Population Screening and Protection in
Response to Radiological Incidents

Eva K. Lee, Ph.D.

Director, Center for Operations Research in Medicine and HealthCare
Professor, Industrial & Systems Engineering, Georgia Institute of Technology
Co-Director, NSF I/UCRC Center for Health Organization Transformation

Distinguished Scholar in Health Systems, Health Systems Institute, Georgia
Tech / Emory University School of Medicine

eva.lee@gatech.edu




Purpose of Project

Aim 1: Design and advance information — decision
support system for population protection and

emergency response; Establish a national knowledge
databank.

*CDC OPHPR/DSNS/PPA, F. Pietz

*CDC NCEH/EHHE/Radiation Studies Branch, Armin Ansari,
Lynn Evans

*\arious state/local public health directors and
coordinators for radiation safety

Aim 2: Collect on-the-ground response and health
monitoring data; Provide advice and technology for
effective and efficiency screening and decontamination

*Atsuo Suzuki, NanZan University




My work:
Information Technology-Decision Analytics

Risk Assessment Communication

Decision-Support:
-Resource Allocation
-Rapid Screening
-Population Protection

Data / knowledge
Management




Hazard Zones

The hazard zones were developed by
Portland Fire and Radiation Protection
Services

Exclusion Zone
2mR-10mR low rad zone

Hot Zone 10 R/hr
Warm Zone 10 mR/hr

Exclusion Zone 2 mR/hr

Cold Zone <2 mR/hr w/ no
removable contamination per NCRP 138
values

Public and EMS
COLD ZONE

mR/hr = milli-Roentgens per e 2mRhr
bac‘l‘:;m;::‘z :: d‘::‘:‘:mo:a;k background

hour, a standard unit of Contaminaion.
measurement for radioactivity



Evaluate potentially-affected population for:

— Immediate need for medical treatment (both radiation and
non-radiation related)

— Presence of contamination on body or clothing
— Intake of radioactive materials

— Removal of external or internal contamination
(decontamination)

— Radiation dose received and risk of health effects
— Long-term health effects (needs registry)



Population Monitoring
(Initial Hours)

Contamination screening ¢ Population density and time of

criteria day may result in tens, even
Radiation survey hundreds of thousands in the
methodology vicinity.

Clothing services  Reconsider plans to cordon off

the area and detain those

Transportation services ,
believed to be affected.

Washing facilities o _
* Waiting increases anxiety and

Registry the likelihood of inhalation or
Collection of biological ingestion of radioactive material.
samples

Worker protection



Population Monitoring
(Day 2 and Beyond)

* Setting up community reception centers

* Practical considerations for reception centers
operations
— Pets

— Monitoring for external contamination and
conducting decontamination

— Monitoring for internal contamination and
conducting decontamination

— Scaling for size of event



Our Tasks: Develop Computer Systems for

Evacuating affected area

Screening and tracking of radiation dosage of workers
(ensure safety of workers)

Determining optimal number of shelters needed

— Maximize coverage, minimize cross-contamination under
resource constraints

— Minimize disruption
Setting up community centers for large-scale
population health monitoring

Setting up distribution nodes for food/water/medical
supply delivery
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Some Nuclear Plants in Japan
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EPZ Emergency Planning Zone

PAZ Precautionary Action Zone
UPZ Urgent Protective action Planning Zone
PPA Plume Protection Planning Area
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Determine #s of Screening/Decon Centers

M Toggle Traffic Information

Current Level =8

@ SamplcPOD/ IR
© MyPOD/
and (( Remove MY
@ I

® @ Click on the marker, then drop on the map to place

PODs Summary:

« - n »
Check POD Demographics QSIS BENTL -% Asian -%

Help
html format
pdf format

Practice Scenarios

M Language

Sample POD upload file
oKa FA

Avg, distance (miles

N W s U N @

o =

8 9 10 11 12 13 14 15 16 17 18 19 20 21

Task: Determine where and how
many: Study the impact of the
number of screening &
decontamination centers on the
average travel distance/time.
Model has many variations.
Objective(s): Minimize
distance/time travelled by each
household and total facility setup
costs

