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ABSTRACT 

Probabilistic Safety Assessment has become a key tool as on today to identify and 

understand Nuclear Power Plant vulnerabilities. As a result of the availability of these PSA 

studies, there is a desire to use them to enhance plant safety and to operate the nuclear 

stations in the most efficient manner 

Risk Monitor is a PC based tool, which computes the real time safety level and 

assists plant personnel to manage day-to-day activities Risk Monitor is a PC based user 

friendly software tool used for modification and re-analysis of a nuclear Power plant. 

Operation of Risk Monitor is based on PSA methods for assisting in day to day 

applications Risk Monitoring programs can assess the risk profile and are used to 

optimise the operation of Nuclear Power Plants with respect to a minimum risk level over 

the operating time. 

This report presents the background activities of Risk Monitor, its application 

areas and also gives the status of such tools in international scenarios The software is 

based on the PSA model of Kaiga generating station and would be applicable to similar 

design configuration 
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1. INTRODUCTION 

Risk Monitoring can be defined as being the process whereby a complex technical 

facility is continuously monitored as regards the functioning or non-functioning of its 

different subsystems and the overall risk emanating from the facility is evaluated on the 

basis of this information In the widest sense it can be regarded as being part of the risk 

management of a plant. 

Risk Monitoring provides safety status information for a plant and thus aids 

decision making about whether continued plant operation is tolerable under certain system 

function outages. It may also support operations and be of help deciding on maintenance 

strategies allowing immediate assessment of different plant configurations. Besides 

addressing specific plant requirements it is an on-line tool showing actual risk situation 

thus overcoming possibly unnecessarily restrictive elements of requirement and point out 

procedures not conducive to safety. 

The main benefit therefore lies in being able to avoid unfavorable plant states, as it 

has been noted that some equipment configurations can cause increases in core damage 

frequencies of two orders of magnitude above the base line risk level. For outages 

regarding double component combinations plant can move very quickly from normal to 

high core melt frequency levels, i.e. marginal combinations of components can cause 

significant core damage probability contributions if the duration of outages is not 

controlled 

In Nuclear Power Plants, safety is the major concern. Probabilistic Safety 

Assessment (PSA) analysis leads insight into plant processes and mechanisms and possible 

interaction between plant systems, both for existing plants with operating histories and for 

plants still in the design stage. In view of this, on-line safety assessment has received lot o f 

attention from operation and maintenance personnel. It has been felt from experience that 

safety level of a plant varies over a wide range whenever the plant configuration is 
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disturbed for the purpose of testing and maintenance Considerable changes occur in 

components and system design and subsequent operation due to changes in plant 

configuration and their operating procedures These changes can be originated because 

some components are randomly down and others can be planned for test, maintenance and 

repair 

This necessitates a PC based tool, which computes the real time safety level and 

assists plant personnel to manage day-to-day activities Risk Monitor is a PC based user 

friendly software tool used for modification and re-analysis of a nuclear Power plant. 

Operation of Risk Monitor is based on PSA methods for assisting in day to day 

applications Risk Monitoring programs can assess the risk profile and are used to 

optimise the operation in Nuclear Power Plants with respect to a minimum risk level over 

the operating time A prototype of Risk Monitor has been developed, which is described in 

detail in this report 
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2 . REVIEW OF PSA METHODOLOGY 

Probabilistic Safety Assessment (PSA) is an analytical technique for integrating diverse 

aspects o f design and operation in order to assess the risk of a particular NPP and to 

develop an information base for analysing plant specific and generic issues 

PSA aims at 

(1) Identifying the Initiating Events (IEs) that may lead to severe accident in 

conjunction with the unavailability of associated safety systems. 

(2) Assessing the Initiating Event Frequency. 

(3) Evaluating the Accident Sequence Frequency and resulting Core Damage 

Frequency 

Customarily, three levels of PSA are identified, depending on the scope of analysis. 

Level 1 : System Analysis. 

