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ABSTRACT

4

,

This report documents a probabilistic safety study of potential

accidents initiating-during shutdown at Seabrook Station. This supple- 4

'ments a full scope leve? 3 'probabilistic risk assessment of Seabrook#

Station operations at power. Several objectives of this new study

-are to:

1. Quantify risks of accident sequences with the potential

for core damage and offsite consequences that could oce"*

during shutdown.

2. Identify specific plant features, configurations, and human

actions that are the most significant risk contributors

during shutdown.

s. Evaluate and recommend improvements to control and reduce -

,

the risk of serious events during shutdown via accident

t

prevention and mitigation.

.

4. Establish a framework to conduct future studies and aid in
,

the decision process.

It was concluded that the mean frequency of severe core damage due to

- events initiated .at shutdown is 4.4E-5 per year, about 6 times less than

.that'due to events initiated at power. The risk to public health due to

shutdown events was also quantified based on source terms and consequence

analyses that account for the inherently smaller inventory of fission '

products and decay heat at shutdown.

i .

!

1
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l

{
The public health risk was found to be extremely small and somewhat less

than the very small risk f rom power operation quantified in previous

studies. The NRC safety goals for individual risk levels are met for

the combined shutdown and operation risks even with the conservative

assumption of no evacuation and WASH-1400 type source terms. Further,

with realistic assumptions regarding pource terms and evacuation,

there are no early health effects within the accuracy of the calcu-

lational codes. These results reflect procedural and instrumentation

enhancements that were identified to reduce risk.
~

-
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1.0 INTRODUCTION

This report documents a probabilistic safety assessment (PSA)

of potential accidents, including loss of decay heat removal events,

that could occur during shutdown at Seabrook Station. The likelihood of

severe core damage with various paths for offsite release was evaluaied

while the plant is in Mode 4 (hot shutdown), Mode 5 (cold shutdown),

or Moje 6 !ref 4eling). The potential radiological source terms and the

consequences to the public health from a hypothetical accident during
_

shutdown were also evaluated. This study supplements the existing f ull

scope, level 3 Seabrook Station Probabilistic Safety Assessment (SSPSA,

Reference 1) and its updates (References 2 and 3) of events during power
.

t

Toperation. e

The SSPSA assessed the risk of potential accidents that could be

initinted during power operation or at hot standby. This was based on

the judgment that was made in all previous PRAs, including the Reactor

Safety Study, that the level of risk associated with accidents that

could be initiated during f ull power operation, while small, was sub-

stantially greater than that associated with accidents that occur during
"

shutdown. There are many reasons to support this judgment including

lower decay heat levels and smaller inventory of radionuclides, with

the consequence that there is generally more time available to recover

from adverse situations during shutdown. There are, however, f actors *

that influence these cargins incluuing (a) the greater need f or oper-

ator actions to prevent core damage since most automatic safety systems

are disabled; (b) the relatively high equipment unavailability due to

planned mairtenance; (c) the potential plant configurations where the

1-1
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RCS coolant inventory is drained down to-the hot leg mid plane for

primary system maintenance; and'(d) the opening af containment pene-

trations and hatches, which is allowed by Technical Specifications.

A preliminar; investigation (Reference 4. RAI 21) indicated

that the risk duting shutdown at Seabrook appeared to be small but

warranted a further look. One justification for this more detailed

study was the observation that, because other analyzed contributors to

the frequency of early release scenarios were also found to be quite

small, the relative importa9ce of shutdown events could be significant.

Another justification was the f act that, because of their omission from j

previous PRAs and their deemphasis in FSAR Chapter 15 safety analyses,

D much less is known about the nature of the initiation and progression of

d shutdown events in comparison to power operation events. In addition,

NRC reviews, including that by Brookhaven National Laboratories (Ref-

erence 5), identified the need for more detailed plant specific assess-
,

ments. This etudy'of risk during' shutdown was initiated in Janua 1987

and provides a more complete, explicit assessment of risk for Seabrook
1

Station for use in future decision making. Specifically, for shutdown

events,'the key plant characteristics that contribute most significantly

were-identified and examined. In addition, NRC Generic Letter 87-12 has

generated an increased Industry awareness of potential risks during

shutdown.. In response, .significant analytical and procedural guidance

is under development by the Westinghouse Owners Group. This information

is expected to support and complement this study.

1,1 Obj ectives
,

The objectives of this study are to:

i.
i.

.

