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APPENDIX Acs
U PRA KEY ASSUMPTIONS AND GROUNDRULES J

!

FOREWORD ;

;

The EPRI Advanced Ught Water Reactor (ALWR) UtHity Requirements Document contain:, a set of
design requirements for the ALWR. As part of the detailed design of a plant to these requirements,
a proaabHistic risk assessment (PRA) will be required. The primary purposes of the PRA are as fol- ,

'
lo w.

To provide a mechanism for assuring a balanced design from a risk standpoint..

To demonstrate that the detaHed plant wHI be capable of meeting the utuity investment protec-.

tion requirement frequency for core damage of s 10'5 per reactor year.

.

To de monstrate that the detailed plant design with the plant located at a representative site will.
4be ca :able of meeting the public risk requirement of 10 per reactor year for releases > 25i

rem.
,

in addition, the PRA wHI be used to accomplish a number of other objectives, including the follow- .
'

Ing:

To identify the leading core <lamage and risk sequences..

m
( To identify potential vulnerabilities to core damage and containment performance for the i' .j .

iALWR design.
'

To satisfy th a NRC Severe Accident Policy Statement requirement that a PRA be conductNI.

(Ref.1).- ;

To serve as a basis for an accident-management program. t' .

|: r

| It is anticipated that the PRA will be perfonned in parcliel with the plant detailed design and that it
wHI bo completed at the time of licensing certification package completion, thus enabling uss rf
the PRA to support cenification. For portions of the plant deshn which are not fully detailed for
certification, Interface requirements WHI have to be defined by the Plant Designer to allow a com-
plete PRA. The PRA will assume that the plant wH1 be built in accordance with the detaled design ,

and any interfacing requirements. In order to obtain a meaningftd assessment of the important
. contributors to core-damage frequency and risk, it is Intended that the PRA tise best estimate
methois, data, and assumptions, to the extent that they are avaHable and it is practical to do so.

In order to provide guidance to be used in performing the PRA, this PRA Key Assumptions and
Groundrules Document has beer, prepared. The purposes of this document are the foHowing:

Define the purposes of the PRA as discussed in the above paragraphn..

Define too scope of 'ne PRA, including sources of risk to be considered, types of events to be.

cnalyzed at those to be explicitly excluded, and level of detaH of the analysis.

I

- - .. . .- . . -



m . . , .

.- +

FOREWORD (CONTINUED)
O

Identify previously developed methods to be used. Most of the m6thods are identified by refer..

ence. Examples are NUREG/CR 2300 (Ref. 2), which is referenced extensively for analysis of
external events since it has undergons eomprehenske peer review, and NUREG/CR 2815
(FA 3), which is referenced in areas where it is considered an appropriate supplement. Iden-
tify new or improved methods where previously developed methods were determined to be
lacking or better methods have recently become avaliable. Examples are in the areas of com-
mon-cause failures and human interactions.

Define procedt.:as to be used in those few cases where existing procedures are incomplete or.-

conflicting. Examples are the definition of severe core damage and treatment of uncertainties.

This PRA Key Assumptions and Groundrules document does not define complete, detailed PRA
procedures and methods but, rather, relies primarily on existing procedures and methods by refer-
ence, and supplements these where necessary.

The intention of this document is to specify an approach that will result in a comprehensive, high
quality, understandable M A. If the Plant Des'gner takes exception to a'1y of the requirements [as
indicated by the term ':t;e") of this document, those exceptions shall be listed in the introduction
of the PRA report, and the Plant Designer shall justify the approach taken as being appropriate for
the intended purpose.

O
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRUL.ES

Paragraph No. Assumpoon/GoundnAe Resonale Rev.*

1 OVERALL SCOPE AND RAETHODS OV.''.RALL SCOPE AND DEETHODS 0
i 1.1 SCOPE SCOPE 0

1.1.1 The scope oi the PRA performed fu use in con 9ering wti A Level 3 PRA is rspad in order to obesin estimeses of the O
the ALWR core 4amage frequeix:y requirement and ifw site risk measures needed to compare agelnet the overadi require- i

boundary 40se re!uirement shall encompass evaluation of the ments for the ALWR.
core damage frequency, assessment of containmers response

!and estimation of reisese frequencies and magnitudes, and
analysis of off-site consequences In the terminology of the;

PRA Procedures Guide (Ref. 2), a Level 3 PRA is required.
,

1.1.2 The scope of the PRA shall include intemal and extemel The indusion of extemel events (llre, flood, earthquake, etc.) 0
' events except ductuige Sabotage, oy either an axtemal as wee as intemal events is done to ensure that the plant
| armed force or by an intema8 saboteur or group, shen be ex- casign provides belanced protection from aR rimmens of
j plicitly excluded from the PRA. events that con be reasonably envisioned. The sole encep-

,
'

90n is sabotage. The frequency of acts of sabotage connet
i be meaninghAy quantmed, and thus the core demoge fre.

quency from sabotage sequences cannot be essimanant ;'

Plant protection from acts of sabotage wE consnue to be !
,

provided by deterministic requirements for physical benfers,
security systems, security kwces, etc. (The quainenve in-
seghts gained by the performance of PRA wE be used in
determining which deterministic means for sabotage protec-
tion are most effective.)

1.1.3 The plant shaR be assumed to be correcify desegned to meet Thu PRA is intended to analyze design capab51ty, as stated in 0
the plant furxiional requirements, and shall be assumed to be tfe tsig t documentation, as weR as operational aspects.

I constructed as desegned and is not intendad to be a primary means of identifying or ;

sesr.M g dasign errors or construction deliciencies.
'

.t
,

| ?

I

| t
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APPENDIX A:. PRA KEY ASSUMPTIONS ANC GROUNDRULES
:

Paragraph No. Assumpeion/Grory& vie Reaionele Rev.

1.1.4 initiating Events - RAodos of Operation Initioting Events -Isodes of Operasen 0

Tbi PRA u;ed to test agemst the requirements stated in Sec- Plant-speellic analyses performed to date have found that the O

tions 1.2 and 5.1 of this docum3nt shall be limited to con- frequency of core damage and the public health risk oiinitist-
sideration d inihetog events that occur at nominal ftAl-power ing events that occur in otetss other then power operation q

'

operation and of the radionuclide inventory of the fuelin the and from sources other then the fuel in the vessel are not as
! reactor vessel significant as events eviginating from power operatian and b

| volving the core inventory. These attdies have indicated inst
! such events have been important for specille plants for which

procedures. training, and ad ninistranve controis were sees.

,

i then opemel For t.ummt plants, design charges were
! generesy unnecessary for the rYUpower events. For the

ALWR, the opportunity has been taken to address many of

i these nonimer events in the design, although procedures,
trai.*g. and admmistrative controls wel also be necessary.
The requrements for the ALWR (refer to Paragraph 8.10 of '
Requrements Document, Chapter 5) have epociliceBy ad-
dressed the events that have occurred in cummt generation
plants by eliminating specific foBure modes, adding additional |,

~

shutdown heat removal redundancy, reducing the oppor-
tunity for such events to occur, and providing signWicent em-,

' phasis in the design requiren. sic w!:h W. M .nnwantino ,

'
j these events.
!

i

*

i

I i

|
:
G
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph No. Assumpoon/Groundnde Reetonehr Rev.

1.1.5 Coca ., Analysis Conesquence Anotyeie 0

Off-site consequences shall be calcadateo using meteorologi- Use of the reference slie is desired since the primary purpose O

cal and demogrmhec data for a relemnce site. The reference of the PRA is to assess the piert design releltve to the overall
site shall be bounding for most sites in the United States and requirements. Estimation of off-elle conesquences for a refer- ,

'

shall be as defined in Section 5.2. ence slie that bounds the majorty of U.S. sites permits dersr-
mination of whether the design should be adequate from a ;

j risk standpoint. Irrespective of the she at which R may be lo- i
cated. Moreover, since the PRA wW be performed at the
design <:ertwicetion stage, no specac see wW be avasable for
the anehsis.

,

'

1.2 DEFINITION OF CORE DAMAGE DEFINITION OF CORE N3 0

1.2.1 " Core Damage" shall be assumed to hems occurred if and only A practical definition for core demoge that is structured to be 0
; if both of the follovnng have occurred: useful to the PRA analyst is needed. This definition is in-

tended to .WM a condtion where there is essenolve ;

physical demoge to the core such that fuel assemblies would ;,

ba disfigured either by machenical fracturing or by melting. |,

I and removal of intact fuel assemblies or groups of as- '

' semblies could not be accompliehod. (It is understood that
: tids delinkon res Ats in some event sequences where the

core is overheated to a lesser extent and there may be dod,

perfonstion, deformation, or beBooning of fuel rode that would i
'

rxf .e classified as core demoge.) !

l

1

'

; :

| !
1

-

i !

i >

!
'

'
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph No. Assumption /Groundnde Rationale Rev..

1.2.1.1 The coKapsed level in the reactor has decreased such that ac- This is a conservative condition for core damage because ac- 0
#

tive fuel in the core has h9n uncovered. tual damage is not likely to occur untE water level is lower
(i.e., nearer the mid-plane of the core.) However, || the core
remains covered, then prevention of core damage is escured.,

This portion of the definition may allow the snelyst to
elirmnete events which do not produce core uncovering from |,

the analysis without having to use a dete5ed analysis. This '

i condihon may be hand-esir uimmerf using reactor cooient sys-
! tem volumes, temperatures, decay-imet levels, and heat-

removal rates.

1.2.1.2 A temperature c* 2200'F or nigher is reached in any node of This second tier of the definitson is provided so that E a prob- O
the core as defined in a best-estimate thermal-hydrauhc cal- ab5 stically ;nv4=4 sequence exceeds the core uncovering

i culation. criterion stated in 1.2.1.1, the analyst has the option of
demonstrahng that the fuel tempensure is acceptable. The

i temperature eclected considers the following. At an actual
; temperature of about 200*F. the rate of zircoloy rariresslan in-
I creases rapidly, and the exothermic rear *wn wEl proceed to

rapidly heat the core further. A temperature creerlon of
; 2200*F to avoed excessive zircoloy raririnalan has adumential

technical basis from emergency core-cooling system (ECCS)
'

research to date, and the prar*=1 impact of the dNierence
i between 2200 F and 2800PF with respect to the ab51ty to ob-
'

tain a mesmnghA estimede of conHjemage frequency is er.- '

pected to be neghgibee The MAAP code is the currently
| available calculational tool that is expected to be used for i

such calculations.
: ,

!.
'

)
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph No. Assumpoon/Groundrule Renonele Rev.,

1.2.2 Core Demoge T. ,- _. , Requirement Core Demoge Frequency Regoirement e

{ The plant desegn shaR be such that a realistic assessment of This requirement minimizes the financial risk to the ul8ky 0
the mean frequency wEl produca a best estimate from loss of the large capital investment in the generaWng ste-
no higher than 1x10 events / reactor year (induding tuth inter- tion. The mean value is the point eclimate that has been

j nel and extemal events). chosen for this comperleon.
!

1.3 POINT CTIRAATE QUANTIFICATION POIrlT ESTIRAATE QUMATION O
.

1

j For each basic event input into the PRA model, a point es- PRA results, in the form d estimated moon frequency of core O

timate will be denved to represent that event in calculatmg the damage and estimated moon frequency of a serious
i frequency of event sequences. The mean value or expected radionudide release, wel be used to compere against the
i value shaR be the point estimate used for this ptepose. These ALWR Requirements Document values given in Chapter 1,

mean values shaR be propagated through the PRA models, Section 1.4.1. The use of mean values for quantNicetion and i

and n .,an frequencies shaR be obtamed for core damage se. compenson to the ALWR Toplevel Requirements has been !;

! quences and radionuclide release categones of interest. specified for several reasons. First, the use of mean values is !

; practical, since propogetion of mean values through the PRA
! logic mofels wEl yield a time moon value for the restAt.

Second, the mean value is influenced by extreme values in
,

the destributtort For example, for a lognormal distreution ,

| with an error factor of 3 (a typical distribution for a basic
.

i event in a PRA model) the moon value is at about the 85th !

j percent 5e of the distribution. Thus, the use of moon values
; (rather then other point esWmales such as medlen or m jde)
i for compenson agemst ALWR crherto provides added as-
j surance that the design is robust, even accounting for ran-
! dom variabRity in equipment or human perfonnance, or inck ,

j of precise knc;ijg of faGure rates. |

1
!

*

l
1

)

i
'

;
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

(Wagraph No. Assumption /Groundrule Rahonele Rev.

1.4 UNCERTAINTY TREATMENT UNCERTAINTY TREATREJfT 0
.

A qualitative uncertainty analysis shall be performed as part of Although the mean values wel be used for cornpanoon to the O
the PRA. This analysis shall, as a mirumum, involve the iden- qt-,ali. dis Obi,#a it it important that their context be

| tification and desenption of the potentially important sources deerfy uruferstood. Quentitative treatment of some aspects
; of uncertainty, and an assessment of the significance of these of uncertamty in PRA (e.g., completeness of models and
; uncertainties with respect to the results and conclusions of the human interactions) is considered intractatfe Therefore, a

PRA. qualitative uncertainty analysis is ceNed for to aid in gaining
further inseghts into the importent contributors to risk, and
into the potential for variebons in the quantitative risk es-
timates. Quantitative sensitivity studies or other simEer ap-
pivads may be employed to help to determine the sig-
iMa,.in.w of specNic areas of uncertainty.

Section 12.3 of NUREG/CR-2300 (Ref. 2) describes methods
for such analysis, and Section 12.3.2 of NSAC/60 (Ref. 4)

; provides an application of a quelliative uncertainty analysic.

] 1.5 FORM OF THE RESUt.TS FORM OF THE RESULTS O

The results of the PRA shall be winpk-d and presented in Clear explanations of the key results is crucial both to proper- O
such a manner that they clearly convey the quantitative risk ly characterizing the comperisons of the assessed risk
measures, the aspects of plant dessgn and operation that are measures to the overaH safety crlierie for the plant design, as
irrportant contributors to those risk measures as wen as those well as to understanding the signlRconce of the results in a

; responsible for limiting risk, and the effects of k..pudarE sour- qualitative manner. The discussions of results should be aug-
j ces of uncertainty. mented by dear tabular and graphical . p._a &,
I Specific forms of presentation are discussed further in Chap- !

j ter 13 of the PRA Procedures Guide (Ref. 2).
;1

1

j

i

i
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i APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph No. Assumpnon/Groundnde Rationene Rev.'

2 PLANT 900DEUNG PLANT RAODEUNG 0
,

1

2.1 RIODEL STRUCTURE asODELL. N O
*

The plant shaR be modeled in terms of a set of iniheting These provisions are consistent with the state of the art in 0
events, event sequences composed of function or system suc- PRA methods and are appropriate to the intended use of the
cess or failure, and logic n:odels that describe combinations results. ft may be necessary in some cases to perform cor>.
of bash events that define the possible success and fa5ure tainmenth analyses to determine if the end state
states. Each end state of each event tree shaN be designated is success or fa5ure.
either " success" or '' core do n.ge " The core-damage sequen-
ces, when evuit,;ised with success or fa5ure of containment
systems, shall be categorized and grouped into plant-damage
states for downstream modeling of the containment physical
processes.

1 2.2 INITIATING EVENTS INITIATING EVENTS 0

The analyst shall develop a comprehensive list of potential h- An exhaustive search for possible iniheting events is one of 0
i lating events for consideiation in the PRA. The systematic the key elements in achieving an acceptable level of com--

search for initiating events shall include, as a minimum, ex- pleteness for the PRA. The intended use of the PRA as a
; amination of summaries of operating experience for cummt- means for teshng design adequacy and the potentini that

generation plants, PRAs for plants with similar design charac- new design features may suggest some initishng events that
teristics, and revew of the system designs, including the sys- are different from those that have been found to be important
tem failure models for events unique or specific to the ALWR. for current-generation plants combine to place additional bur-

i den on the analyst to be porticularly vigRent in accompleshing
| this task.

,

i

|

|
|

|
|
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APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph No. Assumption /Groundntle Ratronele Rev.

2.3 SUCCESS CRITERIA SUCCESS CR!TERIA 0

A definition of success and falure for each function or system PRA results are intended to be realistic, not conservative. O
represented in each event sequence shall be provded based However, conservatrve enteria may be applied in areas that
on realistic analysis of plant response For economy of resour- are not important to risk to avoid the unnecessary expendi-
ces the analysts may choose to use conservative criteria. In ture of resources that rmght be required to perform more
this case, the analysts shall identify where conservative as- detafod rearestic calculahons. One problem that arises, how-
sumptions have been used and review the results to ensure ever, is that very often an assumption that is conservative in
that such conservatism does not obscure insghts from the one respect may be non-conservative in another. This is par-
results. The analyst shall also exercise caution to ensure that ticularty true with regard to assumptions that might affect
any assumption or criterion considered to be conservative in both the assessment of core-damage frequency and the treet-
one context does not introduca a non<:onservatism in some ment of contamment response Therefore, the analyst must
other area. be certam to understand all implications of conservative

criteria.

| 2.4 SEQUENCE LOGICALIDENTITY SEQUENCE LOG 4CALIDENTflY 0
!

The plant model and the solution and quantification techni- In order to urdms rd and check the realism of the results, it 0
ques employed shall retain the logical identity of the basic is necmi=y to specifically identify which basic-event com-
events that comprise each sequence binations contribute to the frequency of the dominant event

aequences. It is not considered sufficent only to calculate so-
quence frequencies. Tim specific equipment conditions must

| 15 known to detecmine whether recovery by the operations
' staff is p%sible and to judge how likely such recovery may

be.
i

,

;
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Paragraph No. Assumption'GroundnAe Raelonale Rev. |

2.5 QUANTIFICATKNd QUAfmFICATNNd 0

The sequence models shall be quantified in an integrated integrated quantillestion is necessary to ensure that depend- O
fashion. The following addtional groundrules apply to the encies are treated properly, and that conditions important to
quantification process. the recovery analysis are explicipy identilled.

2.5.1 Truncation of E-g 2 Frequencies Truncation of Sequence Frequencies 0

For each furictb.iJ sequence (i.e., an initiating event and the in order to solve the plant's models for dominent sequences. 0
| safety functions or pnncipal systems whow failures and suc- R may be necessary to truncese combinstbns of basic events

cesses cuir iu a sequence), analysts shall retain and ac- whose frequency is below that of interest or significance tov
count for all event combinations that are higher in frequency the results. Setting a sequencedependent truncation value
than 1% of the highest-frequency wiit,;. i;vii for that se. ensures that each functional sequence is investigated, and ;'

| qucnce. In no case shaN a truncation frequency higher than provides additional assunmce that large members of potential-
41x10 be applied. ly-;iivurum ^ contrbutors are not truncated. Retaining infor-

,
motion regarding low-frequency sequences may also be im- :

! portant with respect to identifying those with a relatively ;

?; higher potential for containment feBure, as weg as preserving
the ab5|ty to assess the ellects of certain sensleve areas.

2.5.2 Nested Solution Process Nested Solution Process 0

A " nested" approach, whereby support-system models are System interdependencies have the potential to bypass O
solved first, and then the falure cf.,is,i,; i.i;vi6 whose prob- design redundancy and deserve careful attention in the quon-- -

abilities are greater than a truncation value are used to repre- tification process. It is therefore ;..yv.^us.4 that potentially-im-
| sent the system rr'odel in the sequence qtmi ^;Ticii;un, is ac- portant faGure modes associated with support systems be

'

ceptable. In such an approach, the analyst shall use a trunca- retained in the quantY. cation process-
tion value that is consistent with the truncation value for the
relevant sequence Treatment of inter-system dependencies is
discussed further in Section 2.6. :

,

a
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2.6 MODEUNG OF DEPENDENCIES MODEUNG OF DEPENDENCIES 0,

1

The potential for dependent fatures shall be considered in a Dependencies have the potential to defoot redundancy in the o
ceinpiet.or.Ae rnanner and sheB be treated quantitatively design, and they deserve careful attention in PRA. This is per- -
using the best avaEable methods The types of dependencies tiederty true for the ALWR since the greater degree of redun-

4

j that shall be treated exphcitly are outlined in the following para- dancy called for in the design requirements would tend to
graphs. make dependencies relatively more importent. It is particder-

; ly important to understand the potential effec:s c4 such de-
pendencies on an integrated level for the plant.

2.6.1 Sequence Functicns! Dependencies En_ : .; Functional Dependencies Oj

Sequence functicnal dependencies, which indicate the effects This is required for proper modeling of the sequences. O
of the status of one system or safety function on the success i

or failure of another, shall be i .wipv aied into the sequence i;

event trees or equrvaient sequence logie.

2.6.2 Inter-system C:;1-AA Inter-system Dependencies 0

Inter-system dependencies, including both hard-wired depend- Shared support systems or other inter-system dependencies O
encies (e.g., through electric power, cooling water, interlocks, may result in bypassing intended redundancy or c.. 4y in
poi..u-/c;;, etc.) and functional depeh., (e.g., ambient the systems designed to prevent core damage. ,

cooling, adequate net-positive suction head, etc.) sheB be in-
.

ciuded exphcitly in the system fault trees or other models.

2.6.3 Inter-compot.7nt Dependencies inter-ccz, :M Dependencise 0 '

Inter-component dependencies due to shared root causes of The potential for common-cause failure of key components O f
'

fauures shall be modeled and quantified using the methods should be recOyhed and evaluated using the most recent ;

outlines in Section 2.8 below. methods and data. i

2.6.4 Dependencies Due to Human Actions Dependencies Due to Human Actions 0

! Dependc,.cies invohnng human actions shall be cv..Ak-ied Human actions have tfw potential to result in the un- 0
using the methods referenced in Section 2.10. availabiity of multiple components and, consequently, merit

particular attention in the assessment of human C,/5ity. t
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Paragraph No. Assursv60n/Groundrule Reelonele Rev.

2.7 INTERACTION AND ROODEl.ING OF THE CONTAINEAENT INTERACTION AIN3 MODELNIG OF TVE CGETAN 0
SYSTERAS SYSTERES

The delineation of the core <lemoge sequences sher be coor- The response of containment or conseinment systems may O
dinated with the assessment of containment response to on- impact the ab5ty of the systems provitNng core manng to
sure that any effects of containment systems or of conlain- continue to operate. For example, W core cooNng is F' c ided
ment phenomena on the 2 - "_.":p of the systems needed to for a long penod by the reactor core inniselon cooNng (RCIC)
prevent core damage are appropriately reflected in the event system in a BWR with no heat removal from the suppression

; trees. pool, the result may be loss of the RCIC turbine, due to high
beckpressure, and consequentist ions of cooNng.

2.8 COasesOft-CAUSE FAILURES CORARAON-CAUSE FAILURES 0

2.8.1 Definition Definlifon O

i

It is assumed that direct (siv0 .wi4-to-w yv. a and sys- Great care must be exercised not to double count events but 0
tem-to-systere functional dependencies are addressed explicit- to nevertheless achieve coverage of all dependency types by
ly in the plant model. It is further assumed that common specific means.
cause initiating events are explicitly addressed under extemel

,

| events and specille intemel events. Only root-caused events
| leading directly to multiple component outages from the

shared cause are addressed here.
'

j 2.8.2 The methodology described in the joint EPRl/NUREG report This methodology is the culmination of research by many or- 0
(Ref. 5) on common-cause analysis procedures shall be used. genizations worldwide and i.p._.a. an industry consensus.
The analyst may choose to use the common-cause factors It emphasizes quelltadve analysis, careful event interpretation,
presented in Section 11 of this appendbc, which were screening, and parameter estimation. Although the source

j developed using this methodology. data is necessar5y generic for commorH:ause faBures
i (CCFs), this data rnust be interpreted in a plant-specific
j sense to determine annurmNiity.

| I

;

i
i i
i

'
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APPENDIX'A: PRA KEY ASSUMPTIONS AND GROUNDRULES:
-

, ,

Paragraph No. Assumptron/Groernirufe Ra00nale Rcq

| 2.8.2.1 The simplest parametnc model (i.e., the factor) should be EPRI NP-5613 (Ref. 5) Ihmirates a nurnber of parametric 0
^

; used in the treatment of common-cause falures, except for models that may be employed in implementing the common-

! cases in which the analyst desires gam to investigate cause methodology, and aHows free choice from among
: the effects of levels of redundancy beyond two-fold, or.lf the' them. The d;;d+i i; of the faBure data base is more im-- .

use of a single factor for common-cause fature of more than - portant to the restAs than the choice of the model. There-'

two cuiryurerts within a group eads to overestimation of an fore, the simplest model should be used whenever possible.
,

'.
important sequence frequency. In these cases, the a factor or allowing attention to be focused on the data c' cd+, .i. -

: mu!tiple-Greek letter approach wil be used.

2.8.2.2 The following shall be used as primary sources of multiple- NP-3967 and NP-5777 are the most recent publications in 0~,

fauure data: this areti. Both sources incorporate a classification scheme'

which enables one to apply the data to the methodology
EPRI NP-3967. Classification and Analysis of Reactor described in NP-5613. The following additional sources of.

Operating Emperience involving Dependent Events, data are recommended; however, these documents do not

j June 1985 (Ref. 6). contain a consistent classification scheme. Therefore, it is ex- .:.
'

pected that the analyst wIl wish to refer to the actual event
,

EFRI NP-5777, Defensive Strategies for Reducing reports in order to fuHy evaluate the applicabfity of the data. '

| .

\ Susceptibility to Common Cause Failures, Vol.1,
NUREGICR-27Ca Common Cause Fault Rates for Valves,

| Defensive Skategies, Vol. 2 Data Analysis (Ref. 7). .