Consists of definition and quantification of accident sequences, component 

data, human reliability etc 

Level 2. Containment Analysis 

Consists of Level 1 analysis and analysis of physical process of Core melt 

accidents and radioactive nuclide release, their behavior in the Primary 

Heat Transport system and transport in the containment 

Level 3: Consequence Analysis 

Consists of Level 1, Level 2 analysis and analysis of environmental 

transport and consequence in public domain. 
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Mostly, Level 1 PSA is considered more important and analysis is limited over 

there, since it is very much essential to prevent core damage accident To compensate for 

potential human and mechanical failures, a "defense in depth" concept is implemented, 

centered on several levels of protection including successive barriers preventing the release 

of radioactive matenal to the environment Further, in case of breach in any barriers, 

Engineered Safety Features (ESFs) are provided to mitigate its consequences. The 

concept includes protection of barriers, by averting damage to the plant and to the barriers 

themselves It also includes further measures to protect the public and environment from 

harm in case these barriers are not fully effective 

2.1 Core Damage Frequency Calculations 

Accident Sequences are identified, which could contribute to the Core Damage 

Frequency (CDF), which in turn gives an indication of associated risk. Accident Sequences 

are identified using event tree methodology. In view of the "defense in depth'1 approach 

applied in reactor design, an accident situation occurs when an initiating event is coupled 

with the unavailability of one or more ESFs Unavailability can be obtained from fault 

trees for the particular systems. This leads to the evaluation of overall Core Damage 

Frequency 

Risk = £ Accident Sequence Frequency * Consequences 
Al l A c c i d e n t H q u e n c c t 

Accident Sequence = Initiating Event Frequency * Unavailability of one or more Safety 
Frequency systems associated with the IE for mitigation 

Some of the initiating events considered in Nuclear Power Plants are: 

(i) LOCA 



(ü) Power supply Failure 

(iÜ) Feed Water System Failure 

(iv) Process Water System Failure, etc 

The plant logic diagram is given in Figure 2 1 

DOMINANT A C C I D E N T 

S E Q U E N C E S 

IMIT1ATIATING EVENTS 
AND 
SAFETY SYSTEMS 

C O M P O N E N T S 

PLANT LOGIC DIAGRAM 

Figure 2.1 : Plant Logic Model 

2.2 Importance Measures. 

Identification of critical components has received considerable attention for the 

purpose of design modifications and maintenance. This lead to the emergence o f 

importance measures. Two commonly used importance measures are Risk Achievement 

Worth and Risk Reduction Worth of systems/components in terms of CDF 
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Risk Achievement Worth (RAW) of a system is denned as the increase in risk (in terms 

of CDF), when the system is failed or removed from service 

RAW-F(1 ) /F 
F -» Time averaged CDF 

F( 1 ) -*Risk level, when the particular system is unavailable. 

Risk Reduction Worth (RRW) of a system is defined as the reduction in risk (in terms of 

CDF), when the system is fully reliable. 

RRW = F/F(0) 
F ™> Time averaged CDF 

F(0) -> Risk level, when particular system unavailability is zero 

The RRW suggests the system or components that can reduce the risk effectively, 

if modified suitably The RAW signifies the importance of the system in achieving the 

present level of safety. 
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3. ABOUT RISK MONITOR 

Risk monitoring is a system whereby the results of a PSA study in the form of 

fault/event trees are embedded in a software package with some man/machine interfacing 

that calculates the momentary risk of a plant due to systems being taken out of service or 

put back to service Input or part of it to this software may be directly from plant sensors. 

Risk Monitors may be operated on-line, i.e. in real time or off-line and require the 

following: (i) The results of level 1 PSA, i.e. a full set of fault/event trees for the desired 

scenarios and (ii) A fast algorithm for evaluation of the fault/event trees 

In addition an on-line Risk Monitor requires the following features: (i) An expert 

system shell in which the above is embedded and which permits input to the fault/event 

trees to be made, possibly automatically by taking input from plant sensors or other plant 

monitoring systems (it) A man/machine interface for displaying the results 

3. 1 Technical Description 

Risk Monitors are based on the results of at least a level 1 PSA But, in addition, more 

systems need to be modeled in order to assess the plant risk at any stage. These are the 

Reactor Protection System, balance of plant systems, I&C systems and any actuation 

systems for engineered safety features as well as any systems that perform plant safety 

related functions. 

