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Background

The national labs have addressed IND response with DHS support (OHA
and FEMA) since FY08.

— Technical collaborations enabled by the Modeling and Analysis Coordination Working
Group (MACWG)

Sandia has focused on evaluation of post-detonation sheltering and
evacuation strategies.

Our work has evolved through several phases:
— Tool development and general analyses (FY08-09)
— Support of interagency IND response guidance (FY10)
— Analysis of specific U.S. urban areas:
* Los Angeles (FY10)
* Chicago and National Capital Region (FY11)
* Houston and Boston (FY12)
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Context and Key Assumptions

e Baseline is the IND National Planning scenario

— 10 kT ground burst
— Evaluate responses within the first 72 hours
— Metric: Acute radiation casualties and fatalities due to fallout exposure

* Two types of analysis are performed

— Regional results show overall impact of alternative strategies
— Exemplary point analyses highlight local decision making

* Diverse shelter-evacuate (S-E) strategies are considered

— Shelter-in-Place

— Uninformed Evacuation

— Informed Evacuation

— Shelter-to-Shelter transit

— User Requests (e.g., Shelter-dependent Transit, Route-based Evacuation)
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The NUclear EVacuation Analysis Code (NUEVAC)

* NUEVAC permits user-friendly regional
zoning and flexible S-E strategies within
each zone.
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— Graphics linked to Google Earth

— Incorporation of city-specific shelter quality
(“Svalin”) data

* NUEVAC enables specification of a . .'*sgﬁg*m'c'émleyw‘
Ehba= UPark. (e
shelter-evacuate strategy for each zone —

— Adiverse range of shelter versus evacuation
strategies can be assessed

 NUEVAC calculates the total radiation
dose due to fallout exposure for each
individual in the region and models the
health effects of that accumulated dose.

Plume att =1 h in the Chicago area
with community-based zoning
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NUEVAC'’s Relationship to Other Models

a .. I
Fallout Radiation
Field (LLNL)
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Quality (LLNL)

* HAZUS = “Svalin”
e

Strategy (SNL)
* Google Earth

e Casualties
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Assumptions for Exposure Calculations

* Evacuation plans are applied to individuals beyond the outer edge of
moderate damage zone (1.5 km for 10 kT)

* Evacuation generally assumed to be by foot (3 km/hr) in intense fallout
region

* Acute radiation sickness (injury or death) is primary metric, but latent
cancer incidence also calculated

NUEVAC uses EPA probit parameters:
- 50% fatality incidence at 300 rem
— 50% acute injury incidence at 150 rem
— 10% acute injury incidence at 100 rem

Survival Probable ‘ Increasing Risk of Death Certain Death > ‘

Levels of Primary Concern > Dose ( rem)
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Primary Shelter-Evacuate Options

Shelter-in-place ~Legend

2 25 rem/hr
= 50 rem/hr
= 100 rem/hr
=200 rem/hr
2 400 rem/hr

— Individuals remain inside a building with specified
protection factor, or in Svalin-designated protection
factor distribution

Uninformed Evacuation

— Individuals evacuate radially from the point of
detonation after an initial interval of shelter-in-place

Shelter-to-Shelter Transit

— Individuals transit outdoors to a higher quality shelter
after an initial interval of shelter-in-place

Informed Evacuation

— Individuals evacuate from fallout region after an initial
interval of shelter-in-place;

Plume at

— Evacuation uses a path optimized to avoid the most
hazardous portions of the fallout region

Shelter-dependent Transit
— Requires use of Svalin shelter quality data

— Individuals transit to better, nearby shelter only if
their initial shelter is inadequate. Otherwise, they
shelter-in-place.
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Differential Casualty Incidence

Shelter Transit (PF=2 to PF=10) relative to Shelter-in-Place (at PF=2)

Differential Incidence

Legend 3 ¢ Legend
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Departure Time = 1 hour
Transit Time = 12 minutes
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Exemplary Point Analyses

* Exemplary point analyses
add realism to the decision
environment.

— Specific initial shelter factors

— Realistic evacuation route
alternatives

— Specific nearby shelters for
possible transit

* Departure time is a critical
decision variable. — 3
Chicago Exemplary Pomt

— Early evacuation absent good Chmatown?lre Station::

situational awareness is risky

Often the “natural” decision is not the right decision.
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S/E Analysis Results are Summarized in an Technical
Report to Support FEMA'’s IND Planning Program
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Backup slides:
e Additional information on NUEVAC tool
» References and publications
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NUEVAC Zoning and Movement Protocols

- - Evacuation
Directional to a Point
Evacuation
Radial
Detonation Evacuation
Point
o ‘ b O
3
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Prompt
Effects 4 / @ R( 6 /
Zone
Evacuation
to a Line
NUEVAC Regional Zoning Options NUEVAC Movement Segment Options
— Arc-based zones (as shown above) — Stationary for specified time
— Polygonal zones — In fixed direction for specified velocity and time
— Imported zone files — To fixed point at specified velocity

— Radial from detonation point

— To a designated line (shortest path)
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NUEVAC Analysis Environment

|£:| Evacuation Region Editor

Mame

|Region 5 |

Evacuation Behaviors (Paths)
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NUEVAC Analysis Environment
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NUEVAC visualization of regional shelter quality data
(SVALIN data)
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