; February 1983 (Ref. 8). 3
i

i NUREG/CR-3289, Common Cause Fauff Refes fbr i.

; Instrumentation and Control Assemblies, May 1983 (Ref. 9;
i

NUREG/CR-2098. Comman Cause Fault Refes fbr Pumps, !.

May 1983 (Ref.10).
!

NUREGICR-2099, Conrnon Cause Fault Rates for Diesel, .
: Generators, June 1982 (Re'.11).

These sources are less recent sources than NP-3967 and NP- .O~*

'

5777.

!
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AP''ENDIX- A:1 PRA KEY ASSUMPTIONS AND GROUNDRULES

Paragraph Nc' , Assump50n/Groundr=Je Ratronale Rev.-

n HUMAN INTERACTTON - HUMAN INTERACTION -O ~

,

t
..

'

2.R.1 An appunch that shows consistency, traceabRy, and realism The EPRI report NP-5546. Benchmark of SHARP (Ref.13). O
is needed ine EPRI Systemabc Human Action ReliabRity Pro- ' cortains an evaluation and critique of SHARP, including y
cedure (SHARP) analysis framework (Ref.12) shan be used gestions for improvements. The SHARP steps, contained in
for this rarpose The analysis must deal explicitly with (a) - EPRI NP-3583 (Ref.12), are important for each type of
definition of humr.a actions, (b) screening for importance, (c) human interaction. If the individual SHARP steps are fol- :

i task breakdown, (d) representation in relatran to systems logic lowed, the resun is likely to be understandable.
models, @) iteration between human and hardware modeling.
(f) quML6w, and (g) documentation. t

2.9.2 The analysis requires a disposition of each of the following The five different types of human interaction require sig- O>

types of human interactions: nificantly different treatments. They can aR be significant to
plant risk.,

Type 1: test and maintenance actions; O.

! Type 2: actions causing initiating events; O.

Type 3: procedural actions leading to afv Opiiate plant 0.

rm.pci c:,a,
-

Type 4: actions leading to irsppic iote plant response; 0. r .;

Type 5: recovery or use of initially unavalable equipment. 0' .

2.9.2.1 For Type 1 actions that remain after screening, an acceptable 0
"

approach is to usa a value generated using the technique for4

;

human error rate prediction (THERP, Ref.14) for a current-'

generation plant that is repiesentative of the plant design !<

; being analyzed.

,

.
,

1

!-
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,

Paragraph No Assumption /Gn;undrule - Rationale Rev.;

2.9.2.2 Type 2 interactions are usuaNy contained within the initiating -O
event data sources; however, the analyst should be alert for |
human actions that can cause inkial condklons signliicantly,

more severe than the initiating events otherwise chosen for .
amlysis.

2.P.2.3 Types 3 and 5 have a strong time dependence An accept- :0
,

able correlation, based on actual data, for treating these inter- ,'

actions is the HCR probabRity-time correlation (Ref.15). I

2.9.2.4 Type 4 actions wHl be excluded. Current symptom-based prowdures greatly reduce t5e op-_ 0
portunities for serious misdiagnosis.

,
:

2.9.3 The PRA may consider actions to recover faBed functions Focus throughout should be on representing realistic options .0,
*

even if nm-safety equipment is involved or N there is no writ- using realistic quantification. Human interaction can '

ten procedure. All recovery actions proposed must be dominate risk. Too much conservatism or optimism in ;

screened to establish feasibility, using applicable reference human reliabBity treatment is very likely to lead to wrong in -
material (e.g., procedures, etc.), engineering drawings, design sights being drawn from the PRA. h wEl be necessary to uti-

i specTsiiois, or by consposi=On with existing designs. ize past and current operator experience to make judgments
regarding operator interactions for tie ALWR.

;

' 2.9.4 The PRA analysts shaR carefuRy document any assumptions Because of the potentird importance of operator actions and 0
| regarding the content of procedures and the relative priorities the dependence of the assessment of these actions c ? proue-

of actions as established by procedures and training. dures, it wEl be very in.pvitant for the pic/ ',46 the analysts'

! assume wRI eventually be reflected in the procedures to be
very thoroughly documented.

+

| >
I |
|

'

I i

i
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Paragraph No. Assump60n/Groundnde Ra00nale Rev.,

'

2.10 MISSION TIME M!SSION TMIE O

For equipment required to remain running for successful core if the core has been 9-x -- '_%* cooled for 24 hours, then O
cooling after an initiating event, and for containment decay-heat levels are significantly lower than at the start of
safeguards systems, a mession time of 24 hours wEl be used. . the transient. The time evaanNe for recovery actions and
A mission time of less than 24 hours may be used if the actual repair of subsequent faRures is long enough that the prob-
mission time is less. - ability of core damage from such events is not significant in

comparison to conHiemage ever:ts within the first 24 hours.
If the co62minment is cooled for 24 hours, then long times

| exist for recovery from subsequent hardware falures.

:

!

! r

!
i

k

|

'
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~

Paragraph No. Assump6on/Groundtvle ~ Redonale ~Rev.,

2.11 RELIABIUTY DATA' REUABluTY DATA 0

2.11.1 IntrodLction introduction 0
,

Of necessity, the PRAs for the ALWRs wEl utlize generic data 0-
for initiating event frequencies and component ialure rates.
These PRAs should use the most current and representative -
data avalable. This portion of tne document suggests data,
based on a combination of assessrcents of industry wida
operating expenence, generic data bases, and plant specific
data published in a number of PRAs. This data base can be
supplemented for unique evivycneis by use of additional
data sources as necessary.

2.11.2 initiating-event Frequencies 8%isting-event Frequencies 0

In estimating the frequencies for initiating events, experience Although it wEl be necassary to use generic dah derived '0
for current-generation plants should be exammed and applied from the operation of current-generation plants as a basis for
to the ALWRs in an appiupiiate manner that reflects, to the ex- the initiating-event freckmcies for ALWRs, R is pnealhie for

-

tent possible, differences in the ALWR designs from current the analyste to examine the spcNic events in the data base .
plants. with regard to their applicablity to ALWRs. An example of

such an approach is provided in Annex A. Sections A1 and
A2.

2.11.2.1 Nominal Frequencies for initiating Events Nominal Frequencies for initiating Events 0

For an initial, nominal set of initiating events, the analyst may The dertvabon of these frequencies is outlined in the first two -0
use the following frequencies: . sections of Annex A. As indicated above, this treatment out- d

lines an approach to assessing the applicabity of experience
for current-generation plants for the ALWRs. It is expected
that the PRA for an Maal design wIl consider a more
detailed breakdown % . 4 stog events than is reflected by
this set, neceseirating further evaluation of their frequencies.
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Par 9 graph No. Assump60n)Groundetde ' * Rationale nov.:
,

L 2.11.2.1 Nominal Frequencies ihr inilloting Events (Continued) - 0
2

' '

Annual - O 7.
Event Frequency

BWR _ 0'.
-

.,

Turbine trip 2.3 ' ' 0

Loss of main condenser 0.49 0-;

I Loss of feedwater 0.37- ' O --

,

Loss of normal off-she power 0.035 _ 0

4
| Loss of a major ac power bus 1.5 x 10 0'

d
1 Large loss-of-coolant accident 5.8 x 10 0-

4Smallloss-of-coolant accident 5.1 x 10 0

Annual O
Event Frequency i

PWR; 0

Reactor / turbine trip 2.8 0- '

'
Loss of main feedwater 0.46 0 -

. r
"

i Loss of normal off-ske power 0.035 0-

| Loss of a major ac power bus 1.5 x 10 ' O
# i

! Steam line break 1.5 x 10 - 0
4 i

i

4Large loss-of-coolant accident ' 3.4 x 10 - 0

1

i

i -i
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_ , , , _ ,,

' & .ninal Frequencies for initiating Events T.+,_ _ '-- 0-'"
,

C .ntinued)

Annual O
Event Frequency

PWR (Continued) '0-
'

!ntermediate loss-of-coolant - O
accident ' 3.4 x 10"

4
: Small loss-of-coolant accident 3.0 x 10 -0

4Steam generator tube rupture - 6.1 x 10 0
,

i

i 2.11.2.2 Frequency of Loss of Off-site Power Frequency of Loos of Off-elle Power 0
.

| The frequency estimated for loss of an off-site power shaN Chapter 11 of the Requirements Document spells out speclRc L0-
! reflect consideration of the reserve source. A conditional prob- mqA . ents for an independent reserve source c; off-sits

abalty that the reserve source of power wS be unavalalSe sur and hy the advanced PWR, specNies incorporation of;

(given loss of normal off-site power) of 0.22 may be applied to a f3 fond rejechon canablity. Section A2 of Annex A
the frequency of loss of normal off-site power in addition, the descdbes in detal the assewnent of off-site power ex-

i frequency of demand for emergency power for the advanced perierce for etmTe arction plants used to obtain"a fre-
; PWR shall account for the potential for the fun % rejection quency of kms of r al od-site power and the conditional

| capablity to function to avert a need for the reserve or emer- unavaiht91!!es of . . erve TJwer and the fuM-load rejection
'

gency power. A conditional probablity of 0.23 may be used capabilh
i for the chance that the initial loss of normal off-site power
i could be of a nature to preclude use of the fun-load rejection .L

capabBity. The unavalablity of the full-load rejection
4

; capability itse'f shaN also be added to this conditional prob- |
abRity. A nominal unavagability of 0.I for the fur-load rejection j
feature may be assumed.

~ '

,

| !
< 1

!
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APPENDIX A: PRA-KEY ASSUMPTIONS AND GROUNDRULES w-

Paragraph No. Assumpeon/Groundrule
~

Reafone6e Rev.
^

2.11.3 Component FaRure Data . Component Fe5mre Dets - 10o

The folowing component fature data are recommended. - The component faBure rates were estimated beood on a eur- L - Or
' '

. ey of geseric data sources and avaamhla plert specElc GK .w
' pertence. The detaEs of the survey itself are provided in Seo-;

~ tion A3 of Annex A.

Component Failure RAode FaNure Rele' 0'
4Motor operated valve Fals to operate on demand . 4.0 s 10 /d ;O

Transfers closed 1.3 x 10'7/hr'

Air operated valve Fals to operate on demand - 2.0 x 10 *!d
~'

0, -

Transfers closed 1.5 x 10 '/hr
dCheckvalve (otherthan stop) Falsto operate on demand 2.0 x 10 /d - 0

Transfers closed 2.0 x 10'7/hr
Reverseleakage (gross) 6.0 x 10~7/hr

4Stop checkvalve Fais to operate on demand 1.0 x 10 /d 0
Translers closed 2.0 x 10-7/hr
Reverseleakage (gross) 6.0 x 10-7/hr

i Checkvalve Intemal rupture 5.0 x 10 /hr 04

4Manualvalve Plugs / transfers closed 3.7 x 10 /hr 0
,

1
i
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_

2.11.3 Component Failure Data (Continued) Oc

Congonent ' Failure Mode Failure Rete 0; g4

4Pressurized safety valve (PWR) - Fats to open on demand I 1.0 x 10 /d ~ 0
'

4Fais to reclose 7.0 x 10 /d
4Safety relief valve (BWR) Faisto open on demand 6.0 x 10 /d 0-
4Fais to reclose 6.5 x 10 /d ~ _ -

'

4P90t operated relief valve Fais to open on demand 7.0 x 10 /d ~ 10-
Fais to reclose 2.5 x 10 2/d

4Motor driven pump (alltypes) Fals to start on demand 2.0 x 10 /d 0
4Fais to run 2.5 x 10 /hr;

! Motor driven pump (LPl/RHR) Fais to start on demand 2.3 x 10 /d 04

Fais to run. 1.3 x 10-8/hr
'

4'
Motor driven pump (safety Fals to start on demand 1.0 x 10 /d 0-

Iinjection) Fais to run 5.0 x 10-8/hr
4Motor driven pump (cmerg. Fats to start on demand 3.0 x 10 /d 0'

d
feedwater) Fats to run 1.5 x10 thr

4
| Motor driven pump (service Fals to start on demand 2.4 x 10 /d 0

4'

water) Fats to run 3.2 x 10 /hr
4Motor driven pump (comp Fals to start on demand 1.3 x 10 /d .O
4cooling) Fais to run - 5.0 x 10 /hr

,

i

4Motor driven pump (BWR Fals to start on demand 2.4 x 10 /d 0 |

CRD) Fals to run 2.4 x 10-e/hr .'

4Motor driven pump (cont. Fais to start on demand 5.0 x 10 /d 0
spray) Fais to run 5.0 x 10-5/hr

,

i

I.,
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2.11.3 Component Failure Data (Continued) 0',

! Component Failure Mode Failure Rate ' 0
#Turbine driven pump (AFW) Fais to start on demand 1.5 x 10 /d .r 0:

'

;
4

! ' Fats to run 3.0 x 10 /hr ,

f
4Turtune driven pinnp (ROIC) FaEs to start on demand ' 2.0 x 10 /d 0 ''
dFals to run . 4.0 x 10 /hr

<

4Diesel driven pump Fats to start on demand 2.0 x 10 /d . O
4Fais to run 1.0 x 10 /hr

I Motor driven air conpessor Fats to start on demand 1.0 x 10 /d 04
' 4Fats to run 1.0 x 10 /hr '

dBlower /ventiation fan Fais to start on Wmand 6.0 x 10 /d 0,

| Fais to run 1.0 x 10-5/hr

I Room chNier unit Fais to start on demand 8.1 x 10 /d 04
4Fais to run 5.0 x 10 /hr

I Motordriven strainer Fans to start on demand 2.7 x 10-8/d 0-
FaRs to nm 5.0 x 10-s/hr

"'

4
| FBter/ strainer Plugs 2.0 x 10 /hr

f Heat exchanger Fais whle operating 0 i

! (leaks, plugs) 1.0 x 10-e/hr ,

Tank Fats catastrophicany 1.0 x 10-7/hr .0- |
:

4
| Off-site power FaRs following reactortrip 1.2 x 10 /d 'O

I Diesel generator Fais to start and load . 4 x 10-2/d 0
4Fans to run 2.4 x 10 /hr

! Gas turbine-generator FaHs to start on demand 2.5 x 10-2/d 0
| Fais to run 2.0 x 10-8/hr
'
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2.11.3 Component Failure Data (Continuwl) 0-

Component Failure RSode FeMure Rete 0;

Battery - Fats to provide output on 0
ddemmd 5.0 x 10 /d
4Battery charger Fais to ma% output 7.0 x 10 /hr - 'O
d

Circuit breaker (4 kv) Fals to close on demand :3.0 x 10 /d 0
Opens spunously 6.0 x 10-7/hr

d
Circuit breaker (s 600 v) Fals to close on demr9 4.0 x 10 /d 0' -

Opens spuriously 5.0 x 10-7/hr

4Transformer (high voltage) Fais to continue operating 1.2 x 10 /hr 'O

| Transformer (4 kv to 600/480 v) Fals to continue operating 7.0 x 10-7/hr 0 >

| Transformer (lower voltage) Fads to continue operating 8.0 x 10-7/hr 0

i Fuse Opens spuriously 5.0 x 10-7/hr 'O1

| Bectrical buswork Fats during operation . 2.0 x 10-7/hr 0

i Inverter Fals during operation 2.0 x 10-3/hr 0'

dRelay Fals to operate rm demand 1.0 x 10 /d 0
; Operates spuriously 6.0 x 1C'7/hr.
!

Flow transmitter Output fais during operation 6.0 x 10-8/hr 0
,

I 4Pressure transmitter Output falls during operation 5.0 x 10 /hr 0
I 4Level transmitter Output fails during operation 5.0 x 10 /hr. 0

4Temperature transmitter Output fais during operaJ 7 ' 1,0 x 10 /hr,

Pressure switch Fais during operation 3.0 x 10-7/hr 0
l Fais to respond on demand 2.0 x 10 /dd
i
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(- 2.11.3 Component Failure Dets (Continued) - 0'

Componect ' Failure RAode FeBure Rats - 0 n.

Leve! switch Fais during operation :3.0 x 10-7/hrL 'O c
4j- Fais to respond on demand - 1.0 x 10 /d

! Reactor coreisciation cooling UnavaRable due to maint. 4 0 x 10 Note that the maintenance unavaamhMes generaB reRect a ph80eophy . 04
J

'

(BWR) of not pedorming on-line p ;.,,.1;; maintenance. These are con-
sidered to be the most appropriate values avalable, but the analysts

High pressureinjection train UnavaRable due to maint. 4.0 x 10'3 may need to reconsider them for the specBic application in the PfW
(BWR)

4Low pressureinjection train UnavaNable due to maint. . 2.0 x 10
! (BWR) , ,!,

Emergency service water train Unava5able due to maint.' 2.0 x 10-3 0:

(BWR)

| Standbyliquid controltrain Unavalable due to-W 3 a '' @ 01 '

(BWR); )

f
4Turbine driven AFW train UnavaRable due to maint. 5.0 x 10 0 i

i (PWR)
'

4Motor driven AFW train Unavalable due to maint. . 2.0 x 10 0,

i (PWR)
4Safetyinjection train (PWR) Unavailable due to maint. 2.0 x 10 0- 1

I 4Residual heat removaltrain Unavagable due to maint. 2.0 x 10 0
{ (PWR)
. .

| Containment spray train (PWR) UnavaRable due to maint. 2.0 x 10 04

4 '

j Diese: generator Unavalable due to maint. 6.0 x 10 0

| Gas turbine-generator UnavaRable due to maint.
~

# '6.8 x 10 0'

; ~ Page A.2-17
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Paragraph No. Assumpeon/Grourxktde Raelonele * Rev.

2.11.4 Common Cause Factors Common Cause Factors 0c,

As an attemative to the implementation of the method for the .The common cause factors were developed using the ; j0}
assessmesit of common cause faGure rater outlined in Section methods descrbed ir EPRI-5613 (NUREG/CR-4730), Proco ..,

9.8.2, the foNowing nominal values may be used.- The values dures for Treating _ Common Coues Fe#ures in Safety and :i

were developed for application using the multiple-Greek letter Rei%b#ifyStudies (Ref. 5). The methods were applied to the '
approach.

~ '

base psovided in EPRI-39tr7, Cissescation of Dependent
Fa#cres. The analyst may :; hoose to use, these values rather
then expend the effort to implement the procedures in EPRI-.

: 5613, as outlined in Section 2.8.2.~
!

. Number Common 0 t
,

Component Failure Mode of Failures Oeuse Fat.sri

4Safetyirjection pump Fats to start ' 2 of 2 1.4 x 10 . :02
42 of 4 . ' 4.7 x 10-

43 of 4 7.6 x 10 -4

4j 4 of 4 . 3.0 x 10
4i Fais to run 2 of 2 8.0 x 10

| 2c'4' ' 7.6 x 104
d

| 3of4 1.7 x 10
i 4of4 7.4 x 104

! #Erimigeiwy feedwater pump Fats to start 2 of 4 3.0 x 10 0
| 43 of 4 1.3 x 10
! 4 of 4 4.1 x 10-5

4Fatsto run 2 of 4 3.0 x 10
| 3 of 4 2.6 x 104
! 4 of 4 7.1 'x 10-7

i

I
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Parewapia No. Assump6on/Gnnaukure Redonale

2.11.4 Common Cause Fectors (Continued) 0',

i
Numtxt Common : O

Component Failure Mode of Failures Cause Factor '

4i- Low pressureinjection pump Fats to atart 2 of 2 .1.4 x 10 . 0
#' 2 of 3 5.4 x 10
43 of 3 ' ~ 1.4 x 10 -,

Feb to run ' 2083 3.9 x 10-2 .
! 2of3 1.9 x 10-2 -

43 of 3 ' 1.6 x 10

4Containment spray pump Fais to start 2 of 2 1.3 x 10 10 y

! Service water /CCW pump Fais to start 2 of 3 5.6 x 10-2 . .T 3
2

! 30f3 1.7 x 10
! 2 of 4 3.8 x 10-2

-

i 3 of ? 4.9 x 10 |
4
4f 4 ci4 2.2 x 10 :

i Fais to run 2 of 3 3.6 x 10 2 ,

| 3 of 3 3.9 x 10 [
4

l #2 of 4 2.2 x 10
'

[ 3 of 4 1.1 x 104
d

| 4 of 4 1.8 x 10 '

( >

i Motor operated valve Fais tu operate 2 of 2 6.8 x 10-2 - 0> |
| on demand 2 of 3 3.2 y 10-2 .

I 3 of 3 4.5 x 104

2 of 4 2.1 x 10-2 |'
43 of 4 1.4 x 10 i

'

d| 4 of 8 2.9 x 10 .i
Transfers closed 2 of 4 1.6 x 10-2 j,

! 3 of 4 8.5 x 10 . '|4

! - 4 of 4 1.4 x 10 I
d

I
i
'
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Qvagraph No. W,1Groundruie - Ranonele Rev.'':

2.11.4 Common Coure Factors (Continued)
- -0| ..

.

~

| Number Common - 0.
'. CeT-;-x .; - FaMure Modw - of Fouures Cause Factor

4
! Diesel generator Fals to start 2 of 2 ~ 3.8 x 10 'O- ~

l~ . 9 of 3 - 1.9 x 10-2 ,;
3 of 3 ' 1.3 x 104

'

, ,

|- Fats to run 2 of 2 6.8 x 10-2
! 2 of 3.. 3.2 x 104 ,

i 3 of 3 3.8 x 10'3
'

:

! Dc battery Fats on demand 2 of 2 7.3 x 10 0-4
22 of 3 - 9.2 x 10

3 of 3 1.0 x '0-2;

!
.

r

,

, I
!
1

.

| I
,

E

;

,

,

|

i

!

;

!
'

Page A.2-20

:

!

| O O t
. _ _ - . . .. . --. . . -



. . .. - - -

,, _ _ ,
,

(}~ Q'vw
s ? A,' ' ,|

'

~s,e '.
- - ;

_ ys-- -
,

, , .c _

, ;
~- + 4

[ .

.

-
..

__

I- APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES - _

^

r . .

QAssumpoon/Groun&ufe Reelone e Rev.i .n!. Paragraph No. -

_,
i

| 2.11.5 . Non-recovery Data for Loos of Off-elle Power E- ,e:- .;y Data for Laos of Oll-ehe Power _'O
,

|
L The recommended values inr the conditional probab5Py of 1The non-recovery h are beood on an necesorr.ent of eK- : 0 ,

i. fature to restore off4Re power, as a function of time following portance for current-generation plants. This sessamment is ;
plant trip, are as follours. described in Section A2 of Annex A..-

Probability ct not 'O!
! Time Cir) % power
.

i

. 0- -0.5 0.61
.

.

i

| 1 0.54 .O !

!

? 0.32 'O ;
'

i 3 'O.25 0
1

4 0.18 'OLj

I 5 0.14 0
'

i

6 0.14 0 ;
y

7 0.14- 0 -- :!,

! t

8 0.11 c0 1!
- o

i 9 0.11 .0 :

! 'i'
; 10 0.11 0 #

3 ;

11 0.071 0' !i
! ,

< 12 0.013 0. )
4

. 13 0.013 0 |,
!

1
1 >

1

b .;
i -

| . Page A.2-21
q,

,

i i
i |

k 5
4

i
L ., , , . . ,., . . _ - - m. ,_ .. . - . . . _ . . . . --. . - . .-



.

- - : g .x , w~ 3mm:q
-

, .g.. .
. _.

,

_

: ~ .
,

.
- ,

.
_

- - -
- '

..., -
_

r' .'
-

"
.

- =.
.

. .
.

..

..
''

APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULCS: - < .-

: +n
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i

| ProbabMy of not . 'O :
-

:nme (hr) recowwing power -

| 14 9.1' x 104- 0;
i

415 6.1 x 10 0 '

16 - 4.1'x 10'3 _0'

4 " #" '17 ~ 2.7 x 10 0 -

i
; 10 1.8 X'10 '0

'4

419 1.2 x 10 0 '-

4
! 20 ' 7.5 x 10 'O,
! ,

4
{ 21 4.8 x 10 - 0.|

|'
#22 3.1 x 10 ;O '

23 1.9 x 10" 0 T

! 24 1.3 x 10 .0
d '

\

; "

>

)
i

!

4

. j
,

:.

4

1 .

!

.

4
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.

!
1

1
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| Paragraph No. Assumpdon/Groundrde Radonate Rev.I

j. 3 EXTERNAL EVENTS EDrTERNAL EVENTS 0-

3.1 INITIATING EVENTS IDENTIFICATION INITIATING EVENTS IDENTIFICATION O

3.1.1 The extemal events, identified in Sections 3.2 and 3.3 and as This list of potential extemal initisting events was taken from 0:
listed in the PRA Procedures Guide (Ref. 2), wil be considered ANSI /ANS-2.12-1978 (Ref.16) and is considered to be an ex-.

in the performance of a PRA on an ALWR. haustive listing of the extemal initiating ovents which shodd,

! be considered for an ALWR PRA.

3.1.2 The methods identified in the PRA Procedure Guide (Ref. 2) To ensure consistent treatment of extemal events in the PRAs 0
wil be used for screening of extemal events except where to be performed during the ALWR design process, a single,

otherwise specified in this document. sotree for methodology is speellied.

