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FORGING A NEW NUCLEAR SAFETY CONSTRUCT WORKSHOP
 DECEMBER 3-5, 2012
 Thomas Koshy, Head Nuclear Power Technology Development
 Division of Nuclear Power
 Plenary Panel on Globalization
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Nuclear Safety - Global Lessons
 Chernobyl Unit 4
 Fukushima Dai-ichi Units 1 - 4
 T.Koshy, NPTDS/IAEA
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We Need ……..
 A GLOBAL RESOLVING SPIRIT
 TO OVERCOME
 EVOLVING CHALLENGES
 T.Koshy, NPTDS/IAEA
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Consensus Building on Rx Safety
 • Separation of Reactor Protection System & Emergency Core Cooling System
 • Diversity in Reactor Trip• Diversity in Core Cooling
 • Non-electric cooling systems protected from regional extreme environments, strategically located: each one associated with a train
 T.Koshy, NPTDS/IAEA
 4
 Defence in Depth
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CONSENSUS ON SPECIFIC  SYSTEM REQUIREMENTS 
 Desirable Options
 Additional Regional System Requirements
 System Specifications & Requirements
 T.Koshy, NPTDS/IAEA
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MECHANISM
 • Build consensus on essential systems and its specification for emergency core cooling ie., greater level of details in compliance with Safety Guides (Containment, venting, filtering, water inventory and sources etc.,)
 • Additional Regional System Requirements (Higher seismic limits, Level of Flooding, forest fire, etc.,)
 • Conventional / passive reactors types may need different systems and specifications for meeting redundancy and diversity
 T.Koshy, NPTDS/IAEA
 6
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CONSENSUS BUILDING - SPECIFIC STEPS
 • Draft a basic conceptual document with specific system requirements
 • Regional / National workshops to build • Minimum system specifications• Regional requirements• Desirable options
 • Provide similar specifications for Emergency Preparedness
 • Consider minimum modifications / back-fit for operating reactors
 T.Koshy, NPTDS/IAEA
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Back Up Slides
 T.Koshy, NPTDS/IAEA
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10Outline of Presentation
 • World Energy Outlook• Newcomer Status• Global Industry• Nuclear safety global lessons• Key Areas of Consideration• Historic Events• Historic Successes• Consensus building on Reactor Safety
 T.Koshy, NPTDS/IAEA
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World Energy Outlook - 2012
 “The anticipated role of nuclear power has been scaled back as countries have reviewed policies in the wake of the 2011 accident at the Fukushima Daiichi nuclear power station….. Our projections for growth in installed nuclear capacity are lower than in last year’s Outlook and, while nuclear output still grows in absolute terms”
 International Energy Agency
 T.Koshy, NPTDS/IAEA
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World Energy Outlook - 2012
 T.Koshy, NPTDS/IAEA
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Status of Newcomers Post-Fukushima
 2010 2011 2012
 First nuclear power plant started construction/under construction
 1 0 1
 First nuclear power plant ordered
 2 3 2
 Decided to introduce nuclear power and started preparing the appropriate infrastructure
 10 6 6
 Active preparation for a possible nuclear power programme with no final decision
 7 6 6
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Global Industry
 • All countries that are considering to use nuclear power as an energy option
 • Most influencing questions • Can it be safe?• Can we change the public perception with the
 plant modifications and design advancements?
