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AR EE N — 23 (Autonomous 3D Radiation Mapping on Robots for
Efficient Monitoring of Next Generation Reactors) ; #fsZH > RIFEH T {#
JeiEtas A\ RS IR - BRIERERVE B SR B S R A S
BB - AR H AT SR A & S E B AR TR R 2
RENERA ~ RGN E R BRI A7 K - tr KiE
PR N Ry i g AR RN B 2 i i B2 fa i
W INL /& "Btz ERGENE - RIEAREER AP & Bk (Remote
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Nuclear Power Plant Operation: Navigating the Opportunities and Challenges in
Public Perception) ; —3ZHH2H T B #ERAF o HERL T R ESSAIRES: - 180
HRAE ] DURTE R RBE R IERCA - R Bl S Rl i 3T 2 i B
ST ESS - BE I Bt ErES &SRR - B
AT ES T E R M R RIS AE RO AL E LT A FEEER
HEFREZIE PR ARSI T RETES BRIV ENFZENRE
PAR A B AR Z2 0] » 58 ARSI &3 A - B g iRl
FERI A% T [ M5 AE B SRS I BE S IR E HEA R -
W S—REEER INL BT HavEm L T S B &8 i3 im  1F Bz o0 A (Risk
Analysis for Remote Operation of Microreactors) | I B8 A iV E Y g »
e BRSBTS - ARt E s S e e
WAEARES S B T AR - BEUKEREIRSEE » PR EHE A
IR EAE A BRI TR B AR E & o (HE R RE SRR -
TR BRI ERR R - 2 S fE e £ 200 Sosm i e o a g
AR AR R AR 28 - T iE e b FT B i 4 R
bz > ERIELMRBI AGHE AR (g T 36 - 7 R e R A i Y
K -
G b TR A R RN AR A SE VAT A\ LB s A R 3
Jé > nIREE S S AR ERCR » (EMEN & g A - 7E nI TR LAY AR AR B L)
GHEAMBEEE T M08 HAlE LR ARG E T2 - BT
ERVA IR - H 2 2 S AR R H iR E UL - IR R IR 2 R B E A
BRI RRAYRRE
PRIECZ AN » N TR RSS2 w] DA AR MR E A SO e
FREGE I — R N RN 2 S EM LR E R FETTRERL
#R o R mSONVE AR ETRARRER 5 | B R ERAYEEE - BlI0H INL f2HHY
T PRET R B EE S R R AR AL B R & B 5 R A T (Exploring the Efficacy of

LLMs in Decision-Making for a Specific Use Case in Nuclear Power Plants) | >4 » #£
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S TEAERAATEELHE-RAEESHA! (large language model > & LLM)
AR S BB A Y F 850 5 (condition report) #E - lahlE@na ik - JEE
FARDL ~ EEARAEEFARN » 75 DAERTE A TR T 70  LLM Z8 5 5
ATEET AP N RS TT Y AL A4 - 0 B AR AR SRAE 132 8 1 Bk
4~ EZEEE R EA SR SO Ravslleki% - LLM nTRAERA] - 5238 - BlaE - 78
SRIAE R B R R YA A

ARG H T AR 7 EEIZAEE 22 B & (Nuclear Regulatory Commission » &
8 NRC) 4 2023 4 5 HAEA NUREG-2261 50 » 3 SUHAINIE A T
AP - REIRE G ERE] AR LE BRI ZER LA E S SRR
ATE  fEmEIE 7T AL ERIEETE ¢ 2023-2027 4 (Artificial Intelligence
Strategic Plan: Fiscal Years 2023-2027) ; » % 3T 7 NTEZHEAGES - I
FENEAES R - a2 REREFEATEE TEEAE SR H S
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EMIAEERA > 71 AT AR E D EeE NSRS R PR L MER GG E
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bFEstmie  MoRRE B IR R LR BB ARG RIE B ftsi — &
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g EAVERIFFT AR 10 H 9 H#8% " Experience on Regulating Shutdown

Cooling System of RHR during Chinshan Nuclear Power Plant Decommissioning in Taiwan |
s SLGEEITR 2) > 7 IR EIZAE — R B AE A ek IS e A A PR TSe TP
HVERITESE > AEfEE 1 -

HIHMIZRE — AL HE ARSI > SOESR IR O Rl 1006 > 2B A2
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e Ry TR 25 - PREE G EA TR 2 BUFEAZSN  TRet
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J& o DR BRI E B 2 il RS EHIE R 2R - ML G ESENE
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LG B ER PV PR S S B 0 R A AR 2 BB K RS RE N 32 A 5
SR PR AT - DARECROMIEAIREI A RE 2 = 28t t Z BB ~ SRR
I e RANCTEZ - AW =N AWl e R N S 5oy AN 2
BrURE RS - TR P T BN £ 48 (Wide Range Neutron Monitor, ff§ WRNM)# f#
2B LR R T T PR B A PRI 2 B 7K AL ~ DR R 5
TTERENRAEIECOLE - SEEEW 2 eGSR > NS o Com e B B I
SMGERATAT > W BRI PR P E B RS AL > BB UL AR
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SEREAER IR ME DR U L BRI Al T I > DARF SR EK - 5ot
JRER & 8w B A\ B 5[ SRBUE IR R i RSB E G IR
ZETHME IMC-2561 » AR 2 Bl 2 S s M (F SR T T 1 52 > DANEORPRTSZ ]
AR BRI 2 2 -

R IER 10 H 10 HE$5% " The Public Protective Action Guides for
Nuclear Emergency in Taiwan ; & SZGEEHTE 3) » /M4 GBI EH R RVTETE)
JESETH] % T BHCE L 2 A B Y E S MERE » BN IERE T B R TE)
RE 00 R et S e B8 A B YT AR R M 3 A AR ~ RS e S S e 52 28 -
DA R A iR 22 4 > JHER AR A E] 2 -

ZAGAE 2005 F(0F BATEE R FREZR B &3 % E R PETEIR
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Sl ARG R AT RRAY AR e B S TR T E TS ERSIE 2011 FH
AEEEHEE AT - AF T HABRIERNEE - 7RISR &S R4 7R A R
TARCGRGERIE RN AEEHOR BLAVIRN T AR EUS » (€M aERR Ry MESE B
AL AR B B R R S SR A B B I ] -

HE L FE 2% HATE S B/ S S AR SRR > TR T BT
B EL#E(Emergency Action Level + f&f% BEAL)RI#(E T-7EE:#E (Operational Intervention
Level ; & OIL)ARER: - K Z SN A BRI T Bl THF A B RS I E A - Iz
HEMBZR R FE - DI SR B T B R R ES R A E A -

e e B B N BN T HE R R AV EN S G TE
JE - WA TAEBT B BRI REE - G025 8 B SR E s & AR &) -
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& 1 =AM I B EHEFRERE 2 FREMEOE RS RIEE

= ~ %5Ham 1 (Special Sessions)

SHEMESEB R AT S TR - R R lram S ] o BRr A SR 0
LIETE - 285 R P iam 088 o MBSt £ 358 4-5 U HRAZRE - &%
M EFF AFRHBAREER—E - 2KE D ERY T AR R It — 8y 1%
AR E R o ARSI AT R |

(M ERLFE - EBBGIEARKAREER (Building Nuclear Net Zero:

Lessons Learned and Best Practices Going Forward)