3.2 EVENTS THAT MAY BE EXCLUDED BASED ON EVENTS THAT MAY BE EXCLUDED BASED ON O
QUALITATIVE EVALUATION QUALITATIVE EVALUATION

The fdlowing extemal events shall be reviewed to ensure that Some of the initiators listed in the PRA Procedures Guide O
they are precluded as a result of either desm siting, or low have been shown to be important risk contributors for older
frequency of occurrence. plants. Many of thase events can be addressed by design im-

, prover 9ents or proper siting. The initising events IIsted are
j considered not to be important contributors based on im-
) proved design, proper siting, and low probab81ty. The evalue-
. tion includes credit for design and siting regulations such as
) regulatory guides or ANOl/ANS standards.
(

'

i 3.2.1 AvManche, landslide, volcanic activity, soil shrink-swell con- It is anticipated that the ALWR wN not be located at a sRe O
solidstn. which would be vulnerable to these events.

|

3.2.2 Drought, lou lake or river level, high summer twiwaiore, The ultimate heat sink wEl be designed M account for low .0,

| river diversion. water level or lack of water, and wil be designed for a
lengthy period of operation without extemal makeupi

!

I
I

$
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,
1

3.2.3 Tomadoes and extreme winds (including sandstorms), except Tomadoes encompass these inillators. The design of the ' O-
for loss of off-site power, as noted in Section 3.3.' ALWR wEl eliminate the concem over this initletor. BuIding

,

,

materials, strengths, and miss:le barrier design wEl be such
that the impact to the plant of tomadoes wE, at worst, only .,

generate a loss of off-elle power. Looses of off-elle power .
) which arc emmarf by tomsdoes eney from t'e site (i.e.,

through grid upsets) are induded in the loss of off-eBe power
data. Therefore, only the contrtaution to core damage at .
tdbuted to an exterded loss of off-elle power oue 5 a site,

; sr$:a needs to be addressed. ' A simp 1NIso methodology for
this analysis is r,asented in Sectum 3.3. '

.

; 3.2.4 Forest fire. The plant design requires that die site be cleared and thd 0
edequate fire-protection provisions to mitigate the effects of a.

forest fire be provided. The frequency of this event is also in-,

ciudad in the frequency loss of oil-site power to account for : a

. the potential consequential fegure of off slie sources.
4

3.2.5 Frost. Snow and ice encompass this initiator. 0
'

; 3.2.6 Hel. Other missies, such as those resulting from es,'reme winds, O I

j are more serious and govem.

} 3.2.7 Industrial or mIftary facIlty accidents. The site shen be in compliance wth regulations which require 0;.

that the site be outside the radius of influence of potential ex-
! plosions due to existing inoustrial or maltary facElties.

~

:

I
i

!

I }
,

|
,

i

|

i O O O '
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'

Paragraph No. AssumpeorilGroundetde Rationale Rev. ',

; 3.2.8 Lightning. The effects of Ilghtning strtes on tf a plant structures are Mc-- 0
'

tored into plant design. The potent!al for loss of off-sits
; power due to lightning strikes is telleded in the data base

used to generate the frequency of loss of off-elle power.
3

5.2.9 Hurricanes, except for loss of off-site power, as described in Plant design wE be such that the winds and water produced 0 f

' Section 3.3. from this event wE not be s'gnWicant to risk. In addition, the ;

potential for indirect effects on the pinn!, such as debns from
the hurricane blocidng the intake structure, wE t,a precluded.

,

The effects of a hurricane at the plert site on the avaEmb51ty |

of off-site nower should be treated as noted for tomados in
Sections 3.2.3 and 3.3c

3.2.10 Low winter temperatures. Thermal stress and embrittlement are : overed by spf cable 04 '

design codes ar .tandards. Other effects of low tampera-

] ture are accommodated by specific design requirements.

3.2.11 Pipeline accidents (natural gas, etc.) and toxic gas release The site selected for the construction of an ALWR wGl be'out- 0,

. side the radius of influence of potential explosions of leaks
I due to existing pipelines, or rna}or toxic gas storage armes.
4

3.2.12 Snow and ice cover. The plant wil be designed for higher loadings than those 0. i
! produced by snow. However, the desigrer should review the '

design to assure that all necessary ventilation paths are free
|,

! of snow blockaga The frequency for loss of off-site power in- '

ciudes the effects of ice storms.

! 3.2.13 Turbine-generated missges. Proper onerfation of the turbine with respect +o safety-related 0 "

| equipment wil be such that the hazard from turbine-
' generated miss5es wil be t.egligible.
I 3.2.14 Meteorite. All sites have approximately the same frequency of occur- O

rence. This frequency is sufficently low that it may be ;

; neglected.

,

| Page A.3-3
1

i

4

:

I
. . . -, . - - . -.



. .. - _ _ _ . ..

.

APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES
,

Paragraph No. Assumphon/G_roundnde ' ReDonale Rev.

3.2.15 Release of chemicals in on-site storage. It is anticipated that the amounts of chemicals stored on-site 0
wW be kept at a level such that it wM not impact plant risit in _

,

addition, the chemical form wW be such that gaseous i
'releases wE be precluded.

3.2.16 Transportation accidents (including aircraft, ground transporta- The location of the plant site with respect to airpo,ts and air - 'O
tion, and water transpocition). traffic results iri a negligible contrbution tc core damage.

1 Plant security and other barriors preclude any significant con-
tribut'on from other transportation accidents. The use of '

i

! closed cycle cooling systems wE eliminate the potential for .;
boat or berge impact.

'

i 3.2.17 Extemal flooding (including coastal erosion, high tide, high The site selection process wM eliminate many of these in- O

lake level, high river stage, flooding due to intense rainfall or dividual sources of extemal flooding. During the site selec-
snow melt, flooding due to ice blockage, seiche, storm surge, tion pro::ess, the maximum heights of the listed water levels

tsunami and wave action'f. must be deterministically calculated to ensure that the safety
,

structures are located abcve projected flood level. Proper
placement of these structures wM eliminate the risk due to 'i

,

i these everds.

3.2.18 Fog Fog may impact occurrence frequency for transportation acci- O
dents. Mc ;;; , these effects are contained in the accident
data.

'
?

i

f
:
:
!

; :

I t

!

|

|
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Paragraph No. Assumptkm/Groundtvie heaTonale Rev.^

3.2.19 Intemel fire : Intemel fire is not expected to be a major contrR3utor to oore 0-
~. damage frequency due to design improvements. Cheptor 6. '

Section 2.3.3 of the EPRI Requiremeras Document provides
requiremems for separation and three-hour Are barriers. The
implensentation of these requirements is expected to provide !

a level of fire protection such met, at most, a single safety
- traka wel fes. This is an imorovement over the plant perfor '
mance that has been observed in prior plant PRAs. These
PRAs have identified the potential for total system feBures
due to inadequate barriers or separation. Given the low in.
Iristing event frequency of intemet fire and its expected conse-
quences, transient sequences (such as a loss of an electricot ;

bus) are expected to encompass the impact of intemel fire *

events. Therefore, a detaged probabelstic ===== ment is not
,

required
|

3.2.20 Intemal flooding The requirements contained in Chapter 6. Section 2.3.6 pro- 0
vide for signwicent piant protection from intemel Gooding.
For reasons simter to those discussed for intemel fire, a !

detaged assessment of intemel flooding is not required.

i

!

;

,

!
'

*

'

:
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"i3.3 EVENTS WHICH MAY REQUIRE QUANTITATIVE EVENTS WHICd MAY REQUIRE QUANTITATIVE O-
ASSESSMENT FOR EACH ALWR ASSESSMENT FOR EACH ALWR

Some of the extemal initiating eve'its listed in the PRA Proce- O
dures Guide (Ref. 2) may not be able to be excluded haead

| on a qualitative evaluation.1These events may reouire a site- - I

specific quantitative evaluation. Past " ras havt teown the foi--'

| lowing extemal initiating events to require additional analysis
! Therefore, it is very important that the eviustion be weH docu-
I mented as to whether a qualitative or quantitative evaluation is

| performed.

3.3.1 Tornado Aeoeooment (Site Strike) Tornado Aeoesoment (Site Strike) 0'

The tomado assessment wil be performed using a simpHfied Because ALWR structures wIl be reinforced concrete and ' O
loss of off-site power model. careful attention wBl be paid to physical separation of

divisions of salsty systems, the frequency of a tomado strike -
or event involving high wird that could cause sufficient *

,

fatures to lead to core damego is extremely low. The most|

! serious potential effect is likely to be a loss cf off-site power,
| with restoration of power more dNficult then would usueRy be

the case for other causes. Therefore, a simplWlod model is !
"

sufficient, providing that it addresses appropriate combine-
tions of random fagures (e.g., of diesel generators) in conjunc-

| tion with an extended loss of off-site power.

|
3.3.1.1 Independent random fatures of equipment can be excluded if This probabilty level wgl result in simplifying the model. Be- 0 ;

4' the faRure rate is less than 10 . cause the initiator frequency is low, t Is not expected that
| events less than 10 wculd impact the result.4

| 3.3.1.2 The probabuity of faRure to recover from a loss of off-site This is a conservative assumption for the analysis. However, O
; power within 24 hours follomng a tomado site strike wHl be as- to address the significant uncertainty about the ablity to re-

| sumed to be 1.0. store ac power, this assumption wRI be made.
|
|
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3.3.1.3 The plant site area used to determine the frequency of site ' Tomado effects are typicaNy important for a region equlwalent 0-
strike wtl be .14 square mies. to a square 2000 ft on a side. This (*isance is typicaNy used

to define the plant site when determining the plant site strike
frequency. Based on pr6ar PRA analyses, tomado miss5es
are not important at distances beyond 2000 feet. This value,
when multiplied by tie tomado frequency, in units of tor-
nadoes/ square mie - year, yields the annualized site-strike fro-
quency.

3.3.2 Earthquake Earthquake o

A seismic risk analysis shaK be performed as part of the PRA. The objectives of the seismic risk portion of the PRA are to 0
assure that the spandardized plant at tho' certMcation stage
has a balanced design from a seismic risk standpoint as wen
as to demonstrate that the ALWR Requirements Document
risk requirements can be met. This is consistent with the
basic purpose o!the overaN PRA as expressed in the
Foreword to this Appendix A PRA Key Assumptions and
Groundrules. The m.ip;d of the seismic PRA at the cor-
tification stage win be on the system's contributions to sels-
mic risk. It is considered that there is signWeent value to a
disciplined review of seismic risk considering seismic and
non-seismic fatures.
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3.3.2.1 Seismic Hazard Analysis Seismic Hazard Analysis 0-~
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! 3.3.2.2 - ALWR Seismic Hazard input = ALWR Seismic Hansed input 0 .. t :; d .
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3.3.2.3 Uncertainty Treatment Uncertainty Treatment .
' ; 0 |' '

. - _
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; 3.3.2.4 Ground Response Spectrum Ground Response Spectrum -0:
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; 3.3.2.5 Hazard /FragiNty Interface Hazard /FragNRyledersace :' O -
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3.3.2.6 Fragility Analysis - FragWty Analysis 'O 1
~

'
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i

I
!
!

!

!

i

j '!-

|

|
i

!

:
I

r

:
r

|
,

!
!

i

i
'

!
4

i
;

!

. Page A.3-13

.

:
4

4 -n- - r- - .. -- - -- - - - - _ _ _ - .c----__.--__,-- ____....__._-.J. .-



.
- - -

. ;_ . , ,
_

,_

-
. ..

.

.

:
-

- :g-
,

; _

- : _ . # ' '_."

..

M

. .

APP.ENDIX A: PRA KEY ASSUMP..T. IONS AND GROUNDRULES.. - - -

~

.

.
.

..
<

|
Paragraph No. Assumption /Groundrule Ra00nale Rev. ~ -

.

3.3.2.7 Systems Analysis Systems Analysis - 0.:1
,
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| 4 CONTAINMENT ANALYSIS CONTAINMENT ANALYSIS ~0
i

j 4.1 CORE DAMAGE SEQUENCE BINNING CORE DAMAGE SEQUENCE BINNING 0- ^

; Core damage sequences are expected to be binned (grouped). Binning of sim5ar sequences provides a means of managing :0
the number of accident sequences. ~ In addition, it provides a

If core damage bins are used, they shal be defined such that means of gaining information needed for the irW arWysis
| all sequences within a particular bin lead to sim5ar effects with task.

respect to containment sequence and source term
phenomena. The definition of the bins shat provide a means,

: to ensure that the delineation of core damage sequences is
discriminated sufficiendy to afford the proper level of coordina-,

| tion with the containment analysis.

! 4.2 CONTAINMENTSYSTEM ANALYSIS CONTAINMENTSYSTEM ANALYSIS 0-

4.2.1 A containment systems analysis shall be developed such that Corhjitional probab51ty of fature of containment systems 0
it w91 explicitly account for any common failures between the must be determined by evi.4i accounting for depend-
core damage prevention systems and the containment sys- encies between " upstream" events in the core damage so-
tems. quence (such as support system fagures) and the renan of;

| fature of the containment systems.

| 4.2.2 If binning of accidents, including the status of containment sys- This simpilfying assumption is made in order to reduce the O
tems, is used prior to the in-plant analysis, the frequency number of deterministic analysis runs necessary to develop
dominant accident sequence for each plant damage state the containment event tree branch point probabElties. It is im-
shall be used to define in-plant phenomenological analysis portant to note that the plant damage states must be sulti-i

i parameters for use in determining containment performance ciently and uniquely defined to ensure that they adequately
| source terms. reRect the characteristics important to the containment
i response and release magnitudes, in order to avoid introduc-

ing uncertainties that could otherwise be avoided

4

v
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4.3 CONTAINMENTISOLATION CONTAINGRENTISOLATION . 0

4.3.1 Containment penetrations shaR be accounted for in the evalua- The potential for releases to occur due to feBure of some 0-
tion of containment leakage paths. penetrations to be isolated or property sealed has been .

found to be important in previous stutNee. In parkdar,laye
leakage paths may be avasable - For example, equipment
hatches that are felt open may result in a large leakage pash.-

4.3.2 Ccs.tinnient penetrations can be screened from the analysis || Not au containment penetrations have the potential to be im . O
-

they can meet one of the following criteria: portant pathways for releases from contelnment. In order to
focus the PFIA effort on the penetrations that are most 15 eely .
to be important, screening criteria may be appNed.

Conditional probabtity of fature is sman (i.e.. less than FaNure of penetrations at a frequency of less than 0. .
4 4about 10 / event); 1.0 x 10 are not expected to signWicendy corertute to -

risk and are excluded from the analysis.

Low consequence (e.g.. release that must take place The consequences resulting from a release throupt -O. .

through a line that wtl remain filed with water throughout water are not signElcant.
the accident);

closed loop; Any system which starts and terminates in the corealn- O. .

ment wthout any release pesh to the erwironment con
be excluded from the corsainment pensannon model,
provided that as design agelnet extemel event hazards

. is adequate

sman in size (e.g., instrumentation lines). sman lines typicany tend to become plugged quicidy _ 0-. .

and are generany not important potential release pash-
ways.
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4.4 CONTAINMENT BYPASS CONTAINMENT BYPASS 10

Containment bypass sequences shall be assessed and shall in- Containment bypass sequences can result in signllicant .0.
clude all connections to the reactor coolant system. releases from containment and have the potential to be im-

portant risk contributors. Past PRAs have identified the foi '
lowing bypass sequences as imponent-

Steam generator tube rupture (PWR only); O.

Residual heat removal isolation faBure; O.

High-pressure coolant injection (BWR only); O~.,

i

Core spray (BWR only); =0.

Feedwater and main steam (BWR only). 0. .

4.5 IN-PLANT SEQUENCE ASSESSMENT IN-PLANT SEQUENCE ASSESSMENT 0

4.5.1 The containment ultimate strength calculation shall be made The evaluation of containment tAtimate strength shallinclude 0
using the method discussed in Chapter 5, Section 6.6.2.2, of all features necessary to maintain containment integrity, in-
the Requirements Document. Calculation of containment ciuding the containment shell, hatches, personnel locks,

; capability shall consider the ptscTwe identified in Section seals, penetrations, and valves. The phenomena to be con-
i 6.6.2.3. sidered include the potential for bypass of the suppression

}i pool (BWR), effects of direct contact of core debris, and con-
sideration of dynamic loadin0 of the containment during con-

: tainment-flooding scenarios.
:

{ 4.5.2 The MAAP code shall be the primary tool used to assess ther- In order to adequately model the processes involved, on in- 0
'

mal-hydraulic and other physical processes and pts 0T,cie tegrated model of the core melt and containment is required
-

2

such as core heat-up, containment loading, release of to address generation, effects of steam inerting, containment
radionuclides, and combustible gas generation and ignition for geometry, and cui,ia;inireiit pressurization.-

4

use in establishing accident progression. Other computer-

( codes and analysis methods may be used to stipp;eiTient the
MAAP code, or may be used in place of the MAAP code with1

'

appropriate justification.
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Paragraph No. Assumption /Groundade Ranonale 'Rev.

4.8 CONTAINMENT EVENT ANALYSIS CONTAINMENT EVENT ANALYSIS 0.

4.6.1 A containment event tree shall cursprise the important ' A containment event tree provides an exceNont means to 0-,

phenomenological issues associated with containment loading identify and quantNy important phenomena. Elements which
,

i and/or source term evolution. have been addressed in past large, dry containment PWR
and in BWR PRAs and which should be considered for the

i ALWR in the de;4. i of the containment event tree in-~
~

clude: *

I
Potential for early and late hydrogen bums; O'.

Pressure and temperature loadings on the cavity /dryweN O.

following reactor vessel falure;4

: Containment loadings due to noncondensible gas ~ 0 |.

| generation and gas generation during conum<:oncrete
interaction.,

Potential for direct interaction between cortum and con- 0.

tainment;,

J

f Availabilty of containment scrubbing, pool scrubbing. O.

; and containment / pool heat removal;
:

| Venting avaEabBity; O.

|
-

! Standtr/ gas treatment system operabilty (BWR); O I.
I

I

| Fire suppression system operab51ty (BWR); O 'I.

| Containment inertab81ty (BWR); O.

i ,

IAbRity to flood and replenish the cavity /drywe5 region of 0.

the containment;

Hydrogen generation rates and core tNockage model, O.
3

! Adiabatic bum temperature; O.

!
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Paragraph No. Assumption /Groundrule Rationale Rev.-

Debris coolabBity (amount of water required): ~0-! .
.

Location and size of containment break; O.,

Size and timing of containment fagure prior to RPV melt . 0.
'

through;

Hydrogen concentration in secondary bulding (BWR); O.

Suppressioc pool scrubbing (BWR); 0.

Operation of the standby gas treatment system (BWR); O.

Revapuikai;cn and cuiv- oskion of lodine (CSOH and - 0.

CSI);

Variation of iodine compounds. 0.

4.6.2 Potentially important phenomena which are not currently ad- Some phenomena that have been found to be important in ' O
dressed in the MAAP code shall also be censidvimi. previous risk analyses are not currently expliclity treated

using MAAP. These phenomena include the following-

Direct contairwnent heating: 0.

Steam explosions; - 0-.

Hydrogen deflagration due to equipment or operator . O.

fatures;

Failure of vapor suppiims;ca (BWR). 0--

.

4.6.3 The quantification of containment event trees shall be per- This is consistent with the guidance provided for the core 0~
formed using best estimate values. damage assessment.

4.6.4 The basis and supporting information used to determine con- In order to ensure traceablity of ttus process, it should be O
tainment event tree probabHity shall be thoroughly docu- well documented.
mented.
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Paragraph No. Assumption /Groundrule Rationale Rev.'

4.7 SOURCE TERM DEFINITION SOURCE TERM DEFINITION O

The most current version of MAPP shall be used for source in order to adequately model the processes involved, an in- - ~ 0 -'

term calculations. Altemative codes may be used if justifica- tegrated model of the core melt and containment is required
tion is provided. to address generation. ellects of steam inerting containment

.

geometry, and centanwnent pressurization

4.8 PLANT RELEASE CATEGORIES PLANT RELEASE CATEGORIES
..

O
i .

; Similar end points of the containment analysis may be Past PRAs have shown that containment event tree end 0

| grouped into release categories for use in the ex-plant conse- points may be grouped to simplify the analysis. .This reduces
quence analysis. the number of ex-plant runs requred Elements to be con-

i sidered during the grouping process include:

Time of release; O.

Duration of release; O: .
,

Energyof release; O'.

Types and amounts of isotope fractions released. 0.

|

i

!

!
!

i
;

$

i
'

Page A.4-6

I
i
i

e e e i
. . . . .. .



._____-___ ._ ___ _ . _ _ . __ _ _______ __ ______ ______ _ ___ - _____________ _ _ ____ __ _ _. - .
,

~ ..

)g y)- . y 9 _ _' n :
L. U - .

-

APPENDIX A: PRA KEY ASSUMPTIONS AND GROUNDRULES -

| Paragraph No. Assumption!Groundrule Rationale 'Rev.

! 5 OFF-SITE CONSEQUENCES - OFF-SITE CONSEQUENCES 0"

5.1 IMPLEMENTATION OF THE PUBUC-SAFETY REQUIRE- IMPLEMENTATION OF THE PUBUC-SAFETY REQUIRE- 0
MENT MENT

~

,

A mean complementary cumulative distribution function The CCDF is a weH accepted method of visuaNy displaying 0.
'

(CCDF) for whole-body dose shaN be developed for a half-mile risk curves. A composite CCDF, including the co itributions
radius. This shall include aH core-damage sequences with a from aN release categones, wIl be developed based on best-;

i mean frequency greater than 10-8 yr from both intemal and estimate source terms and wEl include all core-damage se-d

4 dextemal initiators. The design shall be considered to have quences with frequencies greater than 10 yr .' This wEl pro-
met the risk requirement if this CCDF falls outside the region vide a visual display which shows that the ALWR meets the

4bounded by a lower limit for frequency at 1x10 / year and by a off-site consequence risk requirement. The mean curve is
*

lower limit for consequences of 25 rem whole-body dose at the curve used for this demonstration, consistent with the Ra-

| one-half mile, as shown in Figure A 5-1. tionale described in Section 1 above
,

! 5.2 METHOD FOR OFF-SITE CONSEQUENCE ANALYSIS METHOD FOR OFF-SITE CONSEQUENCE ANALYSIS ~ 0
:

5.2.1 A " reference site" with the characteristics listed in Annex B The primary purpose of the PRA is to assess the plant -0,

shall be used for calculating off-site consequences for the design, and use of a reference site permits determination of,

j ALWR. whether the design should be adequate, irrespective of the
! site at which it may be located. Moreover, it is anticipated

that this PRA wHl be performed at the time of design certifica- .
tion in the licensing process. Hence, an actual site wel not
yet be identified, and a reference site is therefore specified.
This " reference site" represents the consequences of most
potential sites. Factors which affect consequences include:,

(1) climatography, (2) d=Tiuv..phy (3) topography, and (4)
evacuation and sheltering.

| Characteristics of 91 U.S. reactor sites are tabulated in the
NRC document, NUREG/CR-2239 (Ref. 36). Based upon the
data preserted in NUREG/CR-2239, the " reference site," as
modified, is estimated to equal the 80th percentle or above
for those characteristics which are correlated to high off-site
consequences.
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APPENDIX A: .PRA KEY ASSUMPTIONS AND GROUNDRULES-

Paragraph No. Assumption /Groundrule Redonele Rev.

.

5.2.2 The off-site consequences calculations shall be imihnied The computer code CRAC2 is the best tool presently avaE . 0.
; using either CRAC2 (Ref. 37) or MACCS (Ref. 38). The able for performing off-site consequence calctdations. It has .

CRAC2 input file, ALWR Reference Site, shall be used for this been shown through benchmark studies to give acceptable
purpose (Reference 40). results when compared with other consequence codes. The

! application of the CRAC2 input fle, ALWR Reference Site,
' provides a basis for cuieii.cy among the users of the-

code.
,

( 5.2.3 11 wRI be assumed that there wRI be no evacuation for 24 Calculating 24 hours of exposure with no emergency 'O-
i hours following the release. Cloud and ground shielding fac- response provides a check against the requrement stated in -
i tors for normal activity should be used. These assumptions Section 5.1, above, independent of future emergency plan-

| are only for the purposes of comparison against the require- ning requirements
i ment stated in 5.1 above. For estimation of public health risk,

{ realistic estimates for these parameters shall be used.

:
i

i

i

!

i .

'
,

i. . I
.
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Reference No. Title Rev. *

n:
fi[ , ,e

~S- REFERENCES 0#

o -

[~ 1. " Policy Statement on Severe Reactor Accidents." Federal Register - 0 ,

Volume 50, p.32138, U.S. Nuclear Regulatory Cvin r,Wecn, August 8,
1985.

2. ' _ American Nuclear Society and Institute of Electrical and Electronic En- 0
*

gineers. PRA Procedures Guide: A Guide to the Pedo:mance of Prob-'

~ abilistic Risk Assessments /or Nuclear Power Plants. U.S. Nuclear
Regulatory Commission Report NUREG/CR-2300, January 1983.

,

3. Papazoglou, i.A., et al.~ Probabilistic Safety Analysis Procedures Guide. O

U.S. Nuclear Regula0ory Commission Report NUREG/CR-2815 (Vol.1),
- Brookhaven National Laboratory, August 1985.

4. Sugnet, W.R., et al. Oconee PRA: A Probabilistic Risk Assessment of 0
Oconee Unit 3. Nuclear Safety Analysis Center Report NSAC/60, June
1984.

5. Mosieh, A., et al. Procedures for Treating Common Cause Failures in 0
Safety and Reliability Studies. U.S. Nuclear Regulatory Commission
Report NUREG/CR 4780 and Electric Power Research Institute Report NP.
5613 January 1988.

6. Fleming, K.N., et al. Classification and Analysis of Reactor Operating Ex- O

perience invoMag Dependent Events. Electric Power Research Institute
Report NP-3967 (Interim Report), June 1985.

