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INTRODUCTION AND MOTIVATION

• Radioactive iodine exposure during nuclear accidents poses serious 
thyroid health risks

• Federal policy requires consideration of potassium iodide (KI) as a 
supplement in emergency response plans

• KI distribution strategies vary (e.g., pre-distributed versus stockpiled at 
fixed locations)

• Limited quantitative analyses exist on the practical efficacy of different KI 
distribution methods 

• Study objectives:
• Quantitatively compare four KI distribution methods: no KI, pre-distributed KI, 

stockpiled KI at distributed dispensaries (DD), and stockpiled KI at a centralized 
dispensary (CD)

• Evaluate effectiveness across multiple nuclear accident scenarios with varying iodine 
release and timing

• Assess impact of timing of KI ingestion relative to plume arrival on dose reduction
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METHODOLOGY OVERVIEW 

• Used MACCS v4.2 for consequence modeling

• Modeling scenario based on the State-of-the-Art Reactor Consequence 
Analyses (SOARCA) Surry integrated analysis scenarios, updated with latest 
dose coefficients and dispersion models

• Focused on general public within 0–10 mile Emergency Planning Zone (EPZ)

• Modeled protective actions: shelter-in-place (SIP) and evacuation with 
mobilization delays

• Seven KI distribution and protective action cases developed for comparison

• Assumed unmitigated releases for conservative analysis

• Individual dose estimates assume full compliance with protective actions
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ACCIDENT SCENARIOS SUMMARY

• Four source terms analyzed:
• SOARCA Surry unmitigated STSBO (short term station blackout)

• SOARCA Surry unmitigated LTSBO (long term station blackout)

• SOARCA Surry unmitigated ISLOCA (interfacing systems loss of coolant accident)

• SOARCA Surry unmitigated TISGTR (thermally induced steam generator tube rupture)

• All source terms do not give credit for key operator actions that, if 
successfully completed, would prevent, reduce, or delay release
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Scenario Integral Release Fractions by Chemical Class Atmospheric Release 

Timing

Xe Cs Ba I Te Ru Mo Ce La Start (hr) End (hr)

STSBO 0.518 0.001 0 0.006 0.006 0 0 0 0 25.5 48.0

TISGTR 0.592 0.004 0 0.009 0.007 0 0.001 0 0 3.6 48.0

LTSBO 0.537 0.000 0 0.003 0.006 0 0 0 0 45.3 72.0

ISLOCA 0.983 0.020 0 0.154 0.132 0 0.003 0 0 12.8 48.0



EMERGENCY RESPONSE AND KI DISTRIBUTION CASES

• EPZ defined as 10-mile radius around nuclear site; evacuation 
zone extends to 20 miles

• Notification timeline:
• Site Area Emergency (SAE) declared 15 min after accident start

• General Emergency (GE) declared 1 hr 45 min later

• Sirens activated 45 min after GE (total 2 hr 45 min delay)

• Seven KI distribution and protective action cases:
1. No KI, shelter-in-place (SIP)

2. No KI, mobilization + evacuation

3. Pre-distributed KI, SIP

4. Pre-distributed KI, mobilization + evacuation

5. KI stockpile at distributed dispensaries (DD), SIP

6. KI stockpile (DD), mobilization + evacuation

7. KI stockpile at centralized dispensary (CD), mobilization + 
evacuation
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KI INGESTION VERSUS PLUME ARRIVAL TIME

• Pre-Distributed KI: 
population will take KI 
relatively quickly after 
accident notification (within 
two hours)

• KI Stockpile, Distributed 
Dispensary: population will 
conservatively take four 
hours after accident 
notification to pick up KI 
before ingestion

• KI Stockpile, Centralized 
Dispensary: population will 
take ~12 hours to ingest KI 
after accident notification to 
account for travel time to 
dispensary and delay during 
the intake process

STSBO and LTSBO not included in figure as plume arrival begins 
at 25 hours and 45 hours, respectively
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KI EFFICACY ASSUMPTIONS

• KI effectiveness depends on timing of 
ingestion relative to first exposure to I-131

• Used National Academy of Sciences (NAS) 
data to estimate KI efficacy percentages

• KI efficacy is implemented in MACCS by 
reducing early phase thyroid dose from 
inhaled radioiodine

• Timing critical: delayed ingestion significantly 
reduces KI protective benefit
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Case STSBO LTSBO ISLOCA TISGTR

1 N/A N/A N/A N/A

2 N/A N/A N/A N/A

3 0.90 0.90 0.90 0.70

4 0.90 0.90 0.90 0.70

5 0.90 0.90 0.90 0.50

6 0.90 0.90 0.90 0.50

7 0.90 0.90 0.70 0.30

Source: National Academy of Sciences



DOSE METRICS & NORMALIZATION

• Dose metrics used to evaluate protection:
• Mean total effective dose (TED) to an adult individual as a function of distance

• Mean acute thyroid dose (A-Thyroid) to an adult individual as a function of distance

• Mean lifetime thyroid dose (L-Thyroid) to an adult individual as a function of distance

