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ABSTRACT

This report dewribes the resiew and development of common nomenclature for
naming and labeling schemes for probabilistic risk assessments (PR As) conducted by _
the Idaho National Engineering Laboratory (INEL). Itased on the review, the INEL
recommends using an existing basic event labeling scheme and existing naming !

schemes for systems, cornponent types, and component failure modes. The review
showed no adequate accident sequence labeling schemes currently exist. Therefore,
the INEL developed a scheme that would meet the review requirements of not exceed-
ing 16 characters and being highly descriptive of the uccident sequence involved. As
parts of the developed accident sequence labeling scheme, the INEL also developedi

! transient and loss-of-coolant accident initiating event codes, a sequence naming
scheme, and accident type codes. Applications of the accident sequence labeling

_

scheme are presented along with tables to allow changes from other schemes to the
'

tecommended naming schemes. The review and development were conducted to pro-
vide the Nuclear Regulatory Commission with the meana to coordinate and integrate
their internal activities through a common nomenclature for their many data bases.

.
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EXECUTIVE SUMMARY
'

This report docuinents a review of selectet' NUREG/CR 4550 Analy36 vf Core Damage
naming and lubeling ahemes etuployed through. Frcatuency: Internal Errnu Methodology, nam- ;

out the nuclear industry conducted by the Idaho ing schemes for systems (with added differenti-
National Enginecting Laboratory (INEL) for the ation by piant type, component types, and

,

Nuclear Regulatory Conunission (NRC). Tim component failure rnodes) were reconunended to
objectise of the teview was to recommend the use meet the NRC's needt..
of existing naming and labeling whomes that are
the most infonnative and easiest to understand. If Six PRA-telated nuclear industy sources were :

'

,
no esisting wheme in an area of intere.st could reviewed for candidate h_.:e event and acc. dent,

be considered a candidate, a new scheme seqLence labeling schemes. A candidate basie
was developed to meet the _NRC's information event labeling scheme, also from NUREG/'

tequirements. CR-4550, uses the previously reconunended
naming schemes and was reconnnended to meet'

. the NRC's needs. :
8 Naming schemes are abbrettated names or *

codes used to identify systems, component ty pes, .h n wew did not find any accident sequence
and component failure nules, Labeling schemes labeling schenres that met both the NRC's and the
are codes used to describe basic es ents or accident current PRA software's requirements, As a result,<

Mquences and are primarily associated with pro ~ an accident sequence labeling scheme was devel-
babilistic rnt assessment (PR A) activities requir- oM that comisu of an initiating event n:une, a
ing the use of computer codes such as the sequence namc, ond, if the sequence remains !

Intepated Reliability and Risk Assenment Sys- dominant, an accident type classifier,
tem, tne System Analys,s and Risk Assessment,i

and the Set th nation Transfonnation System, if implemented, these naming and labelingi :
'

schemes will provide the NRC with the means to
Seven nuclear industry somees were icviewed present data from its data bases in a common

for candidate naming schemes for systems, com- nomenclature and will aid in luth the review of
( ponent types, and component failure modes. The PRAs and in the comparison of their results

|

|
t

|

>

!

'

is NUREG/CR-5905
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BWi- Boiling Water Reactor NRC Nuclear Regulatory Commission

FW Feedwater NSSS Nuclear Steam Supply System

IEEE Institute of Electrical and Electron- NUCLARR Nuclear Computerized Library for
ic Engineers Assessing Reactor Reliability

s

INEL Idaho National Engineering Labo'
PCS Power Conversion System

ratory

. PRA Probabilistic Risk AssessmentIRRAS Integrated Reliability and Risk
Assessment System

PWR Pressun.ted Water Reactor
s 1.ER Licensee Event Report

SARA System Analysis and Risk
LOCA I oss-of-Coolant Accident Assessment

t

NPRDS Nuclear Plant Reliability Data SETS Set Equation Transfonnation
System System
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Review and Development of
Common Nomenciature for Naming and

Labeling Schemes for Probabilistic Risk Assessment

1. INTRODUCTION

Numerous naming and labeling schemes have 1. Analysis oj Core 1)amage Frequency:
been deseloped for u:.e with different data bases Internal Events A!cthodology (NUREG/
to identily plant sy sterns, component types, com- CH-4550, Vol.134
ponent failure modes, and event-related data. ,

With the integration of its many data bases, the 2. Institute of Electrical and Electronic |

Nuclear Regulatory Commission (NRC) recog. Engineers (IEEE) Recommended Prac- |
nized a need for a common nomenclattue for tice for System Identification in Nuclear i
t.aning and labeling schemes. Such schemes Power Plants and Related Facilities ;

would aid in the use of these data bases through (IEEE Standard 805-1984)' |

the NRC's Safety information Netwotk. I
3. IEEE Recommended Practice for Unique |

Identification in Power Plants and '

Related Facilities-Component Function
,T, h .is report documents a review of. selected

identifiers (IEEE Standard 803 A-1983P
naming and labehng schemes employed through-
out the nuclear industry conducted by the Idaho 4 Ikemc Ercut Report System, Descrip-
National Engineering Laboratory (INEL) for the tion and Guidelines for Rcporting |7

NRC. The objective of the review was to im esti- '

gate possible options and to recommend the use 5. Nuclear Computeri^:d Library for
of one of several existing naming and labelinF Assessing Reactor Reliability I

schemes that would be the most infomiative and (NUCLARR)*
easiest to understand. If no existing scheme in an
area of interest could be considered a candidate, a 6. Nuclear Plant Reliability Data System I

new scheme was developed to meet the NRC's (NPRDSf
information requirements

7. Sequence Coding and Scarch Systemfor
Licensee Event Reports, Codimt Stanual

Naming schemes a.e ab'oreviated names or (NUREG/CR-3905).P

codes used to identify systems, component types.
' f Howing six nuclear industry data sourcesand component failure modes. Labeling sehemes

wew sele <'ted for the PR A-related labeling
are cot'es used to describe basic events or acci-

schemes review:dent sequences and are primarily a.ssociated witti
probabilistic risk assessment (PRA) actisities

1. A1WS:A Reappraaar,, a,,ari 3 I rcquency
requiring the ute of comnuter codes such as the g. MM d Des m WPRI
integrated Reliability and Risk Assessment Sys- qp~y3g,n' ~~

tem (IRR AS),1 the System Anaiysis ar i Risk,

Assessment (S ARA).2 or the Set Equation Trans- 2. Derclopment (>f Transient Initiating
farmation System t SETS).3 Event Frcqurwin for llse in Probabilis-,

tic Risk A ssessments (NUREGI
,

CR-3862)R
The tollowing seven nuclear industry data

sources were selected for the system. component 3. Interim Reliability Evaluation Prm; ram
,

type, and component failure mode reviews: Procedurrs Guide (NUREG/CR-2728)D!

!

1 NUREG/CR-5905
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' Introduction -

4. Pnohabilistic Safety Analysis Procedures and NUREGICR-4550 are discussed in Section 4.,

Guide (NUREG/CRe2815)" PRA-related labeling schemes for basic events
- and accident sequences from various sources are -

5. Analysis of Core Damagc Ficquency: discussed in Section 5. Section 6 gives the review
Internal Events Methodology (NUREG/ recommendations for candidate naming and
CR-4550)4 labeling schemes. The references used in the

review are listed in Section 7. Tables for convert-
6. Reactor Safety Study: An Assessment of ing to the common nomenclature irom other nam-

Accident RisAs in U.S. Commercial ing and labeling schemes are found in-
Nuclear Power Plants (WASH 1400)." Appendix A.

The system naming chemes ofIEEE Standard
805, NPRDS, NUREO"NWA and NUREG/ Common nomenclature recommendations i
CR-3905 are discusse. ''he cornpo- given herein are designed for other uses-not just, .

nent type naming reue,.,c. 4 Standard for use in PRAs. Thus, these naming and labeling
803A, NPRDS v 'JCLA ' iUREG/_ schemes can assist any analyst in such activities
CR-4450 are ret unponent as data searches, trend analyses, safety studies, as -
f ailure mode nar JLI.ARR well as PRAs.

:

|

| -
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2. SYSTEM NAMING SCHEMES REVIEW i

This section presents a nfview or system nam- 2.1 IEEE Standard 805-1984
ing schemes from selected data sources. The pur-x

pose of the review was to see if a system naming The IEEE Standard 805 system naming scheme
scheme existed wherein the code or acronym used uses a two-character code to represent the sys -

- would readily identify the system to the user and tems in nuclear facilities. These same system
not require the use of a table or list for inter reta- codes are used by the Licensee Event Report
tion. If the existing naming schemes wea , ..md (LER) System and NUCLARR, The IEEE Stan-
to be madequate, a new system naming scheme dard 805 systems codes are not abbreviatiors or 1

would be developed. acronyms of the syst m names,and the user must
refer to a list of cnie definitions to detennine the

Each data source was reviewed .m detail f.or system. The IEEE Standard 805 system codes for -
candidate system naming schemes. To simplify the selected systems are shown in Tabic 1. As
the presentation and to provide a means of com- Table I shows, IEEE Standard 805 only has codes
parison among the sources reviewed,10 systems for 7 of the 10 systemsc
were selected from the analyses done for 5crere

Accident Risks: An Assessmentfor Five U.S. g'2 yp999-
Nuclear Power Plants (NUREG-il50).86 The ,

systems chosen represent a sample of the systems
whose components are important to the overall NPRDS uses three- and six-letter codes to rep-

plant models for the five NUREG-il50 power resent plant systems. The system codes used are

plants.The 10 systems used h the following com- based on the nuclear steam supply system (NSSS)

parisons are: vendor. Thus, there are different codes for each
NSSS vendor for the same system, For example,

l. ac electrical power as shown in Table 2, the code for the ac electrical <

power system is EEC for a Babcock & Wilcox
2. Automatic depressurization in boiling plant, EED for a Combustion Engineering plant, ._

'
water reactor (BWR) EEA for a General Electric plant. snd EEB at a

Westinghouse plant. A system naming scheme
3. de clectrical power such as this introduces an additional confusion

factor Seyond the system not being readily identi-
4. Iligh pressure coolant injection (BWR) fied by the code because the NSSS vendor must

also be known to identify the system. Table 2 also
5. liigh pressure safety injection in pressur- shows NPRDS only has codes for 7 of the 10

ized water reactor (PWR) systems.

6. liigh pressure recirculation 2.3 NUREG/CR-4550
L 7. Low pressure coolant injection (BWR)

The NUREG/CR-4550 system naming scheme

8. Low pressure safety injection (PWR) uses three-letter acronyms to represent plant sys-'

tems. Because acronyms of the systems are used,
,

9. Low pressure recirculation there is less need to refer to a list of descriptions -
to interpret them than with previously discussed ~ .

:

10.- Service water. system naming schemes. Ilowever, this paming4

,

scheme does not characterize the system by plant

j The following subsections present the reviews type (BWR versus PWR), The- NUREG/ - >

j' of the selected sources for candidate system nam- CR-45450 acronyms for the selected systems are

f - ing schemes given in Table 3.
i
!

4.

T 3 NUREG/CR-5905

E .

:.,~ v~~ ., w ,

. .

.- - - - -
-

= , -- , . - - , ,



- . .. _.

c-

Systern Naming Scheiacs Revic~w

,

Table 1. IEEE Starvlard 805-1984 system codes for 10 selected systems.

!
-

- IEEE Standard 805
System descriptions system codes

ac electrical power EK
. Atomatic depressurization -

de electrical power Ej .
liigh pressure coolant injection (BWR) - BJ

3

liigh pressure safety injection (PWR) BQ )
.J

- liigh pressure recirculation -

Low pressure coolant injection (BWR) BO
Low pressure safety injection (PWR) BP
Low pressure recirculation . -

Service water BI

,

Table 2. NPRDS system codes by NSSS vendor for 10 selected systems.
_

' NPRDS system codes

System descriptions B&W" CEb GEc Wd -

.

ac electrical power EEC EED. EEA. EEB=
!Automatic depressurization - - ' - -

de electrical power ECD ECE ECB- -

: - SFCliigh pressure coolarit injectioni (BWR) .-
liigh pressure safety injection (PWR). SFD SFG - SFK

'

!!igh pressure recirculation - - .=
'

-

Low pressure coolart injection (BWR) -
.. CFA -

,
'

CFF: . Low pressure safety injection (PWR) CFC CFD -

4

.

Low pressure recirculation - - - -

,

Service water WAB WAC WAA WAD
,

_.

a. Baixock & Wilcox

b. - Combustion Engineering .

c. General Electric

d,. Westinghouse
.

