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USNRC INCIDENT RESPONSE PROGRAM

• Established after TMI
• Mission Areas

– Oversight of licensee 
actions and 
recommendations

– Support State/Local 
government with 
technical information

– Support larger 
Federal response 
efforts
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RESPONSE TECHNICAL TOOLS

• Used by NRC Incident Response Program’s Reactor Safety Team:
– Predict future conditions
– Assess event classification 
– Assess licensee plans/priorities
– Assess licensee capabilities
– Advise and support 

• Computerized version of Response Technical Manual 96



CORE DAMAGE ASSESSMENT
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There is a set of key reactor plant 
temperatures, pressures, levels, flow  rates, and 
radiation levels that should be immediately 
recognized as important reactor safety 
thresholds for:

• Predicting when core damage is imminent
• Recognizing that core damage is 

underway
• Projecting how much damage may occur
• Confirming that core damage has 

occurred
• Initially assessing the extent of core 

damage
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• What is the RTT?
A compilation of simple                                  
methods for estimating the                  
consequences of Reactor and Spent Fuel 
Pool accidents

• Core Damage Assessment Tools (10 tools)
• Predict, recognize, confirm, quantify reactor core 

damage 
• Other core and containment tools are in 

development 
• Spent Fuel Pool Tool (1 tool)
• SFP boil down / heat-up with or without SFP leakage
• Other SFP tools are in development

RESPONSE TECHNICAL TOOLS
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13 CONTAINMENT RADIATION
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RADIOLOGICAL SYSTEM FOR CONSEQUENCE ANALYSIS (RASCAL)

• Used by NRC Incident Response Program
– Independent dose and consequence projections during radiological 

incidents and emergencies
• Fast-running code that estimates doses for potential or ongoing 

releases from:
– nuclear power plants (light-water reactors), 
– spent fuel storage pools and casks, 
– fuel cycle facilities, and 
– radioactive material handling facilities

• Also estimates deposition, field measurements, and intermediate 
phase doses



HOW RASCAL WORKS

RASCAL creates an atmospheric source term, processes weather data, 
and calculates doses
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RASCAL DEFINES ATMOSPHERIC SOURCE TERM

• Models or measurements determine radionuclides available for release
– Unit-specific data for NPPs, spent fuel, and fuel facilities
– Models/measurements based on accident scenario studies

• Source material may be filtered, reduced, or decayed
– Filtering and release height; NPP unit-specific pathways
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SOURCE TERM

• Source term models calculate material that can be released
• Pick the best model; may have multiple options
• Available choices depend on Event Type

Nuclear Power Plant Spent Fuel Fuel Cycle Other Materials



NUCLEAR POWER PLANT 

• RASCAL has 9 nuclear power 
plant source term options:

• 4 based on reactor condition 
models

• 5 based on nuclide 
measurements



SPENT FUEL

• For Spent Fuel, RASCAL has 3 
source term options

• Includes both pool and dry 
storage

• Sites are collocated with NPPs



FUEL CYCLE

• RASCAL can model certain events 
from fuel fabrication facilities

• UF6 release – special plume 
model with chemical HF hazard

• Criticality – plume model for 
activation but includes prompt 
shine



OTHER MATERIALS LOCATIONS

• RASCAL also has 3 “other” 
materials options

• Useful for modeling 
transportation accidents, lab 
accidents, etc.

• All models still focus on 
atmospheric releases
– Liquid releases (like spills and leaks) 

are not modeled in RASCAL



SOURCE TERM DETAILS

• Each model requires additional details like 
timing or measurements

• For example, in the LOCA model:
– Time of reactor shutdown

• Starts the decay of all nuclides in the core (they’re in 
equilibrium before)

– Time core was uncovered
• When NUREG-1465 models start, starting with 30 min 

of gap activity, then fuel melt

– Is the core recovered?
• Additional material stops being generated after the 

core becomes recovered



RELEASE PATHWAY

• RASCAL needs information on 
how generated material is 
released to the atmosphere
– Pathway
– Height

• Wind speeds change with height
– Reduction

• Amount of material reduced by decay, 
holdup, filter, sprays

– Timing
• Release rates, start

and stop



RELEASE PATHWAY DETAILS

• Release Height
– 10m is minimum height allowed 

(ground release)
• Select leak rate type

– Percent Volume / Time (e.g., 3%/hour)
– Containment pressure / Hole Size (e.g., 

30 psi/2 cm2)
• Define release timeline

– Used for leak rate and additional 
conditions

– Need to review/set initial conditions, 
then can add rows as needed



RASCAL DEFINES ATMOSPHERIC SOURCE TERM

• Atmospheric Source Term
– May be single nuclide or complex 

core damage
– Isotopic activity over time (15 min)
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ATMOSPHERIC SOURCE TERM IS MOVED USING ATD MODELS

Atmospheric Transport and Dispersion Models
– Transport material based on weather conditions
– Track material to where it falls/washes on ground
– Accounts for dry/wet processes and particle size
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A STRAIGHT-LINE GAUSSIAN PLUME MODEL ON A POLAR GRID IS USED TO MODEL 
DISTANCES CLOSE TO THE RELEASE POINT



A PUFF MODEL ON A CARTESIAN GRID IS USED TO MODEL AT LONGER DISTANCES



A SEQUENCE OF DISCRETE PUFFS IS USED TO MODEL THE PLUME
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Puff centers move with 
the wind.

Puffs grow larger as time 
passes.

Each puff represents 15 
minutes of release.



FINAL CALCULATIONS PROVIDE DOSES AND CONCENTRATIONS

• Dose calculation accounts for multiple pathways
– External (Groundshine + cloudshine)
– Internal (Inhalation + ingestion)

• Results includes other display/calculation options
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RASCAL OUTPUTS
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QUESTIONS?


	RASCAL & RTT�Radiological Assessment System for Consequence Analysis & Response Technical Tools
	USNRC Incident Response Program
	Response Technical Tools
	Core Damage Assessment
	Slide Number 5
	Response Technical Tools
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Containment Radiation
	Radiological System for Consequence AnaLysis (RASCAL)
	How RASCAL works
	RASCAL Defines Atmospheric Source Term
	Source Term
	Nuclear Power Plant 
	Spent Fuel
	Fuel Cycle
	Other Materials Locations
	Source Term Details
	Release Pathway
	Release Pathway Details
	RASCAL Defines Atmospheric Source Term
	Atmospheric Source Term is Moved using ATD Models
	A straight-line Gaussian plume model on a polar grid is used to model distances close to the release point
	A puff model on a Cartesian grid is used to model at longer distances
	A sequence of discrete puffs is used to model the plume
	Final Calculations Provide Doses and Concentrations
	RASCAL Outputs
	Questions?

