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Introduction

Rethinking to address differences in risk profile of
SMRs compared to traditional nuclear power reactors (NPPs)

Shift the regulatory lens on to ensure
alignment with JAEA Fundamentals - Safety Principles 4, 5, and 6
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IAEA Safety Fundamentals - Principles 4,5 & 6

. IAEA Safety Principle 4: Nuclear risks must be justified by
benefits

. 1AEA Safety Principle 5: Regulations should match the magnitude
of the radiation risks

. IAEA Safety Principle 6: Optimization of protection and safety
should be applied for workers, the public, and the environment
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US NRC Policy Statement on Safety Goals:
Example - Application of IAEA Safety Principles 6 & 4

IAEA Principle 6: Limitation of Risks

* “Individual members of the public should be provided a level of protection
from the consequences of nuclear power plant operation such that
individuals bear to life and health”

IAEA Principle 4: Justification of Risks

* “Societal risks to life and health from nuclear power plant operation =
: . the risks of generating electricity by viable
competing tec,l,molog/es and

Ref: Nuclear Regulatory Commission, 51 FR 30028, Policy Statement: Safety Goals for the
Operation of Nuclear Power Plants, (1986)
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https://www.nrc.gov/reading-rm/doc-collections/commission/policy/51fr30028.pdf
https://www.nrc.gov/reading-rm/doc-collections/commission/policy/51fr30028.pdf

SMRs and Large NPPs

Key Differences for Regulatory Considerations

: Smaller power output per unit (up to 300 MW(e))

: Inherently safer designs and more simplified safety systems —
fewer systems, passive cooling mechanisms

. Modularity: Designed to be deployed in a modular fashion, allowing multiple units the
same site

. Flexibility and Siting: Can be deployed in diverse, remote, or smaller-grid locations,
and do not require substantial infrastructure

. Operational Flexibility: Can be operated independently or scaled incrementally to
meet demand, and do not require continuous full-load operation

. Environmental and Community Impact: Reduced environmental footprint and more
limited offsite releases impact protection zones due to smaller source term
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Risk-informed Decision-Making

NPP safety criteria do not effectively balance risks with the benefits of SMRs.
fail to consider different reactor sizes and outputs.

Adjust safety criteria to balance risk and benefits, setting criteria based on
energy output rather than per reactor.

. Risk assessment must compare the safety of SMRs to
, like fossil fuels or renewables.

. Compare SMRrisks to , such as cancer rates in OECD
countries — using ICRP Risk Coefficients

. For highest frequency DBA, risk rises from 21% to 21.42% for most exposed person -
small but not insignificant

. For lowest frequency DBA, risk rises from 21% to 21.00042% for most exposed person —
insignificant
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Current Safety Goals: Issues & Limitations
Probabilistic Safety Assessment (PSA)

* Focus on Severe Accidents

* Current safety goals primarily manage risks from severe accidents, leaving low-dose,
accidents largely unaddressed.

* These events, though frequent, have no PSA safety goals, leaving a gap in overall risk
management

* PSA safety goals are typically set ‘per reactor’
* Small reactors release greater fraction of radioactive inventory and still meet goals
* No account of number of reactors needed to meet generation demand

* PSA's Strength

* PSAs offer a stronger safety assessments — managing risks
across all accident frequencies
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Current Safety Goals: Issues & Limitations
Deterministic Dose Criteria

* Fixed Dose Limits Across Decades of Frequency Range
* Deterministic Safety Analysis (DSA) dose limits applied to individual accidents and remain
, regardless of their likelihood
* No Consideration of Reactor Size/Number
* Size or number of reactors on a site is not factored into dose criteria -
, Whether a site has one large or several small reactors (SMRs)

* Control over Number of Accidents
* Number of potential accidents is not regulated

* Lack of for accidents within the design basis gives no credit to
simpler designs
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Cumulative Risk Targets

. Introduce as the total risk from multiple potential
accidents within the

focus on individual accident limits but
don’t account for cumulative risks from multiple reactors or frequent
smaller events

Ref: NEI 18-04 Revision 1, Risk-Informed Performance-Based Technologoy Inclusive Guidance for
Non-Light Water Reactor Licensing Basis Development
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https://www.nrc.gov/docs/ML1924/ML19241A472.pdf
https://www.nrc.gov/docs/ML1924/ML19241A472.pdf

Conclusion & Recommendations

Current safety goals do not fully align with IAEA Safety Principles (4, 5, 6)
Balance risks with benefits

SMR risks to those of other energy generation methods (fossil
fuels, renewables)

. Set based on , hot "per reactor”
Introduce cumulative risk targets

. Add a for all postulated accidents within the
design basis
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Chris Harwood Hatem Khouaja

Reactor Safety Insights, Ltd. CultureScapes Consulting & Training
reactorsafetyinsights@rogers.com hatem.khouaja@gmail.com
Thank you!

Questions?
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Additional slides — Reference Material
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IAEA Safety Fundamentals Principles 4, 5, & 6

* Principle 4: Justification of Facilities and Activities:
Facilities and activities that give rise to radiation risks must provide an overall benefit.

“...to be considered justified, the benefits that they yield must outweigh the radiation
risks to which they give rise”

* Principle 5: Optimization of Protection

Pr%tecti(ojn must be optimized to provide the highest level of safety that can reasonably be
achieved.

“..the scope and stringency of regulations and their application, have to be
commensurate with the magnitude of the radiation risks...”

* Principle 6: Limitation of Risks to Individuals

Measures for controlling radiation risks must ensure that no individual is subjected to
unacceptable radiation risks.

“.. doses and radiation risks must be controlled within specified limits”
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Comparison of Energy Generating Technologies

ur World

What are the safest and Cleane\s‘t sources of energy? g

Death rate from accidents and air pollution Greenhouse gas emissions
Measured as deaths per terawatt-hour of electricity production. Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU 1 gigawatt-hour is the annual electricity consumption of 150 people in the EU
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Death rates from fossil fuels and biomass are based on state-of-the art plants with pollution controls in Europe, and are based on older models of the impacts of air pollution on health.
This means these death rates are likely to be very conservative. For further discussion, see our article: OurWorldinData.org/safest-sources-of-energy. Electricity shares are given for 2021.

Data sources: Markandya & Wilkinson (2007); UNSCEAR (2008; 2018); Sovacool et al. (2016); IPCC AR5 (2014); UNECE (2022); Ember Energy (2021).
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser.
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Nuclear Power Strategies/Policies

Example:
Countries adopted different strategies for power generation

https://app.electricitymaps.com/
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Example — DSA Risk

* For high frequency DBA (102 /y), giving limit dose of 20 mSv and

using ICRP Pub 103 risk coefficient for cancer of 0.055 Sv',
* Risk of cancer=0.055x102x0.02=1.1x1073/y
* Background risk of canceris ~21% in OECD countries
* Annualriskis 2.616 x 103 /y based on life expectancy of 80.3y

* High frequency DBA increases lifetime risk of a fatal cancer from 21% to 21.42% - small
increase but not negligible

* Repeating for low frequency DBA (10-° /y):
* Low frequency DBA (10-° /y) increases risk from 21% to 21.00042%
* Thisriskincrease is insignificant

* Constant limit across several decades of frequency is not risk-informed
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