4
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Table 3, NUREG/CR-4550 system codes for 10 selected systems,

NUREG/CR-4550

System descriptions system codes ,

ac electrical power ACP

Automatic depressuritation ADS

de electrical power DCP

liigh pressure coolant injection (BWit) llCl
liigh pressure safety injection (PWR) IIPl

liigh pressure recirculation llPR -

Low pressure coolant injection (BWR) LCl
Low pressure safety injection (PWR) LPI

Low pressure recirculation LPR
'

Service water SWS

,

2.4 NUREGICR-3905 systems codes are not abbreviations or acronyms
of the system names, and the user must refer to a
list of code definitions to detennine the wstem.

The NUREG/CR-3905 system naming scheme NUREG/CR-3905 system codes for the selected
also uses a two-character code simihtr to, but dif- systems are shown in Table 4, Table 4 only has
ferent from, the IEEE Standard 805 codes to rep- codes for 7 of the 10 systems and some systems
resent the systems in nuelcar facilities. The have multiple codes,

Table 4. NUREG/CR 3905 system codes for 10 selected systems.
.

F

NUREG/CR 3905
System descriptions system codes

ac electrical power EA,EB,EC

Automatic depressurization -

de electrical power .EE
liigh pressure coolant injection (BWR) BU, Dil

|- liigh pressure safety injection (PWR) BO, HK, BT, BL, BT, DB

| liigh pressure recirculation -

I Low pressure coolant injection (BWR) Bil, DB
Low pressure safety injection (PWR) BF, BS, CD, DB
Low pressure recirculation -

Service water CB,DB

. ,

.

|
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3. COMPONENT TYPE NAMING SCHEMES REVIEW

component iype naming schemes ! rom 3.1 IEEE Standard 803A-1983
selected data sources are reviewed in this section.
The purpne of this revicw, like the f.ystem nam- The IEEE Standard 803A component idenhfier
ing scheme review, was to see if a component is based on the normal or characteristie action of-
type na*ning scheme existed whelein the compo' the compment within the system of which it is a
nent code used would readily identily the compo' part rather than on the component type e~d by
nent to the user and not sequire a description hst _the other data sources. The IEEE Standr .03A
for interpretation. If the existing naming scheme' naming scheme uses one- to fout chara< ales
were found to be inadequate, a new scheme to represent the component functions . nuclear
w ould be deve'oped, and related facilities. 'Ihese component function

codes are used by the 1.ER System and NUREG/

Each data source was ex amined in detail for can- CR-3905. De IEEE Standard 803A component
didate component type naming schemes. To sim. Innction codes are, in most cases, combinations

plify the presentation and to provide a means of of the abbreviations of the component function

comparison among the sources reviewed,10 com- and the camp nent name. Thus, the component

ponent type 3 were selected from the analyses done and its function can tw easily determined from the _ 1
Ifor NURIiG-il50. The component types chosen code, and the analyst does not have to refer to a

represent a sample of the components that are list for interpretation. The IEEE Standard 803A
important to the overall plant models for the five component codes for the 10 selected components

NUREG-1150 power plants. The 10 component are shown in Table 5. Table 5 shows that IEEE |
types used in the following comparisons are: Standard 803A only has codes for 5 of the 10

components, and there is no differentiation of
motiw fon'e for pumpt This rnay lead to confu-L Air operated valve
sion as to which pump is of interest in a PRA.

2. Itauery 3.2 NPRDS

3. Check salve The NPRDS comprnent type naming scheme
uses four , five , and six-letter abbreviations to
identify nuclear plant components, in some cases,

4. Circuit breater
the component type code is not an abbreviation at
all but is the component type name. These com-

5. Diesel generator ponent type codes are very descriptive and do not
require any interpretation. The NPRDS compo-

6. Motor driven pump nent type codes for the 10 selected components
are shown in Table 6. Table 6 shows that the
NpRDS only has codes for 7 of the 10 compo-

7. Motot operated valve nents and, like liiEli Standard 803A, there is no
"

S. Trarisformer
'

3.3 NUCLARR
9. Turbine driven pump

NUCLARR uses five-letter abbreviatiens and
10. Ventilation fan,

acronyms as codes to identify plant components.
The first three letters of the code classify the com-

The following subsections describe the reviews ponent as one of the 42 general types of mechani-
of the selected data sources for candidate compo- cat or 33 general types of electrical components.
nent type naming schemes. The two additional characters of the five-letter

NUREG/CR-5905 6
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1

'

Table 5. IEEE Standard 803A 1983 component function codes for 10 selected components.

IEEE Standard 803A
Component type descriptions component emies

.;

Air operated valve ;-

Battery BTRY
Check valve -

,

Circuit breaker BKR
Diesel generator DG 4

Motor driven pump P
' Motor operated valve -

Transfonner XFMR
Turbine driven pump P
Ventilation fan FAN .

Table 6. NPRDS component type cmles for 10 selected components.

NPRDS
Component type descriptions component codes

Air operated valve VALVE
Battery BATTRY
Check valve- VALVE :
Circuit breaker CKTURK -

Diesel generator GENERA-

Motor driven pump PUMP
Motor operated valve - VALVE
Transformer TRANSF
Turbine driven pump PUMP
Ventilation fan . - BLOWER

j- Table 7. NUCLARR component type codes for la selected components.
:

Ii .

p 'NUCLARR
Component type descriptions - component codes

Air operated valve VLP
Battery - BAT
Check valve - VLC-
Circuit breaker CBil/CBP *

Diesel generator. GND

Motor driven pump PPM
Motor operated valve VLM
Transformer - XTP-
Turbine driven pump PPT
Ventilation fan FVNFN

.

7. NUREG/CR-5905
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. Component Type Naming Schemes Review-

cafe classify the component in further detail, For letter component type abbreviations and acro-
example, in NUCLARR, the peneral code for a nyms as component type codes, Some of the

L motor operated valve is VLM_ _, if the type of - component type abbreviations and acronyms used -
valve (e.g., ball, gate, or globe) is unknow n, are identical to those used by lEEE Standard
the complete code for the valve is VLMXL The 803A. This naming scheme a!!ows the analyst to
NUCLARR component type codes for the 10 identify pl. int component types without referring
selected components aie given in Table 7. to a list for interpretation. For example, the acro-

nym AOV readily identifies an ai operated
3.4 NUREG/CR-4550 valve and the abbreviat. ion IIAT readily identibes

.

The component type naming scheme for a battery. The NUREG/CR-4450 component type
NUREG/CR-4550 uses a combination of three- codes are given in Table 8.

Table 8, NUREG/CR-4550 component type codes for 10 selected components

NUREG/ CR-4550 -|
Component type descriptions component codes |

1

Air operated valve AOV |

Battery BKT
Check valve CKV
Circuit breaker CRil
Diesel generator DGN

Motor driven pump ' MDP
Motor operated valve MOV
Transformer TFW
Turbine driven pump TDP
Ventilation fan FAN

NUREG/CR-5905 8
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4. COMPONENT FAILURE MODE NAMING SCHEMES REVIEW !

Component failure mode naming schemes 7. Nonnally closed, fait closed
from the selected sources aie discussed in this

K Nonnally closed, fail opensection. The purpose of this review,like those of
the system and component type icviews, was to 9. Normally open, fail open

| determine if a component failure mode naming
'

scheme existed wherein the failure mode code 10. I' lugged.

used would readily identify the failure modc to
the user without reyuiring a list for interpretation. The foHowing two subsections describe the re-

views of the selected data sources for candidateIf the existing naming schemes were found to be
inadequate, a new scheme would be developed, component faHure mode naming schemet

4.1 NUCLARROf all the data sources reviewed, oniy two,
NUCLARR and NUREG/CR-4450, had detailed
component failure naming schemes. Each data The NUCLARR component failure mode nam-

!

source w as examined in detail for candidate com ing scheme uses two- and threc-letter acronyms to

ponent failure mode naming schemes. To simpli. represent component failure modes. The NU-

fy the presentation and to provide a means of CLARR naming scheme divides the component
failure mmies inte main categories and subcate-comparison among the sources reviewed,10 fail,

ute modes were selected from the analyses done godes. The main categories, represented by three-

for NUREG-1150.The failure modes chosen rep. letter aeronyms, are fail to operate, spurious

resent a sample of the component failure modes operation, leakage, and blockage. The subcatego-

that are important to the overall plant models for ries describe each main category in further detail.
The NUCLARR failure mode codes for the 10the five NUREG-1150 power plants. The ten
selected failure modes are given in Table 9.component failure modes used in the followinn

~

Table 9 shows NUCLARR only has codes for 7 ofcomparisons are:
the 10 failure modes.

L Fail to start
4.2 NUREG/CR-4550

2. Fail to continue nmning
The NURPG/CR-4550 component failure

3. Fail to restore frem test or maintenance mode naming scheme uses two-letter aeronyms
or abbreviations as failure mode codes. As aero-

4. G,eneral hardware failure
nyms or abbreviaticas, the codes ute much easier

5. Loss of power to understand than the other failure mode naming
scheme codes. The NUREG/CR-4550 component

6. Out of service due to maintenance failure mode codes are given in Table 10.

9 NUREG/CR-5905



. _ . . . . . ~ - _.. . . _ . . - - _ _ _ _ _ _ . _ . - . _ . _ . . . _ . , . . . . _ _ _ .

[Compot.ent Failure Mode Naming Schemes Review

._ Table 9,' NUCl.ARit component failure nnxie emies for 10 selected comimient failure modes.-

NGCLARR
Component failure mode descriptiom. failure rnmic codes

Fail to stait FIS
Fail to continue running F1R-

Fail to restore from test or maintenance -

Oc.ieral hardware failure -

- Loss of power SD-

Out of service due to maintenance - -

Nonnally closed, fail closed FI'P
*Nonnally closed, fail open SP

Normally open, fail open FI C-
Plugged PL

. Table 10. NURl!G/CR-_4550 component failure mode codes for 10 selected failure modes.

NUREG/CR-4550
Component failure mode descriptions failure mode codes

! Fail to start FS-
' Fail to condnue running _ FR -

Fail to restore from test or maintenance RE
l' General hardware failure llW

,

Loss of power - LP

Out of service due to maintenance MA
Normally closed, fail closed CC
Normally closed, fail .open CO
Nonnally open, fail open (X)
Plugged PG

-.

t

L

i

!

NUREG/CR-5905 10



,
.

_.

'

t

i
!
I

i

! 5. PRA-RELATED LABELING SCHEMES REVIEW

|
In PRAs, labeling schemes are used to convey 16 characters in the following form: XXX-YYY-

| basic event and accident sequence information. ZZ-AA A AA. In the basic event labeling scheme,

Labeling schemes are generally associated with three characters are used for the system code

activities involving computer codes, but they also (XXX), three characters for the component type

appear in the PRA final results as well. A basic (YYY), two characters for the component failure

event labeling scheme provides informa.ron mode (ZZ), and five characters for the unique

about the system ins olved, the type of component component identifier (AAAAA). A basic event
involved, the component failure mode, and the labeling scheme such as tuis meets the labeling

unique component identifier. An accident scheme requirements and is readily understood

sequence labeling scheme conveys information . by the user without the need to refer to lists for
about (a) the sequence initiating event,(b) the interpretation.

event sequence invoh ed, and, ideally, (c) the
overall effect on the plant, if any, of the occut- 5.2 Accident Sequence
rence of that particular sequence. Labeling Schemes

The purpose of the review was to determine if
any existing basic event and accident sequence An accident sequence is a combination of
labeling schemes meet the above criteria. If the events characterhed by the occurrence of an initi-

existing labeling schemes proved to be inade- ating event followed by the subsequent success or
quate, a new labeling scheme would be devel- failure of systems or actions that are required to
oped. A standard basic event and accident mitigate the effects of the initiating event. Acci.
sequence labeling scheme would be of gieat dent sequences are des eloped using event trees to
benefit to the NRC as a means of integrating denote what systems or actions must function in a
existing data bases and providing a common given set of circumstances. An accident sequence

ground for all future NRC PR A-related activities. labeling scheme should, therefore, clearly denote
not only the initiating event but also the subse.

