Lessons Learned from Severe Accidents
IN Nuclear Reactors

Actionsthat seem prudent in foresiglebinlook irresponsibly negligent in hindsight
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What are severe accidents?

A The International Atomic Energy Agency (IAEA) defines sevel
accidents as:
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A It is one of five plant conditions that they define

Operational States Accident Conditions
Normal Operation Anticipated Design Basis Design Extension Conditions
Operational Accidents
Occurrences _ o i o
Without Significant | With Significant Fuel
Fuel Degradation Degradation
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After Fukushimaaiichi | began thinking about severe acciden

| produced two studi€s

International Atomic Energy Agency Electric Power Research Institute
Lessons for instrumentation & control

Training material and human machine interaction
Long overview of each event Short overview of each event
What and why Role of instrumentation control and
Intended for university students ~ human system interfaces
Videos for six events Intended for industry personnel
Three Mile Island, Chernobyl, Published 2015

Fukushima Daiichi X 3, and HIRE
*With a lot of help from DaWelbournefrom the UK3



There have been 19 severe accidel

Types of Plants
4 Generation 2 LWR
7 Other power reactor types
2 Isotope Production Reactors
6 Test or research reactors
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Severe accidents are more common than we think
—Cummulative number of severe accidents
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2 eventS F “NI'@HCtOf year In US designed gen 2 reactors, counting

17000 reactor years FukushimaDaiichi as a one event 5




Severe accidents resemble black swans

Characteristics of a Black Swan:
Hard to predict
Serious consequences
Obvious in retrospect . NassimNicholasTaleb

4 4 ) 4 )
Unknown
or Operators
. — Trigger — can’t
Unrecognized
H g control event
- azar S J . J . J
Sometimes Routine operation About half the time
just unknowns Abnormal operation there was no opportunity

Talebgives a 4 minute summary of black swans at hitpsvw.youtube.comwatch?v=BDbuJtAiIABA 6



Chapelcros$nit 2
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Some of the actors In this story

Sleeve




Sampling tubes for fission product monitors

This and previous slide,
Reactor Core Design
Principles, AiCooled and
Magnox B. J. Marsden, The
University Of Manchester.
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TheChapelcros2 event

Unknown

In 1964 experimental fuel
assemblies were loaded into a fuel
channel having a damaged sleeve.
The damage partially blocked
coolant flow, but there was still
enough flow to cool the fuel.
Known but unrecognized

No outlet temperature sensors for
the affected fuel channel.

Fission product detectors meant to
identify leaking channels had a long
response time.

Trigger Consequences

In 1967 new hotter fuel
replaced most of the

reactors fuel, but fuel in Six fuel .
assemblies
the damaged channel Telted
was left in place.
—_—
The new fuel raised the NO -
significant
coolant temperature adiological
enough that flow in the 9
release

damaged channel was
insufficient to cool the
fuel assemblies



Consider thelfMk2 Accident

Poor maintenance procedurefor condensate polishers

»Condansate polisher isolates

No bypass for tripped polshers
Safety system automatically initiated high pressureinjection

Operators notinformed of the hazards of high pont LOCA
Encouragement to avoid solid pressurizer
klnadequate procedures for LOCA and Fressurizer opeaation

(Prior opeation with leaky PORV masked temperature indications
tha PORV was stuck open

Displays for important seconday parameters inaccessable
Poor training for BLOCA and thermodynamic princples
Inadequéae range of core exit temperature display

Pressurizer Power Operated Valve (PORV) postion indicatio n liedi t

»-Turbinetrip, Reactor trip

P Opeatorsdid rt i@cognize the
event asasmall break LOCA
(SBLOCA) and they shutdown
safety injection

Opeatorsfailed to recognize

——tha they had aSBLOCA

for at least 2 12 hours

By that time recovery

(INo RPV level measurement

was very difficult
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Severe accidents were generally not caused by random
fallures

A The events resulted from
A Unrecognized hazards (11 instances)
A Plant design issues (13 instances)
A 1&C design issues (13 instances)
A Operator training issues (7 instances)
A Operating procedure issues (9 instances)
A Maintenance issues (7 issues)

A The likely root causes are inadequate:
A Safety analysis
A Equipment specification
A Communication between designers and operators



Severe accidents involv
bypass of multiple
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defense In depth

A Here | speak of the INS

defense in depth model
A See INSAG 10 and 12

ALb{!D A& |
committee that advises

IAEA on high level safety
topics