L

|- 1-2
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,

o . Quantify the risks.duf to accidents that initiate during
shutdown, including the likelihood of serious damage to the
reactor core and resultant offsite consequences, with a focus

- on early health ef fects and emergency planning strategies,

o Identify those specific plant features and configuretions -J

that contribute most significantly to risks at shutdown.

Recommend procedural and hardware improvements to reduce theo
risk of rerious events during shutdown,

o Establish a framework to conduct future stadies of shut-
down to _ aid in decision making.

.l.2 Approach and Methodology

This detailed plant specific study of shutdown events is a con-
L

tinuation of an earlier preliminary investigation (Reference 4, RAI 21).
:

It is also a follow-on to the Seabrook Station Probabilistic Safety'

As s es sment (References 1. through 3) which provided a significant technical

base as summarized below:

1. Modularized and linked event trees were used to model and
quantify accident sequences based on the methodology and
using advanced versions of the computer codes from.the

'SSPSA.

2. A simplified support system event tree was used in this
study . based oon results of ~ the SSPSA and the unique con-
figuration of the plant at shutdown.

3. Initiating events f rom the SSPSA, _ including. internal and
external _ hazards,_were reviewed and.4erveduns the_ starting-
point for'the search for internal / external events that were
selected:and quantified in this study.

4.- Data and systems analysis f rom the SSPS A _were used and -
. modified for shutdown conditions as necessary.

1

5. Source terms for shutdown events were developed from
previous source term analyses and corrected for re- .

duced' fission product'and decay heat. events. . The same
consequence analyses methodology and computer codes were
used as in previous studies of at power events.

g

In addition, the approach used to model accident sequences

Lis similar to'that use'd in a- research project performed f or the Electric

4

1-3
.

d
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Power Research Institute where the core damage frequency of accidents at

the Zion nuclear plant during plant shutdown was assessed (Reference 6).

The Zion study (NSAC-84) was an in-depth study and quantification of core

melt frequency (level 1 PRA). This Seabrook specific study went f urther *

to include external initiating events, consideration of containment ,

integrity, different release categories and source terms, as well as

consequence analyses. A full scope, level 3 analysis was performed to >

provide a- f ull statement of risk specifically to address emergency

planning considerations.

The following summarizes the approach and methods used to con-

duct this evaluation of shutdown events: '

l.- PWR industry experience with residual heat removal (RHR)
systems was reviewed to obtain insights into what could,

'

happen during shutdown. Industry shutdown events from
.1977 through 1981, summarized in NSAC-52 (Reference 7),
were considered. In addition, this experience base which
includes 251 events was updated through 1986 in this study.
As a result, this study benefited f rom experience gained
in a total u f 345 events indicating actual problems thato

occurred during shutdown. This experience was helpful
~ both in identifying key accident sequences and in esti-
mating their. frequency of occurrence.

2.. Seabrook Station operations and maintenance procedurer used
in shutdown, refueling, and startup_ evolutions were reviewed
in detail and discussed wich plant operations.

l' 3. Items I and 2 guided the development of event tree models,

of the procedures. These event tree models were used to
! identify the most likely ways to initiate a loss of cooling

event due to procedural errors and/or equipment failures
that are appropriate for Seabrook specific procedures and

! design and in consideration of RHR event experience. Six
event trees were developed, one for each of the following,

six major procedural evolution during shutdown and startup:!

o Cold Shutdown
I o Drain RCS

Till Refueling Cavityo

e Empty Refueling Cavity
o Fill RCS
o Startep-

1;
i

L l-4

|

l-
________
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Event trees for the above procedures were linked and quanti-
fied to identif y initiating events for separate accident
response trees. The event tree models consider a range of

possibilities f or the configuration and status of the plant
when these transient s initiate (i.e. , drained maintenance,

ref ueling, or maintenance with the RCS filled).

4 Other initiating events were identified including LOCAs,
loss of support systems, internal hazards (such as fires
and floods), and external hazards (such as earthquakes).
These events, initially identified in the SSPS A (Ref er-
ences 1 through 3), were reviewed for applicability to
shutdown. The plant conf iguration during shutdown was
also considered with regard to potential new initiators
and several of these were analyzed. Additional dat a

analyses was performed to quantify the frequency of
fires and floods utique to plant shutdown. --

5. A separate set of accident event trees was developed to
model plant response (operator response and recovery actions
and equipment availability) to the initiating events. The

accident event trees consist of ac 'tgrated set of three

linked event trees that are brief11 acribed below.

o Support System Event Tree - A simplified support
system event tree, based on the SSPSA results, was
used. Initiating events first pass through this
tree where the tree endstates track unique support

systee availability states needed to quantif y the
frequency of sequences in the subsequent event trees,

o Transient Initiator Response Event Tree - Response
to loss of RRR cooling and/or overpressure initiators
were modeleu, where ev2nt tree endstates include
successful recovery, core damage endstates, or trans-

-

f er to the LOCA response tree.

o LOCA Initiator Response Event Iree - Response to
LOCA initiators and LOCAs that occur in the trans12nt
response tree were modeled. Event tree enJstates in-
clude successful recovery or core damage endstates.