7. Crellia, G.L, et al.' Defensive Strategies for Reducing Susceptibilly to o
Common Cause fallures. Electric Power Research Institute Report NP.
5777 (Volumes 1 and 2), June 1988.

8. Steverson, J.A., and C.L Atwood.' Common Cause Fault Rates for In. O

strumentation and Control Assemblies. U.S. Nuclear Regulatory Commis-
slon Report NUREG/CR-2770, EG&G Idaho, Inc., February 1983.

9. Meachum, T.R., and C.L Atwood. Common Cause Fault Rates for /n- 0
' strumentation and Control Assembiles. U.S. Nuclear Regulatory Commis-
slon Report NUREG/CR-3289, EG&G Idaho, Inc., May 1983.

10. Atwood, C.L Common Cause Fault Rates for Pumps, U.S. Nuclear o
Regulatory Commission Report NUREG/CR 2098, EG&G Idaho, Inc., June
1982.

i- 11. Atwood, C.L. and J.A. Steverson. Common Cause fault Rates for Diesel 0 <

Generators. U.S. Nuclear Regulatory Commission Report NUREG/CR-

|- 2099, EG&G idaho, Inc., June 1982.
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!

Reference No.' Title Rev.

'

12. : Hannaman, G.W., and A.J. Spurgin. Systematic Human Action Reliability 0
LJ . Procedwe (SHARP). Electric Power Research Institute Report NP-3583 )

.

(Interim Report), June 1984.'- |
1

13. ' Spurgin, A.J., et al. Benchmark of SHARP, Electric Power Research in- 0 '

1 'stitute Report NP-5546, Decemtar 1987. ]
L . .

,

;. 14. Swain, A.D., and H.E. Guttmann. Handbook for Human Reliability. 0 )
' Analysis with Emphasis un Nuclear Poner Applications. U.S. Nuclear
Regulatory Commission Report NUREG-CR-1278, Sandia National j

Laboratories, August 1983. J

15. EPRI RP-28471 Interim Report (HCR probability time correlation). 0

16. American Nuclear Society Guidel,'nes for Combining Natural and Man- 0
Made Hazards at Power Reactor Sites, an American Nationel Standard.
ANSI /ANS-2.12-1978.

17. Comell, C, A. " Engineering Seismic Risk Analysis," Bull., Selsm. Soc. O

Am., vol. 58, pp.1583-1606,1968.

18. Comell, C. A.,''ProbabRistic Analysis of Damage to Structures Under Sels- O

mic Loads,* in Dynamic Waves in CMI Engineering. Chapter 27, edited
by D. A. Howells, l. P. Haigh, and C. Taylor,1971, h

19. Algermissen, S. T., et al. Probabilistic Estimates of Maximum Accelera- O

tion and Velocity in Rock in the Contiguous United States. U.S. Geologi-
cal Survey Open-File Report 821033, p. 99,1982.

20. Bemreuter, D. L, et al. Seismic Hazard Characterization of the Eastem 0
United States, vol.1: Methodology and Results for Ten Sites. Lawrence
Livermore National Laboratory Report, UCID-20421, AprH 1985.

21. McCann. M. W. Jr., (ed.). Seismic Hazard Methdology for the Central o
and Eastem United States, Vol.1, Theory. Electric Power Research in-
stitute Report NP-4726,1988.

22. McGuire, R. K., et al. Seismic Hazard Methodology for the Central and 0
Eastem United States, vol.1, Methodology. Electric Power Research In-
stitute Report NP-4726,1988.

23. McCann, M. W. Jr., et al. Probabilistic Safoty Analysis Procedures Guide. O

U.S. Nuclear Regulatory Commission Report NUREG/CR-2815 (Vol 2),
Brookhaven National Laboratory,1985.

24. McCann, M. W. Jr., and J. W. Reed (ed.). Proceedings of the EPRI 0
Workshop on the Engineering Characterization of Small-Magnitude
Earthquakes. Electric Power Research Institute,1988.
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' Reference No. Title Rev.

..

25. Newmark, N. W., and W. J. Hail. Development of Criteria for Seismic 0.
Review of Selected Nuclear Power Plants, N. M. Newmkrk Consulting En-
D neering Services, U.S. Nuclear Regulatory Commission Report,i

NUREG/CR 0098, May 1978.>

p
26. _ McGuire, R. K., G. R. Toro and W. J. Silva. Engineering Estimates of 0

Earthquake Ground Motion for Eastern North America. Electric Power Re-
search Institute Report NP-6074,1988. '

27. American Society of CMI Engineers, ASCE Standard, Seismic Analysis of 0
. Safety Related Nuclear Structures and Commentary on Standard for Sels-._

mic Analysis of Safety-Related Nuclear Structures, New York, New York,
1986.

28. NUREG/CR-3558. O ;

29. Campbeff, R. D., s: af. Compliation of Fragility Information From Available O

Probab/listic Risk Assessments. Lawrence Uvermore Laboratory, UCID-
220571, September 1985.,

30. NUREG/CR-4334. O

31. NTS Engineering et al. Evaluation of Nuclear Power Plant Seismic Mar- 0

;0 al". nreneree 'er e'eci<ic eo-er ae eerca i et>>#'e. Tec8 ic ' aenert wo.1
'

1551.05 (DRAFT), March 1987.

32. Prassinos, P. G., et al. Seismic Margin Review of the Maine Yankee 0
Atomic Power Station-Summary Report. U.S. Nuctear Regulatory Com-
mission Report, NUREG/CR-4826, vol.1, March 1987.

33. Ravindra, M. K., et al. Seismic Margin Review of the Maine Yankee O

Atomic Power Station-Fragility Analysis. U.S. Nuclear Regulatory Com-
mission Report, NUREG/CR-4826. vol. 3, March 1987.

34. Harrison, D.G., Generic Component Fragilities for the GE Advanced BWR 0
Selsmic Analysis. Department of Energy Advanced Reactor Severe Acci-
dont Program Task 11.4, September 1988.

35. Harrison, D.G., Generic Component Fragilities for the Combustion En- O

gineering Advanced PWR Selsmic Analysis. Department of Energy Ad-
vanced Reactor Severe Accident Program Task 11.4, (to be published).

'

36. Aldrich, D.G., et al. Technical Guidance for Siting Criteria Development. O

U.S. Nuclear Regulatory Commission Report NUREG/CR-209, Sandia Na-
tional Laboratories, December 1982.
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,

37. Ritchie, LT., et al. CRAC2 Model Description. U.S. Nuclear Regulatory 0
Commission Report NUREG/CR 2326, Sandia National Laboratories,1984.

' 38. Alpert, D.J.. et al. MELCOR Accident Consequence Calculation Code O

System. U.S. Nuclear Regulatory Commission Report NUREG/CR-4891,
' Sandia National Laboratories,1987.

30. McCann, M.W. Jr., et al. Development of Selsmic Hazard Input for the Ad- 0
' venced Light Water Reactor Selsmic PRA. Electric Power Research in-
stltute (to be published).

40. EPRI ALWR Program, Nuclear Power DMsion, CRAC2 /nput File for ALWR 0
Reference S/re. Electric Power Research Institute. .

,
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''

RELIABILITY DATA BASE FOR ALWR PRAS l-

j

This annex describes the development of the initiating-event frequencies and component reliabHity
data that are summarized in Section 2.11. Section At outlines the methods used in obtaining in-
Itiating-event frequencies for loss of coolant accidents (LOCAs) and for most transient events.
The treatment of the frequency and recovery of losses of off site power is described in somewhat
more detall in Section A2. Section A3 summartzes the sources of data used to arrive at the recom-
mended hardware falute rates, maintenancc unavailabHities, and common-cause factors.

A1 FREQUENCY OF INITIATING EVENTS

The selection of initiating events to be sut$ected to detaHed analysis is one of the key tasks of the

L PRA effort. Clearty, it is not possible to obtain a set of initiator frequencies without first estab-
lishing the events to be evaluated. The development of frequencies in this annex corresponds to'

the set of initiating events derived for preliminary PRAs of an advanced BWR and an advanced

|- PWR (Refs.1 and 2), which were based almost entirely on the Requirements Document, Chapters
| 1 through 5. It is expected that the actual PRAs will each define a set of initiating events that repre-

- sents a different and more deflated breakdown than that obtained in these preliminary PRAs. Con-'

i sequently, the frequencies presented here and in Section 2.11.2 wHl require revision. However,
I this assessment provides some guidance with respect to the reasonable frequencies to be used

and methods to use in developing them. The events from the preliminary PRAs are listed in Tableu

[ A1 1 (the designators are provided solely for ease of reference).

Table A1-1
INITIATORS FOR WHICH FREQUENCIES ARE SUGGESTED

~'

BWR PWR
Designator Event Designator Event

P

Ti Reactor / turbine trip T1 Reactor / turbine trip

T2 Loss of condenser T2 Loss of main feedwater

T3 Loss of feedwater - T3 Loss of offsite power

T4 Loss of offsite power T4 Steam-line break

Ts Loss of major ac power bus T5 Loss of major ac power bus

A Large loss-of coolant accident A large loss-of-coolant accident
S Small loss-of-coolant accident Si Intermediate loss-of-coolant ac-

cident
S2 Smailloss-of-coolant accident
R Steam-generator tube rupture

1.

,.
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The design requirements for ALWRs incorporate a number of features aimed at reducing the fre- '

quencies of plant transients in order to provide further improvements in both safety and plant
avalability. The overall design requirements include a limit of 1.0/ year for the frequency of plant ;

trips, and this level appears to be attainable, based on recent experience for some U.S. and
foreign plants. Therefore, although the initiating 4rvent frequencies must be estimated based on

' the operating experience for current-generation plants, it was deemed appropriate to account in
some manner for the improvements required for ALWRs. Two measures were taken to achieve ,

2this objective for the more frequently-occurring transient events:

Only recent operating experience (i.e.,1984 through August 1988) was used, to.

reflect the Increased reliability that many current planta appear to be exhibiting j
relatNe to earlier years;and

I

. The specific events in tho base of operating experience were reviewed to deter-
mine applicability to the ALWRs. Events that should be precluded for the ALWRs I

based on the design requirements were deleted.

It should be noted that the second measure requires that the analyst exercise particular caution so

h'that no events that could be representative of initiating failures for the ALWRs are deleted. Further-
more, the potential exists that the designs will introduce the possibility of new initiating events,
especially during the early years of operation, that would not have been experienced in current
plants. Nevertheless, provided that care is taken, this appears to be an appropriate approach in |
order to provide the most realistic assessment for ALWRs. |

The first step was to map the transient initiators into the categories of events provided in |

NUREG/CR-3862 (Ref. 3), which is an update of a data base originally developed for EPRI. A num- |
ber of the requirements are aimed at reducing the potential for some types of transients, and it
was therefore judged desirable to eliminate such events from the data base reflecting past ex-
perience. The corresponding trip categories deleted for the ALWRs are presented in Table A1-2.
For those that are deleted due to design requirements, references to the appropriate requirement
are provided in brackets.

|
,
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Table A12
INITIATOR CATEGORIES DELETED FROM CONSIDERATION FOR THE ALWR

EPRI Category Reason for Deletion

8WR !

6. Closure of one main-steam Reactor would not necessarily trip on closure of
, isolation valve one valve [3.5.4.A.2].
1.

16. Trip of one recirculation Plant must be designed not to trip for this event
pump [3.5.3.D.4].

21. Loss of a feedwater heater Loss of a single train must not cause a trip j
[2.4.2.A.4].

23. Trip of a feed or conden. Loss of a single train will not cause a trip j

sate pump [2.4.2.4.4]. ;

L 25. Feed increasing flow during New electric-drNen feed pumps should eliminate
startup

|- 26. . Feed decreasing flow New electric-drven foed pumps would likely
L during startup eliminate this as a trip concern.

28. Rod withdrawal at startup Event has limited impact and frequency low
enough that there are no occurrences.

!36. . Manual scram This category includes many non-significant tran-
sients, such as test of the scram system when
lowering pov.ar for a scheduled outage.

| PWR
|.
I 23. Loss of condensate pumps Plant must be designed not to trip for this event

(one loop) [3.4.2.A.4].

36. Manual scram This category includes many non-significant tran-
sients, such as test of the scram system when
lowering power for a scheduled outage.

41. Fire within plant Fires will be considered separately, as external
initiating events.

O
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,

The data base developed by the Instkute for Nuclear Power Operations (INPO) for reactor trips was'

then reviewed to determine the number of events that have occurred for the remaining categories.
Tho' data base covers the period frcm 1984 to the present (i.e., through August,1988), and was

'

judged to provide the most up-to<iate and representative summary d current operating ex-
perience for the more frequent types of tansients. The frequencies (per reactor-year) are as fol-
lows:

,

Event Frequency (/ reactor year)

BWR
'

Ti Turbine trip ' 2.3
T2 Loss of main condenser 0.49
Ts ~ Loss of feedwater 0.37

PWR
Tt Reactor / turbine trip 2.8
T2 Loss of main feedwater 0.46

For other, less frequent inklato.s, the INPO data base was judged not to cover a sufficient period
of operating experience to provide an adequate basis for quantification. For both the advanced
PWR and the advanced BWR, the frequency of the loss of nonnal off site power is estimated in the
next section to be 0.035/yr. For the loss of a major ac power bus (event Ts for both plants), the fre-
quency is estimated based on extending the hourfy falure rate for such a bus over a year (ac-
counting for the capacity factor of 87% for the unith

- $(Ts) =(2.0 x 10 7 r)(8760 f(0.87)/h

41.5 x 10 /yr=

For LOCAs and the steam. generator tube rupture, the frequencies were estimated based on avall-
able information. Although there have been no pipe ruptures that have constituted LOCAs in
either PWRs or BWRs, there have been some operational events that are simRar in nature to small
LOCAs. The evidence used to characterize the frequencies of these etents was as follows:

p BWR: nolarge LOCAs
2 equivalent small LOCAs
390 plant-years of relevant experience

PWR: nolarge orintermediate LOCAs
| 2 equivalent smal1 LOCAs
! 3 steam-generator tube ruptures

1 steamline break
660 plant years of relevant experience

Page A.A.4

. .-. _ . _ - .- - .- - . - - -



E ',

'G
,;

~

. ,

Q, ANNEX A.

E RELIABILITY DATA BASE FOR ALWR PRAS

h

i- -

'

F7 the cases of the large (and intermediate) LOCAs, the frequencies were estimated based on the
x variate at the 50% cumulative probabilty level, using the following expression-

h2n+1)
N A) = 2T

The frequencies of the LOCA initiators were therefore calculated as follows:

BWR

W A) = h MS) = h
4 4= 5.8 x 10 /yr - 5.1 x 10 /yr

4

j

PWR

'
WA) = NS ) = MS)=I 22 66O

4 4= 3.4 x 10 /yr = 3.0 x 10 /yr
.

M= HT)=4 660..

4 4= 4.5 x 10 /yr = 1.5 x 10 /yr

,

;;

The results for allinitiating events for both plants are summarized in Table A14. It should be
noted that the ALWR requirements specify that the design result in a total frequency of reactor
trips of not more than 1.0 per year, and that the frequencies presented in Table A14 exceed that
figure for both types of plant. The nature of this particular design requirement is such that it will
not be possible to demonstrate conclusively that it has been met in the absence of actual operat-
Ing experience The reliance on recent experience of current generation plants, vilth trip frequen-
cies reduced to reflect specific design requirements and other considerations, is considered to be
the most appropriate approach to the development of initiator frequencies for the PRAs for the
ALWRs.

-

.

Page A.A 5

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



- _ .-_ . . . . - . .

i

i

i
i

'-'
|

ANNEX A g,3
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.

Table A13
SUGGESTED INITIATOR FREQUENCIES FOR ALWRS

Suggested
Event Description Frequency

BWR

T1- Turbine trip 2.3

T2 Loss of main condenser 0.49

Ts Loss of feedwater 0.37

T4 Loss of normal offsite power * 0.035

Ts Loss of a major ac power bus 1.5 x 10'8

dA- Large loss-of-coolant accident 5.8 x 10

4S Small loss-of-coolant accident 5.1 x 10

gPWR

T1 Reactor / turbine trip 2.8

T2 Loss of main feedwater 0.46

Ts Loss of normal offsite power * 0.035

T4 Steamline break 1.5 x 10~3

4
Ts Loss of a major ac power bus 1.5 x 10

4A Large loss-of-coolant accident 3.4 x 10

4
St Intermediate loss-of coolant accident 3.4 x 10

S2 Smallloss-of-coolant accident 3.0 x 10'8

4R Steam-generator tube rupture 6.1 x 10

* For total loss of off-site power, the conditional unavaliability of the reserve supply (0.22) must also
be multiplied by this value. In addition, for the advanced PWR the frequency of demand for
emergency power must also reflect the conditional unavailability of the full-load rejection capability.

O'
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At_ Loss of Off-elte Power
,

'
Because of the potential importance of sequences invoMng faRures of off-site and on-site ac
power, it was considered desirable to examine the avabable sources of information to obtain the
most appropriate characterization of the frequency of losses of off-site power as initiating events,
as well as the condklonal probablity of restoring off-she power as a function of time following the:-c,
event. NSAC/144 (Ref. 4) contains an excellent summary of all of the partial and complete losses

. of off-eke power that have occurred at nuclear power plants through 1988, and is the most up-to j

date source of information avaRable in this area. However, the treatment of some events required '

some modification in order to ensure that the data are applied in a manner consistent with the na-
ture of the models in a PRA tor the ALWR designs.

,

Chapter 11 of the Requirements Document provides requirements for the arrangement of off-site
power supplies that go beyond the features generally found in current-generation plants. Among
those features likely to be most important for the PRAs for ALWRs are the following: ,

The use of a generator-output breaker is specified so that, upon tripping of the.

main turbine-generator, off site power is continuously supplied from the main -

. swhchyard via the auxRiary transformers, with no switching required.

A reserve transformer must be provided that is fed from a separate substation that.

is, to the extent practical, independent of the portion of the grid feeding the main
switchyard. If possit;le, the feed to the reserve transformer is to be underground,
providing further protection a0ainst severe-weather phenomena. The reserve
transformer would normally be in a standby mode and, upon deenergization of
the buses, would pick up the loads before a signal is generated to start the emer-
gency diesel generators.

For the advanced PWR, a full-load rejection capability is required. Therefore,.

upon loss of the normal off-site power supply, the reactor and main turbine-gener-
ator should run back to a nominal power level sufficient to continue to supply the
plant aux 51aryloads. For the advanced BWR, the ability to sustain operation fol-
lowing a loss of load up to 40% of full power is specified.

O
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These features combine to present an arrangement that is potentially much more reliable than
might be reflected in a generic assessment of operating experience for current generation plants.

- For current plants, k is required that two different off site supplies to plant loads be provided. How- e

over, this requirement is met in many different ways by different plants. For example, some plants
have two different supplies from the same main switchyard. Others have transformers fed from
two different switchyards on-site, but with substantially less independence between the
switchyards than is called for for the ALWRs. Only one existing plant has a fun-load rejection f

capabulty that has been successfuHy used. For some plants, the auxRiary transformer is deener-
gized upon a plant trip, and switching to an attemative transformer is required. StNI other plants *,

normaHy use the startup transformer to supply some or all plant loads during normal operation.
' WhNe this reduces the potential for a loss of power following a plant trip, it also limits the ablity to

use the main switchyard for auxHiary loads in the event that the switchyard feeding the startup
transformerislost.

Therefore, it was necessary to examine the events in NSAC/144 in more detall in order to assess
their relationships to the features required for the ALWRs. The first step was to reclassify the
events according to the following factors:

Whether or not the event corresponded to a loss of the normal off site supply for g- .

an ALWR;

Whether or not a supply at least roughly analogous to the reserve transformer.

was provided, and whether or not the event constituted a loss of this equivalent
reserve supply alone or in addition to the loss of normal power; and

Whether or not the event itself could have precluded the use of full-load rejection,.

if it had been provided (e.g., due to a faHure in the step-up or auxillary trans-
| former).
1
l

in general, the switchyard connected to the main generator was considered analogous to the
main switchyard for the ALWR, and if a supply was also provided from a separate (although not
necessarily independent) switchyard, it was considered to be analogous to the ALWR's reserve
transformer.

O
| Page A.A-8

'

>
, - ,.,e-, r--e-., - , . . . ..,-.,,,---..r.-- e--, , ,.- , - - - , ,-w. , , ,- - - , ,, , , ,- ,w.- - - - . -



t,
-

,

e "

.,

'

i

'

..

uw,
Q ANNEX A

c : RELIABILITY DATA BASE FOR ALWR PRAS'

:

Only the experience for the ten years,1978 through 1988, was examined. This was done primarpy
to reflect improvements in off site power reinabuky that have been exhibited by current plants in
recent years, as a result d up0rading switchyards and off-she grids. The reclassification of the -
events is provided as Table A21. The table also includes the orlD nal NSAC/144 classifications fori

reference purposes. These cate0ories are as follows: ,

1. No off-she power avalable and unit trip;

2. Loss of backup off-site power, but if on line, the unit remained connected to the
normal off-she system and the plant received auxiliary power from the unit
transformer orits equivalent; and

3. Loss of normal off site power but backup off site power available.

It should be noted that the experience for two plants was deleted from the data base. The two los-
ses of off-site power that have occurred at Palo Verde were determined to be due to a unique ar-
rangement and plant-specific switching considerations, and were judged not to apply directly to .

'

the consideration of loss of off-site power for the ALWR. -Therefore, both the events and the

~N operating years were removed from the data base. The other plant that was not included was

.

; Turkey Point. Turkey Point had previously experienced a number of unique problems with off site
power, but has taken substantial steps to resolve them. The limited experience since these steps
were taken Indicates that they appear to have been successful. Therefore, it was judged that the
plant was not representative for the ALWR, and the corresponding experience for Turkey Point
was also removed ;

The relevant results of the data review are as follows:

'

In approximately 630 site-years, there have been 22 events corresponding to loss.

of normal off-site power, for an annual frequency of 0.035. !

Of the 22 events, the failures that occurred would have precluded the use of full-.

load rejection in 5 cases; this results in a contribution to the conditional un-
availability of full-load rejection of 0.23 (which does not include the probability that ,

'

full-load rejection itself would not function when demanded).

Of the 22 events,18 occurred at sites at which there we a source roughly.

analogous to the reserve transformer for the ALWRs. Of these 18, there were 4
events in which the reserve feed was also unavailable. This yields a contribution
to the conditional unavailability of the reserve source of 0.22 (which does not in-
clude unavailability of the transformer itself or failure of breakers, etc.).

;

O
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TatWe A2-1r

SUMMARY OF EVENTS INVOLVING LOSSES OF OFF-SITE POWER * i

i.

Loss of Fv640ed She has - Loos of,

NSAC remal i., k reeern reeene
Plant Date category off-snepower? precluded? srans90rmer? power? Duredon

Arkansas Nuclear One 4/7/80 3 yes no yes no 0:22.

6/24/80 3 yes no yes no unknoum
.

Browns Feny 3/1/80 . no - yes yes unimoum

:

Calvert Offs 7/23/87 1 ves no yes yes 158
'
,

f. Connecticut Yankee 8/1/84 1 no - yes no -

Cook 2/1/86 3 yes yes yes no unknoum
.
4

] Cooper 1/29/84 3 yes yes yes no 1:49
1
i

Crystal River-3 6/16/B1 3 no - yes yes unknoum ;
,

2/28/84 3 no - yes yes 0 2 .115
'

1

Davis-Besse 10/15/79 1 yes yes no - 026-

!

:Diablo Canyon 7/17/88 1 no - yes yes 038

I
;

i

* This summary is based on information provided in NSAC/144 for events i the 10 years,1979 through 1988.'
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TatWe A2-1
SUMMARY OF EVENTS INVOLVING LOSSES OF OFF-SITE POWER *

Loss of FutMood Snehas Loos of
NSAC normef 4 |%i resernr resorte

Plant Date category OW-site poneer? precluded? sransbrmer? poener? Duradorr

Dresden 8/16/85 1 rn - yes no -

Farley 10/8/83 1 no -- yes yes 2 45

Ft. St. Vrain 5/17/83 1 yes no no - 1:45

Ginna 4/18f81 2 no - yes yes unimown

Indian Point-2 6/3/80 1 no - yes yes 1:45

Indian Point-2 10/4/83 3 no - yes yes 0:15

Indian Point-3 7/12/84 3 yes yes yes no unimoum

Maine Yankee 4/25/83 2 no - yes yes 2:45

! 7/2/83 2 no - yes yes 0.04
i

McGuire 6/21/84 1 yes no no - 020

M2 stone 9/27/85 1 yes no yes yes 321

Monticello 4/27/81 1 no - yes no -
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TatWe A2-1
SUMMARY OF EVENTS INVOLVN4G LOSSES OF OFF-SITE POWER * -

4

Loss of FuMood Snehas Loos of<

NSAC normal i :-scii reeerve reeerve
Plant Date c~:.yst off-she power? preckded? sensformer? poseer? Durnefors

Nine M5e Point 2/7/82 2 no - yes yes 020:10

12/26/88 1 no - yes yes 02020,

| Oyster Creek 11/14/83 2 no - yes yes 420

Palisades 7/14/87 1 no - yes yes 726
i

!
' Pigrim 7/27/79 3 yes no yes no 0:14

8/28/79 3 yes no yes no unknoum

10/12/82 3 yes no yes no 11:33

1 2/13/83 3 yes no yes no unknoum

i 11/19/86 3 yes no yes no 3:14
:
'

12/23/86 3 yes no yes no 027
!