£ COP28 Gk ERTHAVF M IERR » B BRI RE A SR Ry B

PR A5 G P 5 E1 2 B Re A SE SRS - o BT R

ERENETE(EEE AL ER oS ER - BEXEEEAT)

A E S AR F B BOR B S BRI EE SR T - ZRE MR a3

ST BRARIKBE AR ~ SHE L A [ R B R e R Y 2 Bk EICR

Bt DU EBF BB RSB e SRR 704 - 200t —3wtE > AJ 8 T

R BB RV ERRGE » DGR BB R B BRIV ATEE T > L

TR R R R SR Y S R S -

O BEETMNLARETEMARE B (Hands-on Nuclear Technician

Training at Idaho State University)
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IHNIL R ERL M ER R 0L T —{l BE IR AR SRR AT A28 .0 (Energy Systems
Technology and Education Center » f&if§ ESTEC ) H@ftA% i (sl SftH R
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RN BRI E - BRI S EEEHAEIS RE S SEBE - B
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o FE ST B CRSTEN I TR KW 2 - AR B SRR Y A LA
ROtgalll SRR - MBS AT E R IE N 2 AT H 2275 -
(Z) RIR B BRI R R AEIR R 48 HYEF (Role of Coal Stations in Future Energy

Systems)
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() S LR M F B HEB (Women and Diversity Driving Nuclear Net Zero)
AR AR TR IR P A R B Ry LR RS - MM TIE RS [RA L&
FOtH SR B A A SRAVRZ R B » SR E (M AR RE SR S 24 AR > W9
ST RZEAE SN SHRE - AT EEIESE - BRKFEEH
HIZARIEEE » W Tam 2 MU LA R RE ST E X e R I AR S ) 58 R A A
TEE 5 o AR IR IR MR B LRI BT - FREIIRY 1994
FRILFERBIZESE SR LER Y » FERNEN KX SIEIEEL
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R R B S E N =R IR AL T BRI TR e » £ 3 TIXAE
W75 - FEEF SR A ESS R ERIEIT 2 BRI - ZER= HAaEL
7,000 ZET » FEETREEE - LB sy RHIT < BT
> 1949 RN T B % I FE 25l EgvE(National Reactor Testing Station)
> 1977 it BB 2 RE)R E B % (Idaho National Energy Laboratory)
> 1997 TR A4 By B v 1y B 5% RE R A1 ER 35 E B = (Idaho National Energy and

Environmental Laboratory)
> 200542 H 1 HEBORAE Z R B (NL)

BERAE ANS W22 T i B EREE DU AT B S EE - 558 E EiE
ANBTRRIECHEER A2 E HHE - HiE BN S EEEARE - EIRE
s B H2aHIREIRIRE - 295 EE SR ER GRS WRERANS
T > DURCAN AT ZEE R0 ~ FAh ~ BR bR - MR e R TR B FE i AR E -

SEBRE P

(—) Wehk23)

AATREZHERY 10 B 7 HIEE - B thE i IS B o iE S A B g
¥E 2 E2S-1 (Experimental Breeder Reactor-1,f5f# EBR-1) & T-#H¥EE ~ 4t
HEHE R RS (Advanced Test Reactor, fEif@ ATR) BUR AR AL AR &
& (Materials and Fuels Complex, fiif@ MFC) 2 » B i T fE ek
HAEIR - 2B -
| EESYEKERS-] (EBR-D) FFi8¥8E

EBR-I B Z MR Eipa diEn e — R R ERS - iR b

B PEFEHH R AN HAZAE 8 BBy S RS - 1951 412 A 20 H »

EBR-I i DhEESE T PUEREE - 588H T RHEEZZE 2K (Enrico Fermi)Ji%
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HEAEE I EET » (ERRER AR S - ATR Al T8 T
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w2 S Mg (Neutron Radiography Reactor, f&if# NRR ) o B HIEASZ
JEZS BT EEE R o SRS AR O - DUHIE RS RS FR P4
REMIZEa M i N e e A TR R - BT e
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2024/10/1 F43:00

Print Schedule Timeline -- ANS / Meetings / Pacific Basin Nuclear Conference 2024 (PBNC)

; Pacific Basin Nuclear Conference 2024
(PBNC)

Schedule Timeline
American Nuclear Society
Monday — October 7, 2024
7:00AM Events
= Monday: Visit the birthplace of peaceful atomic power; INL Site Tour
[REGISTRATION HAS PASSED] . . . oot e e e e e e TBD
2:30PM Registration and Exhibit Hall Hours
= Registration/Help Desk open 2:30-6:00PM . . . ... ... . . . . i TBD
Tuesday — October 8, 2024
7:00AM Registration and Exhibit Hall Hours
= Exhibit open from 7:00AM-4:00PM and 5:00PM-7:00PM . . ..................... TBD
= Registration/Help Desk open 7:00AM—4:00PM . . . . ... ... . . . . . . . i TBD
7:00AM Breaks and Meals
= Breakfast . . ... . e e TBD
8:00AM Pacific Basin Nuclear Conference 2024 (PBNC) Plenary Sessions
» Opening Plenary - Nuclear ina Net ZeroWorld . . . ... .. ... .. . . .. Arena
10:00AM Breaks and Meals
» Networking Break . . ... oo e e TBD
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ABSTRACT

Chinshan Nuclear Power Plant (NPP) Unit 1 and Unit 2 entered the decommissioning phase when
their operating licenses were expired in December 2018 and July 2019, respectively. Since the
reactor core still contained spent fuel, Taiwan Power Company (TPC) has submitted a safety
analysis report to Nuclear Safety Commission (NSC) in Taiwan seeking approval to replace the
residual heat removal (RHR) shutdown cooling system with the spent fuel pool cooling system and
the reactor water cleanup system (RWCU) as alternative cooling measure.

This change is based on experiences from World Association of Nuclear Operators (WANO) and
adheres to the technical document TSTF-566 of the United State Nuclear Regulatory Commission
(USNRC). To implement this modification, Chinshan NPP has developed a specific procedure for
operator to follow. The NSC has completed comprehensive reviews, including technical
specifications, testing and monitoring parameters, safety assessments, and contingency plans during
decommissioning phase.

To further assess safety, NSC not only reviewed the heat transfer models but also mandated the use
of the RELAP-5 program for parallel verification of the temperature data from the upper and lower
parts of the reactor core. The NSC has also required TPC to test and measure the actual reactor
temperatures for Pre-Defueled Safety Analysis Report (PDSAR) and Pre-Defueled Technical
Specifications (PDTS) modification applications.

During the testing, NSC has dispatched resident inspectors for on-site verification to confirm the
accuracy of reactor and spent fuel pool temperatures, as well as the availability of alternative cooling
system, to ensure the safety of the Chinshan NPP decommissioning.

Keywords: Nuclear Power Plant, Decommissioning, Residual Heat Removal Shutdown Cooling
System, TSTF-566, RELAP-5

1. INTRODUCTION

Chinshan Nuclear Power Plant, Taiwan Power Company's (TPC) first nuclear facility, began
decommissioning on July 16, 2019, facing space limitations in the spent fuel pools hindering fuel removal.
To maintain operations akin to active status, TPC employs the Residual Heat Removal shutdown cooling
(RHR S/D) system for decay heat management.