6. A point estimate quantification of the event trees was
then performed. Each event tree top event models human
(operator) actions and/or systems (equipment availability).
These supporting top event models were developed and quan-
tified as conditional on the differer.n initiating events,

support systems available, and previous top event success
or failure. Data and systems analysis in the SSPSA was
used, modified and supplemented where possible. New data
required to determine time in various shutdown conditions
was derived f rom Zion experience in NSAC-84 (Ref erence 6).
A large number of operator actions were identified which
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are new for this study. The transient and LOCA event trees
were quantified for each unique combination of support system
states and initiating event.

7. The site model and consequence analyses was based on
the SSPSA but was modified to account for differences
in containment isolation, fission product inventory,
and slower progression of releases due to reduced
decay heat at shutdown. The following three offsite
conseguence measures are provided-

-

o Exceedance f requency of 200 rem whole body dose
versus distance from the containment assuming no
immediate (24 hrs) protective actions. This is
provided to address emergency planning consider- 2

ations.
-

o Exceedance f requency of acute f atalities, assuming
no credit for immediate protective actions and
then assuming'a 2-mile evacuation.

o Individual risk for comparison to the safety goal
assuming no credit for immediate protective actions
and 2-mile evacuation cases, i.e., the average risk
of early fatality to individuals residing within
1-mile of the site boundary,

8. - Procedure, instrument and training improvements and new
administrative controls were identified during the study
and the effect of these are included in the final results.

9. The final point estimate quantification was used to iden-
tify *he dominant sequences, human errors, and equipment
failures. An uncertainty analysis of the results was per-
formed to quantify the range of possible results due to
specific sources of uncertainty. The f ollowin_ key
sources of uncertoir'.y were incitde-

o Variation in f requency and ns..ation of outages.

o Variation in fraction of time spent in each shut-
down procedure.

o Variation in time of accident initiation within
the outage.

o Variation in time to core uncovery after initiatione

o Source term uncertainty.

o Uncertainty due to binning different sequences in
the same release category.

1-6
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o ~ Initiating event frequency uncertainty.

_o: Uncertainty in frequency estimation of human error
rates.-

- o Uncertainty in component failu e rates, maintenance
unavailability and common cause failure rates.

1) Uncertainty in the configuration of the plant: (a)
the coolant level in the RCS and (b) frequency and -. J

-duration of containment penetratfor, and equipment
hatch opening.-

- 10. Sensitivity analyses were used to investigate importance 1
'of specific modeling assumptions and Senefits of potential

,

improvements.

-

$
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. 2.U 1RESULTS AND CONCLUSIONS- ,

-.

The purpose of this section is to summarize the results and ;

conclusions of.this study. These results include-insights into the

sources of risk-of potential accidents during shutdown, ways to control
'

or reduce this risk, the quantitative risk levels, and a plant and site

specific risk model which will allow evaluations of the risk impact of

future changes. The results of shutdown events are compared with the

results from previous assessments for power operation events at Seabrook*

t

Station, with the NUREG-0396 " Dose vs Distance" curve, with the NRC
t

|. Safety Goals .and with actual loss of RHR industry experience. The
;

|

| results and insights from this study illustrate the importance of an a

[
priori examination.of risk factors. Despite the large uncerta'nties

associated with such an examination, this is preferable .to waiting for
j

- the occurrence of incidents or accidents. ,

The risks from shutdown events described in this study assume

.

that specific plant improvements (or their equivaler.t) identified during ,

the study will be implemented. These improvements vete identified by a

detailed review of Seabrook systems and procedurca eseA during shutdown

and a comparison with approximately 350 reports of ectuel shutdown events

-.in the nuclear industry over the past 10 years. The risk importance of

; ' these improvements became clear during the early phases of this study of -

shutdown' events. Therefore, the final risk quantification was made

assuming that they would be implemented. Sensitivity studies were then

added to the final results to bound the risk impact of the improvements.

