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A.) I!iTRODUCTION .

The Indian Point Unit 3 electric power system provides a source of-
cotive, control, anc instrumentation power to these ccmponents of the
plant safeguards systecs whose operation is necessary for the mitigation
of any abncrmal event affecting the reactor core, its heat removal
systems, or systems which Could affect the release of radioactivity to
the envirencent. This function is normally accomplished through the
provision of e reliable offsite power supply network with fully
recuncant o.nsite emergency generation capacity available in the event ,
all offsite power sources are lost. ,

In order to explicitly illustrate the direct interfaces between this
.

systec..anc the piant safeguards systems components and to fully develcp,
the interrelationships among its various subsystems, the electric power
system is receled in detail to the level of individual motor control
centers anc pewer distribution panels. However, the system failure
cuantific6 tion is limited to a determination cf the pcwer unavailability
at the four aE0V switchgear buses.,

.

3
The Indian Foint Unit 3 electric power system is analy2ec as preser.tly
installed. Operating, testing, anc maintenar.cs procedures anc practices ,

ir;actir.c uten the electric power syster are corsicerec as they are
ct.rrently ic;;lemertec at the station. *

Since all initiating events in this stuoy result in a trip of the main
generator, power supply to tne electric pcwer system from this source is
net inclucec in tnis analysis. Offsite pcwer is defined in this stucy
as the 345 kV anc 138 kV normal offsite power sources to Unit 3. Manual
cperator actions for the recovery of any power source are excluded from
this analysis. Therefore, the status of'tne offsite power supply, as
appliec her'ein, does not define the status of either the 13.8 kV offsite
pcaer supply from Buchanan Substation or the status of the three gas
turbine generating units available to the site. Less of offsite power
cefines the specific condition in which no power is available to Unit 3
from sources other than the onsite ciesel generators, if no manual
operator actions are taken for alternate supply recovery. Failures cf
the station auxiliary transformer are included in the analysis of ensite
electric pewer syster. failures.'

Eec7 56 ditigation of many of the event categories censidered in this
''ucy may be acco plished with less than tne design tasis power sucply.

capabilities, tne electric power systec is analy2ec within the c~ontext-

of the 16 cperability states summarized in Table 1. Each of these
states is deveicoed further for the two folicwing bouncary conciticos:

.
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Offsite pc er not availables

s Offsite cc er available.
'

Tne syste'm failure analysis is extended to 6 hours following the
ir.itiaticn of any of the event secuences consicered in this study. No

I cperater actions for the recovery of faileo eouipment are considered at
any time dur.ing this period. Although this represents an extremely
pessimistic evalua' tion of operator response, this approach fs necessary
to insure that'the results of this analysis provide conservatively (bounding values which are applicable to all of the initiating event
secuences studied. These recovery factors must be included in any
complete evaluation of the contribution of electric power system
failures to overall public risk. However, the impacts of power recovery ~
and the probability of successful operator response are both highly
depencert upon the precise scenario during which the. failures n'rur.
For these reasons, recovery actions are not Quantified in thi ,ystem.

ar.alysis and are applieo only within the context of those e'ent . .

secuences in which the failures of electric power prove to be
significant contributors to risk.

The system is considered to be in its normal configuration per plant
cperating procecures with all buses energized from their normal power
scurces immediately prior to event initiation.

.

A.2 RE SULTS

Tables 2.1 and 2.2 summarize the cuantific'ation of the 16 mutually
exclusive electric power system operability states for each of the e

analysis boundary conditions. (The mutually exclusive state " Failure of
Pcwer at Euses 2A anc SA" is cefinec by tne concitions: no power at
tus 2A, rc power at bus 5A, anc power is available at buses 3A ario 6A.)
Tne mutually exclusive failure Trecuencies have been developed from the
unconcitional power f ailure states througn the application of basic
Scolean logic as described in the main body of this report.. It is
irportant te note that these results co not include the effects of
cperator actions to recover f ailec eoui;: ment during the 6-hour study
period following event initiation. This analysis approach is very
censervative because the inclusion of these recoverability factors would
significantly reduce the unavailability of power in several of the
states analyzed.

The loss of offsite power is a unicue initiating event from the
standpoint of electric power system operation. Table 2.3a summarizes
the operability state frecuencies wlich are applicable to the event
secuences developed for this initiatoi.

'

All initiating events analyzed in this study ultimately result in a trip-

of the main generator. For transients other than those initiated by the

loss of offsite power, it'is possible that transmission network,

perturbations produced by this succen loss of generation could be
sufficient to cause a loss of offsite power due to the Indian Point
Unit trip. A conservatively bounding distribution with a mecian value (''* -

.
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cf '. 97 x 10-E failures per unit trip has been assigr.ec te this
cctcitier.ai event. The cperasility state frecuencies s acarizec inTabic 2.2t are ccepcsite prcbability cistributicns applicable to all
ir.itiating events other than the loss cf offsite power. These states
were _ obtainec ty combining the distributions in Tables 2.1 anc 2.2 with

;. tne conditicr.al prchability distributien for the loss of offsite pcweras the resylt-of a unit trip.

No cirect comparis'n can be made between these results and thosee

develcped for electric power system unavailability in the WASH-1400
study. The principal reasons preventing this type of comparison are:

The physical conf,iguration and operation of the Incian Point Unit 3e

electric power system are significantly different from those of
either the PWR plant er the BWR plant electric power systemsanalyzec in WASH-1400.

.

The analysis methecology applied in this study, while conceptuallye

similar to the basic approach aceptec in WASH-la00, explicitly
cuantifies each possible system cperability state under two offsite
power bouncary concitons and for a bread range of events in acdition.

to tne LOCA initiators.

The' site-specific nature of this stuoy impacts significantly upone
i

the cominant contributors to electric power unavailability
identifiec for the twc plants analyzed.in. WASH-1400.

A.3 CONCLUSIONS
. . *

The Incian Pcint Unit 2 electric power system has been analyzec for a
ictai of 16 incepencert cpera: 'ity states uncer two cicbal'cifsite
pcaer DCuncary CcncitiCns. Inese states anc Louncary concitiens have
been cccbinec.to provice conservatively bcuncing distributions for the
unavailability of electric power, which are applied to eacn of-the
initiating-event scenarios investigated in this stuoy. The cominant
contributors to the failure of electric power for a given operability
state are, of course, cependent'upon the precise system configuration
and beundary ccncitions applicable to that specific state. However, a
few general observatiens may be mace about the results presentec abcve.

Tne more restrictive of the two bouncary concitens is that in which
offsite power remains unavailable for the entire 6-hour analysis
period. Tne mean frecuency of occurrence of the cominant electric power
system operability states are:

All four 4ECV switcheear buses re.T.ain energized: E9.9%
*

One 450V switchgear bus is ceenergizec: 6.6%e

Two 480V switchgear buses are ceenergizec: ?.3%.e
,

'. The unavailasility cf power for eadn of tne system states analy2ec unce'r
inis ocuncary condition is cominatec by failure of the power supply frcmtne ciesel generators. The unavailcbility cf pcaer frem a diesel* ,

'

gereratcr is citributaole to tne .ollev.1ng inres principal causes:

.

3
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Failure Cf the ciesel gertr,ator to start Cn cemanc: 47% of ciesels

generater unavailatilty
*

Unavailability of the diesel generator cue to mair;tenance: 35% ofa

diesel generator unavailability
'

|
-

.

o Failure.of the diesel generator during cperation.for 6 hours: 18%

of. diesel generator unavailability.
(*If a unit trip occurs and offsite power remains available to the station

auxiliary transformer, the mean frecuency of occurrence of the dominant
electric power system operability states is:

All four 48,0V switchgear buses remain energized: 99.8%o

o Eus 3A is deenergized: 0.14%
e Bus 2A is deenergized: 0.01%.

,

The failure'of power at bus 2A is dominated by the failure of breaker
UT2/STS to close following a unit trip, with subsecuent failure o'r
unavailability of diesel generator 31. Since the breaker 2AT3A will not
automatically close if bus 2A is energized from its normal power source,-

the single f ailure to close of breaker UT3/ST6. represents the dominant
contributor to the loss of power at only bus 3A. Failures cf the ccmmon
supplies to buses 2A and 5A from 6.9 kV bus 5 and to buses 3A and 6A
frem 6.9 kV bus 6 are the dominant contributors to the less of normal-

pcwer tc these specific pairs of buses. Failure of the station
auxiliary transformer is the single most id.portant contributor to the
loss of power at more than two buses.

1.t cannot be emphasizec too strongly that these analysis results have
beer, ceveloped as very conservative bounding values to be applied'to a
broac spectrum of initiating event secuences. The exclusion of system
recevery factors and the analysis of system failures over a nominal
6-hour operating period leac to extreme conservatism in many of these
results. The results of. this analysis are, therefore, directly
applicable only to the identification of those specific event secuences
contributing significantly to public risk. Once these secuences have
been identified through.the use of these bounding analysis failure
states, specific recovery actions will be defined and cuantified within
the context of entire plan,t recovery

.
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E.1 SY!TE '* F'JNCT 10" .

'n'iinin the ccr. text acf this study, the primary functicns of the electric
! pc.er system are to: '.:

.

, . -

Previce a reliable electrical power supply to those components whcsee

operatien is necessary.for the mitigation of any abnormal event.
affectirg the reactor core, its heat removal systems, or systems

~

whicn~ ccula affect the release of radioactivity to. the environment.

e_ Provice a reliable control power supply for the operation of.these
systems anc for the initiation of safeguards systems actuation
signals. '

e' Provide a reliable source of power to instrumentation necessary for" '

the ocnitoring of emergency system functions, for the ponitoring of
key plart parareters, and for inputs to safeguards systems actuation
icgic matrices. *

These functicns are normally accomplished through the provision of a
reliable cffsite power supply network connected to the station power
system inretch recundant supply paths. In additien, one onsite gas
turtine generator unit and two gas turbine generator units located at,

tr.e Euchar.ar. Substation may be ccnnected to. the station power system
thrcugn the offsite pcwer supply.tielines, thereby provicing accitional
recuncancy cf offsite pc*er supply capacil.ities. In the event of
ccmplete failure of tnese offsite power. sources, indepencent onsite
pcaer generation capacilities are proviced by three recuncant.ciesel
cere-atcrs, each capable cf.suoplying 50% of the pcwer recuirements of
tne safe;uarcs systems compcnents. The DC power system, supplied frem
fcur onsite storage batteries, provices recundant power supplies to
vital centrcis and instrumentaticn and provides the primary source of
pcwer te all safeguarcs actuation and reactor protection syst.em circuits.

,

The extensive use of manual cross-tie interconnections within each of
these systems provides plant personnel with additional capability to-
selectively energize subsystems and specific components in the event of
multiple recuncant power supply failures.

The Indian Point Unit 3 essential power s , ply subsystem.is a unitized
cesign censisting cf three incepenaent divisiens, each provided with a
cecicatec emergency diesel generator, and each receiving its centrol

i- ocwer frcm a single DC pcwer panel and battery. Figure 1 illustrates a
sirplifigd block ciagram cf tne aE0V essential pc er buses anc their DC
Control power sources.*

'

E.2 SYSTE!< OPERATION
,

.

~

Ficure 2'is a ene-line ciagram of the complete Indian Point Unit 3
electric ;coer system. During ncrmal cperation, oc'er is suppliec to
6.9 k" tuses 1, 2, 3, and a from the main generater cutput thrcugn tne

.
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.ri, a .iiiiary trar.sf ccmer, arc p:wer is scliec to 6.g kV tuses 5.
.

arc 6 frem the off site power gric througn tre 13E kV sutstation anc the
station auxiliary transformer. Fellowing a trip of tne main generator,
actc atic cross-tie-breakers operate to connect buses I anc 2 to bus 5 = -

anc to connect buses 3 and 4 to bus 6, thereby maintaining all six
~

: 6.9 kV _ buses powerec from the offsite gric. The redundant source of-
' offsite power from the 13.8 kV substation and gas turbine generator

unit 1 may t'e'manuaIly connected to'. buses 5 and 6 only if these buses
are deenergized and their normal supply breakers from the station
auxiliary transformer are open. Although no essential safeguards C

components are supplied directly from the 6.9 kV beses, buses 2, 3, 5,
and 6 do. supply power to the 480V essential power buses 2A, 3A, 5A,
and 6A through their respective station service transformers.

B.2.1 0FFSITE POWER SUPPLY AND GAS' TURBINE GENERATOR UNITS SUESYSTEMS

Power produced b'y the Unit 3 main generator is stepped up in voltage
from the 22 kV generator output ~to 345 kV through the two parallel mairi
transformers 31 anc 32. This 345 kV power is tnen transmitted via

overhead transmission lines to the 3a5 kV substation at Buchanan. From
the Buchanan ring. bus, power is transmitted on three 345 kV feeders to
Millwood anc to Pennsylvania, New Jersey, and Maryland.

As shown in' Figure 2, the Unit 3 station auxiliary transformer receives ,

power from the Consolidated Edison system through a 138 kV switching
station located edjacent to the Unit 3 primary auxiliary builcing. This
switching station also supplies 138 kV power to the Unit 2 station.
auxiliary transforrrer. Two 138 kV overhead transmissinn lines tie the y
switching station to the B0chanan 138 kV substation, which has
cennections to the Ccnsolidated Ecison Millwood Switching Station and
ne Lovett Station of :ne Orange anc Rockland System. The two-bus

tie-breakers, ET4-5 and ETS-6, at the 138 kV switching stat'icn are
nermally closec. Tnis arrangemert allows Euchanan feecers 95331-
and 95332 to supply power to both tne Unit 2_and the Unit 3 station -

auxiliaries without recuiring any manual switching operations. These
bus tie-breakers are operated from the Unit I control panels.

Two separate underground feeders from the Buchanan 13.8 kV substation
(13W92 and 13W93) are also available to provide a backup source of'

offsite power to both Unit 2 and Unit 3 through interconnections at the
Unit I gas turbine generator installation and at the onsite 13.8 kV
substation' located between Unit 1 and Unit 3. In order to connect
Unit 3 6.9 kV buses 5 and 6'to either of these 13.8 kV power supplies,
the buses must first be oeeneroized and the normal feed breakers from
the Unit 3 station auxiliary transformer (STS and ST6) must be open.

.
~ A gas turbine generator unit is located onsite 'and may be connected to
either Unit 2 or Unit 3 through the 13.8 kV switchgear located at the
gas turbine installation a-t Unit 1. During normal plant operation,
breaker GT/ET is open and breaker GT/2F is closed. This breaker'

aliennent maintains the Unit 1 cas turbine anc 13.8 kV feeoer 13W92
v available for service to Unit 2. These supplies may also be aligned tor g

~

.
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' r.i- 3 t%rcugh manual .cperatien cf breaker GT/3T. .The pas turbine is.

startec anc c;eratec frcm tr.e Ur.it I centrcl panels. Two adcitional gas
turtir.e generatcr units are located at the Euchanan Substation anc may
be connecteo to either Unit 2 or Unit 3 through the 138 kV or 13.8 kV
tie lines. Gas turbine generator unit #2 at Suchanan is normally,

' alicned for service to Incian Point Unit 3 througn 13.8 kV.feecer 13K93
and breakers GT-35 and GT-36. The third gas turbine. generator may be
aligneo to either c'f the Indian Point units. Remote starting capability
for these gas turbines is available in the ccmmon Unit 1/ Unit 2 control
rocm. Breakers GT/2F, GT/Bi,, GT-35 and GT-36 are all operated from the
Unit 3 control room.

E.2.2 480V ELECTRICAL AUXILIARY AND EFERGENCY POWER SUPPLY SUBSYSTEM

B.2.2.1 Station Auxiliary Transformer

The normal source cf offsite power to Unit 3 from the Buchanan 138 kV
substation is stepped down to 6.9 kV through the station auxiliary
transformer, which is connected to 6.9 kV buses 5 and 6 through supply
breakers 575 anc ST6, respectively. The transformer is rated at

'

-
,

43,000 kVA and is oil-filled, witn a 2 to 5 psig nitrogen cover pressure
and forced air oil coolers.

The prctective relays fer the station auxiliary transformer are -

activated from the follcwing concitons:
.

e Transformer differential current
- d

e Transformer overcurrent

* e Transf er.rer r.eutral greur.c evercurrer.t *

* Failure of breaker STS or ST6 to clear a fault at 6.9 kV bus 5 or 6

Failure of breaker STS-6 to clear a f ault at the 138 kV switchya-ae

a Transfer trip signal from the pilot wire protection relays for
Buchanan 138 kV feeder 95331.

When activated, the transformer protective relays trip and lockout
6.9 kV breakers STS and ST6, trip 138 kV breaker ET5-6, trip
breaker BT2-6 at Buchanan Substation from the pilot wire relays for
feecer 95331, and provice trip annuciation in the Unit 3 control room.

S.2.2.2 Gas Turbine Generater/13.8 kV Substation Surely

A backup source of offsite power frcm the Suchanan 13.8 kV substation
anc gas turbine generator Units 2 and 3 is available to 6.9 kV buses 5

'
anc 5 tnrougn supoly breakers GT-3.5 anc GT-26. These breakers are-

interlocked with the normal supply Dreakers ST5 and ST6 to prevent both
breakers for a oiven bus from beirc clcsed at the same time. The
transfer from t6e normal to the reser-e supp!y (or kice versa) rest be* '

.
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aCC c.";lisheC ~ anua ll.s and is a "ceaC bus" transfer (i.e., the normal
supply treaie rust be opened te#cre the reserve breaker is closec).
The controls fer breakers GT-35 and GT-35 are located at the Unit 3
certrol panels. t

8.2.2.3 6.9 kV System, , ,
,

The six 6.9'kV station buses provide a source of power to aux'iliary
equipment rated at'400 horsepower and above ano do not directly supply

-any safety-related system components. Euses I, 2, 3, and 4 are norm' ally (
supplied from the Unit 3 main generator during power operation througn
the unit auxiliary transformer. Actuation of the main generator trip
relays results in an automatic " fast transfer" of the supply to these
buses-to the station auxiliary transformer through operation of cross
tie-breakers connecting buses 1 and 2 to bus 5 and buses 3 and 4 to
bus 6 (refer to Figure 2). This relaying scheme provides a transfer
which is rapid enough to prevent voltage and current supply fluctuations <

from affecting any of the equipmer.t powered from these four buses.-

Euses 5 and 6 are normally supplied from the station auxiliary *

transformer and are thus unaffected by the operating status of the main
generater. An overcurrent condition on any of the 6.9 kV buses actuates.

the associated bus protection lockout relays, which isolate the bus by
tripping and locking out both the normal supply breaker and the 6.9 kV -

tie-breaker for that bus.

Euses 2, 3, 5, and 6 provide the normal power supplies to 480V essential
power buses 2A, 3A, 5A, and 6A through individual station service
t-ensformers. These are dry-type transformers, each ratec at 2,666 kVA
and are designed for natural convection cooling. Automatic fans are
provided for supplementary cooling if the natural air circulation is
insufficient. The supply breake-s from the 6.9 kV buses to.the
individual staticn service transformers trip automatically on either an
overcurrent concition at the asscciated transformer or an undervoltage
condition at the supply bus. If tripped, these breakers must be closed
manually from the Unit 3, control panels.

.

The 6.9 iV buses are housed in two metal-enclosed switchgear units
located at the 15' elevation of the Unit 3 turbine building. Buses I,
2, and 5 are contained in switchgear enclosure 31; buses 3, 4, and 6
constitute switchgear enclosure 32.

B.2.2.4 480V Switchoear Buses

Compenents rated between 100 and 400 horsepower are supplied directly
from tne staticn a80V switchgear buses 2A, 3A, 5A, anc 6A; individual-

1 cads of 100 horsepewer and below are supplied from 4E0V motor control
,

centers (NCCs) fec from the 480V switchgear b.uses. The ncrmal power
supply to each of the 480V buses is frem its associated 6.9 kV bus
through a station service transformer. If this normal power source
beccres unavailable, an independent -scurce of emergency ensite power is'

provided to each of thess buses from the three emergency diesel
generator units. (As illustrated in Figure 2, diesel generator 33

4

.
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is*cliss LLs f*,-Ciese' ge'''8*** 22 sucplies bus f*, anc ciesel
'

*
.

ge'eratcr Il su;clies bussi 2* a*.c 24 through its output breaker to
$Us'2A ar.C bus tie-breller 2*TIl be:weer, buses 2A anc 3A.)

The station safeguards systems comper.er.ts are distributed among the four
aEDV switengear buses in a manner such that, with coincident loss of all

I-
. offsite pcwer sources and f ailure of any cne of the diesel gerteraters,

power'wil.1 femain available to the' minimum number of components recuired
for the mitigation of any of the design basis accident scenarios
evaluated in the Indian Point Unit 3 final safety analysis report. ,
(Uncer many situations less restrictive than these limiting cesign basis
events, full accicent mitigation may be proviced with less than this
ncminal power supply availability.). The. loads supplied from'each of the
aSOY s itcngear buses are sum arized. in-Table 3.

If a fault occurs on one of the 480V switchgear buses, lockout relays
are actuated which trip and prevent reclosure of all breakers associated
with the bus. The bus lockout relays must be manually reset after the' '

fault is cleared to allow the tripped breakers to be reclosed.

The normal feec breaker to aach bus from the station service transformer
may be cperated from eitner the Unit 3 control panels or from a local
panel in the diesel generator building. .The breaker may be closed _from
the main control room only ifLthe associated bus is deenergized; the
breaker may be closed frcm the ciesel generator panel with the bus
energized thrcugh the use of the local synchronizing scope interlock,' to,

allow paralleling of the diesel generator anc normal supplies during
testing and other transfer operations. The normal feed breakers trip
automatically on either of the following conditions:

e Uncervoltace at tne asscciated 480V bus
~

s ~ Overcurrer.i.
e

The supply breaker frem a diesel generator to its associated 480V bus
cannot be clcsec unless all of the following conditiens exist:

e No fault on the 480V bus ~

e Diesel generator output voltage normal

Either the synchronizino sccpe on or an undervoltace conditione

e'xisting on tne 480V bus.

The breakers can be closed manually from either the Unit 3 control
paneis or from local control switches at the associated diesel generator
contrcl panels in the diessi generator builoing. The breakers will-

close~autcmatically if the above conditier.s are satisfiec at the
affected' bus and both cf the following accitional recuirements are met:

e ine normal feet. breaker to the bus is open-

.

-
.
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s Tr.e aiscciatec a2CV Lus tie-treaier is cpen (except tr.at breaker'

2373A r. cec not be cpen for ciesel generater 31 breaker EGl to close
auto atically).

The diesel generatcr feed breaker to a a80V bus trips automatically on
! any cf the following ccnditions:

Bus loc"keut relay actuation -

e

e Trip of the' associated diesel generator (,
e Overcurrent.

Cross tie-breaker 2AT3A between buses 2A and 3A is administratively |

controlled to remain in the open position during normal unit operation.
To allow bus 3A to be automatically energized from diesel generator 31,.
breaker 2AT3A receives an automatic closing signal if the following
reovirements are' met:

.

s' Undervo'Itage on bus 3A
e Tie breaker 3AT6A cpen
e Ncrmal feed breaker to bus 3A cpen - -

,

e Diesel generator 31 output breaker EGI closed
e No f aults on either bus 2A or bus 3A. >

It should be noted that breaker 2AT3A will not clcse automatically if .

bus 3A is deenergizec and bus 2A remains energized through its normal
supply breaker 2A. A synchronizing scope interlock is provided at a
recuncant control switch for breaker 2AT3A in the diesel cenerator
builcing to allow manual closure of the breaker without.an uncervoltace c.

ccndition on either bus 2A or bus 3A. Breaker 2AT3A is tripped only by
tr.e bus 1cckout er evercurrent ccndition at either bus 2A or bus 3A. An
alarm is actuated at the Unit 3 contrcl panels if the conicol switch for
treaker 2AT3A is placed in tne pulicut :pesition (preventing automatic
treaker closure).

In addition to the normal and emergency power supplies to each of the
480V switchgear buses, the_ capability for manually interconnecting these -

buses is previded through the use of cross-tie-breakers between buses 2A
anc SA and between buses 3A and 6A.(refer to Figure 2).
Cross-tie-breakers 2ATSA and 3AT6A are administratively controlled to
remain in the open position during normal unit operation. These
breakers may be closed manually'from the control room only if.no fault
exists on either of the associated buses and one of the buses is
deenergized. Breakers 2AT5A and 3AT6A trip automatically on any of
the following concitions:

e Eus lockcut relay actuation on either associated bus
e Uncervcitate on either associated bus
a Safety injection-signal
e Overcurrent. -

,

If an uncervoltage condition is cetected at any of the a80V buses, the
* U normel feec treaker to that bus receives an autcmatic trip signal, the <

associatec ciesel generator receives a signal to start, and the diesel

.
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cea.erater cut;vt t.reaker receives ar, automatic Cic$ing sicf.al. (Diesel
generater 31 re:eises an actcmatic. starting signa'. frcm uncervoltage at
bus 2A cniy.) Tne ciesel ger.erater cutput breaker will nct cicse until
ciesel generator voltage is normal and all etner interlocks are
satisfiec, as ciscussed freviously. All load breakers from the bus are

! trip;ed, witn tne exceptions of the breakers supplying MCCs 36A, 365,
and 36C. After the ciesel generator has clcsec onto the bus, auxiliary
feccwater, service water, anc compcnent cooling pumps (as applicable to
the affected bus) are sequentially reenergized through the operation of
a series of automatic time delay bus loading relays. tienessential MCCs
remain stripped until manually reenergized at the local switchgear
breaker controls. All other nonessential components may be manually
restarted after switchgear power is restored.

Following-a safety injection, all three diesel generators receive
automatic starting ~ signals and all nonessential loads are stripped from
the aSOV buses and are locked out. -(MCCs 34, 39, 36A, 36E, and 36C
remain energized.) With normal voltage present on a bus, the running
safeguards ecuipment remains energized and all other safeguards
ccrpenents are automatically started. Under these conJitions, the * .

diesel generators centinue to run unloadec as long as the buses remain*

energized from the offsite power supply. If an undervoltage condition
is then detecteo at any bus, all loacs, except MCCs 36A, 36E, and 36C,
are shed from the bus, the normal feed breaker receives a signal to
open, and the diesel generator output breaker cleses. (Ereaker EGl
c1cses on undervoltage at bus 2A only.) The safeguarcs ccmponents are
then sequentially recnergiZed as described above. The diesel generators
associated with the unaffected buses continue to run unicated and the (

safeguards ecuipment supplied frem these buses remains energized
continuously as long as nermal vcitage is present. !?cnessential
components may se marcally resta-tec after the safeguards actuatione

signal is reset.

The dE0V buses i:re housec in twc metal-enclosed switchgear units located
at the 15' elevation of the Unit 3 control building. Buses SA and 2A
are contained in switchgear enclosure 31; buses 6A and 3A are contained
in switchgear enclosure 32. .

.

B.2.2.5 Diesel Generators

Each of the emergency diesel generators. is powered by a 16 cylinder,
four cycle, turbo-char;ec diesel engine rated at 2,450 horsepower and
900 rpm. The generator driven by this engine is a self-excitec, three
phase, 60 Hertz, 480V unit rated at 2,188 kVA at 0.8 power factor. The
output ratings of each diesel generator unit are 1,750 kW fer centinuous
service and 1,950 kW fer a maximum cf 2,000 bcurs. Eacn unit is capable
of-supplying sufficient power to mair,tain the cperation cf at least 50%
of'the safeguares systems components recuired for the mitigation of any
cf the desigr. Basis accide'nt scer. aries analyzec in the Incian Point,

Unit 3 final safety analysis repert.-

. c .

-
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E acr. ciesel ger.erater receives ar. autcmatic startir.c sigr.al vrcer either~

of the fcilowirg conditicos: '

Undervoltage at its associated 4c0V bus (ciesel generator 31 startse

autcmatically on undervoltage at bus 2A only)
- | -

,

Safety. injection signal.e

In order for a diesel generator to be available for auto starting,
~

however, the engine starting mode control switch located at the diesel
generator control panel-in the diesel generator building must be in the
" Auto" position. (Two other positions are available: "Off," which

prevents the engine from starting, and " Manual," which allows manual
starting from the local panel start pushbutton only.) An alarm is
received in the control room if the switch is removed from the " Auto"
position. Each diesel generator has the capability to attain full speed
and voltage within 10_ seconds and can be ful.ly loaded within 30 seconos
fram the time of the starting signal. A fast acting electro-hydraulic

,

gr vernor maintains a constant (iesel engine speed as load is applied to
the unit. The generator output breaker will close automat.ically to load
tie diesel generator onto its associated bus only if an undervoltage-

condition is detected at that bus and the normal bus feed breaker is
open. .

The normal protective function trip signals provided for each diesel
generator are:

.

e Local emergency stcp pushbutton

e Generator overcurrent
.

e Generator reverse pc er

Diesel engine overcrank (failure to attain speed within 37 secondse

after start signal.)
.

e Low lube oil pressure

Diesel engine electrical overspeed trip relaye
.

Diesel engine mechanical overspeed trip.e

An automatic start due to a safety injection signal causes the first
three of these trips (pushbutton, overcurrent, and reverse power) to be
blocked. These trips are automatically reinstated following clearance'

of the safety injection signal. Following any trip of the ciesel
gener'ator, the trip lockout relay must be. manually reset at the local
diesel generator control panel before the engine can be restarted.

.

'. Successful starting a,nd continued operation of the diesel generators
recuires the availability of four auxiliary systems: the diesel engine
starting air system, the d.iesel fuel oil transfer system, the station

.

.
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50rsice mater system,2 startinc~ air receiverand 125 C cer. trol pc.er. E ach ciesel encine isprevicec with a 53 ft which is normally
~

,

main air.ed at a pressure of 300 psig by a starting air compressor. The
power supplies for these compressors are listed in Table 4 When fully
charced, the receiver vclume is sufficient tc provide air. pressure forI. three or four normal diesel engine start-s without recharging. . Although,.

normally isclated, an ecualizing line is available to connect all three
receivers together, in the_ event of failure of any of the air
compressors. Each receiver discharges to two engine starting air motors
through. separate discharge lines and pressure' reduction valves. DC
solencid-operated starting air valves are located in each line to admit
air pressure to the starting _ motors. .Either of the two starting motors
alone will provide sufficient torcue to start the diesel engine rolling.

Each diesel engine is provided with a 175 gallon fuel oil day tank,
which serves as an immediate source of fuel for engine starting and
short term operaton. (The diesel generator consumes approximately * '

115 gallons of fuel oil during 55 minutes.of full load operation.) Fuel
ficws_by gravity from the day tank to a booster pump driven frcm the
free'end cf the diesel engine crankshaft and then to the individual *

cylinder fuel injection pumps. The primary storage capacity for the
diesel generator fuel is provided by three 7,700 gallon underground fuel
tanks located on the south side of the diesel generator building. The '

three tanks, when full, provide sufficient fuel for approximately
72'heurs of continuous operaton of all three diesel generators at full,

loac. The tanks are filled thrcugn a common truck hose connection and
fill header. A fuel oil transfer pump is mounted on each tank and can
be aligned te discharge into the common normal or emercency makeup line
to all three diesel generator fuel oil day tanks. The pump power
supplies are listec in Table 4 If.a low level is cetected in the day
tank for ciesel generator 31, transfer pc.p 31-will automatically start
te refill tne tank to approximately 158 gallons. In a similar ma~nner,
transfer pump 22 starts on a low level in the day tank for diesel
generator 32, and transfer pump 33 starts for diesel generator 33. If
tne primary fuel oil transfer pump for a given diesel generat
no automatic signals are available from the affected diesel gor fails,

.

enerator to
start either of the remaining two pumps. A control room annunciator
alerts the cperators if any day tank level decreases to the low-low
alarm setpoint of approximately 52 gallons, and local operators can
manually start each of the transfer pumps from switches located in the
diesel generator roces. Once running, any of the pumps can supply fueli

to all three day tanks through the common fill piping.
'

The station service water system provides cooling water for the diesel
is engine ,iacket water coeling system heat exchancers and for the engine

~lube oil coolers. Two service water supply lines to each diesel
generator'are available: one from the service water nuclear services
header, and one from the conventional services beacer. Durine normal
plant coeratien, the diesel generators are aligned to the nuclearv

services header. A more detailed discussion of the plant's service
water supply system is contained in the service water system analysis
section cf this report. *

.

e
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the ciesei ger.eratcrs utilize 11' VDC centrci pc.er fcr several'

auxiliary functicr.s curing starting and loscing. In orcer tc acmit. air
pressure frcr tne starting air receiver to tne engine starting motors,
the DC sc~leroic-cperated starting air valves must be energized from the. c

engine starting centrol circuitry. If DC-power is not-available to
! 'tnese valves, they may be cpenec manually by means of a mechanical

pushbutton . counted on the valve bo.dy, thereby admitting air to the
-starting cotors and allowing the engine to start rolling. DC power is,

also used to provide automatic field flashing for the generator exciter
(and is reovired for automatic or remote closure of the generator output

bre ak er. For the' purpose of this study, it is' assumed that a diesel
cenerator cannot be started and loaded onto its associated bus if its DC
control power source is unavailable. Once started and loaded, a diesel
generator does not reouire DC power for continued operation. The DC
centrol power source for each diesel generator and its output breaker is
also listed in Table 4.

The diesel generators, fuel oil day tanks, starting air compressors add-

receivers, and local control panels are all located in the diesel
generator building adjacent to the Unit .3 control building. Each diesel *

generator and its assnciated control panels and auxiliaries is contained
in a separate room in this building to minimi2e the potential for a fire-
involving all thrr.e units. The fuel oil transfer pumps and the fill
connection for the underground storage tanks are housed in a structure ,

built over the storage tanks.
.

It shoulo be noted that the Indian Point Unit 3 technical specificaticos
recuire that a. minimum of,5,676 callons of diesel cenerator fuel oil te "
available in each underground storage tank and that 26,300 additional
gallons of fuel be available onsite at all tires. The acoitional
stcrage capacity for this fuel is provicec by-the two Unit 1 gas-turbine
fuei cil stcrage tanks and the oil storace tank at Suchanin Substatien.

,

.

B.2.3 DC F0WER SUBSYSTEM

The Indian Point Unit 3 DC power system consists of four independent ,

battery installations, each connected to a DC power panel and each'
maintained under continuous charge by a self-regulating battery
charger. The system is ungrounced, with the positive and negative legs
each maintained at a potential of approximately 129 volts with respect
to ground. Ground detection is proviced for each battery division, with
a common alarm in the control room.

Following the unitizeo system cesign approach, three of the-DC power
panels each supply control power to an associated essential AC power
civision as illustrated in Figure 1. The fourtn.DC pcwer panel provices
the normal source of poner to AC instrument bus 3a. The DC system aise
provides the source of power for all safeguards actuation and reactor
protection logic matrices. The major loads supplied from each of the DC
pcwer panels are listec in Table 5. A bus-tie-breaker is available to..

%'
.

.
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c:r.ne:t ;coer panel 31 to-pc.er parti 32 in :ne event cf f aiivre of the
tat.e y cr battery cnarger for either of these par.els; this breaker is
ac-ir'stratively cor.trelleo to rerain cpen curing ncrr.al operatier. te
maintair. the separation and indeper.cence of these DC power divisions.

! E ach cf tne battery installations is composed of 60 individual lead
antir:ny stoyage cells connected so as tc' provide a ~ nominal terminal
voltage of 129 VDC.. Battery 31 is rated at-1,320 amp'ere hourt,
battery 32'is rated at 960 ampere hours, battery 33 is rated at
425 ampere hours, and battery 34 is rated at 440 ampere hours (each at.
an S-hour discharge rate). Batteries 31 and 32 are connected to their
respective power panels through 800 ampere fuses; battery 33 utilizes a
600 ampere fuse, and battery 34 has a 600 ampere circuit breaker.

During normal operation, the loads from each of the power panels are
supplied from the output of the associated battery charger, which also
provides a constant trickle charge to maintain the battery in a fully-

charged condition. Each of the battery chargers is a silicon-controlled
rectifier self-regulating unit cooled by forced air circulation. *

Prctective relays will trip the charger input circuit breaker to prevent
the unit from overheating if either the cooling f an f ails or if '

-

inadecuate cooling air flow is detected by an internally mounted
differential pressure sensor. Each battery charger is connected
directly to'its associated power panel;through the battery charger - .

cutput supply breaker. An ecualizing charge may be applied to the
batte y at 139 VOC for up to 24 hcurs during normal operaticn without
removing either the battery.or the battery charger from service. The
power supply to each of the battery chargers is provided frem a source'
associated with tne 480V bus for which that charger supplies DC control
power. Battery charger 31 is powered from MCC 39 (which is suppliec
frcr us 5A), battery charcer 32 is powered from MCC 37 (bus 6A), '
batte y charger 33 frem MCC 36C (bus 2A), anc battery charcer 34 frem
MCC 32 (tus 3A). As described in Section B.2.2.4, the supplies to
battery chargers 31, 32, anc 34 are stripped following a safety
injection'or 480V bus underveltace signal. If automatically stripped,
the MCCs must be reenergized by. manually closing their supply breakers
at the-48CV switchgear.

.

Batteries 31, 32, and 34 are located in indivicual battery rocms of the-

33' elevation cable spreading area of the Unit 3 control building.
Battery 33 is located in a battery' enclosure separated from diesel
generator 31 in the diesel generator building. Battery chargers 31, 32,
and 34 are located in the cable spreading area at elevation 33' in the-

control building; battery charger 33 is located in the switchgear roem
on the 15' elevation of the control building.

'

B.2.4 AUXILIARY AC P0'nER SUBSYSTEMS .

B.2.4.1 450V Motor Control Cer.ters,

. -

All station 480V loads rated at 100 horsepower and below are supplied
frem r: tor control centers (MCCs) powereo frem the 480V switchgear buses-

.

as st:ar. in Figure 2 ar.c Table 3. All safeguards system metcr-cpe atec
.

.
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valves are oCaered frce either '*.C 3fA cr MCC 36E, which remain
energi:ed wherever their associtiec supply t,uses (5A anc 6* ,
-res;ecthely) are energized. Tne sup;ly brediers to MCCs 36A, 365,

Cand 36C receive autcmatic closing signals on any safety injection
actuatice. and.may be operated from the Unit 3 control panels.- The

- ! su;oly breakers to all other MCCs are cpe-rated locally at the aE0V
switchgear by. manual close and trip ptshbuttons.

,

As described in Section B.2.2.4, various MCCs are stripped from the
associated' supply buses by safety injection and bus undervoltage C

signals. _Following this automatic stripping, the affected MCC's must be
manually reenergized at the 480V switchgear. The MCCs affected by each
of these conditicns are:

e Safety injection: strips all MCC feeds except those to MCCs 34, 39,
36A, 365, and 36C

.-

e Bus undervoltage: strips all MCC feeds from the affected bus only,
'

except those to MCCs 36A, 365, and 36C, as applicable.

MCC 31'is located outdoors at the Unit 3 intake structure and supplies ~-

intake auxiliaries such as the traveling screens. MCCs 32 to 35 are
located at the 15' elevation in the turbine building and supply
auxiliaries associated with the conventional plant. MCCs 36A, 365,
and 37 are located at the 55' elevation of the primary auxiliary

,

building; MCCs 36A and 363 supply safeguards systems components, and
-MCC 37 supplies nonessential primary plant auxiliaries outside of the
containment.- MCC 36C is located in the switchgear rocm at the
15' elevation of the control building and s'upplies auxiliaries for
diesel cenerator 31. MCC 38 is located inside tne Unit 3 containment at

.
elivation 58' and supplies auxiliaries-sucn as the control r.cd drive
cooling fans and the reacter coolant pucp bearing lift pumps. MCC 39 is
located at clevation 33' in the control building and supplies eovipment
associated with the building ventilation systems and transformer
auxiliaries.

,

B.2.4.2 118 VAC Instrument Power Buses
.

All instrumentation mcnitoring vital plant parameters ano providing
input signals to the reactor protection and safeguards ac'tuation systems
is supplied from 118 VAC instrument power buses. Instruments providing
redundant input signals to the reactor trip and safety injection logic
matrices are supplied from separate buses 50 that failure of any one bus
will neither prevent a protection function from actuating nor cause an
.inacvertent trip.'

Because t'hese instruments recuire an extremely stable anc reliable
source of power, all four instrument 6uses are normally supplied by
static inverters, which convert DC pewer into a very srcoth, noise-free

,

AC p wer signal. Each ir)verter is rated at 7.5 kVA with an output-

voltage of 118 VAC at 60 Hertz. This output will be maintained over a

range of input voltage fluctuations frem 105 VDC to 140 VDC. <

.

e
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I -esa ve pc er s;, d y fcr eacr ci the instrerent L:,ses is previced frem-

~

12C '.'AC lichtir.c tus 32 inreuch a ranuti transfer switch 1ocated at eacn
instru ent'tus. ~ These transfir'switcr.es are proviced with mechanical
ir:erl'cks to prevent Lotn supplies to a given bus from being connectedc
in parallel. The transformer supplying lighting bus 32 is sized such

, that only one instrument bus may be suppliec from the reserve power
- sourcc at' any given time. Table 6 lists' the normal and reserve power'

supplies to*e~ach of the instrument' buses.
,

The instrument bus panels are located in.the Unit 3 control room behind
the logic cabinets. The static inverters are locatec at the
33' elevation in the control building cable spreading area.

B.3 INTERFACING AND SUPPORT SYSTEMS

The station ele'ctric power system provides AC and DC motive, centrol,
and instrumentation power to all electrically operated components in the
plant. The-Consolidated Edison transmission network provides the normal '

scurce of power to the station through tielines with the Buchanan 138 kV
and 13.8 kV substations. One onsite and two near-site gas turbine
generator units also previde independent sources of power to-the station
through these offsite tielines anc onsite switchyard.

In the event that all offsite ano gas turbine pcwer supplies are *

unavailable, the Unit 3 electric power system can be powered from three
incependent onsite diesel generator units. The diesel cenerator
starting air compressors and air receivers provide the compressed air
supply necessary for diesel engine starting, and the diesel fuel oil
transfer and station service water systems provide sources of fuel and
engine cooling for continued operation.

Tne safeguarcs actuation, reactor protecticn, main turbine' generator
protection, and offsite tieline f ault protection systems pr ovide * sicnals
to the station electric pcwer system for the initiation of automatic bus
transfer operations, bus load sheccing, diesel generator starting, and
automatic bus loac secuencing under a variety of transient conditions.

Within the system itself, the AC and DC subsystems are strongly
dependent Upon one another through the AC-powered battery chargers and
the DC control power supplies to the diesel generators and the 6.9 kV
and a.80V switchgear.

'

The control room and local plant operators interface directly with the
electric power system for remote and local manual circuit breaker
operations and manual operation of the diesel generators. Although the
system is designed to 20tematically provice a reliable source of onsite~

power during a wide range of anticipated events, these manual cperations
provice acded flexibility for realignment of the power supply flowpaths
as concitions reovire and provide the means by which incividual

; cc.:ponents and subsystems may be' recovered following severe system'

transients. .

* -

*
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Ine *ncian ECir.1 Unit-3 technical specificaticns recuire the followint;

electric peaer system compcnents to be cperable before the' unit car be c.
brcugnt ateve the ccic shutcown conoition.

t
~

At least two transmission circuits.to Euchanan Substation.s

e 6.9 kV buses 5 and 6 energized through the station auxiliary
transformer frem either 138 kV feeder 95331 or feecer 95332. (i

e 13.8,kV feeder 13W92 or feeder 13W93 available.

e All four a80V switchgear buses energized with
cross-tie-breakers- 2AT5A and'3AT6A open,

o All three diesel generators operable. ,

e A minumum of 5,676 gallons of diesel _ fuel in each of the three
undergrounc storage tanks, with an acciticnal 26,300 gallons of fuel ,

available ensite.

e All four batteries, DC power panels, and battery chargers operable.
.

e A maximum of one of 'the 118 VAC instrument buses supplied from the
backup lighting bus.

.

The technical specifications allow the following limited inoperability' a

ccnditions curing unit powir operation.

e One ciesel cer.erater may be removec from service for a.perioc of up
tc seven cays, provided the remaining two diesel generators are
verifiec to be operable caily and both the 138 kV anc 13.8 kV
sources of offsite power are available curing this inoperability
period.

e Unit operation may continue for 48' hours if either the 138 kV or the
13.8 kV source of offsite power is unavailable, provided all three
diesel generators are operable. Operation may continue beyond
48 hours in this condition if the NRC is notified of the specific
plans in effect for the restoration of the offsite power ~ supply,

e One battery may be removed from service for 2a hours, provided the
remaining batteries and all four battery chargers are operable. The'
DC power panel for the unavailable battery must be energized from
one of the battery chargers curing this per,iod.

.

If any of these conditions cannot be met, the unit must be shut down
imreciately. If tne cegraced operability' condition persists for icnger
inan a8 hours with the unit at hot shutcown, the unit must be brought te'

Cole shutcown.
*? -* (.