Both units ceased operations prior to decommissioning (Unit 1 in December 2014, Unit 2 in June 2017).
During extended shutdowns for testing, operators noted a gradual decrease rather than an increase in spent
fuel pool and reactor water temperatures. TPC initiated Special Test Procedure STP-109-01, submitted to
the Nuclear Safety Commission (NSC) to explore alternative cooling methods. NSC also invited the experts
and scholars of research and academic institutions to review the case, ensuring scrutiny of safety concerns



throughout the test period. Their expertise was crucial in evaluating the adequacy of contingency measures
for addressing transient events at the nuclear power plant.

NSC conducted a review of nuclear power plants where RHR S/D cooling was placed on standby during
extended shutdowns, examining international experiences with alternative cooling methods. TPC contacted
the World Association of Nuclear Operators (WANO) regarding similar incidents at Japan's Shimane
Nuclear Power Plant. Additionally, experiences from the Cooper and Fermi 2 nuclear power plants in the
United States, following NRC Technical Specifications Task Force (TSTF) document TSTF-566, were
considered. TPC committed to adhering to the requirements outlined in NRC TSTF-566 during the test
period from March 29, 2021 to September 30, 2021. The switch to standby mode for RHR S/D cooling at
Chinshan NPP occurred during decommissioning, authorized by NSC upon approval of TPC's Pre-Defueled
Technical Specifications (PDTS) modification applications on December 10, 2023.

Table I. Current and Design features of Chinshan NPP in Taiwan.

Plant name Chinshan Chinshan

Unit 1 Unit 2
BWR — 4 BWR — 4

Reactor Type GE GE

Vender

Containment Mark — I Mark — I

Thermal Power (MWt) 1804 1804

Electrical Power (MWe) 636 636

Date of Commercial 12/06/1978 07/16/1979

Operation

Date of Cease 12/10/2014 06/02/2017

Operation

Date of Decommissioning 12/05/2018 07/15/2019

Period stated

Date of Safety Assessment bounded by unit 2 4/17/2020

Date of Special Test Period 3/29/2021 3/29/2021

STP-109-01 9/30/2021 9/30/2021

Date of Modified Technical 12/21/2023 12/21/2023

specifications Approval
(TSTF-566)

2. DESCRIPTION of PLANT CONDITIONS, TEMPOARY MEASURES, TEST, and
MONITORING PARAMETERS

During the extended shutdown, the reactor cavity is kept flooded within the normal range specified for
refueling activities. The gates of the Spent Fuel Pool (SFP) are removed, aligning the SFP water level with
that of the reactor cavity. Main steam line plugs are installed and the steam lines are drained.

Decay heat from the fuel in both the reactor and the SFP is managed by two systems: the Spent Fuel Pool
Cooling and Cleanup System (SFPCCS) and the Spent Fuel Pool Additional Cooling System (SFPACS).
Water chemistry in the reactor cavity and SFP is maintained within specified limits through the Reactor
Water Cleanup (RWCU) system and the SFPCCS.

NSC assessed the viability of alternative cooling systems like the SFPACS, powered by the fifth air-cooled
emergency diesel generator. SFPACS serves as an emergency backup cooling system. If the fuel pool water
level drops below the SFPACS pump intake, affecting its cooling function, reactor operators can implement
emergency water makeup strategies to ensure continuous cooling. TPC also evaluated the potential impact
of siphon reverse flow phenomena on alternative cooling paths. The SFPACS system's pipeline design



incorporates two isolation valves, including a check valve that effectively prevents reverse flow of fuel pool
water.

In response to NSC's requirements, TPC established test acceptance criteria and contingency measures for
abnormal conditions. The acceptance standard, based on the Pre-defueled Safety Analysis Report (PDSAR),
mandates that all cooling systems operate below 51.6°C (125°F). If this threshold is exceeded, the test will
be suspended, and the additional fuel pool cooling system will be promptly restored, ensuring a sufficient
safety margin below the limit of 60°C (140°F).

TPC installed two additional pool temperature-monitoring elements, TE-116-8A/B, positioned 12.8 feet
below the surface of the pool (38.1 feet deep), to monitor reactor water temperature during the test period.
Additionally, in compliance with improvement requirements post-Fukushima Daiichi accident (USNRC
Order EA-12-051 and NEI 12-02), temperature gauges were installed to monitor the spent fuel pool. These,
along with the existing RWCU intake temperature gauge below the reactor vessel, effectively monitor
reactor and SFP water temperature.

Table II. Design Features for SFPCCS, SFPACS and RHR S/D Cooling in Chinshan NPP.

SFPCCS SFPACS RHR SDC
System
Design Features
Heat Removal(Qr) 958 kW 4743.4 kW 6515 kW
Flow Rate (m) 500 gpm 1200 gpm 2200 gpm
Design Temperature < 51.6°C < 51.6°C < 51.6°C
NUREG-0800
SRP9.1.3 [2]
Normal Condition < 60°C < 60°C < 60°C
Abnormal Condition < 100°C (SFP only) < 100°C (SFP only) < 66°C (Rx & SFP)

3. SAFTEY ASSESSMENT

TPC's assessment report initially relied on the decay heat of reactor core fuel from Unit 2 (June 2, 2017) as
a conservative benchmark. The decay heat power after 1050 days of Unit 2 shutdown (April 17, 2020) was
calculated using the TITRAM/CS/KS-THT-MHD-01 report, leveraging 3-D Computational Fluid
Dynamics (CFD) to enhance engineering analysis capabilities, particularly for natural convection
dominated thermal hydraulic problems like alternative core cooling during refueling stages. TPC
determined that the capacity of the SFPCCS system was adequate to remove the total decay heat from the
reactor core and SFP. Despite the absence of forced convection achieved by the RHR S/D cooling operation
within the reactor core, TPC assessed that the decay heat of the reactor core fuel could still maintain internal
convection within the core. Furthermore, the reactor internals are constructed of corrosion-resistant
materials, and water chemistry standards remain consistent with refueling outage protocols, ensuring the
integrity of reactor internals and fuels.

NSC scrutinized whether TPC factored in the heat generated by RHR pumps in reactor core heat sink
calculations and if it adequately met cooling demands under specified conditions. TPC conducted safety
assessments assuming zero heat generation by RHR pumps and heat removal capacity of RHR heat
exchangers due to temporary shutdown. Hence, total decay heat removal required consideration for
operating one SFPCCS pump and utilizing one heat exchanger, simplifying calculations while maintaining
conservatism. TPC outlined calculation basis and formulas to ensure adequacy in removing total decay heat
generated by spent fuel during decommissioning.



The review primarily focused on maintaining RHR S/D cooling availability during standby mode.
Additionally, concerns centered on the time required for operators to restore RHR S/D cooling or initiate
additional fuel pool cooling system operation, and ensuring operators' familiarity with operational
procedures. TPC operators estimated RHR S/D cooling restoration within 2 hours and SFPACS activation
within 6 hours based on operational experience. To enhance operator capability, TPC committed to
conducting surveillance requirements of RHR S/D cooling in the PDTS, ensuring operator familiarity with
system operations and periodic increase of forced circulation of reactor water.

TPC utilized heat transfer formulas and the RELAP-5 program to assess safety, evaluating thermal
hydraulic models and predicting temperatures above and below the reactor core. Although NSC does not
officially approve RELAP-5 program use, TPC clarified that its analysis results serve as references for
evaluation, with actual test results forming the basis for future analysis and PDTS modification applications.

