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1. Nuclear safety regulatory requirements regarding PSA

The PSA topic is in Chapter 19 of the Safety Analysis Report
and is a nuclear power plant license document. The National
Nuclear Safety Administration has clear requirements for

the format and content of the PSA report.
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At present, a comprehensive system of PSA-related
regulations and standards has been formed in China,
including nuclear safety regulations, guidelines, technical
policies and industry standards.
HelENBEF AL 2ENPSAEXEMITESR, &
REREEZM. SN, RARBRMTIRE.

EAHEREN N 2T
BAMAR-ETNE

19.1 BERENME
19.1.1 PSA 855 ]

19.1.1.1 PSA i3 3t Bt e e B

19.1.1.2 PSA 7 ¥ W[ 3. W i Fi-BL i1 3

19.1.1.3 A& 5 3 5 |

19.1.2PSA #9/f &
19.1.2.1PSA Bk E
19.1.22 PSA W
19.1.2.3 PSA 45 A 14 %

19124 PSA %P 5 EH
19.1.3 A4 F4 PSA

19.1.3.1 W% — 4 PSA
19.1.3.2 W ZE ¢ — 4 PSA

19.1.4 84 F %4 PSA
19.1.4.1 S B4R An e

19.1.42 F# K X PSA
19.1.4.3 ] # A PSA
19.1.4.4 1 PSA

19.1.4.X 3t - 244 PSA

19.1.5 % MBI 48 36 R [ 24T
19.1.6 %3t

Format and Content of PSA




I 1. Nuclear safety regulatory requirements regarding PSA

B Safety regulations for the design of nuclear power plants

B ZHANRTRENE

O 4.7.1 A comprehensive deterministic safety evaluation and
probabilistic safety evaluation must be carried out throughout
the design process of the nuclear power plant to ensure that all
design safety requirements are met at all stages of the nuclear
power plant life cycle and to confirm that the design delivered at
completion, operation and modification meets the requirements
of manufacture and construction.
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Safety regulations for the design of nuclear power plants



1. Nuclear safety regulatory requirements regarding PSA

m Safety regulations for the design of nuclear power plants

B ZHARTREHE

O 5.8.3 The design must take into account probabilistic safety analysis for all operating modes and all states
(including shutdown conditions) of the nuclear power plant:

O 5.8.3 Rt AnESEEZNAI FIEETERIHIFIENRS (BREETR) THBREZLS1:

1 Demonstrate that the overall design is balanced, that no single facility or assumed initial event would
make an excessive or significantly uncertain contribution to the overall risk, and that the levels of defence in
depth should be as independent as practicable;
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1. Nuclear safety regulatory requirements regarding PSA

m Safety regulations for the design of nuclear power plants
B ZHARTREHE
2 Providing assurance that cliff edge effects will be prevented in the nuclear power plant;

2 RAZEN T A EREBS R ;

3 Compare the results of the analysis with the acceptance criteria for risk where these have been specified.

3 B RERME M ERIMBLENHITLLE.



1. Nuclear safety regulatory requirements regarding PSA

B In the HTR-PM safety review, in addition to complying with China's current effective nuclear safety
regulations and standards, the principles of high-temperature reactor review are formulated to clarify the
position of the National Nuclear Safety Administration on some important issues in the HTR-PM safety
review.
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Principles for the review of high-temperature reactors



1. Nuclear safety regulatory requirements regarding PSA

Principles for the review of high-temperature reactors
imE R RN

O Nuclear Safety Guideline HAD102/17 '"Safety Evaluation and Verification of Nuclear Power Plants"

recommends probabilistic safety objectives for new nuclear power plants: the frequency of core damage is

less than 10~ per reactor year, and the frequency of large amounts of radioactive material release is less

than 106 per reactor year.
O ZZ£SMWHAD102/17 (&N ZEIFNHSIIE) PHEETIHENA EZ£BR: Bk
WERERINF10-5/1-F, BEHEYIRKERFMIRERNTF 1075/ £F,



1. Nuclear safety regulatory requirements regarding PSA

Principles for the review of high-temperature reactors
imE R RN

O According to the characteristics of HTR-PM, the recommended probabilistic safety objective is as follows:

using probabilistic safety analysis, the cumulative frequency of all beyond design-basis accident sequences

that lead to an individual effective dose exceeding S0mSv off-site (including at the site boundary) should be

less than 10-%/reactor year.