Some Potential Constraints:

— Each affected household is
assigned to exactly one facility

— Only a limited number of facilities
can be opened

— Every household must be served



Facility Location Model
(solve in real-time)
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Georgia Tech Copyright Material



Determine the Best Facility Layout

Basic Concepts
 Head, hands, feet, wounds for screening

— Focus on Potential for Uptake

— Focus on most likely contamination sites
e RAM Contamination = Radioactive Dirt

— Decon =Cleaning

— Self-decon recommended

— Technical-decon situationally-dependent

Contamination Screening

* Portal monitors

* Pancake GMs for localization

e Area monitoring and dosimetry for workers

* Radionuclide identification

* Bioassay for checking if there’s internal
contamination




Screening / Decon Centers

Positive or
Negative?

Portal Monitar

Bioessay

Decontamination

| == [

Greeting Greeting
V !
s Hand-held
; Positive or Hand-held Portal
Desk = Portal Monitor Negalie? Scprggr?ilng Desk — Sereening
Random Random
Selection for Bioessay Decontamination Selection for
Bioessay Bioessay
Throughput in 12
hours
Exit
Ave. time spent
Greeting
Paperwork
= Maximize throughput with 100 available Portal monitor
workers for a 12-hour shift Hand-held device
n

Design of layout is important — non-intuitive

Decontamination

Bioassays
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NMIP: Mathematical Formulation

min | z = f(Xjesg;,¢ 0) (0)
st | Mijr < Xijr < Myjp VIrERIET, jES; (1)
2 iene By = T, Vr€ER,IET, (2)
W(X); < Wiax
q(%); < Gmax VJES 3)
i LK) B O,
O(x) = Bppy
4
¢(x) < Cmax
Xiir € Z, VIrERIET, jES, (5)

Cost at each station=g; (‘k;x;, w;, g, u))




Fukushima Events

* First month after March 11, 2011, over 3000 workers
were working on various emergency issues related to

the failed nuclear plants. Lack of planning led to miss
screening of workers.

 Due to lack of resources and coordination, some
citizens living within 20 km from the nuclear plants,
received screening 6-9 months after the incidents.

e My tasks:

— On the ground interviewing citizens, surveying their health
and mental conditions, and their knowledge of radiological
emergency response

— Assist in developing guidelines and provide technology for
effective large-scale screening and decontamination



On-the-Ground Knowledge

* Most have very little knowledge in radiological incidents
— General population
* <0.1% have radiation safety and emergency response knowledge

— Citizens living in vicinity of failed nuclear plants (< 20km)
* 30% have radiation safety knowledge
* 24% have radiation emergency response knowledge

» 27% have been screened (9 months after 03/11/11)
— 23% received medication

* 4% have health problems and symptoms caused by radiation exposure

e Japan shut down the last of its 54 reactors on May 5, 2012.

* Unit 3 of the Oi Nuclear Power Plant was restarted on July 1,
2012.

* On-going: assist in employing technology to develop guidelines
for preparedness, and real-time rapid emergency response,
screening and decontamination



Challenges & Scientific Advances

Big data (evolving, large-scale, disparate)

Complex and dynamic mathematical modeling

Computationally intractable (very difficult to solve using existing software
systems)

Our advances:

— Major breakthroughs in mathematical modeling on realistic complex
evolving on-the-ground situations

— New algorithms developed for rapid solution process

— Practical decision support system for emergency response managing
officials (real-time decision support, must solve the NP-hard problems in CPU
seconds)

— Collected invaluable response data as knowledge databank

— Since 2005, RealOpt, a system designed for pandemic/biological agent
response, has over 7000+ public health site users. It has been used for mass
vaccination for flu, HIN1, smallpox, Hepatitis B, anthrax drills, floods,
hurricanes, ice storms, fire, etc.



Thank You

For reprint: email eva.lee@qatech.edu