• Only TED results are presented here for simplicity

• All results normalized by the amount of I-131 released for each scenario
• Dose results still include contributions from entire source term

• Individual dose estimates assume perfect compliance with protective 
actions

• Population-level variability and non-compliance not modeled here but 
important for future work
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STSBO RESULTS

• Delayed release scenario: release starts 25.5 
hours after accident

• Evacuation cases result in near-zero doses due to 
evacuation before plume arrival

• Pre-distributed KI and stockpiled KI equally 
effective in SIP scenarios

• Evacuation remains the most effective protective 
action when feasible
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Case TED (Sv/Ci I-131)

2 miles 5 miles

1: No KI, SIP 1.91E-07 6.50E-08

2: No KI, Evac 0 0

3: Pre-Dist KI, SIP 1.19E-07 4.09E-08

4: Pre-Dist KI, Evac 0 0

5: KI Stockpile (DD), SIP 1.19E-07 4.09E-08

6: KI Stockpile (DD), Evac 0 0

7: KI Stockpile (CD) 0 0



LTSBO RESULTS

• Longer delayed release scenario: release 
starts 45.3 hours after accident

• Similar trends as STSBO with evacuation 
yielding near-zero doses

• Evacuation remains the preferred protective 
action when possible
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Case TED (Sv/Ci I-131)

2 miles 5 miles

1: No KI, SIP 2.14E-07 7.37E-08

2: No KI, Evac 0 0

3: Pre-Dist KI, SIP 1.46E-07 5.12E-08

4: Pre-Dist KI, Evac 0 0

5: KI Stockpile (DD), SIP 1.46E-07 5.12E-08

6: KI Stockpile (DD), Evac 0 0

7: KI Stockpile (CD) 0 0



ISLOCA RESULTS

• Moderate release scenario with plume arrival ~12.8 hours after accident

• Evacuation reduces dose by several orders of magnitude compared to SIP

• Exposure during evacuation possible due to plume overlap and traffic congestion

• Pre-distributed KI combined with evacuation yields lowest doses

• KI stockpile with evacuation delay (Case 6) results in higher dose than immediate evacuation 
without KI

• Immediate evacuation without KI preferable to delayed evacuation with KI in rapid release 
scenarios
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Case TED (Sv/Ci I-131)

2 miles 5 miles

1: No KI, SIP 6.61E-07 2.30E-07

2: No KI, Evac 1.99E-11 2.74E-11

3: Pre-Dist KI, SIP 3.81E-07 1.34E-07

4: Pre-Dist KI, Evac 9.57E-12 1.16E-11

5: KI Stockpile (DD), SIP 3.81E-07 1.34E-07

6: KI Stockpile (DD), Evac 3.13E-09 2.72E-09

7: KI Stockpile (CD) 1.19E-11 1.51E-11



TISGTR RESULTS

• Rapid release scenario with plume arrival ~3.6 hours after accident

• Evacuation doses only about one order of magnitude lower than SIP doses (evacuees are exposed to the 
plume during most of the evacuation phase)

• Benefits of KI ingestion are less pronounced due to rapid plume arrival

• Pre-distributed KI combined with evacuation still yields the lowest doses overall

• KI stockpile with evacuation delay (Case 6) results in doses comparable to SIP cases

• For close distances, evacuation can provide some dose savings

• SIP may provide better protection in some instances due to building shielding
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Case TED (Sv/Ci I-131)

2 miles 5 miles

1: No KI, SIP 5.00E-07 1.64E-07

2: No KI, Evac 8.92E-08 6.84E-08

3: Pre-Dist KI, SIP 4.16E-07 1.35E-07

4: Pre-Dist KI, Evac 5.76E-08 4.43E-08

5: KI Stockpile (DD), SIP 4.64E-07 1.51E-07

6: KI Stockpile (DD), Evac 2.27E-07 9.52E-08

7: KI Stockpile (CD) 7.56E-08 5.80E-08



CONCLUSION

Findings:
▪ KI distribution strategies can impact thyroid dose by at least an order of magnitude

▪ Timing of KI administration is critical for effectiveness

▪ For delayed releases (STSBO, LTSBO), immediate evacuation is most effective regardless 
of KI strategy

▪ For rapid releases (ISLOCA, TISGTR), delays in retrieving KI from stockpiles can increase 
dose more than evacuating without KI

▪ Pre-distributed KI combined with immediate evacuation yields the lowest doses

Recommendations:
▪ Consider cost-benefit of KI distribution programs relative to dose savings

▪ Future work to include advanced reactor scenarios and mitigated accidents

▪ Account for public compliance and real-world ingestion behavior in population-level 
analyses

▪ Explore reactor inventory thresholds that may negate the need for KI distribution plans
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THANK YOU!

For more information please see: SAND2026-19267 Quantitative Evaluation 
of Potassium Iodide Implementation Strategies for Emergency Preparedness 
and Response (upload to OSTI coming soon…)

Please email me for any questions: msmith7@sandia.gov
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