharing of 
measurement data ― self-describing text 
format defines measurement data, 
instrument, units, time, location, etc.

• Measurement data maps and visualization
• Measurement data filtering, grouping and 

outlier elimination
• Measurement-to-calculation ratio 

comparison, statistical analysis, and 
determination of improved source term for 
plume model

Automating Processing of AMS and ERDS Data for 
Updating Model Predictions - LLNL, RSL and SNL 
collaboration 

XML Measurement 
Data File

XML Measurement 
Data File

Tools to update 
predictions to 
measurements 
data

Tools to update 
predictions to 
measurements 
data
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NARAC is using Joint Urban 2003 (JU2003) Oklahoma 
City Field Study Data to Evaluate Urban Models

Computational Fluid Dynamics 
(CFD) Model Explicitly resolves 

buildings in the source area

Oklahoma City , Oklahoma
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LLNL is Developing a Rigorous Method for Inverse 
Modeling and Event Reconstruction

•Goal:

⎯ To automate the utilization of sensor field measurements to 
estimate source terms and optimize predictions 

•Approach: 

⎯ Couple sensor data and simulation via Bayesian inference, 
stochastic sampling, and optimization methods

⎯ Backwards analyses to determine probabilistic distribution of 
unknown source characteristics

⎯ Optimal and probabilistic forward plume model predictions
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Event Reconstruction is Performed Via Bayesian 
Inferencing and Stochastic Sampling

Inflow wind Sensors ( )

Markov chain sampling
Actual source

location

Source location 
determined to   
<½ block area
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Event Reconstruction Composite Plume Provides 
Confidence Levels (Uncertainty Estimates)

• Contours show 90% 
confidence limits 
for given air 
concentration level

• Dark blue region 
envelopes 
composite plume   
(< 0.01 ppb)

• White indicates 
areas where 90% 
confidence limit 
cannot be 
determined 
(depends on 
chosen threshold of 
0.01 ppb) 
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Some Key NARAC Developments 

1. New database of time-varying population density to estimate affected 
population with LANL

2. Next-generation nuclear fallout model with Sandia National Labs
3. Expanded Sandia/NARAC automated consequence reports
4. New resuspension and weathering factors with FRMAC Assessment WG
5. Building effects in dispersion models with UK DSTL
6. Data-driven modeling to automatically optimize plume predictions with 

measurement
7. Exterior to interior building air exchange with Lawrence Berkeley National 

Laboratory
8. Interfaces to GIS software with RSL, ESRI and LLNL/E&E GIS group
9. Rainout and washout using high-resolution NOAA weather RADAR 

precipitation data 
10. Improve resuspension models for ground-deposited contamination 
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LLNL NARAC-IMAAC Works Closely with Many 
Organizations to Provide Integrated Emergency 
Response Support
• DOE National, Regional Operations Centers and Response Teams ― Headquarters and 

regional EOCs, RAP, ARG, RAP, NRAT, JTOT, CM/FRMAC, AMS, Triage, REAC
• DHS National and Regional Operations Centers and Response Teams ― HSOC, FEMA 

NRCC and RRCCs, TSOC, WMDO-IM, and USCG, US Secret Service
• Federal, Interagency Response Centers and Teams ― IMAAC (includes DHS, DOD, DOE, 

EPA, NASA, NRC), FRMAC (with DOE and EPA), Federal Advisory Team for Environment, Food 
and Health (includes EPA, USDA and HHS)

• Nuclear Sites ― DOE sites, Naval Reactor sites, and DoD Sites
• DOE NA-23 Office of International Emergency Management and Cooperation 
• DOD National Operations Center and Teams ― USNORTHCOM, DTRA, National Guard
• NRC National and Regional Operations Centers and Response Teams
• EPA Operations Centers and Regional Response Teams ― On-Scene Coordinators
• NOAA National Centers and Teams ― Hazardous Material Response Division, National Centers 

for Environmental Prediction (NCEP), regional Weather Forecast Offices, Incident Meteorologists
• National Laboratories ― Sandia, Remote Sensing Laboratory, Lawrence Berkeley, Argonne, Oak 

Ridge, Los Alamos, Pacific Northwest
• LLNL centers of chemical, biological and nuclear expertise ― Biological Defense Knowledge 

Center, NSTTAR, NAP, Forensic Science Center
• NASA ― Kennedy Space Center
• Local and State Operations Centers and Teams ― State EOCs and agencies, DHS/LINC 

demonstration cities

LLNL supports over 300 collaborating local, state, and federal agencies and 
emergency operations centers, with over 1700 on-line users
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