Given the deviation from normal shutdown operations where the RHR system maintains constant flow for
forced convection, the absence of water flow due to RHR S/D cooling shutdown may lead to stratification
and stagnant water conditions in the reactor core. TPC's analysis of RHR S/D cooling standby mode
suggests that while reactor core water flow may be affected, decay heat will still induce thermal convection,
preventing stagnant water flow. After RHR S/D cooling standby, TPC noted minimal stratification effects,
with a temperature difference above the reactor core of only 1°C to 4°C according to analysis results.
Additionally, to verify actual temperatures, temperature gauges were installed to monitor reactor and SFP
water temperature, with operators recording relevant trends hourly during the test period to validate
RELAP-5 program simulation results.
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Figure 1. Simulated the Reactor Cavity of Chinshan NPP in RELAP-5 Program.

4. CONTINGENCY RESPONSE

During the testing period, TPC provided analyses and explanations for potential abnormal conditions, such
as failures of the SFPCCS, loss of offsite power (LOOP), and loss of reactor cavity or fuel pool water levels.



Since the application only places the RHR system on standby without cessation of any safety systems,
regular testing of the RHR system continues to verify its availability.

NSC reviewed whether reactor water temperature exceeding the test acceptance criteria during the testing
period would necessitate proposing contingency measures. TPC clarified that the SFPCCS system's design
capability ensures greater heat removal capacity than the total decay heat of the reactor, maintaining reactor
and SFP water temperatures below or equal to 51.6°C. If temperatures approach the safety limit, operators
can adjust the operating configuration, such as using additional SFPCCS pumps and heat exchangers.
Additionally, Chinshan NPP's higher capacity SFPACS can be initiated within 6 hours. If both SFPCCS
and SFPACS systems are unavailable, standby RHR S/D cooling will be initiated within 2 hours for core
cooling, maintaining a safe reactor water temperature rise rate of 0.438°C/hr. This contingency time ensures
safety through diversity, redundancy, and defense in depth.

Additionally, the adequacy of alternative cooling systems (RWCU, SFPCCS) in the event of offsite power
loss was considered, particularly regarding potential failure due to insufficient essential bus power supply
or seismic design capability to maintain their original heat removal functions. TPC clarified that in the event
of offsite power loss, Emergency Diesel Generators (EDG) would automatically start, and operators could
gradually initiate alternative cooling systems after confirming essential bus power availability. Moreover,
the current alternative cooling systems undergo substantial seismic margin assessment. Should these
systems become unavailable, RHR S/D cooling, classified as seismic category I, would be immediately
restored approximately 1 to 2 hours.

In terms of contingency plans, NRC requires TPC to address incidents such as Station Blackout (SBO)
events and assess if existing procedures can manage prolonged SBO incidents. TPC explained that
Chinshan NPP, in alignment with strategies post-Fukushima, has implemented three external water makeup
and spray strategies: portable SFP makeup, SFP spray, and Backup Containment Spray System (BCSS)
water injection using fire engines, ensuring fuel safety during SBO events.

TPC considered the incident at River Bend Unit 1, attributing it to main steam line plug failure resulting in
water loss from the upper pool and reactor cavity. However, at Chinshan Nuclear Power Plant, main steam
line plugs are already in place, with the System Evaluation and Reclassification Team (SERT) conducted
during decommissioning. The inboard/outboard closure of main steam isolation valves (MSIV) in the
primary containment provides two additional barriers. Even if main steam line plugs were to fail, there
would be no water loss from the reactor cavity. TPC has positioned one RHR train in low pressure coolant
injection (LPCI) mode and the other in SDC mode to address potential water loss from the reactor cavity
and SFP.

In TPC's safety analysis report, conservative assumptions from current licensing basis (CLB) such as
PDSAR were utilized. This assumed a leakage at the bottom of the reactor cavity without considering the
leakage rate and required time. The water level was assumed to drop directly to the bottom of the SFP gate.
Based on this water volume, the time required to reach boiling temperature was calculated. Although
analysis based on the actual leakage rate indicated a boiling time exceeding 19 hours, the safety assessment
still conservatively utilizes a 19-hour basis as outlined in the PDSAR.

Table III. Calculations of Decay Heat during Loss of Power and Heat Sink in Chinshan NPP.

Chinshan Unit 2 Reactor Cavity SFP
( Shutdown 1050 days)
Standard ANSI 5.1 — 2014[4] ANSI 5.1 — 2014
Decay Heat(Q) 257.1kW 652.1kW
Volume (V) 878.58 m? 938.32 m?
Density (d) 983.38 kg/m3 same as reactor

Cp 4178 ]/kg°C same as reactor




Formula AT = Q/(VxdxCp) same as reactor

Raise Temp 0.438 ° £ same as reactor
i hr

S. TEST CONTENT and RESULTS

During the testing period for Chinshan Nuclear Power Plant Unit 1 and Unit 2, spanning from March 29,
2021 to September 30, 2021, TPC conducted the Special Test Procedure document STP-109-01 "Operation
Record of Reactor Water Temperature and Spent Fuel Pool Water Temperature Changes during Continuous
Operation of Residual Heat Removal Cooling Function. " TPC verified three operating configurations of
the SFPCCS as follows, while adhering to decommissioning technical specifications:

(1) One SFPCCS cooling pump + two sets of SFPCCS heat exchangers
(2) One SFPCCS cooling pump + one set of SFPCCS heat exchangers
(3) Two SFPCCS cooling pumps + two sets of SFPCCS heat exchangers
The testing period was divided into three phases:

(1) Phase One (March 29 to May 31): Focused on operator familiarization with the operation of different
configurations and understanding the effects of regular tests.

(2) Phase Two (June 1 to July 15): Transitioned operational configurations based on changes in sea water
temperature, with lower cooling capacity configurations used as sea water temperature increased.

(3) Phase Three (July 15 to September 30): Mainly operated with one SFPCCS cooling pump and one set
of heat exchangers.

The average temperature of the reactor core water is measured by TR-G33-R607-1 (RWCU inlet), TR-B31-
R650-1 (Recirc. Loop-A), and TR-B31-R650-2 (Recirc. Loop-B) as specified in the Special Test Procedure
document STP-109-1. During the RWCU maintenance or related testing pause, the temperature gauge (TR-
B21-R614-CH.2/PPCRS SRV026) on the Wide Range Neutron Monitor (WRNM) spare dry tube serves as
an alternative for monitoring reactor core temperature. Reactor cavity temperature is determined by the
average of temperature sensors CTO1/CT01A and CT02/CTO02A. Post-review the detectors and recorders
installed in the reactor cavity will be removed to avoid interfering with spent fuel remove on the refueling
floor of the reactor building. The temperature of the spent fuel pool is the average of LR/TR-116-8A/B as

shown in the figure below.
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Figure 2. The Instruments of Temperature in the Reactor Core, Reactor Cavity and Spent Fuel Pool in the
Special Test Procedure.

In addition to familiarizing operators with the three operating configurations, the planned tests assessed the
impact of sea water temperature on reactor core and SFP water temperatures under different SFPCCS setups.
The highest sea water temperature recorded during testing was approximately 29.6°C on September 5. Even
during this period, when only one SFPCCS cooling pump + one set of heat exchangers was used, reactor
water temperature remained below 40°C, meeting the special procedure temperature limit of 51.6°C.