An on-line Risk Monitor requires continuously updated input data from the plant. These 

are fed into the relevant entry gates of the fault tree logic. The fault tree is evaluated and 

the risk based on this set of input values is displayed. Alternatively but less desirable the 

input may be carried out by hand at convenient intervals. 

Algorithms that can evaluate even large fault and event trees in a short time are an 

essential part of a risk monitor. Normally, fault and event trees are embedded within a 

software package as the knowledge base on which the calculations are performed. The 

software package performs the risk calculation based on the input, the event and fault 
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trees and suitably displays the results The embedding software may be of the type of an 

expert system shell 

3.2 Basic Methods 

The result of a plant PSA is in the form of fault and event trees with given quantified risk 

states These form the basis of the Risk Monitor Entries to the fault trees are given by the 

plant monitoring systems or are given as manual entries to the input points of the 

software The nsk is continuously evaluated on the basis of this information and the result 

is displayed in a suitable form, e g as a step function on a risk curve It is possible to use 

Risk Monitors tor performance monitoring or in a forward-looking mode. 

In the forward-looking mode various maintenance strategies may be simulated on the Risk 

Monitor and the resulting nsk profiles are evaluated before a decision for a particular 

strategy is made By way of example, the maintenance organisation may develop a 

proposed daily schedule for on-line maintenance activities This schedule is reviewed using 

the Risk Monitor and changes are recommended for those days when simultaneous 

removal of systems or components out of service may result in excessive risk 

Performance Monitoring may be used for a number of different purposes Application of 

the Risk Monitor in a "backward looking" mode allows comparison of e g the actual daily 

performance of a plant versus planned performance Also the daily risk profiles may be 

integrated over a 12-month period. Monitoring annual rolling average assures that the 

unavailabilities due to on-line maintenance and in particular unplanned events are not 

causing the integrated risk to exceed accepted values Initiating event frequencies are 

affected by unique plant features and design characteristics often implemented with the 

intent of minimising such frequencies 

3.3 International Scenario of Risk monitoring 

Throughout the world Risk and Safety Monitors are installed for daily use in an estimated 

50 nuclear power plants Table 3 1 gives an overview of Risk Monitoring systems and 

8 



associated software packages in use in various countries and their status of application in 

Nuclear Power Plant 

Table 3.1: Some Software Packages used as or in Risk Monitors (RM) 

Sys tem 

Name, 

State/Organi 

sat ion 

Status Key Features Level of Details 

DRM 

U.K. (NE)/5/ 

Pilot use Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management 

Level 1, human factor, 

CCF, full power only 

ESOP 

U.K. (NE) ni 
Full use Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management, 

compliance the tar- gets 

Level 1, human factor, 

CCF, full power only 

ESSM, Vers. 

2 2 

U K. (NE) 

ESSM, Vers. 

4 .0 /6 / 

Full use 

Full use 

Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management, 

compliance with targets 

Level 1, human factor, 

CCF, full power only 

LIPSAS 

J (PNC) mi 
Full use Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management, 

compliance with targets 

Level 1, human factor, 

CCF, full power and shut 

down risk 

PRISIM 

USA (Fussel) 

Full use 

in the past 

Use by plant operation 

jand management staff, 

Level 1, human factor, 

CCF, full power only 
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19/ "what if calculations 

RBI Man 

H (Veiki) 151 

Pilot use Risk advice within the 

NPP information system, 

"what if calculations 

Level 1, human factor, 

CCF, full power only 

RELADS, 

D { G R S ) /10, 

15 Used by 

plant 

operations for 

plant 

maintenance 

/ 

Under 

Develop

ment 

Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management, 

expert system shall 

Level 1, human factor, 

CCF, full power only, 

P&ID editor, fault trees, 

event trees 

REVEAL_WT 

M 

USA 

(Scientech) 