,
11/12/87 1 yes no yes yes 1120

t

I

,

Prairie Island 7/15/80 1 yes yes yes yes 122 i
!

:

I Quad Cities 6/22/82 3 no - yes no -

i

; River Bend 1/1/86 1 yes no no - 0:46
:

1 Robinson 1/28/86 1 no - yes yes 1:40
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1

TatWe A2-1
SUMMARY OF EVENTS INVOLVING LOSSES OF OFF-SITE POWER *,

;

!
Loss of FvMoed She has Loos of

NSAC nor nst .4;Muii reserve resorte
'

Plant Defe c ^; p y o#-she poemer? produded7 aransformer7 poseer? Deauforr,

!
3

: San Onofre 11/22/80 1 yes no .yes -no 020:15

| 11/21/85 1 no - yes yes ON
t

i

Susquehanna 7/15/84 3 yes no- yes. no unknoum;

i 7/26/84 1 - - (intent 6anaf test) - -

WNP-2 1/31/85 3 yes no yes no unimourn
.

!

1

:

j Totals 22 5 - 20 -

,

!

1

!

i

t

i

;

1

i
;

'!

|

i
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ANNEX A O>RELIABILITY DATA BASE FOR ALWR PRAS

i

There were an addhional 16 events that involved loss of only the reserve food, and this information
could be used to estimate an additional unavailablity contribution. However, because the average -

duration of these outages is less than 2 hours, this contribution is very small compared to the
likelihood of fabure in common with the normal supply.

Another point worth noting is the potential that the faRure mode might be of such a nature that it
could affect both the normal and reserve foods, as well as preclude use of the full load rejection
capabilty. Such an event might be postulated, for example, due to the propagation of some bus

,
fault that did not clear before the reserve source attempted to close in. In the data base, there was ;

onc event that involved faRure of both sources and that would have precluded the use of full-load
'
;

rejection. The conditional unavailablity of both full 4oad rejection and the reserve source based
on this limited data would be 0.056. This compares very favorably to the combined conditional ;

probabbities obtained when treating the full 40ad rejection and reserve source as independent ;

(0.22 x 0.23 = 0.051). This provides some level of check on this aspect of the data treatment.

Finally, the times reported for initial recovery of off-site power were evaluated to derive a distribu-
tion of non-recovery probabuity as a function of time. In examining the recovery times, it was
noted that, for the four events involving a loss of both the normal and reserve supply, three in.
volved severe-weather phenomena away from the site (i.e., hurricane, tornado, etc.). Further.
more, the reco/ery times for these four events were all at or above the average recovery time for
all events considered together. Therefore, the question of what data constituted an appropriate :
set to use for analysis of recovery of a totalloss of off-site power arose it was concluded that the
four data points alone were not sufficient to support a recovery-time distribution. The use of only
the recovery times for events involving severe weather was also considered. However, that dis-
tribution is strongly affected by two long events (both of which occurred at Pilgrim), neither of +

which involved a loss of the reserve source. In addition, the requirements for the reserve feed
should tend to reduce the effects of severo-weather events somewhat, although it is difficult to
characterize the degree to which this will be realized. Finally, the recovery-time distribution for all
events and that for only weather-related events are relatively close to each other in probability
(within a factor of two). Therefore, it was decided to develop a single recovery-time distribution to
be used for alllosses of off site power.

The resulting distribution is provided as Table A2 2. Entries for times beyond 12 hours are taken
from a curve fit based on a gamma distribution, which has previously been shown to provide a
relatively good fit to these data (Ref. 5).

It should be pointed out that this data treatment is useful only for considering events initiated from
power operation. During cold shutdown, and especially during extended refueling outages, less
stringent restrictions regarding the outages of transformers and other key equipment typically i

apply; this could correspond to increased frequency of total losses of off-site power and/or longer
durations of the outages.

Page A.A 14 ,

i
|
|

_ _ . _ _ _ _ _ __,. __ . . _ _ . _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ . _ .



_ _ _ . _ _ _ . _ . _ . . _ . _ . . . . . . . . . .

ANNEX A

REUABILITY DATA BASE FOR ALWR PRAS

Two other points are also important. First, this data treatment may be somewhat conservative, in
the eenee that the degree of independence for the off-she souroos for the ALWRs is greater than
that generally found for current sites. Furthermore, it is reasonable to assume that an actual ad-
vanoed reactor will employ grid connections comparable to the better and more recent of the cur-
rent. generation plants. Therefore, overall, this treatmera of the available data is considered to be
appropriate.

A3 COMPONENT FAILURE DATA

As a result of the desire to recommend a consistent set d relisbulty data to be used in the ALWR
PRAs, several data sources were reviewed, and a representative set of fauure rates was compDed.
For each component type and fauure mode, the tauure rates were extracted from the available
sources, and a suitable value was selected based on judgmont regarding applicabNity to the an-
ticipated ALWR designs. The primary sources of generic data examined included the following:

The Ooonee PRA (Ref. 6), whose generic data base represents the synthesis of.

data from a variety of generic sources;

The Seabrook Probabulstic Safety Study (PSS) (Ref. 7), which reflects both earlier.

genede sources such as those that led to the Oconee PRA data base, and
dotated data from a number of Individual plants;

Data estimated from licensee-event reports, and reported in NUREG/CR 1363 for.

valves (Ref. 8), NUREG/CR 1205 for pumps (Ref. 9), and NUREG/CR 1362 for
diesel generators (Ref.10);

Additional data compued for diesel generators and reported in NUREG/CR 2989.

(Ref.11);
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| 1

i i
<

i

Table At 2 )
CUMULATIVE NON-RECOVERY PROBAtluTIES . i

Probability of not Probability of not ,

Time M recovering power Time (hr) recovering power i

: 0.5 0.61 13 0.013
!~ l

4 Il 1 0.54 14 9.1 x 10
I

42 0.32 15 6.1 x 10

43 0.25 16 4.1 x 10

4 0.18 17 2.7 x 10 !4

45 0.14 18 1.8 x 10

46 0.14 19 1.2 x 10

hd
7 0.14 20 7.5 x 10

d
8 0.11 21 4.8 x 10

l-
4

| 9 0.11 22 3.1 x 10

4
10 0.11 23 1.9 x 10

|
4

| 11 0.071 24 1.3 x 10

12 0.019

l

|

|
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'd RELIABILIW DATA BASE FOR ALWR PRAS !
l
;

The data for diesel generators reported in NSAC/108 (Ref.12);.

<.

The data base compiled for the Accident Sequence Evaluation Program (Ref.13), i.

which is based largely on data from the Reactor Safety Study (Ref,14); i

j

The data provided for the Northeast Utilities system, as reported in the draft ver-.

sion of the ALWR PRA Key Assumptions and Groundrules Document (Ref.15); j

Multary data for non-nuclear installations reported in NPRD-2 (Ref.16);.

The data for some electrical components and instrumentation reported in IEEE-.

500 (Ref.17); 6

The Browns Ferry PRA (Ref.18):.

The PSA Procedures Guide (Ref.19);.

The elicitation of expert opinion obtained for NUREG 1150 (Ref. 20); andi .

i

| . - Data collected by Ontario Hydro for combustion turbine-generators (Ref. 21).

in addition, raw data were extracted from avaliable sources for several spect'ic plants. These,

sources included the following:

|
The plant-specific experience summarized in the Oconee PRA (Ref. 6);.

| The data reported for Indian Point Units 2 and 3 in the indian Point PSS (Ref. 22);.

The operating experience for Zion reported in the Zion PSS (Ref. 23);.

Experience described for Millstone in a recent paper (Ref. 24);.

The experience for Browns Ferry reported in the Browns Ferry PRA (Ref 18);.

l '

The data compiled for a particular PWR for which a PRA is currently underway.

(designated as PWR X), and'

Page A.A-17|

L __ _ , ._ _ ___ _ _ _ - _ . . _ . . _ . . _ _ __.



. _. _ . _ _ _

I

1

|

ANNEX A Ol
RELIABILITY DATA BASE FOR ALWR PRAS

!

|

The evidence of relief-valve relisbuity for t.aSalle provided to the Risk Methods in-.

togration and Evaluation Program (Ref. 25).

IIt is rooognized that there is overlap among some of these data sources, and that none (with the
possible exception olNPRD 2) is completelyindependent of all of the others. An attempt was
made to take these factors into account in selecting the recommended values. The values ex- ,

tracted from surveying these sources are tabulated in the forms provided at the end of this annex. |
The results are summarized in Table A31. For each component type and falure mode, a refer- )

ence is provided to the entry in the survey sheets. ;

it was also judged to be desirable to provide suggested values to be used for maintenance un-
avaRabDities. A limited survey was conducted of available PRAs, and maintenance unavailabHitle* ;

were estimated on a train level for selected systems. In addition to the sources noted above fo,-
faNure data, some maintenance unavaRabHities for BWRs were extracted from the Shoreham PRA |

(Ref. 26). The maintenance unavailabilities are summarized in Table A3 2 for BWRs and Table A3- '
3 for PWRs.

A4 COMMON-CAUSE FACTORS

Common-cause factors were evaluated according to the procedures presented in the EPRI report g
NP-5613 (Ref. 27). This procedure involves reviewing specific everRs that have occurred to deter-
mine whether or not simRar events could occur at the plant of Interest. Common-cause factors are
then estimated from the relative frequencies of multiple faRures compared to overall failures, includ-
Ing independent taults. The events summarized in EPRI NP 3967 (Ref. 28) served as the input !

data base for the review, in this assessment, the multiple-Greek letter approach was utillzed to ob-
tain common-cause parameters for failure of component combinations of interest. The systems
analyst must select the component groups to which the common-cause factors should be applied.

.
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Table Abt
COMPONENT FAILURE DATA -

Survey
Component Fellure Mode Fellure Rate Entry

;

4Motor-operated valve Falls to operate on 4.0 x 10 /d 1

demand i

Transfers closed 1.4 x 10'7/hr 2
4Air operated valve Faus to operate on 2.0 x 10 /d 3

demand
Transfers closed 1.5 x 10'7/hr 4

4
, Check valve (other Faus to operate on 2.0 x 10 /d 5

than stop) demand
Transfers closed 2.0 x 10'7/hr 6
Reverse leakage (gross) 6.0 x 10'7/hr 7

4Stop< heck valve Faus to operate on 1.0 x 10 /d 8 |

demand
'

Transfers closed 2.0 x 10'7/hr 9
Reverse leakage (gross) 6.0 x 10'7/hr 10

'

. (] Check valve Intemal rupture 5.0 x 10*fnr 11
4Manual valve Plugs / transfers closed 3.7 x 10 /hr 12
4Pressurizer safety valve Falls to open on 1.0 x 10 /d 13

(PWR) demand
4Fats to reclose 7.0 x 10 /d 14
4Safety / relief valve Falls to open on 6.0 x 10 /d 15

,

(BWR) = demand
4FaRs to reclose 6.5 x 10 /d 16
4Pilot-operated relief Faus to open on 7.0 x 10 /d 17

valve demand
Faus to reclose 2.5 x 10 2/d 18

4Motor. driven pump (all Faus to start on demand 2.0 x 10 /d 19

types)
Faus to run 2.5 x 10'5/hr 20

4Motor <lriven pump Falls to start on demand 2.3 x 10 /d 21

(LPl/RHR)
Fans to run 1.3 x 10'5/hr 22

4Motor-driven pump Falls to start on demand 1.0 x 10 /d 23
(safety inj.)

Falls to run 5.0 x 10'5/hr 24
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Table A31
COMPONENT FAILURE DATA

Survey
'

Component Failure Mode Failure Rate Entry

4Motor-driven pump Faus to start on demand 3.0 x 10 /d 25
'

d
Faus to run 1.5 x 10 /hr 26

4Motor driven pump Faus to start on demand 2.4 x 10 /d 27

(service water)
Faus to run 3.2 x 10'5/hr 28

4Motor-driven pump Falls to start on demand 1.3 x 10 /d 29
(comp. cooling)

4
Faus to run 5.0 x 10 /hr 30

4Motor 4 riven pump Faus to start on demand 2.4 x 10 /d 31

(BWR CRD) 4
Faus to run 2.4 x 10 /hr 32

4Motor-driven pump Faus to start on demand 5.0 x 10 /d 33
(cont. spray) gFans to run 5.0 x 10'5/hr 34

Turbine 4 riven pump Fans to start on demand 1.5 x 10 2/d 35

(AFW) 4
Fans to run 3.0 x 10 /hr 36

Turbine-driven pump Fans to start on demand 2.0 x 10 2/d 37

(RCIC) d
Falls to run 4.0 x 10 /hr 38

Diesel-driven pump Faus to start on demand 2.0 x 10'#/d 39
4

Fans to run 1.0 x 10 /hr 40

Motor driven air Falls to start on demand 1.0 x 10 2/d 41 .

compressor
Faus to run 1.0 x 10 /hr 42

',d

d
Blower / ventilation Fans to start on demand 6.0 x to /d 43

Falls to run 1.0 x 10 5/hr 44
4Room chiller unit Falls to start on demand 8.1 x 10 /d 45
4Falls to run 5.0 x 10 /hr 46

Motor-driven strainer Falls to start on demand 2.7 x 10'5/d 47
4Falls to run 5.0 x 10 /hr 48
4

Filter / strainer Plugs 2.0 x 10 /hr 49
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.

|

|Table AS 1

COMPONENT FAILURE DATA
|>

Survey !
Component Failure Mode Failure Rate Entry

4Heat exchanger Faus whBe operating 1.0 x 10 /hr 50
(leaks, plugs) i

Tank Faus catastrophically 1.0 x 10'7/hr 51 ),

F Diesel generator Faus to start and load 1.4 x 10-2/d 52
,

4Faus to run 2.4 x 10 /hr 53 i

Gas turbine-generator Falls to start on demand 2.5 x 10 2/d 54
'

4Fans to run 2.0 x 10 /hr 55 i

4Battery Faus to provide output 5.0 x 10 /d 56 )
on demand 1

4Battery charger Falls to maintain output 7.0 x 10 /hr 57
d

Circuit breaker (4 kv) Falls to close on 3.0 x to /d 58 r

demand

6 Opens spuriously 6.0 x 10'7/hr 59
V Circuit breaker (600 v) Faus to close on 4.0 x 10 /d 604

demand
Opens spurlously 5.0 x 10'7/hr 61 i

4Transformer (high Falls to continue operat. 1.2 x 10 /hr 62 ,

voltage) Ing

Transformer (4 kv to Faus to continue operat- 7.0 x 10'7/hr 63
- 600/480 v) ing

! Transformer (lower Falls to continue operat- 8.0 x 10'7/hr 64
l voltage) ing

Fuse Opens spuriously 5.0 x 10'7/hr 65

Electrical buswork Falls during operation 2.0 x 10'7/hr 66

| Inverter Fans during operation 2.0 x 10'5/hr 67
4Relay Fans to operate on 1.0 x 10 /d 68

,

demand
Operates spuriously 6.0 x 10'7/hr 69

4Flow transmitter Output fans during 6.0 x 10 /hr 70
operation

4Pressure transmitter Output fans during 5.0 x 10 /hr 71

operation
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Table Abt
COMPONENT FAILURE DATA

Survey 1

IComponent Failure Mode Failure Rate Entry

4Temperature transmitter Output faus during 1.0 x 10 /hr 73 ,

1operation
Pressure switch Fans during operation 3.0 x 10'7/hr 74 )4Fals to respond on 2.0 x 10 /d 75 ;

demand i

Level switch Fals during operation 3.0 x 10'7/hr 76 i

4 '

Faus to respond on 1.0 x 10 /d 77
demand

O
,

6

i

|

|
|

L.
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1
-I

i- Table A3-2

MAINTENANCE UNAVAILABILITIES FOR THE BWR

Train Unevellability
System Shoreham PRA NUREG/CR-4550 Value Selected ;

4 4Reactor core isolation 1.1 x 10 2 3.5 x 10 4.0 x 10 ,

cooling
4 4 4High-pressure injection 4.0 x 10 3.5 x 10 4.0 x 10
4 4 4Low-pressure injection 4.0 x 10 1.9 x 10 2.0 x 10
4 4 4Emer9ency service 2.0 x 10 1.9 x 10 2.0 x 10

Water >

Standby-liquid control 2.5 x 10 3.5 x 10 3.0 x 10'84 4
'

Diesel generator * - 6.0 x 10 6.0 x 10'84

Gas turbine $enerator" 6.8 x 10 2 ,

_ _

Table A3-3

MAINTENANCE UNAVAILABILITIES FOR THE PWR
,

Train Unavailability |

Oconee Seabrook Value
System PRA PSS NUREG/CR-4550 Selected

4 4 4
Turbine driven AFW 3.8 x 10 4.6 x 10 6.0 x 10'3 S.0 x 10

4 4 4 4
Motor driven AFW 1.5 x 10 1.8 x 10 1.9 x 10 2.0 x 10

i
4 4 4Safety injection 6.3 x 10 1.8 x 10 1.9 x 10'8 2.0 x 10

Residual heat removal 2.0 x 10 2.3 x 10 1.9 x 10 2.0 x 10'34 4 4

4 4 4 4
Containment spray 2.0 x 10 1.8 x 10 1.9 x 10 2.0 x 10

4 4 4
4.6 x 10 6.0 x 10 6.0 x 10Diesel generator * -

Gas turbine-generator"
_ _

6.8 x 10 2
_

9

*The unavailability for diesel generators was taken from NUREG/CR-2989, which was
|

also the source for NUREG/CR4SSO.i

I " Total maintenance unavailability (forced outages plus preventive maintenance) is
based on 90 generator years of experience with emergency combustion generators

j from Ontario Hydro system.
I \ Page A.A 23
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ANNEX A !G-
RELIABILITY DATA BASE FOR ALWR PRAS !

1

Tatdo AS-4 <

COMMON-CAUSE FACTORS
Number of Survey e

'

Component Failure Mode Failures Entry
'

Safety-injection pump Fais to start 2 of 2 1.4 x 10''
2 of 4 4.7 x 10-2

4
3 of 4 7.6 x 10 <

4 or 4 3.6 x 10'8

4 ;
FaRs to run 2 of 2 8.0 x 10

2 of 4 7.6 x 10'8
4

3 of 4 1.7 x 10
#4 of 4 7.4 x 10 *

Emergency feedwater pump Fais to start 2 of 4 3.0 x 10-2
3 of 4 1.3 x 10'3 '

4 of 4 4.1 x 10 5

FaRs to run 2 of 4 3.0 x 10'8
'

3 of 4 2.6 x 10 5 ,

4 of 4 7.1 x 10'#

Low-pressure injection pump Falls to start 2 of 2 1.4 x 10''
2 of 3 5.4 x 10 2
3 of 3 1.4 x 10 2

Fans to run 2 of 2 3.9 x 10-2 ,

2 of 3 ' 1.9 x 10 2
3 of 3 1.6 x 10'8

.,

Containment spray pump Falls to start 2 of 2 1.3 x 10''

Falls to run 2 of 2 (no evidence)

Service-water /CCW pump Falls to start 2 of 3 5.6 x 10 2 ;

3 of 3 1.7 x 10 2
2 of 4 3.8 x 10 2
3 of 4 4.9 x 10'3 I

|

4 of 4 2.2 x 10'3

FaRs to run 2 of 3 3.6 x 10 2
3 of 3 3.9 x 10'8
2 of 4 2.2 x 10 2
3 of 4 1.1 x 10'3
4 of 4 1.8 x 10"

Page A.A-24
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e ANNEX AV
RELIABILITY DATA BASE FOR ALWR PRAS

Table A3-4 (continued) -
COMMON CAUSE FACTORS

Number of Survey
Cez;:.;/ Failure Mode Failures Entry

Motor-operated valve Faus to operate on derwnd 2 of 2 6.8 x 10'#
2 of ? 3.2 x 10-2
3 of 3 4.5 x 10'8
2 of 4 2.1 x 10 2

4'3 of 4 1.4 x 10
44 of 4 2.9 x 10

Transfers closed 2 of 4 1.6 x 10 2
d

3 of 4 8.5 x 10
d4 of 4 1.4 x 10

Diesel generator FaRs to start 2 of 2 3.8 x 10 2
2 of 3 1.9 x 10 2
3 of 3 1.3 x 10'8

Faus to run 2 of 2 6.8 x 10-2
\ I 2 of 3 3.2 x 10''

3 of 3 3.8 x 10'3

De battery FaRs on demand . 2 of 2 7.3 x 10 2
2 of 3 9.2 x 10 2
3 of 3 1.0 x 10 2

:

,
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ANNEX A g
ALWR COMPONENT FAILURE DATA SURVEY

1. Motor-operated velves: tellure to operate on demand

Generic Sources Falure Rate (/d)
NUREG/CR 4550 3.0E-3
NUREG/Ch-1363 4.0E 3
Oumee PRA 4.0E 3

Seabrook PSS . 4.3E 3
Five plants (below) 4.6E-3

Arithmetic Average 4.0E-3
Geometric Average 3.9E-3

Plant Specific Evitsence
Falures Demands FaHure Rate

Oconee 42 6,725 6.2E 3
Zion 31 14.577 2.1E 3
Indian Point 3 1,505 2.0E-3
Millstone 60 11,732 5.1 E-3
PWRX 69 10,052 6.9E-3

Total: 205 44,691 4.6E 3
Value selected: 4.0E-3

Rationale: Value is representative of both generic data sources and
plant specific faHure rates.

O
-

2. Motor operated volves: transfer closed

Generic Sources FaHure Rate (/hr)
NUREG/CR-4550 1.3E 7
NUREG/CR-1363 5.7E-8 i

NUREG/CR 2815 2.0E 7
'

Oconee PRA 2.3E-7
Seabrook PSS 9.3E-8
Fourplants (below) 1.4E-7

Arithmetic Average 1.4E-7 i

Geometric Average 1.4E-7
Plant-Specific Evidence

FaHures Hours Failure Rate
Oconee 0 1,890,000 1.8E 7
Zion 0 3,220,000 1.0E 7 i

Indian Point 0 1,429,000 2.3E 7
PWRX 1 B17,399 1.2E-6

Total 1 7,356,399 1.4E-7
Value selected: 1.4E 7

'

Rationale: Value is representative of both generic data sources and
plant specific faRure rates.
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pq ANNEX A
b' !ALWR COMPONENT FAILURE DATA SURVEY

!

3. Air-operated velves: inliure to operate on demand

Generic Sources Fabure Rate (/d) :

NUREG/CR 4550 3.0E4 i

NUREG/CR-1363 6.6E 4
OconeePRA 9.0E 4 ,

Seabrook PSS 1.5E 3
Five plants (below) 6.2E 3
Four plants (below, not X) 1.6E 3

Arithmetic Average with X 2.5E-3
'

Geometric Average with X 1.8E 3 i
Arithmetic Average without X 1.5E-3 ;

Geometric Average without X 1.3E 3

Plant-Specific Evidence

Faburos Demands Failure Rate
Oconee 3 1,349 2.2E-3
Zion 3 1,540 1.9E-3
Indian Point 1 1,440 6.9E-4 -

Mllstone - - -

O PWRX 35 - 2,433 1.4E 2
'

Total: 42 6,762 6.2E 3

Value selected: 2.0E 3
'

Rationale: Value is consistent with most data sources. PWR X saw
repetitive faHures in the past that have apparently been cor.

*

rected, and are of questionable applicability for ALWRs.

:
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ANNEX A ;

1

ALWR COMPONENT FAILURE DATA SURVEY ;

I
;.

4. Air-:;; 2:2 valves: transfer closed i

Generic Sources FaRute Rate (/hr) )
NUREG/CR 4550 1.3E 7 i
NUREG/CR 1363 1.0E 7
OconeePRA 2.3E 7 '

Seabrook PSS 2.7E 7
Four plants (below) 9.0E-8 -|

Arithmetic Average 1.6E-7
Geometric Average 1.5E 7

Plant-Specific Evidence
,

Failures Hours Failure Rate
Oconee 0 194,000 1.7E4
Zion 0 2,130,000 1.6E-7
Indian Point 0 444,000 7.5E 7
PWRX 0 954,171 3.5E 7

'

Total 0 3,722,171 9.0E-8
^

Value selected: 1.5E 7
Rationale: Value is representative of generic sources, and also reflects

plant-specific experience with no failures. g
5. Check volves (other than stop-check): failure to operate on dernand

'

Generic Sources FeRure Rate (/d)
NUREG/CR-4550 1.0E 4
NUREG/CR 1363 1,1 E-4

'Oconee PRA 1.0E4
Seabrook PSS 2.7E-4
Five plants (below) 3.4E-4

Arithmetic Average 1.8E-4
Geometric Average 1.6E-4

Plant Specific Evidence

Fellures Demards FaRure Rate *

Oconee 1 6,279 1.6E 4
Zion 0 6,968 4.8E 5
Indian Point 0 1,444 2.3E-4
Mulstone 3 3,896 7.7E-4
PWRX 3 1,923 1.6E-3

Total 7 20,510 3.4E-4

Value selected: 2.0E 4
Rationale: Value reflects more recent generic data and plant specific ex-

perience.

.
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ANNEX A
(nj-

ALWR COMPONENT FAILURE DATA SURVEY
|
)

6. Check vefves (other than stop check): transfer closed 1

Generic Sources ' Failure Rate (/ht)
OoonesPRA 2.3E 7
Seabrook PSS 1.0E 8 ;

- Two piarts (below) 9.5E 7 :
Mthmetic Average 4.067 i
GeometricAnrege 1.3E 7

'
Ple .' Px-m Evidence

Falures Hours Falure Rate i

Oconee 0 387,000 8.6E 7
PWRX 1 665,016 1.5E 6 ,

Total 1 1,052,016 9.5E 7
I

Value selected: 1.0E-7
Rationale: Rare mode, very uncertain faDure rate; limited avalable data ,

from plant-specific sources.

