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 Outline
 Status of Nuclear Energy in KoreaI
 R&D Programs for Future Nuclear Energy SystemII
 SummaryIII
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 Status of Nuclear Energy in KoreaI
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IAEA INPRO Dialogue Forum, Aug. 27~31, 2012 4
 Korea’s Energy & Oil Import
 Year 2010
 Status of Energy Supply in Korea
 Energy Import : 252 Mtoe (USD 118 Billion, 27 % in total import)Oil Import : 147 Mtoe = 872 Million bbl (USD 69 Billion)
 * Ref: BP (2011), Statistical Review of World Energy
 * IEA, Energy balance of OECD countries 2011
 96.6 % of energy was imported in 2010
 Energy self-sufficiency (without nuclear power)Energy self-sufficiency (including nuclear power)
 Self-
 suffi
 cien
 cy [%
 ]20
 40
 60
 80
 100
 120
 140
 160
 3
 JapanGermany France U.S.
 U.K. Canada
 428
 65
 8
 74
 142
 19 2040
 51
 78
 81
 153
 Korea
 Korea’s Energy Consumption
 * Ref: Korea Energy Economics Institute (2011)
 Energy Consumption : 261 Mtoe
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 Generation (108kWh)Generation (108kWh)
 1,000
 2,000
 3,000
 4,000
 Total
 Nuclear
 31.4%1,4491,090
 52934.8
 5,652
 17.7 91.7372
 1,074
 2,617
 4,617
 1961 1970 1980 1990 2000 2010 2030
 5,000
 GDP and Installed Capacity GrowthGDP and Installed Capacity Growth
 20,000
 40,000
 60,000
 80,000
 100,000 Total
 367 2,5109,390
 21,021
 48,451
 76,136
 105,195
 1961 1970 1980 1990 2000 2010 2030
 200,000
 400,000
 600,000
 800,000
 1,000,000GDP
 [MW] [billion won]
 2,775 39,110
 191,383
 603,236
 1,104,000
 uElectricity demand increases with the growth of economy uNuclear power plays a significant role for electricity generation
 Energy Demand and Electricity Generation in Korea
 ※ Ref: National Energy Committee (2008.8.27)
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 43.9 61.1121.9 107.0
 647.0
 0
 200
 400
 600
 800
 Nuclear Coal LNG Wind Solar
 Gene
 ratio
 n Co
 st (K
 RW/k
 Wh)
 Electricity Generation Cost in Korea
 ※ Ref: www.kosis.kr(2010. 02)
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IAEA INPRO Dialogue Forum, Aug. 27~31, 2012 7
 National Energy Basic Plan
 Electricity GenerationShare (%)
 Power Plant CapacityShare (%)
 ※ Ref: National Energy Committee (2008.8.27)
 2007
 2030
 26% 30% 26%
 31 % 41 %18%
 LNG (- 8 %) Coal Nuclear (+15%)
 20 % 38 % 36 %
 29 % 59 %1 %
 Nuclear (+23 %)Coal (-9 %)LNG (- 19 %)
 2007
 2030
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IAEA INPRO Dialogue Forum, Aug. 27~31, 2012 8
 Nuclear Power Plants in Korea
 Wolsong (#1,2,3,4) Shin-Wolsong (#1,2)
 Ulchin (#1,2,3,4,5,6)Shin-Ulchin (#1,2)
 Kori (#1,2,3,4)Shin-Kori (#1,2,3,4)
 Yonggwang(#1,2,3,4,5,6)
 Units [MWe]
 Site
 (Shin)Kori
 (Shin)Wolsong
 Yonggwang
 Ulchin
 Total
 In Operation
 6 (5,137)
 5 (3,779)
 6 (5,900)
 6 (5,900)
 23 (20,716)
 UnderConstruction
 2 (2,800)
 1 (1,000)
 -
 2 (2,800)
 5 (6,600)
 Total(2016)8 (7,937)
 6 (4,779)
 6 (5,900)
 8 (8,700)
 28 (27,316)
 Radioactive Waste Disposal Facility (Under construction)
 Radioactive Waste Disposal Facility (Under construction)
 Hydro
 0.5%Etc. 1.3%
 Fossil
 Fuel
 66.9%
 ※ Ref: www.kosis.kr(2010)
 u Plants Under Construction− OPR1000 : Shin-Wolsung (#2)− APR1400 : Shin-Kori (#3,4), Shin-Ulchin (#1,2)
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IAEA INPRO Dialogue Forum, Aug. 27~31, 2012 9
 Spent Fuels
 Attributesl High heat : 12 kW/ton after 1 yr coolingl High radio-toxicity : 300,000 yrs for reduction to natural uranium level
 v Energy resource : Uranium 93% and Pu 1%
 v Annual Spent Fuel Generation: 720t/yr
 CANDUCANDU PWRPWR
 v Accumulation of Spent Fuels
 340 t/yr380 t/yr
 11,369 t in 2010
 Year
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 R&D Programs for Future Nuclear Energy SystemII
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 Comprehensive Nuclear Energy Promotion Plan for 2012-2016
 RI Production systemDetector and radiation sources Materials and radiation physics