The highest sea water temperature observed differed from the previously recorded 33°C. TPC must ensure
that simultaneous operation of multiple equipment does not exceed estimated temperature ranges.
Operational experience suggests that under extreme conditions, including operation of radwaste boilers and
emergency diesel generators, the CSCW heat exchange may raise water temperature by approximately 7°C.
With a 3°C sea water temperature increase, operating one SFPCU pump + one set of heat exchangers could
raise reactor and SFP water temperature by approximately 10°C. Despite the shorter shutdown period and
higher decay heat from Unit 2 spent fuel, with a water temperature of around 48.1°C, there remains a safety
margin of about 3.5°C from the 51.6°C limit.

TPC performed regression analysis on water temperature data from Units 1 and 2, along with sea water
temperature data, from July 15 to September 30. They found a positive linear correlation between furnace
water temperature and sea water temperature. For Unit 1 and Unit 2, a 1°C rise in sea water temperature
corresponded to an average increase of approximately 0.39°C and 0.4°C in water temperature, respectively.
Therefore, assuming sea water temperature variations mirror water temperature variations is considered a
conservative approach when assessing water temperature at sea water temperatures reaching 35°C.
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Figure 3. The Decay Heat from Reactor and Spent Fuel Pool vs the Capacity of Heat Remove from SFPCCS
(1Pump + 1Hx) in Unit 1 and Unit 2.
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Figure 4. The Trends of Temperature between Sea Water and Reactor Water in Unit 1 and Unit 2.
6. COMPARISON of TEST RESULTS and SAFETY ANALYSIS RESULTS

TPC's safety analysis report identifies decay heat from the reactor core and SFP, along with heat generated
by continuous SFPCCS and RHR system pump operation, as primary heat sources. Heat sinks include the
cooling functions of SFPCCS and RHR system heat exchangers, heat dissipation from surrounding surfaces,
and natural convection heat dissipation at openings above the reactor cavity and SFP. According to the
analysis, the SFPCCS system can entirely remove residual heat from spent fuel.

Referring to relevant analysis data from the PDSAR, we can calculate the heat transfer rate of a single-train
heat exchanger in the SFPCCS system. Heat exchange efficiency is 0.44 which is determined by the ratio
of the minimum flow side inlet-outlet temperature difference to the maximum temperature difference at the
heat exchanger's inlet and outlet.

TPC's test report indicates an estimated average decay heat of approximately 787 kW for reactor core and
SFP fuel in Unit 2. Originally, heat removal was calculated based on water temperature at the heat exchanger
inlet, without factoring in heat loss from piping and ambient temperature at the water surface of the reactor
cavity overflow. To address this, using the water temperature at the reactor cavity overflow to skimmer
surge tank for calculation can eliminate these influencing factors, resulting in a more accurate heat removal
calculation of about 500-600 kW. As a result, the revised content should state that the heat removed by the
heat exchanger exceeds the total decay heat by about 187-287 kW. Heat dissipation from the reactor wall
and pool water surface amounts to about 90 kW. Considering a temperature sensor error of +/- 0.5°C, this
inaccuracy may result in a deviation of 66 kW in heat removal. The additional 31-131 kW (3.9-16.6%)
should come from conservative overestimation of decay heat and burnup.

TPC provided supplementary calculations for Unit 1, showing an estimated average decay heat of about
663 kW for the reactor core and spent fuel pool fuel. The heat removal is approximately 400-500 kW, with
the heat removed by the heat exchanger exceeding the total decay heat by about 163-263 kW. Heat
dissipation from the reactor wall and pool water surface amounts to about 90 kW, with the inaccuracy of
temperature instrument about 66 kW. The additional 7-107 kW (1.1-16.1%) should come from conservative
overestimation of decay heat and burnup.

Table IV. Comparison of Calculations and Test Period of Decay Heat from Reactor Cavity and SFP in
Chinshan NPP.

Unit 1 Test Period Unit 2 Test Period

Chinshan (Shutdown 2500days)  (Shutdown 1500days)

Standard ANSI 5.1 — 2014 ANSI 5.1 — 2014

Formula QR = mxCpx 7 x AT same as unit 1

SPFCCS flow rate (m) 31.55 kg/sec same as unit 1

(500 gpm)

Cp 4.18 k] /kg°C same as unit 1

n 0.44 same as unit 1

AT = Tsrp - Tcoolant 51.6°C — 37.6°C 51.6°C — 37.6°C

Decay Heat from Reactor and 663 kW 787 kW

SFP (Qr)

Heat Remove from SFPCCS (Qr) 400~500 kW 500~600 kW
90 kW same as unit 1

Heat Loss from Reactor

And SFP (Qv)




Instrument Inaccuracy (Qr) 66 kW same as unit 1

Uncertainty (Qu) 7~107 kW 31~131 kW

Energy Conservation QT = QR + QL + QI + QU

Based on the simulation program analysis, the temperature difference between the core temperature (Tcore)
and the cavity (TCO1A/TCO02A) is approximately 0.8-1.1°C. The simulated flow rate of cooling water in
the core is estimated to be about 0.42 cm/sec. Comparison of the analysis results with the plant's test data
shows consistency between the two sets of data, indicating no stagnation in the water flow in the core.

During the implementation of the STP-109-1 test from March 29 to September 30, 2021, prior to the
cessation of operation of the RHR S/D cooling pump on March 29, the reactor water temperature for Unit
1 decreased from 31.9°C to 26.9°C over 2 days. Similarly, for Unit 2, the reactor water temperature
decreased from 32.8°C to 28.4°C over 2 days. These observations suggest that the heat energy generated
by the rotation of the pump blades during the operation of the current RHR S/D cooling pump is carried to
the core, resulting in a heating phenomenon in the reactor water temperature.

7. VERIFICATION and INSPECTION of SPECIFICAL TEST PROSEDURES

During the standby testing of the RHR system at Chinshan NPP, NSC mandated TPC to meticulously record
various parameters, including reactor water temperature, water chemistry, and Heating, Ventilation and Air
Conditioning (HVAC) configuration on the refueling floor of the reactor building. NSC also devised
inspection plans for on-site verification by inspectors, both before and after the test, as well as during daily
presence at the plant, to ensure the accuracy of test records and unit conditions.

Throughout the testing period, NSC inspectors verified whether the plant adhered to commitments by
accurately recording parameters like reactor pool water temperature and water quality. They also monitored
critical equipment start-up, shutdown timing, and execution of periodic tests. Simultaneously, NSC
inspectors confirmed TPC's compliance with quality assurance standards per 10 CFR 50 Appendix B. The
comprehensive inspection results revealed no deviations from regulations or commitments during this test
period, indicating the successful implementation of the RHR system standby testing at Chinshan NPP.

8. COMPARISON of TECHNICAL SPECIFICATION MODIFICATIONS with
TSTF-566

The United States Nuclear Regulatory Commission (USNRC) approved TSTF-566 “Revise Actions for
Inoperable RHR Shutdown Cooling Subsystem” on February 21, 2019.The revisions made by TPC to the
technical specifications LCO 3.9.7 and related BASES for Chinshan Nuclear Power Plant, following the
spirit of TSTF-566, are as follows:

(1) LCO 3.9.7 is divided into NOTE 1: RHR SDC can be stopped for 2 hours every 8 hours when the spent
fuel pool gate is closed; and NOTE 2: When the cooling water temperature is less than 51.6°C (125°F) and
the spent fuel pool gate is open, one RHR SDC alternative cooling system is in operation.