/5/ 

Under 

develop-

Ment 

Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI optimization, 

compliance with tar- gets 

Level 1, human factor, 

CCF, various plant states 

SAFETY 

MONI

TOR™, USA 

( N U S ) mi, 

1201 

Pilot use Use by plant operation 

and management staff, 

"what if calculations, 

AOT, S T I management, 

compliance with targets 

Level 1, human factor, 

CCF, full power, 

shutdown 

ORAM-

SENTINEL 

(Duke Power 

Co )/12/ 

Full use Used by plant operations 

for plant maintenance 

FORTE 

(Korea Power 

Engineering 

Full use Fast algorithm for 

evaluating Event/Fault 

trees built into various RM 

Used at various plants in 

different configurations 
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Co.) /3 / 

SAS, R&R 

Workstation, 

EOOS 

USA 

(SAIC)/13/ 
i 

Full use Use by plant operation 

and management staff, 

"what if calculations, 

AOT, STI management, 

compliance with targets, 

maintenance planning, 

Win-based 

Level 1, human factor, 

CCF, full power, 

shutdown 

Risk Doctor 

(N-QUAD 

Ltd.) at Paks 

NPP/21 / 

Full use Used by plant operations 

for planning plant 

maintenance and 

controlling risk 

Updated level 1 PSA 

1 1 



4. RISK MONITOR IN BARC 

With the above PSA and Risk Monitor background, a PC based tool. Risk Monitor, is 

being designed on similar lines for CDF revaluation and risk measures, based on plant 

configuration to advise the plant operations over a variety of safety issues 

4.1 Benefits of Risk Monitor 

(1) It provides a user-friendly interface for operators , who do not need to have detailed 

PSA background 

(2) On line configuration Management -> It can calculate the influence of random plant 

failures on the current plant unavailability 

(3) Component prioritisation with the emphasis on plant component to return to service. 

(4) Outage Planning -* It decreases the likelihood of shutdown due to unacceptable plant 

outage condition, since low risk strategies can be planned on a day-to-day basis 

4.2 Software Features for Risk Monitor 

(1) User friendly —• Microsoft Windows compatible. 

(2) Color-coded status bar, which present a qualitative indication of the level of risk 

associated with the current plant configuration. 

(3) Current status of all plant equipment. 

(4) Equipment prioritisation 

(5) Graphical plots -> To view historical plant operating risk 

4.3 Databases 

(1) Minimal cutsets of major process and safety systems 

(2) Results of plant specific PSA 
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(3) Event Trees and Fault Trees 

(4) Component Inventory with maintenance procedures 

(5) Failure data of components 

(6) Frequencies of all Initiating Events 

4.4 Computations required 

(1) Level 1 CDF 

(2) System Unavailabilities 

(3) Importance measures like RAW, RRW etc. for components and systems. 

(4) Graphical plots for risk profile and equipment prioritisation. 

(5) Accident Sequence Frequencies 

The block diagram is shown in Figure 4.1 

Database 

Fault Tree 

Event Tree 

Failure Data 

Maintenance 
Procedures 

R I S K M O N I T O R 

1 I 

User Interface 

Component 
Status 

Details 

I 
Maintenance 
Procedures 

Risk Indicators 

Operator Advice 

Graphical 
Display 

Bisk Profile 

Component 
Prioritisation 

Figure 4.1: Block Diagram of Risk Monitor 
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5. SPECIFIC TASK DESCRIPTION 

The programming for Risk Monitor is done in Visual C++ 5 The software is using 

file handling for retrieving and storing the data and also for transferring of data from one 

module to another module The software reads the component data from ASCII files with 

inp extension and minimal cutsets are stored with mes extension This software will be a 

general purpose package, which can re-evaluate risk for any plant configuration. For the 

purpose of verification of software, results of Kaiga PSA has been taken. We have 

considered 15 safety systems and seven initiating events for the risk calculations. 