The improvements include:

-o Instrumentation and alarms to imptcve operator action
and to alert.the operator to incipient loss of RHR

|

|
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during the_ time when the RCS is drained to the hot leg
midelane;

o Procedures and training to cover the possible abnorma4
plant conditions and alternative cooling schemes;

o Administrative controls to minimize the time in the mid-
loop drained configuration, to assure that alternative
cooling methods ars available, and to assure control
of containment integrity.

The improvements are described more fully in Section 2.7. The results

of this study wil. be updated during development of and/or af ter imple-

mentation of improvements.

2.1 Core Damage Frequency

The frequency of core damagc from shutdown (this study) and
' operation (SSPS A) is shown in Figure 2-1 in terms of a probability

distribution that quantifies the uncerteinties in the estimates. The
4

parameters of the distribution are as follows:
,

CORE DAMAGE FREQUENCY (per calendar year)
\i
I PARAMETER l SHUTDOWN OPERATION \ TOTAL

i
''

o 95th Percentile 1.3E-4 6.3E-4 7.2E-4
o Mean 4.5E-5 2.5E-4 2.9E-4
o 50th Percentile 1.9E-3 1.9E-4 2.3E-4

_

o 5th Percentile 5.8E-6 5.7E-5 7.9E-5

{
The mean core damage f requency at shutdown is smaller (by about a fac-

tor of 6) than that for power operation while the-relative uncertainty

at shutdown is larger, as illustrated in rigure 2-1. The mean to median

ratio, a measure of the logarithmic uncertainty, is 2.4 for the shutdown

case; 1.3 for the power operation case. * 'ther measure of uncertainty

is the percentile at which the mean falls- 't. the shutdown case, the

.
mean is at about the 80th percentile; for power operation the mean is at

.s.

2-2
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about the 60th percentile. The relatively large uncertainty in the
i

shutocwn case is the reault of large uncertainties in the operator

action model and in the possible plant configurations while shutdown.

Operstor action is important in the model because of the obsence of

automati- ystem respouse.

inble 2-1 lists the contributors to core damage by initiator

groups and their percent contribution. From this table, it can be seen

that loss of RHR initiators make up most of the risk (82%). The highest

frequency initiator of loss of RHR is hardware failure of the operating

RHR puep train. This is a reflection of the long mission for which the

pump must operate rather than a high failure rate of the P.HR. The second

highest frequency contributor is loss of RRR suction. This initiator

results f rom inat ertent closure of the RHR suction valves or f rom low

level cavitation when the RCS is drained down to the vessel hot legs.

The initiating event t'requencies from the model for these two initiators

are compared to actual failures in Section 2.4.

Loss of coolant sccidents make up the remainder of the risk

(18%). Aoout half of this frequency (8%) is due to LOCAs resulting

from overpressure events. Overpressurization as modeled is not im-

portant from a reactor vessel or pipir,g integrity concern per se but

is a LOCA contributor because of the potential for .ne RHR relief

valve to stick open or the RHR pump seal to rupture. The rest of the

LOCA-initiator f requency is due to check valve f ailure during containment

sump valve testing, reactor refueling cavity seal 'silure, and other very

low f requency event s.

Table 2-2 lis'. nontributors to core damage by RCS configuration

at the time ot .ne accident. Loss of RHR events initiated when the RCS

2-3
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is vented and partially drained (X) and LOCAs (including LOCAs due to f
i

overpressurization) make up about 90% of the core damage frequency.. This

illustrates the importance of the " time to core uncovery" which is a func-

tion of the decay heat load (time af ter shutdown), the amount of coolant |
.

inventory above the core, and the availability of steam generator cooling.

As shown in Table 2-2, the time to core uncovery is much shorter for RCS

drained down (X) and for LOCAs. Thus, an important factor in determining

core damage frequency is the time in the drained down mode which reduces

the time for operator action to begin alternate decay heat removal methods ,

at a given decay heat level. An effective way to reduce risk is to limit

the time in draindown and, when in this mode; to strictly :ontrol contain-

ment integrity.,

2.2 Public Risk

2.2.1 Early Health Risk

The mean early fatality risk curve with the "best estimate" source

term and consequence model (assuming 2 mile evacuation) is illustrated

in Figure 2-2. As shown, the risk from shutdown events (this study) is
,

about an order of magnitude less th&n from power operation events as
|determined in References-2 and 3. As shown in these references, most

of the early fatality risk is within two miles of the plant. .Thus,

modeling a 2-mile evacuation distance provides nearly as much risk
'

reduction as a 10-m11, evacuation. For that reason, the best estimate

consequence analysis was done assuming a 2-mile evacuation.
..