(2) Specify that the original SR 3.9.7.1 (verify RHR SDC operation every 12 hours) does not apply to
NOTE 2 condition.

(3) Add SR 3.9.7.2 to confirm the reactor water temperature is less than 51.6°C (125°F) every 12 hours.
(4) Add SR 3.9.7.3 to confirm an alternative SDC method is in operation every 12 hours.



(5) Add SR 3.9.7.4 to verify RHR SDC operation for two hours every 92 days, these three new surveillance
tests apply to NOTE 2 condition.

9. CONCLUSIONS

The application of RHR S/D cooling during the decommissioning of Chinshan NPP was reviewed by the
NSC, covering interim measures, testing and monitoring parameters, safety assessment, and response to
abnormal conditions. TPC revised and reorganized the report content according to review comments. Upon
NSC review, the results were acceptable, and the safety assessment report was approved.

To inspect TPC implements interim measures and review commitments, and to verify the conformity of the
test results and safety analysis reports of the "STP-109-01 Shutdown Cooling System Standby Test Report"
during the formal testing period, NSC implemented an inspection plan to verify the conditions of reactor
and SFP water temperature and related cooling systems operability on-site. Additionally, the technical
specification modification proposal in this case referenced the revision of the TSTF-566, incorporating
modifications to the simulator's RHR system standby configuration into the annual operator-retraining
course, including simulator course, and on-site walk down.

To verify the availability of the RHR system after standby, NSC required that the maintenance and
surveillance cycle (MSC) of the RHR system during decommissioning be consistent with the refueling
outage in the operating period to maintain its reliability. Furthermore, NSC established inspection
frequencies for the reactor inspection program, such as equipment configuration, surveillance tests, heat
sink efficiency, and maintenance rules related to spent fuel pool cooling systems based on the USNRC IMC
2561[5] decommissioning inspection items to ensure fuel safety.
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ABSTRACT

Lessons learned from the 2011 nuclear accident at Tokyo Electric Power Company’s Fukushima
Daiichi nuclear power plant in Japan have led international community to revise implementation
recommendations and guidelines for the public protective actions in a nuclear emergency. Taiwan
used to adopt dose evaluation system combined with intervention levels to determine the timing of
implementing the public protective actions in a nuclear emergency. It was widely used
internationally however had been demonstrated to be impractical in the Fukushima accident.

Referring to lessons from Fukushima accident and related international guidance, Taiwan
government had substantially revised the nuclear emergency classification, and kicked-off criteria
of nuclear emergency response mechanism. Key amendment includes the application of: (1)
emergency action levels (EALs) for precautionary protective actions, and (2) operational
intervention levels (OILs) for urgent protective actions. This mechanism is constantly reviewed and
improved through conducting nuclear emergency exercise and referring international documents.
Building a emergency response scheme ensuring nuclear safety is the only way to achieve a
sustainable nuclear future.

Keywords: public protective actions, dose evaluation system, EALs, OILs

1. INTRODUCTION

An emergency at a nuclear power plant that involves damage of nuclear fuel in reactor core or in a spent
fuel pool might cause radioactive material released to atmosphere and possibly lead to severe health effects
including deterministic effects of acute radiation exposure and stochastic risks of chronic radiation exposure.
These effects can be prevented or mitigated by prompt implementation of public protective actions. In
Taiwan, these actions include shelter in house, evacuation, relocation, decontamination, iodine tablet
administration, and food and drinking water restriction.

The timing of implementing public protective actions should be determined through prudent assessment in
order to reduce the risk of radiation exposure. Protective actions will be undertaken only when well-
evaluated to be safe and would not endanger the lives of those being evacuated or relocated, especially
those individuals should be treated in intensive-care units (e.g. patients in intensive care in hospitals or
people in nursing homes).

In Taiwan, the Central Disaster Response Center (CDRC) is the major role making decisions on when and
what protective action to be taken in a nuclear emergency based on summative assessments among the dose
evaluation system, EALs, and OlLs.



2. MECHANISMS

Current nuclear emergency response mechanisms on initiating off-site public protective actions in Taiwan
are dose evaluation system and concepts known as EALs and OILs, which are introduced as below.

2.1.  Regulation and Framework of Public Protective Actions

According to Taiwan’s Nuclear Emergency Response Act!!l, the central competent authority, i.e. Nuclear
Safety Commission(NSC), shall consult each designated agency to lay down the Emergency Response
Basic Plan?! and the Nuclear Emergency Public Protective Action Guides™, then submitted to the Executive
Yuan for approval. The regional competent authority, i.e. local government, shall then lay down the regional
public protection plan within the emergency preparedness zone (EPZ) according to the Emergency
Response Basic Plan and the Nuclear Emergency Public Protective Action Guides. Once a nuclear
emergency happened, the regional competent authority should carry out public protective actions while
corresponding orders given by the CDRC, which is the highest tier of decision-making on the public
protective actions. The CDRC takes major responsibility of decision-making on nuclear public protective
actions in accordance with relative information, which includes accident conditions, radiation dose
estimated and field monitoring data.

When it comes to a nuclear accident, the nuclear reactor facility licensee shall notify the competent
authorities of various tiers within 15 minutes, and in writing within one hour according to Taiwan’s
Guidelines for Nuclear Accident Classification, Notification and Responsel®. After completing the
preceding notifications, and before the termination of the accident, licensee shall, submit every hour a
written report including the following items to the competent authorities of various tiers: (1)current status
of the plant; (2)causes of the accident; (3)trend of the accident; (4)status of radioactive material release;
(5)relevant response measures taken.

Upon receiving the notification, the central competent authority, which is NSC, shall follow the
“Emergency Response Basic Plan” to take the response measures promptly and report to the Executive
Yuan at appropriate time based on the progress of the nuclear accident and to set up the National Nuclear
Emergency Response Center to proceed with response measures.

Regional Nuclear Emergency Response Center is in charge of carrying out the response measures according
to their nuclear emergency public protection plan and referring to the guide from CDRC. Nuclear
Emergency Support Center from the Ministry of National Defense would assist in disaster relief. The
Radiation Monitoring and Dose Assessment Center is composed of NSC, Central Weather Bureau, Ministry
of National Defense, Coast Guard Administration of Ocean Affairs Council, and the licensee. The Radiation
Monitoring and Dose Assessment Center is responsible for environmental radiation detection, the affected
areas estimated and prediction of the radiation exposure scope of the accident. Accordingly, the Radiation
Monitoring and Dose Assessment Center performs public dose evaluation and makes appropriate
recommendations on public protective actions to the CDRC. It also takes samples of soil, grass and
agricultural produces from the potentially contaminated area for radiological analysis. The Radiation
Monitoring and Dose Assessment Center also would ask military to carry out aerial radiation survey while
situation worsening and radioactive materials released. Also, the coast guard could be asked to send patrol
ships to detect radiation, and to collect sea water and fish samples for preliminary analysis to understand
the distribution and contamination status of radioactive material. Moreover, water samples from the
neighboring water treatment works is conducted to ensure drinking water free from contaminated of
radioactive material.