5.1 Basic Event Labeling quent events. In additien, it should also indicate

Schemes the effect, if any, of the occurrence of the
sequence on the total plant model. A labeling.
scheme based upon total plant effects (accident

A basic event labeling scheme has been oevel-
types) may allow &cet compari7ns of different

oped over the 3 ears that reDects the flexibilitt of
accident sequences at different plant types (BWR

the systems modeling approach. The basic event
' and PWR) as well as at different plants of the.

label identifies the level to which each event is
same type. Such a labeling scheme wodd be ofmodeled (e.g., train, pipe segment, individual
gre t benefit to the NRC in the integran9n of its-

component, or human error) and the nature of the
data bases as well as with future work.faihire involved (specilie, general, or detailed as

appropriate for each system and each basic
event). Today PRA-related computer codes such The purpose of this review was to determine if
as IRRAS, SAP.A, and SETS allow the use of up there are any existing accident sequence labeling
to 16 characters in the basic event labeling schemu that would meet the above criteria. If no

I scheme to identify basic events for fault tree or candidate sequence labeling schemes could be

accident sequence analyses. found, then we would look at labeling schemes
for the constituent parts of the ideal accident

Of the six PRA-related data sources reviewed, sequence labeling scheme: initiating events,
only one, NUREG/CR-4550, suggested a specific sequence labels, and a accident type identifier lf
basic es ent labeling scheme. The NUREG/ no labeling schemes could be found for all . ,or
CR-4550 iMsic event labeling scheme consist of any of the parts of the desired scheme, a scheme

11 NUREG/CR-5905
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PRA-Related Labeling Schemes Review

or schemes would be developed to meet the infor- of the sequences on the overall plant. Not even
mation requirements, w hen the dominant accident sequences are binned

by similar effects is there a clear indication of a

in this section, accident sequence labeling sequence's effect on the total plant from the
schemes in general are reviewed along with nam. sequence's name alone. That information can
ing schemes for the constituent parts of the ideal only be found by looking elsewhere in the PRA.
labeling scheme. Again, this makes interplant comparisons diffi-

cult at best.

5.2.1 Accident Sequence Labeling
Schemes. The Interim Reliability Evaluation 5.2.2 Accident Sequence Labeling
Propiam Procedures Guide (NUREG/CR-2728), Scheme Component Parts.11ecause no can-
the Prai>abilistic Safety Analysts Procedures didate accident labeling scheme exists, we had to
Guide (NUREG/CR-2815), NUREG/CR 4550, search for candidate naming schemes for the fol-

and the Reactor Safety Study (WASil-1400) all lowing component parts of the ideal accident se-
use a similar accident sequence labeling scheme. quence labeling scheme: initiating event names, !

The basic composition of the label is the initiating sequence names, and accident type names,

event identifier followed by the system identifiers
for the front-line systems that have failed in the 5.2.2.1 Init/ating Event Names. Initiating
sequence. An acciJent sequence name using this events represent ihose events that will result in
type of scheme has the general form IE F --Fn. undesired plant condiGons. Initiating eventsir
The dissimilarities among the schemes occur in include both transients, events that require rapid
the identifiers used for the front-line systems. shutdown of the reactor because of the undesired
Such schemes are useful tools to identify the se- condition, and loss-of coolant accidents

quences in event trees, but they have three major (LOCAsh events that result in a loss of reactor
draw backs caolant inventory. In a PRA, initiating events

applicable to the plant must be identified. The
First, most computer codes used today to quan- purpose of the initiating events review was to de-

tify accident sequences allow only 16 characters termine if any existing initiating event naming
for the sequence name, in the large event tree / schemes provided unambiguous and consistent
small fault tree PRA analysis approach, it is pos- detail for initiating events. The review consisted
sibie to have an accident sequence name that is of two parts: a review of transient event naming
not only longer than 16 characters, but is not schemes and a review of LOCA naming schemes,
unique in the first 1( -harac.ers. Sc ch sequence
name occurrences ma cause some sequences to PRAs typically differentiate and group tran-
be overlooked and maccurate results to be sients based on similarity of plant response. A
generated. transient event naming scheme must contain suf-

ficient detail and consistency between plant types -
Second, because each source used its own iden- so that the applicable transients for a plant may be

tigers for the initiating events and the front line identified and grouped accordingly. <

systems, identical sequences occurring at differ-
ent plants would hmk completely ditierent. This WASH-1400 grouped all likely and unlikely-
makes comparisons of sequences among plants BWR and PWR transients into a single group, T.
very difficult, if not impossible. for each plant type. Because the plant does not

respond the same to all transients, the analyst
Third, from an ideal sequence labeling view- must either subdiside T into <maller groups with

point, none of the labeling schemes in any of the like responses or develop a generic transient
four sources listed abose gives the slighttst clue, event tree with the accompanying loss of detail.
fmm either the initiating event names or the lists The WASil-1400 T transient hsts for BWRs and
of the front-line systems involved, as to the effect PWRs are given in Tables 11 and 12, respectively.

NUREG/CR-5905 12
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PRA-RelatJ4 Labeling Schernes Review-

Table 11. WASil-1400 BWR transient initiating events (T).

-_

Likely initiating events

,
1. Rod withdrawal at power

p-
' ' Feedwater controller failure (maximum demand) -|

.. |

3. Recirculation flow control failure (increasing flow)

4. Start-up of idle recirculation pump 1

5. Loss of feedwater heating

6.. Inadvertent high pressure coolant injection pump stan
,

7. Loss of auxiliary power
,

8. Loss of feedwater flow

9. Electric load rejection (turbine valve closure)
,

|

10. Turbine trip (stop valve closure)

11. Main steam line isolation valve closure

12. Recirculation flow control failure (decreasing flow)

13. Recirculation pump trip (one pump)

14. Recirculation pump seizure -

1 '

15. T-G pressure regulator failure rapid opening

Unlikely initiating events
.

1. Re1( :ction accident

2c Rod drop accident

3. Compound initiating events such as seizure of two recirculation pumps, start-up ofidle
recirculation pump simultaneously with turbine t~ip, and rod withdrawal and simulta-
net us suut-up of idle recirculation loop.

,

'
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. -

. Table 12; WASil-1400 PWR transient initiating events (D.

Likely initiatiry events

1. Turbine trip

2. Spurious trip

3. Loss of condenser vacuum

- 4. inadvertent closure of main steam line isolation valves

5. Loss of main station generator with failure tn relay auxiliary loads (e.g., main feedwater
pumps and condensate pumps) to ac power incoming from offsite network

6. Loss of main circulating water pumps for condenser cooling
,

7. Loss of main teedwater pumps
-|

8. Loss of condensate pumps )

9. Loss of ac power incoming from offsite network ~

10. Inadvertent opening of steam generator power operated relief valves (10% sudden
'

demand)

11. Increase in' main feedwater flow; malfunction in feedwater flow control

12. Malfunction of control resulting in inadvertent opening of all turbine steam bypass
valves (40% sudden load demand)

13. Uncontrolled rmt withdrawal (i) at full power and (b) at start-up

14. Control rod assembly drop

15. Baron dilution by malfunction in themical volume and contr il system

16. Start-up of inactive reactor coolant loop (in PWR with no reactor coolant system loop
isolation valves)

17. Accidental opening of pressurizer:;afety or relief valves -

|8. Loss of reactor coolant system coolant flow (main reactor coolant sy stem circulating -
pump malfunctions)

Urdikely initiating events

1. Rupture of high energy piping in secondary coolant system

2. Rupture of steam generator

3. Rupture of controi rod mechanism ho smg on reactor vessel lcading to small LOCA and
control rod drive ejection

4. Abrupt seizure of all main reactor cooling system recirculation pumps

5. Start-up of inactive reactor coolant twp with abrupt opening of both isolation valves-

in one reactor coolant system imp in PWR plants employing reactor coolant system
isolation valves

,

J NUREO/CR-5905 14
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PRA-Related Labeling Schemes Review
1

The Idectric Power Researth Institute charac- sient esent categories for both plant types are
teri/cd a number of IlWR and PWR transient given in Table 17.
typ.s and developed actual statistics based on
plant experience in EPRI NP-2300. EPRI PR As typically differentiate L()CAs into
NP-2230 t. .asient categories provide more detait groups for w hich plant response, in terms of
than WASH-14(Mt howes er, the detail in the cate- required system operabihty, is the same or scry
pories is not consistent between ilWRs and similar. To be us<.ful, a LOCA naming scheme
PWRs w hen similar sy stems exist. The NP '230 must not only pmvide a range of break sites for
transient esent categories for RWRs and PWRs each LOCA category, but it must ako state the
are given in Tables 13 and 14, respectisely, break size in the same terms that the mitigating

sy stems capacities are commonly expressed. For
example, it is not immediately obvious to an

NURI G/CR 4550 uses the transient categories analyst w hether or not a charging sy stem rated f or
of NP-2230 and gmups them into four categories 1500 ppm is capable of maintaining reactor cool-
for BWRs and three categories for PWRs. This ant sy stem inventoiy against an S21.OCA
provides the same number of transients as detined as a break of 4 to 5 in.2, Only two et the
NP-2230 and more transient groupings than sources reviewed had LOCA naming schemes,

'

WASil-1400 howeser, the groupings are still too and their resicw is presented below.
broad to be useful without lurther work. For
esr 'ple, ym . 'ine BWR feedwater transients as WASil-1400 classified LOCAs by their loca-
tuth '12 A am, r, transients does not allow the tion and equivalent break diameter. There ace six
analyst to study feedwater events as a separate PWR and fhe BWR LOCA site categories: ,

tunctional transient groupmg without additional
ef fort. The NUREG/CR-4550 BWR and PWR L BWR/PWR large LOCA ( AL > 0 in, ,

transient event groups are ph en in Tables 15 and equivalent diameter

1 b. t espectivelv'
- 2. BWR/PWR small LOCA (SI),2 to 6 in,

equivalent diameter

The suggested BWR and PWR transient cat - 3. BWR/PWR small LOCA (S2),1/2 to
gories gis en in NUR EC/CR-386.' groups the 2 in equnalent diameter
transients by lunctional eficet and demonstrates a

conshtent lesel of delad between 1 'yps in 4. BWR/PWR reactor s essel rupture -

the tracsient groupmus. This functi- croupine' ' '

5. PWR steant generator tube ruptureallow s the analyst to determine whuner or not an
esent is applicable to the particular plant, thereby 6. BWR/PWR mterfacing system
ensurmg that only the necessary transients are LOC A ( V ).
grouped for esent tree modeling. Ilowever, the
grouping of transients by functional effect in in NUREG/CR 4550, the LOCA initiating
NUREG/CR-3862 may oi may net agree with es ents are grouped accoiding to conunon success

gmupmgs used in actual PRAs. For example, the criteria. The followmg BWR LOCA groups were

initiator group for a loss of feedwater event tree identified:
may it.clude onh those initiatois affectine the

' ' '

*entire feedwater system Other initiators that Large LOCA ( A), steam or liquid break
,

invohe only partial feedw atet failures may be Mus of DJ h- or lugn

included in an initiator group such as transient
hemdim iOG diL hvid he*

with power conversion sy stem (PCS) available, of 0.004 to 0.1 ft2 and steam breaks of
tThis type of grouping was used in NUREG/ 0 05 to OJ h2
Cib4550.) llowever. NUREG/CR-3562 includes
all feedwater related initiators in the feedwater * Small iOCA iS2), liquid breaks
f unctional group. The NUREG/CR 3862 tran- < 0.0(H lt2 and steam breaks < 0.05 ft2

15 NU REG /CR-5905
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FRA-Related Labeling Schemes Review

Table 13. NP-2230 BWR transient initiating events.

1. tilectric load rejection

i 2. Electric load rejection with turbine bypass valve failure

3. Turbine trip

4. Turbine trip with turbine bypass valve failure

5. Main steam isolation valve closure

k 6. Inadvertent closure of one main steam isolation valve

7. Partial main steam isolation valve closure

8. Loss of nonnal condenser vacuum

9. Pressu e regulator fails open

10. Pressure regulator fails closed

i1. Inadsertent opening of a safety / relief valve tstuck)

12. Turbine bypass fails opcq

13. Turbine bypass or control valves increase pressure (closed)

14. Recirculation control failure increasing flow

15. Recirculation control failure decreasing llow

16. Trip of one recirculation pump

17. Trip of all recirculation pumps

18. Abnormal start-up of ; ile recirculation pump

14 Recirculation pump seizure

2t). Feedwater increasing flow at power

21. l.oss of feedwater heater

22. Loss of all feedwater

23. Trip of one leedwater pump (condensate pump')

24. Feedwater-low flow

25. Low feedwater flow during start-up or shutdown

26. liigh feedwater flow during start-up or shutdown

27. Rod withdrawal at power
I28. liigh flux due to av.' withdrawal at start-up

29. Inadvertent insertion of rod or rods

30. Detected fault in reactor protection syMem

31. Loss of offsite power

32. Loss of auxiliary power (loss of auxiliary transformer)

33 Inadvertent start-up of high pressure coolant injection /high pressure core spray systems

34. Scram due to plant occurrences

35. Spurious trip via instrumentation, reactor protection system fault

36. Manual scram, not out of tolerance condition

37. Cause unknown

NUREG/CR-5905 16
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PRA-Related Labeling Schemes Review

Table 14. NP 2230 PWl(transient initiating events.