The total risk assuming a 2-mile evacuation distance is more

than an otder of magnitude less than WASH-1400 which modeled a 25-mile

evacuation distance. The WASH-1400 PWR mean is based on a mean to

median 10:fo of 2.66 (the PVR-2 median frequency, assuming a lognormal
1
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distribution and range factor of 10). A sensitivity case with all weight

i

on the conservative (WASH-1400 methodology) source term is illustra'.ed in'

Figure 2-3. Again the risks of shutdown and operation are both low and

the total mean (f requency of release) results are less than WASH-1400.

Additional sensitivities and comparisons were made with no

immediate protective actions modeled. These results are previded in

Figures 2-4 and 2-$ where Figure 2-5 has all weight on the conservative

WASH-1400 methodology source terms. The results f or shutdown events

are about an order of magnitude less than power operation events as shown

in Figures 2-4 and 2-5. The total mean risk in Figure 2-4 is comparable

to WASH-1400. In Figure 2-5, the shutdown mean risk is comparable to

WASH-1400 and operation risk is graater than WASH-1400.

Because the risk due to power operation events is so small, the

relative importance of the additional small risks during shut'swn is

significant. However, the bottom line is not changed, that is, that the

total risk is still very small. The significant factors that determine

public health risk at shutdown are the absence of automatic containment

isolation and the possibility of the equipment hatch being of f. The
.

equipment hatch is important because of the size of the opening, the time

reouired to replace the hatch, and the necescity of of fsite power. Table

2-3 lists the contributors to core damage by release type. As shown,

important contributors to early risks occur f rom accidents when the RCS

is drained down (X) and intact (W). A more detailed discussion of dominant

core damage sequences is provided in Section 2.5.

The early fatality risk (Figure 2-2) at shutdown is dominated by

release categories SR2H and SR6H with small contributions by SR2P and

SR6P, as described in Section 10. The release categories SR2H and SR6H

2-5
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con *ain core doesgo sequences with containment open - either the squip-
'ment hatch of f or the large containment air purge valves open. The model

includes credit for administrative controls wht:h minimize the time the

hatch is of f during shutdown and prohibit removing the hatch when the RCS

is drained down. The estimated time required to repitee the hatch, if it

is off, helps determine the operator failure likelihood. With loss of

offsite power, if the hatch is off, it cannot be replaced because of lack

of power to the crane.
1

Table 2-4 lists the initiating event contributors to each re-

lease category and Table 2-5 shows the percent contribution of re- |

1 ease categories to core damage frequency. For important categories

!contribt ing to early f atalities, SR2H is dominated by LOCA events - due

to overpressurization o sump valve failure; SR6H is dominated by loss

of RHR due to hardware f ailure of the pump or due to loss of support

systems. -These SR6H events are modeled only when the RCS is full (W) and,

thus the equipment hatch could be removed. Also important are losses of

EdR due .to hardware f ailures or losses of suction with the RCS Jrained

down (X).. In this condition, the equipment hatch is modeled as being on
,

due to administrative controls so the release is due .to unisolated con-

tainment ' air purge valves. Hence, the final results are quite sensitive

to.the assumptions that these controls and other modifications are in

place. The risk sensitivity of these modifications is estimated in

Section 2.6.

2.2.2 Safety Coal Risk
,

The safety goal risk is the mean average risk of early fatality

to individuals within 1 mile of the site boundary. The safety goal re-

sults for shutdown (this study), operation, and total are provided below:

2-6
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With Probabilistically With All Weight Given To
Weighted Source Terms Conservative Source Terms

No Evac 2-Mile Evace No Evac 2-Mile Evac !

Operation 3.5E-B 1.1E-11 3.5E-7 1.1E-10
Shutdown 1.0E 4 4.1E-14 9.8E-9 4.1E-13 (

Total 3.6E-8 1.2E-11 3.6E-7 1.2E-10

Risk to Safety .07 .00002 .72 .0002 i

Coal Ratio

Fraction of Total .03 .004 .03 .003
Risk Due to Shut-
down

Even with the conservative assumptions of no evacuation and VASH-1400
i

methodology source tetes, the safety goal is met. The risk is more than

three orders of' magnitude less than the safety goal regardless of source

term assumptions when evacuation out to 2 miles is modeled. This is not

surprising because the 2 mile evacuation zone includes the entire pop-

ulation over which the safety goal' risk is averaged. The small con-

tribution made by. shutdown events to the safety goal is due to several
*

factors. These include the reduction of hource terms due to radioactive

decay after plant shutdown. slower evolution of accidents due to reduced
'

decay heat, the relatively small time (37% of the year) spent in the
.