.
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E.5 TEST:t.G EEC:RE 'T 'C 5

In orcer to minimize tne unavailability of electric pcwer system
cc.ponents during unit cperating periocs, all periccic testing at Indian !

Foint Unit 3 which recuires any e!ectrical system cor ponent to be
:- remcved from normal service is cerformee during celc shutdown er
*

refueling p,ericos. The major periodic tests performed on the electric
power system are summarized below; the numbers in parenthesel refer to
the specific Indian Point Unit 3 procedure under which the given test is
performed.

A visual inspection of each diesel generator is performed weekly toe

verify and record satisf ctory lube oil level, check fcr jacket
water, fuel oil and lube oil system leaks, verify operation of.the,

starting air compressor, and to record the volume of fuel in the
.

underground storage tanks and reserve fuel oil tanks onsite (3PT-Wl).

The terminal voltage, individual cell voltage, pilot celle

electrolyte specific gravity, and electrolyte level are measur,ed and
recorded once per montn for each station battery (3PT-M21). -

,

.

e Each diesel generator is started manually and loaded onto its
associated 480V bus in parallel with the normal bus power supply '

once each month. The diesel generator is operated at a load of
approxi.r.ately 500 k'W fo. between 1 and 2 hours (3PT-M22) (The
testing has been recently changed in conformance with NRC Reculatory
Guide 1.108).

c..

Each station battery i's inspected and placed on an ecualizing chargeo

at 13a.4 volts for 2a nours ence each cuarter (3FT-Cl).
ITne macher.ical overspeet trip setpoint of each diesel generator ise

functionally tested cnce each ouarter (3PT-07).

A safety injection wf.th blackcut signal is simulated during eache

refueling to verify the aute .atic starting of each diesel generator
and the operation of the 480V bus load shedding and associated load
secuencing control circuits (3PT-R30). ~

e Each diesel generator is started manually and loaded ento its
associated 480V bus in parallel with the normal bus pcwer supply
once each refueling. The diesel generator is operated for at least
4 hours at its rated load of 1,750 kW (3PT-R16).

Each battery is disconnected from its power panel and cischargede

into a load resistance bank for a period cf,8 hcurs te verify its
. ampere hour capacity once each re, fueling (3PT-R29A).

e If~cne of the diesel cenerators is unavailable for service curinc
'. unit operaticn, tne remaining two ciesel generators are starteo ~

daily to verify their continued operability (for a maximum allowable
. .- period of 7 days). The diesel generators are,not Icaced cnto their

buses during these nonroutine operability checks.
.

.
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Rettirie prever,tive naintenance per**:riec Cr .CCapCrents Cf the electric ' 'power-system, with the exception of the diesel generators, is' generally
schedulec for cold snutdcwn pericds during which the electrical load on
the system is reduced and the technical < specification component. I

incpertbili.ty time limitations are relaxed. Repairs of failed or
degraded components during. unit operating periods must confoFC with the
applicable technical specifications system operability criteria, or,the.

Cunit must be shutdown.until the failed components are returned'to
service. Most maintenance performed on individual 6.9 kV and 480V
switchgear circuit breakers is done with the breaker removed from its
cubicle. During these periods, a spare breaker is normally installed,
and the asscciatec buswork remains-energized. Maintenance on other
system componen'ts can also generally be performed without affecting the
ficw of power to the station loads through the use of the manual bus-tie
interconnections anc installed reserve power supplies.- <

The diesel generators, because of their complexity, frecuent test *ing,
and vital status as emergency power supplies, are subject to more
frecuent nonroutine and schedulec preventive maintenance than are most-

other components in the plant. Routine mainter.ance performed on the
diesel generators during unit operation includes preventive maintenance -

items such as the repair of minor cooling water and oil leaks,
replacement of oil filters,. calibration of electrical'an'd mechanical

.

centrol systems, etc. The technical specifications also reouire a major
inspection anc general overhaul of each di sei generator to be performed
periodically in acccrdance with the manufacturer's recommenoations. t

.
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C.I T0p E'.I'.T S DE FINITION

The Incian Pcint Unit 3 electric pcwer system is analyzed for the
I 16 operability states listed in Table 1. Each of these states is

- deveicped for.the two general boundary c'onditions of offsite power
available'and offsite power net available. .

The event trees developed for Indian Point Unit 3 analyze the loss of
offsite power as an initiating event which causes a unit trip. This
condition, therefore, recuires failure of the 345 kV transmission system
to the extent necessary to cause an automatic generator trip or to
necessitate manual operator action to trip the unit. Because the 138 kV
supply frem Buchanan Substation provides the normal source of offsite
pcwer to Unit 3, the loss of offsite power also recuires failure of this
supply. The analysis of the Unit 3 electric power system described in

' 'this report has been developed as a conservatively bounding failure
cuantification for the purposes of identifying the dominant event *
secuence centributors to public risk. As such, manual operator actions

'

are excludec frcm this analysis and will be incluced curing the*

assessment of recovery from the domirent f ailure secuences during event
tree cuantification. Since the 13.8 kV power supply from Buchanan and

'

the three gas turbines , require the performance of manual switching
operations before they can energize any of the Unit 3 buses, the status '

cf these supplies does not affect the condition of "offsite power" as it-

is applied in this analysis. (Their status does significantly affect
the time recuired to recov,er power to the essential buses from a source
other than the diesel generators and is, therefore, vital to the
cuantificatien of failure recovery.) For the purpcses of tnis stucy,
"effsite pcwer" is thus cefired as specifically inclucing the folicwing
two ite.s:

The 345 kV transmission system from Unit 3, to the extent that-e
failures will necessarily result in a unit trip

.

The 138 kV supply to Unit 3 from Buchanan Substation.e

Failure of'"offsite power'" recuires failure of bcth of these elements as
a minumum condition. The failure of "offsite power" to Unit 3 does not
define the status of either of the 13.8 kV supply lines from Buchanan or
cf any of the gas turbine units. Failure of "offsite power" may incluce
failure of any, all, or ocne of these additional power sources. The
status of these sources is important only in the cuantification of the
time recuireo for onsite electric power recovery, and the effects of the

-

unavailability cf these supplies will be cuantifiec explicitly as they
icpact upon recovery frcm tne dominant event secuences. The
unit-specific electric power system hodel develcped in this analysis
incluces tne staticn auxiliary transfcrmer. Failures cf this ccmponent

.

are, therefore, not included in :ne definition cf failure of "offsite
power" and are cuantified separately in the unit pcwer supply
availability analysis. ,

.
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The electric pcwer system is ncrmally in' service during all redes cf'

ur.it cperatien. Fcr the purpcies of this study, it is consicerec to be
in its normal conficuration (all buses energized from their normal pcwer

5sources) immediately prior to the initiation of any of the event
seccences presented in the event trees. Those electric power system

! f ailures which produce any of the plant transients analyzed in-the event
trees are.i.centified and Quantified in the initiating event analysis
section of this r'eport. A summary of these failures and tMe
corresponding ~ initiating events is presented in Table 7. Any failure
causing loss of power which does not lead directly to an initiating !

;

event will be c'uickly detected by plant personnel due to its effects
upon auxiliary eovipment operation. These f ailures will either be
Quickly repaired, or the unit will be shut down in conformance with the
technical specifications operability criteria or normal operating
procedures and practices. The probability.of any other initiating event
not associated with the loss of power occurring during this recovery
period is very small when compared with the probability of event ,

initiation due to electric power failure. Therefore, the electric powe'r
system is analyzed for its unavailability conditional upon the following
two criteria: -

,

1. An initiating event has occurred
*

2 .. The electric power system was available in its normal configuration,
im.ediately prior to event initiation.

Althouch it is very desirable for the electric power system to remain in
continuous operation for,the duration of eacn of the event secuences' c
analyzed in this study, there exists for each general initiating event
category a time peried during which failures are less tolerable and may
be critical to overall plant recoverability. The duration of this
perioc is cetermined by factor! Auch as the magnitude and type of
initiating event considered, the operation of automatic mitiga' tion
systems, the response times of plant personnel, characteristic periods
associated with core nuclear physics, primary and secondary thermal
hydraulics, etc. In principle, each sequence studied presents a unique
time frame beyond which electric power failures are relatively more
tolerable due to increased recovery times, the availablility of
additional recovery personnel, reduced decay heat levels, and the-

establishment of a stable and well controlled core condition. For the
purposes of developing electric power unavailability information to be
applied to the entire spectrum of event secuences studied, this electric
power system failure analysis is extended for a nominal time period of
6 hours following event initiation. This period is considered to be a
conservative representation of the time reoutred to place the unit in a
stable conficuration such that core nuclear and thermal transients are
relatively slow and the available time frame'for system and plant
recovery is extended. It should be noted that for the majority of
secuences analyzed, stable shutdown will be achieved within a
significantly shorter time perioc, and application of the results of

,

'

this 6-hour failure analysis provides a conservative estimate of system
V unavailability. For those event secuences in which the unavailability'

.
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* * * ^. * electric pCaer previces a cC.Tinant cCr.tribution tC overail public
ris , t*.e analysis will be refinec to incer; crate a rcre cettiisc time
rc:si of teth f ailure anc recovery pnenemena witrin t*,e centext of each
specific event scenario.

! A second major factor in the overall conservatism of the electric pcwer
system analys.is is that no creoit is taken for ranual operator action or
general system recoverability over the entire duration of the 6-hour
study period. The response of the plant operators to any failure is
stroncly dependent upon the specific conditions existing when the
failure occurs. Failures may be massive and confusing er relatively
minor. The operators may find themselves in the midst of a rapid
secuence of events requiring almost immediate correct response or in a
relatively slew transient during which even major component f ailures are
tolerable. These event-specific constraints must also be coupled with
the characteristic times required to effect recovery, as determined by
the specific failure states analy2ed. ' It is thus evident that the .

application of even the most simple recoverability factors for the
electric pcwer system cannot be taken out of the context of the event
secuences curine wnich the failures are postulated to occur. Assessmer.t
of the electric power system unavailability with no recovery provides a
very conservative estimate of system response to be applied in the
determination of the dominant contributors to public risk. As discussed
abcve, once the cocinant secuences are icentified thrcugh the
application of this analysis, the cuantification of each of these ,

secuances will include a detailed model of both time-cependent failure
an'd recovery applied within the context of each specific pcstulated
scenario. .

, c

The top event cefinition for each of the electric pcwer system
c:erability states is thus cf tne form " Failure to Mairtairr Eus(es) -
Energi2ec For a Perice of 6 Hours Followine Event Initiation," given the
electric pcwer system was available irrediately prior to event
initiation and no efforts.are made to recover any failed equipment.

C.2 SYSTEM FAULT TREE ~

Fault tree logic is utilized in this analysis as an aid in the .

icentification of those coe.dinations of component f ailures which are,

necessary to produce overall system f ailure within the context of the
specified operability state and boundary conditions imposec upon the
system. Figure 3 shews the fault tree developed for the Indian Point
Unit 3 electric power s' stem. To f acilitate the synthesis of they
various system operability states analyzed in this study, the tree is
drawn such that tne f ailure of power et a sincie 480V switchcear bus can
easily be extracteo and combined with other buses to form a tree unicue
tc eacn operability state.

'
-

The fault tree is develecec for all components of tne station 6.9 kV,.

450 VAC, 120 VAC, anc 125 VOC subsystems wnich provice m0tive an'd
control pc er to each of ine safeguards systems analyzec in this study.

q It extence tc the level cf cetail necessary to illustrate the electrical. ,
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;cmer sucply ccmponents provicir.; a cirect interface witn the
CCrrespenCing mechanical system ccccCnents (e.g., cctCr control centers
acc 120 VAC cistributien panels). All available bus-ties and alternate

'pemer supply paths are specifically inclucec to model the subsystem
interdepencencies. The fault tree does net incluce those components anc

! subsystems which do not supply power to iny systems analyzed in this-

study (e.g. 6.9 kV buses 1 and 4, several auxiliary motor control
-centers,etc.).

IAs shown, the system fault tree includes all component failure modes
whicn contribute to system failure and, as such, is a complete
representation of the system hardware failures which are both necessary
and sufficient to achieve the top event for any of the failure states
analyzed. The fault tree does not include descriptions of the causes
for these failures, since a given component. failure mode may be
initiated through a wide variety of cause sequences. Similarly, the,

, 'fault tree does not include manual recoverability operations which can
lead to either repair or circumvention of these failures. These c,auses
and recoverability factors are cuantified in the context of the specific
fault tree constructed for each failure state as they impact upcn the .
specific hardware configurations relevant to that state.*

C.3 SYSTEM FAILURE STATE SYNTHESIS .

'

For each boundary condition imposed upon the electric power system,-

' there exists a unioue fault tree corresponding to e?.ch system
cperability state. There are thus a total of 32 different top events
for which system failure must be analy2ed., In order to' identify the 4

ceroonent failure ccmbinaticns contributing to each of these 32 cases,
pc.-tions of the system f ault tree shown in Figure 2 are contined to form
a fault tree whicn uniouely describes the system hardware configur'atione

applicable to each case under consideration.

In crder for the application of the results of this electric power
system analysis to be logically complete, each of the quantifjed system
operability states must be mutually exclusive. Thus, for example, the
calculated unavailability of power at bus SA applied in the analysis of
the event s'ouences must represent the condition that power is lo'st ate
only bus SA (i.e., that buses 2A, 3A, and 6A remain energized). In
principle, a complete mathematical expression may be developed from the
system logic model which allows direct calculation of each of the
mutually exclusive unavailabilities. However, in practice, the
ccmplexities of the system hardware configurations and the need to
carefully ccmpute several levels of conditional probaDilities preclude

,

the direct calculation of these mutually exclusive states. The
'

ccccutation methodology employec in this analysis, therefore, utilizes
the system logic model to develop a c.caplete mathematical expression of
the f ailure modes necessary and sufficient to achieve each desired
failure state without regard to the possible impacts of the failuresa

t upcn other system states, The des' ired set of mutually exclusive failure
*

(

*

.

.
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Stites is ther. cuantifieC Ly ac-lyir.g a sicDie logic expressiCn to inesE
rer..&.tually exclusive analysis'results. The general prccess is

.ccr:letely ar.alcgeus to the cetere.fr.a icn cf tne mutually exclusive
cor.tributions to the problem representec by the Ver.n diagram shown below.

! e.
,

*
.

.

A N.5)
i n ~n.

|

C <-

.

-

.

*'e desire the area of the shaded portion of circle B (i.e., the mutuallyn

- exclusive condition represented ny "S and only B"). If it is a
relatively straigntforware problem to compute.the area of each of the
three large circles and of each of the intersections, tr.en the answer to
tne problem is determined tnrough the logical expression: s

Shacee Area = B - (A A B) - (B A C) + (A A E A. C).
.

By felicwing tnis aoproacn, the electric power system analysis task-is
mace be:r. mathematically simpler anc logically ccmplete. All possible
failure contributcrs are explicitly included in each of the nonmutually
exclusive unavailability expressiens, thereby minimizing the. chances for
omission or miscalculation of conditional events. The simple
application of basic logic principles then assures that the mutually
exclusive failure state representations are complete.

As an example of the methodology employed in the development of the
nonmutually exclusive f ailure state f ault trees, censider the case for
whicn the top event definition is " Failure of Power at Euses 2A anc 6A
Given Offsite Pcwer Available." The fault trees for failure of power at
bus 2A and failure of power at bus SA are thus ccmbinec witn the.

felicwing "hcuse events" specified to cefine the apolicable teundary
ccnditions under wnich tne system is analyzeo.

Offsite poner is available tc tne statien auxiliary transfermer.
.

The ciesel generator cperating r.cce selector switenes are specifiscs

as being in tne correct positions for autcmatic starting.

.

.
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c - Circuit breakers'recuirine canual-cperator action tc close, sucn as-
the cas turbine feec breakers GT-25 anc GT-36, anc the aE0V bus
cross tie-breakers 2AT5A .and 3AT6A, are specified to remain in the

Jopen position _sinceithe tree is developed only for hardware failure '

contributions to unavailability.
'

l
*

The resultino failure state fault tree is then analyzed to determine the

minimal ccc$inations of hardware f ailures which res' ult in the f ailure of -
~

. power at both buses' 2A and FA. These minimal component failure
Icombinations are then utilized in the development of an unavailability

expression for the cuantification of the hardware failure contributions
to this scenario.

C.4 FAULT TREE- CODit;G

Table 8 presents a list of the basic events in the electric power system
fault tree, the corresponding component failure modes, ano the '.g
applicable failure rates.
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D. CLM.T :F I CAT ION

Tre ur.avai' ability of the Indian ?cint Unit'3. electric pcaer system is
cuar.tifiec for eacn of the 16 system cperability states listec in
Table 1 under each of the general' boundary conditions discussed in

' Section B.6. In crcer to illustrate the relative contributions to
system failure from active component failures (i.e., failures on demand)
and from component failures ~during operation, a nominal refecence
operating period of-6 hours following event' initiation is applied to
each of the cases analyzed. Detailed time-dependent conditional failure
prcbabilities are not developed; rather, an upper bound for system
failure is determined by applying a uniform failure rate for each
compenent over the entire study period (i.e., components "X" and "Y" are '
allowed to fail at any time during the 6 hour period, even though
cceponent "Y" may not be called upon to operate until component "X" has
faileo). .

..

D.1 P.ARDWARE FAILURES

The component nardware failure contribution to system unavailability is .

~

cuantified under the following analysis criteria:

e An initiating event has occurred.

e Power is unavailable from the main generator. '

The electric power system was in its no'rmal configuratien per plante

cperating procedures immediately prior,to event initiation. .

e No cperater intervention is. considered curing the study period.

The. effects ucen ccepener.t cperation of the bcundary conditicns imposec
ucer, the system are cescribed in the applicable analyses presentec in
Section D.5. Recovery actions recuiring operator intervention are not
incluced in the cuantification of the hardware failure contributions
because these actions are strongly dependent upon the available time -

frame for response, upon the specific event scenario in which they are
applied (due to varying degrees of urgency and operator distraction
irposed), and because any operator action will alter the system hardware
conficuration and component, operating. characteristics from these
observec in an analysis of hardware failures alone.

The calculated system unavailability contribution frcm hardware failures
thus represents a conservative upper bound whicn may be reduced tnrough
operator intervention within the context of'the-specific boundary
conditions anc ever.t scenarios tc which these analyses are applied. A
general oiscussion of these time-ceper. dent recoverability factors is
presented in Section D.9.

.
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0.2 TESTING C0hTFIEUTION
P

Of the tests su = arized in Section B.4, only actions perfccmed during
~

, ,

the diesel generator operability tests contribute to electric power -
system unavailability during noncold shutdc n unit operating periods.

. ! During the monthly periodic functional tests (3PT-M22), the three diesel
generators gr.e started in succession and are operated under load for
between 1 and 2 hours. These tests are performed from the lo' cal control
panels in the diesel generator building. c

Because each diesel generator is running and is attended during these
operability tests, the diesel generators remain available for emergency
service throughout the testing periods. However, the performance of
these tests requires the diesel generator engine. control switches to be
removed from the " Auto" position. (The switch is placed in " Manual" for
local starting of the diesel engine and is turned to "Off" for shutdown
of the diesel at the conclusion of the test.) If left in any position-

*

,

other than " Auto," the switch inhibits an automatic starting signal from
reaching the diesel engine control system and thus mikes the unit'
unavailable for automatic emergency service. Removal of the. switch from
the " Auto" position is' annunciated in the Unit 3 control ~ room. All te'st-

procedures contain a step reouiring the switch to be eplaced in the
" Auto" position following engine. shutdown.

The section' on Human Error Rates presented in the Methodology chapter of
.

the main study report provides the following legnormal cistribution for
the frecuency of an operator omitting a step 'while using a procedure

,

with check-off provisiens:
,

y

Mean: dwp = 2.2 x 10-3 failures / test
.

Variance: 1.9 x 10-5
'

If the control switch is left in the wrong position at the end of the
test, the control rocm annunciator will remain lit to alert the control
room personnel to this condition. (The annunciator alarms wifen the
switch is initially removed from " Auto" at the start of the test and
remains lit throuchout the test until the switch is r'eturned to
" Auto.") If the control room operator f ails to respond to this
annunciator, the switch will remain mispositioned, and the diesel
generator will be unavailable for automatic operation. Neither the
methodology chapter of-this study nor the Human Reliability Handbook
(NUREG/CR-1278) specifically addresses the issue of an operatcr f ailing
to. respond to an annunciator which remains lit for scoe time following
its expected-receipt. We have, therefore, assigned the following*

distribution as a conservative estimate of the total time recuired for -

the cont'rol room cperator to respond to the . lingering annunciator anc
for a local operator to return tne control switch to the correct
position.

*

,
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'' e te Festcratien cf I tcr. Frecuercy

< 1 Mcur .750
1 - 12 Hours .225

12 Heurs - 7 Days .02a
!

*
7 Days - 30 Days' .001,

. -

If_a switch is left in the wrong position, the majority of these
recovery actions will take place within an hour following completiori of
the test. Although this action may be taken within a very few minutes,
factors such as other tasks being performed by the control room
operators, time delays in communicating with the local operator, the
local operator's response time to the diesel generator building, and the
perceivec urgency of clearing these alarms may all contribute to
extending the period over several minutes. We feel that a 75% recovery
rate witnin one hour is very consersative and is applicable to this
bounding system' analysis. If the operators on shift at the time of
testing fail to respent to the alarm, then it is very likely.that the
next shift of personnel will investigate the situation if they recognize
it as an abnormal condition. (If the preceding shift did not respond to*

the annunciator, they would very probably not relate the alarm to the
inccming snift as an abnormal condition.) The new operators are likely
to notice the annunciator during their review of the control boards, but
may celay their response or instruct the local operators to investigate
the problem at their convenience due to factors such as sensitivity to
spurious alarms, perceived urgency, additional tasks, etc. We believe
that a 97.5% frecuency'of recovery within 12 hours is also very 1

conservative for this analysis. If the alarm persists for several days,
successive new shifts cf cperatcrs will be exposed tc the ccncition.
Fcaever, it is possiLIe init, cLe tC unforeseen circu.7 stances (whiCn
could ircice annunciatcr signal f ailure), the control switch could
rerain mistositioned for the entire 30-day period between tests. Of-

course, the mispositioned switch would be discovered during any diesel
generatcr tests performed curing tnis intervening period, but we take
credit only for the regularly scheduled monthly operability tests as
defining the maximum period during which this condition could persist.

It should be noted that the diesel generators are visually inspected at
least cnce each week (3PT-Wl). However, this inspection does not
specifically require the verification of alignment for automatic
operation. Since the mispositioned switches are not annunciated
locally, detection of any of the switches being in the wrong position

| during these weekly checks is improbable. (The local operators will
rely on the control rocm annunciator to alert the control room personnel.

to inis condition.) Tne distribution presented above assigns a 99.9%
frequency to the discovery of a cispositioned switch within 7 days due
to the cor. trol room annunciator. The weekly inspection could reduce the
recovery failure frecuency during the period of 7 to 30 days, but the.

effects are minor and, in the interest of conservatism, are not
specifically cuantified in this analysis.

.

|
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Tr.e unavailability of a ciesei generatcr due to its contrcl switch beine
lef t in the wrong pcsitien at the completion of a conthly test is
cbtainec by r.ultiplying the distribution for failure frecuency
(hp/720) by the distribution developed above for the time to
discovery. The resulting lognormal distribution for the unavailatility ,

cf a diesel generator due to these testing errors is:i

Mean: QTEl = 2.51 x 10-5
-

I
Variance: 7.20 x 10-9

We believe this distribution to be very conservative for the reasons-
outlined above in the -development of the recovery distribution.

During each monthly test, all three diesel cenerators are tested in
succession. If the local test personnel leave one control switch
mispositioned at the end of a test, it is possible that they could leave
two or all three switches mispositioned. Since the same people perform **-
all three tests and use the same test procedure, we feel that there
exists at least a moderate deoendence among these f ailures. Thus, i.f
one switch is mispositioned, the second and third switches will be left
in the wrong positions at a higher frequency than if each of the diesel
generator tests was completely independent. There is also some
dependence for the control room operator failing to respond to the
annunciated conditions. Even though'several alarms are . lit, the control
room. cperator may decide to have them all cleared at the end of the
test, may be distracted by other operations ~, etc. We feel that the
overall effect of the combined actions of the local test personnel and-

~

the control room operators is a low dependence between the
ur. availability of one diesel generator due to a mispositienec control
switch anc tne unavailability of two' or three ciesel genera, tors. .The

,
quantification of this dependence is extremely difficult.

.

The section on liuman Error Rates in the Methodology chapter of the main
report provides an analytical expression which models this low

'

dependence between errors made during task N and the error rate for the
precedin'g task N-1:

~

1 + 19 Y _)g

YN" 20
*

,

The development and application of this relation are discussed in the
Methodology chapter. It is used in this analysis to cuantify the
coupling between the medians of the unavailability oistributions
resulting from these dependent testing errors. As discussed in the
deselopment of this expression, an error f actor of 5 is assigned to the
resulting distribution for yn to express our uncertainty about this,

relation. The median of the lognormal distribution presented above for~

the unavailability of a single diesel generator is'

yn_1 = 9.72 x 10-0 Use cf this value in the low dependence
ccupling expression and application of the error fatter results in the g(.- fellowin'c cistribution for the conditienc! uavailability of a second.

.
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' : ete" cerera :r, giver, ar. errer has teer. ccm ".tec iclicwing :es::r.g ci-~

:-e irst er.it:

Mecian: 5.00 x 10-2 error /second event, given ar. initial error

i Mean: 8.07 x 10-2 error /second event, given an initial error

Variance": 1.05 x 10-2,
,

The unavailability of both diesel generators due to these weakly ccupied
errors is determined by multiplying the conditional unavailability
distribution for the second diesel generator by the distribution for
errcr-produced unavailability of the first unit. The resulting
cistribution for tne unavailability of two diesel generators due to
mispositioned control switches is:

Mean: QTE2 = 2.03 x 10
t

variance: 2.34 x 10-II.

Application of the weak coupling expression to determine the conditional
unavailability of a third diesel generator, given the condition that
errors have occurred during the testing of two diesel generators.,
rescits in the following distribution ~for the unavailability of three ,

diesel generators due to mispositioned switches:

Mean: OTE3 = 1.63,x 10 .

, ,

Variance: 2.02 x 10-13
~

We :elieve tne ccupling f actor ceveloped above to be a very conservative
estimate of the cependence among these specific testing and annuriciator
.rescense errors. The resulting unavailabilities for two and three
ciesel.ge.erators due to these errors are, therefore, consicered to be
bouncing values.

D.3 FAINTENANCE CONTRIBUTION
t

The only maintenance which cor. tributes to the unavailabilit t of the
electric power system during noncold shutdown unit operating periods isi

! that performed on the diesel generators. The Indian Point Unit 3
tecnnical specifications allow a single diesel cenerator to be removec
from service for maintenance for a maximurr period of 7 cays, provided,

|

the remaining two diesel generators are operable ano are started daily'

anc provided bcth the 13E kV and 13.8 kV sources of cffsite power rerain
-available througncut this period. The unit must be shut down if mcre

~

.

I than one diesel generator beccmes inoperable. Maintenance Data
Table E.3-15 and Figure B.S-if provice the fellowing information withh

,.

|
respect to diesel generator maintenance:

|
,

. t .- . ..

! -

|

.
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Tr.e f recuency c' c:asel ger.eratcr maintenance is given- by the
locr.or.al cistribu-ion: "

Mean: 2.92'x 10-4 maintenance events / hour /oiesel
'

generator
.. I

Vari,ance: 3.97 x 10-9
-

,

The mean unavgilability of each diesel generator due to maintenance-e
7

is 1.09 x 10 . In order to directly apply the unavailability
information presented in Figure B.3-16 to this analysis, the smooth
curve was discretized to produce the following histogram:

Generator Probability
Unavailability Density

.004 .039 ,

.006 .113

.008 .188 *

.010 .242

.012 .150 -
-

.014 .108

.016 .075

.018 .053
.

.020 .032 -

D.a DIESEL FUEL OIL SUPPLY FAILURE
- -

.

The cuantity of fuel normaTly contained in each of the diesel generator
fuel oil day tanks is sufficient for the operation of a ciesel generator
for apprcximately I hour under full load conoitions. For e.xtenced

,

operating periods beyond this limit, fuel oil must be transferred from
the underground storage tanks to the day tanks via the fuel oil transfer
pumps. If a low level is detected in the day tank for diesel
generator 31, transfer pukp 31 will automatically start to refill the
tank to approximately 158 gallons. In a similar manner, transfer

_ pump 32 starts on a low level in the day tank for diesel generator 32,
and transfer pump 33 starts for diesel generator 33. A low-low fuel oil
level alarm is activated at the diesel generator panels if a day tank
level drops to 52 gallons (approximately 24 minutes diesel generator
opera' ting reserve time). This alarm is also received in the Unit 3
control room at the common annunciator window for diesel generator
trouble.

If the primary fuel oil transfer pump for a given diesel genertor fails,-

no automatic signals are available frcm the affected day tank to start
either of the remaining two pumps. However,.if more than one diesel
generator is running, two or three fuel oil transfer pumps will receive
starting signals as their associated day, tank levels reach the low level

- setpoint. With all three diesel generators operating at full load, the,_

total fuel consumption r' ate is approximately 7 gallons per minute. A
single transfer pump can provide this capacity anc can supply all three (

diesel engines simultaneously through the common fuel oil supply piping.
.

.
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T + f:,el oil transfer purps are es p suppliec frcr a different essertial
.,

pc-er motcr contrcl certer D*CCi 1M , 363, anc 26C), none of which is
affectec ty the automatic 480V switchcear bus lcac sneccing cperaticr.s

-cescribed in Section B.2.2.4 Pcver will be lost at any of these MCCs
if either the MCC supply breaker frc.the 4E0V switchgear bus fails or

I if the MCC, itself, fails curing the 6-hour period following toe.

initiating event. (Power failure at the 480V bus is.a direct,
contributor to the' electric power system failure state quantification.-
The contribution due to the unavailability of pcwer at these MCCS must,
therefore, be calculated conditionally upon the fact that power.has not
been lost at the 480V bus'aue to other causes.) Data Table B.2-2
provides the following lognormal distributions for the failure rates of
circuit breakers and buswork:

o Circuit breiker transfers open:

Pean: 2.67 x 10-6 failure / hour '

'

Variance: 3.21 x 10-12
.

e -Bus open circuit:
*

Mean: 3.25 x 10-8 f ailure/ hour

. Variance: 1.27 x 10-I4
~

The resulting unavailability of power at any one'of the fuel oil
transfer pump MCCs over the 6-hour period following event initiation,
given that power is available at the associated 4E0V switchgear bus, is:

Mean: P;;p = 1.62 x 10-5 .

Variance: 7.98 x 10-II.

No specific cata is available in tnis study.fcr failures of t.he diesel
fuel oil transfer pumps. A review of the component failure data
summaries for a wide variety of motor-driven punps receivirq automatic
starting signals indicates that a median value o' 2 x 10-; is
representative of the combined rate for these punps f ailing to start on
demand and remain in operation for at least 6 hours. Assigning an error
factor of 5 to represent our uncertainty in this value results in the
following lognormal distribution for fuel oil transfer. pump failures
given that pcwer is available at the pump MCC:

3.23 x 10-3 pump failures / eventMean: Ppp =

Variance: 1.67 x 10-5
"

,
,

.o

Analysis of the Indian Point Unit 3. diesel generators has provided the
following distributiens for the unavailability of the diesel generters,
given :ne conaitiens that they are demanded to supply pcwer to their
respective buses:

.

.
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Ur.svailabiliy.of cne ciesel generatcr:s

Mean: QlDG.= 3.4 x 10-2
.

Variance: 7.1 x'10-5,
!

Unavailability,of two diesel generators: -
e

,

Mean: 02DG = 1.2 x 10-3

. Variance: 1.'7.x 10-7

Unavailability of'all tnree diesel generators:e

Mean: 030G = a.7 x 10-5

Variance: 3.1 x 10-10, 4-

These cistributiens incluce contributions frcm diesel oenerator star.tino
failures, output breaker-failures, ciesel generator = failures during

~
~

operatico over a 6-hour period following start, unavailability due to
maintenance, testing errors, and fires in_the ciesei generator rooms.
They are concitional upon the availability of fuel to the diesel enoines.

D.4.1 FUEL SUPPLY WITH OFFSITE POLER NOT AVAILABLE
'

All three ciesel generators will receive starting signals when voltage-
is initially lost at their-associated switchgear buses. After

,

approximately 30 minutes 1of diesel generator cperation, all three fuel
oil transfer purps-should receive staring signals frem :he low levels in.
Inier respective cay tanks. Any single transfer pump can slipply
sufficient fuel to maintain all inree ciesel generators operating at
full loac. The fuel supply failure contribution to the unavailability
of any combination of ciesel generators uncer these conditions thus,'

depencs not only upon the status of the respective diesel generators'
transfer pumps, but also upo.n the status of.tne other diesel generators
and tneir transfer pumps.

0.4.1.1 Fuel Contribution to~ Unavailability of One Diesel Generator

If the diesel generator in cuestion fails due to causes other than fuel
Jsupply failure, the need for a continuous supply of fuel oil to the
diesel engine is eliminatec. Therefore, the evaluation of the fuel -

~

supply contribution to the unavailability of a single diesel generator
must Le performec under conditions in which that ciesel generater is
operating. Tne following ciscussion is presented using diesel
generator 31 as an example; the analysis is icentical for eitner of the
etner two diesel generatorg. Failure of fuel to diesel generator 31
recuires any one of tne following events to occur:,,

if all three ciesel generators are operating, fa.ilure of tne fuele
,,

* '' supply to diesel generater 31 rccuires f ailure of all three tr ensf er (
pumps. The probability that all three diesel generators are

,

.

.
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c: ara- rg is a::r:xicatec fcr this aralysis by the f acter-

[1-:3C::3 - 30 :G * 03DG)). A transfer purp will not supply2
~fuel'if- sitr.cr its f*CC is ceerergizec (Frip) or if the pur.a itself

fails <(F;p). Ine centributicn to fuel supply f ailure frcm this
diesel generator operability state is thus
[l '30iLG ' 3020G + 0 0G))[(Pgp *.PPF)#3-

'

3t

If dieshi generater 32 (33) is unavailable, transfer purp 32 (33)e

will be deenergized and incapable of supplying f~el. Hokever,u

transfer purps 31 and 33 (31 anc 32) should' receive starting signals
as their day tanks are drained. -The unavailability of fuel to
diesel ceneratcr 31 under this condition is given by-

[01DG)[IEp+Ppp)2).N

s If both diesel generators 32'and 33 are unavailable, transfer
pucps 32 and 33 will be deenergized. Transfer pump 31 is the onif
pump available to supply fuel'to diesel generator 31 under this

*condition, anc the failure of that supply is quantified by
[02DG3[ PNP + Ppp)).

'Any other failure states involve failure of diesel generator 31 and are,
'

therefore, not relevant to this analysis. The total expression for the-
unavailability of fuel to diesel generator 31 is the sum of the
incividual contributions cerived above:

0)* [l-(30 ^ 202DG + 033g)X Pgp +. Ppp)D+2[0 b NP + Ppp)2]7 1DG 1DG

- [Op33][(Pgp + Ppp)]. -
i

Tr.e resultirg snavailability cf fuel cil to a sincie diesei cer.erator
uncer the ocuncary concition of cffsite power not available is e'aluatecv
using ciscrete prcbability distribution arithmetic.

Mean: QF1 = 5.49 x 10-6 .

Variance: 5.10 x 10-11

The dccinant contributor to fuel supply failure is the failure of two
diesel generators and fai, lure of the fuel oil transfer pump for the
diesel generater being analyzed.

D.4.1.2 Fuel Centribution to Unavailability of Two Diesel Generators

Fuel failure to ciesel generators 31 anc 32 is cevelcpec as a specific
exacple in this discussion the analysis is identical for any
cec.bir.ation of two diesel generators. If both diesel generaters nave
f ailec, their ccr.tinuet f ttel supply is unnecess ary. However, because

,

each fuel oil transfer purp can supply bcth ciesel engines, the-
centributions cf indiviceal failures of each cf these diesel generatcrs
rust be inclucec in the cuantification of the fuel supply unavailability

*
tc botn. Failure cf the fuel sucply te ciesel gene'rators 31 arc 22 will

| cccur if:
.

9
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f

s All- nree diasel generaters are cperating and a'l three transfer
ecm;s fail: [1-(301DG + 2C2DG ' 030G)3[(FNP'' PPF) 3-

Any one of the diesel generators is unavailable, and the remaining '
^e

.two transfer pumps-fail: [01DG3[(ENP1+ EPF)2]
. i . e

'

- e Diesel cenerators 31 and 33-(32 ano 33) are unavailable,-and
transfer' pump 32 (31) fails: [Q2DG)[(Pup + Ppp)]. -

' C:- Allotherpossiblestates.includethefailureof|both' diesel
._

Lgeneraters 31 and 32 and are, therefore, not relevant to this analysis.
~

_ The total unavailability expression for the f ailure of fuel to these two'

diesel generators is:
,

pp)3)+:3[01DG][(PNP + PPF) )OF2 = [1-(3 IDG + 302DG + 030G)][(Pgp_ + P

,

+-2[02DG)[(PNP + Ppp)].
.

inis ecuation is evaluated using discrete probability' distribution .,
' arithmetic:

Mean: 0F2 = 1.01 x 10-5

- Variance: 1.58 x 10-10,
'

3
~ The' dominant contributors to fuel supply are' unavailability of two

; diesel. generators-and failure of the third fuel oil transfer pump. A
'

D.4.1.3 FuelContributientoUnavailabilkvcfAllthreeDiesel '

Generators - -

,

Fuel will be unavailable to all. three diesel generators if any ,0f- the
following conditions occur:

~

; ~ All three diesel generators are operating and all three fuele

transfe,r pumps fail: .

e Any single diesel generator is unavailable and the remaining two>

transfer pumps fail'
4

e Any combination of 'c o diesel generators are unavailable and the
;- r'emaining single transTer pump fails.
' Of course, if all three diesel generators have failed, all three

*

transfer.pucps will be deene/gized, but there will also be no need to
transfer any fuel. The fuel supply unavailability ecuation for this*

,
' case is:

,

0 = [.1-(30lDG ' 2DG + 03D )][(Pgp + PPF) ) + 3[01DG)73 g.
,

x [(PNP * PF) ] M 3[02DG)b HP+Ppp)).
,

.
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T..a res.ltif; r.svailatili y of fuel is:

'<e a r : 0F3 = 1.40 x 10-
'

Variance: 2.79 x 10-10,
~ I

The dcminant contributors are f ailure of'' any two diesel generators and
failure of th'e third fuel oil transfer pump.

D.4.2 FUEL SUPPLY WITH OFFSITE POWER AVAILABLE' '

'

If offsite power is available.to the station auxiliary transformer, the.
number cf diesel generators reovired to operate depends entirely upon
the electric pcwer. system failure. state being analyzec. If only one
diesel generator'is called upon to supply power, only its associated

. fuel oil transfer pump will be available for automatic makeup to tne
diesel engine day tank. If two diesel generators are running,-either ,

fuel cil transfer pump can supply both day tanks and each-pump.should
-receive a starting signal as its respective tank reaches the low level
setpcint. Of course, if all three diesel generators are called upon to
supply po-er, all three transfer pumps receive starting signals. *

-,-

D.a.2.1 Fuel Contributien to Unavailability cf One Diesel Generator .

If only one diesel generator is running, only its associated fuel oil
- transfer pump will receive an automatic starting signal from a low level

in the cay tank. If this pump f ails to ope ~ rate, the diesel' generator
will run out cf fuel. Plant operating personnel may locally start one

4of the remaining two pumps'to maintain a supply of fuel to the affected
diesel, but inese ranual actions are not censicerec in this. bounding
e r.a lys i s. Thereft - if cnly cre ciesel ger.erator is cpera. ting, the
fasi unavailability expressicr. fc'r tnat ciesel generater is:

OF1 = Pr;p + Ppp

This expression is evaluated using discrete probability distribution
arithmetic to compute the unavailability of fuel to a single diesel
generator under a bcundary condition that offsite pow'er is available and
only that single' diesel generator is cperating.

Mean: QF1 = 3.25 x.10-3

Variance: 1.24 x 10-5

The dominant contributor is failure of the transfer pump.,

.

D.a.2.2 Fuel Centribution to Unavailability of Two Diesel Generators

If te ciesel generators are running, both of their associated fuel oil
'. transfer p rps should receive autcmatic starting signals. Either pump ~

can supply sufficient fuel to maintain both diesel generators operating
at full lcac. Failure of the fuel supply under these conditions will
thus cccur if:

.

e
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Ecth ciesel gereratcrs are cperating anc toth fuel oil transfer.

s

purps fail. The probability that both diesel generators are
cperating, given signals to start, is apprcximated for this analysis
by the factor [1-(201DG[+ 02DG)], and the total contribution to

-

fuel unavailability is 1-(201DG + 02DG)3E(P p + PPF)2],N

!

One of the two diesel generators is unavailable and the remaininge

trans'f er pump .f ails. This contribution is Quantified by the term

[Q)pg][(Pgp + Ppp)]. C

Of course, if both diesel generators have failed, there is no need for a
continuo'us supply of fuel. The expression for the unavailability of
fuel to a pair of diesel generators is, therefore:

Q = [ -(2010G + O2DG)][(Pgp + Ppp)2] + 2[QlDG][(Pgp + Ppp)].
F2

This expression is evaluated to provide the following distribution for
the unavailability of fuel to two diesel generators with offsite power
available.

Mean: QF2 = 2.40 x 10-4

' Variance: 6.93 x 10-8

The dominant contributor to fuel supply unavailability is f ailure of one
of the diesel generators and failure of the remaining transfer pump.

~ <-
.

D.4.2.3 Fuel Contribution to Unavailability of All Three Diesel
Generatcrs

.

,

If all three diesel generators are called upon to supply power, the fuel
supply failure analysis is identical to that presented in Section D 4.1.3
above. From the stancpoint of diesel generator and transfer pump
operation, this condition has the same characteristics as that in which
all three diesel generators are called upon to supply power in response
to the failure of the offsite power supply. The results of the analysis
presented in Section D.4.1.3 are repeated here for tne unavailability of
fuel to all three diesel generators under the boundary condition of
offsite power available to the station auxiliary transforner:

QF3 = 1.a0 x 10-5Mean:

Variance: 2.79 x 10-10,

Fuel failure is dominated by the unavailability cf two diesel generators
and failure of the third transfer pump.

O.5 SYSTE". FAILURE STATE OUANilFICAT10N
'

The cua.ntification of the nonmutually exclusive electric power systemU-

failure states is semiarizec: in Tebles ?.1 and 9.2. The basis for each
table is an unavailability expression cevelcped frcm the system f ailure

.
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5:a e icgic accel which incluces all ccmpcrent failure moces necessary
anc s;.fficient to-acnieve the given failure state. The cistributicns
characterizing the individual cccpenent f ailure rates are combir.ec
thrcugn triis ecuation using discrete _ probability distribution arithmetic
to develcp the hardware contribution to f ailure. Specifying unity
failure rates.for each-diesel generator allcws the calculation of the'

conoitional failure-of power for various states of diesel gerterator
unavailability. . Th'ese conditional failure distributions are then
combined with the probabilities of the diesel generators being in each
of these unavailability states to detcrmine the contributions to each

~

system failure state from diesel generator maintenance and fuel oil
supply failure. The conditional failure distributions also provide
input to the Quantification of' common cause failures discussed in

Section D.6.

A cetailed description of the methodology employed in the calculation of
the failure state summarized in Table 9.1-1 is presented below. The .

development of each of the other failure states is similar, and only a
brief discussion of the applicable unavailability expression is
included. The following variables are used in the development.of th'e
unavailability expressions:

Variatie Comconent Failure Mode
,

.

A Bus failure (per hour)
B Circuit breaker transfers cpen (per hour)
C Transformer failure (per hour)
H .Diesei generator f ailure to start and load (per demand) '

J Circuit breaker failure to close (per demanc)
K Circuit breaker failure to open (per deranc)
L DC control pcwer failure (per hcur) -

M Diesel generator f ailure during operation (per hour)'

D.E.1 EDUNDARY _ CONDITION 1 (OFFSITE P0'nTR NOT AVAILAELE, NO RECOVERY

FROM FAILURES DURING 6-H00R STUDY PERIOD)

Under this boundary condition, the only, source of power to the 480V
switchgear buses is from the diesel generators. All three diesel
generaters start automatically and their output breakers receive
automatic closing signals due to_the inital loss of voltage at all of
the buses. The normal supply breakers to all of the 480V buses are also
autcmatically opened by these undervoltage signals. All cotor control
centers except MCCs 36A, 368, and 36C are shed frcm the 480V buses.