Intermediate data arising during execution are stored in various temporary files with .inp 

extension. 

DESCRIPTION OF RISK MONITOR MODULES: 

The main window of the Risk Monitor program contains five menu items-

Calculations, Risk Profile, Databases, Help and Exit. The us£i interface of the risk monitor 

is shown above. User can select any one of the menu items either with the help of mouse 

or keyboard (using ALT + Keyword combination) Each of the menu item is described 

below 

(i) Calculations: 
This module performs evaluation of CDF, System Unavailabilities, RAW & RRW 

(both system wise & component wise). But user can change the system configurations 

only in CDF Re- evaluation module In other module user can view only the results The 

software uses file handling for transfer of data. 

ÇDF Re-evaluation-In this module user can change one or more system configuration 

by altering the failure probabilities of the components and the component status and 

one or more initiating event frequencies simultaneously. Different component types 

and their unavailability calculations are given in Appendix I 

1 4 
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Figure 5.1 : CDF Re-evaluation Window 

This module then calculates CDF when user clicks the 'Show CDF' push button and 

displays Accident Sequence Frequencies (ASFs) are also calculated and stored in a 

file If the module senses remarkable change in CDF w.r.t previous one, it shows the 

old CDF along with the % change w.r.t old CDF While coming out of the module it 

also prompts the user whether the changes are to be saved or not. lf YES is clicked, 

the changes get saved and the current CDF value goes into record User can come 

back to CDF-reevaluation dialog by clicking CANCEL button 

If user clicks NO button, then the impact of changes will be visible throughout the 

application, as long as the RISK MONITOR is functional After quitting the 

application, the previous configuration is restored. Hence the program can be used for 

testing of configuration also. If the configuration is not saved, the updations will be 

lost and won't be reflected on yearly or monthly profile. 
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RAW & RRW -

Actually system wise RAW & RRW are calculated in the CDF Re-evaluation module, 

but those remain hidden there User can view those calculated values by selecting 

RAW & RRW menu item A window appears in which RAWs and RRWs of various 

systems are listed Further the user can select any one of the systems to see RAWs and 

RRWs of the system component wise Of-course the component wise calculations are 

also done, when required system is selected Component wise values are displayed in 

an another dialog box 

These are illustrated below-

System unavailability -

Unavailabilities calculated during CDF calculations are stored in a temporarily file 

which can be seen in this module A list of all the safety systems is listed and user can 

select any one of these to see its current unavailability. The view of the module is as 

shown below If the change in system's unavailability is remarkable, it shows the old 

unavailability with the % change w.r.t old one. 

(ii) Risk Profile : 

The aim of this menu item is to show the user the history of plant risk as CDF vs 

time data. This data can be used to give decision-making capability to the software This 

can be used for maintenance planning of the plant configuration and systems in future 

Risk Data -

This shows the user the historical CDF value versus time data in tabulated form and 

give the information about the plant risk in the past User can click any particular data 

to see the corresponding change in the system configuration 

Risk Plot -

The module displays yearly Plot the CDF value versus Time, i.e., Risk Profile of any 

year. For viewing more information, monthly plot can also be seen In addition, user 

can click the left mouse button at any point of the graph to view the CDF value at that 

point and the corresponding cause for CDF change will be displayed 
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Graph has color coded status bars depicting four stages: Green for fully safe, Yeflf/w for 

normal, Pink for tending towards unsafe and Red for unsafe condition This presents a 

quantitative level of risk depending on CDF values 

Risk Plotting Q 

Figure 5.2 : Window of Risk Plot 

% Contribution of ASFs and Initiating Events -

This module represents the effects of plant status on the initiating events and accident 

sequences. 

