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Deciding on action

Evacuate Shelter

Protective Action Recommendation (PAR) 
recommended protective measure from          
the nuclear power plant to offsite response 
organizations (OROs)

Protective Action Decision (PAD)
measures taken in response to an actual             
or anticipated radiological release

Protective Action Guide (PAG)
projected dose to an individual member of 
the public that warrants protective action



 Protective Action Decisionmaking in the Intermediate Phase (NUREG/CR-7248)
 Evacuation Time Estimate Study (NUREG/CR-7269)
 Emergency Planning Zone (EPZ) Size Methodology
 Sensitivity of Dose Projections to Weather
 Analysis of the Effectiveness of Sheltering-in-Place
 Use of Heating and Ventilation Systems while Sheltering-in-Place 
 Dose Reduction Effectiveness of Masks
 Nonradiological Health Impacts of Evacuations and Relocations (NUREG/CR-7285)
 MACCS Consequence Model Improvements Impact on Protective Action Strategies

NRC research enhances emergency preparedness



NUREG/CR-7269, “Enhancing Guidance for Evacuation Time Estimate Studies”
State-of-the-art traffic simulation models used to better understand evacuation dynamics 
and to develop insights for protecting the public and first responders

Providing insights into effective evacuation



Traffic models can provide cohort data



Spatial and Temporal Speed Data Representations

Traffic models provide vehicle speed data 



Meta-analysis of Odds Ratio for All Health Effects

Assessing the balance of the risk
NUREG/CR-7285, “Nonradiological Health Consequences of Evacuation and Relocation”
Meta-analysis of the impact of prolonged displacement across all types of emergency events



Analyzing the protection of shelters

Δ𝐶𝐶𝑠𝑠 𝑡𝑡𝑖𝑖 = 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖𝑞𝑞𝑖𝑖𝑖𝑖𝑖𝑖𝐶𝐶𝑜𝑜 𝑡𝑡𝑖𝑖 + 𝑞𝑞𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 1 − 𝜀𝜀𝑓𝑓 𝐶𝐶𝑜𝑜 𝑡𝑡𝑖𝑖 − 𝑞𝑞𝑒𝑒𝑒𝑒𝑒𝑒𝐶𝐶𝑠𝑠 𝑡𝑡 − 𝑞𝑞𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝐶𝐶𝑠𝑠 𝑡𝑡𝑖𝑖
Δ𝑡𝑡
𝑉𝑉𝑠𝑠

Current dose reduction factors                
estimate shelter effectiveness

Shelter effectiveness can also be examined 
through dynamic models and lessons from 
other hazards to provide additional insight

U.S. EPA. EPA-400/R-17/001, “PAG Manual: Protective Action Guides and Planning 
Guidance for Radiological Incidents,” Office of Radiation and Indoor Air, January 2017. 

Smith, Todd R. Transforming Protective Action Strategies for Radiological Emergencies—
Exacting the Science of Sheltering-in-Place. Oregon State University, 2021. 



Exploring effective use of shelters and ventilation

Dust storms (Argyropoulos, 2020) 

Modeled office building (Kulmala, 2016) 

Monte Carlo simulations (Thornburg, 2001) 



NUREG/CR-7248, “Capabilities and Practices of Offsite Response Organizations for Protective Actions    
in the Intermediate Phase of a Radiological Emergency Response”
Shared understanding of offsite response organization capabilities and practices for                                     
protecting the public after the emergency phase

• Monitoring
• Relocation & reentry
• Food condemnation
• Drinking water
• Actions beyond the EPZ
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 Communicating with the public
 Developing partnerships and sharing 

resources for monitoring
 Making situation-dependent decisions 

based on science
 Leveraging technology
 Assisting vulnerable populations, 

livestock, and pets

Gathering and sharing best practices



Emergency Phase Modeling
 Protective actions (evacuation, sheltering, relocation, KI)
 Cohort timeline (general population, schools, special facilities, evacuation tail, shadow 

evacuees, non-evacuees)

How parameters are informed
 Evacuation time estimate (ETE) studies and traffic simulation models (NUREG/CR-7269)
 MACCS modeling best practices
 Discussions with state and local authorities (NUREG/CR-7248)

Modeling EP in MACCS to inform protection strategies



Providing evidence to support protective actions



For more information
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