Case 1: Failure of Power at Bus 2A (Table 9.1-1)

Since diesel gerierator 31 provices the only source of power to bus 2A*

uncer these bounoary conditions, failure cf the diesel generator to
start (H) or f ailure of its' output breaker EGl to close (J) will prevent,

bus 2A free being reenergized fellowing the loss of cffsite powe'r.
.

Sirce breaker EG1 will not close unless the normal supply breaker to tne
'. bus is Open, f ailure cf treater 2A 10 cpen (K) fclieveing the initial*

.

e
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loss cf 5 s voltage oill prevent the ciesel generator frce autccatically
reer.ergizing the bus. If the di'esel ceneratcr starts'anc the breaker
cicses, then the diesel generator 'ust maintain its pcwer sucply to the
bus for a period of 6 hours. Fcilur: 5. af tr.e cic:,el generator (M), the '

breaker (B), or f ailures of tus 2A itself (A) during this period will
! also result in a loss of bus voltage. A ., linear model for f ailures.

during the 6thour period provides essentially the same results'as does
an exponential model, and the uniform hourly failure rates are simply
multiplied by the duration of the period. The unavailability expression Ifor this failure state thus takes the form:

02A = H + J(1 - K) + K + [M(1 - H) + 8(1 - J) + A]t.

Although recovery from many of these f ailures is certainly possible
within the 6-hou'r study period, it must be remembered that this analysis
has been developed as a conservatively bounding input to the
quantification of the dominant event sequence c-ontributors to risk. The ,

inclusion of these recovery actions and the assignment of their
associated time-dependent failure probability distributions will b'e
undertaken within the context of specific dominant event seouences.
These secuences define both- the necessary actions to be taken and the '*

time frame within which these actions must be accomplished to achieve
overall plant recovery.

It should be notec that DC power f ailures are not included in the
unavailability expression presented above. Since the entire electric
power system is assumed to be in its normal' operating state irrediately
prior to event initiation,'DC control power will be available to th.s *
division. The probability of losing DC power as a result of the event
is neglicible when ccmpared with the other component failure rates.
Orice the diesel generater nas started and its output breaker has clesed,
loss of DC power curing ne subsecuent 6-hour period will net affect
electric power system operation and, therefore, is not cuantified.

Since recovery of neither offsite power nor the diesel ger.erator is
allowed in this analysis, if diesel generator 31 is inoperable or
otherwise unavailable for service when offsite power is lost, bus 2A
will remain deenergized for the duration of the 6-hou'r study period.
Therefore, the conditiorial unavailability of power at bus 2A is 1.0 if
diese.1 generator 31 is inoperable under the established boundary
conditions.

In order to develop the maintenance contribution to the failure of power
at bus 2A, the unavailability of diesel generator 31 cue to maintenance
is simply combined with the conditional failure of power at bus 2A.given'

that ciesel generatcr 31 is unavailable. Since no recovery is included .

in the analysis, this latter value is unity,.and the resulting
distribution for the f ailure of power at bus 2A due to ciesel generator
maintenance is identical t'o the diesel generator unavailability

-

di.tribution presented i,n Section D.3.'

.
.

.

e
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5.ic e :ne f.el cil transfer sys:s will be callec upcn to paintair,
creratien cf the ciesal generatgr curinc the E-heur perict, :ne
centrituticr. te power f ailure at bus 2A frem ciesci fuel cil supply
f ailures is icertical to the fuel supply cen:ributicn to ciesel
generator unavailability developed in Secticn D.4.1.1.

I
'

- Case 2: Fai_ lure of Power at Bus 3A (Tabie 9.1-2), .

Tie-break $r 2AT3A is normally open during unit operat' ion. Th'is breaker
receives an autometic closing signal following a less of voltage at.
bus 3A. However, interlocks prevent the breaker from closing unless the
normal' feed breaker to bus 3A is open and the output breaker from diesel
generator 31 (breaker EGl) is closed. Brecker EGl is, in turn,
interlocked to prevent automatic closure unless the normal feeo breaker
to bus 2A is open. . Failure of either of the normal feed breakers to
buses 2A and 3A'to open, or failure of either breaker EG1 or 2AT3A to
clos 2 will result in bus 3A remaining deenergized. Of course, failure
of diesel ge..erator 31 to start or remain in operation fo the entire '

6-hCur study period will also cause power failure at bus 3A. *

It shculd be noted that several of the failures outlined above will "
.

cause pcwer to be lost at both buses 2A'and 3A. As discussed in
Section C.2, these nonmutually exclusive failure states are cuantified
by evaluating all centrioutors which are both necessary and sufficient
to achieve the given failure condition. The application'of Boclean-
logic to the entire set of nonmutually exclusive states will eliminate.

higher order failure influences from each of the mutually exclusive
states.

. .

The unavailability expression fcr the failure cf power at bus 3A is:

'

C A = H - 20(1 - K) + 2c + ~P(1 - H) - 25(1 - J) - 2A]t.3

The ciesel generator mainterance and fuel supply failure contributions
'c this f ailure state are -ider,'' cal to those described for Case 1 above. .

~

Case 3: Failure of Power at Bus SA (Table 9.1-3)

This case it similar to Case 1.

Case 4: Failure of Power at Bus 6A (Table 9.1-4)

This case is symmetric to Case 3.

Case 5: Failure of Pcwer at Buses 2A enc 3A (Table 9.1-5)
.

Any f ailqre affecting the supply of pcwer frcm ciesel generator 31 to
bus 2A will cause both buses 2A anc 3A to be ceenergizec uncer these
beer.cary conditions. The unavailability expression ceveloped above fer

,

. Case 1 thus cuantifies the failures which are bctn necessary anc
sufficient for the achievement of this failure state:

02A+3A = H + J(I - K) " K + EM(I - H) + EII - 0) * A3t-

.
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Of cet.rse, if ciesel generator 31 is unavailable fcr service wr.en~

effsite p>er is lest, botn buses will rerain ceenergizec. The
cencitional unavailability of power at these buses, given diesel

'

generator 31 inoperable, is therefore, unity. The maintenance and fuel
oil supply contributions to this f ailure state are identical to those

( discussec above for Case 1.
'

Case 6: Failure of Power at Buses '2A and 5A (Table 9.1-6) -

(With offsite power lost, the failure of power at both buses 2A and 5A
requires component failures in the power supply trains from both diesel
generators 31 and 33, respectively. Since these diesel generators
operate independently from each other, the unavailability expressions
for each of the two single bus power failure cases can be multiplied
together to produce the ecuation applicable to this combined failure
state. This expression is:

Q2A + SA = {H + J(1 - K) + K + [M(1 - H) + B(1 - J) + A]t|2
*

The system analysis guidelines preclude efforts to recover power to. ,

either bus after a failure has occurred. Therefore, failures need not
be simultaneous in order to achieve this combined failure state. Any
combination of f ailures of both diesel generator power supply trains
with,no recov. y during the 6-hour stucy period is sufficient to procuce ,
power failure at both buses.

If diesel gererator 33 is unavailable for s'ervice, the concitional
f ailure of power at botn buses 2A and 5A is determinec' by the f ailure of y

power at bus 2A alone. Thi failure distribution for this conditional
state is thus icentical to the cistribution develope:: for the singie
state of failure cf power at bus 2A. Similarly, if ciesel cenerator 31
is unasailable, the-conditional f ailure of power at tuses 2A and 5A is
cetermined by the failure of power at bus SA. Of course, if both diesel
generators are inoperable, both buses will remain deenergized when
offsite power is lost.

Determination of the maintenance contribution to the failure of power at-
buses 2A and 5A is accomplished by multiplying the unavailablility of
each ciesel generator due to maintenance with the corresponding
conditionai distribution for failure of power with that ciesel generator
unavailable, and' summing the resulting distributions. Since both diesel
generators cannot be remdved from service for maintenance at the same
time during unit operation, there is no contribution to the
unavailability of power at buses 2A anc SA from simultaneous diesel
generator maintenance.

. The fuel oil transfer system is common to both'ciesel generators.
Because tnis analysis is extendec for 6 hours folicwing event
initiation, failure of this system will cause failure of both diesel

,

generators and will result in pcwer being lost at both of these buses.
The fuel supply contribution to this f ailure state is thus obtained by

'multiplying the conditional unavailability of power at both buses, given* E'

.

.

.
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tr at t etr. cies ei ger.er atcr s are ir.cperable (unity), witr. tr:e --

cittributicr. develc?eC in'S&CliCn D.a.l.2 for the.ur.availatility Of t*C
ciesel generators cue to fuel supply failv es.

-Case 7: Failure of Pcwer at Buses 2A and 6A (Table 9.1-7)
I
' This case is symmetric to Case 6.

.

Case 8: Failure of Power at Buses 3A and 5A (Table 9.1-8)

TheunavailabilityexpressionforthisfAilurestateisobtainedby
multiplying together the expression for the failure of power at each of
the buses indivioually:

03A + 5A = . {H + 2J(1 -' K) + 2K + [M(1 - H) + 2B(1 - 'J) + 2A]t }.

x {H + J(1 - K) + K + [M(1 - H)'+ B(1 - J) + A]t }.
'

.,

Because diesel generators 31 and 33 provide the only sources of power to
these buses uncer these boundary conditions, the contributions to this
failure state from diesel generator naintenance and fuel supply failures.
are cuantified in the same manner as those discussed above for Case 6.

Case,9: Failure of Power at Buses 3A and 6A (Table 9.1-9)

This case is symmetric to Case 8.

Case 10: Failure of Power at Buses SA and 6A (Table 9.1-10) -

<

inis case is similar to Case 6.
.

Case 11: Failure cf Pcwer at Buses 2A, 3A, anc 5A (Table 9'.1-11)

This failure state will be achieved if failures occur in the power
supply trains from ciesel generators 31 and 33 at any time during the
6 hour peried following the loss of offsite p6wer. The unavailability
expression f or this case is thus identical to that developed above for
Case 6:

02A, 3A + 5A = {H + J(1 - K) + K + [M(1 - H) + B(I - J) + A]t}2,

The maintenance and fuel supply contributions to power f ailure at these
three buses are treated in the same manner as described above for the
cases of power failure at two buses.

Case 12: Failure of Pc+er at Buses 2A, 3A, anc 6A. (Table 9.1-12)

inis case is symmetric to Case 11.
.

.

Q' N. ; *

.

.
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Cate 13: Failure cf Pcwer a Eu g, SA, and 6A (Table 9.1-13)

its acnievement of tnis failure n a e recuires failures in the pcwer
supply trains from all three diesel generators. The unavailability '

expression for tnis state is:

- t

0 A, SA. + 6A = {H + J(1 - K) + K + [M(1 - H) + B(1 - J) + A]t|3
'

2

Although failure of diesel generator 31 will.cause power to be lost,at
both buses 2A and 3A, this expression defines the failure. combinations C

which are both necessary and sufficient to achieve the given nonmutually
exclusive failure state. The application of Boolean logic to the entire
set of nonmutually exclusive states will eliminate nigher orc.'r failure
influences from each mutually exclusive state. (Refer to Section C.2
for a discussion of mutually exclusive and nonmutually exclusive failure
states.)

e

Secause no recovery actions are included in this analysis, it should be
empnasized that this failure state is achieved if each of the thr'ee
diesel generator divisions experiences a failure at any time.during ttje
6-hour analysis period (i.e., once power.has been lost to a specific.

bus, it remains deenergized for the entire period). The conditional
unavailability of pcwer at these buses with each combination of diesel
generators inoperable is obtained directly from the reduced system

,

failure state caused by that condition. (For example, with diesel
cenerators 31 and 33 inoperable, power will be failed at buses 2A ,

and SA. The conditional unavailability of' power at all three buses with
these two diesel generators inoperable is thus identical to the
distributicn for failure of power at bus 6A, alone.)

Tne maintenance contributicn to power unavailability is obtained by
suar.ing the effects from each cf the three ciesel generators. This
value is calculated for eacn diesel generator from the product of diesel
gererator unavailability due to maintenance (from Section D.3) and the
conditional power unavai. lability with that diesel generator inoperable.

Fuel transfer system f ailures cause all three diesel generators to
fail. The contribution to power unavailability from'this cause is
obtained from the product of the unavailability of all three diesel
generators due to fuel supply f ailures (froni Section D.4.1.3) and the
unavailability of power at these buses with all three diesel generators
failed (unity).

Case 14: Failure of Power at Buses 3A, 5A, and 6A (Table 9.1-14)
.

The unavailability expression for this failure state is similar to that -

shcwn ab'ove for Case 13, except that the additional failures of -
~

breakers 2AT3A and 3A are incluced.

'. 03A, 5A + 6A * $H + 2J(1 - K)-+ 2K + [M(1 - H) + 2S(1 - J) + 2A]t[.

x {H J(1. - K) + K + [M(1 - H) + B(1 - J) + A]t}2, ,

.

.
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* - e cccciticr.al snasailabi'.ity cf ;coer at tr.ese t;ses witn eacn
c:..binaticn of ciesel generaters inc;erable is cetermired ir, the sare-
manner as described for Case 13: The calculations cf the maintenar.ce
arc fuel supply failure centritt:icns to ;c..er unavailability are
icentical to those in Case 13. -

,

I
~ Case 15: Failure of Power at all 4E0V Switcncear Buses (Table 9.1-15)

Since failure cf the pcwer supply from diesel generator 31 to' bus 2A is
. necessary and sufficient to cause both buses 2A and 3A to be
deenergized, the contributions to this electric pcwer failure state 'can
be quantified through the same unavailability expression as that
developed'for-Case 13.

02A, 3A, 5A + 6A = {H + J(1 - K) + K + [M(1 - H) + B(1 - J) + A]t}3
,

The maintenance and fuel supply contribution to this failure state are.

Quantified in the same manner as described for Case 13. <
.

0.5.2 BOUNDARY CONDITION 2 (0FFSITE POWER AVAILABLE, NO RECOVERY FROM
FAILURES DURING 6-HOUR STUDY PERIOD)

-

.

Uncer this boundary condition, the 480V switchgear buses should remain
energized from the offsite power source. When the unit trip occurs, the
supplies to 420V switchgear buses 2A and 3A (via 6.9 kV buses 2 and 3)
are automatically transferred to the station auxiliary transformer;
buses SA anc 6A remain energized through their normal supply paths. No

- moter control centers are automatically shed from the buses.
4

If an undervoltage condition is detected at any of the 480V switchgear
buses (with the exception cf bes 3A), an automatic signal is generated
te start the associated ciesel ge .crator, cpen the ncrmal bus feec
breaker, and close the diesel gererator output breaker to the bus. This
bus uncervoltage sigr'al also shecs all loads from the affected bus
(except MCCs 36A, 36E, and 36C, as applicable)..

If the initiating event results in a safety injection signal being
generated in additon to the unit trip, all three diesel generators are
autcmatically started but.run unloaded until power is lost at one of
their associated buses. The safety injection signal also automatically ~

sheds all nonessential loads from each of the 480V buses.

Since diesel generator 31 starts automatically en loss of power at
bus 2A only, if an undervoltage condition exists at only bus 3A, this
bus will remain deenergized until the operator takes manuel action to
provide an alternate power supply. path to the bus. As discussed--

previcusly, the cuantification presented in this section coes not
include c'perator recovery consiccrations for tnese events because of
their strong dependence upon the allcwable reccvery time frame for the
specific scenario analyzed and because the operator's actions will"-

,

drastically modify the operating characteristics of the system

.

.
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- r. a r :-a r e . The unavailabilty caiculatec fcr eacr. of these f ailure states
is thes a conservative upper bcund.which may be recuted througn operator
ir.t e r v e nt i on. (These recoverability fac crs are discussed further in
Section D.9.) *:

; Case 1: Failure of Power at Eus 2A (Table 9.2-1)
*

Tie-breaker 2AT2A~.is normally cpen'and does not receive an automatic
closing signal from an undervoltage condition at bus 2A. Since no
manual operator actions are included in'this bounding analysis, failure f

of the power supply to bus 2A from the offsite grid reouires f ailure of
any of the following components (refer to Figure 2 for component
designation):

e Failure of the station auxiliary transformer.
e Breaker ST5 transfers open.
e Failure of 6.9 kV bus 5. ".'
e Failure of breaker UT2/STS to close.
s Breaker UT2/STE transfers open after closure.
e Failure of 6.9 kV bus 2. .

e Breaker 552 or 2A transfers open.
e Failure of station service transformer 2..

The factor in the unavailability expression presented below which
,

acc6unts for these component failures is:

J + [2A + 3B + B(1 - J) + 2C)t. -

'

Since diesel generator 31^will automatically start and load onto bus 2A
whenever an unoervoltage Condition is detected at the bus, failure of
pcwer at the bus recuires failure of the normal power source and-failure

~

cf the diesel generator supply. Failure of diesel generator 31 to
start, load, or to remain in operation for the duration of the a'nalysis
period will cause subsecuent power loss at bus 2A. Failure of the
oiesel ger.erator output breaker EG1 to close or f ailure of the normal
bus supply breaker 2A to open (due to the interlock between breakers 2A
and EGl) will also prohibit diesel generator 31 from energizing the
bus. The bus will also remain deenergized if DC control power has
failed at either the diesel generator or the 480V switchgear during the

-intervening period between event initiation and loss of bus voltage.
The factor in the unavailability expression which Quantifies these
diesel generator power train failures is:

H + J(1 - K) + K + [M(1 - H) + B(1 - J) + L]t.

Althouoh specific secuential failures are recuired in this scenario
(i.e., the' diesel generator is reouired '.o cpe' ate cnly after power has

~

r
initially been lost .at ' bus 2A), the modeling of these f ailures is
simplified by' including component failures over the full duration of the
6-hour period. This introduces additional conservatism into the -'

analysis results to the extent inat the diesel generator may not be
(/ recuired,to operate for 6 hours. However, these effects are minor and q.

are conservative.
.

.

.
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2r. acciticn to tne failures ciscussec aoove, tus 2A, itseif, may fail at''

ary time curing the 6-hour stucy pericc. This contributicn to sc-er
failure is represented by the term "At". The complete unavailatility

expression for tne failure of pcwer at bus 2A unoer this bouncary
concition is:

I

0 A = At.~ + {J + [2A + 3B + B(1 - J) + 2C)t}
'

2
,

.

x{H + J(1 -- K) + K'+ [M(1 - H) +' B(1 . J) + L]t }. -

'

If diesel cenerator 31 is unavailable for service', bus 2A will remain
deenergized following any failure of the normal power supply to the
bus. Tht onditional. unavailability expression for the loss of power at
bus 2A, given diesel generator 31 inoperable, is:

02A, Dg = At + {J + [2A + 3B + B(1 - J) + 2C]t } .
''

Case 2: Failure of Power at Bus 3A (Table 9.2-2)

Tie-breaker 2AT3A will close automatically only if the normal feed
*

breaker to bus 3A is open and the output breaker from diesel
generator 31'is closed. Since manual operator actions are excluded from
this bounding analysis, failure of the normal source of power to bus 3A
through 6.9 kV breaker ST6' (excluding f ailures of ' the station auxiliary
transformer) will cause bus 3A to remain aeenergized. These component
fa.ilures are cuantified by the terms:

.

J + [2A + 3B + B(1 - J) + C]t. 9

If the station auxiliary transformer fails or if both of the norcal
po-er st.; ply paths to buses 2A and 3A fail, bus 3A may be a,utomatically
reenergized from ciesel generater 31. Unter these conditions, both cf
tne ncrmal feed breakers to buses 2A and 3A should receive trip signals
frcr the associatec bus undervoltage relays. Diesel generator 31 starts
autcmatically en uncervoltage at bus 2A, and its output treaker closes
automatically if the normal bus 2A feed breaker is open. Breaker 2AT3A .

closes automaticMiy following closure of the diesel generator output
breaker, if the normal bus 3A feed breaker is open. The contribution to
this failure state frca the failu're of the station auxiliary transformer
or both buses' normal power supply paths, is expressed by the factor:

{J + [2A + 3B + B(1 - J) + C]t } 2 + Ct

Failure of the power supply to bus 3A frem diesel generator 31 will
occur if the diesel generator itself fails, if either its output breaker
to bus 2A or tie-breaker 2AT3A f ails, or if either. of tne normal feed
breakcrs to buses 2A and 3A f ail to open. The' failure o' DC control
pcwer will also prevent bus 3A ' rom being reenergized, since it will
prevent diesel generator 31 fror. automatically starting and cicsing onto
bus 2A. Failure of bus 2A itself will cpen the path free ciesel,

.

generator 31 to bus 3A. The contribution of diesel generator 31 power
- s' supply failures is cuantifiec through the factor: .

{H+2J(I-K)+2K-[M(1-H)+2B(1-J)-L+A)t|. .

.

.I
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Of course, failure of bus 3A. itself, at any time curing tne ar.alysis
period will also lead to pcwer failuro. The tctal unavailability

_

expression for this failure 5-*te is thus:
.

03A =. At + {J + [2A + 3B - B(1 - J) + C]t }.

. 'l

+.[.{J + [2A + 3B + B(1 - J) + C]t } 2 + (Ct))
,

'

x {H +- 2J(1 - K) + 2K + [M(1 - H)'+ 2B(1 - J) + L + A)t }.
The conditional unavailability of power at bus 3A with diesel
generator 31 inoperable is obtained by removing the effects of the
diesel generator supply from the unavailability expression:

Q3A, gg = At + Ct + {J + [2A + 3B + B(1 - J) + C)t |. ,

The diesel generator maintenance and fuel supply failure contributions ,

to power failure are quantified by combining this conditional
unavailability with the unavailability of diesel generator 31 due*to
these factors as developed in Sections D.3 and D.a.2.1.

*
.

Case 3: Failure of Power at Bus SA (Table 9.2-3)
.

Failure of power at bus 5A requires failure of any of the following
components in the normal power supply path to the bus and subseouent
failure of the power supply from diesel generator 33.

Failure of the station auxiliary transformer or station servicee

transformer 5.
-

- e' Breaker ST5, 555 or 5A transfers open. .

-

e Failure of 6.9 kV bus 5.

The unavailabi.lity expression for this failure state is:

05A=At+[(A+3B+2C)t]{H+J(1-K)+K+[M(1-H)
,

+B(1-J)+L]t}.
If the diesel generator is unavailable for service, bus SA will remain
deenergized following any of the normal power supply path failures

;
' discussed above. The expression for the conditional unavailability of

power at bus SA with diesel generator 33 inoperable is thus:
|

1'
- 05A, DG = At + (A + 38 + 2C)t.

'

"

As described previously, the mainten'ance and fuel supply f ailure
centributions to this case are obtained by multiplying this conditional

.
- power failure distribut, ion by the distributions from Sections D.3 anc-

D.4.2.1 for diesel generator 33 unavailability due to these causes.

.

.
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Caif 4: Fa#IUrs Cf Ecwar at 3 5 f* (IaOIE 9.2-4)-

ThiscaseissymmetrictoCaseb.

Case 5: Failure of Power at Buses 2A ano 3A (Table 9.2-5)
.

-
~

The combinations of f ailures which are s'ufficient for the achievement of
this failure state are: -

e Failure of buses 2A and'3A.

Failure of bus 2A' and failure of the normal power supply to bus 3A.e

~

.

Failure of bus 3A, f ailure of the normal power supply to bus 2A, ande

failure of the supply from diesel generator 31.

e Failure of the normal power supply paths to both buses and failure-

,

of the supply from diesel' generator 31.
,

o Failure of the station auxiliary transformer and failure of the
supply frcm diesel generator 31. ~

.

The factors which model each of these terms have been discussed in the
preceding cases. The unavailability expression for this combined
failure state is:

Q2A + 3A = (At)2 + (At) {J + [2A + 3B +'B(1 - J) + 2C]t }

x [1 + { H 'J(1 - K) + K + [M(1 - H) - S' (1 - J) + L]t } }
"

- [Ct + { J - [21 -3E*S(1-J)+C)t|23 ,

x {H * J(1 - K) - K + [M(1 - H) + B(1 - J) + L)t }.
If diesei generator 31 is.incceratie, tne conditional failure of power
at buses 2A and 3A is cuantifiec through the following exprcssion:

02A+3A,Dg=(At)2+2(At){J+[2A+3B+B(1-J)+C)t}

+ { J + [2A + 3B + B(1 - J) + C]t }2 + Ct.

Calculation of the maintenance and fuel supply contributions to power
failure uses this conditional failure distribution as discussec in tne
preceding cases.

.

Case 6: Failure of Power at Euses 2A anc 5A (Tatie 9.2-6)

Failure of power at buses 2A and 5A will occur if any of the following
ccnciticns are satisfied: -

.

e Euses 2A and 5A f ail;

.

.
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Eus 2A f ails, the ricrmal pcwer se;;'.y :c bus 5A f ails, anc the pener'

s
supply frer ciesel ger.erator 33 faiis,

-

Bus 5A f ails, the normal. power supply to bus 2A f ails, anc the pcwere

supply frem diesel generater 31 fails.
!

The sta, tion auxiliary transformer, breaker STS or 6.9 kV bus 5e
fails, and the supplies from diesel generators 31 and 33-fail,

I
The supply path to bus SA from 6.9 kV bus 5 f ails, the supply pathe
to bus 2A from 6.9 kV bus 5 f ails, and the supplies from diesel
generators 31 and 33 fail.

The unavailability expression derived from these five f ailure conditions
is:

Q2A + SA = (At)2 + (At) { H + J(1 - K) + K + [M(1 - H) + B(1 - J) ,

~

t.

+ L]t } { (A + 3B + 2C)t + J + [2A + 3B + B(1 - J) + 2C]t}

{H + J(1 - K) + K + [M(1 - H) + B(1 - J) + L)t }2
.

4

x { { A + B + C)t + [(2B + C)t][J + (A + 2B + B(1 - J)

C)t] } .+

If diesel generator 31 is inoperable, the rondit.ional failure of power
at buses 2A anc 5A is determinec through evaluation c.f tne expression:

0 A +- SA, DG31, (A:)2 + ( At) { H + J(I - K) + K + [M(1 - H)
~

2
.

+ B(i - 0) + L]t } [(A + 3B + 2C)t) + (At)
'

x { J + [2A + 3B + B(1 - J) + 2C]t } + { H + J(1 - K) .

+ K + [M(.1 - H) + B(1 - J) + L]t } {(A + B + C)t

+ [(2B + C)t][J + (A + 2B + B(1 - J) + C)t] }.

Similarly, if ciesel generator 33 is inoperable:

02A + SA, DG33 = (At)2 + (At) [(A + 3B + 2C)t] + (At) { H '

+ J(1 - K) + K + [M(1 - H) + B(1 - J) + L]t }

x { J + [2A + 3B + B(1 - J) +. 2C]t } + { H + J(1 - K)

+ K + [M(1 - H) + B(1 - J) + L)t} { (A + B + C)t

+ [(28 + C)t][J + (A + 2B + B(1 - J) + C).t) }.'

a s .- ,

.

.

.
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'i 'C:n Citsil ger.eratcrs are unavailaole, the CCncitiChal f ailure of'

PNer at these b:.ses is cuartified througr.:

02A + 5A, DG31 + 33 = (At)2 + (A + B + C)t + [(A + 2S + C)t]'

! x [J + (2A + 2B + B(1 - J) + C)t].
~

~

The maintenance contribution to this failure state is calculated by
combining the unaviilability of each diesel generator due to maintenance-
with the corresponding conditional power-failure distribution. Since
either diesel generator'may be out of- service for maintenance when trie
initiating event' occurs, these individual oiesel generator effects are
added to produce the total maintenance contribution.

Failure of the fuel oil transfer system will result in failure of both
diesel generators. The contribution to this failure state from diesel
fuel oil supply failures is obtained by multiplying the conditional .

power unavailability distribution developed above with both diesel
generaters inoperable by the cistribution presented in Section 0.4.2.2
for tne unavailability of diesel generators 31 anc 33 cue to fuel supply
failures.

Case 7: Failure of Power at Suses 2A and 6A (Table 9.2-7)

This' case is very similar to Case 6. However, in the preceding case,
the station auxiliary transformer, breaker ST5 anc 6.9 kV bus 5 each
provicec a common failure-point in the power supplies to both buses 2A
anc EA. In this case, only the station auxiliary transfermer is comm::n
to both buses. This configuration introcu'ces a change to the final term $
in the unavailability expression. The unavailability ex;ression for '

this failure state is: .

'

02A + 6A = (At)2 + (At) { H + J(1 - K) + K + [M(1 - H)

+ B(1 - J) + L]t} {(A + 3B + 2C)t + 'J + [2A + 3B
.

+ B(1 - J) + 2C]t } + { H + J(1 - K) + K + [M(1 - H)

+ B(1 - J)~ + L]t } 2 {Ct + [(A + 3B + C)t]

x [J + (2A + 3B + B(1 - J) + C)t] } .

The conoitional power f ailure expressions and the diesel generator
maintenance and fuel supply failure contributions to power
unavailability are developed in the same manner as in Case 6.

Case E: Failure of Power at Euses 3A anc EA (Table 9.2-8)

Buses 3A anc 5A will' lose power if any of the following conditions are
,

satisfiec:
.

-

.- < . . .

.

.

.
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.

s Eusas 3A anc EA faii.
,

Bus 5A f ails and the normal sup;-ly to bus 3A f ails (excluding thee

station auxiliary transformer). -

. ; e Fus SA f ails, the normal supply to bcs 3A through 6.0 kV bus 3
fails, the normal supply to bus 2A througn 6.9 kV bus 2 fails, and

'the supply from diesel generator 31 f ails.

s Bus SA fails, the station auxiliary tranformer f ails, and the su'pply I

from diesel generator 31 fails.

e Bus 3A fails, the normal supply to bus SA f ails, and the supply from
diesel generator 33 fails.

e The normal supply to bus SA from 6.9 kV bus 5 f ails, the normal
. supply to bus 3A through 6.9 kV bus 3 f ails, and the supply from- <

diesel gererator 33 fails.
,

o Either 6.9 kV bus 5 or breaker STS fails, the normal supply to
bus 3A through 6.9 kV bus 3 f ails, and the supplies frcm diesel *

.

generators 31 and 33 fail.

e The station auxiliary transformer fails, and the supplies from
diesel generators 31 and 33 fail. -

In order to simplify the presentation of the unavailability, expression
for this failure state, the following variables are defined: g

X a H + J(1 - K) + K + [M(1 - H) + B(1 - J) + L]t
'

(diesel generatcr 33 supp.ly failure)
,

-

Y = J + [2A + 3B + B(1 - J) + C]t
(f ailure of normal power supply to bus 2A through 6.9 kV bus 2 or
bus 3A thrcugh 6.9 kV bus 3).

,

Z = H + 2J(1 - K) + 2K + [M(1 - H) + 2B(1 - J) + A + L]t
(diesel generator 31 supply failure).

The u.navailability. expression derived from the failure conditions
discussed above is thus:

03A + SA = (At)2 + (At)(Y) + (At)(X)[(A + 35 + 2C)t]

+ (At)(Z)(Ct + Y ) + (X)(Z) { Ct + [(A + B)t](()}2-

'

+ (X)(Y)[(2B + C)t].
.

If diesel cenerator 31 is inoperable, the conditional unavailability of
". pcwer at buses 3A and 5A,is calculated through the following reduced '

expression:
* t

.

.
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'

CIA - EA, LG;. * .41)2 - (AI) ? )
'At)(X)[(A - 3E - 2C)t)

"

2
+ (At)(Ct + Y ) + (1) {Ct + [(A - E)t)(Y)|
+ (X)(Y)[(2B + C)t).

!

Similarly, ,1f ciesel generator 33 is inoperable:
.

03A + 5A, DG33 = (At)2 + (At)(Y) + (At)[(A + 3B + 2C)t]

+(At)(2)(Ct+Y)+(Z){Ct+[(A+B)t](Y)|2

+ (Y)[(2B + C)t).

If both diesel generators are unavailable, the conditional failure of
power at tnese buses is characterized by the following expression:

03A + SA, DG31 + 33 = Ct + [(2A + 38 + C)t)(At + Y).
,

Tne maintenance ano fuel supply failure contributions to this case are-

quantified in the same m2.nner as c.escribec for Case 6..
,

Case 9:
Failure of Power at Buses 3A anc 6A (Table 9.2-9)

This case is very similar to Case 8. The principal cifference between
.

this and the preceding case is tne treatment of the cerron supply to
buses 3A anc 6A through breaker ST6 and 6.9 kV bus 6. A rearrangement
of failure terms is aise necessary to account fcr the pessibility cf
supplying pcwer to bus 3A frcm diesel generatcr 31 Tie-breaker 2AT3Awill autcmatically close only if the ncrmal fesc breuer te bus 3A iscpen are tne cutc.ut t,reti.er frc ciesel generatcr 31 is closec. Diesel
ger.erater 31 at.t:matically cicscs ento bus 2A only if an urcervcitagecondition is detectec at that tus. Therefere, tne diesel generator can
automatically supply power to bus 3A only uncer tnose f ailure conditions
which invche an initial .icts of voltage at both buses 2A anc 2A.
Higner orcer failure states are remcvec frcm this nonmutually exclusive
case through the application of' Boolean logic, as described in
Section C.2. The unavailability expression for this case, utilizing tne
cefinitiens for variables X, Y, anc Z presenteo above, is:

03A + 6A = (At)2 + (At)(Y) + (At)(X)[(A + 3B + 2C)t]
2

+ (At)(2)(Ct + Y ) + (X)[(A + B)t) + (X)(I)(Ct)
+ (X)[(28 + C)t) { J + [A + 2S

.

+ B(1 - J) + C)t } [1 -(Y)(2)).
'

The recutticos of this complete unavailability expression to c:,tain the'

ccr.citional pcwer failure states witt ciesel gerierator 31, diesel
generater 32, and both ciesel generators inoperable are accomplisnec in
the same manner as outlined in Case E. The resultinc mainter.ance are

.
'

fuel supply failure contributices tc pcwer :;r.availat5}ity at tnese cuses
are also cuantified as above.

.
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- Case 10: Failure cf Po-er at Euses SA and 6A (Table 9.2-10)

Since the ncrmal'and emergency power supplies to these buses are
''ccepletely symmetric, achievement of this failure state recuires:

[
e Failure of both buses. .,

,
'

.

Failure'o'f one bus and failure'of both the normal and diesele

ger.erator supplies to the other bus.
,

e Failure of the normal supplies to both buses and f ailure of the
supplies from diesel generators 32 and 33.

e Failure os the station auxiliary transformer and failure of the
supplies from diesel generators 32 and 33.

The complete unavailability expression for these failure conditions is[- <
,

05A + 6A = (At)2 +-2(At)(X)[(A + 3B + 2C)t]

+{Ct+[(A+3B+C)t]2}(X).2

The variable X represents failure of the power supply from a diesel .

gene,rator as defined in Case 8. If either diesel generator 32 or diesel
generator 33 is inoperable, the conditional failure of power at buses SA
and 6A is determined by the expression:

05A + 6A, DG = (At)2 + -(At)[(A + 3B + 2C)t] + (At)[(A + 3B + 2C)t)(X) ,

+ {Ct + [(A + 3B + C)t]2}(x),

If botn diesel generators are unavailable for' service, the' conditional
failure state is characterized by:

05A + 6A, DG32 + 33 = Ct + [(2A + 3B + C)t]2

Case 11: Failure of Power at Buses 2A, 3A, and 5A (Table 9.2-11)

The methodology enployed in the analysis of this f ailure state is
identical to that described for the preceding cases under this boundary
condition. Failure of power at all three of these buses will occur if
any of the following criteria are satisfied:

e Buses 2A, 3A, and' 5A f ail.
.

e. Buses 2A and 5A fail and the normal power supply to bus 3A fails. .

Buses 2A and 3A f ail, the normal power s'upply to bus SA f ails, ande

the supply from diesel generator 33 fails.
,

e Buses 3A and 5A fail, the normal power supply to bus 2A fails, and
the supply from diesel generator 31 fails. t.

.

.

'
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Eus 2* fails, eitr.er tne stati:r. auxiliary transfcerer or the cereal- c-

sur:1,. rains tc buses 3* are EA fail, anc the supply frem ciesel
ger. era:cr 33 fails.

Bus EA fails, either the statien auxiliary transformer or the normale

sucply paths to buses 2A and 3A f ail, anc the supply from cieselr

gererater 31 fails,
-

Eus 3A fails, either the station auxiliary transformer, breaker STSe

or 6.9 kV bus 5 frils, and the supplies from diesel generators 31
and 33 fail.

Bus 3A f ails, the nCrmal supply paths to buses 2A. and 5A from 6.9 kVe

bus 5 fail, anc the supplies from diesel generators 31 anc 33 fail,

Either the st' tion auxiliary transformer or the normal power supplyo a

paths to all three buses fail, and the supplies from diesel
.. ,

generators 31 and 33 fail.

The variables X and Y are retained in this case with the same
defir.itions as in Case 8 (failure of the supply from a diesel generator
and f ailure cf the normal supply to either bus 2A or bus 3A,
respectively). The unavailability expression for this combined failure
state is:

02A, 3A - SA . (At)3 + (At)2 (Ct + Y) + (At)2 (X)[(A + 3B-

,

+ 2C)t + Ct, + Y) + (At)(X) { 2Ct + Y2+[(A+3B+C)t)(Y)}
, <

2+(At)(X){(A+B+C)t+[(2B+C)t]
x [J - (A + 2B + B(1 - J) + C)t)| + (X ) { Ct + (Y.)2

x [(A + B)t + [(2B + C)t][J + (A + 2B + B(1 - J) - C)t]]|.
~

The cerivations of the conditional power unavailability expressions with '

diesel generator 31 inoperable, diesel ge'erator 33 inoperable, and with
both diesel, generators unavailable for service are analogous to those
presented in each of the preceding cases. These conditional ecuations
are:

02A, 3A + SA, DG31 = (At)3 + (At)2 (X)[(A + 3B + 2C)t] + 2(At)2

x(Ct+Y)+(At)(X){(A+B+2C)t+[(A+3B
.

+ C);)(Y) + [(2B + C)t][J + (A + 2B + B(1 - J) + C)t.)}
'

. ~

2+(At)(Ct+Y)+(X){Ct+(Y)[(A+B)t
'

y [(2B + C)t][J + (A + 2B + B(1 - J)+ C)t))}..
. .

.

S
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02A, 3A + 5A, CG33 a (At)3 + (At)2 [ .A - 3B + 2C)t + Ct + Y]

+ (At)2 (X)(Ct + Y) + (At)(X) {(A + B + 2C)t G

2+ [(2B + C)t][J + (A + 28 + B(1 - J) + C)t] + Y }
|

+ (At) { Ct + [(A + 3B + C)t](Y)| + (X) { Ct + (Y),
,

.

x [(A + B)t + [(2B + C)t][J + (A + 2B + B(1 - J)
C

+C)t]]}
02A, 3A + EA, DG31 + 33 = (At)3 + (At)2 [(A + 3B + 2C)t + 2Ct + 2Y)

+ (At) { (A + B + 3C)t + [(A + 3B + C)t)(Y)

+ [(28 + C)t][J + (A + 28 + B(1 - J) + C)t]
2+ (Y )} + (Y) {(A + B)t + [(2B + C)t] ,

'

x [J + (A + 2B + B(1 - J) + C)t] | + Ct.
-

Case 12: Failure of Power at Buses 2A, 3A, and 6A (Table 9.2-12)

This case is similar to Case 11. Component failure terms have been
rearranged in the unavailability expression _to account for the common
supply path to buses 3A and 6A through 6.9 kV bus 6. The effects of ,

these common failures are slightly asymmetric from these in Case 11 due *

to the sir.gle supply path from diesel generator 31 to bus 3A through the
bus tie. The unavailabi'ity expressicn for this failure state is:

,

02A, 3A + 6A = (At)3 * (At)2 (Ct + Y) + (At)2 (X)

x [(A + 3B + 2C)t * Ct + Y]+ (At)(X) { (A + B + 2C)t + Y2

+[(2B+C)t][J+(A+2B+B(1-J)+C)t]}
+ (At)(X ) { Ct + [(A + 3B + C)t](Y')| + (X ) { Ct + (Y)2 2

x [(A + B)t + [2B + C)t][J + (A + 2B + B(1 - J) + C)t]]}.

The conditional unavailability expressions and the diesel generator
maintenance and fuel supply failure contributions to power
unavailability are developed in the same manner as described in the
preceding cases.

- Case 13: Failure of Power at Buses 2.A, 5A, and 6A (Table 9.2-13)

The f ailure of pcwer at bu'ses 2^., 5A, and 6A will occur if:.
,

e Buses 2A, 5A, and 6A f ail.
, ,

(,

.
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e Euses 2A anc EA (2* ar.c C | f'il, ne r.cr al supply te tus 6A (EA)
f ails, anc sup;1;. f rcr. ciasal ce' ater 32 (32) fails,

e Euses SA and 6A fail, the norn supply to bus 2A fails, and the
supply from ciesel cenera cr 31 fails.

e Bus 2A f. ails, the nors tl supply paths to buses SA and 6A f ail, and
the su'pplies from diesel generators 32 and 33 fail. ~

e Bus SA f ails, the normal supply paths to buses 2A and 6A f ail, and
the supplies from ciesel generators 31 and 32 fail.

e Bus 6A f ails, either breaker STS or 6.9 kV bus 5 f ails, and the
supplies from diesel generators 31 and 33 fail.

e Bus 6A f ails, the supply paths to buses 2A and SA from 6.9 kV bus 5
.

fail, and the supplies from diesel generators 31 and 33 fail.
,

'

e Any one of the buses f ails, the station auxiliary transfccmer f ails,
and the supplies from the diesel generators to the two remaining- .

* buses fail.

e Either the station auxiliary transformer f ails or the normal power
supply paths to all three buses fail, and the supplies from all ,

three diesel generators fail.

The unavailability expression for this failure state is:
|

02A, EA + 6A , (At)3 . (At)2 (X) { 2[(A + 3B + 2C)t) + Ct + Y }

+ (At)'.Y2) { f; + B +3C)t t [(A + 2E - C)t]2

[(A - 25 + C)t](Y) + [(2B + C)t][J + (A - 25 * B(1 - J)+

C)t] } - (X )[Ct + [(A + 3B + C)t] {(A + B)t2+

[(2B+C)t][J+(A+2B+B(1-J)+C)t]}]+
.

The variables X and Y remain as' defined in Case 8.

Some of the failures described above may also cause the failur'e of power
at bus 3A. However, it must be remembered that the civen ur. availability

,

| expression has been cerived for the set of failure concitions whicn are
both necessary and sufficient for the achievement of this nonmutually'

exclusive failure state. Section C.2 ciscusses,the ar lication of

Boolean logic to determine the mutual.ly exclusive failure states from-

the cocpletc set of ncnmutually exclusive states'.
.

- The conditional failure of power a't all three of these buses with each
combination of diesel generaters unavailable is corputeo by selectively
removing the inoperable diesel generator (s) frcm the given*

*

-
.

,

.

.
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u.asai'. ability expressiCG anc evaluating the resulting reCuceC*
r

ecuat'cr.. The mair.tenance centriccticn te ocwer f ailure is obtainec bv~
eultiplying the cistributions fer incivicual diesel generater
unavailability cue to maintenance (frcm Section D.3) with the =

ccrresponding conditional power failure distributions. Since any of the
diesel generators may be out of service for maintenance when thei.

initiating event occurs, these thre,e indivicual diesel cenerat'or
maintenance inputs,are acced to produce the total contribution to power
failure due to maintenance. Similarly, the distribution presdnted in
Section 0.4.2.3 for the unavailability of all three diesel generators C
due to fuel supply failures is multiplied by the conditional power
failure distribution with all three diesel generators inoperab e to
produce the fuel supply failure contribution to this power failure state.

.

Case 14: Failure of Power at Buses 3A, SA, and 6A (Table 9.2-14)

The component failures contributing to this power unavailability state ,
'are similar~to those outlined above in Case However, diesels.

generator 31 can 6.tomatically supply power to bus 3A only under
ccnditions in which power is initially lost at both buses 2A.and 3A. If

bus 2A remains energized, breaker 2AT3A will not close autcmatically,
anc bus 3A will remain deenergizea.when its normal source of power is
lost. The definitions of the variables X (failure of the supply from .

ciesel generator 32 to bus 6A or from diesel generator 33 to bus SA), Y
(failure'of the nornal supply path to bus 2A or bus 3A), and Z (failure

,

of tne supply from ciesel generator 31 to bus 3A) are retainec in this
case as outlinec in Case 8. The unavailability expression is:

+
03A, 5A - 6A , (At)3 . 2(At)2 (X)[(A +- 3B + 2C)t) e (At)2(y)

- (At)2(2)(Ct + Y ) - (At)(X ) { Ct + [(A, + 3B + C)t]2 }2 2

+ ( At)(X) { (A + B)t + [(2B + C)t][J + (A + 2B'+ B(1 - J) + C)t)

+ [(2B + C)t)(Y)} + 2(At)(X)(2)[Ct + (Y) { (A + B)t

+[(2B+C)t][J+(A+2B+B(1-J)+C)t)})
.

2+ (X )[(2B + C)t) { (A + B)t + [(2B - C)t][J + (A + 2B.