. shutdown mode, and the fact that a relatively large fraction of the

shutdown risk is outside the assumed 2-mile evacuation zone.
.

2.2.3 200 REM Dose Vs Distance

The 200 REM whole body dose vs distance results are shown in

Figure 2-6 with power operation results (Reference 3), the total

(shutdown and operation), and NUREG-0396. The results shown are based

,

-* Bes* estimate source term / consequence model.

.
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:in conservat t source terms (WASH-1400 methodology), median frequencies,

J' ;no o - :v; c + 1, a .. , consistent with the original NUREG-0396 presentation.
,

> <.
'

+ evn in Figure 2-6, there is a small cot.:ribution to the. total 200-

-
,

%

P[ dEF . .sk f rom shutdown. The shutdown risk alone is just visible on the
?]/ '

,

f~ scale. 1f the best estimate source terms were used rather than the con-.

servative source terms, the 200 REM results for Seabrook would be of f

scale (low) for power operation. For shutdown, with best estimate source +

;

terms, no meteorological scenarios were found where 200 REM was achieved

offsite. Previous conclusions in References 2 and 3, that the risk at

1-mile is less than the risk at 10-miles presented in * EG-0396, are''

still valid even with the added risk at shutdown.

2.3 RAI 21 Comparison

. An initial estimate of the risk f rom shutdown at Seabro;s ,

Station was documented in RAI 21 (Reference 4) in response to *;he NRC.

The results of this study show that the RAI 21 analysis was a reasonable
'

estimate of the shutdown risk. A comparison of the results is provided

below!

Mean Annual Frequency

RAI 21 This Study
,

Total Core Damage 1.8E-5 4.5E-5

Small Containment Opening (given .03 .04
Core Damage)

Large Containment Opening (given .004 .02
Core Damage) to

.3

Exceedence of 200 REM at 1 Mile .003 .001
(given Core Damage) to

.02

.
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The frequency of core damage in this study is a factor of 2.5 greater

thar, estimated in RAI 21. The conditional mean f requency of a small

opening is in good agreement. The conditional frequency of a large

containment opening in this study is bounded by the ran6e estinated in

RAI 21. However, with regard to consequences RAI 21 was clearly con-

servative in comparison to this study. This can be seen by the much

lower frequency of exceeding 200 REM at I mile (given core melt) for

this study. The explanation for this is that RAI 21 did not incorporate

a source term appropriate f or shutdown conditions as was parf ormed in
-_

this study.

2.4 Loss of RHR Data Comparison

An intermediate result from the core damage model is the fre-

quency of loss of RtlR initiating events. The frequency calculated from

the model can be compared to the f requency based on actual RHR f ailures

in P'w'Rs to help validate this study. The results of this data review are
4

described in Section 9.3 and are compared to the model results as follows:

o toss of RHR - hardware failures:

0.112 events /vearFREQ (Model) =

0.088 events / year -

FREQ (Data Keview) -

o Loss of RHR - pump suction lost:

0.084 events / yearFREQ (Model) =
.

0.242 events / yearFREQ (Data Review) =

I

This shows good agreement for hardware ikilures of the model with the

data from event reports. This is expected since the dato used in the

model (dominated by pump fsilure to run) 's based on generic industry 2

data. ',
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For loss of pump suction, thw model is about a factor of three

below the data review. This can be explained by the Seabrook design

which has two independent suction lines and the suction valve cross train

depowering slignment which together reduce the likelihood of inadvertent

suer *on line isolation. Most PVR plants have only a single RHR suction

line. Also, as a result of the data review, the importance of low level
,

l
pump cavitation was identified. Several improvements were identified 1

(see Section 2.7) to aid in operator unitoring and response and are

included in the model. Thus, the difference in the frequency of loss of
i

i
suction is reasonable in view of the design differences and assumed

modifications to be in place at Sea'orook.

2.5 Dominant Core Damage Contributors

Table 2-6 lists the contributors to core damage frequency by RCS

condition and initiator groups. Examination of the contributors and
-i

their relative importance yields insights into the composition of the

risk and how the risk can be reduced.

