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a b s t r a c t

The purpose of this research is to introduce the technical standard of accident sequence

precursor (ASP) analysis, and to propose a case study using the dynamic-probabilistic safety

assessment (D-PSA) approach. The D-PSA approach can aid in the determination of high-

risk/low-frequency accident scenarios from all potential scenarios. It can also be used to

investigate the dynamic interaction between the physical state and the actions of the

operator in an accident situation for risk quantification. This approach lends significant

potential for safety analysis. Furthermore, the D-PSA approach provides amore realistic risk

assessment by minimizing assumptions used in the conventional PSA model so-called the

static-PSA model, which are relatively static in comparison. We performed risk quantifica-

tion of a steam generator tube rupture (SGTR) accident using the dynamic event tree (DET)

methodology, which is themost widely usedmethodology in D-PSA. The risk quantification

results of D-PSA and S-PSA are compared and evaluated. Suggestions and recommendations

for using D-PSA are described in order to provide a technical perspective.

Copyright © 2017, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

The event-tree-based methodologies are extensively used to

perform reliability and safety assessments of complex and

critical engineering systems. One disadvantage of these

methods is that the timing/sequencing of events and system

dynamics is not explicitly accounted for in the analysis. Several

techniques, such as dynamic-probabilistic safety assessment

(D-PSA), have been developed in order to overcome these lim-

itations. Monte Carlo simulation and dynamic event tree (DET)

are two of the most widely used D-PSA methodologies for the

safety assessment of nuclear power plants (NPPs) [1].

In the 1990s, the D-PSAwas applied only in limited accident

scenarios such as a steam generator tube rupture (SGTR) acci-

dent because of a lack of available computational power. In the

2000s, Monte Carlo or DET was used for the support of existing
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safety analysis. Several tools have been developed under the

DET framework: Monte Carlo dynamic event tree (MCDET) [2],

analysis of dynamic accident progression trees (ADAPT) [3],

simulation code system for integrated safety assessment

(SCAIS) [4], and reactor analysis and virtual control environ-

ment (RAVEN) [1]. Currently, RAVEN, accident dynamic simu-

lator (ADS), andADAPTcodes are used for designbasis accident

(DBA) and severe accident analysis in the United States. By

using theD-PSAapproach, it is possible toderivehigh-risk/low-

frequency accident scenarios through the derivation of all

possible scenarios and to reflect the dynamic interaction be-

tween the physical state of the plant in the accident situation

and the actions of the operator in the risk quantification.

In this paper, an SGTRaccident in aKoreanNPPwas studied

using theDET in theD-PSA to investigate the applicability of D-

PSA for accident sequence precursor (ASP) analysis. The risk

quantification results from the D-PSA and the conventional

PSA, the so-called static PSA (S-PSA) due to its relatively fixed

nature, were compared. The authors recommended applica-

tion plans and described the expected outcomes of D-PSA.

2. Materials and methods

2.1. ASP analysis

The primary objective of the ASP program is to systematically

evaluate operating experiences to identify, document, and

rank those events in terms of the potential for inadequate core

cooling and core damage. In addition, the program has the

following secondary objectives: (1) to categorize the pre-

cursors for plant-specific and generic implications; (2) to

provide ameasure that can be used to trend nuclear plant core

damage risk; and (3) to provide a partial check on PSA-

predicted dominant core damage scenarios [5].

Events were selected and documented as precursors to

potential severe core damage accidents (accident sequence

precursors) if the conditional probability of subsequent core

damage exceeds at least 1.0�6.

2.2. D-PSA approach

The DET integrates the plant physical model, operator crew

state model, and equipment model based on dynamic in-

teractions in an accident situation. It conducts a new genera-

tion of branch points and analyzes potential accident

sequences using the DET scheduler [6]. The DET has a function

that is responsible for sharing and exchanging information

between themodelswhile reflectingdynamic interactions inan

accident situation. Each model is briefly described as follows.

2.2.1. Plant physical model
This provides the NPP states and thermal hydraulic parame-

ters by integrating information regarding operator action, the

probability distribution from the operator/crew state model,

and the equipment model.

2.2.2. Operator crew state model
Thismodel calculates the probability of operator action failure

and determines the probability of the samples assuming the

distribution of operator actions. The probability of the sam-

ples is used for the calculation of core damage frequency

(CDF).

2.2.3. Equipment model
The equipment model determines the reliability of automatic

andmanual operation of equipment. The reliability is used for

the calculation of CDF. For realistic calculation, the reliability

of the equipment model includes the aging effect and thermal

hydraulic conditions in an accident situation.

2.2.4. DET scheduler
This provides new generation and analysis for branches of

potential accident sequences. The DET scheduler performs

the acquisition/distribution of information for eachmodule at

a specified time interval. In addition, it sets up the truncation

criteria for determining the interruption of analysis and as-

signs the boundary condition of thermalehydraulic analysis.

The schematic diagram of the DET is shown in Fig. 1.

Fig. 1 e Schematic diagram of dynamic event tree and dynamic interactions in nuclear power plants. BP, branch probability;

DET, dynamic event tree; HPSI, high-pressure safety injection; NPP, nuclear power plant; PORV, pilot operated relief valve;

SGTR, steam generator tube rupture.
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