Resilience in Safety Engineering:
Long-Term Cooling in Nuclear Power Plants
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Technical Perspective

* The inherent nature of a nuclear power plant design
recognizes that after the fission process stops, thermal
heat is still produced by the decay of fission products
that remain and must be removed to a heat sink

* This ‘decay heat’” while small (<1% of Py) is still
substantial enough that safety systems must be
designed and operational procedures must be
developed to assure long-term heat removal

 Resilience in safety engineering is a key objective
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Technical Perspective et

* USNRC (2008) began to evaluate the design basis for
the long-term core cooling approach for each new
reactor design considering extended time periods (days)

* Fukushima only sharpened the focus on the need to
assure long-term cooling for beyond design basis events

* Finally, in all advanced nuclear plant designs, so-called
Generation 1V plants, this concept of long-term cooling
is imbedded in the inherent plant design.

Safety Actions after Fukushima Engincering Pliysics
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NAS Fukushima Study Pt ek

NAS Study commissioned by Congress 2012: Task Statement
1.Causes of the Fukushima nuclear accident.

2.Re-evaluation of conclusions from previous NAS studies on
safety and security of spent nuclear fuel and high-level
radioactive waste storage.

3.Lessons that can be learned from the accident to improve
commercial nuclear plant safety and security systems and
operations.

4.Lessons that can be learned from the accident to improve
commercial nuclear plant safety and security regulations

Note: Most findings and recommendations in NAS report mirror those
made by other organizations, including the USNRC Near-Term Task !

Force. But, NAS report provides different perspectives on some issues.
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NAS Fukushima Recommendations == — ===

USNRC & US nuclear industry should improve nuclear plant systems:
«DC power for instrumentation and safety system control.
*Tools for estimating real-time plant status during loss of power.

Long-term Decay-heat removal and reactor depressurization and containment
venting systems and protocols.

*Hydrogen monitoring and mitigation.

Instrumentation for monitoring critical thermodynamic parameters in reactors,
containments, and spent fuel pools as well as offsite radiation monitoring.
«Communications and real-time information systems to support communication and
coordination between control rooms and technical support centers.

Additional recommendation were in the areas Operator Training, Offsite
Emergency Response and Risk Assessment; e.g., beyond design base analysis
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Advanced Reactor Systems =~ =" ———

Near-Term LWR Designs e =% "‘l

*Well understood Technology —— - '
*Fuel <5% U-235 oxide fuel s

«Regulatory & operating experience =

Deployment in <10 years _ _

Longer-Term Gen IV Designs == -

New innovative technologies b3

*Mostly non-LWR based designs - B o Holtes iR
*Deployment 20+ years

*Broader applications
*Process heat applications
*Transportable/mobile
<Long-lived cores
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Current Observations on Resilience=— ===

Fukushima events reminded us that the key objective
of nuclear safety engineering is to demonstrate long-
term cooling of decay heat to an ultimate heat sink.

Current plants need to show this ability by upgraded
decay heat removal systems (e.g., FLEX approach)

Advanced LWR plants are designed to use passive
safety systems with minimal operator action

* Generation IV plants need to be designed and tested
to demonstrate this ability.