Accidents with the RCS at the refueling level (RCS ConffEuration

Y) make up less than 0.5% of the total core melt frequency. About half of

this is hardware failure of the operating RHR pump and the other half,

a LOCA through the refueling cavity ses) ring. The low contribution

of loss of RHR events and the absence of " external events" is due to

the short e ration in _ ref ueling and the very long time available with no

active heue removal before core uncovery. The refueling cavity seal ring

is a substantial metal ring with a rubber gasket seal which it. tested in

place before use. In the unlikely event of seal failure, the water

would not drain below the vessel flange and normal RHR cooling would be

unaffected.
,

t
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With the RCS filled and secondary cooling available (RCS Con ~

figuration V), the time to core uncovery without active heat r emoval

is very long except for the case of unisolated LOCAs. The LOCAs, which

contribute 18% of the 29% of the core damage risk in Configuration W,

;re assumed to cause loss of secondary cooling ability as well as loss

of primary inventory down to the hot legs. Thus, unisolated LOCAs are

modeled like events in the RCS Configuration X (RCS drained down) with

regard to time available for operator actions.
.

In the W configuration, the risk is based primarily on the
_

relatively high unavailability of the standby train of RHR and support

systems which is due in part to the relatively high unavailability due

to planned maintenance. The Technical Specifications allow one train of

RHR to be inoperable in this condition (with two steam generators available).

Thus, it is assumed that annual or 18 month interval planned maintenance

or serve 111ance will contribute to high unavailability of the standby

train of RHR.

Loss of RHR in the W conf!guration makes up the remaining 11% of

core damage frequency. Of this, about half is due to a scenario initiated

by a seismic event which causes loss of offsite power with the subsequent
-

hardware failure (or maintenance unavailability) of the diesel generators.

Because of the possible confusion resulting from the seismic event, no

credit is given to operator actions to initiate alternate cooling. Most

of the rest of the core damage frequency is due to hardware failures of

RHR or its support systems. The long " mission time" in this condition

also contributes to the hardware failures.

The core damage f requency is dominated by accidents occurring

when the RCS is drained down (RCS Configuration X). This occurs during

2-11
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infrequsnt cointenancs outagas or following refueling when performing

at 4am generator. inspection or maintenance and other primary system

maintenance. This condition is important because of the relatively

short time available for operator action when no active heat removal -

is available and because of the long " mission time" modeled.

Of the 71% of core damage f requency in this RCS condition,

most of it ($7%) is due to hardware failures and loss of suction re-

sulting in loss of RHR. These failures are codeled as simple linear-

time dependent models and are significant because of the long mission

time. Of the " external events", the contributors are divided among

loss of offsite power, fires, floods, seismic events, and loss of

'
support systems (Service Water, PCC).

Core Damage Sequences.

Further insights into the risk can be gained by examining the

dominant (higher frequency) sequences resulting in core damage. The

top 20 core damage sequences are listed in Table 2-7 in order of core
;

melt frequency contribution. These sequences are explained and dis-

cussed below. Note that the product of the terms in each sequence is

slightly greater than the sequence frequency listed. This is because

of the absence of success terms in the sequences which are included in

the formal quantification described in Section 5.

.

Sequence 1: X5N * OR2

1.0E-5/yr (22.8%)(6.2E-2) * (1.7E-4) =

This sequence is initiated by a hardware loss of the operating

RHR train with the plant drained to the vessel flange or hot

leg midplane (X5N). This loss of an RHR train is assumed to be

2-12
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unrecoverable within 24 hours; the standby train of RHR and both

trains of support system are available. The initiator category

X5N includes losses of the operating RHR train anytime during a

drained maintenance outage or during drained maintenance f ollowing

re f uelitig.

Following the initiating event, the operator (OR2) must recognize

the loss of the operating train, must determine that the pump train

is unrecoverable and must decide on the most appropriate action-

for continued decay heat removal. Top event OR f ails if the _

operator fails to initiate alternate cooling prior to primary

inventory boil off and core heatup. This time for heatup can be

as short as 2 hours early in an outage. The operator action

model is based oa a time-dependent model in the Handbook of Human

Reliability (Reference 17) as discussed in Section 6

Sequence 2: X3N * OR3

1.0E-5/yr (22.8%)
'

(6.2E-2) * (1.7E-4) -

This sequence is initiated by a loss of suction to the oper-

ating RRR pump with the plant drained tc the vessel flange or -

hot leg midplane (X3N). This event is caused by low level

in the RCS due to level control problems or due to inadvertent

closure of the RHR suction valves. The operator successfully

trips the cavitating pump so that both the ope ating and

standby RHR trains are available.