L Loss of reactor coolant system Dow (one loop)
2, Uncontrolled rod withdrawal

3. Control rod drive mechanism problems and/or rod drop

4. Leakage from control rods

5. Lea!; age in primary system |

6. Low pressure pressurizer

7. Pressurizer leakage

8. liigh pressurizer precsure i

9. Inadvertent safety injection signal j
~!10. Containment pressure problems

!1. Chemical and volume control system malfunction-boron dilution

12. . Pressure, temperature, power imbalance-nxi position error
13. Start-up of inactive coolant pump

,

14. Totalloss of reactor coolant system flow
15. Loss or reduction in feedwater flow (one loop)

16. Total loss of feedwater flow all loops
17. Full or panial closure of main steam isolation valve (one loop)

18. Closure of all main steam isolation valves
19. Increase in feedwater flow (one loop)

-20. Increase in feedwater flow (all loops)

21. Feedwater flow instability-operator error
~

22. Feedwater flow instability-miscellaneous mechanical causes

23. Loss of condensate pumps (one k>op)

24. Loss of condensate pumps (all loops)

25. Loss of condenser vacuum

26. Steam generator leakage

27. Condenser leakage

28, Miscellaneous leakage in secondary system

29. Sudden opening of steam relief valves
30. Loss of circulating water
31. Loss of component cooling
32. Loss of service water system

33. Turbine trip, throttle valve closure, electro-hydraulic control pre.blems

34. Cenerator trip or generator caused faults

35. Loss of all offsite power
36. Pressurizer spray failure

37. Loss of power to necessary phtnt system;

38. Spurious trips-cause unknown
39 Automatic trip-no transient condition
40. Manual trip-not trarnient condition
41. Fire within plant

17 NUREG/CR-5905
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PRA-Related Labeling Sch' mes Reviewe

Table 15. NUREG/CR 4550 NWR transient initiating event groups.

TI-l.OSP

1,oss of of fsite power

Loss of auxiliary power

T2A-Loss of PCS and feedwater

1

Electric load rejection with turbine bypass valve failure

Turbine trip with turbine bypass valve failure

Main steam isolation valve closure iI

Inadvertent closure of one main steam isolation valve
#

Partial main steam isolation valve closure

Loss of condenser vacuum

Pressure regulator fails open

Pressure regulator fails closed

Turbine bypass fails open

Turbine bypass or control valves increase pressure (closed)

Caurc unknown

Electric load rejection with turbine bypass valve failure

T28-IROV
.

Inadvertent open relief valve

T3A-PCS available-

Electric load rejection

Turbine trip

Recirculation control failure, increasing flow -

Recir:'tilatica control failure, decreasir g flow

One recNulation pump trip
,

_
Recirculaton pump trip (all)

Abnonnat start-up of idle recirculation pump

Recirculation pamp seizure

Feedwater-increasing flow at power

Loss of feedwater heater

ENUREG/CR-5905 18 .<
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PRA-Related Labeling Schemes Review

. Table 15. (continued).

Trip of one feedwater or condensate pump

Rod withdrawal at power

inadvertent insenion of rods

Detected fault in reactor protection system

inadvertent start-up of high pressure coolant injection /high pressure core spray systems

Scram due to plant occurrences

Spurious trip via instrumentation, reactor protection system fault -

Manual scram, not out-of tolerance condition

Cause unknown

T3B-RV lost but condenser available

Loss of all feedwater How

Feedwater, low flow

I.ow FW How during startup or shutdown

liigh RV Dow during startup or shutdown

liigh Dux due to rod withdrawal at startup
.

Table 16. .NUREG/CR-4550 PWR transient initiating event groups.

TI-LOSP
!

| Loss of offsite power

T2-loss of PCS

Full or partiai closure of MSIV (one 'oop)
Condenser leakage
Miscellaneous leakage in secondary system
Sudden opening or stream relief valves
Loss of circulating water
Loss of component cooling
Loss of 'ervice water system
Inadvertent safety injection signal
Total loss of feedwater flow (all loops)

. Closure of all main steam isolation valves
- Increase in feedwater flow (all loops)
Feedw ater flow instability-operator error
Feedwater flow instability-miscellaneous mechanical causes
Loss of condensate pumps (all loops)
Loss of condenser vacuum

19 NUREG/CR-5905
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PRA-Related Labeling Schemes Review

Table 16. (continued).

T2-loss of PCS (continued)

Loss of circulating water
Steam generator 1;akage(

T3-PCS available

Loss of reactor coolant system now (one loop)c

Uncontrolled rod withdrawal
Control rod drive mechanical problems and/or rod drop
Leakage from control rods
Leakage in primary system --

Low pressure pressurizer
Pressuriier leakage
liigh pressurizer pressure
Containment pressure proble ms
Chemical and volume control system maltunction-boron dilution
Pressure, temperature, power imbalance-rod position error
Start-up of inactive coolant pump
Total loss of reactor coolant system flow
Loss or reduction in feedwater now (one loop)
Full or partial closure of main steam isolation valve (one loop)
Increase in feedw ater How (one kmp)
Loss of condensate pumps (one loop)
Generator trip or generator caused faults
Turbine trip, throttle valve closure, electro-hydraulic control problems ,

Generator trip or generator caused faults
Pressurizer spray failure
Spurious trips-cause unknown

*Auto trip-no transient condition
Manual trip-no transient condition t

.

Tab |e 17. NUREG/CR-3862 suggested BWR and PWR transient initiating event categories.

Function Suggested BWR category Suggested PWR category

Main turbine / generator Generator trip or generator related Generator trip or generator related
faults faults

Generator trip or generator related Generator trip or generator related
faults with bypass valve failure fau'*s with bypass valve failure

Turbine trip, throttle /stop valve closure. Turbine trip, throttle /stop valve
electro-hydraulic control faults closure, electro-hydraulic control

faults

Turbine trip, throttle /stop valve closure, Turbine trip, throttle /stop valve
electro hydraulic control faults with closure, electro-hydraulic control
bypass valve failure faults with bypass valve failure

NUREG/CR-5905 20
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' PRA-Related Labeling Schetnes Review -
.

Table 17. (continued). ._

Function Suggested ilWR category ' Suggested PWR category
. _

i

U Condenser vacuum Loss of main condenser vacuum . Loss of main condenser vacuum -

. Main condenser tube leakage Main condenser tube leakage ~j
,

las of circulating water now Loss of circulating water Oow
<

Condensate Partialloss of condensate flow Prtial loss of condensatm ilow

Totalloss of condensate now Total loss of condensate flow ;

-i
- Condensate system leakage Condensate system leakage

Feedwater Low or decreasing feedwater now at Low or decreasing feedwater now
''

power at power
1

Total loss of feedwater Oow at power Total loss of feedwater tiow at
power

*Iigh or iricreasing feed watcr Dow
at power (one loop)

;4

liigh or increasing feedwater flow at . liigh or increasing feedwater flow o

- power at power (all loops) .|
.

.
-

' Loss of one feedwater pump at power Loss of one feedwater pump at -i

power. .l
.I

I' Loss of feedwater heater (s) - Loss of feedwater heater (s')
'

Feedwater system leakage - Feedwater system leakage |
-

3- _

Low or decreasing feedwater now
..

Low or decreasing feedwater How
'

durir)g start-up or shutdown - during start-up or shutdown

| liigh or increasing feedwater flow liigh or increasing feedwater now
' during start-up or shutdown - during start-up or shutdown
;: .

Reanor system flow Loss of one recirculation pump. - Loss of reactor coolant system now ..

|'
.(one loop) .

[: Loss of all recirculation pumps - Total loss of reactor coolant system :

i Dow
!:

! Start-up of an inactive recirculation Start-up of an inactive coolant pump

: pump

!' increasing recirculation flow
L
il Decreasing recirculation now
i-
4

4

!

2i NUREG/CR-5905 -
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PRA-Related labeling Schemes Review.

Table 17. (continued).
-

Function Suggested 11WR category Suggested PWR category
,

Recirculation pump seizure

Reactor pressure Pressure regulator fails open L,ow pressurizer pressure
control 1

Pressure regulator fails closed liigh pressurizer pressure ,

1
'

Turbine bypass / control valves fail Pressuriier spray fails open
open

. 1

Turbine bypass / control valves fail - Pressurizer spray fails closed
|closed
;

Reactisity control loadvertent rod withdrawal at power - loadvertent rod withdrawal at
power i

.

Inadvertent msertion of control rod (s) Inadvertent insertion of control
at power rod (s) at power

Pressure / temperature / power imbalance Pressure / temperature / power
3

due to nxl(s) out of position imbalance due to rod (s) out of
position :

Control rod problems Control rod problems

- Chemical and volume control
system malfunction-boron
dilution;

liigh flux due to nid withdrawal at High flux due to rod withdrawal
start-up at start-up - '

,

' Steam / reactor pressure Inadvertent closure of one main steam inadvertent closure of one main
isolation vahe steam isolation valve

,

Partial closure of one niain steam Partial closure of one niain steam
-isohuic>n vaht isolation valve

inadvertent closure of all main steam inadvertent closure of all main steam:
isolation valves . isolation valves

,

St.fety injection inadvertent start-up of high pressure inadvertent start-up of safety
;3 coolant injection /high pressure core - injection

L . spray systems -

Primary containment pressure problems Primary con'.ainmeen pressure
problems

.

NURI!G/CR-5905 22
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R

Table 17. (continued).
-_- ,

j_...._ _ _ - ,

'j-

. ..

Function Suggested BWR category Sugge,sted PWR category i
_ - 1

Electrical power Loss of offsite power Loss of offsite power H

Loss of auxiliary power Loss of auxiliary pour
.. s

Lot of power to necessary plant loss of power to necessary plant i

systems . systenn

Reactor integrity Lesage from controlinds - leakage from control rods

Leak ge in the primary system Lenkage in the primary system

Pressuther leakage

Steam generator leakage

- Miscellaneous scrams Detected fault in the reactor Detected fault in the reac'or
protection system protection system

Scram due to plant occurrences Scram due to plant occurrences

Los, of component cooling water Loss of component cooling
water

. Lms of service water Loss of ser. ice water

Fire within plant Fire within plant

Spurious scrams Automatic scram from instrwnentation Automatic scram from
or reactor protection system fault-no . ..instrumenta' tion or reactor
out-of-tolerance condition protection system fault-no:

out+f tolerance condition

Manual scram-no out of. tolerance Manual scranF--no out-of - .

condition to!crance condition

Spurious scram-cause imknown-no Spurious scram-causeg
out-of-tolerance condition unknown-no out of-lolerance

: condition ,

Intermediate LO_CAs (SIh 2 to 6 in.' YSmall-small LOCA (S3),50 to 100 ppm .a- C

per coolant pump. equivalent diameter' ,

Small LOCAs (S2),J/2 to 2 in, equiva.*

. - Interfacing system LOCA (V)- lent diameter .

Small-small LOCA (S3k < 1/2 in, equiv(=
-The PWR LOCA groups were identified as alem diawer or 50 to 1Migpm Nw a

follows:
Interfacing system LOCA (V).e

Large LOCAs (A). > 6 in, equivalent di- The NUREG/CR-4550 LOCA grospings are*

ameter based on common definitions of LOCA sizes with
.

23 NUREG/CR-5905
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|

l'
'

the BWR groupings defined by break area m NUREG/CR-2815, the system! event identitiers -
square feet, while the 1"NR LOCA groupings are are differentiated by plant ;ype. The NUREG/
defined by equivalent break diameter in inches. CR-4550 system / event identifiers for BWRs and

[ The grouping are rnare detailed than those given PWRs are given in Tables 19 and 20, respectively.
in WASH.1400, but they do not include some of
the WASH-1400 special LOCAs. NUREG/CR-4550 exhibits the same shortcom-

ings as NUREG/CR-2815; there appears to be
5.2.2.2 Sequence Names. The sequence very little correlation between the system or event

names referred to here are the combinations of names and their event tree identifiers.This makes
system and event identifiers used to denote the translating a system / event identifier into a system
system failures / events that base occurred subse- or event very difficult unless one is either very
quent to the initiating event. The system / event familiar with the naming scheme or has a descrip-
identifiers are used as top events in event trees tion list at hand.
and typically vary frorn one to five characters in
length. The purpose of the resiew was to deter-

% ASH-1400 alphabetically identifies the event'
rmne if any event tree top event naming schemes

tree events by using a single letter designatorexisted that, like our criteria for system codes,
starting with the large break LOCA tree and end-

j clearly and unambiguously idenufy the systems
; g ; .He system / event iden-or events represemed by the idennherx'

t fiers are also differentiated by plant type. The

NUREG/C,R-2815 distmemshes lxtween the WASH-1400 BWR and PWR syntm/ event iden-. .