2+ B(1 - J) + C)t) } + (X )(2)[Ct + {(A + B)t + [(2B + C)t)
x [J + (A + 2B + B(1 - J) + C)t] | 2),

Treatment of the conditional power unavailability distributions is-

censistent with the methodology presented in *he previcus cases. .

.

Failure of Power at all aSOY SwC chcear Euses (Table 9.2-15)Case 15:

The cerivation of tne unavailability expression for this f ailure state'

is an extension of the process outlined in the prececing cases. The
unavaila;,ility expression for the f ailure of power .at all four 480V r

.switcngear buses with offsite pcwer available is:
.

.
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(A1,'# - !!!'2 (Ct - Y} - (At)2 (X)[2P + 350 : , 2 A , 51, - (;2
*.

2C); - Ct - Y] + f.At)2 (X) { (A + B _+ 3C)t + Y2+

[(2B + C)t][J + (A + 2B + B(1 - J) + C)t]+

+ [(A + 3B + C)t](Y)| + (At)2 (X ) {(A 4 S + 3C)t2-

+[(A+3B+C)t]2+[(2B+C)t][J+(E+2B
.

+B(1-J)+C)t]~+[(A+3B+C)t](Y)}
2+(At)(X)[3Ct+[(A+3B+C)t]{(A+B)t

+[(2B+C)t][J+(A+2B+B(1-J)+C)t]}+2(Y).

x { (A + B)t + [(2B + C),t][J + (A + 2B + B(1 - J)
,.

+ C)t]|] + (At)(X ) [Ct + [(A + 3B + C)t]{(A + B)t3

+[(2B+C)t][J+(A+2B+B(1-J)+C)t]}
'

3+ (X ) [Ct + |(A + B)t + [(2B + C)t]

x [J + (A + 2B + B(1 - J) + C)t]}2],

The variable X represents failure of the power supply from a diesel
generator; Y represents failure of the normal supply path to bus 2A or
bus 3A. The expansions of-these variables are defined in Case B. *

As in all of the cases analyzed uncer this boundary condition, f ailures
of any cf the corpenents in the electric pcwer system are c'onservatively
allowed to occur at any time during the 6-hour period of this st0dy. No
attempt is made to mocel the time secuencing of the various combined
failures recuired tc achieve this failure state, and no recovery of
failed components is considered. . .

The maintenance and fuel supply failure contributions to power
unavailabil'ity are cuantified in the same manner as cescribed in the

.

preceding cases.

D.5 COPF.ON CAUSE FAILURES

A number of common causes have been identified as potential contributcrs
to failure of the electric power system at Indian Point Unit 3. The,

susceptibility of the system to failures induced by these causes is
generally depencent upon: (1) the locations of the system compenents,

'

(2) the physical properties of these components, (3) the operating
characteristics of the components as they are integrated into the pcwer

o - system cesign, and (4) the manner in which the system is operated,
maintained, and tested by plant personnel.,

-
.

.

'
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0.f.1 E XTERNAL EVENTS

Electrical pc.er supply ecuipment is generally susceptitle to f ailures
,

incuted by high terrperature, moisture, vibration or impact, and grit or
dirt. Switchgear and cable fires can affect the operation of many plant

! safeguarts systems. Because of'their pervasive nature, these fires are
treated separately in this study as a generic failure. cause applicable
to all systems. Fo'r similar reasons, the generic category of plant
system failures caused by seismic events is also treated as a unicue
subject in this study. (_

_

The diesel generators are housed in the diesel generator building
located adjacent to the Unit 3 control building. The building is
divided into three separate rooms, each of which contains'a diesel
generator, its associated starting air compressor and receiver, local
centrol panel and fuel oil day tank. The area housing diesel
generator 31 also contains a separate battery enclosure for station
battery 33. Three 7,700 gallon fuel oil storage tanks are buried,
cutside of and adjacent to the diesel generator building. Each diesel
ger.erator room is provided with an automatic water spray fire *

,

suppression system and a temperature sensitive fire detection system*

which alarms in the Unit 3 control room. The Indian Point Unit 3 fire
hazards analysis study has assessed the diesel generator building as an
area of low fire loading. The fire walls between each of the rooms will -

ccr.tain a fire involving the diesel fuel oil day tank, such that a
maximum of only one diesel generator should,be incapacitated by any fire
in this building.

c

The fire walls for the batt'ery enclosure iill prevent a fire at diesel
generator 31 from prcpagating to and involving battery 33.

,

Studies have indicated inat a conservative legnormal distribution for
the freauency of fires occurring in diesel generator rooms is:*

Median: 1.80 x 10-2 fires / room / year

Mean: 1.90 x 10-2~ fires / room / year

Variance: 3.53 x 10-5,

The detectors located in each of the diesel generator rooms will Quickly
alert the plant operating personnel to a fire in any of these rooms. In
this study we assign a 50% effectiveness to the combined efforts of the
automatic suppression system and the plant fire brigade to extinguish
any fire in one of these rooms before it reaches sufficient magnitude te
cause damage to the diesel engine, the generator, or their controls. It

'

.

*Apostoiakis, G. end M. Kalarians, "The Frecuency cf Fires in Light
.,.

Water Reactor Compartments," presented -at the ANS/ ENS Topical Meeting on-
,

Thermal Reactor Safety, Knoxville, Tennessee, April 7-11, 1980.
< . . - e-.

.

.
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shcuid be ncted that in order to be damaging,-the fire need not be of
.very large nagnituce; for. example,.a single relay or wire failure coulc
r.ecessitate repair, testing, or replacement of portions of the diesel
generater c_ontrol or protection systems. Applications of this
conservative response factor to the distribution of fire frecuency in

I the diesel generator.rocms results in the following lognormal
distribtttion for the frequency of. fires which result in sufficient

*

damage to cause a diesel generator to be removed from service for repair
or inspection:

Mean: 1.08 x 10-6 disabling fires / diesel generator
'

room / hour

Variance: 1.11 x 10-13,

Each of these fires could result,in a diesel generator being unavailable.

for a maximum period of 168 hours prior to unit shutdown (per the plant
technical specifications). Many of the fires will cause such minor-

. damage as to require a much shorter repair or inspection period.
However, in order to <1evelop a very conservative bounding estima'te.of,

diesel generator unava;1 ability as a result of. fires, it is assumed that
any damaging fire will necessitate the removal from service of the
associated diesel generator for-the full 7-' day period allowed by the
plant technical specifications._ Application of this maximua repair
period to the frecuency. distribution developed above results in the
following lognormal distribution for the unavailability of any diesel
generator due to fires: .

O F = 1.82 x-10-4Mean: D
'

Variance: 3.14 x 10-9 '

In order to assess the _ impact of these fires upon each of the electric.
power system failure states developed in Section D.5, this diesel.+

generator unavailability distribution is simply combined with the
distribution for the conditional f ailure of power in each state with
each of the diesel generators unavailable for service. (The process is
identical to the calculation of the' maintenance and fuel oil supply
contributions to power failure.) The'results of these computations are
presented in tne system failure state summary, Tables 10.1 and 10.2,
which are discussed more completely in Section D.7. It should be noted
'that no fires analyzed in this study result in more than-one diesel
generator'being made inoperable.

The only portions.of the electric' power system subject to conditions in
which signif.iCant moisture or floocing'could be present are the

'

electrical cable tunnel and.the containment penetration area. In the
cable tunnel, all cables are fully insulated and are routed in cable1

trays supported above floor le. vel. A floor drain system is proviced,-

and ventilation fans maintain sufficient air circulation to reduce'the'

-latent moisture to a level below which cable decradation could be
* U

cxpectec. In crder to dir;able any pertion of the electric power syster,
-

.

.

-
.

_
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a flooc in this area woulc have tc be of sufficient macnituce and
duration to sut.w g= at least tne icwer cable trays. Encer these
extreme ccncitions, it is expected that many plant systems and

0component's locatec at lower elevations would be affected more severely
than the cabling. Even if submerged, water could affect the cables only

! through insulation faults, and such faults would have to result in a
very selected set of consecuences to produce any significant, damage to
the power system (e.g., since the power supply cables to the switchgear
buses are not routed in the cable tunnel, the flooding-induced faul.ts
would have to be of'such a nature as to defeat the normal overcurrent C

fault protection devices which would open the affected load circuits at
their switchgear supply breakers). Moisture present in the containment
cable penetration area (from pipe ruptures, minor leakage, condensation,
etc.) could similarly affect single component power supply circuits
through selected insulation faults, but is very unlikely to result in
damage to the power supply switchgear due to the operation of the fault
protection devices. <..

,

Diesel engine failures which result in the ejection of large missiles
are extremely rare events. Even if such an event were to occur, the
walls separat'ing the diesel ge,nerator rooms would provide sufficient
shielding to prevent more thah'just the failed diesel engine and its
associated auxiliaries from being damaged. Such tailures would be
documented in the specific diesel generator failure data base a'nd are
thus included in the hardware failure contribution to electric power
system unavailability. The only other location in which the electric
power system exhibits a potential susceptibility to impact damage is the
480V switchgear room located in the control. building. Ine instrument r
air compressor located in this room is a low pressure reciprocating unit
which is not subject to failures resulting in the ejection'of high

~ ~

energy missiles. Even if such a f ailure were to occur, the compressor
is crierted such that the most probable trajectory for the resulting low
energy missiles is away from the switchgear. The switchgear buswork is
mounted in steel enclosures which provide additional protection of the
energized sections from impact damage.

,

None of the electric power system equipment is located in areas of the
plant subj'ect to significant dust, dirt, or grit. Individual component
failures resulting from such conditions as dirty contacts, relay plunger
bind.ing, control line clogging, etc., which are symptomatic of this
general cause category, have been included in the cuantification of the
plant-specific hardware f ailure data presented in Appendix B to this
report.

D . E. 2 HUMN ERROR
'~

Personnel errors associated with the periodic testing of the diesel-

generators are included in the testing contribution to power failure for
each operability state. In Section D.2 it is noted that the diesel-

generator operating mode selector switches are annunciateo at the Unit 3
control panels if. they are placed in any position other than " Auto."

|
The~inoperability of a diesel generator due to a mispositioned sw.i.tch, G

.

.
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1r.ereftre, recuires errCrs cf M*'. the testing persCnnel ar.d the centrol*

rec coeraters. These errors are ciscussed in greater detail and are
"cuar.tifisc in Section D.2.

The diesel generatcrs are the only m2jor components of the electric
power system which are subject to frecuent maintenance during unit:

operation. , Errors made by maintenance personnel during the disassembly,-

inspection, repair, and reassembly of the. diesel engine, the generator,
or of any portien of their control or support systems could result in
subsecuent failure of the diesel generator. The section on Human Error
Rates presented in the Methodology chapter of the main study report' ,

provides the follo ing lognormal distribution for the frecuency of
errors by maintenance personnel:

Mean: 9.0 x 10-3 error / maintenance event

Variance: 1.8 x 10 4 ... ,.

Not all of the errors committed during maintenance have the same
potential for causing total failure of the diesel generator. in fact,

it is expected that most of the errors will have relatively minor
impacts upon the successful operation of the unit. However, it must
also be recognized that any error results in a measurable level,of
degradation, even if it is as seemingly innocuous as failure to toroue a
single bolt to the manufacturer's recommended specifications. Because
very little information is available regarding the long-term operational
effects of minor errors, it is conservatively assumed in this analysis
that any error, regardless of its precise nature, could lead to failure

'

of the diesel generator. -

Eacn diesel generator must be tested to verify its operability followir.g
any mair.tenance. Since the successful ccepletion of this testing

recuires that the diesel generator start, accept the load, and operate
unter load for some period of time without exceeding established
operating parameter limits, the majority of maintenance personnel errors
affecting diesel generator operability will be detected before the
diesel cenerators are returned to service. We use a conservative
estimate of 95% for. the effectiveness of the diesel generator testing
program for detecting these errors. The resulting frecuency of
undetected maintenance errors is thus:

Mean: 4.50 x 10 4 undetected error / maintenance event

Variance: 4.50 x 10-7

Since normal diesel generator testing will not identify these errors,'

they would remain in effect for the entire period between successive.

maintenance events. Because the frecuency of maintenance and the mean
duratien between maintenance events are reciprocal cuantities, the
distribution developed above for the errcr frequency per maintenance,

event is numerically eCual to the distribution for the unavailability of
each diesel generator due to these undetected errors:

.
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I t'ean: On 1 = 4.50 x 10 4

Variance: a.50 x 10-7 ,

All of the diesel generators are| serviced by the same plant maintenance
l . staff and are subject to the same testing procedures. A review of the'

plant?s maii.tenance. records indicates that the actual work performed
during in'dividual d,aintenance events varies significantly in terms of'

both scope and spccific components affected. With the exception of the (
major overhaul aM inspection of each unit performed once during each
refueling cycle, there is no significant evidence of maintenance trends
in which the s'ame work is performed on each of the diesel generators'in
succession. There is'thus considered to be only a weak coupling between
errors made during the repair-of one diesel generator and those mader

during work on the other units. The section on Human Error Rates in the'

Methodolody chapter _of the main report provides an analytical expression,

'which models this low dependence between errors made during ta!.,k N and
the error rate for the preceding task N-1: .

1 + 19 Y
'

N-1 -
,.

Y * ''
N 20

The development and application of this relation are discussed in
Methodology chapter. It is used in this~ analysis to quantify the ;

coupling between the medians of the error frequency distributions for
ma'intenance events. As discussed in the development of this expression,
an error f actor of 5 is assigned to the resulting distribution for Yg
to express our uncertainty:about this rela. tion. The median of the G

Icenormal distribution presented above for undetected errors on single
diesel generators is yt;_) = 2.50 x 10 4 Use of this value in the

~

icw depencence coupling expression and application of the error factor
results in the following distribution for the frecuency of undetected

,

errors on a second diesel generator, given an error has been committed
during maintenance of the first unit:

Median: 5.02 x 10-2 error /second event, given an initial
error

Mean: 8.10 x 10-2 error /second event, given an initial
error

Variance: 1.05 x 10-2, '

The unavailability of both diesel generators due to these weakly coupled~

errors is determined by multiplying the conditional unavailability
distribution for the second diesel generator by the distribution for
error-produced unavailability of the.first unit. The resulting
' distribution.for-the^ unavailability of two diesel generators due to
undetected maintenance errors is:

, .

Mean: QE2 = 3.65 x 10-5q. ,
,

Variarce: 4.73 x 10-9'

.

.
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A;;'.'caticr. c# the weak Ccw;1 ire expressica tC deter..ine the COnciticnal
errer frecuency for a inird diesel cer.erator, given the cencition tr,at
errcrs have oc:urred during the aintenance of twc diesel generatcrs,
results in the folicwing distribution for the unavailability cf three
diesel generators due to undetected maintenance errers:

I
Mean: Or.g3 = 2.95 x 10-6

.
.

.

^4.92 x 10-11Variance:

The net effect of these maintenance errors is thus the possibility that
one, two, or all'three diesel. generators may be unavailable for service
due te some undetected flaw which will cause failure of the diesel
generator during starting or subseouent operation. Each of the electric
power system failure states developed in Section D.5 contains
distritutions for the conditional unavailability of power for various
combinations of diesel generator unavailability. The contribution to.

power failure from undetected maintenance errors is thus obtained.by
combining the conditional power failure distributions with the
corresponding diesel generator unavailability distributions presented .

The process is analogous to that described previously forabcve..

cuantifying the effects of fuel supply failures. Mathematically, the -

contribution to power failure from diesel generator maintenance errors
(Qg ) i, obtained through evaluation of the following general
ex pres *.: ion: ,

Qgg = [Opg ] x [ (conditional unavailability of power with each
single diesel generater incperable))i

, .

+ [0;.E 2 x (conditier.al unavailability of pcwer with each
set of two diesel gereratcrs incperable)) -

+ [0;.g3 x E (conditional unavailability of power with all
three diesel generators inoperable)).

The results of this cr mbination process are presented in the system
failure state summary, Tables 10.1 and 10.2, which are discussed more
fully in Section D.7.

The only other significant human error contribution to failure of the
electric power system is due to operator errors associated with the
recovery of pcrtions of the system which are deenergized by other
independent f ailures following event initiation. . As discussed
previously, in order to develop a conservative set of bounding failure
probabilities for application in each of the event secuences considered
in this study, the operator recovery error rate is taken to be unity

, over the 6-hour period followine event, initiation. For those event
secuences in whicn the failure of electric power under these boundary
concitions is a major contributor ic overall plant nonrecoverability,

~

', the time-dependent operatcr interactions with the electric power system
will be quantified within the specific context of the applicable
accident scenario.

v-. .

e

.
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0.6.3 SYSTEM DESIGN ,

Tne mest significant design-related centributor to electric pener system e
f ailures -is the f act that normally open tie-breaker 2AT3A will not close
automatically unless the normal feed breaker to bus 3A is cpen and the

- diesel generator 31 output breaker to bes 2A (breaker EGI) is closed.-
,

Breaker EGl is, in turn, interlocked to prevent automatic clos'ure unless
the normal feed breaker to bus 2A is open. Because of these breaker
interlocks, power must be initially lost at both buses 2A and 3A before C
bus 3A can be automatically reenergized from diesel generator 31. This
contribution is discussed in more detail and Quantified in the system
hardware' failure analysis presented in Section 0.5.

D.6.4 OTHER FAILURE CAUSE CONTRIBUTORS'

It is possible that other factors not explicitly identified and
Quantified in the preceding sections could affect the operation of the ,

'
electric power' system. The contribution of these causes to the
unavailability of power for each of the system failure states depends
upon both the nature of the specific hardware failures recuired to
achieve the loss of power anc the anticipated impacts of these
unioentified causes upon these components. It is important to emphasize
that these causes are unidentified; they have not been observed during
the operational history of Indian Point Unit 3 and are difficult to
conceptualize through any specific failure scenario. Furthermore, since
many unobserved causes have been specifically identified and cuantified
in the preceding sections, it is expected 'that the failure contribution
from these other causes will be significantly lower than any of those 4

oresented thus f ar in the analysis.
'

The cuantification of this contribution, although subjecti.ve in nature,
is possible through a conservative assessment of the analysis developed
in the preceding sections of this report. We are extremely confident
that the total contribution to each system f ailure state from these
unidentified causes is much less than that presented by the least
contributing identified cause. For conservatism, however, Ge set the
95th percentile of the "other causes" distribution eoual to the mean of
tnis smallest identified contributor. (This process essentially assigns
a 95% confidence to our ability to identify the significant contributors
to failure for any possible failure state.) Of course, we are also
highly uncertain of the. precise contribution from these causes and,
therefore, allow a' range of three orders of magnitude between the 5th
and 95tn percentiles of the assumed lognormal distribution. The
resulting distribution for the contribution of these other causes is
thus dependent upon the magnitude of the smallest identifed cause for,

eacn electric power system failure state anc is characterized by the
following parameters:'

95th Fercentile = mean value of smallest icentified cause --

distribution

5tn Percentile = (95th Percentile) x 10-3, .

.

t
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It is felt inat this cistributicn ;rovices a very censervative
*

.cpper-tound estimate cf the im a:ts of-these cther causes. The_

corptribution of this cause category to each of the electric pcwer system
failure s'tates is shown in the summary tables discusseo in Section D.7.

I D.7 SYSTEM FAILURE STATE SUMM'?.IES
-

. .

Tables 10.l'a'nd 10.2 summarize the contributions to each of the Indian
Point Unit 3 electric power system failure states from each of the cause
categories discussed in the preceding sections of this report. The-
hardware, testing error, maintenance,'and fuel supply failure
contributors are developed in Section D.5 and are shown explicitly in
Tables 9.1 and 9.2. The diesel generator fire and human error
contributors have been calculated by multiplying the diesel generator
unavailability. distributions resulting from these causes (presented in
Sections D.6.1 and 0.6.2, respectively) with the corresponding
conditional power failure distributions for the various states of diesgl
generator inoperability shown in Tables 9.1 an'd 9.2. The avantification '

of the unidentified "other causes" contributor is discussed in detail in
Section D.6.4

Although each of these contributing causes has been developed separately
in this analysis, they are not independent and, therefore, cannot be
simp,1y summed to produce the total unavailability of power for each
system failure state. Examples illustrating the depencencies between
causes are that fuel supply failure can lead to loss of power only if no
other- oiesel generator f ailures occur; hardware f ailures.can occur only
if the affected components,are not tagged out of service for

4maintenance. It is conservatively assumed that the unidentified "other
causes" of system failure can occur independently of any of the
icentified causes. The following variables are usec to def.ine each of
tne given cause categories:

,

; = unavailability due to hardware failures.

Og = unavailability due to components out of service for -

maintenance.

QT = unavailabiltity due to human error following testing.
.

QDF = unavailability due to diesel generator fires.

QFS = unavailability due to fuel supply failures.

Qgg = unavailability _due to human errors _during maintenance., ,

00's unavailability due to other (unidentified) causes.
~

.

The distributions for there failure contributcrs are combinec to produce
'

the total unavailability distribution for each electric power system
failure state through the following expression, which specifically
identifies the significant deper.cencies among the various cause
categories:

.

.

.
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OTctal * 08 x [ ( 1 - CV.) ( 1 - OT )( 1 - 0 ir ) ( 1 - Ors )( 1 - Or s ):

0x x [(I - 01)(1 - cor)3 + GFs x f(1 - Oh)(1 - C )M+
,

(1 - OT)(I - cor)(I - Orz)] + OT x [(1 - og)(1 - 007)]x,

*+ 007 X [(I - OM)(I - QT)3 + Or2 x [(I 0M)(I 0T).

x (I - Oor)] + 0o. ,

The " total" columns in Tables 10.1 and 10.2 thus characterize the
distributions for the unavailability of power in each of the system
failure states obtained from the combined contributions of all possible
causes, including the dependencies among these cause categ' cries,

s

It must be remembered that each of the failure state distributions.

presented in Tables 10.1 and 10.2 has been developed by considering all
possible contributors to failure without regard to the impacts of .these
contributors upon other system failure states. These distributions are,
therefore, the cuantification of the nonmutually exclusive ,

.

unavailabilities discussed in Section C.2. The application of the
electric power system analysis to the cuantification of the event trees
recuires that each of the electric power failure states is mutually
exclusive (e.g., the "f ailure of power at buses 2A and 5A" must -

represent the system state of no power at bus 2A, no power at bus SA,
and power 3 available at buses 3A and 6A)..

The discussion presented in Section C.2 provides the basis for G

determining the recuired mutually exclusive failure 5 cte unavailability
oistributions frcm the results summarizec in Tables 10.1 cnd 10.2. For
each of the desired mutually exclusive f ailure states, a locic
expression can be constructed which accounts for the relative
contributions frcm each of the ner. mutually exclusive states (refer to
the determination of tne shaded area of the Venn diagrarn in ,,

Section C.2). The m; tually exclusive f ailure distribution for the
failure of power at only bus 2A'is thus determined from the following
combination of nonmutually exclusive failure distributions (the circled
numbers correspond to the identification numbers of the failure states
presented in Tables 10.1 and 10.2).

Unavailability of power at only bus 2A =
|

@ - (@ + @ + @) + ( @ + @ + h ) - h.
Similarly,

.

| Unavailability of power at only bus 3A =

h - ( @ + h + h ) t ( h '+ h + h ) - h.*
.

T'he cuantification of the other two mutually exclusive single bus
o (.-

|, failure states follows the same logic. The expressien for the mutually t.

exclusive f ailure of power at only buses 2A and 3A is given by:,

.

,

bb
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* l' ras ailatility- cf pcwer at only tuses 2A anc 3A =

h - ( h + h) + h
anc

! Unavailability of power at only buses 2A and 5A =

h-(@+@)+ @. -

The remaining mutually exclusive two-bus failure states are obtained in
the-same manner. Extending this logic to the mutually exclusive state
of f ailure of power at buses 2A, 3A and SA results in:

Unavailability of power at only buses 2A, 3A and SA = @-@.

The expressions for the other.three-bus states are similar. Since the.

failure of power at all four buses is a unique event for this system,
the mutually exclusive distribution for this f ailure state is identical
to the ncomutually exclusive distribution.

'

Once the 15 mutually exclusive failure states have been determined, the
remaining possible state of the electric power system (i.e., the state
in which power is available at all four buses) is defined by the
following expression:

Probability that power is available at al.1 four buses

= 1.0 - E (15 mutually exclusive failure states).

Tables 2.1 and 2.2 present the results of this process and are the
icgically complete outually eyclesive electric pcrer syste , failure
state cistributiens for each cf the specifiec syster analys'is beundary>

conditions.

Diesel generator 31 can supply pcwer to a80V switcheear bus 3A only
through bus 2A and tie-breaker 2AT3A. Oncer the bounoary conoition of
offsite power not available to Unit 3, any failure which causes bus 2A
to be deenergized will also result 'in the failure of power at bus 3A.
Tnerefore, the mutually exclusive system failure states presented in
Table 2.1 which include failure of power at only bus 2A and not at bus
3A are indicated as being undefined for the given boundary conditions
(i.e., states 2, 7, 8 and 14 cannot exist as mutually exclusive states
under the given boundary conditions). Of course, if offsite power is
available, power may be lost at bus 2A with bus 3A remaining energized.
All of the mutually exclusive states are, therefore, defined under the
boundary conditions for Table 2.2.

'

0.8 INTERFACE WITH EVENT TREE OL'ANTIFICATION
'

'
The Incian Point Unit 3 electric power system is analy2ec for the-

unavailability of power for each of 16 possible system operability
states under two different bouncary conditicns. In order to interface

4 |t. directly with the cuantification of the event trees developec for this'
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stuCy, inese alectric comer sysIt- f!ilurb states rust be carefully
exarired ar.c certinec te satisf;. :re acercpriate initiating event
aralysis bour.cary CcncitICns.

g

The " Loss of Offsite Somer" initiating event recuires failure of at
- ! least the 345 kV and 138 kV offsite powe'r supplies to Unit 3..(These

are the min.imuc failures reovired to cause a unit trip and fcilure of
all offsite power, if no operator actions are considered.) The electric
power system failure state cuantifications directly applicable to this ,
initiating event are those summarized in Table 2.1. For completeness,
these results are repeated in Table 2.3a for the loss of offsite power
initiating event.

It is assumed i,n this study that all initiating events ultimately result
in a trip of the main generator. Since Indian Point Unit 3 is rated at
965 MW(e), the instantaneous loss of this input could have a significant
effect upon.the stability of the offsite power' supply network due to '

+

reduced transmission voltages, frecuency fluctuations, or power flow
imbalances as the grid recovers from the transient. The Consolidated
Edison transmission network has been designed to provide a stable power
supply grid under conditions of me!tiple large generating unit and major
transmission line outages. Detailed guidelines have been established
for the entire Consolidated Edison power supply network which define the
basis for system operation under a wide variety of steady-state and

~

transient conditions. A prime consideration in the establishment of
these guidelines is the requirement that no single loss of a generating
unit or transmission facility shculd result in an unacceptable condition
of degraced system operation. System oper,ating contingencies are 9
cefined by these guidelines and specify the need to provice accitional
generating capacity from Consolicatec Edisor.'s own f acilities or to

l provide power from network interties long before critical operating
stability limits are approachec. A detailed voltage reduction and
selective loac sheocing program is also specified in order to maintain
grid stability with adecuate margins under the most severe conditions.
Detailed system stability studies have been performed to verify the
efficacy of these operating guidelines under a wide range of scenarios.

|

The assignment of a distribution for the probability of losing offsite
power to Indian Point Unit 3 as a result of a trip of that unit is an
extremely difficult task. Factors affecting this conoition are total
system load, available spinning reserve capacity, the fraction of the
load being supplied from the Indian Point units, the status of
neighboring utilities' networks, scheduled and unscheduled outages of
specific generating units and transmission lines, etc. The analysis of
this problem presented in WASH-1400 applies a median value of 10-3 for'

the conc.itional loss of offsite power as a result of a unit trip.*

Several f actors limit the applicability of this value to the specific
proolem faced in this stud'y. The WASH-1400 distribution was developec..

frcm a review of Federal Power Commission studies of power supply
.

sA5.1-isbo,ApencixII,page34
.
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(.eb:rks ir. a wide variety C-' 'ccatiCns east Cf Ine EcCly McCr.12ir.s..

While it may be applicable 1: tne cc.gesite site studiec ir. WASH-la00,
it is certainly not cirectly applicable tc the Incian Point site. It

must also be recognizec that the reference stucy is now several years
outcated anc that significant adsances in the design, operation, and

-
j overall stability of virtually all transf.ission networks in the United

States have,been made during the intervening years. -

A detailed study of the availability of offsite pcwer to the Indian
Point site was undertaken by the Consolidated Edison Electrical Planning
Department in support of this profect. This study previdec a
macroscopic analysis of the independent hardware failure contributors to
the unavailability of offsite power at Buchanan Substation. Local grid
f ailures and Consolidated Edison interconnected system f ailures were
investigated. The analysis utilized Consolidated Edison historical
ccmpenent failure data, where available, and generic industry data where
no specific failure data was found. The assumptions and boundary ,

conditions applied to the analysis provided a pessimistic assessment of
system-wide and localized grid stability within the established sfstem
operating and design criteria. The study results cor.clude that the
unavailability of offsite power at Buchanan Substation due to -

.

independent hardware failures is approximately 3.88 x 10-8, without
regard to the status of either of the Indian Point units. The stated .

uncertainty in these results is one to two orders of magnituce,
primarily due to uncertainties in the component failure data bases
applied.

- .

The Consolidated Edison study provides a firm basis for a lower limit
*

estimation of the probabil'ity of failure of offsite power due to a trip
.of one of the Indian Point units. Power availability at Euchanan
Substaticr* shculd certainly be no better than that evaluate.c through the

,

analysis of these indepencert faflures. However, the study does not

censider the effects of eit.*er commen cause hardware failures or the
effects of multiple component unavailabilities due to causes such as
nonroutine maintena.nce, ccnstruction, system contingencies, etc.
Furthermore, the analysis has not evaluated the contributions to power
failure from local or system-wide transient instabilities which could be
either initiated or aggravated by the trip of a large generating. unit
under rare severe operating contingency conditions.

For the reasons cited above, we feel that the conditional power
unavailability at Buchanan Substation, given a trip of either~ Indian
Point unit, could be higher than that evaluated in the Consolidated
Eoison study. In order to cuantify the impact of this concitional power
failure state upon the public risk from Indian Point Unit 3, the-

following approach was adopted for this stuoy. Ar. uncertainty of one
ceder of magnitude was applied to the Consolicatec Edison analysis
results. The value of 3.88 x 10-7 was then assigned as the Stn~

percentile of an assumed lognermal distribution for this conditienal
loss of power. Since very little. evidence is available for the .

,

.

cuantificgtion of the upper limits of tnis distribution, the value of
1.0 x 10-3 frcm the WASli-1400 study was conservativ.ely assigned as the

.

.
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Sitr. percertile. The fcilcwing cerareters are, tnerefere, usec in this-

stucy to enaracterize tne distribution tc te appliec fer the prcbability
cf losine effsite pcwer to Indian Point Unit 3 as a result of any trip

C
of that unit:

5th Percentile: -3.88 x 10-7 Failure / unit trip,

95th.Pe*rcentile: 1.00 x 10-3 Failure / unit trip -

Median: 1.97 x 10-5 Failure / unit trip C

Mean: 3.41 x 10-4 Failure / unit trip

variance: 3.45 x 10-5,

A few observations must be made in order to place this distribution in a
proper perspective. It is our best estimate of a conservative

*
distribution to.be applied to this analysis only. Although it is
broadly based upon the results of the Consolidated Edison power
unavailability study performed for the Indian Point site, that study
provided substantial information for the estimation of the lower bound
only. The Consolidated Edison analysis does, however, demonstrate the
extreme stability of the power supply grid at Buchanan under severe
cperating conditions and reinforces our belief that the conditional

,

power failure distribution for Indian Point lies below that applied in
'a SH- la 00.

.

For these reascos, we feel that the median value of ou.r distribution is y
a very conservative estimate for the frecuency of this event. However,
we also feel that the assigned bread distribution adecuately accounts
fer our uncertainty in this value. The given distribution.,is thus
censiderec to re;; resent a conservatively beencing estimate for the
conditional failure of offsite power, which is as spccialized to'the
Indian Point site as is possible with the existing information base.

For all initiating events other than the loss of offsite power
initiator, offsite power is considered to be available immediately prior
to event initiation. Since each event results in the loss of the main
generator, the-electric power unavailability for each of the system
cperability states must be evaluated in light of the probability that
effsite power could be lost as a result of the unit trip. The
distributions presented in Tables 2.1 and 2.2 are based upon t' eh

existence of clearly defined boundary conditions. We also define the
following general avantities:

Q(X, 0) = unavailability of power in state X, given that offsite
'power is available.

Q(X, 0) = unavailability of power in state X, given that offsite
power is not-available.'

'

v P(0,,T) = probability of losing offsite power due to a unit trip. ('.

i

.

.
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Q(X, T) a unavailability of poner in state Y. siser. that a unit trip'-

has cccurred.

For any initiator other than the loss of offsite power, we tnus have:_

| Q(X,'T) = 0(X, 0) x P(0, T) * Q(X, 0) x [1 - P(0, T)].
~

Table 2.3b presents t.he mutually ex"clusive electric power system
cperability state distributions which are applicable to initiating
events other than the loss of offsite power. They have been computed by
ccabinine the distributions from Tables 2.1 and 2.2 with the
distribution for the conditional loss of offsite power discussed above.

~

D.9 -REC 0ERABILITY FACTORS

in order to develop consistent failure probabilities to be applied to
all of the event secuences analyzed in this study, the electric power

,

system f ailure states have been cuantified under the limiting condition
of an cperator reccvery failure rate of unity applicable to those
situations in which power is lost due to ecuipment inoperability or.
failure. This is certainly a very pessimistic assessment of human
response, but it is not meant to be applied as a model of real
behavicr. Rather, it represents a convenient method for temporarily
removing a very complex and subjective influence from the treatment of a
detailed system analysis which must.be consistently applied to a wide
variety of event scenarios. Human response to system failures cannot be
neglected. However, the cuantitative treatment of that response is made
manageable by addressing the issue in detail only in those specific -

instances in which the lack of response 1s* critical to overall plant
recevery success or failure.

'

The actions wnicn must be taken by the plant operators for' recovery of
any portion of the electric power system vary from simple manual *
cperations of circuit breaker controls from the. main control room panels
to rather complex local manual swittning, starting, and control of tne
emergency diesel generators, and provisions of emergency power supplies .

from onsite and near-site sources. The nature of the reouired actions
depends upon the observed system failures; the required response time is
determined by the magnitude of the failure and its effects upon the
operation of those safeguards systems necessary to maintain the plant in
a stable condition under the imposed initiating event scenario. The
f ailure rate of the operator in responding to the-emergency is
influenced by its' actual magnitude, the perceived urgency, the presence

'

of conflicting or confusing indications, his training and written
procedural guidance, and a vast array of additional technical, physical,
and psychological factors too numerous to consider. explicitly in a study

. such as this. The task of assigning a measurefof our' confidence in the
operator's performance under these conditions is not as difficult as it
might seerr at first glance. However, in order to provide a meaningful

, assesscent of his likely behavior, we must be very careful to provice.a-
precise description of ine situation with which he is faced. "Best

t/ estimate", cuantifications of. human performance under the worst case.

.
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ccr.ditiens 2 plieo to a broad r,ar.ge cf scenarios are thus no more '
rear.incful than are very cptimistic assessments of simple actions
appliec to complex and confusing situations recuiring rapid (correct) :

assessment and response.

~
f
' Having discussed the basis for our deferral of cperator response to

electric poker system recovery, we provice in this section a, summary of
the actions available and the applicable time frames for successful
performance of these actions in order to mitigate a wide variety of,the t

failures cuantified in Section D.S. Our general methodology for the
assignment of human error rates under time-dependent. situations of
varying stress levels and with varying degrees of operator ashistance is
described in a separate section of.this report. We defer the detailed
application of.this methodology to the summarized recover'y actions until
we have completely defined the scenarios in which it must be applied
(i.e., until we have identified the precise event secuences in which-

these actions are required). * <

Tables 11.1 and 11.2 summarize the recovery actions which are most
likely to reduce the consecuences of or completely mitigate -each of the
electric power system failures states presented in Section D.5. Also.

included are estimates of the time required for the performance of each
of these actions. Of course, this summary is not an exhaustive -

documentation of all possible recovery actions; it is simply our
assessment of the most direct methods available for coping with each of*

the analyzed failure states as based upon such information as automatic
system response and dominant contributors to fcilure. Since the loss'of
offsite power is of particular significance in its effects upon the q

availability of the electric power system, several recovery actions
available for the restcration cf this vital source of pcwer are '.

summarized in Table 12.
-

.
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E. CO*G USIONS

$The Indian Point Unit 3 electric power sys. ten has teen analyzed for the
failure of pc er at the aSOV soitchgear buses curing the 6-hour period
immediately following an initiating event. This analysis provides a

j very conservative upper bound for the unavailability of power in each of
'the system failure states examined. Operator actions for the recovery.

of failed components have not been included in this analysis ,because it
has been developed'for a broad range of initiating event scenarios. It
is unrealistically pessimistic to assume that nothing can be done to
restore power during a period as long as 6 hours. However, the impacts

~

of that power recovery and the probability of successful operator
response are highly dependent upon the precise event scenario during
which the failures occur. The bounding analysis presented in this
report will be used in the identification of those event sequences in
which electric power failure results in a significant impact upon public
risk. Once these dominant sequences have been. identified, the boundary
conditions will be established for the inclusion and quantification of

*specific power recovery actions.

A total of 16 electric power system operability states have been ~*-

cuantified fer each of two analysis boundary conditions. The more
restrictive of these boundary conditions is that in which all offsite
power remains unavailable for the entire 6-hour study period. It must
be remembered that "offsite power" is defined in this analysis as -

including, at a minimum, the 345 kV and 138 kV offsite power supplies to
Unit 3. Because manual operator recovery a'ctions are excluced from this
analysis, the unavailability of offsite power does not defir.e the status
of either the 13.8 kV cffs'ite supply from Buchanan Substation or the <

status of any of tne gas turbine units available to the site. The
availability of these reserve.cffsite supplies will significantly' affect
the tirre reovired to recover a source of power from other than the
diesel generatcrs, but it has hac no impact upon this conservatively
bounding failure analysis. The cuantification of offsite power
recovery, including the effects of the gas turbine units, will be
included in the overall plant recoverability analysis for those event
secuences in which offsite power failure proves to be a dominant
contributor to public risk.

*

If the diesel generators provide the only possible source of power to
the 480V switchgear buses, diesel generator failures and diesel
generator unavailability due to maintenance a're the dominant

. contributors to all of the electric power system failure states,

k'ith offsite power available, failures must occur in the normal power
~

supply trains to the a20V buses in orcer to interrupt voltage at any of
the buses. The failure of power at bus 2A is dominated by the f ailure.

of breaker UT2/STS to close following'a unit trip, with subsecuent
failure or unavailability of diesel gener.ator 31. Since tie-breaker

,

2AT3A will not automatically close if bus 2A is energized from its.

', normal power source, the single f ailure to close of breaker UT3/ST6
.

- represents the dominant cortributor to the less of power at only
,

, ,

.
,

.

'
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bus 3A. Failure of the com en s;.;;iies to buses 2A and SA, anc buses 3A
anc 6A fror- 6.9 kV buses 5 anc f, res;ectively, are tne cominant
centributors to the loss of normal poner te these specific pairs of *buses. The cominant contributcrs to the buses remaining deenergized
following the initial loss of voltage are subsequent failures in the

, ! diesel generator supply trains and diese) cenerator unavailability due
to maintenarice when the initial f ai. lure occurs. Failure of the station
auxiliary transformer is the single most important contributor to the
loss of pcwer at more than two buses, g

Following any transient other than the loss of offsite power initiating
event, the probability of losing the offsite power supply as a result of
the unit trip is extremely low. Even though this analysis is
conservatively bounding and includes no power recovery considerations,
the availability of the Indian Point Unit 3 electric power system is
extremely high under these conditions.

g*. /
''The loss of'offsite power transient produces the most severe impacts

upen the electric power system. The results reported in this analysis
do not take credit for any operator actions to effect recovery of either
onsite components or offsite power at any time during the 6-hour perioo
following event initiation. It must be especially emphasized that
absolutely no consideration has been given in this bounding analysis to
the operation or availability of the gas turbine units at the Indian
Point site or Buchanan Substation. Even under extremely severe
conditiens affecting the offsite power supply grid, these units should
provide a reserve source of power available'to station personnel well
within the 6-hour period covered by this analysis. It.is, therefore,

'
3

felt that the inclusion of recovery actions will significantly improve
the availabilty of power in all of tnese electric power operability
states. The cuantification cf these effects is, however, aeferred to
the oetailed evaluation of specific event secuences in which electric
power failure contributes significantly to public risk. The time frames
available for plant recovery and the response characteristics of plant
operating personnel are defined through these specific event sequences.
This information provides a necessary input to the final cuantification
of not only electric power recovery actions, but also to the specific
efforts made to minimize the consecuences of the given event scenario.

The intricacies and operational complexities of the Indian Point Unit 3
elect'ric power system have necessitated the bounding analysis. approach
adopted in this study. It cannot be emphasized too strongly that the
results presented in this section do not provide the full quantification
of the contribution to risk from electric power failures. The
conservative boundary ~ conditions and restrictive guidelines imposed upon-

this analysis insure that the results reported herein provide bourding
values fbr any of the event sequences studied. However, vital
interactions between the operators and the electric power system have
been omitted from this ana' lysis and cannot be effectively evaluated

,

until specific event secuences are clearly defined. It is, therefore,-

extremely restrictive an'd improper to remove this system analysis frort
the context of the main study report. The full effects of electric (

.

.

.
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TAELE 1

. !

INDIAf[ POINT UNIT 3 ELECTRIC P0kTR SYSTEM OPERAEILITY STATES
.

' (

State t'c Power at Bus (es) Power Available at Bus (es)
.

.
1 All Buses-

*
a

2 2A 3A , 5A , and 6A
.

3 3A 2A,-5A, and.6A
.

.

4 SA 2A, 3A, and 6A

2A, 3A, and 5A5 6A -

.

6 2A ano 3A 5A and 6A
,

7 2A and EA 3A and 6A
,

8 2A anc EA 2A anc 5A
. .

9 3A anc EA 2A anc 6'A

10 3A and 6A 2A and 5A

11 SA and 6k 2A and 3A -

2A , 3A , and SA 6A12 -

13 2A , 3A , and 6A 5A

14 2A, 5A, and 6A 3A

15 2A, 5A, and 6A 2A
.

16 All buses - .

,

'

.

.

'..
.

.

'
-

.
,

_

.

.

.

. . 78
13CC-C21SE 1 -.



e .
,

;cos systcr f ailures are ir.;crtar.t er.ly as they ic;cci t.per ultir. ate
;utlic risk. Therefcre, these effects, inclucirc cperator recevery
actiers, are cuartified in detail only at the specific event secuence
level.

l
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TABLE 2.1
*

.e
. .:

.
.

-

INDIAN POINT UNIT 3 ELECTRIC POWER SYSTEM MUTUALLY EXCLUSIVE FAILURE STATES
"'

Doundary Conditions: Offsite Power Not Available
No Recovery From Failures
Study Period Of 6 llours

.

.

Frequency of Given Electric Power State
.

Failure of PowerState At Bus (es)
'

5th 95thMean Median Variance Percentile Percentile

8.99 x 10-1 8.98 x 10-1 3.33 x 10-4 8.67 x 10-1 9.25 x 10-11 -

2 2A *

3 3A 2.60 x 10-3 5.52 x 10-4 1.43 x 10-4 3.05 x 10-5 9.99 x 10-3
U$ 4 5A - 3.16 x 10-2 3.01 x 10-2 6. 71 x 10-5 l'.90 x 10-2 4.41 x 10-2

5 6A 3.16 x 10-2 3.01 x 10-2 6.71 x 10-5 1.90 x 10-2 4.41 x 10-2
6 2A & 3A * 3.17 x 10-2 3.02 x 10-2 6.70 x 10-5 1.9) x 10-2 4.42 x 10-2
7 2A & SA *

8 2A & 6A *

9 3A & SA 9.65 x 10-5 1. 56 x 10-5 ' 3,45 x 10-7 6.79 x 10-7 3.61 x 10-4
10 3A & 6A

~
9.65 x 10-5 1.56 x 10-5 ' 3.45 x 10-7 6.79 x 10-7 3.61 x 10-4

11 SA & 6A 1.11 x 10-3 1.00 x 10-3 1.62 x 10-7 5.02 x 10-4 1.70 x 10-3
12 2A, 3A & 5A 1.11 x 10-3 1.01 x 10-3 1.62 x 10-7 5.07 x 10-4 1.70 x 10-3

~

13 ' 2A, 3A & 6A 1.11 x 10-3 1.01 x 10-3 1.62 x 10-7 5.07 x 10-4 1.70 x 10-3
14 2A, 5A & GA *

15 3A, 5A & 6A 3.50 x 10-6 4.08 x 10-7 g.g3 x 10-10 1.35 x 10-8 1.24 x 10-5
16 All buses 5.81 x 10-5 5.65 x 10-5 4.40 x 10-10 2.06 x 10-5 9.10 x 10-5

.