Initiating event contributions are displayed in the form of Pie charts In order to verify the 

percentage of change, old and new pie charts are displayed. Thus, % contribution o f 

initiating events to CDF for old and updated plant status can be analysed 

Accident sequence contributions are displayed as menu items with a color code indicating 

their nature of change . All dominating accident sequences contributing to Core Damage 

are included in the List. Red indicates increase in accident sequence frequency, green 

indicates decrease in accident sequence frequency, and yellow indicates no change. 
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% Contribution 
initiating Events Accident Sequences Exit 

Figure 5.3 : Pie chart of Initiating Event Frequency Contribution 

% Contribution 
In mating Events Accident Sequences Exit 

S.N& WrtatongEvw* S Sefoty System 1 OWA5F I New ASF 1 X D m » * 
0 da«4 Oa»3 CWsi4Re HEFFS 1 6753245e-O05 1.6753245^005 0. 
1 APWCS HEFFS B.5e-006 6.5e-006 0. 
2 Ows4 Oass3 •«t4Re FFS 5.3777713e-O06 5 3777713e-006 0. 
3 APWCS FFS 2.0864321 e-006 2.0864921 e-006 0. 
4 MSLB HEECR ML 1.7496e-UÛ6 1.7436e-006 0 
5 Qa»4 SSR SDC 36117954e-O07 36117354e-007 0 
6 RPS 2Q348584e<l07 Z0348584e-007 0. 
7 MLOCA ECfJ ML 3.1832774e-O07 3.1832774^007 a — 
8 Oass4 SSR HESDC 1.2660586-007 1 266058e-007 0. 
9 MLOCA ECCR ML 1.4053605e-007 1.4053605e-007 0. 
10 Oassi Qass3 Class4Re SSR 2.4953624*-007 24953624e-007 0. 
11 AFWS AFWS HEFFS 8.6887976-0O9 B.688797e-008 0. 
12 FWS RPS 5 6976034e-008 5.6976034*̂ 008 a 
13 AFWS HEFFS HESDC 2 2724546*008 2 2724546e-OfJ8 o. , *] 

«1 I F 

Figure 5.4 : Accident Sequence Frequency Contribution 
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(Hi) Databases: 

This menu item when selected provides various options to the user User can select 

any system to see the respective data. Databases prohibit user to make any changes or 

alterations in the configurations. 

Fault Trees -

A list of various systems is displayed when this item is clicked. User can select any one 

of the systems to see its fault tree in pictorial form 

Systems Data -

When user clicks this item, list of various systems and corresponding unavailabilities is 

displayed first. User when selects any system, components' current failure probabilities 

and status are displayed. Here the user can only view the data but cannot alter it 

Initiating Event Data -

Clicking this item, the user can view corresponding frequencies of various initiating 

events along with the respective error factors. 

Event Trees -

This item when clicked displays a list of initiating events. User can select any one 

event o f which user wants to see event tree. It displays the event tree when user 

double clicks an event, which is illustrated above. 

Test & Maintenance procedures -(To be developed) 

Provides Operator advice on T&M issues depending on calculated CDF. 

(iv) Help: 

This menu item makes the user aware of the terminologies and definitions like 

CDF, Risk, Unavailability, Initiating events etc, because user may not know these In 

addition it will give the user the information about how to use the software. 
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6. APPLICATION & FUTUR K PLANS 

6.1 PSA Application in Safety Issues 

PSA results and the safety criteria can be extensively used in the design evaluation 

process for risk reduction and also for assessing the operational safety of the plants ina 

variety of applications Some important applications of Risk Monitor towards Safety 

Issues are explained below: 

(i) Decision Making in operations 

CDF value is an important parameter, which can provide risk insights. If CDF 

value exceeds the prescribed probabilistic safety criteria, that is termed as an unsafe 

condition. Also, efforts aje always made to lower the CDF through different test and 

maintenance policies. 

(ii) Maintenance Strategies 

RAW is the best input for deciding maintenance policies. RAW and RRW can be 

evaluated system wise and component wise Components having higher RAW have to be 

maintained immediately, in order to minimise the CDF value Similarly, component having 

higher RRW should be given attention from the design point of view, since it can enhance 

the reliability of the system. 