I systemievent identifiers for HW,Rs and I,%,Rs. afiers are given in Tables 21 and 22, respectively.
" .

. .

The NUREG/CR-2815 event naming scheme
uses a two character sy3 tem / event identifier. A The WASH-1400 event naming scheme shares

leuer is the first character and represents the sys- the same shortcomings exhibited by NUREG/
tern / event; the second character is an index that CR-2815 and NUREG/CR-4550: there is no cor-

denotes different operating modes of the same relation between the system and its :dentiher and

system that have different success criteria. there is very liule correlation of identifiers for

indices can also le used to denote functional and similar systems at BWRs and PWRs.

operational peculiarities and associated support
system failures. The NUREG/CR-2815 front-line 5.2.2.3 Accident Type Names. The domi-

,

! system / event identifiers are given in Table 18. nant accident sequences of PRAs are typically !
grouped by similar accident types. This grouping

There does not appear to be any correlation is done for several reasons, one of which is to

between the system / event identifiers and the sys. identify which accident types are the major cca-

; tems/ events represented nor is there any coordi. tributors to core damage for the plant.

( nation between system identifiers for BWRs and

| PWRs. For example, the identifier "L" denotes To determine the accident type groups that

| the failure of the auxiliary feedwater system for were typically used in PRAs, we reviewed the
, PWRs while "ll' for BWRs represents failure to five PRAs presented in NUREG/CR-1150.

~

limit reactor sessel high water level. BWRs use NUREG-Il50 presents the results of the inter-
the idemifier"Q" to represent failure of the feed- nally initiated accidents summarized and grouped
water system to provide core make-up water. by accident types for the five plants. The general

classes of accident types used in NUREG-U50
The NUREG/CR-4550 esent naming scheme are given in Table 21

uses one to four characters for the system / event
idenu fiers. The system! event identifiers contain a These accident type groups are typical of those
large amotmt of detail in both the number of sys- used in other PRAs and are based primarily on the -
tems and events used and in the diffeient operat- initiating event. However, while some accident
ing modes of some of the systems. As was done in sequences result from one type ofinitiating event,

NUREG/CR-5905 24
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h PRA-Related Labeling Schemes Review ;

Table 18. NUREG/CR 2815 BWR and PWR event tree system / event identifiers.
.

- System identifier Description |

|
BWRs

K- Reactor prote:tton system -
L Reactor vessel high wates level J

M Overpressure protection system
,

"

P Reactor vessels reclose after opening

Q Feedwater system provides core make up water >

R Recirculation pump trip j
V Low pressure,

U liigh pressute core cooling system -j
''

W . Containment heat removal system-

X Depressutization system

PWRs
*

C Containment spray system
'

G Containment heat removal system
: D Low pressure emergency core cooling system

K . Reactor protection system
'

L Auxiliary feedwater system-
M Power conversion system
N Secondary system steam relief valves

Q Pressure operated relief valves reclose after opening
R ~ Massive rupture of the reactor vessel

,

U- High pressure core cooling system u
Y, ; Reactor building cooling system

Table 19. NUREG/CR-4550 BWR event tree system / event identifiers.

System identifier Description
-- - .

ARI . Alternate rod insertion >

H .Onsite electrical power

C. Reactor protection system -
Cl' Automatic and manual reactor scram
DEP Operator depressurizes reactor

FW Feedwater .-

HPIN High pressure injection
INJ Continued injection
L Operator isolates leak
LEV Level control

- LPIN Low pressuie injection
- M Safety relief valves open

25- NUREG/CR-5905
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Table 19. (continued)._

System identifier Description

MSIV Main steam isolation valves open
-- N ADS Reactor at high pressure

P Safety relief valves close

PI One safety relief valve recloses
P2- Two safety relief valves reclose
P3 'three safety relief valves reciose-
Q Power conversion system
R Rupture of primary containment

ROD Manual nxiinsertion
RPS Reactor protection system
RPSE Reactor protection system electrical
RPSM Reactor protection system mechanical
RPT Recirculation pump trip

,

RXIIP Reactor at high pressure
SCRM Manual scram

' St.C Standby liquid control
SPC Suppression pool cooling
SRVs Safety relief valves reclose after opening i

Ul liigh pressure core spray /high pressure coolant injection
U2 . Reactor core isolation cooling
U3 Control nxl drive-2-pump mode
U4 Control rod drive-1-pump mode
VI Condensate

..

V2 Low pressure core spray-
V3 Low pressure coolant injection
V4- Service water cross tic
Wl Residual heat removal-suppression pool cooling7.

W2 Residual heat removal-shutdown cooling

W3 Residual heat removal-containment spray
X Primary system depressurization

-Y- Containment venting
'

Z Suppression pool makeup

i

j

i

: j
NUREG/CR-5905 26
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PRA-Related Labeling Schemes Review

Table 20. NURI:G/CR-4550 PWR event tree system / event identifiers.

Sy stem identifier Description
_

C Containment spray injection
D1 liigh prewure safety injection
D2 ihgh prewure safety injection for feed and bleed
D3 1 hgh pressure s,fety injection for seal injection
D4 liigh prewure satety injection for emergency luration

D5 Accumulators
D6 Low pressure safety injection
lil Containtnent spray recirculation-inside containment
1;2 Containment spray recirculationwutside containment
ill Low pressure recirculation -----

112 Iliph pressure recirculation
K Reactor protection
L Auxiliary feedw ater ,

L2 Ausiliary feedwater for anticipated transient without scram
M Pow et com ersion system

N Charging from U2 for U 1 seal injection
N2 Charging from U2 for U1 high pressure injection system
P Pre sure operated relief vahes for feed and bleed
PL Power les el
P1 Reactor coolant for aaticipated transient without scram

P2 Reactor coolant prewure relief for anticipated transient without scram
Q Pressuri/cr prewure operated relief s alves close
R Manual reactor trip
5 Steam generator steam relief for primary depressurization
T Turbine trip for anticipated transient without scram
W Residual heat removal--suppression pool cooling

Table 21. WASil-1400 llWR event tree system! event identifiers. -

Sy stem idenufier Description

Il L.cetrie power to engineered safety features
C R.cactor protection system
D Vapor suppression

-

11 Emergency coolant injection
F Emergency cooling functionability

G Containment leakage
11 Core spray recirculation
i Low pressure coolant recirculation
J liigh pressure sersice water
M Safetyhelief vahes open

P Safety /reliet salves reclose

Q Feedwater
U lligh pressure coolant injection / reactor core isolation cooling
W Residual heat removal and high pressure service water or puct

conversion system

27 NUREG/CR-5905
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Tablo 22. WMll 1400 PWR es ent tree system /esent identifiers.

System identiher Description

11 lilectric power to engineered safety features
C Containtnent spray injection
D Emergency coolant injection
li limergency cooling functionability
F Containment spray recirculation

G Containment heat removal
11 Emergency coolant recirculation
i Sodium hydrotide . . . .

K Reactor proiettion system
L Setondary system steam relief and auxiliary feedwater

M Secondary system steam relief and power conversion system
P Reactor coolant system safetyhelief valves open
Q Reactor coolant sy stem safety / relief valves reclose
U Chemical and volume control

< W Residual heat removal

5-

Table 23. NUREG 1150 accident types.

Description

Anticipated transient wn out scram

interf acing system LOCA
,

l.OCAs .cr than seal LOCAs and steam generator tule ruptures

Loss of of fsite power

Reactor coolant pump seal LOCA

Station blackout
.

Steam generator tube tapture

1ransients other than loss of otisite power transientsa

.

they are named by the final result. Examples of pow er ir" : 'o., and the s(cond is the result of any
"

this naming scheme are nation blackout and uansient w. : sabsequent hilure of the re;mr<

anticipated transient without scram accident .o scram. Tnese accident types would be uschu in
types. The first is the te ' sit of an loss of off site an accident sequence naming scheme.,

.
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6. CONCLUSIONS AND R'3 COMMENDATIONS

6.1 ConcluSlonS event. This labeling scheme can present emblems
because different PRAs use dilferent initiating

6.1.1 System Naming Schemes. The review event and sptem identifiers. 'this resuhs in iden- |

showed that three characters are the best for sys. tical sequences at sirnilar plants not having the !
'

tem codes. Thit ullows the codes to be either same accident sequence label when they should.

ac ronyms or abbreHations ol t e system names or The general accident sequence labeling schemeh

a comtunati , of the two with no has of under. also faces the same 16 character size limitation as

standing of the codes. NURI:G/CR4550 has the the basic event labeling scheme, and it is possible
'

most wmplete list of system codes of the four to base a sequence label that is not unique in the

sources revicted; however, the sptem codes are first 16 tharacters. None of the sources reviewed ,

'

not sorted by p; ant type, contained an accident sequence labeling scheme
that could be considered a candidate for our

G1.2 Componsnt Type Naming Schemes. purposes.

As with system coles, three characten are the
best f or unnponent type codes. Again, this allows 6.1.6 initiating Event Naming Schemes.
the codes to le either acronynn or abbreviations
of the comgmucut typc names or a combination of G.1.6.1 Translent inillating Event Nam-
the two with no loss of understanding of the it.g Schemes. Iloth the number of transients
codes. Of the four sources reviewed for compo. identified and the number of transient groepings

nent type naming schemes. NUREG/CR4550 varied among the four sources reviewed for can-

has the most descriptive list of componer't type didate transient inDiating event naming schemes.

codes.
6.1.6.2 LOCA InWeling Event Naming

6.1.3 Component Failure Mode Naming Schemes. While use LOCA naming schemes in
Schemes. Two charact:rs are adequate to cap- both sources differentiated LOCAs by plant type,
ture a component failure mode. NUREG/ the NUREG/CR4550 group definitions were
C".4550 had the most compic..' list of more detailed than those of WASil-1400. Ilow-
component failure modes of the two st.orces ever. WASil-l@0 had some special LOCAs that

| review ed. were not listed in NUREG/CR4550.

6.1.4 Basic Event Labeling Schemes. The 6.1.7 Sequence Names. The level of detail,
PR A computer codes in use today allow up to the amount of plant type differentiation, and the
16 character basic event labels. Of the six ambiguity of the sptem/cVent identifiers used for
sources reviewed for basic event labeling sequence names varied among the three sources
schemes, only NUREG/CR4550 had a specific reviewed. The major drawback among the three
basic event labeling scheme. The general form of schemes was the lack of correlation between the
the NUREG/CR4550 labeling scheme meets system / event identifiers and the system or event
both 'he information requirements of a basic they represented. This lack of definition makes
event labeling scheme and the size restraints of interpreting the sequence name very difficult un-
the computei codes. less one is intimately familiar with the naming

scheme. Even F ven that prior knowledge, com-i

6.1.5 Accident Sequence Labeling parisons with identical sequences done under yet
Schemes. Over the years an accident sequence another naming scheme tcquires still further
labehng scheme has evolved that consists of the knowledge,

initiating event identifier and the system identifi-
ers for the systems that hase failed to function as 6.1.8 Accident Type Names. The reident
required for the plant response to the initiatmg typ: names reviewed are typical of those used in
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pR As ami w ould be usef ul in an accident n ended for use by me NRC as the thhd pan of the

sequente naming wheme. reconnaendu! basic esent labehnp sheme. The

reuimmended comluinent Iauute niode unles are

6.2 Recommendations show n in ' lade n

6.2.2 Accittent Sequence Laboling
.t.he purlune of tlns resiew w as to i.md candi-

Scheme. Ucot.ne no emting a';cident sequence
date naming and labehng u hemes for sy uems.

my w henu' cu1 tk reww unena, we veo
component is pes. cornponent Iailure inodes,
basic esents, $out accident sequences that wouhl

onunend dw acMent wquena labehny wheme
E" ""

assnt the NR("s ef foits to integrate their data'

bases. In this wction, we reconnnend lunh edst
Our uircria for an accident sequence labeling

ing and des cloped candidate naming and 1.dichng wheme diwussed in S.ection 5.2 stated that an
s ho ne's~ ideal acciden: sequence label would indicate the'

imtiating event. the subsequent events, and the
6.2.1 Basic Event Labeling Scheme. We

$m damc ume if av.
tecommend the NURI G/CR-4550 b.nic event

'

labeling scheme diwnwed in Section 5 ) for use Our accident sequente labeling scheme ron-
by the NRC for its data base integration elfons sists of 16 characters in the form ol XXX-YYY-
anJ in f uture NRC-directed pR At in conjuncnon ZZZT/ A A. 'Ihree characters represent the
with the recomtnended basic event labeli"P initiating event (XXX), three (haraders represent
wheme, the topowing naming whemes are ice the sequent e numbet (YYY h fh e chaiacters rep-
onnnended 1or use as the labehny scheme con' resent the plam font tion as 1adures (ZZZZZ h and
stituent parts. While the labeling scheme two characters represent the accident ty pe ( AA)

'
recommended here is primarily in tended for use f or that wquence. The code reprewnting the acci-
in pR As, the s,ptem, component ty pe and f ailure dent type need only to be applied to a wquence
mode naming schemes are intended f or other w hen it has becn determined to be a dominant
""' sequence. Using an identifier in this manner

allow s shoner sequence labels to be uvd during
6.2.f.f System Naming Scheme. The es em tree quannfirmion and wquence puicesws.