* State is undefined for these boundary conditions.
,

.

. G

e

. e *

$

1300A031881

-



-.
,

IABLE 2.2
.

' INDIAN' POINT UNII 3 ELECTitic POW:R SYSICM MUIUALLY EXCLUSIVE FAILURd STATES -

.

boundaryConditions: Of fsite Power Available
No Recovery From Failures
Study Period Of 6 ilours

*
.

'*

Frequency of Given E lectric Power State
Failure of PowerState .

At Bus (es)
'

Mean- Median Variance Perc tile Perc tile

9.99 x 10-I 9.99 x 10-3 9.23 x 10-7 9.96 x 10-I 9.99 x 10-11 --
2 2A 5.24 x 10-5 4.37 x 10-5 7.33 x 10-10 1.80 x 10-5 9.25 x 10-5
3 3A 1.42 x 10-3 1.08 x 10-3 9.25 x 10-7 3.45 x 10-4 2.81 x 10-I

o> 4 5A 2.34 x 10-6 2.13 x 10-6 6.27 x 10-13 1.18 x 10-6 3.69 x 10-6 -

5 6A 1.80 x 10-6 1.71 x 10-6 6.72 x 10-13 5.72 x 10-7 - 3.14 x 10-6
6 2A & 3A 3.21 x 10-7 2.74 x 10-7 2.56 x 10-14 1.15 x 10-7 5.68 x.10-7
7 2A & SA 2.26 x 10-8 2.05 x 10-8 1.21 x 10-16 6.72 x 10-9 ' 4.15 x 10-n
0 2A & 6A' <l.00 x 10-10*
9' 3A & 5A 2.21 x 10 9 9.07 x l'0-10- 2.41 x 10-17 1.01 x 10-10 8.15 x 10-9.

10 3A & 6A 5.66 x 10-7 5.01 x 10-7 4.95 x 10-14 2.42 x 10-7 8.92 x 10-/
11 SA & 6A 6.73 x 10-9 5.78 x 10-9 1.02 x-10-17 2.37 x 10-9 1.14 x 10-11
12 2A, 3A & SA 6.74 x 10-9 5.80 x 10-9 1.01 x 10-17 2.38 x 10-9 1.14 x 10-Il

2A, 3A & 6A 6.74 x 10-9 5.80 x 10-9 1.01 x 10-17 2.38 x 10-9 1.14 x 10-813 -

14 2A, 5A & 6A < 5.00 x 10-13*
15 3A, 5A & 6A < 5.00 x 10- 13 *
16 All buses 2.87 x 10-10 2.81 x 10-10 1.59 x 10-20 1.17 x 10-10 4.99 x 10-10

.

'
'* Bounded by more. limiting failure state

,

.
*

*
.

.

.

.

. .

'
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FABLE 2.3a
.

-

INDIAN POINI UNIf 3 ELECTitlC P0MIR SYSTEM MurVALLY EXCLUSIVE FAILURd STATES
--

-Applicability: Lnss Of Offsite. Power Initiating Event

Boundary Conditions: No Recovery From Failures.

,

Study Period Of 6 Ilours
,

.
. .

_

Frequency of Given E lectric P6wer State
Failure of Power

State At Bus (es)
Mean Median Variance Per tile Fer ile,

1 8.99.x.10-1 8.98 x 10-3 3.33 x 10-4 8.67 x 10-1 9.25 x 10-3-
'

*
2 2A ~

9.99 x 10-3S 3 3A 2.60'x 10-3 5.52 x 10-4 1.43 x 10-4 3.05 x 10-5 ~
4.41 x 10-24 5A' 3.16 x 10-2 3.01 x'10-2 6.71 x 10-5 1.90 x 10-2

5 6A 3.16 x 10-2 3,01 x 10-2 6.71 x 10-5 * 1,90 x 10-2 4.41 x 10-2
4.42 x;10-2

6 2A & 3A 3.17 x 10-2 3.02 x 10-2 6.70 x 10-5 1.91 x 10-2 6

*
7 2A & SA

*
8 2A & 6A
9 3A & SA 9.65 x 10-5 'l.56 x 10-5 3.45 x 10-7 6.79 x 10-7 3.61 x 10-4

10 3A & GA 9.65 x 10-5 1.56 x 10-5 3.45 x 10-7 6.19 x 10-7 3.61 x 10-4
11 5A & 6A 1.11 x 10-3 1.C!1 x 10-3 1.62 x 10-7 5.02 x 10-4 1.70 x 10-3
12 2A, 3A & 5A 1.11 x 10-3 1.01 x 10-3 1.62 x 10-7 5.07 x 10-4 1.70 x 10-3.

13 2A, 3A & 6A 1.11 x 10-3 1.01 x.10-3 1.62 x 10-7 5.07 x 10-4 1.70 x 10-3
*

14 2A, 5A & 6A
15 3A, SA & 6A 3.50 x 10-6 4.00 x 10-7 8.00 x 10-10 1.35 x 10-8 1.24 x 10-5-

16 All buses 5.81 x 10-5 5.65 x.10-5 4,40.x 10-10 '2.86 x 10-5 9.10 x in-S
,

.

<

* State.is undefined for this. initiating event.

*
.

.
~

.

1.100A041381/1
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IABLE ,2.3b - -

O.
INDIAN POINT UNIT 3 ELEClRIC POER SYSTEM MUTUAllJ 2XCLUSIVE FAILURE STATES

Applicability: Initiating Events Other Than Loss Of Offsite Power

Boundary Conditions: - No Recovery From Failures
Stuity Period Of 6 Ilou- -

..

_

Frequency.of Given Electric Power State
Failure of Power ~State At Bus (es)

Mean Median Variance - PercNtile Perc. ile

. .

1 9.99 x 10-1 9.99 x 10-1 1.61 x 10-6 g,97 x 10-1 1.00-

.2 2A 5.24 x 10-5. 4.3/.x 10-5 7.33 x 10-10 1.80 x 10-5 '9.25 x 10-5
$ 3 3A * 1.42 x 10-3 1,it,x 10-3 0,t1 x 10-7 3.76 x 10-4 3.4i x 10-3

4 SA 1.31.x 10-5 4.38 x 10-6 1,14 x 10-9 1.53 x 10-6- 2.82 x 10-5
5 6A -1.26 x 10-5 3.85 x.10-6 1,14 x 10-9 1,01 x 10-6 2.76 x 10-5.

6 2A & 3A 1.11 x 10-5 2.31 x 10-6 1.14 x 10-9 2.15 x 10-7 2.62 x 10-5
~ / 2A & SA 2.26 x 10-0 2.05 x.10-8 1.21 x 10-16 6.72 x 10-9' 4.15 x 10-Il

*

8 2A & 6A <l.00 x 10-10* ~

4.12 x 10-89 3A & SA 3.51 x 10-8 3.38 x 10-9 ' l.57 x 10-14 2.48 x 10-10
10 3A & GA .5.99 x 10-7 5.09 x 10-7 6.25 x 10-14 2.76 x 10-7 1.06 x 10-6

.

11 5A & 6A - 3.85 x 10-7 7.52 x 10-8 1.41 x'10-12 .4.81 x 10-9 7.74 x 10-/
!? 2A, 3A L SA 3.05 x 1.0-7 7.52 x 10-0 1,41 x 10-12 4.83 x 10-9 7.74 x 10-/
13 2A, 3A & 6A 3.85 x 10-7 1.52 x 10-Il I.41 x 10-12 4.83 x 10-9 7.74 x 10-/
14 2A, 5A & 6A < 5.00 x 10- 13*
15 3A, 5A & 6A 1.19 x 10-9 1.97 x 10-11 2.13 x 10-17 3'.07 x 10-13 1,07 x 10 >

16 All buses 2.01 x 10-8 3.53x10-9 3.87 x 10-15 2.27 x 10-10 , 4.04 x 10-Il

*

*Dounded by more Iimiting failure state
,

-
.

e. g
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TAELE 3*

NCIAN POINT EN:T 3 450V EUS LCACS

.'

Eus 2A *' Pressurizer Heaters Backup Group 32
Component Cooling Pump 32 -

Service Water Pump 32
-- Safety Injection Pump 32

Fan Ccoler Unit 32
De-Icing Pump 31
Rod Power Supply M-G Set 31
MCC 31
MCC 33
MCC 34
MCC 36C
MCC 310 _

,

Lighting Tran.former 31 (normal supply).
..

,

Eus 3A Pressurizer Heaters Backup Group 31
~

Service Water Pump 38 -

Service Water Pump 35
Residual Heat Removal Pump 31 .

'

Auxiliary Feedwater Pump 31
Fan Cooler Unit 34 - .

Charging Pump 32
-

dDe-Icing Pump 32 ,

MCC 32
VCC 35 .

Light ir.g Trarsf ce ar 32 -

Bus 5A ' Pressurizer Heaters Backup Grcup 33-
- Safety Injecticn Fu. p 31 -e

Contair. ment Spray Pump 31-
- Recirculation Pump 31 -
- Component Ccoling Pump ~31 -

Service Water Pump 31-
- Service Water Pump 34-

Service Water Pump 37-
Fan Cooler Un >t 31 -
Fan Cocler Un' t 33-
Charging Pump 31-

, Service Air Compressor -

- MCC 36A-
- MCC 38 -

'

MCC 39- -

_ Lighting Transformer 33 -
.

.

.

.. s .-
.

,

.
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TAEl~ 2-(centir.uec) '
.

'
|.

*

INDIAN POINT L' NIT 3 4EDY EUS LOADS

. - | ,

Bus 6A' Pressurizer Heaters Control Group
-

Safety , Injection Pump 33- ,-

' Component Cooling Pump 33
Containment Spray Pump 32
Recirculation. Pump 32.
Residual Heat Removal Pump 32
Service Water Pump 33
Service Water Pump 36

' - Service Water Pump 39
- Auxiliary Feedwater Pump 33- - ,

' '
-

Fan Cooler Unit 35
Charging Pump 33
Roc Power Supply M-G Set 32- ,

Main Turbine Auxiliary Lube Oil Pump
MCC 365
MCC 37
Ligt. ting Transformer 31 (emergency supply)

.

e

, s

'

.

S

.

.

.

O w
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>
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TABLE 4.

.

,

IrGI Ai; PCli.i Ur,'.T 3 DIE SEL GEtiE RATOP.
'

Aux!LIAF.iE 5 FOLE F. 5LA PL ]E 5

- ! "
.

.-

. Diesel Generater 31
.

Crankcase Exhauster MCC 36C

Startina Air Compressor MCC 34

Fuel Oil Transf er Pump'31 MCC~36C

Diesel Generator Control Power DC Power Panel 33
Output Breaker Contrcl Power DC Power Panel 33

Diesel Generator 32 - s.* a
.

Crankcase Exhauster MCC 36B

Starting Air Ccapressor MCC 37

Fuel Oil Transfer Pump 32 MCC 36B -

Diesel Generator Centrol Power DC Power Panel 32
Output Breaker _ Control Power DC Power Panel 32

.

'

'

Diesel Generator 33
,

Crankcase Exhauster
- MCC 36A

MCC 39Starting Air Compressor
Fuel Oil Transfer Pump 33 - MCC 36A <

Ciesel Generator Control Power DC Power Panel 31
'

Output Breaker Control Pcwer DC Power Panel 31,

.

* .

.

.

*
.

.

%

.

.
.

'

-

.
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TA S'_ E 5
.

-

IhDIAN POINT UNIT 3 MAJOR DC PO'w1E SYSTEM LOADS

I

'

Pewer Panel 31. Eain Turbine Emergency Oil Pump .

Instrument Bus 31 Static Inverter i
480V Bus SA Control Power
Control Roc Position Incication Inverter
Conventional Plant Emergency Lighting
Control Room Emergency Lighting
Diesel Generator'Suilding Emergency Lignting
Distribution Panel 31
Distribution Panel 33

I
- ,

Distribution Panel 31 Safety Injection System Valves Control Power
Diesel Generator 33 Control Power .

Main Steam Dump Control
Main Generator Trip Relays .

.

Main Turbine Trip Relays
Station Auxiliary Transformer Trip Relays ,

- Safeguards Actuation Train B Relays
Reactor Protecticn Train B Relays -

Distributicr. Panel 33 13.8 kV/ Gas Turbine Substation Control Power
Main Steam Isolation Valves Contro1 Power

, C
.

.

Power Panel 32 Main Feedwater Pumps Emergency 011 Pu p
,

Air Sice Seal Oil Backup Pucp

Instru.ent Sus 32 Static Inverter -

480V Bus 6A Control Power
Nuclear Plant Emergency Lighting
Electrical Tunnel Emergency Lighting
Distribution Panel 32
Distribution Panel 34-

- .

Districution Panel 32 Safety Injection System Valves Control Power
Diesel Generator 32 Control Power
Main Generator Backup Trip Relays
Main Turbine Backup Trip Relays
Station Auxiliary Transformer Backup Trip Relays

- Safeguarcs Actuation Train A Relays
Reactor Protection Train A Relays

Distribution Panel 34 Main Steam Isolation Valves Contrcl Power
Miscellaneous Plant Fire Protection System Controls

'

'. . Power Panel 33 Instrument Bus 33 Static Inverter
Diesel Generater 31 Centrol Power*

480V Bu' es 2A anc 3A Control Po,wer .
sC-.

Power Parel 34 . Instrument Bus 34 Static Inverter
.

.
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TAELE - 6,

.

!NCI4!. POINT UNIT 3 ilE V4C INSTRUK!C EUS
POWE F. SU?FL]E 5

I

Instrubent
. Power Supply Power Supply.

Normal Re. serve
*

Bus

31 DC Power Panel 31.through 120 VAC Lighting Bus 32*
Static 'averter 31

32- DC Power Panel 32~through 120 VAC Lighting Bus 32*
Static Inverter 32-

.

33 DC Power Panel 33 throuch 120 VAC Licntino Bus 32*-
Static Inverter 33

~ ~ ~ '

.

'

34 DC Pcwer Panel 34 through 120 VAC Lignting Bus 37*-

. Static Inverter 34

* Sized to supply only one istrument bus at a time. Supply to 120 :

VAC Lighting Bus 32 is frem 480V Sus 3A,through 4E0/120V Lighting
Transformer 32.

-
-

. z

. .

.

'

.

.
- *-. ,

'

.

(. .- -..

.

'
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TABLE 7

I . .

'-

: INDIAN P0ltiT UNIT 3 ELECTRIC POWER FAILURE INITIATING.EVEliTS-

^

. . .

*
t

. System Failure Linitiating Event Category
.

Loss of offsite power supply from Less of Offsite Power.
'

Station Auxiliarly Transformer

Less of po er to 6.9 kV bus Loss'of Primary Flow '
-

.

1, 2, 3 or 4~

Loss cf pc er at DC Pcwer Panel Reactor Trip
31 cr 32

Less of pc er to any two instrument Reactor Trip or Safety *

power t,uses . Injection (depencs upon
which buses are deenergizeo)

'

4.
.

D

4

4

h

o

.

i

9

*
a

4

e

6

*

(-
.

.
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IABLE 8

IrlDIAtt P0ltti utilf 3 ELECTRIC POWEit FAULT TREE BASIC EV2fif DESCRIPT!0ft, '
.

COMP 0tlEtiI l'AiLURE MODL C001tiG, Atio I:AILuitE HAIES ._

I or /-

Component Failure Mode Coding f ailure Rate ( 3) Reference (2)

6.9 kV Bus 2' Open Circuit JBS6932K 3.25 x 10-0 42

6.9 kV Bus 3 Open Circuit JBS6933K 3.25 x 10-8' "42
.

6.9 kV Bus 5 Open Circuit JBS6935K 3.25 x 10-0 -

42.

6.9 kV Bus 6 Open Circuit JoS6936K 3.25 x 10-8 42

400V Bus 2A Open Circuit JnS 32AK ' 3.25 x 10-0 42

4B0V Bus 3A Open Circuit JilS 33AK 3.25 x 10-0 42

400V Bus SA Open Circuit Jil5 35AK 3.25 x 10-0 42

400V, Bus 6A Open Circuit Jil5 36AK 3.25 x 10-fl 42

DC Power Panel 31 Opec Circuit 4115 331K 3.25 x 10-8 42

DC Power Panel 32 Open Circuit 405 332K 3.25 x 10-8 42

DC Power Panel 33 Open Circuit 405 333K 3.25 x 10-0 42

DC Power Panel 34 Open Circuit 4115 334K 3.25 x 10-8 47

$ Motor Control Center 32 0 pen Circuit JilSMC32K 3.25 x 10-8 42'
.

Motor Control Center 36A Open Circuit JilSM36AK 3.25 x 10-8 42

Motor Control Center 36l1 Open Circuit JtlSM36BK 3.25 x 10-0 42

Motor Control Center 36C Open Circuit JilSM36CK 3.25 x 10-0 42

Motor Control Center 37 Open Circuit JBSMC37K 3.25 x.10-0 6 42

fiotor Control Center 39 Open Circuit, JflSMC39K 3.25 x 10-8 42

Instrument' Bus 31 Open Circuit JBSIB31K 3.25 x 10-8 42

Instrument Bus 32 Open Circuit JBSIB32K 3.25 x 10-8 42

Instrument Bus 33 Open Circuit JBSIB33K 3.25 x 10-0 42

Instrument Bus 34 Open Circuit JBSIB34K 3.25 x 10-8 42

480V Lighting Bus 32 Open Circuit JBS4032K 3.25 x 10-D 42

(I)All failure rates shown are f ailure rates per hour, except those marked with an asterisk (*), which are
' .railure rates per demand.

.

(2)All f ailure data obtained from Table B.2-2 in Appendix B to this report. The number listed corresponds in the
specific item number presented in Tabic 11.2-2.

e

-
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IAllLE 8 (continued)-
.

- INDIAN POINT UNIT 3 dLECTRIC PORiR FAULT TREE BASIC EVENT DESCRIPTION,
COMPONENI FAILdillTM00C CODING, AND FAILURE RAIES

-

4 of'/

'

Component' Failure Mode Coding Failure Rate Reference
,

Supply' Breaker from 120 VAC Transfers Open JCBIBASB 2.67 x 10-6. . 31

. Lighting Bus 32 to Instrument -
. . .

Bus Supply
Circuit Breaker U255 Fails to close on demand JCBU255X 1.33 x 10-3*- 29

Circuit Breaker U356 Fails'to close on demand JCBU256X 1.33 x 10-3* 29

Circuit Breaker EGI Fails to close on demand JCB EGlX l.33 x 10-3*- 29

Circuit Breaker EG2 Fails to close on demand JCBEG2BX l.33 x 10-3* 29

Circuit Becaker EG3 Falls to closc-on demand - JCB EG3X 1.33 x 10-3* 29

Circuit IlreaNer 2AI3A Fails'to close on demand JCB2A3AX 1.33 x 10-3* 29

Circuit Breaker 2A Fails to open on' demand JCB 32AQ l.45 x 10-3* 30
Circuit Breaker 3A Falls to open on demand JCB 33AQ 1.45 x'10-3* 30
Circuit Breaker SA Fails'to open on demand JCB 35AQ 1.45 x 10-3* 30 ,

E .ircuit Breaker 6A Falls to open on demand JCB 36AQ l.45 x 10-3* 30 -

Circuit Breaker GT-35 Fails to close JCB GT5X- 1.00* (3)
Circuit Breaker GT-36 Fails to close JCB GT6X 1.00* (3)
Circuit Breaker 2AT5A Faiis to close JC02A5~.x 1.00* (3),

Circuit Breaker 3Ar6A' Fails to close JCB3A6AX 1.00* (3)
' DC Power Panels 31 and 32 Crosstie Falls to close 4CB3132X 1.00* (3)'

Supply Breaker to MCC 32 Fails to close (if open) 'JCBMCC2X 1.00* '(3)
Supply Breaker to MCC.37 Fails to close (if open) JCBMCC7X 1.00* (3)
Supply Breaker to MCC 39. Fails to close (if open) JCBMCC9X 1.00* (3)
120 VAC Lighting fluses 32 and 33 Fails to close JCBLBXTX 1.00* (3)

Crosstle
'

Gas Turbine Unit #1 Falls to supply power JGEGASTS 1.00* (4)-
Diesel Generator 31 . Falls to start and load XDLOG31N 1.44 x 10-2* 27'
Diesel Generator 32 Fails to st' art and load X0LDG32N 1.44 x iO-2* 27

Diesel Generator 33 . Fa'ils to start and load XDl'DG33N 1.44 x 10-2* 27-
,

.

(3) C~ircuit breaker requires manual operator action to close and is considered to remain open for hardware failure
'

quantification.
'(4) Operator must manually start and load gas turbine unit.

* Failure on demand
-

.

'

1300A041381/ I
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- TAllLE 8 (continued) ''

-

. ..

'IN01AN POINT UNII' 3 ELECTRIC POWdR FAtlLT -TREE BASIC.EVENf: DESCRIPfl0N,
.

~

1
'- .

COMP 0NLNi FAILURE M00C C001NG, AND FAILORE RAFES - 5 ~of 1:,

4

,

Failure Mode Co< ling Failure Rati!' Re'ference.
Component"

.

-Diesel Generator 51 Starting' Air Insufficient air supply XCROG315 Included in diesel generator
failure rate

Diesel Generator:32 Starting Air , Insufficient air supply XCRDG325, included in'dittsel generator-pressure
failure rate '',,

i

Diesel Generator 33 Starting Air Insufficient. air supply XCRDG335 . included in diesel generator
.

pressure
_

failure rate'
. pressure

4FUBY31K- 8.32 x 10-7- 36

Battery 31 Output Fuse . Opens.helow rating
4FUBY32K. 8.32 x 10-7 36i

Opens below rating
4Ful!Y33K 8.32 x 10-7 36Battery 32 Output Fuse -Opens below rating

,
i

4 Fully 34K 8.32 x 10-7 36llattery 33 Output Fuse Opens below rating
'

4BY 3310 0.35 x-10-8 34Battery 34 Odtput Fuse Fatlure (no output)
48Y 3320 0.35 x 10-81 34Battery 3i Failure-(no output)
413Y 3330 0.35 x 10-0 34; .

: Battery 32 Failure (no output)
40Y 3340 8.35 x 10-8 34 'Battery 33 Failure (no output)

'

so
Battery 34 Failure (no output) 4BC 331S _1.35 x.10-5 35, " ,

J4BC 3325 1.35 x 10-5 35-Battery Charger 31 Failure (no output)
4BC 3335 1.35 x 10-5 35Dattery Charger 32 Failure (no output)

,

4BC 3345 1.35' x - 10.-5 - 6 :35 -

,

Battery Charger 33 Failure (no output)
dlVS1315 3.77.x 10-6 ' 33Battery Charger 34 Failure (no output)2 - '

JIVS1325 3.77 x 10-6 33
Static Inverter 31 Failure (no output)
Static inverter 32 Failure (no output) .JIVS133S 3.77 x 10-6

-

33*

JIVSI345 3.77 x-10-6 33
.

Static Inverter 33 Failure (no output)
i Static inverter 34
!

'

{
,

-

:
; ..

.
j .

{.
'

..

j
-

.

!
'

..-
.,

.

.
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.TAllLE 8 (continued)
'

' '"
INDIAN POINT UNIT 3 f.LECTRIC POWER FAULI TREE' BASIC EVENr. DESCRIPTION,

.

COMPONENI FAILURE M0lE CODING, AND FAILURE RATES
6 of 7

_

Component Failure Mode Coding Failure Rate Reference

Instrument Bus 31 Supply Transfers open (open circuit) JSSMT318 e 43
'

Transfer Switch *

Instrument Bus 32 Supply Transfers open (open circuit) JSSMT320 e 43
Transfer Switch

Instrument Bus 33 Supply Trar.3fers open (open circuit) JSSMT33B- E 43
Transfer Switch ,

Instrument Bus 34 Supply Transfers open (open circuit) JSSMT34B E 43
Transfer Switch

Instrument Bus.31 Supply Failure to Transfer- JSSMT31X 1.00* (5)
Transfer Switch

Instrument Bus 32 Supply Failure to Transfer JSSMT32X 1.00* (5)
Transfer Switch

Y? Instrument Bus 33 Supply Failure to Transfer JSSMT33X 1.00* (5)
Transfer Switch

' nstrument Bus 34 Supply Failure to Transfer JSSMT34X 1.00* (5)i
Transfer Switch

480V Lighting Bus 32 Transfer Failure to Transfer. JSSIS325 1.33 x 10-3* 29,

Switch
480V Lighting Bus 32 Transfer Transfers open (open circuit) JSSTS320 e 43

Switch
Circuit' Breaker U255 Failure of closing signal JREU2555 included in breaker failure. rate
Circuit lireaker U256 Failure of closing signal JREU3565 Included in breaker failure rate
Circuit Breaker EGI -Failure of closing signal JRE EGIS locluded in breaker failure rate-

Circuit Breaker EG2 Failure of closing . signal JRE EG25 Included in breaker failure rate
Circuit Breaker EG3 Failure of closing signal JRE EG35 Included in breaker failure rate

.

(5) Transfer switch requires manual operator action and is considered to remain in normal position for hardware
failure quantification.

*

* Failure on. demand -

.

.

e

1300A041381/1
.

A. '



* .
.. .. ,

IAllLE 8 (continued).
r

. INDIAN POINf UNIT 3 LLECTRIC POWER FAULT TREE BASIC EVENT DESCRIPTION,
. *

* ''

COMPONEN1 FAILURE MODE C0lllNG, AND FAILURE RATES -

7 of./

.

Component Failure Mode Coding Failure Rate Reference

Circuit Breaker.EG3 Failure of closing signal JRE EG35 Included in breaker failure rate
Offsite Power Supply Failure (no offsite power) JSil0SPSD Detere,ined by boundary conditions

Djesel. Generator 31 . Failure of. Safety Injection - MRE SIS IS - Included in diesel generator

failure .signal
Diesel Generator 32 Failure of Safety injection- MRES1525 included in diesel generator

failuresignal .

Diesel Generator 33 Failure of Safety injection MRE SIS 35 - inclu.ded in diesel generator
failuresignal

~ Diesel Generator 31 Failure of undervnitage, signal JBSUV315 _ Included in diesel generator
failure.

Diesel Generator 32 Failure of undervoltage signal JBSUV325 included in diesel generator
failure

g; Diesel Generator 33 Failure of undervoltage signal JBSUV325 included in diesel generator

failure

liiesel Generator 31 Starting selector switch XSSSEllK 0.00 (6)
in " Auto"

Diesel Gener'ator 32 Starting selector switch XSSSEL2K 0.00 (6)
in " Auto" -

Diesel Generator 33 -Starting selector switch XSSSEL3K 0.00 -(6)
- in " Auto"

Supply 11reaker to.MCC 32 Receives signal to open JREMCC2D _ Determined by boundary conditions-

Supply Dreaker to MCC 37 Receives signal to open JREMCC70 Determined by boundary conditions

Supply Orcaker to MCC 39 Receives signal to open- 'JREMCC90 Determined by boundary conditions

Diesel Generator 31 Fails during operation XDLOG31N(7) 9.37 x-10-4 28

Diesel Generator 32 Fails during operation XDLDG32N(7) 9.37. x 10-4' 28

-Diesel Generator 33 Falls during. ope' ration XDLDG33N(7) '9.37 x 10-4 20
'

.

(6) This failure rate'is determined by human interactions during testing and maintenance and is considered to be
in the unfalled state for hardware failure quantifications. .

(7) Failure to start on demand and failure during operations combined.in a single code to reduce number of
cutsets generated. ,

- .

+

.
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.
,

__



-

.

.

.
.

.

P

TABLE 9.1-1

- ! Bouncary. Condition: Offs tte Power Not Available
.

No Recovery from Failures,-

Study Period of 6 Hours
- Failure State: Failure of Power at Bus 2A

1
,

Harcware Failure Contributien

Unavailabil'ity over 6 nours (OH):e-
mean: 2.27 x 10-2

,
variance: 7.89 x 10-5 ( ,

Unavailability on demand (at event initiation):e
mean: 1.72 x 10-2

variance: 4.27 x 10-5

e Dominant-failure contributors:

Diesel Generator 31 failure to start on demand
'

-

mean: 1.44 x 10-2
variance: 5.12 x 10-5_

-
.

O
Conditional Unavailability Witn Diesel Generators Inoperable

e Diesel Generator 21: 1.00 .

.

e Diesel Generator 32: No effect

e Diesel Generator 33: -No effect ,
.

. Testing Contribution to Unavailability
,

From Section D.2, unavailability of one diesel generator due to testinge

errors:
mean: . QTE1 = 2.51 x 10-5

variance: 7.20 x 10-9

ApplyingLthis to the conditional unavailability. cf power at Bus 2A with
Diesel Generator 31 inoperable yields:

.

,

.

Testing contribution to unavailability (OT):
mean: 2.51 x 10-5

variance: 7.20 x 10'9
~

-
- -

6

4
S

$

e

.
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TABLE 9.1-1 (continuec)

I .Ecundary Condition: Offsite Fower Not Available
No Recovery from Failures-

Study Period of 6 Hours -
*

Fa'. lure State: ' Failure.of Power-at Bus 2A

Maintenance Contribution to Unavailability

From Section D.3,.unavailab'ility of any diesel generator due toe

maintenance:
mean: 1.09 x 10-2 . ,,

-

variance: 1.48 x 10-5'

Applying this to the conditional unavailability of power at Bus 2A. with .
' Diesel Generator 31 inoperable yields:

Maintenance contribution to unavailability (Qg):
mean: 1.09 x 10-2 -

variance: 1.48 x 10-5

Diesel Fuel Oil Supply Contributio'n to Unavailability
~ *

From Section D.4.1, unavailability of Diesel Generator 31 due to fuel oile

supply failure:
mean: 5.49 x 10-6

.

,

variance: 5.10 x 10-II ,

Applying.tnis to the conditional unavailability of power at Bus 2A with.
Diesel Generator 31 inoperable yields:

.

Diesel fuel oil supply failure contribution to unavailability
(OFS)*

-

mean: 5.49 x 10-6
variance: 5.10 x 10-II

..

O

e

.

4
e

:

(* .o .
. .

.

e

.
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TAELE 9.1-2
. -

I Boundary Condition: Offsite Power Not Available
No Recovery from Fai. lures-

,
.

'
- Stucy Period of 6 Hours -

.

Failure State: Failure of Power at Bus 3A g

Harcware Failure Contribution

Unavailability over 6 hours (OH):e-
mean: 2.55 x 10-2

~ variance: 9.28 x 10-5
,

,

.

Unavailability on demand (at event initiation):e

mean: 2.00 x 10-2
*

,

variance: 5.70 x 10-5,

e Dominant f ailure contributors:
.

Diesel Generator 31 failure to start on demand
mean: 1.44 x 10-2 .,

variance: 5.12 x 10-5 ,

C
. ..

Conditional Unavailability With Diesel Generators Incoerable
'

e Diesel Generator 31: 1.00 -

e Diesel Generator 32: No effect .

e Diesel Generator 33: No effect

Testino Contribution to Unavailability

Frcm Section 0.2, unavailability of one dia' enerator due.to testinge

-errors:
mean:- QTE 1 = 2.51

^

.

variance: 7.20 x 10-9

Applying tnis to the conditional unavailability of power at Bus 3A with
Diesel Generator 31 inoperable yields:

Testing contribution to unavailability (OT):
mean: 2.51 x.10-5

v arianceI: 7.20,x 10-9-
,

*
.

L .* g*

.

O

e
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TAELE 9.1-2 (contir.uec)
f

. . ! Bouncary Conditicn: Offsite, Power Not Available
No Recovery from Failures -

,,

.
Study Period of 6 Hours -

-

Failure State: Failure of Power at Bus 3A.

~

Maintenance Contribution to Unavailability

.e From Section D.3,. unavailability of any diesel generator due to
maintenance:-

'

mean: 1.09 x 10-2
variance: 1.48 x 10-5 -

Applying this to the conditional' unavailability of power at' Bus 3A with-
5

Diesel Generator 31 inoperable yields:
.

Maintenance contribution to unavailability (Og):
mean: 1.09 x 10-2

variance: 1.48 x 10-5'

. .

Diesel Fuel Oil Supoly Contribution to Unavailability .y

From Section D.4.1, unavailability of Diesel Generator 31 due to fuel oil .e

..
supply' failure:

.

10-6
.

mear.: 5.49 x
variance: 5.10~x 10-Il

Applying t'his' to tne co.ncitional unavailability of power at Bus 3A with
Diesel Generator 31 inoperable yields: <

Diesel fuel' oil. supply failure contribution to unavailabi.lity
(0FS):

mean: 5.49 x 10-6
variance: 5.10 x 10-11

,

;. -
.

O

'
e

.

a
- .

e

e

e

.

.
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. TIELE 9.1 3'

-

Bouncary Condition: Offsite Power Not. Available
I No Recov'ery from Failures .

-

Study Period of 6 Hours..
,

'

Failure State: Failure of Power-at Bus SA
. (

Hardware Failure Contribution
'

Unavailability, over 6 hours (Qs)-e
mean: 2.27 x 10-2

variance: 7.89 x 10-5
-

4,-
,.,

~

e Unavailability on demand (at event initiation):
. mean: 1.72 x 10-2

variance: 4.27 x 10-5 .

o Dominant failure contributors:

Diesel Generator' 33 failure to start on demana-

- mean: 1.44 x 10-2
-

variance: 5.12 x 10-5 ,

Conditional Unavailab.ility With Diesel Generators-Inoperable- 9

e ~ Diesel Generator 31: No effect '

. .

e Diesel Generator 32: No effect .

e Diesel Generator 33: 1.00
4

'
Testino Contr ibution to Unavailability -

From Section D.2, una'v.ailability-of one diesel generator due to testinge

errors:
QTE1 = 2.51 x 10-5mean:

variance: 7.20 x 10-9

Applying this to the conditional unavailability of power at Bus SA with
Diesel Generator 33 inoperable yields:

,,

lesting contribution'to unavailability (OT): '

mean: 2.51 x 10-5' -

variance- 7.20 x 10-9
-

. .

$

-
g.

.

e

.
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TAELE 9.1-3 (continuec)

!
Boundary Condition: Offsite Power Not Available

No Recovery from Failures
Study Period of 6 Hours.,,

,. .

Failure State: Failure of Power at Bus 5A-

' Maintenance Contribution to Unavailability

From Section 0.3, unavailability of any diesel generator due toe

maintenance:
mean: 1.09 x 10-2

- variance: 1.48 x 10-5 . :..
-

.

Applying this to the conditional unavailability of power at Bus SA with
Diesel Generator 33 inoperable yields:

-

Maintenance contribution to unavailability (OM):
1.09 x 10-2mean:

'

variance: 1.48 x 10-5
,

.
,

Diesel Fuel-Oil Supply Contribution to Unavailability

From'Section D.4.1, unavailability of Diesel Generater 33 due to f'uel oil t
e

supply f ailure:
5.a9 x 10-6

,

cean: '

variance: 5.10 x 10-II -

Applying this tc the conditienal unavailability of power at Bus SA witn
Diesel Generator 33 inoperable yields:

'
-

.

Diesel fuel oil supply f ailure contribution to unavailability
(QFS): 5.49 x 10-6mean:

variance: 5.10 x 10-11

.

9

.

%

.

* L' .
.

.

$

0

.
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. TABLE 9.1 4

.

Soundary Conoition: Offsite Power Not Available
No Recovery from Failures,

' Study Period of 6 Hours.

Failure State: -Failure of~ Power at Bus 6A -*

C

Hardware Failure Contribution '

e Unavailatility over 6 hours (Qg):
mean: 2.27 x 10-2

variance: 7.89 x 10-5
.

e Unavailability on demaad (at event initiation):
mean: 1.72 x 10-2 .

variance: 4.27 x 10-5 ,

~
.

e Ocminant failure contributors:
,

Diesel Generator 32 failure to start on demand
mean: 1.44 x 10-2 -

variance: 5.12 x-10-5

Conoitional Unavailabilitv With Diesel Generators Incoerable
.

.
<

~

e Diesel Generator 31: No effect
.

e Diesel Generator 22: 1.00 *

'e Diesel Generator 33: No effect .

Testina' Contribution to Unavailability

.

From Section D.2, unavailability of.cne diesel generator due to testinge

errors:
. TE1 =:2.51 x 10-5Qmean:

- variance: 7.20 x 10-9

' ' Applying this tc the conditional unavailability of power at~ Sus 6A with
Diesel Generator 32 inoperable yields:

'
'

Testingcontributiontounavailability(OT):
mean: 2.51 x 10-5 ,

variance: 7.20 x 10-9'

-
.

.

. .

.
-
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.
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TABLE 9.1-4 (cor.tinuec)-

Boundary Conoition: Offsite Pc er Not Available
i No Recoyery from Failures

- Study Period of 6 Hours -
..

Failure State: Failure of_ Power at Sus 6A -

Maintenance Contribution to Unavailability

e From Section D.3, unavailability.of any diesel generator due to
maintenance: -

1.09 x 10-Emean:
' variance: 1.48 x 10-5 , ,

'

Applying this to the conditional unavailability of power at Bus'6A with
Diesel Generator 32 inoperable yields:

,

.

-Maintenance contribution to unavailability (0g):
mean: 1.09 x 10-2

variance: 1.48 x 10-5
,

Diesel Fuel Oil Supply Contribution to Unavailability

e From Section.D.4.1, unavailability of Diesel Generator 32 due to fuel cil.
supply failure:

. 4

cean: 5.a9 x 10-6
. . v ari ar.c e: 5.10 x 10-II '

.

Applying this to the ccccitional unavailability of power at Bus 6A with
Diesel Generator 32 incperable yielos:

~Dieselfueloilsupplyfailurecontributiontounav$i1 ability
(QFS):

mean: 5.49 x 10-6
.

variance: 5.10 x 10-II
' '

..

*
j .

.

D.
'

.

I _

I

e

.
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TABLE - 9.1-5
.

- I Boundary Condition: Offsite Power Not Available -
4 No Recovery from Failures -

Study Period of 6 Hours-

Failure State: Failure of Power- at Buses 2A and 3A .
C'

Hardware Failure Contribution
'

e Unavailability over 6 hours (Qs):
' mean: 2.27 x 10-2:

variance: 7.89 x 10-5
'

..

l

, e Unavailability'on demand (at event initiation):
mean: 1.72 x 10-2 .

variance: 4.27 x 10-5 .

e Dominant failure contributors:
,

- Diesel Generator'31' failure-to gtart on demand
mean: 1.44 x 10-C

variance: 5.12 x 10-5 - .
~

9
,

.

Conditional Unavailability With Diesel Generators Incperable
.

-e Diesel Generator 31: 1.00 -

.

e Diesel Generator 32: do effect

e Diesel Generator 33: No effect~ ,

Testino Contribution to Unavailability
,

a .From Section D.2, unavailability of one diesel generator due to testing.
errors:

.0TEl =.2.51 x 10-5
' '

mean:
variance: 7.20 x 10-9

Applying this to the conditional unavailability of power at Buses 2A and
,

3A with Diesel. Generator 31 inoperable yields:
.

Testing contribution to unavailability (OT):
mean: 2.51 x 10-5

= variance: 7.20 x 10-9.
,

I'.

.

.

.
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TABLE 9.1-5 (centinued)
|

! Soundary Condition: Offsite Power Not Available
No Recovery from Failures,

Study Period of 6 Hours-
.. -

Failure State: Failure of Power at Buses 2A and 3A

Maintenance Contribution to Unavailability

From Section D.3, unavailability of any diesel generator due to *

e

maintenarice:
mean: 1.09 x 10-2 *-variance: 1.48 x 10-5

Applying this tc the conditional unavailability of power at Euses 2A and,
3A with Diesel Generator 31 inoperable yields:

Maintenance contribution to unavailability (Qg):
mean: 1.09 x 10-2'

variance: 1.48 x 10-5 -

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.1, unav'ailability of Diesel Generator 31 due to fuel oil '
'

e

supply failure:
mean: 5.49 x 10-6'

variance: 5.10 x 10-Il
'

.

Applying this to the conditional unavailability'of power at Euses 2A and
3A with Diesel Generator 31 incperable yields:

.

Diesel fuel oil supply failure contribution to unavailability

(QFS):
mean: 5.49 x 10-6

variance: 5.10 x 10-11

'

.

.

.

e

*

* L: - .-

.

.
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TAE' E. 9.1-6.

.

-

Bouncary Condition: Offsite Power Not Available
No Recovery from Failures
Study Period of 6 Hours!

.

Failure of Power at Buses 2A and 5AFailure State:.
.- - . .

C

Hardware Failure Contribution
.

Unavailability over 6 hours (OH):e.
mean: 5.97 x 10-4

variance: 2.06 x 10-7

Unavailability on demand (at event initiation):e
mean: 3.38 x 10-4

.

-variance: 6.22 x 10-8 .

Dominant failure contributors:
.

e .
..

Diesel Generators 31 and 33 fail to start on demand:
2.46 x 10 4

'

mean:
variance: 4.13 x 10-8

Diesel Generators 21 and 22 fail during operation for 6 ho'rs:u

mean: 6.75 x 10-5
-

variance: 1.20 x 10-8 _ c
-

,

Conditional, Unavailability With Diesel Generators Ircoerable

e Diesel Generator 31:
2.27 x 10-2mean:

variance: 7.89 x 10-5

e Diesel Generator 32: No effect

e Diesel Generator 33:
.

2.27 x 10-2mean:
variance: 7.89 x 10-5

Diesel Generators 31 and 33e
1.00

Testino Contribution to Unavailability

From Section D.2, unavailability of one dies'el generator due te testing*

e

errors:
QTE 1 = 2.51 x 10-5

~

mean:', variance: 7.20 x 10-9.

1

t
Applying this to the conditional unavailability of power at Euses 2A anc

~* *

SA with Dies,el Generator 31 or Diesel Generator 33 incperable yielcs:
.

mean: 1.14 x 10-6
variance: 5.39 x 10-12

.

. Om M-
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TAELE 9.1-6 (continvec)
-

,

Ecuncary Condition: Offsite Po er Not Available
No F.ecovery from Failures

[ Study Perioc of 6 Pcurs
Failure State: Failure'of Power at Buses 2A a,nd 5A,

-

. ..

From Section D.2, unavailability of two diesel generators due'to t'estinge

-errors:
QTE2 = 2.0}Ix 10-6mean:

'

2.34 x 10-variance:

Applying this 'to the conditional unavailability of power at Buses 2A and
SA with Diesel Generator 31 and Diesel Generator 33 inoperable yields:*

'
- mean: 2.03 x 10-6 - ,

variance: 2.34 x 10-II *

e' Testing contribution to unavailability (QT): '

-

mean: 3.17 x 10-6
variance: I.76 x 10-11

.

Maintenance Contribution te Unavailability
.

-e From Section D.3, unavailability of'any diesel generator due to
maintenance:

mean: 1.09 x 10-2 <

variance: 1.48 x 10-5

~ Applying tnis to tne ccr.citicr.a.1 unavailability cf pcwer_ at Euses 2A anc
SA with Diesel Generator 31 or Diesel Generator 33 inoperable yields:

Maintenance contr.ibution to unavailability (Og):
mean: 4.93 x 10-4

variance: 4.89 x 10-8 -

.

.

Diesel Fuel Oil Supply Contribution to Unavailability

_From Section D.4.1, unavailability of Diesel Generators 31 and 33 due to'e;

fuel oil supply failure:
mean: 1.01 x 10-S

'

variance: 1.58 x 10-10

Applying this to the conditional unavailability of power at Suses 2A and'

5A witb Diesel Generators 31 and 33 inoperable yields:
,

Diesel fuel oil supply failure co.ntribution te unavailability
(0FS): -

-

mean: 1.01 x 10-5
variance: 1.58 x 10-10

.

-

.
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TAELE 9.1-7*

P

Boundary Condition: Offsite Power Not Available -

No Recovery from Failures
! Stuoy Perioc of 6 Hours

.

Failure State: Fai_ lure of Power at Buses 2A and 6A,,

(-Hardware Failure Contribution -

Unavailability over 6 hours (QH):e
mean: 5.97 x 10-4

variance: 2.06 x 10-7
,

Unavailability on demand (at event initiation):e
mean: 3.38 x 10-4 '

- variance: 6.22 x 10-8~ . .

i

'

Dominant failure contributors: .e

Generators 31 and 32 f ail to start on demand:
mean: 2.46 x'10-4

.

.
variance: 4.13 x 10-8

>

Diesel Generttors 31 and 32 fail durino operation for 6 hours:.