7. Check valves (other then stop. check): reverse leakage

Generic Sources Falure Rate (/hr) i

(] NUREG/CR 1363 6.6E 7
Seabrook PSS 5.4E 7

Arithmetic Average 6.0E 7
Geometric Average 6.0E 7

Plant-Spe:lfic Evidence
Not avalable.
Value selected: 8.0E 7,

Rationale: Limited data avalable. Current expert opinion is that failure
rate for sufficient leakage to constitute gross rupture is lower.

|.

|

>

L
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L ANNEX A g
)!ALWR COMPONENT FAILURE DATA SURVEY-

1

8. Stop check volves: tellure to operate on demand

Generic Sources Failure Rate (/d)
; NUREG/CR-4550 1.0E-4

NUREG/CR 1363 1.1E 4 :

Ooonee PRA 1.0E-4 I
,

Seabrook PSS 9.1E 4 )
Two plants (below) 5.7E-3 I

,

Arithmetic Average 1.4E-3 |
Geometric Average 3.6E 4 !

Plant Specific Evidence ;

Failures Demands Failure Rate
Oconee 1 572 1.7E-3
PWRX 5 476 1.1E 2

Total 6 1,048 5.7E-3 :

Value selected: 1.0E 3 ;

Rationale: Most older data sources did not distinguish among check-
~

valve types; ;eneric soarces were therefore weighted less. j

9. Stop check valves: transfer closed

Generic Sources Failure Rate (/hr)
Oconee PRA 2.3E 7
Seabrook PSS 1.0E-8
Two plants (below) 4.9E 7

Arithmetic Average 2.4E-7 *

iGeometric Average 1.1E 7

Plent Specific Evidence
;

Failures Hours Failure Rate
Oconee 0 342,000 9.7E 7
PWRX 0 345,047 9.7E 7

Total 0 687,047 4.9E 7 ,

Value selected: 2.0E 7
Rationale: Umited applicable data, no failures in plant specific evidence.

Value is consistent with that for other check valves.

Page A.A-30

. . .- .. . -- . -_ - - - - .-



!

g ANNEX A

ALWR COMPONENT FAILURE DATA SURVEY

l
10. Stop check velves: reverso leakage )
Genorte Sourcee Falure Rate (/hr) |

NUREG/CR-1363 6.6E 7 I

8eabrook PSS 5.4E 7
Mthmetic Antage 6. M 7
Geomelric Antage 6.0E 7 |

Plant-SpoolRc Evidonoe

None avalable. :
Value selected: 4.0E.7 '

Rationale: Limited applicable data. Value is also consistent with that for
other check valves.

11. Check velves: Internal rupture

Generic Sources Falure Rate (/hr)
NUREG/CR-5116 5.0E 9
NUREG/CR 2815 1.0E 7

Mthmetic Average 5.3E-8
[p Geometric Average 2.2E 8

.d Plant Specific Evidencej

None available.
t Value selected: 5.0E 9
! Rationale: Value from detaled review by experts for NUREG 1150;
! reviews found this to be a very rare failure mode.

'

b

,

d

'
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ANNEX A g
ALWR COMPONENT FAILURE DATA SURVEY

12. heenuel vehes: plug / transfer closed -

Generic Sources Fabure Rate (/hr)
Ooonee PRA 3.4E4
Seabrook PSS 4.2E4
Four plants (below) 3.5E4

Arithmetic Aserege 3.7E-8
Geometric Average 3.7E-8

Plant-Specific Evidence

Failures Hours Fagure Rate
Oconee 1 3,090,000 3.2E 7
26on 0 7,870,000 4.2E 8
Indian Point 0 8,270,000 4.0E4
PWRX 0 9,510,241 3.5E4

Total 1 28,740,241 3.5E-8

Value selected: 3.7E-8
Rationale: Data sources in very close agreement, despite rare nature of

faRure mode.

13. Pressuriser safety valves (PWR): tellure to open on demand '

Generic Sources Failure Rate (/d)
NUREG/CR 1363 6,2E 3
OconeePRA 2.7E 4
Seabrook PSS 3.3E-4
Two plants (below) 1.5E 2

Arithmetic Average S.5E 3
Geometric Aversge 1.7E 3

Plant Specific Evidence

Failures Demands Failure Rate
Oconee 0 10 3.3E 2
PWRX 0 12 2.8E 2

Total 0 22 1.5E-2

Value r. elected: 1.0E 3
Rationale: Plant specific data of limited use, wide range in generic sour.

cer,.

.
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q ANNEX A I

ALWR COMPONENT FAILURE DATA SURVEY

|

14. Pressurtser entsty volves (PWR): tellure to roolose on demand I
Generls Sources Fabure Rate yd)
NUREG/CR 4660 1.0E 2

Ooones PRA (steam) 4.9E4 :

Ooonee PRA (weter) 1.0E1
Seabrook PSS (steam) 2.9E4 |

Seabrook PSS (water) 1.0E 1
Two plants (below) 1.5E 2 :

kithmetic Anrege 3.9E 2
'

Geometric Anrege 1.7E-2
Arithmetic Antage (steem only) 8.2E-3 >

Geometric Anrage (steam only) 1.0E-2 i

Plant Specific Evidonoe i

Failures . Demands Fabure Rate
Oconee 0 10 3.3E 2
PWRX 0 12 2.8E-2

Total 0 22 1.5E 2
'

Value selected: 7.0E 3
Rationale: Plant specific data again dlimited use Problems with failureO after liquid flow should be eliminated in ALWRs.' *

;

15. Safety / relief volves (8WR): tell to open on demano

Generic Sources Failure Rate yd)
NUREG/CR 1363 7.9E 3

Plant-Specific Evidence *

Browns FetTy PRA 8.0E 3
One plant (below) 3.4E 3

Arithmetic Anrage 6.4E 3
Geometric Average 6.0E 3

| Plant Specinc Evidence
Browns Ferry 1 290 3.4E-3

Value selected: 60E4
Rationale: Value selected is representative of all sources.

,

1
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ANNEX A g
ALWR COMPONENT FAILURE DATA SURVEY

it. Setsty/ relief velves (BWR): tell to reclose
Generic Sources Falure Rate (/d)
NUREG/CR4550 ' 1.0E 2
NUREG/CR 1363 4.5E4
Browns Ferry PRA 5.0E 3
One piart (below) 6.9E4

Arithmetic Average 6.6E3
Geometric Anlage 6.3E 3

Pierd-Specific Evidence

Browns Ferry 2 290 6.9E 3

Value selected: 8.6E 3
Rationale: AvaBable values reasonably close; value selected is repre-

sentative.

17. Pilot-operated relief volves: failure to open on demand
Generic Sources Failure Rate (/d)
OconeePRA 8.0E 3
Seabrook PSS 4.3E 3

h:Two plants (below) 8.5E4
Arithmetic Average 6.9E 3
Geometric Average 6.6E 3

Plant-Specific Evidence

Falures Demands Falure Rate I
Oconee 0 31 1.1E 2
PWRX 0 8 4.2E-2

Total 0 39 8.5E 3

Value selected: 7.0E 3
Rationale: Sources are quite close together, value is representative.

i
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O ANNEX A
-U

ALWR COMPONENT FAILURE DATA SURVEY'

|
18. Pilot operated rollet volves: tellure to reclose on demand |

Generic Sources Falure Rate (/d) |
Ooones PRA 5.0E4 '

Seabrook PSS 2.6E-2 3

Two plants (below) 5.1E-2 !
*

Arlahmetic Anrage 2.7E-2 |
Geometric Average 1.9E2

Plant-Specific Evidence

Falures Demands Falure Rate i

Oconee 1 31 3.2E-2

PWRX 1 8 1.3E 1 ,

'
Total 2 39 5.1E 2

Value selected: 2.6E 2
Rationale: Plant specific evidence and more recent generic source :.

'
given bl0her weight.

|

19. Motor driven pumps (all): failure to start on demand ,

t Generic Sources Failure Rate (/d) *

' NUREG/CR 4550 3.0E-3

NUREG/CR 1205 4.2E-4

Oconee PRA 5.0E 4
Seabrook PSS, standby 2.4E 3
Seabrook PSS, normally operating 3.3E 3
Northeast Utiltles 1.3E-3

Sk plants (below) 2.0E-3 c

Arithmetic Average 2.0E-3 ,

Geometric Average 1.5E 3

Plant-Specific Evidence

Fauures Demands Failure Rate
Oconee 4 972 4.1E 3

Zion 7 3,600 1.9E-3

Indian Point 9 1,593 5.6E-3

Mulstone 22 5,129 4.3E-3

Browns Ferry 13 8,330 1.6E-3

PWRX 2 835 2.4E 3

Total 57 20,459 2.BE 3

Value selected: 2.0E 3
Rationale: Value Is consistent with most avaDable sources of data.
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ANNEX A g

ALWR COMPONENT FAILURE DATA SURVEY
;

30. Motor <trtwen pumps (all): tellure to run

Generic Sources Fauure Rate yhr) !

. NUREG/CR-4550 3.0E 5
NUREG/CR 1205 6.0E4
OoonesPRA 2.0E 5

.

|
Seabrook PSS 3.4E 5
Northeast Utiltles 4.0E 5
Six plants (below) 2.0E 5 ,

Arithmetic Average 2.5E 5 s

Geometric Average 2.1E 5 :

Plent Specific Evidence

FaNures Hours Failure Rate
Oconee 3 98,120 31E 5

'

Zion 1 340,412 2.9E 6
Indian Point 9 258,684 3.5E-5 *

Millstone 20 953,038 2.1E-5
Browns Ferry 9 284,134 3.2E 5
PWRX 0 191,577 1,7E-6

Total 42 2,126,145 2.0E-5

O
Value selected: 2.5E 6

Rationale: Value is consistent with all of the avalable sources of data.

21. Motor-driven LPl/RHR pumps: tallure to start on demand

Generic Sources FaGure Rate (/d)
Northeast Utllties 2.0E 3
Four plants (below) 2.5E 3

Arithmetic Average 2.3E 3
Geometric Average 2.3E 3

Plant Specific Evidence

Falures Demands Failure Rate
Oconee 0 223 1.5E-3
MNistone 3 259 1.2E 2
Browns Ferry 3 1,688 1.8E 3
PWRX 0 199 1,7E 3

Total 6 2,369 2.5E-3
,

Value selected: 2.3E 3
| Rationale: Available sources of data agree reasonably well.
|
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(~'3 ANNEX A |

ALWR COMPONENT FAILURE DATA SURVEY !
,

|

St. Motor <brtwen LPt/RHR pumps: tellure to run f
Generic Sources FaNure Rate (/hr) :

Northeast Utgities 9.6E4 !
Six plants (below) 1.7E 6 i

Mehmetic Anrage 1.3E 5 |
GeometdcAnrage 1.3E 5 |

Plant-Spoolfic Evidence
;

fFauures Hours Fabure Rate
Ooonee 1 11,287 8.9E 5 j
Zion 0 32,500 1.0E 5 ;

'indian Point 2 8,06d 2.SE-4
Muistone 0 15,050 2.2E 5 ;

Browns Ferry 0 88,900 3.7E4
PWRX 0 17.211 1.9E 5 -

Total 3 173,013 1,7E 5 !
1

Value selected: 1.0E-5 |

Rationale: Value reasonably reflects avaNable sources of data that apply
directly for this type of pump. Plant specific experience is
strongly affected byIndian Point.

'
23. Motor driven safety injection pumps: tellure to start on demand ;

Generic Sources Fature Rate (/d)
Northeast Utilties 2.0E 3
Four plants (below) 3.1 E-4

Mthmetic Average 1.2E 3
Geometric Anrage 7.8E 4 ;

Plant Specific Evidence

FaRures Demands Falure Rate
Oconee 1 530 1.9E 3
MNistone 0 954 3.5E 4

| Browns Ferry 0 1,631 2.0E 4
'

PWR X 0 134 2.5E 3 ,

Total 1 3,249 3.1E 4 -

Value selected: 1.0E 3,

? Rationale: Value reasonably reflects limited available sources of data
that apply directly for this type of pump.

.

i,O
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gl' ANNEX A;

h ALWR COMPONENT FAILURE DATA SURVEY

y

24, Motor <triven safety-injection pumpe: tellure to run. i

' '

. Generic Sources FaRure Rate (/hr)ty

:E Northeast Utillies 8.0E-5
Five plants (below) . 2.6E 5

' Arithmetic Average . 5.3E 5
Geometric Average . ~ 4.5E 5 *

Plant-Specific Evidence

Falures Hours ' Falure Rate
Oconee 0 38,787 8.6E 6
Zion 0 46 7.2E 3 '
. indian Point 1 124 8.1 E-3

'

Drowns Ferry 0 78 4.3E-3
PWRX- 0 67 5.0E-3

Total 1 39,102 2.6E 5

Value selected: 5.0E-5
Rationale: Value reasonably reflects limited available sources of data

L that apply directly for this type of pump.

O
25. Motor-driven emergency feedwater pumps: failure to start on demand

-

Generic Sources Failure Rate (/d)
Northeast Utilities : 1.3E 3
One plant (below)- 8.6E-3

Arithmetic Average 5.0E 3
,

'M GeometricAverage 3.3E-3
i-
L Plant-Specific Evidence
L Failures Demands - Failure Rate
L Zion 4 464 8.6E-3
1:

l' Vabe selected: 3.0E 3

| Rationale: Umited available data applybg directly to this type of pump.
VrJue influenced more by value for motor driven pumps in
general.

|

1
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b 'ALWR COMPONENT FAILURE DATA SURVEY

36. Motor-driven emergency feedweter pumps: tellure to run
Generic Sources Fabure Rate yhr)
Northeast Utilties 8.0E-5 -

t Two plants (below) 2.0E-4'

Artthmetic Average 1.4E-4
Geometric Average . 1.3E-4

Plant-Specific Evidence><

FaRures Hours . Fauure Rate
Zion 1 3.800 2.6E-4

'

. Indian Point 1 6,320- 1.6E 4

Total 2 '10,120 2.0E-4

Value selected: 1.5E-4
'

Rationale: Plant specific data given more weight, since only generic
value is from WASH 1400.,

27. Motor driven service-water pumps: failure to start on demand
Generic Staurces Falute Rate yd)
Northeast Utuities 1.5E-3 -
Three plants (below) 7.7E-3

Arithmetic Average 4.6E-3
Geometric Average 3.4E-3

Plant-Specific Evidence
FaRures Demands FaHure Rate

Oconee 0 61 5.5E 3
MRistone 9 1,085 8.3E-3
Browns Ferry 9 4,387 2.1E 3
PWRX 160 6.3E-3

Total 19 5.693 3.3E 3

Value selected: 2.4E 3
Rationale: Value reasonably reflects limited avaRable sources of data

that cpply directly for this type of pump.
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ANNEX A 'g
ALWR COMPONENT FAILURE DATA SURVEY.

28. MotorMven service-water pumps: tellure to run
- Generic Sources Fabure Rate (/hr)
Northeast Utilties 3.8E-5

i Five plants (below) 2.6E 5
Arithmetic Anrage. 3.2E-5
Geometric Anrage 3.2E-5

'

Plant-Specific Evidence
Failures Hours FaRure Ratei

Oconee 2 47,991' 4.2E 5
' Zion 0 152,000 2.2E 6

Indian Point 5 122,000 4.1 E-5
Browns Ferry ~ 9 195,000 4.6E-5

|L PWRX 0 87,072 3.8E 6

Total 16 604,063 2.6E-5

Value selected: 3.2E-5
Rationale: Value reasonably reflects limited available sources of data

that apply directly for this type of pump, and that are quite ;

close together. '

O'29. Motor-driven component <ooling water pumps: failure to start on demand j,.

| Generic Sources Failure Rate (/d)
f: Northeast Utgities 1.8E-3 i

Two plants (below) 8.9E-4
Arithmetic Average 1.3E-3

- Geometric Average 1.3E 3 ;

| Plant Specific Evidence
Failures Demands Failure Rate

Muistone 0 915 3.6E 4
PWRX 1 209 4.8E-3

Total 1 1,124 8.9E 4

Value selected: 1.3E 3
Rationale: Value reasonably reflects available data sources.4

I
|

L
l

!-

|
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X ANNEX Ab
ALWR COMPONENT FAILURE DATA SURVEY ,

._

30. Motor driven component-cooling water pumps: failure to run i

Generic Sources Falure Rate (/hr)
Northeast UtRities ~ 1.0E-5
Three plarts (below) 1.3E4

Arithmetic Antage 5.7E 6 i

Geometric Average - 3.6E-6,

Plant Specific Evidence
Failures Hours Falure Rate

Zion 0 76,000 4.4E4
Indian Point 0 122,096 2.7E4
PWRX 0 52,232 6.4E4

Total 0 250,328 1.3E4

Value selected: 5.0E-6
Rationale: Umited data avaRable suggests relatively wide range of

,

values. Value selected represents average value.

31. Motor-driven control-rod drive pumps: failure to start on demand
-- Generic Sources Failure Rate (/d)

'(
'

One plant (below) 2.9E-3

Northeast UtHities 1.8E-3

Arithmetic Average 2.4E-3
Geometric Average 2.3E 3

Plant-Specific Evidence
FaHures Demands Fature Rate

Millstone 1 342 2.9E-3

Value selected: 2.4E-3
Rationale: Limited data available, significant (if not complete) ove..ap in

data sources. Value is consistent with that for motor driven
pumps in general.

|

I

|
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ANNEX A g
ALWR COMPONENT FAILURE DATA SURVEY

32. Motor-driven control rod drive pumps: failure to run s

Generic Sources Failure Rate (/hr)
Northeast Utgities 1.6E4
One plant (below) 3.3E 6

Arithmetic Average 2.4E-6
Geometric Anraga 2.3E-6

"

Plant-Specific Evidence
Falures Hours FaRute Rate

MHistona 0 101,652 3.3E 6

Value selected: 2.4E-6
Rationale: Limited data available, significant overiap in sources.

33. Motor driven containment-spray pumps: failure to start on demand

Generic Sources Failure Rate (/d)
Northeast Utilties 1.0E 3
One plant (below) 2.1 E-P.

Arithmetic Average 1.1E-2
Geometric Average 4.6E-3

Plant-Specific Evidence
Fal|ures Demands Failure Rate

Oconee 3 140 2.1 E-2

Value selected: 5.0E-3
Rationale: Limited data available, wide spread In values. Value selected

is consistent with geometric mean of available sources. ;

I

|

|

|
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W ANNEX A--
- ALWR COMPONENT FAILURE DATA SURVEY

,

I

34. Motor driven containment-spray pumps: tellure to rung

Generic Sources Falure Rate (/hr)
Northeast UtRies 1.5E 5
Three plants (below): 1.9E-3 ~

Arithmetic Average 9.3E-4
Geometric Average 1.7E-4

Plant-Specific Evidence
;

Falures Hours Failure Rate ~ i

Oconee 0 40 8.3E-3
Zion 0 66 5.1 E-3
Indian Point 0 74 4.5E 3

Total 0 180 1.9E-3
;

Value selected: 5.0E-5i

Rationale: Umited data available, very limited value in plant specific
sources due to limited experience and no faRures. Value !

selected weighted Northeast data most heavily.

;

35. TurbinHiriven auxiliary feedwater pumps: failure to start on demand
O Generic Sources Falure Rate (/d)V

NUREG/CR-4550 3.2E-3
NUREG/CR 1205 9.6E4
Oconee PRA 4.0E-3
Seabrook PSS 3.3E-2

. Northeast Utgities 2.3E-2
Four plants (below) 2.1 E-2

Arithmetic Average 1.6c-2
Geometric Average 1.1E-2

Plant-Specific Evidence
Failures Demands FaRure Rate

Oconee 6 113 5.3E 2
Zion 6 231 2.6E-2

- Indian Point 0 57 5.8E-3
.. PWRX 2 260 7.7E-3

'

Total 14 661 2.1 E-2

Value selected: 1.5E-2
Rationale: Older generic data sources tended to underestimate this

rate; value selected is more consistent with more recent data
sources.

L
!
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ANNEX A g
|iALWR COMPONENT FAILURE DATA SURVEY
'|
1

36. Turbine driven auxiliary feedwater pumps: failure to run

Generic Sources Fauure Rate (/hr) |

NUREG/CR-4550 - 1.3E 4 .|
NUREG/CR-1205 4.3E-5 j

OconeePRA 2.0E 5 i

Seabrook PSS 1.0E-3 |
Northeast UtHitics 7.6E 6 j
Four plants (below) 2.0E 3

,

Arithmetic Average 5.5E-4 |
Geometric Average 1.1E-4 |

Plant-Specific Evidence j
Falures Hours Failure Rate 1

Oconee 1 94 1.1E 2 1

Zion 0 1,900 1.8E-4
Indian Point 1- 1,240 8.1 E-4 I

PWRX 5 194 2.6E-2

Total 7 3,428 2.0E-3

Value selected: 3.0E-4
Rationale: Wide range in avaHable sources of data. Nonheast ex-

perience is much better than general industry experience. -g
PWR X experience is much worse than other plants. Value W
selected appears to be reasonable.

;,

I

{
1

<

-

;

1

l

l

|

|

Page A.A.44

- -- _ -_ _ ---- - - - - - - - - -



_ _ _ _ __ _ . . _ _ _ . - _ _ . . . _ . . __

V

!() ANNEX A

ALWR COMPONENT FAlLURE DATA SURVEY

37. Turbine <lriven RCIC pumps: failure to start on demand

Generic Sources FaRure Rate (/d)
NUREG/CR 4550 3.2E 3

. NUREG/CR 1205 - 1.2E 2 ,

Browns Ferry PRA ~ -4.0E-2
'

One plant (below) . 3.4E-2 ,

'Arithmetic Average 2.2E 2
Geometric Average 1.5E-2

Plerd4pecific Evidence i

Fagures Demands- Falure Rate
Browns Ferry 21 614 3.4E-2

Value selected: 2.0E-2
Rationale: Sources generally agree, except for NUREG/CR-4550, which

,

is much lower. Value selected is representative. |
.j

38. Turbinutriven RCIC pumps: failure run i

Generic Sources Failure Rate (/hr) |

; , ~g NUREG/CR 4550 1.3E-4

V Browns Feny. 4.1 E-4
One plant (below) 4.4E 3

' Arithmetic Average 1.6E-3
Geometric Average 6.2E-4

Plant-Specific Evidence i
Failures Hours Failure Rate

Browns Ferry 0 76 4.4E-3
,

Value selected: 4.0E-4
Rationale: Very limited plant-specific data available. Generic data from j

'
Browns Feny PRA given greater weight.

,

,

O
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ANNEX A .$
ALWR COMPONENT FAILURE DATA SURVEY .

39.' Diesel driven pumpe: tellure to start on demand - ,

."
' Generic Sourose Fagure Rate (/d) ,i

NUREG/CR 1205 3.0E-2
Northeast Utgities; 3.1E-3
Two plants (below) 2.6E-2 .,

Arithmetic Average 2.OE-2
Geometric Average 1.3E-2

'

Plant-Specific Evidence
FaDures Demands FaRure Rate

Zion 1 183 5.5E 3
Muistone - 8 158 5.1E 2

Total 0 341 2.6E-2

Value selected: 2.0E-2 '

Rationale: AvaRable sources are generally consistent, value selected is
repre:,sntative.

40. Diesel-driven pumps: failure to run

Generic Sources Failure Rate (/hr) &
NUREG/CR 1205 2.6E 5 W
Northeast Utuities 8.0E-5
One plant (below) 6.1 E-2

'"
Arithmetic Average 2.0E-2
Geometric Anrage 5.0E-4

Plant-Specific Evidence .
FaRures Hours FaRure Rate

Zion 2 33 6.1 E-2 ,

- Value selected: 1.0E-4-
Rationale: Zion experience is very different from generic data. Value ,

selected is weighted heavHy toward generic sources.
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ALWR COMPONENT FAILURE DATA SURVEY -

41. Air compressors: failure to start on demand

Generic Sources Falure Rate (/d)
NUREG/CR 4550 5.3E-2
Oconee PRA 5.0E-3
Seabrook PSS 3.3E-3

Artthmetic Anrage 2.M-2 !

Geometric Average 9.M-3 i

s

Plant-Specific Evidence |

Not avalable. 4

' Value selected: 1.0E-2 l-

: Rationale: Wide range in values; value selected is representative.

42. Air compressors: failure to run

~ Generic Sources FaRure Rate (/hr)
NOREG/CR 4550 4.8E-5 i

NPRD-2 2.1 E-5

Oconee PRA 2.9E-4

._
. Seabrook PSS 9.8E-5

: Arithmetic Average 1.1E 4*

'

Geometric Average 7.3E-5. ,

Plant-Specific Evidence
k Not avaRable.

Value selected: 1.0E 4
Rationale: Most values are reasonably close; value selected is repre-

sentative.

L
i

|' 1

I''

|

O
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ANNEX A $-
ALWR COMPONENT FAILURE DATA SURVEY'

43. Blower / ventilation fans: failure to start on demand-

Generic Sources FaRure Rate (/d)
N'JREG/CR 4550 3.8E-4
Oconee PRA - 5.0E-4
Seabrook PSS 4.8E-4
Four plants (below) 1.1 E-3

Arithmetic Average 6.1E-4
,|Geometric Average 5.6E-4

Plant-Specific Evidence |
FaHures Demands Fauure Rate

Oconee 3 237 1.3E 2
Zion 2 1,155 1.7E-3 ,

Indian Point 0 45 7.4E 3 1

PWRX 4,086 2.4E-4

Total 6 5,523 1.1E-3

Value selected: 6.0E-4 4

Rationale: Most values are reasonably close: value selected is repre-
sentative.