NURI G/PR-1550 basic system nammg u heme,
w uh system ditterentiation by plant ty pe added is To f ally develop our propo ed sequence label-
rectaunended for use by the NRC as part of the ing scheme, w e recommend the follow mg naming-

basic esent labeling wheme. Ihtferentiating the schemes for the initiating event. sequence name,
sy stem by plant ty pe will add e 'en mon detah and accident type.
and clarity to the existing schen, Wah minor
revismr.s, the recommended sp em codes for 6.2.2.1 InIllating Events. As indicated in
llWR and PWR plant sy stems a: e prosided in Section 5.2.2, initiating events are clawified as
Tables 24 and 25. re qvctf ully. tranuents and 11X'Av Because no transient or

i OCA naming whemes were deemed satisfac-
6.2. f.2 Componenf Type Naming tory, we des eloped and recommend the following

Scheme. The NUREG/CR-4550 component iniiiating ei ent naming schemes. There were no
ty pe naming scheme is reconunended f or use b) candidate transient initiating event naming

s

the NRC as the wcond part of the recommended schemes in the sources rmiewed. Our immediate
basic esent labeling scheme The recommended apptoach was to deselop codes for some of the
component t> pe codes are gis en in Tabic 26. dillerent transiem categories and for the nwior

functions /sy stems ty pical to both plant ty pes.
6.2.f.3 Component Fallure Mode Nam- Aho additional codes were developed for special

Ing Scheme. The NUREG/CR-4550 compo- ininators (low of ae and de buo that base become
nent failur mode naming scheme is recom- an iwoe in recent PR As. The recommended ilWR

.
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Table 24. Iteconunended itWit s> stem oides and descriptions.

Itct onunended
llWit sy stern t ades Splem descriptions

ACP l'lant ac power system
ADS Automatic depressuti/ation sy stem
ARI: Air return fan system
CDS Condensate splem
fGC Colitalinfucilt tomhustible pas control
Clll{ ('ofitaintnefit heat lentoVal

CilW Cintled water system
_

CIS Containment isolation y stcm
'

Cl.S Consequence limiting control system
Ci'S Containtnent penetration system

: Cl(D Control tod drive system
CSC Closed tpie niolmp system

CSS Containment spray mode of residual heat removal
DUP dc power system
DGN Diesel penerator system
DGX Diesel cross--tie sptem
DWS Dr> weil Wetw ell) spray imxic of residual heint removal spiem

tillV limergency heating, s entilation, and air conditioning
liSI: lingineered safety Ieature actuation systern
!!S W limergency/ essential se'Tice water system
tills I;uel hanJ. ..,g system
FwS I siewater spiem

11C1 Iliph piewure coolant injection system _

llCS Iliph pressure core spray system
IIS W lliph pressure service water 'ystem
IAS Instrument air system
II'S Instrument ac power system
15 0 Isolation condenset sptern
1.01 1.ow pressure coolant injection sptem

1.CS l.ow pressure core spray system
1.PR 1.ow pressure coolant recirculation
MCW Main circulating water system
MIW Main feedwater system
mss M.un steam system

NilV Normal heating, ventilation, and air conditioning
NSS Nuclear steam supply shutof t' system
NSW Normal service water
Ol!P Offsite electrical power system
PCS Power conversion system
PPit : imary piessure relichystem (safety rehef valves)

PSW l'lant service water sptem
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Table 24. (continued).

Reconunendc d
llWR system codes Sy stern descriptium

RilC Reactor building cooling water system
kcl Reactor core isolation cooling system
RGW Radioactive gaseous waste system
RllR Residual heat ternoval sy stern
RI.W Radioactise liquid w a.te system
RMT Recirculation mode transfer systern
RPS Reactor pnitettien system
RRS Reactor recirculation system
RWC Reactor water cleanup sy stem
htC shutdow n coohng male ol'. sidual heat tenun at

SGT Standby gas treatment systern
SIS Safety injection actuatmn spiern
St.C Standby liquid control spiem
SPC Suppression pool coohng nuwle of residual heat removal
SPM Suppression imi nnkeup sptem

SSW Standby senw nater system
SXT Standby sen ice water cross-tic system
'l !!C Turbine building cooling water system
VSS Vapor suppression system

Table 25. Reconunended PWR system codes and descriptions.

Reconunended
PWR system cales System descriptions

ACP Plant ac power system
AlW Auxiliary feedwater system
ARI? Air return fan system
AVS Annulos ventilation system
CAC Containment atmosphere clean up
CCS Containment cooling system
Cl S Core thxxl sptem

Cl)S Condensate system
CCW Containment emergency fan cooler system
CGC Containment combunible pas control
CllP Charging pump system
CWS Chilled water sptem

CIS Containment isolation system
Cl.S Consequence li.niting control system
CPC Charging pump cooling system
CPS Containment penetration system
CRI' Control rod drive system
CSC Closed (ple cooling sptem
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Table 25. (continuni).
_

Recommended
l'WR sy stem codes Sy stein descriptions

CSR Containment spray recirculation system
CVC Chemical volume and control system
DCI' de power ,yMem
IXiN Diesel generator system
lxiX Diesd oom tie sptem

1:llV limergency heating, ventilation, and air conditioning
I?PS limergency power system
I.SF lingineered salety features actuation system
16W lissential service water system
1 llS Fuel handling system
1:WS li a ater spiern

4 lil'R lliph pressure coolant recirculation system
lil'1 liigh pressure injection
llWS liigh pressure service water system
lAS Instannent air system
IC S lee uindenser system
IGS Integrated control system
IPS Instrument ac power system
ISR inude contamment spray recirculation sptem

1. hts Let down purification and makeup system
LPI low pres:.are injection system

( LPR Low pressure recirculation system
LSW Low pressure service water system
hiCW hiain circulating water system
h1FW hiain feedwater system
MSS Main steam sptem

NilV Nonnal heating, ventilation, and air conditioning
NSW Normal service water
NWS Nuclear service water system

d OliP Offsite electrical power system
OSR Outside containment spray accirculation system
l*CS Pow er cons ersion system

PPR Primary pressure relief system (pressure operated relief valves)
PSW Plant sersice water system
PVS Penetration room ventilation system
RllP Reactor building penetration system

'

RCS Reactor coolant system
RilS Reactor building spray system
RCW Reactor building cooling water system
RGW Radioactis e gaseous w aste sptem

E kilR Residual heat removal system
RLW Radioactive liquid waste system
Rh1T Recirculation nmde transfer system

,
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Table 25. (continued).

Itecommended
PWR sy stem codes Sy stem descriptions

RPS Reactor protestion system
RWC Rea. 3r water cleanup sy stem
SIS Satety injection actuatioa sy uem

S 1.11 Sttam line breal control subsystem
SPli Secondary pressure relief system
SSW Standby senice water system
SNT Standby service water cross-tie system
T!!C Turbine building cooling water system

Tablo 26. Reconunended component ty pc codes and descriptions.
.

Recommended
component codes Component descriptions

-

ACS Attuation vegment
ACi Actuation train
ACU Air cicaning unit
ACX Air cooling heat exchanger
AllU Air heating unit

AOV Air operated vah e
ASD Physical position sensor / transmitter
ASF Flow sensor / transmitter
ASI. l.evet sensor / transmitter
ASP Pressure sensor / transmitter

ASR Radiation sensor / transmitter
AST Temperature sensor / transmitter

_

ASX Flus sensor / transmitter
ilAC lilectrical bus-ae
11AT llattery

itCil llattery charger
llDC filectrical bus-<le
cal. Cale dational unit
CIll. tilectrical cable
CCF Common cause failure esent

CKD Nonretum damper
CKV Check vahe
CND Signal conditioner
CRB Circuit breaker
CRil Control rod hydraulically driven

CRM Control rod motor dris en
IK'T Ducting
'XiN Diesel generau r.

!!DP lingine driven pump
EPV lisplosis e s alve
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Table 26. (continued).

Recoinmended
component codes Component descriptions

.

17A N hiotor driven Ian
|CV Flow control valve
Fill' 1:ilter

iUS Fuse

llDV llydraulic valve

llRU liydropen recombiner unit
itTR lleater element
111 X lleatexchanger
IcC Instnamentation and control circuit
INV Ins etter
ISO Electrical isolation device
1.OD 1.oad/ relay unit

1.OG Imgie unit
l.PS lAal pow er supply'

MDC Motor dri.en compiewot

MDP Motar driven pump
MGN Motor generator unit
MOD Motor operated damper
MOV Motor operated valve
PilN Phenomenological event

PND Pneumatic /h> draulic damper

PSF Pipe segment

l'TF Pipe train
Rl!C Rectifier
SMP Sump

SOY Solenoid operated 5 als e

SRV Safety / relief valve
STR Stniiner
TAC ae electrical train
TCV Testable cheek valve

.

TDC de cicetrical train
TDP Turbine driven pump
TFM Transfonner
TNK Tank
TSA Tras cling screen assembly

TSW Transfer switch
TXX llistable trip unit
VCF Miscellaneous aggregation of esents
XDM Manual damper
X11E Operator action

XSW Manual control sw itch
XVM Manual valve

.

1
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Tablo 27. Reconunended component failure mode codes and descriptions.

Recommended
component f ailure

mode codes Failure code descriptions

CA C ommon cause iail to close
CC Normally closed, fail in the closed position
CF Common cause failure
CL Common cause internal leakage
CM Common cause miscalibration

CO Normally closed, fail in the open position
CR Common cause fail to run
CS Common cause fail to start
CT Common cause fail to transfer
l'A Auuation failure

FC 1.oss of function
iO Failure to operate
FR F'tilure to continue running
FS Failme to start
l'I I ailure to transrcr

til Faih high
ilW liardware failure
LF Local f ault
1.K Leak
10 Fails low

LP No power-loss of power
h1A hiaintenance
htC hiiscalibration
hiF hiinimum flow
NF No flow or loss of tiow

'
NO No output
OC Nonnally open, failure in closed position
00 Normally open, failure in open position
OP Open electrical circuit
PG Plugged

Ril Failure to restore after test or maintenance
RF Rupture
ST Short
TE Component unavailable due to test
TM Component unavailable due to test and maintenance

VF hiiscellaneous failures
XA 11uman error to align
NE lluman error failure
Xht Operator fails to manually actuate
XO Operator fails to operate i

XR Operator faih to restore from test or maintenance |

|
I
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Conclusions and Recommendations

ami PWR it.unient wdes ami dew options are tain woes f or the imtialmp es ent, sequent e name,

how n in 'lable 2K Thn Int has a sulhoeni lesel and actident ty pe.

of det.ul and wnwaency between plant ty pet
A laire 1.OCA esent tree f or a ItWR is show n

m liipure I and our rewmmended sequence label-
We recommend combining the two lists of n aa b Mn