O $HXHTR-PMBYGR, AEHEENHRZLAIRE: RBHERES, MESEIRI (B8R
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1. Nuclear safety regulatory requirements regarding PSA

B Principles for the review of high-temperature reactors

B SiREEITET

0 The important role of deterministic safety methods in ensuring the safety of nuclear power plants has been
proved by a large number of practices. However, the development of deterministic methods for traditional
pressurized water reactor nuclear power plants and boiling water reactor nuclear power plants has been
relatively complete, while for other types of reactors and some reactors of innovative design, relatively

complete deterministic safety requirements have not been established.

O BEICEREZE REFENEZR(FRCAXELERFMIER, BRXF ERIEKERZEIT, #KHEZ
R FREIERiZNRREILRE, MYTFHERMENEMBEIRMNE, RREUTENZEEK.
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1. Nuclear safety regulatory requirements regarding PSA

Principles for the review of high-temperature reactors

imE R RN
For HTR-PM, probabilistic safety analysis can be used to support the following tasks:
YFHTR-PM, HIERESIFRILASIISM TAITIIE:

Confirm that the safety objectives of the HTR-PM are met, including the probabilistic safety objectives;HfiiAi@E J HTR-
PMEIZZB1R, SiEHEZLHIR;
Support the division of plant states of HTR-PM;3Z3FHTR-PMBJ ARSHIXI S ;
Support the selection of the important beyond design-basis accident sequence to be considered in the design of HTR-PM;
ZIFXIHTR-PMIRIT RS BRI T B R E RS F5I rYERY ;
Support the selection and determination of accident source items; 3z3FSREGIRIRAYEEFIIRE ;
Support the establishment of HTR-PM defense-in-depth level; 3Z3FHTR-PMN RGBS H ;
Ay,

Support the formulation of HTR-PM technical specifications; SZ{FHTR-PMIZS{ TR AIUZIBAIFIE;
Support the establishment or adjustment of certain specific safety requirements. SZiFF LB P T LERAEIISKIFEE,



I 2. Review of PSA for HTR-PM

B HTR-PM performs probabilistic safety analysis (PSA) during the design phase to evaluate the overall risk
level of the plant and identify weaknesses to support HTR-PM's demonstration of compliance with safety

objectives.

B HTR-PMEGiITMEBRARTEHERZSST (PSA) IT{E, AFFEMEBI ZFREKEHLINESTRY, X
FHTR-PMMFEZL£BIRGSHEANCIES.




2. Review of PSA for HTR-PM

1. Internal event PSAPJERSR{4PSA
Combined with the construction design of HTR-PM, the PSA of internal events under power operation and
low power shutdown conditions was completed. The integrated analysis framework of level 1 and 2 PSA was
adopted, that is, the possible types of radioactive release were considered when analyzing the state of the accident
sequence.

ES/HTR-PMEELRITRYIER, S 7 UERSITHIRIZREETRAEREMAPSA, KA1, 24RPSASEREUAY
PIRSRE, BESrRESFESIRIRSEIS B eI sERInNET .
O 2. Internal fire PSAFIERANRPSA

With reference to the fire PSA development method of NUREG/CR-6850 pressurized water reactor nuclear
power plant, the fire PSA work of high temperature gas cooled reactor is explored and carried out. According to
the actual situation of HTR-PM, the fire risk assessment method of HTR-PM is studied by taking a typical plant
as an example.

SENUREG/CR-6850 EIKHHZEI KRPSA ARFi%, REHFRTBESSHERNRPSATIE. RIE
HTR-PMBIEEERER . DIHBET EAGLhET T B S0 N R KBS 1 TFAN 7 EBItH 5.