-

mean: 6.75 x 10-5 -

variance: 1.20 x 10-8 9- ,-

Ccncitional Unavailability With Diesel Generatcrs Incperable
- .

e Diesel Generator 31:
mean: 2.27 x 10-2 -

variance: 7.89 x 10-5
-

s Diesel Generator 32: 4
'

mean: 2.27 x 10-2
variance: .7.89 x 10-5.

e Diesel Generator 33: No effect

e Diesel Generators 31 and 32:
1.00

-Testino Contribution to Unavailability--

From Section D.2, unavailability of one diesel-generator due to testing
.

.e
errors:

OTE1 = 2.51 x 10-5mean:
3 variance: 7.20 x 10-9 .

-

,

Applying this to the conditional unavailability of power at Buses 2A and c.
:6A with Diesel Generator 31 or Diesel Generator 32 inoperable yie-lds:

mean: 1.14 x 10-6'

variance: 5.39 x 10-12,
..

1200A31EE1 ,
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TAS g.1-7 (ce'r.tinvec)
*

.
-.

Bouncary Cono. tion: Offsite Power Not Available
No _ Recovery from Failures

!
Study Perioo of 6 Hours

Failure State: Failure of Power at Buses 2A and 6A;,
.

e From Section D.2, unavailability of two. diesel generators due to testing
errors:

OTE2 = 2.0}Ix 10-6
'

mean:
2.34 x 10-variance:

.

Applying this to.the conditional unavailability of power at Buses 2A
and 6A with Diesel Generator 31 and Dipsel Generator 32 inoperable yields:

mean: 2.03 x 10-0
variance: 2.34 x 10-11

*
- -

-

Testing contribution to unavailability (OT):e
mean: 3.17 x 10-6

'
.

variance: 1.76 x 10-11

. Maintenance Contribution to Unavailability
,

.

e_ From Section D.3, unavailability of any diesel generator due to
-

maintenance:
mean: 1.09 x 10-2-

variancd: 1.48 x 10-5
-

. ,

4 plying this to the conditional' unavailability of power at Buses 2A and
6A with Diesel Generator 31 or Diesel Generator 32 inoperible yielcs:

Maintenancecontributiontounavgilability(0M): .

-

mean: 4.93 x 10-
variance: 4.89 x 10-8 ,

,

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.1, unavailability of Diesel Generators 31 snd 32 due toe
fuel oil supply failure:

: mean: 1.01 x 10-5

L.
variance: 1.58 x 10-10

| -Applying this to the conditional unavailability of power at Buses 2A ano
6A with Diesel Generators 31 and 32 inoperable yields: -

;

~

Diesel fuel oil supply failure contribution to unavailability
(CFS): -

mean: 1.01 x 10 e.-
.

.

?: variance: 1.58 x 10-10 ,

C.. .
,

-

,

!-
,

109
-

1200cC31EE1'-

LE- _ _



.

TA5'.E 9.1-8

.

Bouncary Condition: Offsite Pcwer Not Available
No Recovery from Failures
Study Period of 6 Hours

I failure State: Failure of Power at Buses 3A and 5A
:

.

Hardware Failure Contribution S
_

Unavailability over 6 hours.(Qg): .

e
mean: 6.65 x 10-4

varfance: 2.43 x 10-7 .

Unavailability on demand (at event initiation):e
mean: 3.91 x 10-4

.

variance: 8.04 x'10-8
.

e Dominant failure contributors:
.

.
*

Diesel Generators 31 and 33 fail to start on demand: ,

mean: 2.46 x'10-4
variance: 4.13 x 10-8

'

Diesel Generators 31 and 33 fail during operation'for 6 hours:
mean: 6.75 x 10-5-

variance: 1.20 x 10-8
, *

-
.

c*

Conditional Unavailability With Diesel Generators Incoerable
'

'

e Diesel Generater 31: .

*
2.27 x 10-2- mean:

variance: 7.89 x 10-5

e Diesel Generator 32: No effect

e Diesel Generator 33: *

mea'n: 2.55 x 10-2
variance: 9.28 x 10-5

e- Diesel Generators 31 and 33 .

1.00*

Testino Contribution to Unavailability
,

from Section D.2, unavailability of one diesel generator due to testinge

errors: ~

07El = 2.51 x 10-5mean:
varianc'e: 7.20 x 10-9/' ' , -

3

' Applying this to the conditional unavailability of peper at Suses 3A anc g
,- c,.

SA with Diasel Gancrator 31 cr Diesel Generator.33 inoperable yielos:

mean: 1.21 x 10-6
' .

variance: 6.07 x 10-I2
..

110
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TA E'.E 9.1-E (cer.t irred)~
r .

Scundary Condition: Offsite Pcwer Not Available
No Recovery from Failures
ftudy Period of 6 Hours

-

;,
Failure State: Failure'of Power at Buses 3A and 5A

.

.

From Section D.2, unavailability of two diesel generators due to t'estinge

errors:
QTE2 = 2.0}Ix 10-6mean:
2.34 x 10-variance:

Applying this'to' the conditionti unavailability of power at Buses 3A and
SA with Diesel Generator 31 and Diesel Generator 33 inoperable yields:-

mean: 2.03 x 10-6 ,
.

variance: 2.34 x 10-11 .

Testing contribution to unavailability (QT): -
e.

mean: 3.24 x 10-6
variance: 1.84 x 10-11 .

.

Maintenance Contr'ibution' to Unavailability
.

From Section 0.3, unavailability of any diesel generator due toe

maintenance:
mean: 1.09 x 10-2 '

variance: 1.48 x 10-5 ,

' A; plying this to the cencitier.a1 unavailability cf power at Suses 3A anc'

SA witn Diesel Generatcr 31 or Diesel Generator 33 inoperable yields:

Maintenance contribu'. ion to unavailability (QM):
m'e an : 5.24 x 10-4

variance: 5.44 x 10-8
*

D'iesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.1, unavailability of Diesel Generators 31 and 33 due to- o
fuel oil supply failure:

1.01 x 10-5mean:
variance: 1.58 x 10-10

Applying this to the conditional unavailability of power at Euses 3A anc -
'

5A with Diesel Generators 31 and 33 inoperable yieles:
,

'

Diesel fuel oil supply failure contribution to unavailability
'. (OFS):

1.0'1 x 10 cmean: -

variance: 1.58 x 10-10
.

eunne ..

.
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TAELE 9.1-9

Boundary Condition: Offsite Power Not Available ''

No Recovery from Failures
I Study Period of 6 Hours-

.

Failure State: Failure of Power at , Buses 3A and 6A.

.

~ Hardware Failure Contribution C
"

Unavailability over 6 hours (Qg):e
mean: 6.65 x 10-4

var'.nce: 2.43 x 10-7
,

Unavailability on demand (at event initiation):e

mean: 3.91 x 10-4 <s . . .

' variance: 8.04 x 10-8

e- Dominant failure contributors: .

.

Diesel Generators 31 and 32 fail to start on demand:
mean: 2.46 x 10-4 -

. v ari'ance: 4.13 x 10-8
.

Diesel Generators 31 and 32 fail du. ring operation for 6 hours:
mean: 6.75 x 10-5

variance: 1.20 x 10-8 . 4

*

Concitional Unavailability With Diesel Generatcrs incoerable
. .

e Diesel Generator 31: .

.mean: 2.27 x 10-2
variance: 7.89 x 10-5

'
e Diesel Generator 32: -

-

i mean: 2.55 x 10-2
variance: 9.28 x 10-5*

e Diesel Generator 33: No effect[-
! . .

'

I e Diesel Generators 31 and 32:
! 1.00

Testino Contribution to Unavailability'

.

From S'ection D.2, unavailability of one diesel generator due to testing| e

| . errors:
mea'n: QTE1 = 2.51 x 10-5,

variance: 7.20 x 10-9-
'

Applying this to the cor.ditional unavailability of power at Suses. 3A anc
i 6A' with Diesel Generator 31 or Diesel Generator 32 inoperable yicles:

mean: 1.21 x 10-6
'

variance: 6.07 x 10-12-
.
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TAE'.E 9.1-9 (centir.aec)*
.

Bouncary Concition: Offsite Power fact Available
No Recovery from Failures

j Study Period of 6 Hours
Failure State: Failure of Power at Euses 3A and 6A

,,

.

e From Section 0.2, unavailability of two diesel generators due to
testing e.rrors:

QTE2 = 2.0'Ilx 10-6mean:
2.34 x 10-variance:

.

Applying this to the conditional unavailability of power at Euses 3A and
6A with Diesel Generator 31 and Diesel Generator 32 inoperable yields:

mean: 2.03 x 10-6 ' ' 'variance: 2.34 x 10-il

. Testing-contribution to unavailability (OT):e

mean: 3.24 x 10-6
-

-

variance: 1.84 x 10-11

Maintenance Contribution te Unavailability
.

e from Section D.3, unavailability of any ciesel generator due to
' maintenance:

-

mean: 1.09 x 10-2 '

varianci: 1.48 x 10-5 - c-

Applyine this to the concitional unavailability of pewer at Suses 3A anc
6A witn Diesel Generator 31 or Diesel Generator 32 incper*able yieles:

Maintenancecontributiontounavgilability(0M): *

mean: 5.24 x 10-
variance: 5.44 x 10-8 ,

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.1, unavailability of Diesel Generators 31 and 32 due toe

fuel oil supply failure:
mean: 1.01 x 10-5

variance: 1.58 x 10-10

Applying this to the conditional unavailability of power at Euses 3A a'nd
6A witn Diesel Generators 31 and 32 incperable yielos:

'

Diesel fuel oil supply failure contribution to unavailability
(O s):F

-

1.01 x 10-5'
mean:

'. variance: 1.58 x 10-10
'

Q.. .

.

.

*
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TABLE 9.1-10 -

.

Bour.cary Condition: Offsite Po er Not Available
No Recovery from failures
Study Period of 6 Hours

; failure State: Failure of Power at Euses SA and 6A
..

,

iHardware Failure Contribution

Unavailability over 6 hours (OH): -

e
mean: 5.97 x 10-4

variance: 2.06 x 10-7 .

-

Unavailabilityondemand(ateventinigiation):e
mean: 3.38 x 10--

variance: 6.22 x 10-8
.

e Dominant failure contributors: .

-
.

Failure of Diesel Generators 31 and 33 to start on demand:
mean: 2.46 x 10-4

variance: 4.13 x 10-8
,

Failue of Diesel Generators 32 and 33 durino operation for 6 hours:'
-

mean: 6.75 x 10-5
variance: 1.20 x 10-8

_ ,

c*
- ..

Corditicnal Unavailability With Diesel-Generaters Incoerable
*

'

s Diesel Generator 31: tio effect -'
,

a Diesel Generator 32: .

mean: 2.27 x 10-2
variance: 7.89 x 10-5

.

.

e Diesel Generator 33:
mean: 2.27 x 10-2

variance: 7.89 x 10-5

e Diesel Generators 32 and 33: -

1.00-

Testino Contribution to Unavailability

From 5ection D.2, unavailability of. cne diese1 generator due to testinge
' errors: .

me a,n: QTE1=2.5[x10-5
variance: 7.20 x 10 -

, ,)

' Applying this to the conditional unavailability of power at Suses SA and (
g.

6A with Diesel Generatcr 32 or Diesel Generator 33 inoperable yields:
,

mean: 1.14 x'10-6
' .

variance: 5.39 x 10-12
.

Il4
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TABLE 9,1-10 (contir.ued)
,

Boundary Cont.ition: Offsite Power Hot Available
No Recovery from Failures

I Study P'eriod of.6 Hours-
-

.

Failure State: Failure of Power at . Buses 5A. and 6A-

,

'

.

From Section 0.2, unavailability of two diesel generators due to testinge

errors:

QTE2=2.0}Ix 10-6
-mean:-

variance: 2.34 x 10-,

Applying this to the conditional unavailability of power at Buses SA.

and 6A with Diesel Generator 32 and Diesel Gdnerator 33 inoperable yields: '

mean: 2.03 x.10-6 ,

variance: 2.34 x 10-11
.

*

e Testing contribution to unavailability (QT):
mean: 3.17 x 10-6

variance: 1.76 x 10-11
'

Maintenance Contribution to Unevailability.

From Section D.3, unavailability of any diesel generetor due toe

maintenance: - '-

mean: 1.09 x 10-2
.

variance: 1.48 x 10-5
,

-

Applying this to tne cor.citional unavailability of power at Buses 5A and
6A with Diesel Generator 32 or Diesel Generator 33 inoperable yields:

Maintenancecontributiontounavgilability(Qg): .

mean: 4.93 x.10-,

variance: 4.89 x 10-8 -

.

Diesel Fuel Oil Supply Contribution-to Unavailaoility.
~

Frob.Section0.a.1,unavailabilityofDieselGenerators32anc33cuetoe.
fuel oil supply failure:

mean: 1.01 x 10-5
variance: 1.58 x 10-10

.

Applying tnis to the conditional unavailability of power at Buses SA anc
6A with Diesel Generators 32 and 33. inoperable yields:-

Diesel fuel oil sup' ply failure contribution to unavailability-

(QFS):
'

-

mean: 1.01 x 10-5
variance: 1.58 x 10-10

-

.

.
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T}it.E 9.1-11

~

Boundary Condition: Offsite Power Not Available
'

No Recovery from Failures
, Stuoy Feriod of 6 Hours--
-

Failure State: Failure of Power at Buses 2A,' 3A anc 5A,- ,

I'

~ Hardware Failure Contribution

Unavailability over 6 hours (Qg):e
mean: 5.97 x 10-4

variance: 2.06 x in-7
,

Unavailability on remand (at event initiation):e
mean: 3.38 x 10-4 '' " '

ve.iance: 6.22 x 10-8'

e Dcminant failure cor.tributors:

Failure of Diesel Generators 31 and 33 to start on demand:
mean: 2.46 x 10-4 .

variance: 4.13 x 10-8
-

.

Failure of Diesel Generators 31 and 33 durino operation for 6 hours:-

mean: 6.75 x 10-5 -
variance: 1.20 x 10-8- <

Cenditional Unavailability With D'iesel Generators Incoerable
.

e Diesel Generator 31: ^ -

2.27 x 10-2mean:
variance: 7.89 x 10-5

*

s Diesel Generator 32: No effect .

e Diesel Generator 33: -
2.27 x 10-2mean:

.

variance: 7.89 x 10-5

Diesel Generators 31 and.33:e
1.00

Testing Contribution to Unavailability''

.

From Section D.2, unavailability of one diesel generator due' to testing
'

e

errors:
6 mban: OTE1 = 2.51 x 10-5

v ar.iance: 7.20 x 10-9

Applying this to the conoitional unavailability of power at Buses 2A, 3A
anc 5A with Diesel Generator 31 or Diesel Generator 33 inoperable yieles:

mean: 1.14 x 10-6
.

variance: 5.39 x 10-12
-

_
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TAELE 9.1-11 (continvec)

Boundary Condition: Offsite Power Not Available
No Recovery from Failures,
Study Perioo of 6 Hours-

,

Failura State: Fa'ilure of Power'at , Buses'2A,, 3A and 5A*
,

,

.

From Section D.2,-unavailability of two diesel generators due to testinge

errors:

QTE2=2.0}Ix 10-6_mean: .

. variance: 2.34 x 10-

Applying this to the conditional unavailability of power at Buses 2A, 3A
and 5A with Diesel Generator 31 and Diesel Generator 33 incperable yiFids:

mean: 2.03 x 10-6
. variance: 2.34 x 10-11

. .

Testing contribution to unavailability (OT):e

mean: 3.17 x 10-6
variance: 1.76 x 10-11

.

Maintenance Contribution to Unavailability

e Frcm Section 0.3, una.vailability' of any diesel generator _due to
raintenance: - - - -

-

mean: 1.09 x 10-2
v'ari anc e: .1.48 x 10-5

.

. Ap;:1ying this to the conditional unavailability of power at Buses 2A, 3A
anc SA with Diesel Generator 31 or Diesel Generator 33 inoperable yields.:-

.

Maintenancecontributiontounavgilability(QM):
mean: 4.93 x 10-'

v'ari anc e: 4.89-x 10-8

Diesel Fuel Oil Supply Contribution to Unavailability

e ' From Section D.4.1, unavailability of Diesel Generators 31.and 33 due to
fuel oil supply _ failure:

mean: 1.01 x 10-5
variance: 1.58 x 10-104

4 plying this to the conditional unavailability of power at Euses 2A, 3A,
ar.c SA with Diesel Generators 31_and 33 inoperable yields:'

4

Diesel fuel oil' supply failure contribution to unavailab.ility*

(OFS):
'

--

mean: 1.01 x 10-5
* - L' verience: 1.58 x 10-10 ,-* .

.

.

.

'
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TABLE 9.i-12

'Boundary Condition: Offsite Power Not Available
No Recovery from Failures
Study Period of 6 Hours!

.

Failure of Power at Euses 2A, 3A, anc 6AFeilure State:
,

.
,

(Hardware Failure Contribution
.

o Unavailability over 6 hours (Qg):
mean: 5.97 x 10 4

variance: 2.06 x 10-7

-e Unavailability on. demand (at event initiation):
mean: 3.38 x 10-4

'

variance: 6.22 x 10-8 ,

e Ocminant failure contributors: -

,

.

Failure of Diesel Generators 31 and 32 to start on demano:
mean: 2.46 x 10-4

variance: 4.13 x 10-8 ,

Failure of Diesel Generators 31 anc 32 durine operation for 6 hours:
mean: 6.75 x 10-5 ' -

~

v ari anc.e: 1.20 x 10-8 q
-

.
,

Coccitional-Unavailability Witn Diesel Generators Incoerable
> -

e Diesel Generator 31:
mean: 2.27 x 10-2

'

variance: 7.89 x 10-3

o Diesel Generator 32:
mean: 2.27.x 10-2

variance: 7.89 x 10-5
-

e -Diesel Generator 33: No effect-|

s' Diesel Generators 31 and 32:
1.00

Testino Contribution to Unavailability
.

f rom Section D.2, unavailability of, one diesel generator due to testinge

errors:
mean: OTE1 = 2.51 x 10-5

': variance: 7.20 x 10-9
-

-

If Applying this to the condit.icnal unavail, ability. cf power at Euses 2A, 3A, i'-
.

and 6A witn Diesel Generator 31 or Diesei Generator 32 inoperable yisics:
.

.

mean: 1.la x 10-6
variance: 5.39 x 1C-12

.

[ --e:- :(- 1)g
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TAELE 9.1-12 (centinvec)
e

Boundary Condition: Offsite Power Not Available
No Recovery from Failures

l' Study P,eriod of 6 Hours
-

; Failure State: Failure of Power at Buses 2A," 3A, and 6A
. .

'

From Section 0.2, unavailability of two diesel generators due to testinge

errors:
QTE2 = 2.0jIx 10-6mean:

variance: 2.34 x 10- .

Applying this.to the conditiona' unavailability of power at Buses 2A, 3A
and 6A with C.esel Generator 31 and Diesel Generator 32 inoperable yields:

mean: 2.03 x 10-6
'

,
' varianca: 2.34 x 10-11 .

Testing contribution to unavailability (OT):e
.

mean: 3.17 x 10-6*

variance: 1.76 x 10-11

Maintenance Contribution to Unavailability

e From Section D.3, unavailability of any ejesel generator due to,

maintenance:
mean: 1.09 x 10-2

variance: 1.48 x 10-5'
. 9

Apclying tnis to the cencitienzi unavailability cf power et Euses 2A, 3A
and 6A witn Diesel Generater 31~or Diesel Generator 32 inoperable yieles:

Maintenancecon6ributiontounavgilability(Qg):
mean: 4.93 x 10--

variance: 4.89 x 10-8 .

Diesel Fuel Oil Supply Contribution to Unavailability

a From Section D.4.1, unavailability of Diesel Generators 31 and 32 due to
fuel oil supply failure:

mean: 1.01 x 10-5
variance: 1.58 x 10-10

Applying this to the conditional unavailability of power at Buses 2A, 3A,.

and 6A with Diesel Generators 31 and 32 incperable yields: .

Diesel fuel oil supply failur'e contribution to unavailability
(CFS):

,

.

mean: 1.01 x 10-5-

variance: 1.58 x 10-10
.

.

.

.

.
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if ELE 9.1-13

Bouncary Cencition: Offsite Fcoer Not Available
*No Recevery from Failures

Study Period of 6 Hours
! Failure State: Failure" of Power at Buses 2A, 5A and 6A-

. .

- Hardware Failure Contribution gi-

e Unavailability over 6 hours (QH)*
mean: 1.76 x 10-5*

variance: 3.91 x 10-10

Unavailabilit'y on demanc (at event initiation):e
mean: 7.44.x 10-6

variance: 6.22 x 10-II ,
,

e Dee.inant failure contributors:
.

Failure of Diesel Generators 31,632 and 33 to start on demand:
mean: 4.78 x 10-

variance: 3.06 x 10-11

Failure of Diesel Generators 31, 32 and 33 during operation for
6 hours:

mean: 1.03 x 10-6 -
variance: 3.30 x'10-12, 4

,

Conditional Unavailabil.ity With Diesel Generators Incoerable

o Diesel Generator 31: ,

mean: 5.97 x 10 #
variance: 2.06 x 10-7

'
e Diesel Generator 32: -

mean: 5.97 x 10-4
vari.ance: 2.06 x 10-7-

e Diesel Generator 33:
mean: 5.97 x 10-4 ,

variance: 2.06 x 10-7
(

e Diesel Generators 31 and 32:
' ' mean: 2.27 x 10-2

variance: 7.89 x 10-5
,

e Diesel Generators 31 and 33:
mein: 2.27 x 10-2.

varience: 7.89 x 10-5. -

e Diesel Generators 32 and 33: * i

mean: 2.27 x 10-2
variance: 7.89 x 10-5

,

< All three riesel ger.eratcrs: 1.00 -

.

r
_

9
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TAEi.E 9.1-13 (ccr.tinued)

Boundary Condition: Offsite Power Not Available
No Recovery from Failures

! -Study Period of 6 Hours
Failure State: Failure of Power at Buses 2A, 5A, and 6A..

. Testing Contribution to Unavailability

From Sect ion-D.2, unavailability * of one diesel generator due to testinge
nrrors:

QTE l = 2.51 x 10-5mean:
variance: 7.20 x 10-9

Applying this'to the conditional unavailability of power. at Buses 2A, 5A
anc 6A with Diesel Generator 31, 32, or 33 inoperable yields:

0' mean: 4.50 x 10-8
'

variance: 8.79 x 10-15

From Section D.2, unavailability of two diesel generators due'to testinge

errors:

QTE2=2.0}I.10-6
mean: x

variance: 2.34 x 10-
'

dApplying this to the conditional unavaifability of power at Buses 2A, 5A
and 6A with each combination of two diesel generaters inoperable yisics:

mean: 1.38 x 10-7
variance: 5.59 x 10-I4 .

e From Secten D.2, unavailability of three diesel generators due to testing
*errors:

QTE3 = 1.63 x 10-7
'

mean:
y ar.i ance: 2.02 x 10-13

,
'

Applying this to the co'nditional unavailability of power at Buses 2A, 5A,
and 6A with al three diesel generaters inoperable yields:

me'an: 1,63 x 10-7
variance: 2.02 x 10-13

Testing cortribution to unavailability (OT):e

mean: 3.46 x 10-7
. ' variance: 1.59 x 10-13 -

.

*G g

.

6

9
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TAELE 9.1-13' (centinued}
~

.

Boundary Condition: Offsite Power Nct Available -

No Recovery from Failures
i Study Period of 6 Hours .

.

Failure State: Failure of Power at Buses 2A, 5A, and 6A
3

. .. ,.

(
' Maintenance Contribution to Unavaila .lity

from Section 0.3, unavailability of any diesel generator due toe

maintenance:
mean: 1.09 x 10-2~

variance: 1.48 x 10-5
.

Applying'this to the conditional unavailability of power at Buses 2A, 5A,
and 6A with Diesel Generator 31, 32, or 33 inoperable yields: .

Maintenance contribution to unavailability (Oy.'): ".
*

.mean: 1.95 x 10-5
variance: 1.16 x 10'10

Diesel Fuel Oil Supoly Contribution to Unavailability -

From Section D.4.1, unavailability of' Diesel Generators 31, 32 and 33 cuee
to fuel oil supply failure:

.

'c1.a0 x 10-5
*

mean:
variance: 2.79 x 10-10

Applying this tc the ccnci*icnal ur. availability of power at Buses 2A, 5A
and 6A with all three diesel generators inoperable yields:

'

.

Diesel fuel oil, supply f ailure contribution to unavailability
(OFS): '1.40 x 10-5mean.

variance: 2.79 x 10-10 .

...

.

-

.

..

',
''

.
-

,

.

C'
.

.*

. .

.
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TAE.E 9.1-14
,

Bour.cary Conditicr.: Offsite Pcwer Not Available
No Recovery from Failures
Study Periot of 6 Hours

[ Failure State: Failure of Power at Buses 3A, 5A, ano 6A
,

. .

. Hardware Failure Contribution

Unavailability over 6 hours (Qg):s
nean: 1.95 x 10-5

variance: 4.62 x 10-10

Unavailability on cemand (at event initiation):e

mean: 8.56 x 10-6
- variance: 8.09 x 10-11 . ,

,

*

e Dominant failure contributors:

Failure of Diesel Generators 31,632, anc 33 to start'on demand':4-

mean: 4.78 x 10-
variance: 3.06 x 10-Il '

.

e Failure of-Diesel Generators 31, 32, and 33 curing cperation for -

* 6 hours:
mean: 1.03 x 10-6 - -

vari anc,e: 3.30 x 10-12
- 9

Conditional Unavailability With Diesel Generaters Incoerable
'

I e Diesel Generator 31:
mean: 5.97 x 10 4

variance: 2.06 x 10-7

e Diesel Generator-32: -

mean: 6.65 x 10-4,

variance: 2.43 x 10-7.

e Diesel Generator 33:
mean: 6.65 x 10-4

| variance: 2.43 x 10-7

| e Diesel Generators 31 and 32:
a mean: 2.27 x 10-2l

variance: 7.89 x 10-5 ,

-
.

~ '

e Diesel Generators 31 and 33:
| mean: 2.27 x-10-2
l '. variance: 7.89 x 10-5

e Diesel Generators 32 and 33: .

mean: '2.55 x 10-2
variance: 9.28 x 10-5

.

e All thrce diesel generators: 1.00-
.
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TABLE 9:1-la (continuec)

.

Boundary Conditicn: Offsite Power Not Available
No Recoyery from Failures

. ( Stuoy Perioc of 6 Hours -

Failure State: Fa'ilure of Power at Buses 3A, 5A, and 6A~'

'

(

Testino Contribution to Unavailability
.

From Section D.2, unavailability of one diesel generator due to testing,e

errors: -

QTE1 = 2.51 x 10-5mean:
variance: 7.20 x 10-9 ''

..
.

Applying this to the conditional unavailability of power at Buses 3A, 5A,
and 6A with Diesel Generator 31, 32, or 33 inoperable yields;

mean: 4.84 x 10-8
variance: 1.01 x 10-14

.

From Section D.2, unavailability of two diesel generators due'to testinga

. errors:*

x 10-6
QTE2=2.0}Imean:'

2.34 x 10-variance:
. .

. 4'

Applying this to the conditional unavaifability of power at Buses 3A, SA,
. anc 6A with each combination of two ciesel cenerators inoperable yielcs:.

mean: 1.44 x 10-/
-

.

variance: 6.05 ~x 10-I4 ,

Frcm Section D.2, unavailability'of three diesel generators due to testing
~

e

errors:
QET3 = 1.63 x 10-7 .

-

mean:'

. variance: 2.02 x 10-13
.

Applying this to the conditional unavailability of power at Buses 3A, 5A,
, and 6A with all thre'e diesel generators inoperable yields:'

mean: 1.63 x 10-7
variance: 2.02 x 10-13

~

Testing contribution to unavailability (OT):e
mean: 3.55 x 10-7'

variance: 1.67 x 10-13 ,

.
.

Maintenance Contribution to Onavailability

Frcr.. Section 0.3, una,vailability of any diesel generator due .to
.

e

maintenance:
.mean: 1.09 x 10-2 .

variance: 1.a8 x 10-5 .
.

.

.
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TABLE 9,.1-la (continuec)

Scundary Condition: Offsite Poner Not Available
No Recovery-from Failures.

-Study Period of 6 Hours*

Failure State: Failure of Power at Buses 3A,' 5A, and 6A*

.
, ,

Applying this to the conditional unavailability of power at Buses 3A, 5A,
anc SA with Diesel Generator 31, 32, or 33 inoperable yields:

Maintenance contribution to unavailability (OM):
mean: 2.09 x 10-5'

variance: 1.32 x 10-10
''

. <

Diesel Fuel Oil Supply Contribution to Unavailability

e From Section D.A.1, unavailability of Diesel Generators 31 _32, and 33 cue
to fuel oil supply failure:

mean: 1.40 x 10-5
variance: 2.79 x 10-10

,
Applying this to the conditional unavailability of power at Buses 3A, 5A,
and 6A with all three diesel generators inoperable yielos:

Diesel fuel oil supply failure contribution to. unavailability
(OFS):

mean: 1.40 x 10-5
- variance:' 2.79 x 10-10 .

..

.

*
.

,

. .

.

.

. .

.

o
.

.

'
.

.
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TAELE 9.1-15
-

'

Boundary Condition: Offsite Pov.er fiot Available
fio Recovery from Failures -

Study Period of 6 Hours
|

Failure State: Failure of Power at all 480V Switchgear
Buses;

.
. .

Hardware Failure Contribution (

Unavailability over 6 hours (Qg)-e
.mean:- 1.76 x 10-5

variance: 3.91 x 10-10
-

Unavailability on demand (at event initiation):.e
- mean: 7.44 x 10-6

variance: 6.22 x 10-11
.

e Dominant failure contributors: ,

*

.

Failure of all three diesel generators to start on demand:.
mean: 4.78 x 10-6

variance: 3.06 x 10-Il
.

Failure of all three diesel generators curing operation for 6 hours:
1.03 x 10-6 -mean:

variance: 3.30 x_10-12
.

ci~

Conditional Unavailability 'a'ith Diesel Generators Incoerable

e Diesel Generator 31:
.

5.97 x 10-4mean:
variance: 2.06 x 10-7

*

e Diesel Generator 32:
5.97 x-10-4n.ean:

variance: 2.06 x 10-7

e Diesel Generator 33:
moan: '5.97 x 10 8

variance: 2.06 x 10-7

e Diesel Generators 31 and 32:
2.27 x 10-2mean:

variance: 7.89 x 10-5
.

* Diesel Generators 31 and 33:
*

2.27 x 10-2-mean:
'. variance: 7.89 x 10-5 .

L' * Diesel Generators 32 and 33: ..
*

'2.27 x 10-2mean:
.

variance: 7.89 x 10-2- ,

e All three diesel generators: 1.00
.
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TAELE 9.1-15 (centinued) -

Boundary Condition: Offsite Power Not Available
I

^ No Recovery from failures
.

.
Stuoy Period of 6 Hours

Pailure State: Failure of Power at all 486V Switchgear.
Buses-

Testino Contribution to Unavailability

From Section D.2, unavailability of one diesel generator due to testinge

errors:
QTE1 = 2.51 x 10-5

'
- mean:

variance: 7.20 x 10-9'

.

Applying this to the conditional unavailability of power at all four buses
with each of the diesel generators inoperable yields:

.

*

'

mean: 4.50 x 10-8
variance: 8.79 x 10-15 ,

e From Section 0.2, unavailability of two diesel generators cue to testing
errors:

OTE2 = 2.0' x 10-6
-

6mean: .

. variance: 2.34 x 10-TI*

Applyir.g this to the cenditional unavailability cf power- at all four buses
with each cccbination of two ciesel generators incperable yielm:

mean: 1.38 x 10-7
variance: 5.59 x 10-14

e From Section D.2, unavailabiitty of three diesel generators due to testing
- errors:

OET3 = 1.62 x 10-7
'

mean:
variance: 2.02 x 10-13

Applying this to the conditional unavailability of power at all four buses
with all three diesel generators inoperable yields:

mean: 1.63 x 10-7
variance: 2.02 x 10-13'

a Testing contribution to unavailability (OT) ,
- mean: 3.a6 x 10-7

variance: 1.59 x'10-13
.,

! .

Maintenance Contribution to Unavailability.

t.' c From Section 0.3, unavailability of any diesel. generator due to*
,

. maintenance:
mean: 1.09 x 10-2

variance: 1.48 x 10-5
<

. . , . . . - -
.
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TAE.E E '.-1E (centinvec)

Boundary Condition: Offsite Pcwer Not Available -

No Recovery from Failures
.- ! Study Perioc of 6 Hours

Failure State: Failure of Power at all 480V $witchgear. ..
* '

Buses*

- 4

Applyin'g this to th'e conditional unavailability of' power at all four buses
with each of the diesel generators inoperable yields:

e Meintenince contribution to unavailability (QM):
mean: 1.95 x 10-5

variance: 1.16 x 10-10. ,
,,

.

Diesel Fuel Oil Supoly Contribution to Unavailability
'

From Section 0.4.1, unavailability of Diesel Generators 31, 32, and 33 duee
to fuel oil' supply failure:

mean: 1.40 x 10-5 .

variance: 2.79 x 10.10
-

.

Applying thit to the conditional unavailability of power at all four buses
with all three diesel generators inoperable yields:

4.

Diesel fuel oil supply f ailure contribution to unavailabilitye

' (OFS):
mean: 1.40 x 10-5

variance: 2.79 x 10-10 ,

4 .

e

O * e

a

0

m

e

O

| .

1 s

.

L L*

.

.

.
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;E'.E 9.2-1
P

Ecandary Conciticn: Offsite Fewer Availatie
~

ho Recovery from Failures
Stucy Period of 6 Hours

1 Failure State: Failurg of Power at Bus 2A
-

. . .

*

. ..

Hardware Failure Co'ntribution -

'

e Unavai1 ability over 6 hours (Qs)-
mean: 3.21 x 10-5

-

variance: 1.27 x 10-9

e Unavailability on demand (at event initiation): .

mean: 2.48 x 10-5 ..- ,

variance: 9.25 x 10-10
'

e Dcminant failure contributors: -

Breaker UT2/STS fails to close on demand and diesel generator 31
fails to start on demanc: .

mean: 1.92 x 10-5-
,

variance: 5.a6 x 10-10
.

Bretter UT2/STS fails to close on oemano and ciesel generator 31
fails during operation: . . <

mean: 7.37 x 10-6
variance: 1.95 x 10-10 ,

Cerditicnal Unavailability'With Diesel Generators incoerable

e. Diesel Generator 31:
mean: 1.40 x'10-3 .

variance: 1.90 x 10-6
-

.

e Diesel Generator-32: No effect

e Diesel Generator-33: No effect

Testing Contribution to Unavailability*

a from-Section 0.2, unavailability of one diesel generator due to testing
.. errors:

QTE1 = 2.51 x 10-5mean: ,

variance: .7.20 x 10-9- -

Applyinc inis to the con'diticnal unavailability of power at Bus 2A witn-

c -

Diesel Generator 31 inoperable yields:

Testing contribution to unavailability (OT):
| mean: 3.51 x 10-8
| variance: 6.E3 x 10-I5

.

.
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TAELE 9.2-1 (continued) .

I Boundary Condition: -Offsite Power Available
No Recovery from Failures*

.
. .

Study Period of 6 Hours
Failure State: Failure of Power at Bus 2A g

,

Mainten'ance Contribution to Unavailability

s' from Section D.3, unavailability of any diesel generator due to
maintenance:

. mean: 1.09 x 10-2
variance: 1.48 x 10-5 ,

Applying this to the conditional unavailability of power at Bus 2A'with
.

Diesel Generator 31 inoperable yields: .

.

.

~ Maintenance contribution to unavailability (Qg):
mean: 1.52 x 10-0 -

variance: 2.25 x 10-10
'

,

"

Diesel Fuel Oil Supply Contribution to Unavailability .

C
-

Free Section~D.4.2, unavailability of Diesel Generator 31 due to fuel. oile
supply failure: ,

mean: 3.25 x 10-3 -

variance: 1.24 x 10-5

Applying this to the concitional unavailability of power at Bus 2A with
Dies.el Generator 31 inoperable yields:

Diesel ' fuel oil supply f ailure contribution to unavailability
(QFS):

'

4.55 x 10-6mean:
variance: 4.16 x 10-II

.

.

.
e

.

m
.

. .

.

L .*
.
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TABLE 9.2-I .

Boundary Conditicn: Offsite ?:wer Availible
.No Recovery from Failures
Study Period of 6 Hours

Failure State: Failure of Power at Eus 3A
.|

- '
.

Hardware Failure Centribution

Unavailability over 6 hours (Os):e
mean: 1.40 x 10-3

variance: 1.90 x 10-6
.

Unavailability on demand (at event initiation):e
mean: 1.33 x 10-3

variance: 1.90 x 10-6*

Dcminant failure contributors: .

e

-

Breaker UT3/ST6 f ailure to close on demand .
~

mean: 1.33 x 10-3
.

~ variance: 5.57 x 10-6
-

Conditional Unavailability With Diesel Generators Incoerable

D'iesel Generator 31:
-

e
1.41 x 10-3mean: j-

variance: 1.92 x 10-6 .
.

.

. Diesel Generator 22: hc effecte
.

.

e . Diesel Generator 33: No effect

Testine Cen:ribution to Unavailability

Frem'Section D.2, unavailability of one diesel generator due to testing
a

.errors:
QTE1 = 2.51 x 10-5mean:

variance: 7.20 x 10-9
,

Applying this to the conditiot I unavailability of power at Eus 3A with
Diesel Generator 31 inoperable yields:

I

! Testing contribution to unavailability (QT):
3.54 x 10-6mean:

.
variance: 6.92 x 10-I6 .

.

.

.
'

:

C.- .-.

-
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TABLE 9.2-2 (continued)

.

Boundary Condition: Offsfte Power Available' .- !

No Recovery from Failures* * '

~ 5tudy Period of 6 Hours.

Failure State: Failure of Power at Bus 3A ,

Maintenance Contribution to Unavailability

From Section D.3, unavailability of any diesel generator due to
e

maintenance: 1.09 x 10-2
,

,-
mean:

variance: 1.48 x 10-5
.

Applying this to the conoitional unavailability of power at Bus 3A with
Diesel Generator 31 inoperable yields:

Maintenance. contribution to unavailability (OM):
1.53 x 10-5mean: -

2.27 x 10-10variance:
'

Diesel Fuel Oil Supply Contribution te Unavailability *

From Section D.a.2, unavailability of ' Diesel Generator 31 due to fuel oil
e

supply failure: 3.25 x 10-3
-

,

mean:
variance: 1.24 x 10-5 ,

Applying this to the conditional unavailability of power at Bus 3A with
Diesel Generator 31 inoperable yields: ,

.
-

Diesel fuel o,il supply failure contribution to unavailability
.

(OFS): 4.58 x 10-6'

mean:
4.21 x 10-Ilvariance:

.
_

4

e

.
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TAE'_E 9. 2-3*

e

Ecuncary Condition: Offsite PL-er Available
No Recovery from Failures

! Study Period of 6 Hours
Failure State: Fai. lure tf Power at Bus SA-

3 ,
.

.

Hardware Failure Contribution ,
,

Unavailability over 6 hours (Qs)-o
mean: 1.52 x 10-6

variance: ~7.69 x 10-13

Unavailability'on demand.(at event initiation): Bus 5A remains energized
e

at event initiation. ,

e Dominant failure contributors:
.

Failure of Bus SA over 6 hours:
mean: 1.95 x 10-7

variance: 6.56 x 10-I4
- .

.

Failure of one t'ransformer over 6 hours and fa'ilure of Diesel
Generator 33 to start on demand--

7.25 x 10-8
~

mean:
variance:, 6.76 x 10-15

-

<
One circuit breaker transfers open over 6 hours and Diesel
Generator 33 f ails to start on gemand: .

mean: 2.31 x 10-
variance: 2.95.x 10-I4

'

Conditional Unavailability With Diesel Generators Incoerable
.

$

e Diesel Generator 31: No effect
-

e Diesel Generator 32: No effect

e . Diesel Gene.ator 33:
~

mean: 5.85 x 10-5
variance: 8.02 x 10-10

Testino Contribution to Unavailability
.;

From Section D.2, unavailability of one diesel generator due to testing -

.o

QTE1 = 2.51 x 16-5
errors:

mean:
variance: 7.20 x 10-9

,
-

,

.

.

l

.

.

*
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TABLE 9.2-3 (continvec)
.

Boundary Condition: Offsite Power Available
| No Recovery from Failures

,

Study Period of 6 Hours .
*

FalkureState: Failure of Power at Bus SA
-~

(
.

Applying this to the. conditional unavailability of power at Bus 5A with
Diesel Generator 33 inoperable yields:

Testing contribution to unavailability (OT):
mean: 1,47 x 10-9

-

variance: 9.71 x 10-18

Maintenance Contribution to Unavailability- ,

'

.

From Section D.3, unavailability of any diesel generator due tos
maintenance:

mean: 1.09 x 10-2
variance: 1.48 x 10-5

-~

Applying this to the conditional unavailability of power at Bus SA with
Diesel Generator 33 inoperable yields: .

a*

- .

Maintenance contribution to unavailability (OM):
6.36 x'10-7mean:

variance: 1.44 x 10-13
.

-

Diesel Fuel Oil Supply Contribution to Unavailability
-

,

From.Section D.4.2, una'vailability of Diesel Generator 33 due to fuel oile

supply failure:
mean: 3.25 x 10-3 -

variance: 1.24 x 10-5

Applying this to the conditional unavailability of_ power at Bus SA with
Diesel Generator 33 inoperaole yields:

Diesel fuel oil supply f ailure contribution to unavailability
(0FS): 1.90 x 10-7

.

mean:
variance: 4.53 x 10-14 -

.

.

I *
r

. (-

t.' ..+ .

e
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TAELE 9.2-4
.

Bouncary Condition: Offsite Power Available
No Recovery from Failures

I Study Period of 6 Hours
Failure State: Failure of Power at . Bus 6A.

.. .

Hardware Failure Contribution

Unavailability over 6 hours (QH):e
mean: 1.52 x 10-6 ,

variance: 7.69 x 10-13

Unavailability on demand (at event initiation): Bus 6A remains energizede
.

at event initi,ation.
*

e Dominant failure contributors:
.

* Failure of Bus 6A over 6 hours:
mean: 1.95 x 10-7

-

. ^

variance: 6.56 x 10-14

Failure of one transformer over 6 hours and failure of Diesel
Generator 32 to start on demand: '

mean: 7.25 x 10-8
variance: 6.76 x 10-15

-

.
,

One circuit breaker transfers open ever 6 hours and Diesel
'

Generator 32failstostartongemand: -
>

2.31 x 10 Id
mean:

2.95 x 10-variance:

Conditional Unavailability With Diesel Generators Incoerable

~e Diesel Generator 31: No effect ,

o Diesel Generator 32:
mean: 5.85 x 10-5

variance: 8.02 x 10-10
.

e Diesel Generator 33: No effect

Testino Contribution to Unavailability
. .

,

From Section D.2, unavailability of, one diesel generator due to testinge

errors:
mean': OTEl = 2.51 x 10-5--

'. variance: 7.20*x 10-9 -

(-
.

..-

.

.

e
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TABLE 9.2 4 (continued) .

- ~ l Boundary Condition: Offsite' Power Available .

No Recovery from Failures-
,

Study Period of 6 Hours
Fail.ure State: Failure of Power at Bus 6A - 4.

.

Applying this to the conditional unavailability of power.at Bus 6A with,
Diesel Generator 32 inoperable yields:

Testing contribution to unavailability (OT):
mean: 1.47 x 10-9 :.- <

.

variance: 9.71 x 10-I8
'

.

Maintenance Contribution to Unavailability -

From Section D.3, unavailability of any diesel generator due toe .

maintenance:
mdan: 1.09 x 10-2-

variance: 1.48 x 10-5-

'

Applying this to the conditional unavailability of power at Bus 6A with
Diesel Generator 32 inoperable yields: .

q

.
Maintenance contribution to unavailability (Qg).: ,

mean: 6.36 x 10-7
variance: 1.44.x 10-13 ,

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.2, unavailability of Diesel Generator 32 d'ue to fuel oil'
-

e
supply failure:

mean: 3.25 x 10-3*

variance: 1.24 x 10-5

Applying this to the conditional unavailability of power at Bus 6A with.
Diesel Generator 32 inoperable yields:

Diesel fuel c .T scoply f ailure contribution to unavailability
.

(QFS)*
mean: 1.90 x 10-7

-

- variance: 4.53 x 10-14
,

. e *

.

(*

.

.

e

.
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TABLE 9.2-5
t

.

Boundary Concition: Offsite Power Available
[

No Reccvery from Failures
Study,Feriod of 6 Hours.

Failure State: Failure of Power at Buses 2X and 3A*'

.