I.OU As f rom WASil- 1100 and Nl RI.G/
'

hed to sequence 6. The
initiating esent is a large 1.0L,A. Ref erring to

UR 4550 and addmp any other spetial 1.OCA 1A Mk &M i I D G h M T k-
types to make an intlume bst of the wmmonly - - - ndo md #nt functiM codes aredetmed IDCAs. 'lo mect the auident labehng d fm & qum nm TN hwin-
w heme icqmrements, the 1.OCA ty pe codes are , ;g 6 M tk HWR nmu N con.,

restricted to two c haracters. We also recommend hd in du' Mm W codet Sequence 6 of the
using the Nt Rl!G/( R-45501 OCA breal we es ent tree indicates that t,ie low pressuie injection
definitions pn en m Section 5 2.2.2.2 of this dd W wned % %Mdce
scport. t he f emmmended list of IDCA types is Unn*m mW hm MN Rhing to
gise m lable 29 Edk 30, h n14ionWp ktwem h bib'' hom

line sy stems are associated wi li the appropriate
6.2.2.2 Sequence Names. We recommcou plant tunttion. The plant funstions which f ailed

the sequem e number and lunction codes to be are emergency co.e cooling tiow preuuteldecay

pan of the sequerre naming scherne. llowever, heat remosal, and containmem overpressure
ilus method does requne actew to the esent tree protection. The plant lunction codes for system

,

and the sequens e of interest and wm erting front- tailmes to be used for our accident sequence label

hoe systems m that sequence to plant functions in are 1., R. and C. We realite that several systems

the foim of s odet Ihe relationship of dif fereni may provide a similar plant function. Therefore to

plant systems to a particular function are shown use the codes, all systems w hich provide a similar

in Tables 10 and 31. A unique singular letter code plant function must fail. The remaining code
that will be used in our sequence name is awo- required to complete our actidert sequence label-
ciated u nh each safety function. ing scheme is the accident type name. Referring

to lable 32, our accident type code is LO. This
. wde represents a 1 OCA other than a seal 1.OCA

6.2.2.3 Accident Type Names. I.or at ci-
or a steam generator tube rupture. Our recom-

dent type proups, we recommend using the typi- mended accident sequence label f rom the above
cal accident ty pes used to report PRA tesults as

description would be 1.GA 006-1.0,RXX-l_O.
tound in Nt !RI G-1150.1.hese accident ty pes are
broad classihcations and sen e to convey the diodMm glit'd in m UNqg ,

eMects of the sequences of the total placi model. p e will be applied to Figure 2, a loss of
Ihe rewmmended accident type codes are gn en feedwater event tree for a PWR. Our recom-
I" l" '

mended sequence labelint. scheme has been
applied to sequence 9. The initiating es cut is a

lo demonstrate our reanunended accident low of feed w ater. Referring to Table 19. the tran-

sequence labeling scheme, we hase included an sient code for the loss of feedwater is TFW.
example of a tarpe LOCA esent tree for llWR and Again, the sequence number and function codes>

a loss of main feedwater for a PWR. Depending are required for the sequence name, so the front-
on the esent tree and which sequences are ana- hne systems in sequence 9 for the PWR must be

lyzed, ditferent front-line sy stems are necewary converted to plant f unctions in the fami of codes.

to present core damage. Our accident sequence Sequence 9 of the event tree indicates that the
labeling scheme proposed in Section 6 2.2 will be ausiliary feedw ater sy stem, containment systems,

apphed to the following esamples and will con- and low pressure recirculation sy stem has e failed,
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Table 28. Recommeruit d transient codes and descriptions for a ItWR and I'WR.
_

Transient codes 't ransient event descriptions

TAC low of ac power

TA1 low of ac bus "

TA2 low of at bus "

TA3 low of ac bus a

TA4 loss of ae bus a

TAI Low of ac instrumentation

1CP Partiallow of component cooling water

'l CS loss of condensate

'IC W Low of component cooling water

TDC loss of de power

1DI low of de bus "

TD2 loss of de bus a

TIU loss of de bus "

TD4 low of de bus 8

Tiw I ow of feedw ater

TilV low of heating, s cutilation, and air conditioning

TiA loss of instrument air

1 01' Loss of of fsite power

iPC Core power excursion

TRT Reactor trip

TSil Station blackout

TSI Spurious safety injection actuation

TSP Partial low of senice water
e

TSW l.oss of service water

'ITG Turbine generator trip / general tran icnt

TUP Transient with PCS unavailable

TWP Transient with PCS available

a. A specific component utentifici.
.

s
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Conclusions and Recommendations

Tablu 29. Reuimmended IlWR and PWR l OCA initiating esent unles and descriptions.

Rewnnnended
ilWR/PWR I OCA code I.OCA group description

1.U A llWR/I'WR large IDCA
iMA ItWR/PWR intermediate LOCA
SMA IlWR/I'WR i mall IDCA
SSA flWR/PWR smallamall 11X?A
POV PWR power operated relief valve f ails to teclose

PRV llWR/PWR reactor pressure vessel rupture
l'Sl; llWR recirculati"n pump /PWR reactor coolant pump seat failure
SGR PWR steam generator tube rupture
St h ilWR/PWR steam line break
SRV HWR safety relief vahe fails to redose
ISA IlWR/PWR interf acing system LOCA

Table 30. Reconunended hst of plant functions and codes for a llWR,

Plant function I unction codes System descriptions

Reactor subcriticality K Reactor protec tion system
Control rod drive system
Alternate rod insertion
Standby liquid control system
Reactor level control only during ATWS

Reactor coolant sy tem O Safety relief valves
os er pressute Code safety valves
protection

limergen':y core cooling 11 liigh preuure coolant injection
'high pressure) liiph preuure core spray system

Main feedwater sy. stem
Reactor core isolation coohng system
Control rod drise pumps
Standby liquid control pumps via test tank

limergency core coohng 1. l.ow pressure coolant injection system
(Iow prewme) 1.ow pressure core spray system

Condensate sy stem
Service water system
l' ire water system

Depressutiration D Automatic depressurization system
Main turbine bypass vah es

ITecay heat remos al R Residual heat removal system
Shut down cooling mo& of residual heat removal
isolation condenser
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Table 30. (continuedt

Plant functions i unction codes System descriptior,

Containment m erpressure C Vapor Suppression System
protection Drywell/wetwell spray mode of

residual heat removal system
Contairunent venting
Suppression pool cooling

Containtnent isolation I Contairunent isolation system

1%t accident radioactivity I' Contair"nent combustible gas
control control system

Plant support S Electrical power
a. ac power system

,

b. de power system

St Emergency power
a. Diesel generator system
b. Diesel cross tie sptem
c. Vital ac/de

S2 Plant cooling sy3tems
a. Reactor building cooling water system
b. Turbine building cooling water sy stem
c. Chilled water system
d, Main condenser cire water system
e. Service w ater system
f. Emergency service water system

S3 Instrument air

S4 it'TC

S5 Eme.g;ney safeguard feature

Table 31. Reconunended list of plant function 3 and codes for a PWR

Plant lunctions I unction codes System descriptions
,

Reactor suberiticality K Control rod dris e system
Reactor protection system
Emergency boration system

Core heat cemoval 11 liigh pressure injection system

(Iligh pressure) liigh pressure recirculation
Chemical volume and control system
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Ccaelusions and Recormendations

Table 31. (continued).

P; ant functions I: unction codes System deariptions

-

Core heat removal 1. Core flomi system

(Iow pressure) Accumulators
1.ow pressure coolant injection sy stem
Low pressure recirculation system

Decay heat removal R Auxiliary feedwater systern
Emergency feedwater system
Residual heat removal system
Main feedwater system

Condensate system

Power operated relief valves for
feed and bleed
Fire water system

RCS integrity V Safety relief valves
Reactor cochmt system point vents
Recctor coolant system

l'rimary pressure ielief system

Containment pressure C Containment spray system

suppression / Containment emergency fan

atmospheric heat cooler system

removal ice condenser system

liydrogen recombiner/ purge<

systeri

Containment isolation I Containment isolation system

Plant support S Electrical power
a. ac power system
b. de power system

SI Emeigency power
n. Diesel generator system,

b Diesel cross tie syt tem
c. Vital ac/dc,

S2 Plant cooling systenisg

- a. Chilled water system
b. Component cooling water sptem
c. Service water system

S3 Instrument air

S4 IIVAC

S5 Emergency safeguard feature

41 NUREG/CR-5905

.. . . . . .



,

, .

..

.. . _ _ _ _ _

Conclusions and itecommendations

Table 32. Reco:ntnended accident type codes and descriptions

Recununended

act nient ty pe code Actident type description

AW Anticipated namient without scram

IS Interf acing sp;em LOCA

l.1 LOCA caused by injection f ailure

LO LOCA other than a seal LOCA or a steam pencrator tube rupture

I.R LOCA caused by recirculation Iailure

LS 1.ow of of f site power (emergenc;/ power available)

LP 1.oss of the power tomersion sy stem
PS licactor coolant pump seal LOCA

g

S 11 Station blac kout

SG Steam generator tube rupture

iR Transient other than low of of f site power transient
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Figine 1. Large LOCA event tree.
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Figure 2, loss of main feedwater.

Ref erring to Tabie 31, the relationship between des.cription, our recommended accident sequence

the failed hont line system are awociated with the label would be TFW4HN.RCI.XX-T3.

appropriate plant function. The plant functions
The bn event and accident sequence labeling

that failed are decay heat removal, and contain.
demn pm;msed herein, in conjunction with the

ment overpressute suppiewioidatmospherie heat
recommended sy stem, component type, f ailure-

removal..the phmt Iunction coder for system fail- nuxle, . . iating eve it, and accident type namingnut
ures to be used for our accident sequence label are schemes should provide the NRC with the,

R C, and L The remaining code required to com- common nomenclature needed to intsgrate their
plete our accidcut sequence labeling scheme is various data bases and make them easier to
the accident type name. Referring to Table 32, the understand and use. Appendix A contains tables
remaining code .equited for our accident type to expedite conversion of data coded under the ,

code is TR. 'lhis code ic presentu. transient, other other naming schemes reviewed to the
than a loss of of fsite power. Ilased on the abose recommended system and component type codes.

E

.
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Appendix A

Appendix A

System Naming Scheme Conversion Tables

t his appenda pici. eras tables that will allow the user to uuncit data toded under the other naining
u hennes icviewcd to the icconunended 9 stein and (ornponent ty pe uxlet

b

,
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| Appendix A

Table A-1. IlWR sptem desuiptions f or comening f rom other naming whemes to the lecommended
sptem nataing uheme

vruini,mn v a n !!.r.tanaa,a m NPRDs % ki orRae
.pi<m u a , sr r m acw ns,mns u m uac, ,3 arn, u in 3 m sme,

At 'l' Plani 41 p wrr sptem iK I 15 A 1 li

A b\ Automata dcintnuritanon $pirm - -

(TU Compment undmy wa!rr (T CA

(TW Cotnpownt u=.hny p>w er ( (' CA

( 1)\ l'undensate t>!.it tri $D ID!D Cl

OC ( ontamneros u.mbustit.le ps t unirol hit SC A RI C/5CADil.

( lik Cuniamnwnt iwnt tensn al $DA ---

Cil% (%lled w alet spicm K hl - -

Clh Contammoni swlatant 6pterti - --- SD

CIA Conwqucn(c hmitmp t ontrol spirm - - -

01"i Cont.unnwns p nctrution apirm - SAG

CRD Control to t dmr sptem AA kit A Ali

( $C Clovd t p le um>lmy sptem -- - CA

( ~5% Cnntamment spin) maic nf reu.iual bral ClASFK -

remin al

I K'P ds pswer spirm i11J l 0 11 11

INiN Dicwl grocrator spiem - 1.l' A i 11

IMiA thewi ttuu-tic spirm - -

DWS Drywell!wriwell spay malc ol -- -

rrudual heat armin al snictu

i IIV | l'rtprot) licatmg, g entilanan, and a? - - -

,

tondition.ag setem

lAl I lif threrrd Aaf t) |ratute lh tualif He 4) Altm 31 ~ IWf

Iw I meryenoirwenial setue waire setem iti %AA Cit

inn I uct lundlu y (ptem - -- ID.