(iii) Risk Based In-Service Inspection 

The Risk Informed In-Service Inspection (RMSI) programs aims at integrating 

traditional engineering evaluations with insights gained from Probabilistic Safety 

Assessment (PSA) The prime use of PSA is to obtain an estimate of risk and relegate it to 

various systems and down to components to obtain an idea of their importance in terms of 

contribution to the Risk Risk Monitor can be effectively employed for analysing the 
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change in CDF whenever there is a change in Inspection plans and thereby analyse for an 

optimum scheduling plan. Risk importance measures such as RAW, RRW, Fussell-

Wessley etc for various components and systems are readily evaluated in the Risk 

Monitor for risk based inspection planning. 

(iv) Incident Severity Assessment 

In many situations, it is required to assess the safety significance of failures to 

enable decision regarding safety issues. 

(v) Review of Technical Specification 

The Technical Specifications are usually based on deterministic assessment and 

engineering judgement. Based on the PSA studies, technical specifications based on 

probabilistic considerations can be evolved to optimise the Allowable Outage Time and 

Surveillance Test Interval for various Systems. 

(vi) Emergency Operating Procedures and Risk Management 

The Emergency Operating Procedures (EOPs) have been usually based on the 

considerations of failures in process systems only EOPs based on dominating accident 

sequences as identified in PSA can be effectively used in risk management 

6.2. Future plans 

Risk monitor can be used as an efficient tool by operator to analyse the change is 

Risk whenever the component parameters change Also it can be considered as an efficient 

system to track plant history. 

In general, it is essential for such tools to be installed in plants. In fact, many 

countries are planning to introduce such tools on line in their nuclear installations. In 
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B A R C , Reactor Safety Division has developed a prototype of Risk Monitor Efforts are 

in progress to fine-tune the package with efficient operator advice as a feedback from PSA 

analysis Software verification and validation need to be carried out to a large extent for it 

to be used efficiently It will be our endeavor to install this package on line at the Kaiga 

Generating station coupled with the data collection system at the site. 
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APPENDIX I 

COMPONENT FAILURE TYPES IN RISK MONITOR 

There are 9 component types identified for failure probability calculations Different 

component types require different failure types. The notations appearing in the equations 

are explained below: 

X, = Standby failure rate (per h) 

= Operating failure rate (per h) 

T = Component test interval (d) 

T M = Mission time (h) 

x - Test duration (h) 

q = Failure probability per demand 

qo = Failure probability to override test 

P H = Human induced availability (due to a test) 

P R = Failure probability due to test or repair 

T S M = Scheduled Maintenance time (w) 

Type 0 : Scheduled Maintenance 

T 

" - IT 

Type I : Standby Test Component 
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Test Interval (T), failure rate, and failure per demand must be greater than Zero 

Type 2 : Online Non-Repair Component 

Mission time and failure rate must be greater than Zero. 

Type S : Standby Non-Test Component 

U =q + l-e XlT' 

Fat*lt Exposure lime, failure rate, and failure per demand must be greater than Zero 

Type 4 : Standby Monitored Component 

( ! = q + 

Repair time and failure rate must be greater than Zero. 

Type 5 : Online Monitored Component 

Repair time and failure rate must be greater than Zero 

Type 6 : Standby (Monitored) / Oper. (Non-Rep.) Component 

Monitored during standby, not repairable during operation. 

U = U(type 4) + \]{type 2) 

Repair time, mission time and failure rate must be greater than Zero 

Type 7: Standby (Test) / Oper. (Monitored.) Component 

Tested during standby, monitored with repair during operation. 

2 4 



U = V(type 1) + U(type 5) 

Repair time, test interval and failure rate must be greater than Zero 

Type 8 : Standby (Test) / Oper. (Non-Rep.) Component 

Tested during standby, not repairable during operation. 

U = V(type 1) + V(type 2) 

Test interval, mission time and failure rate must be greater than Zero. 

Type 9 : Constant Unavailability 

U = q 

Failure per demand must be greater than Zero. 
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