2. Review of PSA for HTR-PM

O 3. Internal flooding of PSA FAI&R7Ki#&PSA
A simplified but conservative approach was used to assess flooding risk.
KA T RICERTFRIBIIIKERBLHRITIEMN.
O 4. Seismic risk assessment ItZEXEEiF4f
The PRA-Based seismic margin assessment method was used to demonstrate that the HTR-PM has sufficient

margin beyond the design basis ground motion level to ensure the safety of the nuclear power plant.

KHAPRA-BasedinRBET15i%, ICIEHERITEHERREIKEZ £, HTR-PMIBEBRIHE, =L
(RIEZEBI NRE,



2. Review of PSA for HTR-PM

B Applications of PSA technology in HTR-PM include:
B PSAEAEHTR-PMAARINAEREHE:
O 1 Demonstration of safety objectives &£ BiFSiiE

According to the results of the PSA of HTR-PM, the individual effective dose consequence of the other release
categories is less than 50 mSyv, except for the release category LARGE. Conservatively assuming that all accident
sequences attributed LARGE category will result in large release consequences with dose exceeding S0 mSyv, the
cumulative frequency of accident sequences resulting in a large number of release consequences can be expected

to be on the order of 10-3 per reactor year.

RIEHTR-PMBIIEZ L DRGSR, IREMFELARGESr, HERMEHNMABIFIEERENF50mSy,
FEFRIZSERENRLARGER FIAFMFFIEISERAIEEIS0MSVRIIKRIENGR, ERKXERNERINE
S RITSRERFRITE10-8 SBifELF,



2. Review of PSA for HTR-PM

O 2 plant states divisionBJ] XSk 9

The plant operation state of HTR-PM is divided into four categories, which include anticipated operating
event, design basis accident, and beyond design basic accident in addition to normal operation state. The
frequency range of anticipated operating event, design basis accident is based on the frequency of postulated
initiating events, while the identification of beyond design basic accident is based on the frequency of the accident
sequence, combined with deterministic method and engineering judgment. The determination of the principal
above has gone through many discussions and consultations, in which the views and information from PSA play
an important role.

HTR-PM REBTRSIRIEREESTIRIN, ERBEFTETHEMS. &irEESHMEgiTEESEE. Fut
BTHEM, RITEHEFEEREEYS MR A SHIREREAKE, BiRiTEERY S8EFhEITHE M.
IGTEHESHZIMIFMERSES, MSUSHFEFIRREAE | FESRECHIRE R, LikilaEN
RIEE, BETZXWieHnE, HPREM=R2 S =fEREEHDPIRET EZ0ER.



2. Review of PSA for HTR-PM

O 3 Selection of important beyond design basic accident sequences #8iZitE R INEER5%EH
HTR-PM tries to propose a set of principles that are suitable for the characteristics of the risk spectrum of
HTR, and combines probabilistic, deterministic and engineering judgments, conducts an study of the beyond

design basic accident sequence, and proposes the important beyond design basis accident sequences that need to

be considered in the design of HTR-PM.
HTR-PMZidiRhEATFERENICIT =Y. #$2=ie, MECHIEARBSESHEN, WEgitEES

BEFEFIHRITHT, REHTR-PMIGTHREEMLISENERITTEESHNERSHF.



2. Review of PSA for HTR-PM

O 4 Demonstration of design alternativesiZitF ZEitiiE

In the process of important design adjustments or solidification, HTR-PM adopts a comprehensive decision-
making approach, and the information or viewpoints of probabilistic safety analysis have always been important
input information to be considered in comprehensive decision-making. It should be pointed out that the
participation and support of probabilistic safety analysis in design does not necessarily mean that specific
improvement plans must be proposed by probabilistic safety analysts. In the process of design scheme
argumentation, probabilistic safety analysis plays an important role in understanding the impact of safety, the
balance between safety and availability, and other aspects.

HTR-PMEEZZIT A RFERE(LZER, MEZESTINERSMSA—ERGZSRRETENER
BANMSR. PSAS5GiITHIIFRIT, AFAEKEEMEPSAARFRERERIBGHSITRIER. ERItHEE
iCIEgER, PSAXTFREERIN. REHESTAMNFGEFAHENRNELIE T ER(ER.