1%5 Inewntritptein KP -- -

1101 10gh prenure mdant injection sptem lij St C ltN

llCS lb(h piruvir rost spra) spirm DU hl D llW

nsw no pressure sciu,e w aici rrm -
-

IA% Instrunient att sptem 1.D --

IPs instumwns ac pimer sptem

1\0 Imlatu n um.lenwt lit - Dit

1 Cl 1.uw [ ruure owdant iryntum Spicm (10 - -

1CS tcw prenurt (ore sp,y spiem 11 \ 1 $f~A It X

NUREG/CR-5905 A-4
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Appenda A

Table A 1. (continued).

firi unm,rsuted ll .I 1: htafutard 805 hPRD$ NURLOCR 3W
n uem tales aptem dew npums spire unin setem oxici spirm umles

IJ'H lain gweau-re uolant trurt ulatu n - -

MCW Mam urvolaiang a ater spiem - - IR

Mlw Mam f tcJw ater spicm 5J l il A il

MM Mam satam sptern $lt Ct'A IA

NtiV Normal heatmy, scritilatum, and au - - -

umdetummg spiern

NM Nu(lear steam suppl) shutoff sptem - Sir --

Nsw Normal men k e w ster - - -

Ol.P Offuse enestacat powet spicm - - -

105 Power uirneruon sptrm - - -

I'PR hirriary penure rtlwl tpten %afrty rebel s aheu - - IV4

P5W hant sertwe waar spicin -

RitC ReA toe tiuildmp slov d noimg w ater sptern - WHA -

hcl Remiur une twlation umling spirm itN Cl.A ItC

RGW Radmactne gawnus w aste spirm - - WD

kilR Reudual heat renn al spirm itO Cl A till

R1,W Rmtinauive hquad maste sptem - - %A

RMT Reurtt.lation neide tranurr sperm - - -

ki's Rea tor proteune spirm - lil A -

RWC Rector water ticanup spicm CI . - -

RRS Reactor teentulatum sptem AD -- Al

SDC Shutdown umimg male of rcsidual heat rentosal -- -. -

5(11 htandt') gas treatnwnt )sicm - SIA -

SIS hafety inje tmn actuation sptem - -- -

SLC Standby hquid comrol sptem ilR - -

SPC Suppiesuon pal ux hng nwkit of - - -

,

reudual heat remos at

SPM Supprewnm piot makeup sptem itT SAA -

$5W Standb> wn Ke water A)em - - -

SNT $iarattiy scruce water crowte spiern -- - --

1ItC Turbine twkhng oiulmg waier spiem KH -- ~

l

A-5 NUREG/CR-5905
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Appendix A

Table A-2. i> Wit sptem desliptions f or (unvertinr hom uther n.onny' w hemes to the scrommended

* ) stent flillfilfl)' M heillC.
_. .. - - - - - _ .. . -- .-... . . - - -

(( Il ! h kE Tk 5' E L ? ' ' -

N *,tt' HI 1 t e'It h 5 4 5.lC H I df m e f|'lii '4% h T * l'' f'l l' b ki' 4
.

% % '!C W I I b i'' % % % %N IN I In ''%

A( l' 112hi at ;wiw rt g a b m thf cl hl 'I DI

A,'w nut ili eg f-i d # a e opino h% lH D 7)Hillin en

A tt i A t n om f an s ph-m A4

%% Aimolus s adalat een o tt. m M llN 'l

( A(' ( out ram < nt i imo .|. hor t h in u|.
<

1(b k t i d di;ld!K id 1. in*IlDf E) h Fm '<

( t '% 1 orn;* nirm ( suiling w arrs y uem % hh'W hll'% h('

$

8
( 11% ( 'i de rtr.A '.p r* m \ll ll(i bllllu lIIII . I I( *

t n (- ( .uiu ancet rm spru , tan imkt micm U 6. \lH8

('l N <.or H ..,1 q ueth ( ) ( 'bl 1. h5

t 1 e( ' ( ~. alwum os 6 mnteo 'dk p r. o u+0ol Oh M DI)ll /51 ('l Hl . bl

( 'l H' (:li.is g,"y ;< ump s t uem

( ||% ( L& d v etti n W-m hM

i 15 ( nota,norot awkte n seem IAI hll A'Silll\Idl MI

U1 s ( oneqww r Lamony iomn.I wi, m

( lt' 4 harymp gwy ti=Le 9 unn

(T5 Gmi.twrucnt p orir,i e m my ocmt

i (/. l ) 4'imtt< >l 0 41 sir sv r 9 slem AA R hh YI!k DD*

i

('h( ' ( 'Isikt.14 p t |C t twelutg L% urin

( ', P t 'ord.unmrut sp a) in m i,btiote y urra ||1. M ~l4Cl8 NC('

(W ( hrint al s olmtic a'ul t obth el u sino ('h lfI /l4 'l i IY
,

1 tMT sls p v,1i y steni i l'f 1 I ( filflil ('I. I i'

li ewi gvor a < picm I t-CN i

|HiN Inn.ri t ton tre n oem - --

g

| llY I litrrg' fin y let'JOS)-N s f hitlativ Hi,4thd Vi?

t %hmni.or

i1% ! owf gen v powes 6pivoi I l Cll D.I I D

.
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| Appendix A

Table A 2,(continued).

Veuunnu trkJ lll .l; Statud h4 NPH l6. M kl G4'R 4M
sperm o.ky %ptem & w t yinom noirm usks spiem t ales quem uas

!V I ngmetred salery feature situatsuri sptera Ji; I hl,1 H H.1H K IB

IAW l uonti.el wn xe ww setem 151 % All'WAlW AC WA

i 115 I I hafidimg syurm -- II)

IW% i,rt.ater apiera LP - All

lil l ligh |newurt tafsty ioyt uon splem HQ Si D %f gal f -

llPR ligh prtuure t:wilant reun ulanon sptem - -

_

ll% N lith pituure herwr meter yurm - -- -

14$ inusurnent att aplom iD - --

Irs 1.c tomtenvi sptem IW %DI -

HX intrytated tontrol spirm - IE C --

IPN ' Instrument at tw trayorm i '40-1 fill 11th -

Isl< Imide motainnwnt spray ret irsulatean apten: - -

| ('l I m pienute unilant in.tet teori sy urin -- Cl 1101 l- -

1.M s l et A m ti purda nun ,uij rnakeup spicm - PCH

lIR inw pituure reurtulatun spirm - -

1AW lua pn:uute wr ke water q uem -- Waft -

MUW Mam na ulatmg water notem - - 111-

Ml W Mmu lordw ater npt<tn NJ lill A!111LWilill- Cil

MW %I.un sicam >pictu All till AllllH 'lillC CC

MIV Norrnal be. ump. s ennlainn and air - - AA
nulmwon;; spion

hSW Norrual wn h e w pet - - -

NWS Notlear vruce w alet y ucm - WAC/%AD ~

,

O{ .P Oilkuf f|(t trk 41 |Inin ri %) %ifm - - bk

OhN INIWle npMy rVa%Oldthm Spirm -- - ~

PCS l\mcr rmvrtum sptem - - lij

s

PPR Ptmiary picnute nhet tptem spicnure - - -

on rsicd relmf vahri

1

,

a
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Tablo A 2. hontmunh.

lin omna atLsi il 1 i Wenlant kfli N1'Hil% NI 'lf l (iA ?'ct M ii

n u. m e .6 ti s Warm <1 u e ce.wm u ur tn < <vk s n orto untet s vunn o h

("s % l'ho.1 wt s is r w atc r t g ur m

l'V N Pt..rirau m imin weinlanim y stern $.D Af5|| A/Silh

P 16( ' H rm tof bu Lbny < onlmr w atet a urm % 11

PHP Re # im biullmg gw nenanon snieni S All/N A(' --

pit % Pt 4. tiu tunLbng yre e urm 'd C

kt s W a. tot o = >L. int q uem Alt Clll W !st.3t hil (Y)

N(iN N etslls hit tit t' g'a%tN ms M d\lf 4) urin hl - Mb

kilR Fest lu I brist it ums.al sutrm it! ) (llaTC l'l

Pt % Naiboa Inc hamst ww.ic n urni WD MA

hl'N Hra t.w protre m y stem JD Ilill/lHD/lllO IU

If448 He t oi ultuon stiimic transfre 9 t em

kW( Pr u tael watra t iranup 9.nin ()

%l% ntet) mrs hon .u tuan.m 9, temi

* l'R \et oeubly presturr Irlirt n trot.

Slet o, v s h e watet eurmt\\%

tii Wndby wrs a r w atti 4 tow w y urm - -

kh'l 11( " 'Iusbmr bmlimgip{wMet sptern

,

e

4

4

i
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Appendix A

Tablo A-3. Component type destnptiom for comerting from other naming schemes to the
f elofillilefided Lol!1poileill ()pe naliti!ip hdleflic.

- __

NIT 1.AH
R ro unme n,ted 111 L 5:andsJ MtA NPRDS comping ni (ompment
upment u as (~ome ment dew ty4i. ins aimpwnt o.ib ( . (le s (ojet

ACU Air (tranmg wat -- -_ ~

Af A An uvlire ht.ut culunger - -- - . . .

Altl! Air braur r urut [.l f I R . . _

AOV Air rwrated s abr --g

Asl ilaw wnwir tre nnunct I'l INMt l'R st.Nr

ANI. larl wnv r.irammer 1( INMilH si:N

AVi Phpiail p moon stnwr/transmuter /1 ins 1Ht! SI.N

ANP Prmurt wnwntuamnutter rf 1XMITR si N.

A L.R H Abanon unwr1ran, nutter HI l\ Mii R sl N

A N'l 1cmperatue sensor!transnnner lil ins 1 Rti si N

ANN 11us genunit an+nuner si:N

DM' l let tt u al bm - A DDS5Hll fliCON CNDHS,

11 M hauct) HTRY DATTRY 11AT

lifll banet) t h.nger 1h C bWTRY HClI

til x ' I kornal bus- A li!MUI' t.l froN CNDBs

(' Al Cul, ula o mat umi -- - _r

CB1 1 lci n h al c ohk CHl. 1.1.1 CON CN DCC/
CNIC

CKD Nometurn d.tmp r (>\tl' VAlVl; Di>N
M

OkV Cht(k s ahr - vat VL Vj f

( 'R h Citant breaker bhR ('K1 D4 K CitMfDP

CRI| Comnil rul hsdiaulsalh dinen CRDRVI CRD

(VM Connot rod motat dm en - CRDRVE CRD

1(l Ducnng D1 ( *1 . . . . _

IxiN thewt pencrator tw; Ot.N1 R A GNt>

I 1)P i ngme denen pump p Pt 'M P UNO

1PV 1.s pimn e uh e 1P V MSt- Vt t'

IAN Wtor drnen fan iAN blOWlR IVN!N
IC\ t h+ tontrol ukt ICV V Al.VI' _

llT l-dtet I EI 11111 R llT

l'1 % ime Ilt _ l l's
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Table A 3. kontinuedt

S t ri.AR
Rouimunndcd || 11 Standant MHA NPRib uinyment Uinipynt

ump ine nt u nit s ('ompuient deu tiptaina vinipinerit unics tule , taks

llDV liydraulic g abr VAlVOP YlY

lil< l f lipin.p o truen.hinct umt RI COMit kl.C

lilR llcatcr clernent I lll R llI All-R lilN

tilX lleat t uhanytt 11 % ll!!.Acil jll A

Rr Instrumo.tatum ard v eninil uruni IN S ! et.1 '

INY lin rru t INV1 (it.NIR A .

lW th ir a al isolatkui dc u c INuls!'Y -

IOD loadMtlay uint -- , - - Rlffkl C

LAMi lupc unn -- 1(xi

l PS laalimes nopply JX |PW st P PW st?

\1T X ' M stor drnen o mpreer C?.1P lii uw t n Hi C

Ntl>P \1ote dro en pump P Pt .;M P PI'M

W ili Moior psictator umi N1G - -

MUD %. tor operated damin .- VAINI. DPA1

MO'l Wtor opriated s ahe - val \ Ol' VL M

Pneumaia,h dravin Janigwr D\1P VA1VI DPXPND 3

HI C Ratsher Rt C1 - ,

,

N\1P %unp - ..- _

\UV Solrnind operated g ah e USV VAL VOP VIs
I

SRV hatetyhrhef uhr RV VAL VL VI.R

SIR strainer STR l lLTI R SIR

5 1CV TruaNe thetL sahr - VALVE V1.C

IDP Tushne din en pump P PUMP Pirl-

.

11 W 1ranshemer \1 AIR 1R ANSI- X1P
t

1NK lank TK - TAN /
1ANK5

15A 1raschny wreen assembly - 111:11 R S1FST

ISW Transfer swikh (KillRK s%C/swp
I

TXA thuaNe trip umt IllissW _

'

All\1 M.inual damper DMr VAL.VE 1)lt)

MW Mara.at uwrol sw itch - CK11tKR swc

XVM Mantui uht ilCV VAIXUP VI.O

NUREG/CR-5905 A-10
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were conducted to provide the Nuclear Regulatory Commission with the n'eans to coordinate and integrate their inter-
nal activities through a common nomenclature for their many data bases.
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