Harcware Failure Contribution

e Unavailability over 6 hours (OH):
mean: .2.03 x 10-7

-variance: 4.02 x 10-I4'

*-
e Unavailability on demand (at event initiation): ,

mean: 7.19 x 10-8
variance: 1.54 x 10-14

e Dominant failure contributors: ,

'

Failure of the station auxiliary transformer over 6 hours and .

failure of Diesel Generator 31 to start on demand:
mean: 7.25 x 10-8.

variance: 6.76 x 10-15-

Breakers UT2/STS and UT3/ST6 fail to close and-Diesel Generator 31 <

fails to start on demand:
mean: 5.35 x 10-8

'

variance: 9.12 x 10-I5
'

.,

.

Concitional Unavailability With Diesel Generators Incoerable

e Diesel. Generator 31: -

mean: 8.94 x 10-6
-

variance: 6.01 x 10-11

Diesel Generator 32i No effecte

e D'iesel Generator 33: No effect

Testino Contribution to Unavailability

.From Section D.2, unavailability of one diesel generator due to testing'
e

errets:
-

07E ) = 2.51 x.10-5
.

mean:
variance: 7.20 x 10-9

.

.

.
O

e

.

.
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TABLE 9.2-5 (continued) ,

l
'

Boundary Condition: Offsite Power Available
No Recovery from Failures -

*

. .

Study Period of 6 Hours-

Failure State: Failure of rower at Buses 2A and 3A g

'

Applying this to the conditional unavailability of power,at buses 2A
and 3A with Diesel Generator 31 inoperable yields:

Testing contribution to-unavailability (QT):-

mean: 2.24 x 10-10.

variance: 2.66 x 10-19 .-

'

Maintenance Contribution to Unavailability -

.

From Section D.3, unavailability of any diesel generator due to-e

maintenance:
mean: 1.09 x 10-2

-

variance: 1.48 x 10-5

Applying this to the conditional unavailabikity of power at Buses 2A -and
C'

3A with Diesel Generator 31 inoperable yields:

Maintenance contribution to unavailability (OM): .

mean: 9.71 x 10-8
,

variance: 7.60 x 10-15

Diesel Fuel Oil Sucaly Cen'tribution to Unavailability
'

From Section D.4.2, unavailability of Diesel Generator 31 due to fuel oile
supply failure: -

mean: 3.25 x 10-3
variance: 1.24 x 10-5

Applying this to the conditional unavailability of power at Buses 2A and
3A with Diesel Generator 31 inoperable yields:

Diesel fuel oil supply failure contribution to unavailability ,

(OFS):
mean: 2.91 x 10-8

v ar,i ance: 1.53 x 10-15
'

.

8
. ,,

'9

t .* , ,

.+

.

.
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TABLE 9.2-6

Bour.cary Condition: Offsite Power Available

No Recovery from Failures
[ Study Period of 6. Hours

;_ Failure State: Failure of~ Power at Buses:2A and SA~
.

.

~

Hardware Failure Contribution

Unavailability'cver 6 hours (QH)*a

mean: 1.25 x 10-8
variance: 1.24 x-10-16

'

'

'
Ur. availability on demand (at event initiation): Bus 5A remains energizede

at event initiation.-

e .Cominant failure contributors:' '

,

Breaker STS transfers open and failure of Diesel Generators'3r and-

33 to start on demand: ,
,

mean: 3.94 x'10-9 -
*

variance: 1.87~x 10-17
:

Failure of the station auxiliary transformer over 6 hours and
failure of Diesel Generators 31 and 33 to start on demand:

mean: 1.24 x 10-9
var'i anc'e: 3.44-x'10-18 1-

Conditiona' Unavailability With Diesel Generaters inoperable
-

e Diesel Generator =31:'
mean: 4.85 x 10-7

variance: 9.06 x 10-18

e Diesel Generator 32: -No effect
.

e Diesel Generator 33: -

mean: 4.85 x 10-7,

variance: 9.06 x 10-I4
.

* Diesel Generators 31 and 33:
mean: 2.13 x 10-5

variance: 1.03 x 10-10

Testing Contribution to UnavailabiliJg

e Frem Section D.2, unavailability of one, diesel generater due to testing
errors: ..

OTE 1 = 2.51 x 10-5
.

i mean:t

.? ( .-
- 7.20 x 10-9.

- variance:
.

.

Applying this to the concitional unavailability of power at Buses 2A anc
5A with Diesel Generator 31 or Diesei Generator 33 inoperable yields: -

mean: 2.43 x 10-Il
variance: 2.57 x 10-21 -

'

13;c: ::::-
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TAELE 9.2-6 (centinvec)
-9

' Boundary Conoition: Offsite Power Available ,.

No Recovery from Failures

|
Study Fer,iod of 6 Hours .

Failure State: - Failure of Power at Buses 2A and 5A
.

;.
-

.

(.
.

From Section D.2, unavailability of two diesel generators due to testing-
~

e
errors:

QTE2 = 2.03 x 10-6mean:
variance: 2.34 x 10-Il

.

Applying this to th'e conditional unavailability of power at Buses 2A and
5A with Diesel Generator 31 and Diesel Generator 33 inoperable yields:'' '

4.32 x 10-11aean:*

variance: 6.03 x 10-21

Testingcontributiontounavailability{QT):e; 6.76 x 10-Imean:
variance: 8.33 x 10-21

.

Maintenance Contribution to Unavailability .

From Section D.3, unavailability of any diesel generator cue toe

maintenance: q
me an': 1.09 x 10-2 .

variance: 1.4E x 10-5
.

Applying this' to ine conditionai unavailability. cf power it Buses 2A and
.5A with Diesel Generator 31 or Diesel Generator 33 inoperable yields:

Maintenance contribution to unavailability (Qg):
mean: 1.05 x 10-0 . *

variance: 3.46 x 10-17-
.

Diesel Fuel Oil Supply Contribution to Unavailability

'From Section D.A.2, unavailability of Diesel Generators 31 and 33 due toe-
fuel oil' supply failure':

2.40 x 10-4mean:
variance: 6.93 x 10-8

.

. Applying this to the conditional unavailability of pcwer at Euses 2A anc '

SA witi. Diesel Generators 31 and 33 incperable yields:

Diesel fuel oil supply f ailure contribution to unavailability.
-- -

(QFS):
i.e an: 5.11 x 10-9

variance: 3.30 x 10-17 .
.

*
.

e
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TAELE-9.2-7
P S

Ecundary Condition: Offsite~ Power Availab.le,

No Recovery from Failures
Study Perico of 6 Hours

I: Failure State: Failure,of Power at Suses 2A-and.6A
-

.. -

.

. Hardware Failure Contribution

o Unavailability over 6 hours (Qg):
mean: 3.01 x 10-9

variance: 1.62 x 10-17

e Unavailability on demand (at event. initiation): Bus 6A remains energized
at event initiation.

*- *

e _ Dominant failu.re contributors:

Failure of the station auxiliary transformer over-6 hours and -

failure of Diesel Generators 31 and 32 to start on demand:
mean: 1.24 v .10-9

variance: 3.44 x 10-18 , ,

Conditional Unavailability With Diesel Generators Inoperable

e Diesel Generator 31: mean: 1.16 x 10-7
.

variance: 1.55 x 10-14 z

e Diesel Generator'32: mean: 1.16 x 10-7
~

- variance: ~1.55 x 10-14 -

.

e- Diesel Generator 33: No effect

e Diesel Generators 31 and 32:
mean: 5.11 x 10-6 .

variance: 2.30 x 10-Il
'

Testino Contribution to Unavailability

! From Section D.2, unavailability of one diesel generator due to testinge
I errors:

QTEl = 2.51 x 10-5
.

mean:
variance: 7.20 x 10-9

!.

Applying this to the conditional unavailability of power at Buses 2A .

anc 6A sith Diesel Generator 31 or Diesel Generator 32 inoperable yields:

(. me an': 5.82 x 10-12.

variance: 1.65 x 10-22

-
.

I

! *

I
*
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TAEi.E 9.2-7 (ccr.tinuec)
.

*

Boundary Condition: Offsite Power Available
No Recovery from Failures

I Stuoy Period of 6 Hours
a Failure State: Failure of Power at Buses 2A and 6A,

,

(

From Section D.'2, unavailability of two diesel generators due to testinge
- errors:

x'10-6
QTE2=2.0}Imean:
2.34 x 10-variance:

Applying this to'the conditional unavailability of power at Buses 2A and
6A with Diesel Generator 31 and Diesel Generator 32 inoperable yields:

1.04 x 10-1Imean: -

variance: 4.36 x 10-22
.

Testingcontributiontounavailability{QT):*

e
'mean: 1.62 x 10-

variance: 5.81 x 10-22
*

Maintenance Contribution to unavailabilit'y

From Section D.3, unavailability of any die'sel generator oue toe c.

maintenance: .

1.09 x 10-2 -mean:
variance: 1.48 x 10-3

'

Applying this to tne cencitional unavailability of power at Euses 2A anc
6A with. Diesel Generator 31 or Diesel Generator 32 inoperable' yields:

Maintenance contribution to unavailability (QM):
mean: 2.50 x 10-9

variance: 3.96 x 10-18 ,

.

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.2, unavailability of Diesel Generators 31 and 32 due to
e

fuel oil supply failure:
2.40 x 10-4mean:

variance: 6.93 x 10-8

Applying this to the conditional unavailabil,ity of power at Euses 2A
- and 6A with Diesel Generators 31 a,nd 32 iroperable yields:

Diesel fuel oil s'upply failure contribution to unavailability
.

i (QFS): -1.23 x 10 o-- mean:
V variance: 2.95 x 10-18 .

' ,

.

S
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TAELE 9.2-8

Scuncary Condition: ;0ffsite Power ~Available
No Recovery from Failures
5tucy Period of 6 Hours.! _

Failure of Power at~ Buses 3A and SAFailure State:,

.

Hardware Failure Contribution

a Unavailability over 6 hours (OH)-
.mean: 4.39 x 10-9

variance: 1.70 x 10-17

,e , Unavailability on demand (at event initiation): Bus-SA remains energized
at event initiation.-

*

e Dominant failure contributors:

Failure of the station auxiliary transformer over 6 hours and *-

failure of Diesel Generators 31 and 33 to start on demand:
mean: 1.24 x 10-9

variance: 3.44 x 10-18

Conditional Unavailability With Diesel Generators Inoperable

e- Diesel Generator 31: mean: 1.16 x.10-7
variancs: 1.55 x 10-14- -5~

e Diesel Generator 32: Ne effect ,
.

o Diesel Generator.23: mean: 1.81 x 10-7,

variance: 2.43 x 10-14

e- Diesel Generators 31 and 33:
mean: 5.11 x 10-6

variance: 2.31 x 10-11
,

. Testing Contribution to Unavailability

o' From Section D.2, unavailability of one diesel generator due to testing
errors:

OTEl = 2.51 x 10-5
,

mean: ,

variance: 7.20 x 10-9 .

Applying this to the conditional unavailability of power at Bust 3A and
.

5A with Diesel Generator 31 or Diesel Gerierator 33 inoperable yi '1s:
.

'. . mean: 7.45 x 10-12
variance: 2.60 x 10-22

(e .
..

.

.

'
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TAB:.E 9,2-E (continvec)

-

Soundary Condition: Offsite Power Available
No Recovery from Failures

- ! Study period of 6 Hours .

Failure State: Failure of Power at .uses 3A,and 5AB-

.C*

From Se.ction D.2, unavailability of two diesel generators due to testinge
errors:

x 10-6
QTE2 = 2.0}I

mean:
2.34 x 10-variance:

,

Applying this to the conditional unavailability of power at Buses 3A and
.5/. with Diesel. Generator 31 and Diesel Generator 33 inoperable yieldse

<

.

mean: 1.04 x 10-II
variance: 4.36 x 10-22

Testing contribution to unavailability {QT):e
mean: 1.78 x 10-1

variance: 6.59 x 10-22
~

Maintenance Contribution to Unavailability
.

From section D.3, unavailability of any diesel generator due toe
<s

maintenance: .

1.09 n 10-2 'mean:
variance: 1.a8 x 10-5- ,

Applying this to the_ conditional unavailability of power at Buses 3A and
5A with Diesel Generator 31 or Diesel Generator 33 . inoperable yields:

Maintenance' contribution to unavailability (QM) .

~

3.22 x 10-9mean:
variance: 5.55 x 10-18

.

!
Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.2, unavailability of Diesel Generators 31 and 33 due toe
fuel oil supply failure:

2.40 x 10-4mean:
variance: 6.93 x 10-8

(~

Applyiog inis to the conditional unavailability of power at Euses 3A and
5A with Diesel-Generators 31 and 33 inoperable yields:'

Diesel fuel oil su'pply f ailure contribution to unavailability
-

(QFS)* -

1.23 x 10-9mean: (
variance: 2.95 x 10-18

-

-

.

.
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JAELE 9.2-9
.

. Boundary Condition: Offsite Power Available
-

, No Recpvery from Failures
'

. Study Period of 6 Hours -

*

F.ailure State: Failure of Power at Buses 3A and 6A
.

' Hardware Failure. Contribution.

e Unavailability over 6 hours (Qg)-
mean: 3.73 x 10-7.

variance: 6.52 x 10-14
~

' '

Unavailability on demand (at event initiation): Bus 6A remains energ'izede

at event initiation.

e Dominant failure contributors:
'

Failure of breaker ST6 over 6 hours and failure of Diesel .

Generator 32 to start on demana:
mean: 2.31 x 10-7

- variance: 2.95 x 10-14
.

Ccnditional Unavailability With Diesel Generators Inoperable
_

3

e Diesel Generator 31: mean: 4.E5 x 10-7
variance: 9.06 x 10-14 .

-

e Diesel Generator 32: mean: 1.64 x 10-5
-

variance: 7.86 x 10-11

e Diesel Generator 33: No effect 4

e Diesel Generators 31 and 32:
mean: 2.13 x 10-5

variance: 1.03 x 10-10

Testino Contribution to Unavailability

From Section D.2, unavailability of one diesel generator cue to testinge

erro.s:.

07Ei = 2.51 x 10-5mean:
variance: 7.20 x 10-9

.

-

Apolying this to the conditional unavailability cf pcwer at Suses 3A anc
6A with Diesel Generatcr 31 or Diesel Generator 32 inoperable yielcs:'

,

r. an: 4.24 x 10-10 ,

variance: 8.02 x 10-19
'

.

.

'I
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TAELE 9.2-9 (contirvec)
.

Boundary Concition: Offsite Power Available -

No Recovery from Failures
! .

- Study Period of 6 Hours
Failure State: Failure of Power at Buses 3A and 6A.

,

6

From Section D.2, unavailability of two diesel generatcrs due to testinge
errors:

QTE2 = 2.03 x 10-6mean:
variance: 2.34 x 10-II

Applying this to the conditional unavailability of power at Buses 3A
and 6A with Diesel Generator 31 and Diggel Generator 32 inoperable yields:*

4.32 x 10-'1
'- mean:

6.03 x 10-2
-

variance:,

Testingcontributiontounavailability{Q7):
-

* e
mean: 4.67 x 10-1

*

variance: 8.06 x 10-19
.

Maintenance Contribution to Unavailaoility

From Section 0.3, unavailability of any diesel generator due toe
C** *"*"'* ~

mean: 1.09 x 10-2
variance: 1.a8 x 10-5

Applying this to the ccncitional unavailability of power it Suses 3A and
6A with Diesel Generator 31 or Diesel Generator 32 inoperable yields:

Maintenance contribution to unavailability (Qg):e
mean: 1.83 x 10-7

variance: 1.32 x 10-14

Diesel Fuel Oil Supply Contribution to Unavailability

From Section D.4.2, unavailability of Diesel Generators 31 and 32 due toa
fuel oil supply failure:

2.40 x 10-4mean:
variance: 6.93 x 10-8

Applying this-13 tne conditional unavailabili,ty of pcwer at Buses 3A and
- 6A with Diesel Generators 31 and 32 incperable yields:

Diesel fuel oil supply failure contribgtien to unavailability (OFs):s..

5.11 x 10 17mean:'
.;

3.30 x 10-variance:.

(C.* .
*

..

.
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TABLE 9.2-10
*

.

,

Boundary Condition: 0ffsite Power Available
No. Recovery from Failures

! Study Period of 6 Hours
1- Failure State: Failure of Power at Buses 5A and 6A

,

.
. .

*

.

Hardware Failure Contribution

e Unavailability over.6 hours (')g)-
mean: 2.96 x 10-9

variance: 1.61 x 10-17
'

e Unavailability on demand (at event initiation): Buses SA and 6A remain
energized at event initiation. .

e Dominant failure contributors: . .
,

Failure of the station auxiliary transformer over 6 hours and ,

failure of Diesel Generators 32 and 33 to start on demand:
mean: 1.24 x 10-9

variance: 3.44 x 10-18
'

Conditional Unavailability With Diesel Generators Inoperable
~ " ' *

e Diesel Generator 31: No effect
'

e Diesel Generator 32: mean: 1.15 x 10-7 -
-

variance: 1.54 x 10-I4

e Diesel Generator.33: mean: 1.15 x 10-7
variance: 1.54 x 10-I4

e. Diesel Generators 31 and 33: .

mean: 5.04 x 10-6
variance: 2.30 x 10-11 .

Testino Contribution to Unavailability

From Section D.2, unavailability of one diesel generator due to testinge

errors:
QTEl = 2.51 x 10-5mean:

variance: 7.20 x 10-9
.

Applying this to the con,ditional unavailability of power at Suses SA
and6AwithDieselGenerator32orDieggiGenerator?3inoperableyields:.-

. mean: 5.82 x 10- c'

,
variance: 1.65 x 10-22

< . . -
-

..

.
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TAELE.9.j-10 (continued)

Boundary Condition: Offsite. Power Available -

|No Recovery from Failures
! Stuoy Period of 6 Hours ,--

Failure State: Failure _of Power at Buses SA and 6Ae.

E

From Section D.2, unavailability of two diesel generators due to tes' tinge

errors:
x 10-6

QTE2=2.0fI
mean:

2.34 x 10-variance:
,

Applying this to the conditional unavailability of power at buses SA and
6AwithDieselGenerator32andDieselgenerator33inoperableyields;.'

,

mean: 1.02 x 10-1
variance: 4.27 x 10-22

.

Testingcontributiontounavailability{0T):e
1.61 x 10-lmean:

variance: 5.72 x 10-22 .

Maintenance Contribution to Unavailability
-

From Section 0.3, unavailability of any diesel generator due toe
gmaintenance: .

1.09 x 10-2 -mean:
variance: 1.48 x 10-5

Applying this to the conditional unavailabi ity of power at Buses SA and.

6A with Diesel Generator 32 or Diesel Generator 33 inoperable yields:

Maintenance contribution to >navailability (OM):
mean: 2.50 > 10-9

- -

variance: 3.96 x 10-18

Diesel Fuel Oii Supply Contribution to Unavailability

From Section D.4.2, unavailability of Diesel Generators 32 and 33 due toe
fuel oil supply failure:

L 2.40 x 10-4mean:
variance: 6.93 x 10-8

. .

Applyicg this to the conditional unavailability of power at Buses SA
-

|
' and 6A with Diesel Generators 32 and 33 inoperable yields:

Diesel fuel oil supply failure ccr.tribution to unavailability ~|3
| (0FS): -

1.21 x 10-9mean:
variance: 2.94 x 10-18 g-

-

|
-

.

e

.
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TAELE 9.2-11

Boundary Condition:: Offsite Power Available
No Recoyery from Failures

'
,
* Study. Period of 6 Hours- -

.

** Failure State: Fa'ilure of Power at Buses 2Ar, 3A, and 5A.

'

.

Hardware Failure Contribution -

o Unavailability o'ver 6 hours (OH)-
mean: 2.97 x 10-9.

variance: 1.59 x 10-17
'

o Unavailability on demand (at event initiation): Bus' 5A . remains energ12ed
at event initiation.

.

e - Dominant failure contributors:

Failure of the station auxiliary transformer over 6 hours and ,

failure of Diesel Generators 31 and 33 to start on demand:
'

mean: 1.24 x 10-9
variance: 3.44 x 10-18*

.
-

Conditional Unavailability With Diesel Generators Inoperablei

Diesel Generator 131: mean: 1.15 x 10-7 .
A_

e

variance: 1.54 x 10-I4 .

.

e Diesel Generator 32: No effect? -

i

e Diesel Generator 33: mean: 1.15 x 10-7
variance: 1.54 x 10-I4 4

.

e Diesel Generators 31 and 33:
t mean: 5.06 x 10-6

variance: 2.29 x 10-II'

( ,
Testing Contribution to Unavailability

'

From Section D.2, unavailability of one diesel generater due to testing '

e
errors:-

07E 1 - 2.51 x 10-5mean:

,
variance: 7.20 x 10-9

,

*

.

6

e

.

.

.
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TAELE 9.2-11 (centinuec)

' '

Boundary Condition: Offsite Power Available
No Recovery from Failures
Study Period of 6 Hoursi Failure State: Failure of Power at Buses 2A, 3A, and 5A

,

i
.

Applying this to the conditional unavailability of power at Buses 2A, 3A,
and SA with Diesel Generator 31 or Diesel Generator 33 inoperable yields:

5.82 x 10-12mean:
variance: 1.65 x 10-22

From Section D.2, unavailability of two diesel generators due to tt_ tinge

errors:
x 10-6 -

QTE2=2.0jImean:
2.34 x 10-

.
variance:

.

Applying this'to the conditional unavailability of power at Buses 2A, 3A,
and SA vith Diesel Generator 31 and Diesel Generator 33 inoperable yields;

1.03 x 10-11mean: -

variance: 4.29 x 10-22

Testingcontributiontounavailability{0T):e
1.61 x 10-lmean: ***

variance: 5.74 x 10-22

Maintenance Contribution to Unavailability ,

From Section D.3, unavailability of any diesel generator due toe
'

maintenance: -2

variance: 1.48 x 10-5
~

Applying this to the conditional onavailability of power at Buses 2A, 3A,
and SA with Diesel Generator 31 or Diesel Generator 33 inoperable yields:

Maintenance contribution to unavailability (Qg):
mean: 2.50 x 10-9

variance: 3.96 x 10-I8

.

e

.

e

t

.

%* _e
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TAELE 9.2-11 (continuec) -

Boundary Conditicn: Offsite Power Available
| No Recovery from Failures

i Study Period of 6 Hours-
Fa,ilure State: Failure of Power.at Buses 2A, 3A, and SA

Diesel Fuel' Oil Supply Contribution to Unavailability
.

e Frem Section D.4.2, ' unavailability of Diesel Generators 31 and 33 due to
fuel oil supply failure:

mean: 2.40 x 10-4
variance: 6.93'x-10-8*

.

,
_

Applying 'this to the conditional unavailability of power at Euse's 2A, 3A,
and 5A with Diesel Generators 31 and 33 inoperable yields:

.
, ,

Diesel fuel oil supply failure contribution to unavailability
'

(OFS):
,

mean: 1.21'x 10-9
variance: 2.91.x 10-18 -

*
-

. . s

*
> .

9

9

e

.

.

e

.
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' TAELE 9.2-12

-

Boundary Condition: Offsite Power Available
No Recovery from Failures

i Study Period of 6 Hours
Failure State: Failure of Power at Buses 2A, 3A, and 6A.

- ..

(
Hardware Failure Contribution

Unavailability over 6 hours (QH):e
mean: 2.97 x 10-9

variance: 1.59 x 10-I7

Unavailability on demand (at event initiation): Bus 6A remains enercized
e ''

at event initiation.

s Dominant failure contributors: .

Failure of the station auxiliary transformer over 6 hours and
f ailure of Diesel Generators 31 and 32 to start on deinand:

mean: 1.24 x 10-9
variance: 3.44 x 10-I8

Concitional Unavailability With Dies'el Ge"erators Incoeraole
' ' *

e Diesel Generator 31: mean: 1.15 x 10-7'
variance: 1.54 x 10-Id

1.15 x 10-7
'

e Diesel Generater 32: mean:
variance: 1.54 x 10-I4

'

s Diesel Generator 33: No effect

e Diesel Generators 31 and 32:
5.06 x 10-6mean:

variance: 2.29 x 10-II

Testino Contribution to Unavailability

From Section 0.2, unavailability of one,. diesel generator due to testinge

errors:
QTE 1 = 2.51 x 10-5mean:

variance: 7.20 x 10-9
,

.

%

.

%* .o .
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TABLE' 9.2-12 (centinued)

Boundary Condition: Offsite Power Available
(~ No Recqvery from' Failures

'

St.udy Period of 6 Hours. -

'

Failure State: Failure of Power at Buses 2A, 3A, and 6A '-

-
.

Applying this'to the conditional unavailability of power at Buses 2A, 3A, -

and 6A with Diesel Generator 31 or Diesel Generator 32 inoperable yields:

mean: 5.82 x 10-12-

variance: 1.65 x 10-22
'

From Section D.2, unavailability of two diesel generators due to testinge

errors:
x 10-6

07b2 = 2.0]I
mean:

,

2. 4 x 10-variance:

Applying this to the conditional unavailability of power at Buses 2A, 3A,
an.d 6A-with Diesel Generator 31 and Dig el Generator 32 inoperable yields:

mean: 1.03 x 10-8
variance: 4.29 x 10-22'

.

Testingcontributionto, unavailability {QT): fe

mean: 1.61 x 10-I
variance: 5.74 x 10-22

*

Mair.tenance Contribution to Unavailability .

e. From Section D.3, unavailability of any diesel generator due to
maintenance:

mean: 1.09 x 10-2 ,

variance: 1.48 x 10-5
"

Applying this to the conditional unavailability of power at Buses 2A, 3A,
and 6A with Diesel Generator 31 or Diesel Generator 32 inoperable yields:

Mair.tenance contribution to unavailability (QM):
mean: -2.50 x 10-9

variance: 3.96 x 10-18
.

Diesel Fuel Oil Supply Contributien to Unavailability
'

.

From Section D.4.2, unavailability of Diesel Generators 31 and 32 due toe

fuel oil supply f ailure.-
mean: 2.40 x 10 #

varience: 6.93 x 10-8
.

.

.

e

G
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TAELE ' 9.2-12' (continuec)
.

.

' '

Boundary Condition: Off site Power Available
No Recovery from Failures

. .! * Study Period of 6 Hours
,

Failure-State: Failure of Power at Buses 2A,, 3A,~ and 6A.

.

- r,

Applying'this to the conditional unavailability of power at Buses 2A, 3A,
and 6A with Diesel Generators 31 and 32 inopurable^ yields:

.-
Diesel; fuel oil supply failure contribution to unavailability-

(QFS):
'

mean: 1.21 x 10-9
yariance: 2.91 x 10-18~

,

,

-

.

.

e

. .
%

.
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TABLE 9.2-13

Bouncary Condition: Offsite Power Available
No Recovery from Failures

| Study Period of 6 Hours .

Failure State: Failure of Power at Buses 2A, 5A, and 6A
,,

-
. .

.

Hardware Failure Contribution

Unavailability over,6 hours (Qg) -e

mean: 8.42 x 10-Il
*

variance: 1.89 x 10-20

e' Unavailability on demand (at event initiation): Buses SA and 6A_ remain
-

energized at event initiation.
.

e Dominant failure contributors:
. .

.

The station auxiliary transformer fails over 6 hours and all three
diesel generators fail to start on demand:

mean: 2.41 x-10-Il
variance: 2.03 x 10-21 ,

Conditional Unavailability With Diesel Generators Inoperable
'

e Diesel Generator 31: meah: -2.96 x 10-9 - <-

variance: 1.59 x 10-17
'

Diesel Ger.erator 32: mean: 2.96 x 10-9
'

s
variance: 1.59 x 10-17

e Diesel Generator 33i mean: 2.96 x 10-9
variance: 1.59 x 10-17

e Diesel Generators'31 and 32: -

mean: 1.14 x 10-7
~

variance: 1.54 x 10-I4

e' Diesel Generators 31 and 33:
mean: 1.14 x 10-7

variance: 1.54 x 10-14

o Diesel Generators 32 and 33:
mean: 1.14 x 10-7 -

variance: 1.54 x 10-14
.

'. s All three diesel generators:
mean: 5.0Ix10-6

variance: ,2.29 x 10"Ilg. ,,

-
.

.
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-TABLE 9.2-13 (continvec)

' Boundary Concition: Offsite Power Available -

No-Recovery from Failures
1 Study Period.of 6 Hours

Failure State: Failure of Power at Buses 2A, SA, and 6A.

,

C

Testino~ Contribution to Unavailtbility

e From Section D.2, un~ availability of one diesel generator due to testing~
-

-errors:
QTEl = 2.51 x 10-5mean:

variance: 7.20 x 10-9

Applying this to the conditional unavailability of power at Buses 2A,'''5A,
and 6A with Diesel Generator 31, 32, or 33 inoperable yields:

'

mean: 2.23 x 10-13
' 'v ari ance: 2.40 x 10-25

e From Section D.2, unavailability of two diesel generators due to testing.
errors:

~QTE2=2.0jI,10-6mean: x
2.34 x 10-variance:

e.

Applying tnis to the conditional unavailibility of pcwer at Buses 2A,.5A,
and6AwitheachcombinationoftwodigJgel generators inoperable yields:

-7.06 x 10 24
-mean:

1.67 x 10-variance: ,

.

From Section D.2, unavailability of three diegel generators due to testihge

errors: mean: QTE 3 = 1.63 x 10-'
variance: 2.02 x 10-13

Applying this to the conditional unavailability of power at Buses 2A, 5A,
and 6A with all three diesel generators' inoperable yields:

mean: 8.22 x 10-13
variance: 3.16 x 10-24

Testingcontributiontounavailability{QT):e

mean: 1.75 x 10-1
variance: 4.89 x 10-24:- ,

4

| -

'.

We' .* g.

-

,

'
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TAELE 9.,2-13 (continued)-

Boundary Condition: Offsite Power Available
No Recovery from Failures

-

g Study Period of 6 Hours ,

Failure State: Failure of Pcwer at Buses 2A, 5A, and 6A-*-

Maintenance Contribution to Unavailability

e From Section D.3, unavailability of any diesel generator due to-

maintenance: -

mean: 1.09 x 10-2
'

variance: 1.48 x 10-5
** <..

Applying this to the conditional unavailability of power at Buses 12A, 5A,
' :and 6A with Diesel Generator 31, 32, or 33 inoperable yields:

.

Maintenance contribution to unavailability (Qg):
mean: 9.65 x 10-11

variance: 5.78 x 10-21 -

. Diesel Fuel Oil Supply Contribution to Unavailability

e From Section D.4.2, unavailability of Diesel Generators 31, 32, and 33 due
to fuel oil supply failure: -

mean: 1.40 x 10-5
.

variance: 2.79 x 10-10 ,

Applying this to the conditional unavailability of power at Buses 2A, 5A,
and 6A with all three diesel generators inoperable yields:

-

! Diesel fuel oil supply failure contribution to unavai,1 ability
(0FS):

mean: 7.06 x 10-11
variance: 1.07 x 10-20-

.

|

I'
t-

.
.

.

I b

e
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e

9

e

157

.130EC2.IEEl __ _ __ _ _ _ _ _ . - - _ . _ _ - , _ . -_ _ _ _ _ _



-

.

TAE.E 9.2-14
9

Soundary Ccndition: Offsite Power Avaiiable
-

No Recovery frem Failures
1 Study Period of 6 Hours

Failure State: Failure of Power at Buses 3A, 5A, and 6A
-

a
.

*
,

C

Hardware Failure Contribution

Unavailability over 6 hours (Qg):
8.42 x 10-11e

mean:
variance: 1.89 x 10-20'

dnavailabi,ityondemand(at_eventinitiation): Buses SA and 6A remain -' l '
e

energized at event initiation.

Dominant failure contributors:e;

The station auxiliary transformer fails over_6 hours and all three
diesel cenerators fail to start Qn demand:

2.41 x 10-il-

mean:
variance: 2.03 x 10-21 .

Conditional Unavailability With Diesel Generators Incoerable
e

Diesel Generator 31: me a'n: 2.96 x 10-9 -
variance: 1.59 x 10-17e

.
'

2.96 x 10-9
~

Diesel Generator 32: mean:
variance: 1.59 x 10-I7'e

2.96 x 10-9Diesel Generator 33: mean:
variance: 1.59 x 10-I7s .

Diesel Generators'31 and 32: 1.14 x 10-7e
mean:

variance: 1.54 x 10-14

Diesel Generators 31 and 33: 1.14 x 10-7e
mean: ~

' variance: 1.54 x 10-14
.

.

Diesel Ger.erators 32 and 33: 1.29 x 10-7
~

e ' mean:
variance: 1.91 x*10-14

-

.

.

All three diesel oenerators: 5.03 x 10-6
-

'

e ~

bean:
var.iance: 2.29 x 10-II

r
.

.

e
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. TAELE 9.2-14 (continued) .

Boundary Condition: Offsite~ Power Available
No Recovery from Failuresg '

. . Study Period of 6 Hours
* Failure State: Failure of Power at Buses 3A, 5A, and 6A

~

.

.

Testing Con _tribution to Unavailability-

e From Section 0.2, unavailability of one diesel generator due to testing ~

errors:
QTE1 = 2.51 x 10-5

. .

mean:
variance: 7.20 x 10-9-

Applying.this to the conditional unavailability of' power at Buses 3A, 5A,
and 6A with Diesel Generator 31,-32, or 33 inoperable yields:

,' . -

mean: 2.23 x'10-13
variance: 2.40 x 10-25 -

From Section D.2, unavailability of two diesel generators due to testing;e
errors:

QTE2=2.0}Ix-10-6
'

mean:
2.34 x 10-variance:

--
. .

.

Applying this to the conditional unavailability of power at Buses 3A, 5A,
and-6A with each combination of two diesel generators; inoperable yielos:

mear: 7.33 x 10-Io
',

variance: 1.82 x 10-24

.e- From Section D.2, unavailability _of three diesel.generat6rs due to' testing
errors:.

QTE3 = 1.63 x 10-7mean: ,.

variance: 2.02 x 10-13 .

Applying this to the conditional unavailability of power at' Buses 3A, SA,
..and 6A'with all diesel generators inoperable yields:

mean: 8.22 x 10-13
variance: 3.16 x'10-24

,

Testingcontributiontounavailability{QT):-e
mean: 1.78 x 10-l

variance: 4.99 x 10-24
.

.

'

' . ^ .

.

e' 5,*
*

.
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TAELE 9.2-14 (continuec).

~Soundary condition: 'Offsite Power Available
No Recovery from Failures

! Study Period of 6 Hours
Failure State: Failure of Power at Buses 3A, 5A, and 6A.

_

C

Maintenance Contribution to Unavailability

.

From Section D.3, unavailability of any diesel generator due toe

maintenance:
mean: 1.09 x 10-2

variance: 1.48 x 10-5

Applying this to the conditional unavailability of-power at Buses 3A' 5A,,

and 6A with Diesel Generator 31, 32, or 33 inoperable yields:
.

Maintenance contribution to unavailability (QM):
mean: - 9.65 x 10-Il

variance: 5.78 x 10-21
' '

Diesel Fuel 011 Supply Contribution to Unavailability -

From 96stE8n D.4.2, unavailability of Diesel Generators 31, 32, and 33 duee '

to fuel oil supply failur.e: . q

mean: 1.40 x 10-5 -
variance: 2.79 x 10-10

Applyinc this to the 'cenditional unavailability of pcworr $t Eus,es 3A, 5A,
and 6A with all three diesel generators inoperable yirlds:

Diesel fuel oil supply failure contribution to unavailability
(QFS):

*

mean: 7.04 x 10-Il
,

'

variance: l.07 x 10-20

:
l-
!

l

!
.

.

.

A
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T,AE*. E . 5 . 2- 15 ~

- Souncary Condition: Offsite Power Available
I_

No Recovery from Failures*

Stucy Period of 6 Hours ~..
.

Failure State: Failure of Power-at,all 480V Switchgear
-

,

Buses

Hardware Failure Contribution

Unavailability over 6 hours (Qg):.e.

mean: 8.42 x-10-11
'

variance: 1.89 x 10-20

Unavailability on demand (at event initiation): Buses SA and 6A remaine
energized at event initiation.

.e ' Dominant failure contributors:

The station auxiliary transformer fails over 6 hours an0 all three '

ciesel.cenerato~rs fail:to start on demand:~

mean: 2.41 x 10-11~

variance: 2.03 x 10-21 -

Concitional Unavailability With Diesel Generators Inocerable 2

e- Diesel Generator 31: mean: .-2.96 x 10-9 .

variance: 1.59 x 10-17 *

.

e Diesel Generator 32: mean: 2.96 x 10-9
variance: 1.59 x 10-17

e Diesel Generator 33: mean: 2.96 x 10-9
'~

variance: 1.59 x 10-17
,

e Diesel Generators 31 and 32:
mean: 1.14 x 10-7

variance: 1.53 x 10-14

e Diesel Generators 31 and 33:
mean: 1.14 x 10-7'

I'' variance: 1.53 x 10-14
.

"o Diesel'Gener ators 32 anc 33:
L meao: 1.14 x 10-7
'o- variance: 1.53 x 10-14

.

l
p e All three diesel generators:
l mean: 5.03 x 10-6 ,

* -

|- variance: 2.29 x 10-11

r

: -

.
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TAE E 9.2-15_

9

Souncary Concition: Offsite Power AvailaLit. *

fio Recovery from Fail. des ,

! -Study Pfriod of 6 Hours
,

Failure State: . Failure of Power at all 480V Switchcear.,

Buses --

*

.(.

.
..

Testino Contribution to Unavailability
,

From Section_D.2, unavailability of one ciesel generator due'to testinge

errors: -

QTEl = 2.51 x 10-5mean:
- variance: - 7.20 x 10-9 ,

Applying this to the conditional unavailability of power at all*four buses
with Diesel Generator 31, 32, or 33 inoperable yields:

-
.-

mean: 2.23 x 10-13
variance: 2.40 x 10-25

e From Section 0.2, unavailability of two diesel generators due to testing
,

errors:
x'10-6

OTb2=2.022. 4 x 10-Il
mean:

variance:
,

- 4

Applying this to the concitional unavailability of poner at all four buses
with each combinaticn of two ciesel gengrators incperable. yields:

mean: 7.06 x 10-I4
g

variance: 1.67 x 10-24

e From Section D.2, unavailability of three diesel generators due to testing
errors:

QTE3 = 1.63 x 10-7- mean:
variance: 2.02 x 10-13 -

.

. Applying this to the conditional unavailability of power at all four buses
with all diesel generators inoperable yields;

mean: 8.22 x 10-'3
variance: 3.16 x 10-24

Testingcontributiontounavailability{0T):e-

mean: 1.75 x 10-I .

variance: 4.89 x 10-24*

,

- - -.
,

'
.

.

(.

.
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TASLE 9.2-15 (continued)
,

Ecundary Condition: Offsite Power Available
No Recovery from Failures

I
.

Study Period of 6 Hours
i Failure State: Failure of Power at,all 480V Switchgear

'

Buses-

Maintenance Contribution to Unavailability

e From Section 0.3, unavailability of any diesel generato' dte tor

mean: 1.09 x 10-2-
.

variance: 1.48 x 10-5
.

Applying this to the conditional unavailability of power at all four. buses,

with each of the diesel generators inoperable yields:

-Maintenance contrP on to unavailability (Qg):
mear.: 9.65 x 10-11 -

variance: 5.78 x 10-21
'

Diesel Fuel Oil Supply Contribution to Unavailability
. .

,.

e Free Section D.4.2, unavailability of Diesel Ger:erators 31, 32, and 33 due
to fuel oil supply failure: .

> ' mean: 1.a0 x 10 , -

variance: 2.79 x 10-10

Applying this to the conditional' unavailability of power at all four buses
with all.three aiesel generators inoperable yields:

'

Diesel fuel oil supply failure contribution to unavailability
(OFS):

mean: 7.04 x 10-11
variance: 1.07 x 10-20

,

.

.

'. .
.
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TABLE 11,1 ,

.

.-

ELECTRIC POWER RECOVERY ACTIONS, OFFSITE POWER NOT AVAILABLE

Failure of Power ' Primary .Estluated Secondary Estitaated
at Dus(es) Recovery Action Action Time' Recovery Action Action Tlue*

*
.

2A Hote: This failure * state is undefined for this bounitar> condition ,.

3A Replace failed breaker 2AT3A with*

spare breaker 20 - 30 ntnutes Shod loads and crosstle Buses * 3A and 6A 20 - 30 ntnutes

SA Locally start Diesel Generator 33 20 - 30 minutes Shed loads and crosstle Buses 2A 20 - 30 minutes
*

and SA
6A Locally start Diesel Generator 32 20 - 30 mlnutes Shed loads and crosstle Buses 3A 20 - 30 minutes

.
and 6A

2A and 3A Locally start Diesel Generator 31 20 - 30 minut'es Shed loads and crnsstle Buses 2A 20 - 30 minutes
and 5A, 3A and 6A* -

2A and 5A flote: This failure state is undefined for this boundary condition
'

2A and 6A Hote: This failure state is undefineil for this boundary condition
*

3A ani SA Locally start Diesel Generator 33; 20 - 30 min::tes; Shed loads and crosstle Buses 2A 20 - 30 ulnutes
Replace failed breaker 2AT3A 20 - 30 ntnutes and SA, 3A and 6A*

with spare -

3A and 6A Locally start Diesel Generator 32; 20 - 30 nipu'es; Repair Diesel Generator 32 2 - 24 hours
Replace failed breaker 2AT3A 20 - 30 minutes

*
ulth spare

SA and 6A locally start Diesel Generators 32 30 - 40 ulnutes Shed loads and crosstle one bus; 20 - 30 minutes;

and 33 Repair failed Diesel Generator _ 2 - 24 hours
2A 3A and SA Locally start Olesel Generators 31 30 - 40 uinutes Crosstle Duses 3A and 6A; 20 - JO ntnutes

anJ 3) Repair Diesel Generator 33 2 - 24 hnurs
,2A, 3A, and 6A Locally start Diesel Generators 31 30 - 40 minutes Crosstle Guses 2A and SA; 20 - 30 minutes;'

and 32 Repair Olesel Generator 32 2 - 24 hours

2A, SA, and 6A flote : This failure state is undefined for this boundary condition

JA, 5A, md GA Lncally start Diesel Generators 32 30 - 40 minutes; Crosstle nuses 2A and SA; 20 - 30 minutes;

and 33; Replace failed breaker 20 .30 minutes Repair Olesel Generator 32 2 - 24 hours
2AT3A with spare e

- ,

All nases locally start all Diesel Generators 50 - 60 uinutes Repair at least one Diesel 2 ,24 hours

Generator

*This is nnt an estimate of total operator response time, which depends upon the precise event scenarlo.' Rather, it Is an estimate of
Lloe rerpTred to ef fect the given action once that action has been identified .55 approp,rlate (i.e., it is approntaately erpal to tntal
response Line ulous recognition and evaluation tirsel.

*
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TABLE 11.2
'

,

._

LECTRIC POWER RECOVERY ACTIONS, OFFSITE POWER AVAILABLE

failure of Power Primary E st i nated 5econdary E st imated
at Dus(es) Recovery Action Action ilme* Recovery Action Action ilme*

.

2A Attempt to cluse breaker UT2/STS 2 minutes Close breakce 2AIJA from local switch 10 - 15 minutes"fruen control roon switch
'

3A Attempt to close breaker UT3/5f6 2 minutes Close breaker 2AT3A from local switch 10 - 15 minutes
from control room switcn

SA Locally start diesel generator 33 20 - 30 minutes Crosstle buses 2A and 54 '10 - 15 minutes

6A Locally start diesel generator 32 20 - 30 minutes Crosstle buses 3A and 6A 10 - 15 minutes

24 an,d 3A Locally start'dlesel generator 31 20 - 30 oinutes Crosstle huses 2A and SA, buses 3A and 6A 15 - 20 minutest

2A and 5A Replace failed breaker ST5 with 20.- 30 minutes Crosstle buses 2A and JA; locally start 10 - 15 minutes* spare diesel generator 33 20 - 30 minutes

y 2A,and 6A Attemt to close breaker Uf 2/5f 5 2 minutes Crosstle buses 2A and 54.' buses 3A and 6A 15 - 20 ininutes
w frono control room switch

3A and 5A Attempt to close breaker UT3/5|6 2 minutes Crosstle buses 3A and 6A, buses SA and 24 15 - 20 minutes
~

from control roon switch

JA and 6A Replace failed breaker 516 with 20 .30 minutes Crosstle buses 2A and 3A; locally start 10 - 15 minutes
*spare diesel generator 32 20 - 30 minutes-

5A and 64 . Crosstle huses 2A and 5A, 15 - 20 minutes Locally start diesel generators J2 and 33 40 - 50 minutes
huses 3A and 6A

.