3. Future applications of PSA

In 2019, NEI published the Risk-Informed Performance-Based Technology Inclusive Guidance for Non-Light
Water Reactor Licensing Basis Development (NEI 18-04) for the Advanced Non-Light Water Reactor Licensing
Modernization Project. This document presents a technology-inclusive, risk-informed, and performance-based
(TI-RIPB) process for selection of Licensing Basis Events (LBEs); safety classification of structures, systems, and
components (SSCs) and associated risk-informed special treatments; and determination of defense-in-depth (DID)
adequacy for non-light water reactors (non-LWRs) including, but not limited to, molten salt reactors, high-
temperature gas cooled reactors. This guidance provides applicants one acceptable method for establishing the
aforementioned topics as part of demonstrating a specific design provides reasonable assurance of adequate
radiological protection.

20195F, RISHIERKREHERERIFRIICCLIE, NEIZT TNEI 18-04, NMETHRARSE. RIS
MEFEEE (TI-RIPB) p9iZiE, AFIER/KMEEFMEBEESRM (LBE) . 895Y. RHAMLF (SSC) A
REFHRINBXRIEIES | RSHRLEANREIFRKRAMIENREGE (DID) D, FSNAREEHRHT
—MEERINGE, BFRELRNE, AFERITAEIIIFRS R T SIBFRIE



3. Future applications of PSA

Step 1: Selection of licensing basis events Establish a frequency-consequence curve and

select licensing basis events
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3. Future applications of PSA

Step 2: safety classification of structures, systems, and equipment
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II 3. Future applications of PSA

Step 3: evaluation of defense-in-depth (DID) adequacy
=% YRBENFTES T

Risk-Informed and
Performance-Based Evaluation
of Defense-in-Depth

Risk insights and judgments to
enhance plant capabilities

Deterministic

B Input to LBE selection
* Input to 55C safety classification
= Input to 55C performance requirements
* Evaluation of LBEs vs. layers of defense
» Evaluation of risk margins of LBEs vs. F-C and
cumulative risk targets
= Evaluation of uncertainties and protective
measures
|__* Demonstration of adequate defense-in-depth

Risk insights and judgments to
enhance programmatic assurance

Evaluation

Plant Capability
Defense-in-Depth

Programmatic
Defense-in-Depth

* Inherent reactor, facility, and site characteristics

» Radionuclide physical and functional barriers

* Passive and active S5Cs in performance of safety
functions

= 55C reliability in prevention of events

» S5C capability in mitigation of events

* S5C redundancy and diversity

* Defenses against common cause failures

* Conservative design marginsin S5C performance

| | * Performance targetsfor S5C reliability and capability

» Design, testing, manufacturing, construction, operations, and
maintenance programs to meet performance targets

= Tests, inspections, and monitoring of S5C performance and
carrective actions

* Operational procedures and training to compensate for human
errors, equipment failures, and uncertainties

= Technical specifications to bound uncertainties

* Capabilities for emergency plan protective actions
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3. Future applications of PSA

The National Nuclear Safety Administration established a special working group for the evaluation and
supervision of the demonstration project of high-temperature gas cooled reactor nuclear power plants in 2023,
urging design and operation units to strengthen in-depth research on high-temperature gas cooled reactor
technology, effectively carry out subsequent design optimization, and continuously improve the safety and
stability of high-temperature gas cooled reactor operation.Based on the safety characteristics of high-
temperature reactors, a safety supervision methodology, implementation path, and specific regulatory
requirements for high-temperature gas cooled reactors will be constructed in conjunction with NEI 18-04 in the
future.

EXRZZLET2023F USRS SEZBINRELIEFRITLREENIFA, SRS MINE
WRIRSSHERATRRAANAR, ERNEFEERZITHN, FAEHEARRSIEESTHREEMRENH.
BEFSRENR2I5E, BEISESNEl 18-04 2R aSNRENREEELZIC. EMBENRANESE
XK.



Thank you for your attention !
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