2.2. Mechanism

The failure of the CDRC to implement appropriate the public protective actions in affected areas timely
could result in the occurrence of avoidable severe health effects. Taiwan used to adopt the mechanism
known as dose evaluation system combined with concepts of intervention level to determine when to
implement nuclear emergency public protective actions, which was widely used internationally and had
been demonstrated to be impractical in the Fukushima accident. Therefore, referring to lessons learned and
related international guidance®®"], Taiwan had adopted EALs and OILs systems and had issued
corresponding guidance in the following years after the accident at Tokyo Electric Power Company’s
Fukushima Daiichi nuclear power plant in Japan in 2011. That is, the mechanism including the dose
evaluation system, the concepts of EALs and OILs which help the CDRC on determining the
implementation time of public protective actions. They are presented as follows.

2.2.1. Dose evaluation system
“Nuclear Emergency Public Protective Action Guides” was issued in 2005, in which lists the procedures
and criteria known as intervention level, averted dose and projected dose of each protective action, as shown

in Table I. When the calculated results of the evaluated dose appear to exceed the intervention level,
undertaken of corresponding measures will be suggested to the CDRC.

Table L. “Nuclear Emergency Public Protective Action Guides” issued in 2005

Measure Intervention Level
Shelter Averted Dose: =10 mSv in 2 days
Evacuation Averted Dose:50-100 mSv in 7 days

Iodine Tablet Administration Averted Dose: >100 mSv of HT (thyroid)

Temporary Relocation Projected Dose: >30 mSv in 30 days

Food and Water Restrictions Defined by different Radionuclide

(1) Projected Dose:> 1 Sv in lifetime

P Rel i .
ermanent Relocation (2) Temporary Relocation over 1 year

Dose evaluation system is the computer program used to assess the intervention levels and capable of
demonstrating simulation of released radiological material with atmospheric diffusion and calculation of
averted dose rate around the plant (Figure 1). For accurate calculation, information of radionuclide source
term in the fuel in the nuclear power plant, meteorological data, and release path of radiological material
are all needed.

After the Fukushima accident in 2011, this type of decision making process based on the computer-
prognosis system was verified to be impractical due to unpredictable precipitation related to constantly
changed wind direction, and source term data which is difficult to obtain while chaotic accident situation,
these factors all lead to the increase of inaccuracy of the calculated results.
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Figure 1. Analysis Data of the Dose Evaluation System

2.2.2. Emergency Action Levels (EALs) System

Released radioactive material from the plume formed by damaged fuel can possibly result in adverse health
effects within hours in the most severe condition if protective actions are not promptly taken. Since the
timing of a radiation release is generally hours delayed since the damage of nuclear fuel or malfunction of
critical safety features of nuclear power plant (NPP), actions to protect the public could be initiated earlier
according to predetermined operational criteria of safety parameters from accident plant. Emergency action
levels (EALSs) system is a predetermined and observable criteria used for decisions on the implementation
of protective actions corresponding to the nuclear emergency category.

“Guidelines for Nuclear Accident Classification, Notification and Response”®! was revised in 2016 in
which provided the criteria on classification of nuclear emergency. According to the guideline, upon
detection of the incident or its symptoms, the nuclear power plant shift supervisor should declare the
emergency classification referring from NEI 99-01) and reported to the competent authority, which is NSC,
for approval.

Nuclear emergency was classified into three categories in Taiwan based on increasing levels of hazard and
tied to the response needed for the protection of the publics, which are Alert, Site Area Emergency and
General Emergency.



+ Alert: A worsening of the safety functions of a nuclear reactor facility but not yet requiring public
protective action.

+ Site Area Emergency: A major loss, or possible major loss, of safety functions of a nuclear reactor
facility with possible public protective action taken..

+ General Emergency: A serious, or possibly serious, deterioration of the reactor core of a nuclear
facility with the possible loss of integrity of the containment structure requiring public protective
actions.

“Guidelines for Nuclear Accident Classification, Notification and Response” provides the criteria of each
category with the description of predetermined conditions and instrument readings in the nuclear power
plant, mainly according to radiation levels, safety systems and other potential hazard condition. The
classifications of nuclear emergency are the EALSs, which are based on the information that is observable
in the control room by operators and is indicative of the possibility of damage to the fuel in reactor core or
in spent fuel pool. After approval, the declaration of each classification would trigger coordinated response
measures by all response organizations. According to the “Reference Guidelines for Decision Making on
Public Protective Actions in a Nuclear Accident”? issued in 2018, the predetermined actions each
organization has to take upon declaration of the emergency are as illustrated in Table II.

Table II. EALs and corresponding recommended public protective actions

Classification of Nuclear Emergency
Alert | Site Area Emergency | General Emergency
Close public recreation areas
Public 1. Issue nuclear emergency siren
Protective 2. Precaution evacuate vulnerable populations within EPZ
Action 3. Instruct generic public within EPZ to shelter in house
| Evacuate generic public within 3 km

Upon declaration of “Alert”, the public recreation area inside EPZ will be closed and all the tourists will be
asked to leave immediately. Traffic control should be implemented to prevent individuals or vehicles from
entering EPZ. Upon declaration of a “Site Area Emergency”, the nuclear emergency siren would be issued,
meanwhile precaution evacuation of the vulnerable populations and shelter instruction of generic public
within EPZ will be implementing.

The siren and notification will be delivered to the publics via a pre-established emergency alert system
includes alert and notification systems by licensee, radio broadcast, village radio stations, vehicle broadcast,
social media, internet web sites, text message, telephone, TV, CBS, etc...... Once the alert being issued, the
affected villages and the police will urge the public to stay indoors, ensure the doors and windows are closed,
turn on TV or radio for information updated and waiting for further instructions.

Another action to be undertaken includes precaution evacuation of vulnerable populations within the EPZ.
After Fukushima accident, in order to prevent mass casualty due to large scale evacuation, staged
evacuation had been adopted. In the stage of “Site Area Emergency”, population need special help includes
residents in nursing homes and hospitals, and transportation dependent residents, will be instructed to
evacuate. In addition, generic public within 8 km will be instructed to shelter in house.

Upon declaration of “General Emergency”, it is crucial to instruct all the residents living within 3 km around
the nuclear power plant to evacuate immediately as soon as it is possible to do so safely.

Each category of nuclear emergency warrants off-site response organizations to alert the public or to start
implementation of the predetermined urgent protective actions as shown in Table III. Off-site emergency
response guidelines need to be identified in advance during the preparedness phase of emergency



management. This is to ensure that effective protective actions and other response actions can be promptly
and appropriately implemented to protect the public that are consistent with the hazard.

Table III. Emergency Response Guidelines for Response Organizations

Alert Site Area Emergency General Emergency

1. Activate onsite 1. Phone notification to 1. Phone notification to
emergency response competent authority competent authority
organization. within 15 minutes; within 15 minutes;

2. Phone notification to submit written report submit written report
competent authority every hour. every hour.
within 15 minutes; 2. Rush repair. 2. Rush repair.

. submit written report 3. Onsite radiation 3. Onsite radiation
Licensees . .
every hour. detection. detection.

3. Rush repair. 4. Accident assessment and | 4. Accident assessment

4. Onsite radiation detection, dose evaluation. and dose evaluation

5. Accident assessment.

6. Check availability of
alert and notification
system.

1. Declaration of nuclear 1. Declaration of nuclear 1. Declaration of nuclear
accident classification accident classification accident classification.
and Emergency and Emergency 2. Command to :
Activation Level-2. Activation Level-1. (1) Evacuate public

National 2. Command to close 2. Command to: within 3 km.
Nuclear public recreation areas. (1) Issue nuclear (2) Inform Public in the
Emergency | 3. Press release. emergency sirens. region of 3-8 km to
Response (2) Inform public to shelter shelter in house.
Center in house. 3. Press release.
(3) Precautionary evacuate
special needs group
within EPZ.
3. Press release.