 Radiation Application & RI
 Analysis tools and experimentsRisk analysis and applications Material degradationSeismic geology
 Nuclear Safety
 Radiation Image(PET)Biological radiation effectsRadiation Therapy
 Medical Application
 Regulatory guide establishmentLong-term epidemic studyEnvironment effect analysis
 Radiation Protection
 Equipment developmentSystem improvementAdvanced fuel
 Plant Performance
 Radwaste disposalPyroprocessDecommissioning & decontamination
 Radwaste Management
 Gen IV(SFR, VHTR)SMR(SMART)ALWR(APR+, PPP)
 Nuclear Systems
 Nuclear R&D
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 SFR – Pyroprocess System
 SF Volume Reduction < 1/20Radiotoxicity < 1/1,000HLW Disposal Efficiency: 100 timesUranium Utilization Efficiency : 100 times
 Off-site InterimStorage
 PWR
 SFR
 HLWSF
 SF
 Disposal
 U-TRU-Zr
 PyroprocessCANDU
 Environment-Friendly System with Non-proliferation
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 Long-term Plan for SFR Technology Development
 SFRSystem
 Performance Test
 Design Approval
 Detailed Design
 Prototype Reactor
 Conceptual Design
 ‘07 ’11 ’16 ’20 ’28’26
 l 2012: Conceptual design for prototype reactor
 l 2017: Safety Analysis Report (SAR) for Specific design
 l 2020: Specific design approval
 l 2028: Prototype reactor construction
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 STELLA
 Under Sodium Viewing Technique
 Milestones• 2020 Design Approval• 2028 Construction of Prototype SFR
 Milestones• 2020 Design Approval• 2028 Construction of Prototype SFR
 IHTS hot leg
 IHTS cold leg
 SG
 Rupture disk
 steam
 F/W
 Flare tip
 Gas/Liq.Separator
 SDT
 Hot pool sodium level
 Cold pool sodium level
 blower
 cold air in
 Pump
 UIS
 Pump
 IHX
 Rx. core
 DHX
 Argon
 Na
 hot air out
 hot sodium in
 AHX
 cold sodium out
 cold air in
 PDRC
 AHX
 Expansion vessel
 DHX
 Argon
 Nahot sodium in
 AHX
 ADRC
 FDHXhot air out
 Metal Fuel Technology• Fuel fabrication technology• Cladding alloy development &
 cladding fabrication• Metal fuel irradiation test
 TRU Burner Core U-TRU-Zr metal fuelled core for
 management of LWR spent nuclear fuels
 Safety Analysis and Design Optimization• Achieve safety goal• Enhance safety by safety
 design optimization
 100 1000 10000200
 300
 400
 500
 600
 700
 800
 Coastdown end
 Reactor Trip by Cold Pool Level
 Tem
 pera
 ture
 , o C
 Time, s
 Core inlet Core outlet
 10 100 1000 10000300
 350
 400
 450
 500
 550
 DRC Heat Removal > Decay Power
 AHX DamperOpen
 Reactor TripAccidentInitiation
 Tem
 pera
 ture
 , o C
 Time, s
 Core Inlet Core Outlet
 10 100 1000 10000300
 350
 400
 450
 500
 550
 600
 650
 LOF 178000506 178000606 178000706 178000806
 Cla
 ddin
 g Te
 mpe
 ratu
 re, o C
 Time, s
 SFR R&D Activities
 Mechanical Structure Design
 • Elevated temperature design• Seismic isolation design• Structure, system and
 component design
 Improvement of Residual Heat Removal System Strengthen Coping Capability against Station blackout
 Large-scale sodium T/H test facility
 • Main component test• Integral effect test
 • Waveguide sensor module for under-sodium viewing
 • Performance test in sodium
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 Large-scale Sodium T/H Test Facility, STELLAvObjective
 – Performance evaluation of major components & verification of heat exchanger design codes
 – Integral effect test to support standard design approval for the prototype SFR
 vCurrent status– STELLA-1 construction completed– Start-up test is in preparation
 vSchedule DHX AHX Mechanical pumpImage of STELLA-1 facility
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 Overall Characteristics of STELLA-1v Main test loop
 – Test components• Sodium-to-sodium heat exchanger (DHX)• Sodium-to-air heat exchanger (AHX)• Mechanical sodium pump (PHTS pump)
 – Electrical loop heaters, EM pumps, Flow meters, Expansion tanks, Sodium storage tank
 v Sodium purification system– Cold trap, Plugging meter, etc.
