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Exacting the Science of Emergency Preparedness

Research to Support Protective Action Strategies

Todd Smith, Ph.D.
Senior Level Advisor for Emergency Preparedness and Incident Response
Office of Nuclear Security and Incident Response
U.S. Nuclear Regulatory Commission



Deciding on action

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

(1)

Protective Action Decision (PAD) ///\
measures taken in response to an actual 0 ' ﬁ

or anticipated radiological release | e

| Shelter
Protective Action Guide (PAG) _
. . . . //
projected dose to an individual member of \ A\

the public that warrants protective action \7 A
J/
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NRC research enhances emergency preparedness

= 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
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Gathering and sharing best practices

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 Best Practices identified for—
Relocation & reentry = e = Communicating with the public
Food condemnation = D lopi hi d shari
Drinking water | eveloping partnerships and sharing
Actions beyond the EPZ resources for monitoring

e » Making situation-dependent decisions

ORO Study Topics

________ — Sl based on science

S = Leveraging technology
: L I’ = Assisting vulnerable populations,
. VA e livestock, and pets
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Providing insights into effective evacuation

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
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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
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Meta-analysis of Odds Ratio for All Health Effects

Davis, 2010
Kar, 2004

Kilic, 2006
Munro, 2017
Hashimoto, 2017
Hayashi, 2017
Ohira, 2017
Satoh, 2016b
Yzermans, 2005
Behr, 2013
Ebner, 2016
Lawrence, 2019
Nagai, 2018
Thomas, 2012
Milne, 1877
Taormina, 2008
Waugh, 2007
Hogg, 2016
Parker, 1977
Quast, 2018
Sawa, 2013
Tally, 2013
Tomio, 2010
Carr, 1997
DeSalvo, 2007
Najarian, 2017
Thienkrua, 2006
van Griensven, 2006
Dirkzwager, 2006b
Ohira, 2016a
Takahashi, 2016
Nakano, 2018
Sakai, 2014
Sanlavirta, 2015
Takahashi, 2017

Color  Specific Health Effect
Degpression

General Health Effects
Heart Disease

Other

Psychological Distress
PTSD

Sleep Problems
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Substance Abuse
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1.93, 4.65]
[0.79, 3.72
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1.36, 1.75]
0.47, 0.64)
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Odds Ratio

1.49 [1.24, 1.79]

Health Outcome 2

Anxiety

Depression

Diabetes

General Health Effects
Healthcare Accessibility
Heart Disease

Mortality
Other

Psychological Distress

PTSD

Respiratory Problem
Sleep Problems
Substance Abuse
Weight Problem

cial Populations
Included

Children

Elderly

Elderly, Males

Elderly

Elderly

Hospital Patients,
Nursing Home Residents
Low-educated Mothers
Children, Hospitalized
Patients

University Students,
Children

Elderly

Children
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Analyzing the protection of shelters

Current dose reduction factors
estimate shelter effectiveness

OfficelLarge Apartmant Building

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

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

RASCAL

Radiological Assessment System for
Consequence Analysis for radiological
emergencies

VARSKIN

Dose calculation for skin contamination
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Inhalation Dose Savings (mSv)

Cs-134

Inhalation Dose Savings for Various Nuclides and Mask Materials

m Cotton Dose Savings (Sv)
m Polyproplene Dose Savings (Sv)
W Polyester Dose Savings (Sv)

Nylon Dose Savings (Sv)

Cs-137

Ru-106

Sr-90 Te-129m
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roviding evidence to su

If a radiation emergency happens in your area, you should get inside immediately.
Y No matter where you are, the safest action to take is to: GET INSIDE. STAY INSIDE. STAY TUNED.

+ Close and lock all windows and doors.

GET INSIDE

Go to the basement or the middle of the building. Radioactive material settles on the outside of buildings;
so the best thing to do is stay as far away from the walls and roof of the building as you can.

If possible, turn off fans, air conditioners, and forced-air heating units that bring air in
from the outside. Close fireplace dampers.

STAY INSIDE

Bring pets inside.

&= Stay tuned for updated instructions from emergency response officials.

STAY TUNED

B-lnorsare

OK SAFER

) saresT

Adapted from Ventura
Gounty Public Health,
Ventura County, CA

htip://lemergency.cdc goviradiation

port protective actions

Shelter-in-Place for Multistory Buildings inciudes condos, apartments, offices, and schools

Active Shooter

Hurricane HighWind, Flooding, Storm Surge)

‘Shelter-in-Place: Go toa sturdy bulding.

Eor high wind g0to a windowless room on the lowest

level.
atic.

Wnat o do: Run

you

away from shooter:
Call 911 if safe to do so. Hide if

For floodiing g0 as high as possible but not into the|

Sie

[ what t do: For hignwind, goto @ smal, ineror,
| the lowest level.

Fightas alast resort.

doors, close blinds, tum off lghts. o How 1ong 1 stay: Stay Inside until ocal authorities
rovide other Insiuctions.

How long to'stay: If you are not able
torun to safety, stay in place untillaw.
enforcement gives you notice that the.

danger is over.

20 seconds frequently with soap. Avoid
touching your eyes, noss, of mouth.
Gather supplies in case you need to stay
home for several days or weeks. Ifyou
‘must go to an office, campus, or e in a
multi story bulding, make sure to wear a
mask and keep a physical distance of at
least 6Tt apart.

How long; o stay: As advised by local
public heaith offiials.

Chemical Hazard .

Shelter-in-Place: Stay inside your
home and seal the room. Use duct
tape around the windows and doors

to make an unbroken seal. Tape over
vents and electrical outiets.

What to do: Lock all doors and
‘windows. Drink stored water, not
water from the tap. Tu off the air
conditioner; heater, and fans. Close.
the fireplace damper and seal off ary
other place where air may come in

Shelter-in-Place: Stay where you

are and take cover. Get under and old

on tosturdy fumiture until the shaking

stops. Protect the head and neck with
ms.

Shelter-in-Place: Stay inside. Shelter-in-Place: Stay inside. Limit time outside.

What to do: Pay attention to weather
reports. Be feady to change plans ‘What to do: Avoid carbon monakide poisening by
ILY outdoors, 20 feet

f necessary.
avold using running water or landiine from the house and away from windows. Never
phones. heata building with a gas stove top or oven.

ngth of the:
fowlo [Fowlogtostairorire brgn oo som. |
Flooding Flash Flooding
— in
the oot and call

What to do: Listen for current emergency information and instructions. Use a
ONLY

generator or other from
windows.

‘Hmrbﬂl : it X ‘

Shelter-in-Place: Go to basement
[

S Nuclear/Radiologic:

Shelter-in-Place: Goto the
basement or middle of the
building. Stay away from the outer
walls and roof. Take shetter in the
basement, underground parking
garage, or other lowest level in the
structure.

What o do: Drop. Cover and Hold
On. Ifin a bed, tum onto stomach

What
clothing and wipe off or wash
it

ol a You were outside How long tostay: Stay nside
How long to tay: A shelter in plaoo pilow. after the fallout arived. unti westher forecasts and local
12 hoursor .
less, raroly il it o longer. o iog st = extreme care when leavinga buiding
earthouake. as y

ommunity.fema.gov/ProtectiveActions/s/ for more informatior

ather instructions.
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Exacting the science of emergency preparedness
prepares us for a safe tomorrow
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