44. Ventilation fans: failure to run
Generic Sources' Failure Rate (/hr)
NUREG/CR-4550 1.3E-5
NPRD-2 2.6E-6

- Oconee PRA 1.9E-5
Seabrook PSS 7.9E-6
Four plants (below) 9.6E-6

Arithmetic Average 1.0E-5 |
*

Goometric Average 8.6E-6

Plant-Specific Evidence
Failures Hours Fauure Rate

Oconee 1 81,351 1.2E-5
Zion 0 152,000 2.2E-6
Indian Point 2 122,000 1.6E-5
PWR X 1 60,723 1.6E-5

Total 4 416,074 9.6E-6

Value selected: 1.0E-5
Rationale: Most values are reasonably close; value selected is repre-

sentative.
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Q ANNEX A l

ALWR COMPONENT FAILURE DATA SURVEY j

~ 45. Room chiller unit: failure to start on demand l

Generic Sources Fabure Rate yd) i
Seabrook PSS 8.1E3 i

Plant-SpecNic Evidence
,

Not avalable. I

Value selected: 8.1 E-3 i
Rationale: Only value readily available.

'

; 46. Room chiller unit: falls to continue operating

| Generic Sources Falure Rate yhr)
i NPRD-2 1.0E 6

Seabrook PSS 7.9E 6
| Arithmetic Average 4.4E-6 1

Geometric Average 2.8E-6

Plant-Specific Evidence
Not avaBable.
Value selected: 5.0E45

Rationale: Umited data avaliable; greater weight given to Seabrookp)--\_ since it reflects nuclear power plant experience. NPRD 2
reflects significant level of operating experience, but no
nuclear experience.

|' 47. Strainer: falls to start
i Generic Sources Failure Rate (/d)
l

IEEE 500 2.7E-5

Plant-Specific Evidence
Not avaHable.

I Value selected: 2.7E-5
Rationale: Only value readily available. Value seems low in comparison

|

j to other motor-driven components.

|
L

i

!
l
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~ ANNEX A $
ALWR COMPONENT FAILURE DATA SURVL:Y

48. Strainer; falls to continue operating
Generic Sources FaRure Rate (/hr)
IEEE-500 3.8E4
Seabrook PSS 6.2E 6

Arithmetic Anrage 5.0E-6
Geometric Average 4.9E-6

Plant-Specific Evidence
Not avaRable.

4

Value selected: 5.0E-6 i

- Rationale: Generic values are quite close, value selected is very repre- i
sentative.

-|
49. Strainer or filter; plugs ;

Geroric Sources Failure Rate (/hr)
'

NPRD-2 3.0E-6
Seabrook PSS 1.1E-6 ;

Arithmetic Average = 2.0E 6
Geometric Average 1.9E-6

Plant Specific Evidence
Not avaRable
Value selected: 2.0E-6

Rationale: Umited data avaRable. Generic values are quite close, value
selected is representative. ;

50. Heat exchanger: falls while operating (severe leakage, plugging)
Generic Sources Failure Rate (/hr)
NPRD-2 9.0E-7
Seabrook PSS 2.0E-6
Two plants (below) 6.9E 7

Arithtretic Average 1.2E-6
Geometric Average 1.1E-6

Plant-Specific Evidence
Failures Hours Failure Rate

Zion 0 236,000 1.4E 6
Indian Point 0 244,000 1.4E-6

Total 0 480,000 6.9E-7

- Value selected: 1.0E-6
Rationale: Values are reasonably close, value selected is very repre-

sentative.

O
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ALWR' COMPONENT FAILURE DATA SURVEY

51. Tanks: fall estastrophically
.

Generic Sources FaRure Rate (/hr)
NPRD 2 1.8E4
Seabmok PSS 2.7E-8

Arithmetic Anrage 8.2E 7
Geometric Average 2.1E-7

Plent Specific Evidence
Not avabable.
Value selected: 1.0E 7 -

Rationale: Wide spread in sources, uncertain and rare faNure rate.
Value selected weights Seabrook more heavily due to uncer.
tainty in nature of NPRD-2 data.

52. Diesel Generators: fall to start on demand

Generic Sources Failure Rate (/d)
NUREG/CR 4550 . 3.8E 2
NUREG/CR 1362 4.4E 2
NUREG/CR-2989 3.3E-2

O NSAC 108* 1.4E-2
V - Seabrook PSS** 3.8E 2

Northeast U.Rities 7.0E-3 :

Four plants (below) 1.3E-2
*

L Arithmetic Average 2.7E-2

L Gecmetric Average 2.2E-2
* Includes some failures to run, but not
dominant.
" Includes failure to run during first hour of

| cperation. j

| Plant-Specific Evidence
'

Failures Demands Fallure Rate
Zion 30 1,693 1.8E-2
Indian Point 6 609 9.9E-3
M Qtone 3 652 4.6E-3
PWRX 5 502 1.0E-2

Total 44 3,456 1.3E 2

Value selected: 1.4E 2
Rationale: NSAC-108 provides extensive review of recent operating ex-

perience, reflecting most current maintenance practices, and
accounting well for actual demands. Failure rate reflects
some failures in load /run phases of operation, but these are
not expected to Impact the result substantially. Therefore,
NSAC-108 value recommended.

O
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ALWR COMPONENT FAILURE DATA SURVEY

,

53. Diesel Generators: fall to run .
Generic Sources Falure Rate (/d)
NUREG/CR-4550 - 1.3E 3
NUREG/CR 1362: 2.6E-2
NUREG/CR-2909 2.4E-3
Seabrook PSS 2.5E-3
Northeast Utultles 1.5E-3-
Four plants (below) 3.9E-3 i

'

Arithmetic Average 6.3E-3
Geometric Average . 3.3E-3

Plard-Specific Evidence '
' Failures Demands Failure Rate

Zion 6 1,340 4.5E-3
Indian Point 0 408 8.2E 4
MHistone - 1 1,018 9.8E-4
PWRX 7 846 8.3E-3

,

Total 14 3,612 3.9E 3

Value selected: 2.4E-3
Rationale: Many data sources include fauures to load or other failures

,

-

immediately after starting that are not appropriate for long
(e.g.,24-hr) mission times. NUREG/CR 2989 collected data
specifically from longduration tests; value is also consistent
with several other data sources.

i
1

i

I

l

l
I

l

'

1

|

c i

| |

O
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ALWR COMPONENT FAILURE DATA SURVEY !-

,

;

6; 54. Energy combustion tuttiine-generators: failure to start on demand I

Generic Sources Failure Rate (/d)- |
Ontarlo Hydro system 2.5E-2 |
One plant (below) . 3.4E-2

Arithmetic Average 2.9E 2 |

Geometric Average 2.9E 2 !

.

. Plant-Specific Evidence
Failures Demands FaHure Rate

-

Muistone 28 834 3.4E-2

Value selected: 2.5E-2
Rationale: Data sources are quite similar; Ontario Hydro data repre.

sents 90 generator-yr of experience, and weighed more
heav8y.

55. Emergency combustion turbine-generators: failure to run
Generic Sources FaHure Rate (/hr)
Ontario Hydro system 1.7E-6
One plant (below) 1.8E-4. ..

Arithmetic Average 8.9E-5
Geometric Average 1.7E-5

Plant-Specific Evidence
Failures Hours FaRure Rate

MHistone 1 5.697 1.8E 4

Value selected: 2.0E-6
Rationale: Data sources very different; Ontario Hydro data represents

90 generator yr of experience, and weighed more heavily.

,P

'
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ANNEX A $;
ALWR COMPONENT FAILURE DATA SURVEY 1

66. Betterlee: failure of output on demand

Generic Souraos Failure Rate yd)
NUREG/CR4550 1.4E-3
NUREG4666 3.3E4

; _ Oconee PRA* 3.2E-5 |
l' Seabrook PSS 4.8E4 i

NPRD-2* 1.6E4
' Three plants (below) 1.5E-3

Arithmetic Average 6.6E-4
Geometric Average 3.5E-4

Plant-Specific Evidence,

Failures Hours Failure Rate
Oconee 0 96,426 3.5E-6
Zion 0 202,000 - 1.7E-6

Indian Point 2 167,800 1.2E-5

Total 2 466,226 4.3E 6

Total yd)* 1.5E-3 l

* Assuming montNy testing.

h ''|i - Value selected: 5.0E-4
! Rationale: Values are Generally quite close, and value selected it repre-

sentative. Quarterly vs. montNy testing would drive value
closer to 1 2 E-3/d.

_

i

,

|

|

!

I
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ALWR COMPONENT FAILURE DATA SURVEY

57. Battery charger: tellure to maintain output
'

Generic Sources - FaRure Rate (/hr)
NUREG/CR4550 4.0E 6
NUREG4006 2.8E 6
Oconee PRA 3.1E 6
Seabrook PSS 1.oE-5
Four plants (below) 1.1 E 5 -

Arithmetic Average 8.0E-6
Geometric Average 5.9E-6 .

Plant-Specific Evidence
FaNures Hours Fauura Rate

Oconee 1 96,426 1.0E-5
Zion 0 202,000 1.7E 6
Indian Point 2 167,800 1.2E 5
MHistone 5 229,488 2.2E-5

Total 8 695,714 1.1 E-5

Value selected: 7.0E-6
Rationale: Values are general!y quite close, and value selected is repre-

E sentative.
L'. _=

| 58. Circuit breaker (4 kv): falls to close on demand

|. Generic Sources FaRure Rate (/d)
'

NUREG/CR 4550 - 1.3E-4
Northeast UtHities System 3.4E-4
Oconee PRA 4.3E-5

i Seabrook PSS 1.6E-3
- Five plants (below) 6.2E-5

Arithmetic Average 4.4E-4
Geometric Average 1.8E-4

,

Plant-Specific Evidence

| Failures Demands FaHure Rate

L Oconee 2 1,192 1.7E 3
i- Zion 0 202,000 1.7E-6
'

Indian Point 2 167,800 1.2E-5
Millstone 3 34,333 a.7E-5
PWRX 18 1,144 1.6E-2

Total 25 406,469 6.2E-5

Value selected: 3.0E-4
L Rationale: Values are generally close; experience for Zion and Indian
'

Point is for all types of breakers, and Is therefore given slight-
'

lyless weight.
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V ANNEX A $
ALWR COMPONENT FAILURE DATA SURVEY |

.

89. Circuit breaker (4 kv): opens spuriously

v/ Generic Sources FaRure Rate yhr)
~

NPRD-2 6.8E 7
Northeast UtRities System 1.3E 6
OconeePRA- 1.6E 7
Seabrook PSS - 8.3E 7
Four plants (below) . 3.7E-7

Arithmetic Average 6.7E-7 '
Geometric Average . 5.3E-7

Plant-Specific Evidence
Failures Hours Fal!ure Rate

Oconee 0 888,000 3.8E 7
Zion 0 910,000 3.7E-7
Indian Point 1 732,000 ' 1.4E-6
PWRX 0 191,577 1.7E-6

Total 1 2,721,577 3.7E 7

Value selected: 6.0E 7
- Rationale: Values are generally close, and value selected is repre-

sentative.

60. Circuit breaker (600 v): falls to close on demand
Generic Sources Fauure Rate yd)
NUREG/CR-4550 1.3E-4
Northeast Utuities System 1.3E-3'

Seabrook PSS 2.3E-4
Arithmetic Average 5.5E-4
Geometric Average 3.4E-4

Plant-Specific Evidence
Not available.
Value selected: 4.0E-4

Ra:lonale: Value selected reasonably reflects the available sources.

|

..
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ALWR COMPONENT FAILURE DATA SURVEY q
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:

61. Circuit brosker (600 v): opens spuriously- I

Generic Sources Failure Rate (/hr)
NPRD-2 6.8E 7
Northeast Uttitles System 1.3E4
Oconee PRA 1.6E-7 ;

Seabrook PSS 2.7E 7 I

One plant (below) . 6.6E 7
Arithmetic Average 6.1E-7
Geometric Anlage 4.8E 7

Plant-Specific Evidence
FaRures Demands Fauure Rate ;

Oconee 2 3,040,000 6.6E 7 - ,

Value selected: 5.0E 7
Rationale: Value selected reasonably reflects the avaRable sources.

62. Transformer (high voltage): falls to continue operating
- Generic Sources Fanure Rate (/hr).

-['#) ' Oconee PRA 1.7E 6
Seabrook PSS 1.6E4
IEEE-500 ' 3.2E-7

, Three plants (below) 1.4E-6-

Artthmetic Average 1.3E-6
Gsometric Average 1.1E 6

Plant-Specific Evidence
Failures Hours Fauure Rato

Oconee 0 81,900 4.1 E-6
Zion 1 301,000 3.3E 6
Indian Point 0 313,000 1.1 E-G

Total 1 695,900 1.4E 6

Value selected: 1,2E 6
Rationale: Available data sources are reasonably close, and value

selected is representative.

1
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' ALWR COMPONENT FAILURE DATA SURVEY
.

83. Transformer (4 kv to 800/4s0 v): falls to continue operating

Generic Sour;es- Falure Rate yhr)
Oconee PRA ' 9.1E 7'

- Seabrook PSS 6.9E-7
IEEE 500 3.4E-7
Three plants (below) ' 9.5E 7

Arithmetic Average 7.2E7
Geornetric Average 6.7E-7

' Plant-Specific Evklence
FaGures Hours - Failure Rate

Oconee 0 434,000 7.7E 7
Zion 1 301,000 3.3E-6
Indian Point 0 313,000 1.1E 6

Total. 1 1,048.000 9.5E-7

Value selected: 7.0E 7
Rationale: Available data sowces are rcasonably close, and value

selected is representative.

64. Transformer (lower voltage): falls to continue operating
Generic Sources Failure Rate (/hr)
Oconee PRA 1.1 E 6

Seabrook PSS 1.6E-6
IEEE-500 2.4E 7
Three plants (below) 7.0E-7

Arithmetic Average 9.0E 7
Geometric Average 7.3E-7

; Plant-Specific Evloence
L Failures Hours Failure Rate

Oconee 0 820,000 4.1E 7
Zion - 1 301,000 3.3E-6:

! Indian Point 0 313,000 1.1E 6

Total 1 1,434,000 7.0E 7

i- Value selected: 8.0E-7
| Rationale: Available data sources are reasonably close, and value

selected is representative.

!
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.

i
'

es. Fuse: opens spuriously J

'

Generic Sources FaRure Rate (/hr)
NUREG4086 1.0E 6
NPRD-2 1.4E 7 ;

' Seabrook PSS : 9.2E 7 s

IEEE 500 1.5E 7
Arithmetic Average 5.5E-7' -

Geometric Average 3.7E 7

Plant-Specific Evidence
Not avalable.
Value selected: 5.0E-7 :

L Rationale: - AvaHable data sources are somewhat close, and value

[
selected is representative.

,

;

(: 66. Electrical buswork: falls during operation
$ Generic Sources FaRure Rate (/hr)

. Oconee PRA 3.6E-6,

9 Seabrook PSS - 5.0E 7|';b!- IEEE 500 1.2E 7

L Three plants (below) 4.6E-8
Arithmetic Average 1.1E-6
Geometric Average 3.2E-7 ,

,
,

L Plant-Specific Evidence
Failures Hours Failure Rate

,

Oconee 0 2,604,000 1.3E 7
Zion 0 3,030,000 1.1E 7
Indian Point 0 1,575,000 2.1E 7

' Total 0 7,209,000 4.6E-8

Value selected: 2.0E-7
Rationale: Wide variation in reported failure rates. Value selected is in-

fluenced by plant specific experience.

4

4

5

/7
.V-'
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ALWR COMPONENT FAILURF, DATA SURVEY
:1

87. Inverter: tells during operation

Generic Sources FaRure Rate yhr) -

OconeePRA 1.3E 4
Seabrook PSS 1.8E-5

*

Three plants (below) 1.6E-5
,

Arithmetic Average 5.5E-5
Geometric Average 3.4E 5

Plant 4pecific Evidence
Failures Hours FaRure Rate

Oconee 9 337,000 2.7E-5
Zion 3 304,000 9.9E 6

.

Indian Point 1- 167,800 6.0E-6

Total 13 808,800 1.6E-5

Value selected: 2.0E-5
Rationale: Sourcos agree well, except for Oconee generic. Value is

most heavHy influenced by ciber sources.

68. Relay: falls to operate on demand h
~ Generic Sources Failure Rate yd)
Oconee PRA 2.4E-4
Seabrook PSS 2.4E-4
IEEE-500 . 4.5E-6

Arithmetic Average 1.6E-4
Geometric Average 6.4E-5

Plant-Specific Evidence
Not available.
Value selected: 1.0E-4

- Rationale: Limited sources; IEEE-500 value is not consistent with other
sources. Other two sources weighted most heavHy.

!

l

|

l

hj~
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ALWR COMPONENT FAILURE DATA SURVEY
,

08. Reley: tellure to operate (per hr)

Generic Sources FaNure Rate (/hr)
NPRD-2 1.4E4
Oconee PRA 8.1E 7
Seabrook PSS 4.2E 7
IEEE 500 6.0E 8

Arithmetic Average 6.8E-7
Geometric Anrege 4.1E-7

Plant-Specific Evidence
Not avagable.

;

Value selected: 6.0Ee7
Rationale: Avagable sources are simNar, except for IEEE-500, which is

much lower. ;

70. Flow transmitter; output falls during operation
Generic Sources FaNure Rate (/hr)
Oconee PRA 2.6E4 -

r3 s 8roo* ess e ae e
s NPRD-2 8.4E 6

Arithmetic Average 5.7E-6
Geometric Average 5.iE-6

Plant-Specific Evidence
Not available.
Value selected: 6.0E-6,

Rationale: AvaNable sourcas are similar, and value selected is repre-
sentative.

,

'
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'

ALWR COMPONENT FAILURE DATA SURVEY i.

.

71. Pressure transmitter; output falls during operation'

Generic Sourose FaRure Rate (/hr)
OconeePRA 1.4E 5
Seabrook PSS 7.6E 6
iEEE-500 8.8E 7
NPRD-2 = 2.6E4 I

Arithmetic Average 6.3E-6 ;

Geometric Average 4.0E-6

Plant-Specific Evidence
Not avalable.
-Value selected: 5.0E 6

~ Rationale: Available sources are somewhat similar, and value selected
is representative.

'

72. Level transmitter; output falls during operation
Generic Sources Failure Rate (/hr)
Oconee PRA 3.2E-6 a

Seabrook PSS 1.6E-5
'

IEEE-500 1.4E-6
Arithmetic Average 6.8E-6
Geometric' Average 4.1E-6

Plant-Specific Evidence
Not available.

._

Value selected: 5.0E-6
i

' Rationale: Seabrook value is higher than other sources. Value selected j

Is representative. I.

l

l

O
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ALWR COMPONENT FAILURE DATA SURVEY j,

~

: 73. Temperature transmitter; output falls during operation -
,

C Generic Sources Falure Rate (/hr)
Oconee PRA 5.7E 6
lEEE 500 1.6E 7 .

ArithmeticAverage 2.9E-6
Geometric Average 9.5E-7 .

Plant-Specific Evidence
'

' Not available.
'

' Value selected: 1.0E-6
Rationale: Limited data available, and sources are not very close. Value -

,

selected is representative,

s

74 Pressure switch: failure during operation
,

Generic Sources Fauure Rate yhr)
'

Oconee PRA 3.4E-7
NPRD-2 9.8E-7 '
IEEE-500 7.0E-8'

i ' & Arithmetic Average _ 4.6E 7

'\ Geometric Average 2.9E-7 ,

7 ..

Plant-Specific Evidence
Not avalable.

*

Value selected: 3.0E-7

[- Rationale: Limited sources avaHable; value is reasonable, with greater

L weight given to nuclear plant sources.

| :.
|'

75. Pressure switch: falls to respond on demand

Generic Sources FaHure Rate yd)
Oconee PRA 2.4E-4
Seabrook PSS 2.7E-4

,

IEEE-500 1.4E-7
Arithmetic Average 1.7E-4

Geometric Average 2.1E 5

I Plant-Specific Evidence
Not available.
Value selected: 2.0E-4

Rationale: IEEE-500 data seems very low for demand faHure rate. Other
sources given more weight.

|

|

0
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ALWR COMPONENT FAILURE DATA SURVEY- |

'

- 76. Level switch: tellure during operation i

Generic Sources Failure Rate yhr)c

OconeePRA 3.4E 7..
NPRD-2 ; 5.3E 6 i

IEEE-500 . 2.0E 7 - !
: Artthmetic Average . 1.9E-6 i

*

Geometric Average 7. fE 7 -

' Plant-Specific Evidence<

Not avalable.
Value selected: 3.0E-7

Rationale: NPRD-2 value is much higher than others, and reflects only
non-nuclear experience (although the experience is substan-

- tial). Greater weight is given to the other sources.

' 77. Level switch: falls to respond on demand
!; Generic Sources Failure Rate yd)

| Oconee PRA 2.4E-4
IEEE-500 3.3E 7 g

i Arithmetic Average - 1.2E-4 W
J Geometric Average . 8.9E-6
1.
I Plant-Specific Evidence

Not avaRable.
Value selected: 1.0E-5

Rationale: Verylimited data available. IEEE 500 value again seems
quite low for a demand failure rate, but both sources must be,4

considered.

|
|

L

|

[
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ANNEXB-( )
'#

ALWR REFERENCE SITE

The ALWR reference site is expected to conservatively represent the consequences of most poten-
tial sites. Characteristics of 91 U.S. reactor sites are tabulated in the NRC document, Technical
Guidance for Siting Criteria Development (NUREG CR 2239). Below are listed several of these
characteristics which are correlated with high oN site consequences. The values for the ALWR rei-
erence site are shown, as well as the approximate percentile for the values:

PARAMETER ALWR VALUE PERCENTILE

Population density 0-200 miles 182/sq. ml. 80

Population density 0-20 miles 370/sq. ml. 90

Population canter 510 miles 1600/sq. ml. 90

Population conter 10-20 miles 2700/sq. ml. 95

311nfall- houm annually 540 hours 80

The fo: lowing ALWR * reference site" characteristics are required as input to the CRAC2 computer(q/ code:

Meteorological Data (see Tablo A.B 1);.

Population Data 'seeTable A.B.2);.

Evacation and Sheltering Data (see Tat 4e A.M)..

Meteorological Data
,

CRAC2 requires a file of hourly meteorological data consisting of wind speed, wind direction, at-
mospheric stability category, and Intensity of precipitation. A CRAC2 meteorological data file con-
tains data for one year, which consists of 8760 entries for a 365-day year. The weather data as-
sessment is done by sorting the file into weather categories. The categories must provide a realls- >

tic representation of the year's weather without overlooking those kinds of weather that are in-
strumental in producing major consequence impacts. A set of 29 weather categories has been
selected for the CRAC2 model to reflect these requirements.

O- Page A.B-1
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ALWR REFERENCE SITE

The entire year of data,3700 hourfy recordings, are sorted into the 29 weather categories. Each
'

sequence is examined to determine (1) the first oocurrence of rain within 30 mBes of the site, or (2)
the first occurrence of a wind speed slowdown within 30 mues of the accident site, or (3) the ,

stability category and wind speed at the start of the sequence The first of these conditions that is
satisfied by the sequence determines the weather category to which it is assl ned. Following the !0
assessment process, the start hour of each weather sequence will have been assigned to one and
only one weather category. Each of the weather categories then includes a sct of weather sequen- !

ces representing the corresponding weather type. The probablity of occurrence of that weather
type is the ratio of the total number of weather sequences in the year's data set.

The sampling procedure now has two key items of Information available to it: (1) the category of
each weather sequence and (2) the probability of occurrence of each category of weather. A
sample consists of a set of weather sequences selected from each of the categories. Four sequen-
ces are selected from each category by the " Latin hypercube" sampling scheme [1]. With this
sampling method, random samples are drawn from sets evenly spaced within the weather ,

cateCory. This assures that the trodel uses an event representation of the weather data over the >

full year,

Rather than present the entire file in CRAC2 input format, the summary tables are at: ached for
review, These tables give statistics for 29 bins derived from the 8760 hours of data.

$1r* 1 through 7 repteront cases where rain occurs over the riistarce intervals 0 (alta),0-5,510,
1015, IfrPO,20-25, and 25 30 miles, respectively.

'

Siry 8 through 12 represent cases where slowdowns (periods of low wind speed) occur over the
distance intervals 0-10,1015,15-20,20-25, and 25-30 miles, respect!vely.

Bins 13 and 14 represent cases with stability class A, B, or C and initial wind speeds of s 3 and >
3 meters /sec, respectively.

Bins 15 through 19 represent cases with stability class D and initial wind speeds of < 1,12,23,3-
5, and > 5 meters /sec, respectively.

\1) Inman, R.L and Conover, W.J. (1982) Short Course on Sensitivity Analysis Techniques,
NUREG/CR 2350, SAND 81 1978.
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,

Bins 20 and 24 represent cases with stabbty class E and inklal wind speeds of < 1,12,23,35, I

and > 5 meters /sec, respectively, )
i

Bins 25 and 29 represent cases WRh stabilty class F and initial wind speeds of < 1,12,23,35,
and > 5 metera/sec, respectively.

!

.