 v Auxiliary Systems– Gas supply & Vacuum system– Power supply system– Fire protection system
 v Major CharacteristicsWorking fluid Liquid sodium Total electric power 2.5 MW
 Total sodium inventory ~ 18 ton Heat capacity of HXs 1.0MW
 Design temperature 600oC Design pressure 10 bar
 Max. flowrate for HX test 10 kg/s Max. flowrate for Pump test 125 kg/s
 STELLA-1 Layout
 Overall Size (W×L×H): 15m×8m×22m
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 STELLA-1 on Mar. 1, 2012
 Sodium Technology Building (KAERI site)
 Main Control Room
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 Pyroprocessing Overview
 ’97 ’01 ’12
 Res
 earc
 h ac
 tivity
 ’07
 u Purposes¢ Increase throughput¢ Simple and easy operation mode¢ Demonstration of integrated
 pyroprocessing
 u Improvement ¢ Graphite cathode ¢ Crystallization method
 PRIDE Inactive test
 ~ g/batch
 ~ kg/batch
 20 kg/batch
 - Lab-scale Inactive test- Establishment of PRIDE
 10 ton/yr
 Bench-scaleInactive test
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 Long-term Plan for Pyroprocess Technology Development
 Long Term R&D Plan
 Lab-scale Demonstration
 Lab scale exp.(~ 2012)
 PRIDE Improvement
 Engineering scale(2016 ~ 2020)
 PRIDE Operation
 Engineering scale(2012 ~ 2016 )
 Future activity(2020 ~ )
 Facility
 Review of
 Technology
 Economics
 Proliferation
 Review of
 Technology
 Economics
 Proliferation
 Integrated Process Demonstration
 PRIDE(Inactive with Eng. scale)
 Integrated ProcessImprovement and
 Demonstration
 ACPF/DFDF(Active)
 ElectroreductionDemonstration
 ElectroreductionImprovement and
 Demonstration
 JFCS(Active)
 Integrated ProcessDemonstration
 Process operationFuel irradiation test
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 Exterior of PRIDE
 l Purposes- Evaluation of cold-run performance and scale-up issues for full-spectrum pyroprocess technology
 l Construction and Operation Plans- Design : 2007 ~ 2008 (2 years), Construction : 2009 ~ 2011 (3 years)- Operation : 2012 ~
 l Main Features- Pyroprocess test & demonstration with depleted uranium or surrogate on engineering scale- Full remote operation and maintenance- Argon gas-filled hot cell with impurity level below 50ppm- Argon cell size: 40m(L) × 4.8m(W) × 6.4m(H)
 Bird’s-eye View of Argon Cell
 PRIDE - PyRoprocessing Integrated inactive DEmonstration facility
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7th KAIF-FAF Seminar, Oct. 17, 2011 21
 Very High Temperature Reactor for Hydrogen ProductionClean, Safe Energy with
 a Wide Range of Applications
 VHTR• Highest level of safety• Wide range of temperatures• High efficiency
 Design and Analysis ToolsHelium Test Loop Material & ComponentsTRISO FuelHydrogen Production Process
 R&D Activities
 Nuclear Hydrogen Alliance - Collaboration with End Users- Development of Business Plan
 Potential Major Hydrogen Market- Fuel Cell and Synthetic Fuel - Hydrogen Iron Ore Reduction
 Schedule
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 n VHTR dedicated to Hydrogen Production Ø Block or Pebble Core at 950oC with 200MWthØ Cooled-Vessel Ø Underground ReactorØ Passive Safety: RCCS
 n Intermediate LoopØ IHX and PHE
 n Hydrogen ProductionØ 5 Train Sulfur-Iodine Thermo-Chemical Plant
 n Operating Parameters Ø Hydrogen Production EfficiencyØ Tin=450~590oC, Thot=950oC, P=5~7MPa
 VHTRVHTR
 Hydrogen PlantHydrogen Plant
 Candidate NHDD System
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7th KAIF-FAF Seminar, Oct. 17, 2011 23
 Industry Alliance for Nuclear Hydrogen in Korea
 u Purpose¢ Cooperate for NHDD project¢ Information exchange on VHTR and hydrogen production¢ Develop industrial requirement of hydrogen and process heat
 u Organized on Dec. 17 2009
 u Participants¢ 7 nuclear industrial companies or institutes¢ 5 end users
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 SummaryIII
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7th KAIF-FAF Seminar, Oct. 17, 2011 25
 Summary
 uKorea needs nuclear power plants in order to meet increasing demand for energyü Energy security under poor energy resource situations
 u Korea is developing SFR technologies for spent fuel management and uranium utilizationü Construction of a prototype SFR coupled with pyroprocess by 2028
 uKorea’s Nuclear Hydrogen Technology Development and Demonstration Planü 2nd step key technology development for nuclear hydrogen has launched (’12)
 ü Conceptual design study has launched with Industrial participation (’12)
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 Thank you for attention
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