 T.Koshy, NPTDS/IAEA
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Key Areas for Consideration • Need to Eliminate the known Vulnerabilities
 at a reasonable cost• Aim for greater availability and reliability
 for safety systems and power generation• Institute Redundancy, Diversity and
 Defence in Depth for success• Advance Design and Preparedness for
 dealing with a potential severe accidents• Prevent significant events to preserve
 nuclear power as a desirable energy optionT.Koshy, NPTDS/IAEA
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Historic Events (PRIS reports)
 1986 KORI-4• Main transformer protective arrester failed
 from the effects of Typhoon• Followed by multiple arrester failures• Loss of all offsite power• Station black out• Plant remained safe in natural circulation
 16
 T.Koshy, NPTDS/IAEA
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Historic Events (PRIS reports)
 1993 Narora-1 Event• Ejected turbine blade caused a fire and
 hydrogen explosion• Complete loss of power – station blackout for
 17hrs.• Diesel driven fire pumps aligned to inject water
 into the steam generator• No radiological impact onsite or offsite
 17
 T.Koshy, NPTDS/IAEA

Page 18
                        

Historic Events (PRIS reports)
 1990 Vogtle-1 • At the beginning of refuelling outage• Loss of Vital AC Power• The only Emergency Diesel Generator
 (EDG) available locked up after 2 min. of running
 • Offsite power was lost from switchyard work
 • Station Blackout; 2hrs. to recover EDG
 18
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Historic Events (PRIS reports)
 2001 Maanshan• Tropical storm caused loss of offsite
 power• Both EDGs failed • Station blackout for 2 hours• One Diesel generator was later recovered
 to establish core cooling
 19
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Historic Events (PRIS reports)
 2006 Forsmark -1 • 400KV Switchyard work resulted in overvoltage
 and an under voltage transient • 2 out of the 4 trains of vital AC power lost and
 the respective EDGs failed. • Alternate AC power failed to start• Half of the control room indications were lost• Relief valves stayed open• Two buses that operated had the identical
 failure susceptibility• A near - Station Black out event
 20
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Historic Events (PRIS reports)
 2011 Fukushima• Tsunami caused salt water ingress into plant
 areas of several units• Station Blackout for extended period• DC controlled Steam-driven cooling system &
 Ice condenser operated for limited periods2012 Byron (Not in PRIS)
 SBO for 8 min. immediately following Rx Trip: close call for seal LOCA (NRC BULLETIN 2012-01)
 21
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Historic Events (PRIS reports)
 • On Feb 9, 2012 loss of shutdown cooling for 19 min. during a refuelling outage
 • Error in Generator Protective relay testing resulted in loss of offsite power to shut down cooling
 • The associated EDG failed to start (Solenoid for air start –failed)
 • Power recovered in 12 min.• Hot leg temperature increased 21.3 deg C
 2012 KORI Unit # 1
 T.Koshy, NPTDS/IAEA
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Historic Events (PRIS reports)
 Several Station Black Out Events
 • Varied from 0.5 - 17 hrs. • Close calls on loss of all core cooling • Non-electric cooling systems worked
 23
 T.Koshy, NPTDS/IAEA
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Event Statistics (1997-2012)
 • Failed/Affected Systems: Emergency core cooling - 101
 • Loss of safety function - 38• Significant degradation of safety function - 95• Failure or significant degradation of heat
 removal capability - 85• Loss of off-site power – 53
 24
 T.Koshy, NPTDS/IAEA
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Low Probability / High Consequence Events
 • Common-mode failure of electric-driven core cooling system needs to be addressed
 • Potential Causes:• Salt water ingress, Tsunami, flooding from
 upstream dam failure, excessive rain fall, etc.,• Smoke from forest fire or internal fire• Seismic event • Volcanic activity– affects air intakes of EDGs • Geomagnetic Disturbance, Lightning • Sand storm – affects air intakes of EDGs
 25
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Historic Successes
 • Diesel-driven fire pump helped mitigation• DC/Battery power controlled steam-driven
 cooling systems:• Reactor core isolation cooling• Steam driven auxiliary feed systems• Steam isolation condenser / heat exchanger
 • Alternate AC sources manually aligned to a fault free bus helped core cooling
 26
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Technology Lessons from History
 • Approaches to address low frequency / high consequence events - Loss of Vital AC Power• Increasing diversity in core cooling would be
 more effective than increasing redundancy• Non-electric core cooling systems (PUMPS: diesel
 driven, steam driven dc-controlled, compressed air-driven; pressurized accumulators etc.,)
 27
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Technology Lessons from History
 • At North Anna, Unit 2, one diode failure caused Rx Trip & Core cooling actuation.
 • Consequently pressurizer overfilled, Power operated relief valve (PORV) cycled several times. Pressure relief tank rupture disk ruptured (IN: 2009-03)
 • Safety Injection could not be reset from control room to prevent primary system going solid
 • Single failure affected Trip & Core coolingT.Koshy, NPTDS/IAEA
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Technology Lessons
 • Diversity is needed in reactor trip and core cooling actuation system
 • A manual reactor trip and a manual core cooling actuation system should be preserved to overcome a control system or logic system failure (Defence in Depth)
 29
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Consensus Building on Rx Safety
 • Core Cooling Trains sized to mitigate a large break LOCA (guillotine break of RCS cold leg)• Three redundant trains of 100% capacity (EU
 requirement ABWR - N+2 requirement) • Train outage for Tech. spec. surveillance with
 sufficient time for a thorough maintenance / surveillance while preserving adequate protection. (Advance from the lessons of the past given below)
 – 3 trains of 50% capacity eg. (IP 2&3); New ABWR– European designs with four trains of 50% capacity– South Texas project - 3 trains
 T.Koshy, NPTDS/IAEA
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