1. Emergency Activation 1. Emergency Activation 1. Evacuate public within
Level-2. Level-1. 3 km.

2. Close public recreation | 2. Issue nuclear emergency | 2. Inform Public in the
areas and inform tourist sirens. region of 3-8 km to
to evacuate. 3. Inform public to shelter downwind side shelter

Regional 3. Contamination in house. in house.
Nuclear screening stations setup | 4. Precautionary evacuate 3. Reception Center
Emergency preparedness. special needs group activated.
Response 4. Traffic control. within EPZ. 4. Todine tablet
Center 5. Press release. 5. Contamination screening arrangement and
stations activated. distribution.
6. Traffic control. 5. Traffic control.
7. Press release. 6. Press release.
8. Reception center
preparedness




1. Emergency Activation Emergency Activation . Dose evaluation and
Level-2. Level-1. PPAs suggestion
2. Meteorological data Issue nuclear emergency . Radiation detection.
collection. sirens. (land, sea and air)
Nuclear 3. Check availability of Land radiation detection Environmental
Emergency alert and notification within EPZ. sampling and
Radiation system. Joint operation at laboratory analysis.
Monitoring contamination screening
and  dose stations. (personnel and
assessment vehicle radiation
center detection)
Dose evaluation and
PPAs suggestion.
Mobile radiation
detection deployment.
1. Emergency Activation Emergency Activation Joint operation at
Level-2. Level-1. contamination
Joint operation at screening stations and
Nuclear contamination screening reception center.
Emergency stations. (personnel and Support air radiation
Support vehicle decontamination) detection.
Center Traffic control and area Traffic control and
control. area control.
4. 8-16 km land radiation
detection.

2.2.3. Operational Intervention Levels (OILs) System

Following a release of radioactive material from the reactor core or spent fuel pool from deterioration of
the accident, those areas not evacuated should be promptly monitored to identify contaminated area and
hotspots in order to implement urgent protective actions and additional response actions based on
environmental radiation level.

Operational intervention levels (OILs) are the predetermined values transformed from generic criteria of
particular protective actions, which could immediately and directly trigger corresponding actions in nuclear
emergency. Predetermined OILs in Taiwan are illustrated in table IV according to “Reference Guidelines
for Decision Making on Public Protective Actions in a Nuclear Accident”. The main idea of this reference
guideline is to identify areas with hotspots in order to help the CDRC make comprehensive decisions on
public protective actions after a radioactive release.

As showed in table IV, four OILs are used in Taiwan. Upon the environmental radiation measurements from
field monitoring instruments or laboratory analysis exceeding these OILs, particular response action will
be conducted. Among these predetermined operational criteria,OIL1, OIL2 and OIL3 are provided for
ground deposition dose rates (uSv/h at 1 m above ground level) used to determine where warrant evacuation,
relocation or restrictions on food and drinking water that may have been contaminated. As soon as OILI is
exceeding, public in the affected areas should be instructed to evacuate immediately. Once the monitoring
results exceed OIL2, residents in the affected area should be informed to relocate in accordance with
complete program in weeks to months. OIL 3 is to decide if off-site decision maker should instruct to restrict
consumption of food and drinking water which could represent a risk with contamination until further
assessments are performed. OIL4 is used to examine if radioactive material deposition on the skin of



individuals exceeding limitations and decontamination procedures needed.

Meanwhile, the dose evaluation system is still proceeding and updating the predicted dose as assistance
for CDRC to make more comprehensive decisions on protective actions, as a result, the table V also lists
part of the interventional levels from “Regulations for Public Protective Actions in Nuclear Accident” to
make it more easy to use for off-site decision makers.

Table IV. OILs and intervention level of public protective actions

Operational Intervention Levels Intervention Level
Timing After radionuclide released Before and After radionuclide
released
Shelter Averted Dose: >10 mSv in 2 days

lodine Tablet Averted Dose: 2100 mSv of Hrhyroid)

Administration
) Dose rate at 1lm above .

Evacuation OIL1 around level © > 500uSv/h Averted Dose:50-100 mSv in 7 days
Measures Temporary OIL2 Dose rate at 1lm above

Relocation ground level : > 20 puSv/h

Food and water OIL3 Dose rate at Im above

Restrictions ground level : > 0.5uSv/h

Decontamination OIL4 Dose rate at 10cm from

of Individuals skin : >1uSv/h

3. APPILICATION

After the foregoing emergency response scheme was put into effect, relevant response units were in charge
of formulating procedures, preparing essential equipment and carrying out personnel training.

The foregoing emergency response scheme was put into practice in Taiwan’s annual full-scale nuclear
emergency exercise to validate the feasibility and availability. It’s also an excellent opportunity for related
competent authorities and response personnel to get familiar with the mechanism.

Take 2022 nuclear emergency exercise to illustrate, which was launched at Maanshan NPP in southern
Taiwan to practice and test the nuclear emergency response plans and procedures. The scenario simulation
was complex disaster which includes nuclear accident, earthquake, storm surges, and pandemic, triggers a
loss of both onsite and offsite AC electric power supply. The simulated accident turned out deteriorating
into General Emergency and led to release of radioactive material.

At the beginning of the exercise, the EALSs system has been applied upon a situation of Alert was achieved
toward declaration of a nuclear emergency, which prompted all response units to implement corresponding
PPAs according to Table III. The dose evaluation and environmental radiation monitoring were carrying
out immediately after relevant response units have settled in. Successively the OIL system has been
activated when radioactive material released. Environmental radiation monitoring through field detection
of land, sea and airborne, as well as environmental sampling and laboratory analysis, all collected data
would be integrated into a unified platform.(Figure 2) Once any data or reading exceeding the limitations
shown in Table IV, corresponding response actions will be executed in accordance with command from
CDRC. Meanwhile, the dose evaluation system keeps on proceeding and updating the predicted dose as
assistance for CDRC to make more comprehensive decisions on protective actions. (Figure 3)
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Figure 2. Real-Time Environmental Radiation Monitoring in the 2022 Nuclear Emergency Exercise
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4. CONCLUSIONS

The aim of public protective actions in a nuclear emergency is to prevent deterministic effects of acute
radiation exposure and to reduce stochastic risks of chronic radiation exposure. For this purpose, it’s crucial
to establish a complete framework on determination of the implementation time of each protective action.
In Taiwan, current mechanism includes dose evaluation system, EALs and OILs system, which is to set up
a standard for decision-maker to determine the necessary actions to be taken for the public and responders
in a nuclear accident. These systems are complementary to each other for CDRC to make right and quick
decisions on public protective actions.

This emergency response scheme is not unchangeable and will be constantly reviewed and improved.
Optimization through conduction of nuclear emergency exercise periodically and continue study on
international documents to verify the availability and practicality of current measures, and the public health
system can be maintained consistent with international development trends for public safety. As the
competent authority of nuclear emergency in Taiwan, it is NSC’s duty to guard public’s health from harmed
by nuclear accident. Constantly improving the emergency response scheme to ensure nuclear safety is the
only way to achieve a sustainable nuclear future.
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