2A, 34. and 5A' Crosstle huses 3A and 6A 10 - 15 minutes Locally start diesel generators 31 and 33 40 - 50 minutes -

24, 34, and 6A Crosstle buses 2A arid 5A 10 - 15 minutes Locally start diesel generators 31 and 32 40 - 50 minutes

2A, 5A, and 6A Crosstle huses'3A and 6A 10 - 15 minutes Locally start diesel generators 31 and 33 40 - 50 minutes

JA. 54, and 6A Crosstle buses 2A and 5A l'0 - 15 mir.utes Locally start diesel generators 31 and 32 ,40 - 50 minutes

All huses Locally start 'all diesel generators 50 - 60 minutes Reclose normal supply breakers froen avall- 10 - 15 minutes
able sources
Repair station ausillary transformer 4 - 40 hours

*lhis'is not an estimate of total operator response time which depends upon the precisit event scenarlo. Rather it is an estimate of the
Line regulred to ef f ect the given action once that action has been identified as appropriate (i.e., IL is approximately equal to total .

response time minus recogniction and evaluation time). ..

.
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TABLE 12
!

. OFFSITE POWER RECOVERY ACTIONS
*

,

'

(

Estimated Action Time *Recovery Action

~

5 - 10 minutesEnergize 6.9 kV buses 5 and 6 from
Buchanan 13.8 kV supply (if available)

Reset transfer trips and sectionalizing 10 - 20 minutes .

- relays to reenergize Buchanan 138 kV or
13.8 kV supply from an available feecer

.

30 - 60 minutesStart Gas Turbine Generator Unit #1 .

30 - 60 minutes-Start Gas Turbine Generator Units at Buchanan
Substation

2 - 2a boursR'epair at least ene 138 kV or 13.8 kV
feeder to the station

2a - 72 hoursProvide auxilary portable generation
ecuipment to the station

.

*This is not an estimate of total response time, which depencs'upo'n the
Ratner, it is an estimate of the time recuiredprecise event scenario.

to effect the given action ence that action has been icentifico as
approp'riate (i.e., it is approximately eoual to total response time minus~

recognition and evaluation time).
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Dpcket Nos.: 50-247

Af 50-286fiEMORANDUM TO: Ashok Thadani, Chief 1

Reliability .and Risk Assessment Branch
Division of Safetp Technology, NRR

.

~

THRU: Franklin D.' Coffman, Jr. , Section Chief,

Systems Interaction Section
Reliability and Risk Assessment Branch ~

Division of Safety Technology NRR

FROM: James H. Conran, Principal Systems Engineer,

Systems Interaction Section.

Reliab'ility and Risk Assessment Branch ~

Division of Safety Technology,'NRR,

'

SUBJECT: TRANSMITTA( OF MEETING SUMMARY AND STATUS REPORT

Attached is a combined " Meeting Summary .and Status Repert" relating to the
Indian Point-3 systems interaction study effort. This report is principally
a . summary of discussions of a July 24, 1981 meeting between the Systems
I teraction staff and the Indian Point-3 licensee (PASNY) and t' heir * con-

'

' tractor (EBASCO). The purpose o'f that meeting was to discuss the staff's
final review comments on PASHY's preliminary submittal dhscritting the prot
posed IP-3 systems interaction study program. The report is in the format

yof a " Meeting Summary"; however, since the report also reflects developments
subsecuent to'the meeting (e.g. as recent as the simulater trials at the
Indian Point facility on September 23-24), it is also tqrmed " Status Report".
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50-286
*:EMORANDUM TO: Ashok Thadani, Chief

-

Reliability and Risk Asses.sment Branch
Division of Safety Technology NRR *

THRU: Franklin D. Coffman, Jr., Section Chief
Systems Interaction Section '

Reliability and Risk Assessment Branch
Division of Safety' Technology NRR

FROM: James H. Conran, Principal Systems Engineer
Systems Interaction Section
Reliability and Risk Assessment Branch
Division of Safety Technology, NRR <.

SU3 JECT: TRANSMITTAL OF MEETING SUICtARY AND STATUS REPORT

Attached is a combined " Meeting Summary and Status Report" relating to the
Indian Point-3 systems interaction study effort. This report is principally
a summary of discussions of a July 24, 1981 meeting betvieen the Systems
Interaction staff and the Indian Point-3 licensee (PASNY) and their con-
tractor (EBASCO). The purpose of that meeting was to discuss the staff's
final review comments on PASNY's preliminary submittal describing the pro-
posed IP-3 systems interaction study program. ' The report is in the format.

of a " Meeting Summary"; hov.ever, since the report al.so reflects developments t

subsequent to the meeting (e.g. as recent as the siculator trials at the
Indian Point facility on September 23-24), it is also termed " Status Report".

James H. Conran .

Systems Interaction Section
Reliability and Risk AssesRa nt Brancha
Division of Safety Technology NRR-

.

Attachments - Report as stated in text "

|

cc: T. Murley - DST|

| M. Ernst - DST DISTRIBUTION: RRAB RDG
J. Thoma - DL Conran Chron

' J. Greismeyer - ACRS staff FConran
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fiEETING Stit1ARY AND STATUS REPORT !
.

'

. , FOR |
.-

MEETING WITH PASNY/EBASCO ON PROPOSED IP-3 SYSTEMS INTERACTION PROGRAM
.

JULY 24,1981

~

Introduction and Background _'
A meeting was held in.Bethesda, Md., on July 24, 1981 with representatives of the
Power Authority of the State of New York (PASNY) and their contractor (EBA5CO) to
discuss the staff's comments on PASNY's " Preliminary" submittal on the proposed
systems interaction study program to be performed at the Indian Point-3 facility.
The " Preliminary" submittal (2 volumes) consisted of:

Volume I - description of the objectives and scope of the program, project
~

organization, and criteria and methodology to be applied in
identifying and evaluating systems interaction.

,

<

Volume II - extensive compilation of results of application of the proposed
criteria and methodology to the AFW system, for the purpose of
illustrating the workability of the proposed methodology and the
depth of treatment of plant systems generally in the study.

The review of the PASNY submittal was performed by the NRC systems interaction
staff (Reliability and Risk Assessment Branch) assisted by contractors (LLL and
SAI) and a senior reviewer from the Auxiliary Systems Branch, NRR, experienced
in the review of AFL systems. The review process in its entirety extended over
nearly 4 months (April-July), and included review of a number of sections of the t

Pickard, Lowe, and Garrick Zion / Indian Point PRA study report (April 1981 Draft)
now in the final stages of completion. (Explicit reference is made to "consid-
eration of Z/IP PRA fault trees" in the description of the IP-3 proposed systems
interaction study.)

The scope of the RRAB (and LLL/SAI) review effort included all aspects of the
PASNY submittal; but the main focus of this part of the review was a critical
review of proposed criteria and methodology. The Auxiliary Systems Branch re- e

viewer concentrated primarily on Vol . II of the PASNY submittal (i.e., results
of application of proposed methodology to the AFW system only) from the per-
spective of one knowledgeable in the details of specific system design and
operation (see Enclosure 6). All questions and comments developed by this ex-
tensive review process were discussed preliminarily with PASNY/EBASCO project
personnel via conference calls arranged periodically during the review process.

. The Detailed Agenda for the July 24 meeting (see Enclosure 2) reflects the final
staff comments on the " Preliminary" PASNY submittal.

,

Discussion .

The following summary of detailed discussions at the July 24 meeting is keyed to
specific items on the Detailed Agenda for the meeting (Enclosure 2).

I.A. NRC Philosophy on SI Analysis
.

J. Conran presented an overview of current RRAB staff thinking on the
systems interaction problem in general to properly frame the staff's
comments on PASNY's proposed SI program. Enclosure 3 provided the

.

N---
. . . n ,
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ou?.line for his . presentation which summarized, the ways'that the -',

'

'-
.NRR SI' staff has " cross-cut" the ~overalliSI topic, as' its thinking=' ,

~
I' ',

-

-has developed and' evolved over the :pa~st 1 year. Tha t- presentation

}
and subsequent discussion throughout the meeting developed the
following important points:-

'
'o Systems interaction. analysis. involves. (1) _the -systematic search' for

heretofore " hidden" or -inadequately analyzed _: interconnections or
-

"

couplings 'that. link safety and non-safety systems in thb reactor
'

plant, and:(2) the- evaluation of the effe' cts of non-safety system
failure.(or maloperation), propagated.into the -safety system by such
interconnections / couplings.1 :

The'SI staff stated that ,the treatment of sis that aggravate acci-o

dent conditions and exceed the ' capabilities of installed safety4

systems (in addition to SI'sithat degrade safety system capability)
is considere'd to be within' the scope. of.a comprehensive SI analysis.
And methods are available for treating a number of types of SI's,.as

'

outlined in Enclosure ~ 3. The SI . staff acknowledged, however..that'

methods are not now available for treating comprehensively the so-4

called " higher-order" type'SI's in~ interconnected systems. The - ca p-
'

ability does now exist for treating thoroughly specific ' events '(or
- _ postulated. events) involving higher-order SI's (e.g., as was done in

~

the extensive analyses of the TMI22 accident, the Crystal River loss-4

: of-coolant event, the Brown's' Ferry partial scram failure ' etc.). -

! But the SI staff believes.that improved simulator / engineering
j. -analyzer capability must be developed if " higher-order" type SI's can-

~ be treated systematically and comprehensively in future:SI studies.,
.

'

c7

The~ staff emphasized that consideration of'operati'ng experience is ano4

[ important element in the systems interaction analysis of aJfacility
[ and'should be treated explicitly in the .IP-3 SI: study. Extrapolation

-of- events that have actually occurred is, of course, an effective- and
accepted method for-identifying additional potential = SI's with nexus-

to what has already actually occurred. Consideration of ~ operating .
experience can also be useful in another important way. The suit-.,

- ability / workability of a proposed SI analysis methodology can be ,

demonstrated if it can be shown that application of that methodology
'

. will identify and lead to correction.of adverse systems interactions.
similar to those thit have occurred in the past.

With regard to the~ question of suitability / workability.of variouso,

'

analytical methods for SI analysis purposes, the SI staff does not
feel .that Event Treenault iree metnoos nave yet been satisfactorily
demonstrated in the limited applications attempted to date (e.g.

. Sandia Phase I . A-17 effort; or Battelle/BNL/LLL State-of-the Art'
surveys).* PASNY has. proposed use of "depe'ndency analysis" techniques.

(e.g., combining shutdown logic diagrams, safety system auxiliary.
'

diagrams, auxiliary safety system commonality diagrams, dependency,
.

-
,

4

C*Battelle, BNL, and -LLL- have continued efforts to adapt Event Tree / Fault Tree%

methodology for SI analysis purposes. Their efforts are reflected in Interim-
Guidance being developed; and Event Tree / Fault Tree methodology will be one pro-

-posed SI analysis technique tested in " pilot" reviews planned in the near future.
.

S-
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'les/ matrices, FMEAs) as the primary means for identifying SI's in
the P-3 study. PASNY has proposed also the use or " consideration"-

,

of individual system Fault Trees (available from the IP-3 PRA study)'
,

'as a supplemental means o~f identifying and evaluating SI's. This is
acceptable to the staff; but PASNY should emphasize and concentrate
efforts on application of " dependency analysis" methods in the
actual performance of the IP-3 study.

.
.

.

I.B. Relationship ~Between PRA and SI, '

L

P. Alesso, LLI., presented an uverview on the relationship between PRA
and SI analysis, based on his background and experience in applying
PRA techniques, and on perspectives gained from the RRAB/LLL/SAI
review of both the PASNY SI submittal and Draft sections of the Z/IP-3 '-

PRA report (p,rovided separately by PASNY at RRAB's request to facilitate -

the SI submittal review). His presentation (see outline in
.

Enclosure 4), and subsequent discussions throughout the meeting developed
the following main points:"-

.

Early PRA studies focused largely on safety systems, and (because ofo

assumed independence between nonsafety and safety systems) did not
treat nonsafety system-related effects to any great extent. This
approach seemed valid in view of stringent criteria applied in the
design and licensing review process (i.e., single failure criterion,
separation criteria, etc.) for the express purpose of achieving
and maintaining nonsafety/ safety independence. Also, consideration.

was given in early PRA efforts to commqn-pode failure mechanisms
and effects; but, again, the emphasis was on coupl.ings (and their
effects) between safety systems (not between safety and nonsafety y

systems). In this sense, some consider SI studies as merely an
extension of the too-restrictive boundary conditions imposed in
early PRA studies to encompass full treatment of common cause/ common
mode effects involving both nonsafety and safety systems. Consistent -

with this view, recent " enhanced" reliability and risk analyses
(e.g.,-IREP and the Z/IP-3 PRA) do include significantly improved
treatment of nonsafety front line and support systems. .

o .The SI staff does not agree with characterization of SI analysis as
"just *a part of an . enhanced PRA" for the following reasons:

.(1 ) SI analysis is a useful exercise and has inherent value completely
aside and apart from PRA.The nonsafety/ safety' dependency information '
developed by SI analyses is certainly 'important in assuring the
accuracy of PRA results (in fact, SI analysis must be regarded
logically as a prerequisite to PRA). But nonsafety/ safety dependency

'

information can be used readily and effectively to improve safety in
. the context of the current " deterministic" licensing approach even

if PRA is never done.
,

(2) Thinking of SI analysis as " simply a part of PRA" can lead to
'

undue empahsis or reliance on use of analysis methods usually
associated with PRA (i.e., Event Tree / Fault Tree Analysis),
that have not yet been satisfactorily derionstrated (for SI
analysis purposes) in applications attempted t'o date *

,

. .-- ..
.

*See footnote preceding page. ,

:
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o As a final . point in the area of PRA/SI relationship, PASNY stated
- that 'the results of- the IP-3 PRA study would be an important factor -
. in' the final: selection of specific systems to be treated rin the -IP-3
SI~ analysis. . The SI staff stated that .PASNY should not rely pri-<

marily on those PRA results in making such~ determinations regarding
the critical parameters of thel SI ' study. If the PRA is flawed by.
not taking into account som'e hidden dependency in the IP-3 systems -
that.could be-found by aiSI analysis, there is a logical inconsis-

~

tency in using the results of such a ~potentially flawed PRA (in any
; controlling manner) in determining scope or' depth of treatment of

.

the SI analysis. PRA results may be:useful in confirming the-

selection of systems (for SI analysis) arrived at by applying the
methods and. criteria _ described by PASNY .in their Preliminary

'

submittal '

. ... -. .

II.A Definition of SI and Application of Single Failure Criterion
.

.

o PASNY and the SI staff agreed explicitly that the threshold for-
. identification of adverse SI's will be a nonsafety system or
component failure that leads to the. defeat of one train of a
safety system or_ engineered safety feature... even if the re-*

,

maining trains of the affected safety systen or ESF could per-
'

.

. . form the intended safety function. This is~a more stringent ,

criterion than the Single Failure Criterion . currently applied
in the licensing review -process; but itewas empha' sized that it- '

'

'
is specified by the staff'at this point only as.a SI search e

'

' criterion. :SI's identified by applying this search criterion
may require design change or plant modification; bu.t not
necessarily'so.-

~ "

!' o The choice of -the stringent search criterion discussed-in the
preceding stems from the SI staff's' objective of assessing the,

effectiveness of existing deterministic. criteria in achieving
independence _ between' safety and nonsafety systems. The assump-

,

tion of nonsafety/ safety systems independence (in accordance i

|J
with existing design and licensing review criteria) forms an
important part of the rationale for determinations of " adequate
safety" for existing plants sans systematic and comprehensive

L ' analysis of nonsafety failure- effects. If numerous,nonsafety/ -

,

safety system dependencies are found by application of the
l search criterion specified above, that could indicate a funda-

mentally different level of reliability in safety systems _ than
is now assumed, and could-(for example) indicate the need for

l' reassessment of the adequacy of the Single Failure Criterion
as currently applied.

f

.
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II.B . Interconnected Systems Interaction Analysis

PASNY amplified in discussions at this meeting their description ino,

the. Preliminary submittal of how Shutdown Logic Diagrams (SLD's) ;

- ~ Safety System Auxiliary Diagrams (SSAD's), and Auxiliary Safety System
Cocmonality Diagrams (ASSCD's) will fit together with FMEAs and Fault

- Trees on individual systems, t'o identify and evaluate SI's (depen-
dencies) in the IP-3 study. . As the ' staff now understands it. SLD's,

ASSAD's,~ and ASSCD's are basically devices employed (1) for id'entify-4

E ing the safety and support. systems (including nonsafety systems)
that are-to be analyzed.for interactions, and (2) for correlating,

and combining the results of FMEA's' on individual systems in order
to understand and portray how interconnections, couplings and de-
pendencies among.all systems can propogate nonsafety system failure (s)'
into the safety system. (PASNY also agreed to consider the use of
matrix based methods, as suggested by the SI staff, as a refinement- . <

on the above mentioned methods' in identifying dependencies among
.

-

'.
interconnected systems.)

,

-
,

-

.

In. addit. ion, as a supplemental device in searching for sis,'and as one4

of the ~ principle methods for the evaluation of SI's identifiedi PASNY
will use or "co.nsider" Fault Trees on individual systems already

*

available from the Z/IP-3 PRA. PASNY may develop new Fault Trees for systems
- -

covered in the SI analysis, if these systems sere not covered or we,re not
modeled in sufficient detail (for SI purposes) in the PRA. All SI'si

jidentified are not expected to require use of Fault Trees for evaluation;
engineering. judgment, based on and appropriately reflecting existing

.

-

deterministic criteria, will be~ used in'some cases,,

o A staff concern regarding the effectiveness of PASNY's proposed method
for generating system / component listings corresponding to required

, ^

safety functions was resolved by PASNY's statement that Table ~6.1*

' presented in. Vol .1 of the " Preliminary" submittal wasinot intended'

to be complete in that respect (e.g., it did. not include the- PORV)
explicitly at the time, but would do so in the fin &l submittal). At

,

this point the table was-~ intended for illustrative purposes only.
.

N
PASNY's amplifying comments referred to. in the preceding also

'
i

- o
answered specifically a staff concern regarding adequacy of the FMEA
approach.to be applied to all . systems generally on the basis of conclusions-

,

:

[' drawn from- the FNEA o'f the AFW system alone- (see Fig. A-2.1 in Vol . II)'.
Specifically the staff questioned the validity of " Acceptable" conclusions
for various failure modes postulated in the AFW system, without consid'ering,

possible combined effects of failures in other' systems (e.g., due.to
I failure of support systems shared by the AFW and other systems, or other

,
,

coupling mechanisms).
,

.

. - _ . , - - -

-

.
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'o An important area of disagreement between the SI staff and PASNY all
along has been the question of treatment of nonsafety control system
failure effects, nonsafety power system failure effects, and nonsafety
instrumentatica failure effects. These types of SI's have played major
roles in a number of very serious operating incidents, and are of great
concern and are considered high priority aspects of the overall SI
problem by the staff; but PASNY indicated in th~e Preliniinary submittal
thatthey'intendedto,ad(ress'thes _ types of sis only very limitedly or
not at all in the ID-3 ' study.

-- With regard to the treatment of SI's involving nonsafety instru-~

mentation failure effects, PASNY stated in their " Preliminary"
submittal that they did not intend to treat latent-or-dynamic
human error-induced failures within the scope of their SI analysis.
Consistent with .this position, they specifically excluded treatment,

,
of "... failures which deprive the operator'of required information
for normally controlling plant conditions, or which provide confusing
or incorrect information to the operator..." A part of PASNY's,

~

rationale in this respect was that it was simply too difficult .
to predict and anal,vze,,the many ways in which an operator might
act incorrectly. 'i .- . . . .. _.

-
-

. The SI staff believes that it is possible to treat one specific ip)ortant
type of interaction involving the human error as a coupling or liniing' '

. mechanism. That type of SI has beeq termed " induced operator error"
(see Enclosure 3), and involves a set of circumstances in wh.ich (1)-

a nonsafety system failure causes loss (particdlarly massive loss) '

of normal control instrumentation ' display, and (2) the operator is
assumed to act correctly-(procedurally speaking) on the basis of
incorrect reading (s) produced by the initiating failure. Thus,
the difficulty of trying to predict and analyze incorrect actions
is eliminated. - -

PASNY appeared to understand and appreciate the staff's comment in
this regard (provided'in the initial meeting on 4/2/81), but has not
yet explicitly committed to including treatment of this type SI
within their intended scope of study. The SI staff continues to
believe that the seriousness and likelihood of;this kind of failure.

are both such as to warrant its treatment in the IP-3 SI study.

With regard to nonsafety control systems failure effects, PASNY merely--

referenced in their Preliminary submittal the PASNY response to
IEB 79-22. This was somewhat confusing in that context because
IEB 79-22 addressed control system fa~ilures only in the context of
non-connected SI effects (specifically, high energy line break
effects); also PASNY's response focused on only a few control
systems. Further, there was no indication in the Preliminary'

submittal that PASNY intended to consider adequately nonsafety,

power system failure effects caused by or propogated by nonsafety*- ''
-

control systens . The staff therefore.constaereo this aspect ofi

____ ,_ _

PASNYts Preliminary sutimittal inadequate;
.

-
e

.
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: Subsequently, PASHY added reference to their responses.'to IEB 79-27
. and NUREG-0588 as applicable and sufficient in this context.- PASHY
considers anything much beyond that to fall within _ the scope of one
or another Unresolved Safety Issue (e.g. A-47 Control Systems. Dynamics),
not assignable 'by requirement to an individual licensee for resoluiton.

.

The staff understands PASNY's legalistic position in- this regard, but has
required that at a minimum PASNY's treatment of SI's- in interconnected
systems should consider explicitly nonsafety control system failure

leffects and nonsafety power system failure effects to a degree con-
x sistent with requirements imposed by current staff practice for

detailed information regarding nonsafety syste*a aspects of plant
design, e'.g., .recent ICSB review questions to OL applicants in the
SNUPPs project. (~A. copy of the-ICSB review questions referred to
have been provided.to PASNY.) .

.

Beyond this minimum requirement, the ' staff has requested that PASNY. <-

consider possible application of the Indian Point simulator'in the
treatment of "first-order" types of SI's (see Enclosure 3.) involving
nonsafety control and power systems. The SI staff believes 'th'at to

-.the extent that such a training simulator accurately models at least
direct interconnections' between safety and nonsafety front line' systems
and their support. systems, it may be.possible to do more comprehens.ive -

-

and systematic ' analysis- of. their failure . effects more easily and
.

efficiently by use of the simulator. (It would not be necessary|for.

the simulator to accurately)model'p,rocess couplings or systems dynamicsto be useful in thisregard, It shou'To also be noted that a training
simulator would appear to be an almost ideal tool to be applied in 4

<

treating more. systematically and comprehensively nonsafety instru'-
-mentation display failure effects (i .e. , .the induced operator error
SI) as discussed in the' preceding. .PASNY has. agreed to investigate
these possibilities and has -examined on a very preliminary basis some

,

specific scenarios and_. failure combinations of particular interest in
this respect. The SI ~ staff was invited to observe and participate
in initial trials 'on . September 23-24,- 1981 at the Indian Point Simulator

- facility. We believe that PASNY .is to be commended for responding in
this fashion, and in demonstrating the willingness to examine novel .
(potential) alternative approaches to this very difficult aspect of SI
analysis. -

,

.

~II.C Non-connected Systems Interaction Analysis.

' o- The staff considers the methods and criteria proposed by PASNY for use
in . identifying and evaluating seismic-initiated SI's to be acceptable.'

'

The methods and criteria proposed are similar to those.which have been
employed previously at the Diablo = Canyon facility; but the staff has
noted refinements introduced by PASNY in this area that should facilitate
the evaluation and. utilization of results obtained in the walk-down
inspections. of IP-3. systems. ,

,

- __ - . -
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o .With regard to treatment of other (non-seismic) types of event-induced
~

SI's, it appears that PASNY essentially proposes to perform" enhanced".

versions of the kinds of analyses already required under existing licensing
' requirements in this regard (e.g., Fire Protection Analyses, Flooding
Protection Analyses, HELB Analyses, etc.). The " enhanced" analyses ..as pro-
posed would'fe,ature increased emphasis on, and mdre comprehensive consider-
ation of, nonsafety components in the vicinity of safety system components
that could be _ damaged by i ailure of the nonsafety ' components. ,This proposedf

effort _ appears to. go considerably beyond what-is now required under
existing requirements although it relies heavily on methods and criteria
in existing regulatory guidance.- The staff believes that such enhanced
treatment of nonseismic event-induced SI's can be safety beneficial; and
the methods and criteria proposed by PASNY_in this regard appear acceptable
to the staff within the scope intended by PASNY.

.. . . ,

PASNY's. proposed approach however, considers onlyfditect? effects of-
event-induced nonsafety component failures on the functioning of safety
systems, i .e. , nonsafety (source)/ safety (target) interactions The
SI staff believes that the IP-3 study should also include some consider-
ation of effects of event-induced nonsafety component failures on important
nonsafety systems. functioning and the possible resulting impact on safety,

system functioning,- i.e., nonsafety (source)/nonsafety- (target) inter -
actions and resulting effects on safety _ systems. PASNY's objections to
including treatment of such interactions in the IP-3 study were based on
concerns regarding how to bound such anahses (e.g. , would all''non-
safety (target) systems within an entire compartment have to be consider- q
ed with regard to effects of an event-induce'd steam environment)'. The
staff recognizes 'the validity of such ' concerns, and for that reason the sub-
seiuent to the July -24 meeting s,uggested a reasonably-bounded approach to anl
. initial effort in this direction that could be accomplished within the

-

scope of the IP-3 study.

As a first step,in the suggested approach,. PASNY would select (subject
to agreement by the staff) a representative high-energy nonsafety system.
The agreed upon -(source) system would be walked-down while surveying the

,

vicinity _ surrounding for (target) nonsafety systems which had already
been treated in the interconnected SI analysis phase of their study and
had been shown to have safety significance, i.e. , could adversely affect,-

a safety function if their own (non-safety) functioning were impaired. ,

'If a situation is found .in the walk-down of the (source) high energy
system in which such (target) nonsafety systems could be damaged by
failure of the high energy (source) nonsafety system, a potentially
adverse " coincidence" or systems interaction would have been identified.

..

If such potentially adverse " coincidences" were found to occur
frequently, that might indicate a need for extending such analyses
generically. On.the other hand, if no (or very few) such potentially
adverse coincidences were identified, that could be taken as additional

.

assurance that the existing licensing basis is adequate without the'.

need for requiring or extending this type of SI analysis. The staff
-

believes that this limited additional effort could contribute signi -
. _ . _ _ _ .

ficantly toward better definition and understanding, if not complete -

resolution, of this unexplored aspect of the overall systems interaction
,

question. -

.~
..
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III.A Safety Classification Terminoloaies

The staff emphasized that, because SI analysis involves extensively theo

treatment of systems ranging widely in degree of importance to safety,-

careful use must be made of the safety classification terms Which properly
reflect such differences.. In this context, the SI staff provided to.
PASNY standard definitions for three most commonly-used safety
classification terms (see Enclosure 5).

,

IV Schedule for Completion of IP-3 SI Analysis Progress
.

PASNY agreed to prepare a Final. IP-3 study-submittal that incorporateso ,.

or addresses the staff's review comments; the revised submittal is
expected to be available in late-October.

ACRS has tentatively scheduled a meeting of the appropriate sub-o.

committee in mid-November to discuss the revised (Final) submittal..

o PASNY estimates that completion of the actual IP-3 SI analysis effort.

could take 6-12 months after initiation.,_ -

.
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List of Attendees
-

..

Indian Point 3 Systems Interaction Study

July 24,1981 -

|L. Olshan NRC, -

J.. Kelly .SAI
P. . Alesso LLNL
J. O. Thoma NRC

,

J. Lamberski PASNY
W. D. RHamlin PASNY
'Y. Kishinevsky PASNY
K. S. Sunder Raj PASNY
Roberto L. Goyette PASNY
George Wilverding PASNY-

- S. S. Iyer PASNY
Edward J. Borella EBASCO
Ralph J. Giorgio .EBASCO -

Michael G. Gagliardi EBASCO

F. Coffman NRC

E. Chelliah NRC

J. Conran NRC .
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, _ , DETAILED MEETING AGEllDA
'

'

Dircussion of Indian Point *3 Systems Interaction Analysis

July 24, 1981

'.
.

I. INTRODUCTION / BACKGROUND
'

A. flRC Philosophy on SI Analysis (NilC)

1. Concentrate on safety /nonsafety system dependencies
and nonsafety system failure effects

2. Consider significant operating experience in scoping
, ,

SI analysis effort and in demonstrating effectiveness
of methodology employed e

B. Relationship between PRA and SI (HRC)

1. Historical perspective (PRA and SI essentially
complementary)

2. Current efforts (More SI included in PRA)
.

3. Future direction (Comprehensive PRA could include SI)

.y

II. DISCUSSION OF INITIAL IP-3 SUBMITTAL AND NRC REVIEW COMMEilTS

A ~. Definition of SI and Application of Single Failure Criterion

1. Degradation of safety system vs defeat of safety
~

function (NRC)

2. Treatment of SI that aggravate accident conditions " *

or exceed safety system capability (NRC)
,

3. Identification of critical safety functions and-

corresponding plant systems / components (PASNY)
(e.g., how is PORV treated?)

B. Interconnected Systems Interaction Analysis

1. How do shutdown logic diagrams, safety system'

auxiliary diagrams, and auxiliary safety system
commonality diagrams fit together with FMEAs and
PRA event trees / fault trees to identify adverse
systems interactions? (Amplify on Vol. I description) (PASNY)

*

2. Treatment of nonsafety control system failure effects,
nonsafety power supply effects, and nonsafety,

' instrumentation display failure effects

a. 79-22 submittal inadequate for SI purposes (NRC)
.

Enclosure 2
l
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*
* -- considers only one type of environmentally

induced failure

-- does not consider all nonsafety control systems

-- based on FW HELB analysis where break size's/
locations are chosen for direct effects on safety

. systems

b. Misinterpretation by PASNY of NUREG-0578 .(NRC)
" requirement" for nonsafety system analysis

'

c. Possible alternative approaches for treatment
in IP-3 SI program

-- investigate use of Indian Point simulator (PASNY)

-- comprehensive dependency analysis (e.g. ,
digraph) (NRC)

-- current ICSB review approach, as reflected
in SNUPPS questions provided to PASNY

C. Nonconnected Systems Interaction Analysis
.

1. Criteria / methodology presented in Vol. I appear
generally very good (NRC)' q.

2. Should take credit explicitly for 51 analysis
already done in fire protection, flooding, HELB

,

analyses, etc. (NRC)

3. Describe in greater detail how and to-what-extent
(PASNY)SRP/ Reg. Guide guidance used for SI analyses in

(2) will be applied in determining effects of fire,
,

flooding, HELB, etc., on nonsafety control systems,
power sources, instrumentation cabling, etc. (which
could in turn adversely influence safety functions)

III. SAFETY CLASSIFICATION TERMINOLOGIES /IP-3 HEARING ISSUES

A. Use definitions developed in NRC TMI-1 Restart Hearing
Testimony (NRC)

'

B. Systems Interaction--Major Issue in IP-3 Hearing (PASNY)
(What is current hearing schedule?)

b

IV. SCHEDULE FOR COMPLETION OF-IP-3 SI PROGRAM
. ( - .

A. Final Submittal /ACRS Meeting, Sept. 1981 (PASNY/ilRC)

B. NRC Audit Review / Walk-Through (NRC)

C. SER on IP-3 SI Program, March 1982 (NRC)
'

.



SYSTEMS Il!TERACTI0!l PROGRAM

SCOPE ',
,

*
COMMON-CAUSE FAILURES THAT:

'

VIOLATE RCPB INTEGRITY ---

(E.G., PIPE BREAK, RELIEF / ISOLATION VALVE FAILURE,' PUMP SEAL

FAILURE)

-- DEGRADE OR DEFEAT SAFETY SYSTEMS

(SCRAM, ECCS, RHR, 8 ESF)
,

-- EXCEED SAFETY SYSTEM CAPABILITIES

(E.G., EXTREME OVERPRESSURE, DVERC00 LING

' '

EMPHASIS ON NONSAFETY SYSTEM FAILURE EFFECTS

-- PROCESS 8 SUPPORT SYSTEMS
_ . ,

-- EQUIPMENT FAILURE 8 HUMAN ERROR

-- FAILURE TO OPERATE 8 I!! ADVERTENT OPERATION

TYPES -
,

'
N0!1 CONNECTED SYSTEMS I!lTERACTIONS

(C00PLIllG IS BY SHARED SPACE OR ENVIRONMENT)

' IllTERC0t!!!ECTED SYSTEMS INTERACTION

A. FIRST-ORDER-

(CHARACTERIZED BY: DIRECT C0!!NECTI0tlS: "0llE-WAY" DEPENDENCE:

NO SYSTEf1 DYNAMICS OR FEEDEACK EFFECTS INVOLVED) .

B. HIGHER ORDER

(CHARACTERIZED BY: PROCESS COUPLING: SYSTEMS DYi!AMICS EFFECTS)
'

IllDUCED HUMAN ERROR

(INSTRUME!lTATION DISPLAY ERROR: ASSUME PROCEDURALLY CORRECT
'

OPERATOR ACTION) Enclosure 3
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METHODS '
.

*
WALK-THRU OR WALKDOWN

*
ANALYTICAL METHODS ..

(EVENT TREE / FAULT TREE, DEPENDEt!CY ANALYSIS, FMEA)s

*
EVALUATION & EXTRAP0lATION OF OPERATING EXPERIENCE

' SIMULATION METHODS

'

TRAINING SIMULATORS--

(INTERCONNECTIONS WELL-MODELED; DYNAMICS POORLY MODELED)
.

ENGINEERING ANALYZER--

-

. ,

(INTERCONt4ECTIONS & DYNAMICS WELL MODELED)

BASIC SAFETY Fut1CTIONS
| ,

L

* ABILITY TO ACHIEVE & MAINTAIN ENTIRE CORE SUBCRITICALi

| .

* ABILITY TO TRANSFER DECAY- HEAT TO ULTIMATE HEAT SINK
.

* ABILITY TO MAINTAIN RCPB
|

|' "BILITY TO PROVIDE ENGINEERED SAFETY FEATURES
~

|. ..
.

.

.

-

|
, _ , , , . . - _ _ . . . . - . , ,
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1. PURPOSE OF PRESENTATION -

"-
. .

i .

o To PRESENT THE SYSTEMS INTERACTION (SI) PROBLEM-
,

IN TERMS OF PROBABILITY RISK ASSESSMENT (PRA), AND

o To S.TIMULATE-DISCUSSION AND ENCOURAGE FEEDBACK-

FROM INTERESTED GROUPS.
-

. , .
,
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II. BACKGROUND .

-
,

.
..

; -
0- EARLY' REACTOR DESIGN WAS DONE WITHOUT FORMAL . RISK

-ANALYSIS.
>

0 THE NEED TO BALANCE THE LIKELIHOOD OF A

POSTULATED SCENARIO WITH ITS CONSEQUENCES LED TO
.

THE . REACTOR SAFETY STUDY (RSS) 1975.

.

O SUBSEQUENT RISK ANALYSIS WAS PRA.

.
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PRA -

.

*-
.

-

. .

LEVEL 1: EVENT. TREES: -

O' RELATES THE SAFETY FUNCTIONS TO SYSTEMS

NECESSARY TO PREVENT A CORE DAMAGE.,

'

SYSTEM A SYSTEM B '
-

,

SUCCESS

SUCCESS

. FAILURE

.

;

FAILURE
.

O THE RESULTS ARE ACCIDENT SEQUENCES.

USUALLY SAFETY SYSTEMS ALONG WITH THE
'

~

MAIN FEEDWATER SYSTEM. - .

-
.

.
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PRA -

-

.

-
.

LEVEL 2: FAULT TREES:

THESE WERE USED TO DETERMINE THE FAILURE
'

PROBABILITY FOR EACH SAFETY SYSTEM WITHIN THE
_

ACCIDENT SEQUENCE
*

,

BOUNDARY s

FAILURE OF SAF'ETY

SYSTEM A SYSTEM
'

| .

O.

.

=

.

i i
. |

| '

I

L_ __i

El VIOLATES SINGLE FAILURE CRITERIA
.

b

b
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BOUNDARY CONDITIONS
*

,

.

PRA

LEVEL 1: EVENT TREES -

ADDITIONAL l, ACCIDENT SEQUENCES

CONSIDERATIONS
,

LEVEL 2: FAULT TREES OF SAFETY SYSTEMS
'

.

l. SHARED A
,

ENVIRONMENTAL

CONDITIONS
.

.

2. -DYNANIC HUMAN LEVEL 3: ANALYSIS OF DEPENDENCIES-

ERROR e IN NONSAFETY SYSTEMS
u

.

. .

-
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t

. .
.

.
.

PAST LIMITATIONS ON PRA -

.

.

. .
.

0 LIMITED BOOLEAN COMPUTATIONAL ABILITY.

O LACK OF FAILURE RATE DATA

" '

RESULTS
,

.

.

O SAFETY, SYSTEM BOUriDARY CONDITION LIMITS.

>

0 APPROXIMATION FOR f40NSAFETY SYSTEMS .

'

,

P(A B)2 P(A) - P(B)A .

- c

(OMITS- SOME DEPENDENCE FROM EACH ANALYSIS)

:

.
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III. THE PROBLEM -

--
..

. .

HOWEVER, ACCIDENTS SUCH AS TMI, BROWN'S FERRY,'
AND CRYSTAL' RIVER HAVE OCCURRED,-THAT HAD NOT. SURFACED

EXPLICITLY IN PRA,
.

o ARE THE' MATHEMATICAL METHODS OF PRA

INADEQUATE?
' '

-
,

o ARE THE BOUNDARY CONDITIONS TOO RESTRICTIVE?

O IS A NEW UNIQUE APPROACH NECESSARY?
.

.

f
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WHY ALL THE DIVERSITY IN METHODOLOGY?-
. ~

'- POINTS OF. VIEW

0 PRA STUDIES HAVE NOT FOUND SOME sis BEFORE AND

THEREFORE.MUST BE INADEQUATE.

'O : sis' SHOULD BE EXAMINED IN ISOLATION. .

.

.q.

.
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0THER PROBLEMS '

.
,

.

.

O IDENTIFYING SYSTEMS INTERACTIONS
'

0 EVALUATING SYSTEMS INTERACTIONS

.

O' ' LACK OF FAILURE RATE DATA (IF PRA METHODS USED)
~

<

0- CRITICISMS OF SHORTCOMINGS / LIMITATIONS USING

ENGINEERING JUDGMENT,- DETERMINISTIC CRITERIA, -

HEURISTIC TECHNIQUES ETC.

'
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.

. COMPUTATIONAL EFFICIENCIES .HAVE IMPROVED

FOR HANDLING INDEPENDENT EVENTS -

'
.

.

.

. -
.

- 0 INDEPENDENT' MODULES
.

O SUPERCOMPONENTS
.

WHAT ABOUT METHODS OF HAf;DLING DEPENDENT EVENTS?'

SUCH METHODS ARE METHODS OF SYSTEMS INTERACTIONS. - THEY
INCLUDE: "

- -

._ .

O HEURISTIC TECHNIQUES (HAZARD INDEX) -

0 GRAPHED ~ BASED LOGIC ANALYSIS-

0 ENHANCED PRA

.
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.

COMMON CAUSE FAILURE (CCF) ANALYSIS OVERVIEli

PROBABILITY MODELS HAVE BEEN DEVELOPED TO ESTIMATE COMMON,

CAUSE-PROBABILITIES'FROM DATA
-

PROBABILITY MODELS ARE BEING APPLIED TO LER AND NPRDS DATA-

.T0OBfAINCCFPROBABILITYESTIMATES
~

l
t

CCF DATA A.RE BEING CLASSIFIED BY SCENARIO VARIA3LES TO'

IDENTIFY FACTORS CAUSING HIGH CCF' PROBABILITIES

SUBJECTIVE ENGINEERING ' APPROACHES BEING DEVELOPED TO
'

.

QUANTIFYCCFPROBABILITIESBYPLANTVARIABLES
-

'
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iv ENHANCED PRA-
.

,

.
-

4 -

THERE IS NOTHING FUNDAMENTALLY WRONG WITH THE

MATHEMATICAL METHODS USED IN PRA.

ITS BOUNDARY CONDITIONS SHOULD BE EXTENDED WITH

EMPHASIS ON DEPENDENT FAILURES SUCH AS:
.

O SHARED ENVIRONMENTAL CONDITIONS

0 NONSAFETY SUPPORT SYSTEMS
,

-
e

0 DYNAMIC HUMAN ERROR'

.
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WE SEEK .
.

-

.-.
. .

.

LEVEL 2: .

BOUNDARY BoVNDARY'

FAULT TREE FAULT TREE

OF SAFETY OF SAFETY
,

'

SYST5M A SYSTEM B
'-

///// / // / / / / / / / / / / / / / f// / // / / / / / / / / / / / / / J / / / / / / /////

LEVEL 3: . . -

NoNSAFETY SUPPORT

SYSTEM

P
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V. SUliMARY .

-

.

.

~

SYSTEMS INTERACTION ANALYSIS CAN BE AN EXPANSION OF

THE BOUNDARY CONDITIONS OF PROBABILITY RISK ASSESSMENT
'

ANALYSIS USING THE SAME. TOOLS AS THE-PRA, BUT-DEVELOPING A

--MORE -DETAILED EMPHASIS ON DEPENDENT FAILURES..
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DEFINITION OF TERMS !,
,

1-

Important to Safety

Definition - From 10 CFR 50, Appendix A (General Design Criteria) - see firste

.
paragraph of " Introduction."

,

,

"Those structures, systems, and components that provide' reasonable assurance
that the facility can be operated without undue risk to the health and safety
of the public'."

,

Encompasses the broad class of plant features, covered (not necessarilye

explicitly) in the General Design Criteria, that contribute in important way
to safe operation and protection of the ptblic in all phases and aspects
of facility operati~on-(i.e., normal oepration and transient control as well
as accident mitigation).

,

e Includes Safety-Grade (or Safety-Related) as a subset.

Safety-Rela ted

Definition - From 10 CFR 100, Appendix A - see sections III.(c), VI.a.(1), anda

VI.b.(3). ~

"Those structure, systems, or components designed to remain functional for
. the SSE (also termed ' safety features') necessary to assure required safety
'

functions, i.e. :,
g

(1) the integrity of the reactor coolant pressure boundary;

(2) the capability to shut down the reactor and maintain it in a safe
shutdown condition; or

.

(3) the capability to prevent or mitigate the consequences of accidents
which could result irt potential off-site exposures comparable to the ,

guideline exposures of this part. '

e Subset of "Important to Safety"

e Regulatory Guide 1.29 provides a LWR-generic, function-oriented listing of
" safety-related" structures, systems, and components needed to provide or

| perform' required safety functions. Additional information (e.g., NSSS type,
| BOP design A-E, etc.) is needed to generate the complete listing of safety-
|* related SSC's for any specific facility.

Note: The term " safety-related" also appears in 10 CFR 50, Appendix B
(Q.A. Program Requirements); however, in that context it is framed
in .somewhat different language than its definition in 10 CFR 100,.

,

' Appendix A. That difference in language between the two appendices
has contributed to confusion and misunderstanding regarding the exact
meaning of " safety-related" and its relationshi'p to "important. to
safety" and " safety-grade." A revision to the language of Appendix
B has been proposed 'to clarify this situation and remove any ambiquity;

in the meaning of these terms.|
-

1 .

l ENCLOSURE 5
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Sa fe'ty-Gra de

e Term not used explicitly in regulations.but widely used/ applied by staff
and industry in safety review process.

.e Equivalent. to " Safety-Related," i.e., both terms apply ~to the same subset-
of the broad class "Iniportant to 56fety." ^ '
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ASB REVIEW COMMENTS

A-3.2 Loss of Air to Speed Controller TDAFW1 -

Not on Table A-3 or Fig. A-2.1
~~

.

A-1.2 Did not consider loss of non-safety grade control systems.
Justified by response to IE notice 79-22 via IPN-79-74, Oct.11,1979.

A-2.1.1 Acceptance criteria that AFW is delivered within 30 minutes of initial
demand - How can this be backed up as the required tine for AFW initiation
for all accidents - It may take 30 minutes to boil dry but flow may have
to be initiated earlier for the AFW system to " catch up" and prevent ,

dryout.

Also,is dryout sufficient criteria since the accident anal.yses in Chapter
15 uses other criteria.

A-2.2.3 What about toronado protection for the condensate storage tank?
&

A-2.2.5

Fi g. A-2.1 Sheet 3 of 9 M-6, M-7 - Should mention that pumps are protected by
automatic trip. (Will correct operator action assumption JHC, per PASHY
7/ 24/ 81 ) ,

.

Should have PAS /RRAB look at Fault Trees and ICSB look at logic
diagrams and electrical failures; on surface the electrical failures

t look OK.

General
,

-
e

Power / Air failures are evaluated with respect to individual components and their
effect on the system. What about a combinationof these components if one electrical /
rir' failure can affect groups of components? For instance, a complete loss of A-C '-

iower(on & off) would affect many of the components in Fig. A-2.1. How is the 's
scenario followed in this report? I

,
..

I.

Is(
,

'

.

b

'

.

.

.

.
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