:

i
All bins are further divided to provide statistics for the 16 different wind directions corresponding j
to 22.54cgree sectors. The fltst of these sectors is centered on due north, the second 22.5 i

degrees east of north, and so on.

:
;

i

|
;

i

r

t

-

h
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TABLE A.B-1.
CRAC2 METEOROLOGICAL BIN SUMMARY '

arma a o=w . :. . .- ....: .. . . ..r. .-:-.,.....: ;. ..
.

~

BIN PRIORITIES (Page 3 of 7)
R-RAIN WITHIN INTERVALS
S-SLOWDOWNS WITHIN INTERVALS

i C D E F - STABluTY CATEGORIES
1 (0-1),2 (1-2),3 (2 3) 4 (3-5). 5 (GT 5) - WIND SPEED INTERVALS (M/S)

WIND DIRECTION

METBIN 1 2 3 4 5 6 7 8 9 to 11 12 13 14 15 16 TOTAL PERCENT

22 E 3 0.135 0.055 0.045 0.022 0.012 0.010 0.015 0.075 0.077 0.185 0.137 0.055 0.050 0.035 0.035 0.057 401 4.5776

23 E 4 0.155 0.082 0.034 0.010 0.007 0.0 0.0 0.082 0.103 0.258 0.117 0.021 0.003 0.0 0.052 0.076 291 3.3219

24 E 5 0.081 0.210 0.032 0.0 0.0 0.0 0.016 0.032 0.355 0.145 0.065 0.016 0.0 0.0 0.032 0.016 62 0.7078

25 F 1 0.078 0.073 0.065 0.039 0.057 0.035 0.071 0.043 0.092 0.082 0.086 0.057 0.065 0.049 0.057 0.051 510 5.8219

26 F 2 0.103 0.057 0.021 0.006 0.013 0.005 0.025 0.057 0.112 0.149 0.169 0.113 0.072 0.042 0.021 0.034 793 9.0525 |

27 F 3 0.107 0.020 0.008 0.004 0.004 0.0 0.0 0.055 0.091 0.154 0.154 0.091 0.134 0.059 0.043 0.075 253 2.8881

28 F 4 0.213 0.115 0.016 0.016 0.0 0.0 0.0 0.0 0.213 0.016 0.049 0.0 0.033 0.082 0.098 0.148 61 0.6963

29 F 50.0 0.250 0.0 0.0 0.0 0.0 0.0 0.0 0.250 0.500 0.0 0.0 0.0 0.0 0.0 0.0 16 0.1826

30 ALL 0.085 0.078 0.063 0.031 0.037 0.024 0.040 0.059 0.079 0.131 0.138 0.062 0.046 0.036 0.041 0.050 8780

4
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TABLE A.B-1.
CRAC2 METEOROLOGICAL BIN SUMMARY'

,

! .- 2 ..
-

.: . . . .a . . ..
-

* * * METEOROLOGICAL BIN SUMMARY * * * (Page4of 7)

i

| BIN PRIORITIES
R-RAIN WITHIN INTERVALS.

S-SLOWDOWNS WITHIN INTERVALS
: C D E F - STABIUTY CATEGORIES

1 (0-1),2 (1-2),3 (2-3),4 (3-5),5 (GT 5) - WIND SPEED INTERVALS (M/S)
;

i WIND DIRECTION
,

| METBIN 1 2 3 4 5 6 7 8 9 to 11 12 13 14- 15 15 TOTAL PERCENT
1

1R 0 70 57 46 24 21 11 25 50 40 55 35 15- 15 10 18 21 513 - 5.8562

2R 5 8 6 3 1 8 2 7 8 4 6 2 3 4 2 5 1 70 0.7991*

3 R 10 11 11 12 5 11 9 16 10 9 20 12 4 4 1 6 5 146 1.0887

| 4 R 15 9 12 9 7 8 5 *0 11 13 14 6 6 1 2 2 4 119 1.3584

!
5 R 20 6 5 13 5 3 1 12 11 10 13 10 3 4 2 5 9 112 1.2785

!
; 6 R 25 8 7 9 6 4 7 8 11 14 10 7 2 1 1 3 2 100 1.1416
!

i 7 R 30 6 11 7 0 6 6 8 7 14 12 11 4 1 0 1 1 95 1.C845

|

| 8 S 10 5 8 4 3 0 1 0 0 1 9 3 3 1 7 6 8 50 0.6735
i

! 9 S 15 7 2 4 3 0 1 0 1 1 2 3 3 7 2 1 3 40 0.4566
;

10 S 20 9 2 3 0 0 1 0 1 3 6 2 3 3 1 9 6 49 0.5694

| 11 S 25 4 5 5 0 2 1 1 1 1 3 10 1 1 0 5 6 46 05251

Page A.B-7.,
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TABLE A.B-1.
CRAC2 METEOROLOGICAL BIN SUMMARY

: x n. . ;.; . . . ..:....w . . . . . .. . . . . * . . . . - . . . .. .. .. . . .
.

-

BIN PRIORITIES (Page 5 of 7)
R-RAIN WITHININTERVALS.

S -SLOWDOWr4S WITHIN INTERVALS
C D E F - STAEMUTY CATEGORIES
1 (0-1) 2 (1-2),3 (2-3) 4 (3-5),5 (GT5) - WIND SPEED INTERVALS (M/S)

WIND DIRECTION

METBIN 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 TOTAL PERCENT

12 S 30 3 2 2 0 3 1 0 3 2 7 5 3 2 1 7 11 52 0.5036
I

i 13 C 13 59 65 76 58 78 60 86 82 75 103 148 63 66 49 26 32 1126 12.8539

: 14 C 4 65 90 59 29 21 2 22 35 33 132 279 97 44 71 82 75 1136 12.9600
1

!

! 15 D 1 6 4 8 6 9 8 4 3 3 6 5 6 5 6 6 7 92 1.0502

16 D 2 27 30 36 25 37 31 23 25 46 53 48 31 27 13 15 17 484 5.5251

17 D 3 27 45 65 27 32 18 23 32 35 86 70 35 15 18 13 18' 569 6.3813

i 18 D 4 71 76 65 13 6 0 4 20 38 111 80 19 9 4 16 22 564 -63242

19 D 5 14 48 4 0 0 0 1 7 21 30 51 10 1 0 16 20 223 2.5457

20 E 1 21 10 13 6 10 11 13 8 12 8 15 13 7 8 8 8 171 1.9521
,

,

i 21 E 2 44 26 24 12 22 12 26 54 56 96 95 45 40 24 18 33 627 7.1575
,

22 E 3 54 22 18 9 5 4 6 30 31 74 55 22 20 14 14 23 401 4.5776;

; 23 E 4 45 24 10 3 2 0 0 24 30 75 34 6 1 0 15 22 291 3.3219
;

; Page A.B-8
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TABLE A.B-1.
CRAC2 METEOROLOGICAL BIN SUMMARY>

. . .. .. ..
.

. , , . .
-

.. ..

! R-RAIN WITHININTERVALS
; S-SLOWDOWNS WITHIN INTERVALS
! C D E F - STABluTY CATEGORIES
j 1 (0-1),2 (1-2) 3 (2-3),4 (3-5),5 (GT 5) - WIND SPEED INTERVALS (M/S)
!

j WIND DIRECTION
4

METBIN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 to TOTAL . PERCENT
!
! 24 E 5 5 13 2 0 0 0 1 2 22 9 4 1 0 0 2 1 62 0.7978
!

| 25 F 1 40 37 33 20 29 18 36 22 47 42 44 29 33 25 29 26 510 5.8219

i 26 F 2 82 45 17 5 10 4 20 45 89 118 134 90 57 33 17 27 ~ 793 9.0525

27 F 3 27 5 2 1 1 0 0 14 23 39 39 23 34- 15 11 19 253 2.8881-
.

|

i 28 F 4 13 7 1 1 0 0 0 0 13 1 3 0 2 5 6 9 61 0.8883
:

.
29 F 5 0 4 0 0 0 0 0 0 4 8 0 0 0 0 0 0 16 0.1826

|

i
4

i

|

;
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TABLE A.B-1.
CRAC2 METEOROLOGICAL BIN SUMMARY

s.a.; w w : . . .
. .. .- : . . ,. .... x

. . : .... _ . --

.

BIN PRIORITIES (Page7of 7)
R -RAIN WITHININTERVALS

.
S-SLOWDOWNS WITHININTERVALS

| C D E F- STABluTY CATEGORIES
1 1 (0-1) 2 (1-2),3 (2-3),4 (3-5). 5 (GT 5) - WIND SPEED INTERVAL.S (M/S)
i

WIND DIRECTION

J METBIN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 TOTAL PERCENT ,

* * * SUMMARIES * * *

R 118 109 99 48 61 41 86 108 104 130 83 37 30 18 40 43 1155 13.1849
4

S 28 19 18 6 5 5 1 6 8 27 23 13 14 11 28 34 246 2.8082,

C 124 155 135 87 99 62 108 117 108 235 427 160 110 120 108 107 2262 25.8219
:

D 145 203 178 71 84 57 55 87 143 286 254 101 57 41 66 84 1912 21.8205,

| E 169 95 67 30 39 27 46 113 151 262 203 87 68 46 57 87 1562 17.7169
1
'

F 162 98 53 27 40 22 SG 81 176 208 220 142 125 78 63 81 1633 18.6415
!

! 1 70 51 55 34 53 38 57 34 64 57 69 50 47 41 43 41 804 9.1781

2 174 114 104 63 107 75 107 163 230 301 306 184 146 92 56 88 2310 26.3899.

)
3 143 124 133 72 73 53 73 118 123 267 278 123 111 72 58 at 1902 21.7123

: 4 174 163 130 42 27 2 24 76 105 296 323 101 49 60 75 92 1739 19.8516

5 39 99 11 4 2 0 4 12 56 70 128 32 8 20 62 57 604 6.8960

i Page A.B-10
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(7 ANNEX B :

ALWR REFERENCE SITE .

<

Population Data i

The population data which describes the ALWR reference site is contained in the Site Data file.

The population distribution around the reactor site was assigned to elements of a grid defined by
sixteen 22.5@ sectors and thirty 4our annull. The first of those sectors is centered on due
north, the second 22.5 degrees east of north, and so on. These directions correspond to the wind
rose generated from the rnsteorological file, with the wind blowing toward the given directions.

,

The annull have the following radii in mies: 0.47,1.0,2.0,3.0,4.0,5.0,6.0,7.0,8.0,9.0,10.0,11.0,
;

12.0,13.0,14.0,15.0,16.0,17.0,18.0,19.0,20.0,30.0,40.0,50.0,55.0,60.0,65.0,70.0, 85.0, -

100.0,150.0,200.0,350.0,500.0.

.

Attached is the population distribution for the ALWR reference site. Information on format can be
obtained from the CRAC2 Computer Code Users Manual.

SECTOR 1 '

SECTOR 2
AREA ELEMENTO|

,

'y ACCIDENT
/ SITE,

SPATIAL /
'INTERVAL

, j

d

-

'

Representation of the CRAC2 Gec, metry

! !
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3

TABLE A.B-2. '
ALWR CRAC2 REFERENCE SITE - POPULATION DATA.

-.- .

.

: ,

(Page1 of 4
i

,

| Sector #1 #2 #3 #4 #5 #C #7 #8

Dieterme
! Intervale

(*)
0.0-0.47 0 0 0 0 0 0 0 0

1

0.07 - 1.0 3 6 0 3 3 15 0 0
i

! 1.0-2.0 44 30 35 41 11 75 27 7

2.0-3.0 76 31 38 19 50 935 229 256

3.0-4.0 819 113 70 89 156 566 726- 465
! .

i 4.0-5.0 435 461 100 139 219 146 413 777 '

5.0--6.0 255 161 178' 71 376 300 406 1279

6.0-7.0 223 189 173 87 140 603 2025 4563
,

1

7.0-8.0 237 188 52 59 638 2762 414 6780
i

i 8.O-9.0 435 377 25925 25409 472 2188 254 4277
l

| 9.O -10.0 537 542 1054 257 1108 852 255 6276

10.0 - 11.0 731 704 1587 1634 1156 216 661 2530

1

] Page A.B-12
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TABLE A.B-2.;

ALWR CRAC2 REFERENCE SITE - POPULATION DATA
a .a.. . .. . . . . . . . . . . . . . . .. .. . .. .. . ..

- .

(Page2of 6)
.

|

Sector #1 #2 #3 #4 #5 #6 #7 #8,

Distence
Intervals
(miles).

] 11.0 -12.0 2305 783 2160 57C0 2508 525 752 1300
:
'

12.0 -13.0 4946 1588 4516 8019 2037 556 503 997

} 13.0 -14.0 7747 2001 8474 9310 399 577 935 431

14.0 -15.0 5996 2542 15120 10564 205 224 1738 771
:
'

15.0 -16.0 6818 2955 17177 8195 436 417 217 304

16.0 -17.0 6422 5506 21995 12552 2217 444 231 323
,

,

17.0 -18.0 2761 4247 22467 12366 1729 471 245 343
i

18.0 -19.0 3071 3052 23250 12254 783 497 280 362
i

! 19.0 -20.0 1717 2452 23709 12438 1101 524 274 382
!

j 20.0--30.0 29136 25042 143872 104941 56858 18854 51951 2771
i

'
30.0 - 40.0 27439 T.G969 132594 21792 42640 14732 30022 15879

40.0 - 50.0 48856 40643 64239 24214 17771 20822 19085 3685;

i

f Page A B-13
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TABLE A.B-2.;

ALWR CRAC2 REFERENCE SITE - POPULATION DATA
.

-

(Page3 of S

i

Sector #1 #2 #:s #4 #8 #6- #7 #8

i
- Distence

Intervels.

(miles';

! 50.0 - 55.0 52079 45879 72858 47698 12162 7242 1954 790

55.0 - 60.0 25C51 19981 40315 21113 18059 9587 5288 19880
|

| 60.0 - 65.0 24084 19444 18256 8228 9979 11453 7197 48008
s

65.0 - 70.0 11886 22036 56997 10456 6983 14747 10548 8927

i
i 70.0 - 85.0 121342 213636 238550 70567 97396 70888 99108 71870
i

! 85.0 - 100. 37489 328113 556800 79135 94778 86191 211826 135827

i

| 100.- 150. 329656 430709 907321 1215270 801702 447183 278209 284248
!
| 150.- 200. 656250 965756 328122 780378 594809 377805 140354 738702

200.- 350. 1425219 800867 3388006 1565834 368272 2738 0 0
|
| 350.- 500. 7457921 2880548 11226251 17599 0 0 0 0
i

i
!

!

Page A.B-14
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TABLE A.8-2.-;

ALWR CRAC2 REFERENCE SITE - POPULATION DATA
'

i .. .. ;.; .. .. . .. .. .. . ..
..

.

~.

(Page 4 of 6)

Sector #9 #10 #11 #12 #13 #14 #15 #18
:

I

Distence
: Intervels
! (miles)

0.0 - 0.47 0 0 0 0 0 0 0 0

0.47 -1.0 9 0 3 6 3 0 0 0
'

1.0 - 2.0 11 31 0 0 15 68 61 30
i

j 2.0 - 3.0 113 236 73 39 0 15 27 30 ,

,

3.0 -4.0 290 265 184 39 60 89 36 119
4

j 4.0 - 5.0 595 392 85 39 90 74 262 80

5.0 - 6.0 834 386 126 130 103 100 180 152,

f 6.0 - 7.0 2156 607 271 157 120 145 163 279
;

j 7.0 - 8.0 2317 4'12 201 115 140 255 333 360
,

j 8.0 - 9.0 3278 105 260 2C6 275 498 290 343

9.0 - 10.0 4199 353 110 2!46 375 2263 238 215
<

10.0 - 11.0 2479 530 163 3135 320 2037 150 3232
1

Pace A.B-15
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TABLE A.B-2.
ALWR CRAC2 REFERENCE SITE - POPULATION DATA

i

| .. . . . .

- .: ~*--

! (Pa9e 5 of t$

Sector se #10 #11 #12 #13 #14 #16 #18
1
;

Dielence
Interweis.

| (miles)
i

11.0 - 12.0 1053 220 225 1427 389 171 451 2241

12.0 - 13.0 629 175 250 340 346 230 1567 2046

'
13.0 - 14.0 512 215 190 197 215 290 1265 7624

14.0 - 15.0 331 177 155 133 200 339 2111 11126

15.0 - 16.0 257 325 116 247 225 107 1507 13046
,

i

]
16.0 -17.0 274 345 124 263 239 114 1465 15289

!

j 17.0 -18.0 290 366 132 279 254 121- 2517 7189

28.0 - 19.0 307 387 139 295 269 127 1994 4992

1

j 19.0 - 20.0 323 408 147 310 283 134 8411 3369 .
i

20.0 - 30.0 4453 37878 5618 3593 14417 34231 47823 35411

30.0 - 40.0 4145 3906 35154 1E059 59503 75906 29496 56486
!
1 40.0 - 50.0 19643 5506 17736 d4c95 126121 54872 16930 113123
!
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TABLE A.B-2.
ALWR CRAC2 REFERENCE SITE - POPUt.ATION DATA,

1
; .. . . . - . . .. .. . . . . _ ._ .. - . . s. : :.. . .. . . . ...

| (Page6of 6)
l

!

| Sector #9 #10 #11 #42 # 13 #14 #15 #16

Destance
; intervels

(miles),

50.0 - 55.0 11545 1900 2808 17413 119787 33333 8987 94554

55.0 - 60.0 9375 9720 10567 22609 42633 19489 48788 70357,

60.0 - 65.0 31158 36735 44829 9934 43459 10529 27050 52473

65.0 - 70.0 227613 16251 24852 35436 76259 8241 41715 43795

70.0 - 85.0 522468 53220 72841 234790 361906 142008 49147 20493

85.0 - 100. 55514 41546 88142 239710 133399 327358 82105 98301

100.- 150. 266650 746897 145073 450602 176912 347401 788982 487500

150.- 200. 289005 236081 264759 1505036 273317 1348805 497585 stren8

200.- 350. 1039589 620871 1097589 3070 M 1631176 1364143 2800059 1979559

350.- 500. 2698919 673150 1081859 128C638 1435912 1629589 2988924 5122181
i

Page A.B-17
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e :1ANNEXB
ALWR REFERENCE SITE ;

.

iEveouelion and Sheltering Data

The ALWR off elte conesquenoes analysis requires su distinct evacuation schemes in order to ade-
;

quately represent evacuation time estimates for the permanent resident population, the transient ;

population, and the special facility population (schools, hospitala, etc.). The evacuation data In- ;
ciudes an evacuation scheme that assumes 5 percent of the population would delay evacuation -

for 24 hours after being wamed to evacuate, Trst very conservative assumption is used so that i

the ALWR risk estimates can be compared with tne IDCOR and NUREG 1150 analyses which both i

use this assumption. :

Cloud and ground shleiding factors are based on information given in WASH 1400. Breathing rato
data is obtained from the PRA Procedures Guide. ;

.

I

a

O,
i
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C) Table A.B-3.
i'- Evacuation and Sheltering Data (Normal)

.. -

.. .

,

!

(Page 1 of 3)
,

EVCON1(1.1) FROBABILJTY OF STRATEGY (0-1) 5.000E-02 ,

EVCONi(2.1) TIME DELAY BEFORE EVACUATION (HRS) 2.400E+01

EVCONI(3.1) EVACUATION SPEED (M/S) 4.470E + 00 .

EVCONI(4.1) MAXIMUM DISTANCE OF EVACUATIOli (M) 1.609E+ 04
,

EVCONI(5.1) DISTANCE MOVED BY EVACUEES (M) 3.219E+ 04

EVCONI(0.1) SHELTERING RADIUS (M) 8.047E+ 04 ;

EVCON1(7.1) EVACUATION SCHEME (1 OR 2) 2.000E + 00

EXPD(1) EXPOSURE DURATION (DAY.S) 1.000E+ 00 |

EVCONI(1.2) PROBABILITY OF STRATEGY @-1) 5.600E-01
,

EVCONI(2.2) TIME DELAY BEFORE EVACUATION (HRS) 1.000E+ 00 *

|' EVCONi(3.2) EVACUATION CPEED (WS) 4.470E+00

EVCONI(4.2) MAXIMUM DISTANCE OF EVACUATION (M) 1.609E+04

EVCONI(5.2) DISTANCE MOVED BY EVACUEES (M) 3.219E+ 04

EVCONI(6.2) SHELTERING RADIUS (M) 8.047E +04

EVCONI(7.2) EVACUATION GCHEME (1 OR 2) 2.000E+00

EXPD(2) EXPOSURE DURATION (DAYS) 1.000E+ 00

|
:

EVCONI(1.3) PROBABILITY OF STRATEGY (01) 3.400E-01'

EVCONI(2.3) TIME DELAY BEFORE EVACUATION (HRS) 1.500E+00

EVCONI(3.3) EVACUATION SPEED (M/S) 4.470E+ 00

EVCONI(4.3) MAXIMUM DISTANCE OF EVACUATION (M) 1.609E+ 04

EVCONI(5.3) DISTANCE MOVED BY EVACUEES (M) 3.219E+ 04

EVCONI(6.3) SHELTERING RADIUS (M) 8.047E+ 04

EVCON1(7.3) EVACUATION SCHEME (1 OR 2) 2.000E+ 00

|
EXPD(3) EXPOSURE DURATION (DAYS) 1.000E + 00

O Page A.B 19
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Table A,5-3. g |'
Evacuation and Sheltering Data (Normal)

'
. . ., . a a..

.
..

|

(Page 2 of 3) ;

EVCON1(1.4) PROBABluTY OF STRATEGY (01) 3.000E-02
{

EVCONI(2.4) TIME DELAY BEFORE EVACUATION (HRS) 2.000E+ 00 ;

?

EVCONI(3.4) EVACUATION SPEED (M/S) 4.470E+ 00

EVCONi(4.4) MAXIMUM DISTANCE OF EVACUATION (M) 1.609E+ 04

EVCON1(5.4) DISTANCE MOVED BY EVACUEES (M) 3.219E + 04

EVCON1(6.4) SHELTERING RADIUS (M) 8.047E+ 04

EVCONi(7.8) EVACUATION SCHEME (1 OR 2) 2.000E + 00 ,

EXPD(4) F.XPOSURE DUFATION (DAYS) 1.000E+ 03
.y ,

.

'

EVCONI(1.5) FROB ACidVY OF BIRATEGY (0-1) 1.000E-02

EVCON1(2.5) TIMC DEL AY BEFORE EVACUATdON $4RS) 2.f00G +00
' g,EVOCM1(3.5) ZVMUATIOfJ SPEE0 (hW) 4.470E+ CC

EVCONI(4.6) MAXIMUM DISTANCE OF EVACUATICN (M) t.600E+04

EvCONI(5.5) DISTANCE MOVED BY EVACUEES (M) 3.219E + 04

EVCONI(6.5) SHELTERING RADIUS (M) 8.347C+ 04

EVCoNI(7.5) EVACUATION SCHEME (1 OR 2) 2.000E+00

EXPD(5) EXPOSURE DURATION (DAYS) 1.000E+00 !
l

EVCONI(1.6) PROBABluTY OF STRATEGY (0-1) 1.000E-02

EVCONi(2.6) TIME DELAY BEFORE EVACUATION (HRS) 3.000E +00

EVCONI(3.6) EVACUATION SPEED (M/S) 4.470E+ 00

EVCONI(4.6) MAXIMUM DISTANCE OF EVACUATION (M) 1.609E +04

- EVCONI(5.6) DISTANCE MOVED BY EVACUEES (M) 3.219E+ 04

EVCONI(6.4) SHELTERING RADIUS (M) 8.047E + 04

EVCON1(7.8) EVACUATION SCHEME (1 OR 2) 2.000E + 00

EXPD(6) EXPOSURE DURATION (DAYS) 1.000E+ 00
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; O Table A.B-3. |
Evacuation and Sheltering Data (Normal)

'

(Page 3 of 3)

SHFAC(1.1) CLOUD SHIELDING - STATIONARY PEOPLE 8.300E-01

SHFAC(2,1) CLOUD SHIELDING - MOVING EVACUEES 8.300E-01 ,

t

SHFAC(3.1) CLOUD SHIELDING - SHELTERING 7.100E-01 |
SHFAC(4.1) CLOUD SHIELDING - NO EMERGENCY ACTION 7.400E-01

,

SHFAC(1.2) GROUND SHIELDING - STATIONARY PEOPLE 4.300E-01

SHFAC(2.2) GROUND SHIELDING - MOVING EVACUEES 4.300E-01 j

SHFAC(3.2) GROUND SHIELDING - CHELTERING 2.000E-01 f

SHFAC(4.2) GROUND SHIE!. DING - NO GMERGENCY ACTION 3.100E-Oi

!

BMTE(1) 8REAThlNG TsATE STATIONARY EVACUEES 2.660E-04

RRATE(2) BREATHING RATE MOVING EVACUEES 2.P30E-04 'l

1O anATa<3> eaet. THING RATE SHELTERING asGiON 0"e 1.330e-o.

]
-

BRATE(4) BREATHING RATE SHELTERIN3 REGION BYO 2.660E-04

)

EVCOST(1) RADIUS OF CIRCULAR AREA EVAC NEAR REACTOR 1.609E + 04

EVCOST(2) WIDTH OF EVACUATED ARC (DEGREES) 9.000E + 01

|EVCOST(3) EVACUATION DIRECT COST (3/ EVACUEE / DAY) 1.650E + 02

EVCOST(4) MAX DURATION OF RELEASE FOR KEY SHAPED EVAC 3.000E+ 00

lEXPD DURATION OF EXPOSURE SWITCH 1

|
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