-Following the initiating event, the operator (OR3) must rec-

ognize the status of the plant (no beat removal operating) and

2-13
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must decide on the most appropriate action to take. This

actio is similar to OR2 in Sequence 1 except that it is

assumed to take additional time to trip the cavitating pump.

The time available until core uncovery is slightly shorter than

OR2.

Sequence 3: LS * LCC

(2.lE-5) * (1.2E-1) 2.2E-6/yr (4.9%)=

This sequence is initiated by a LOCA from the RHR suction line

to the containment sump occurring when the RCS is full (LS).

The LOCA is. a result of f ailure of the isolation check valve-

during sump valve testing. As modelei, the failure is in the

suction line with the non-operating pump which drains the RCS

.quickly so that the operating pump fails due to cavitation.

The operator successfully diagnoses the event but long term

cooling (LCC) fails. With water in the sump, the long term

cooling method is low pressure recirculation with the one re-

maining RHR pump train.'

Sequence 4: SSBOW 2.1E-6 (4.8%)=

This sequence is initiated by a seismic event which causes

loss of offsite power. Subsequently the diesel generators

fail to start and run due to maintenance unavailability and/or

hardware f ailure or the diesels f ail due to the seismic event.

Despite the long time available to core uncovery, no credit is

given for operator actions to initiate gravity drain of the RWST
y

because.of the potential confusion and added stress, resulting

f rom the seismic event.
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Sequence 5: k'1 A o OCl 0 1R1 o LCA

2.0E-6 (4.5%)(9.2E-2) * (2 ^4-2) * (8.1E-3) * (1.2E-1) =

This sequence is initiated by an overpressurization event with

RHR cooling available (Wl A). Overpressurization can occur when

the RCS is full dur to a charging - letdown imbalance (i.e.,

overcharging or letdown isolation) from hardware failures or

operator errors. Following the initiating event, the operator

falls to control the source of overpressurization or the RRR

relief valve sticks open after the pressure is relieved (OC1).
-_

Thus, the loss of primary inventory continues. The operator

then f ails to isolate the RHR train (IR1) in order to stop

the loss of inventory. Eventually the lost RCS inventory

fills the containment sump so that the only long term cooling

option available is low pressure recirculation (LCA) which is

unavailable due to hardware failures.

Sequence 6: X6N * LC1

1.3E-6 (3.0%)(6.0E-4) * (2.3E-3) =

This sequence is initiated by a loss of the operating RHR train ,

with the standby train unavailable and with the RCS drained to

the vessel flange or hot leg midplane (X6N). With no RHR

available, the only long term cooling method, f eed and bleed

using the charging pump (LC1) is unavailable due to hardware

failures.

Sequence 7: X5N * RR4 * LCl

1.2E-6 ( 2.7 %)(6.2E-2) * (8.9E-3) * (2.3E-3) =

This sequence is similar to Sequence 6. It is initiated by a

2-15
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loss of the operating RHR train when the RCS is drained down

(X5N). Subsequently, the standby RHR train f ails to start or

rur,(RR4).. The long term cooling option, feed and bleed cooling

(LCl), is unavailable due to hardware failures.

Sequence 8: LS * PBA

1.2E-6 (2.7%)(2.1E-5) * (6.1E-2) =

This sequence is initiated by the LOCA to the containment

sump (LS) as described in Sequence 3. Subsequent failure of

train B of PCC makes the standby train of RHR unavailable.

The operating RHR pump is assumed to have failed due to pump

cavitation because of the low primary level. Thus, no long

term cooling methods are availabis sinec only the RHR pumps

can take suction from the sumps.

Sequence 9: VIA * PBA * OCl * 1R1

(9.2E-2) * (6.lE-2) * (2.6E-2) * (8.lE-3) 1.lE-6 (2.4%)=-

This sequence is similar to Sequence 5. It is initiated by an

overpressurization event (WlA) which the operator falls to

control (OCl). The operator also fails to isolate the RHR

suction line to prevent continued primary inver.cory loss (IR1).

The only long term cooling option, low pressure recirculation

using the standby RHR train, is unavailable due to failure of PCC

train B (PBA).

1.1E-6 (2.4%)Sequence 10: SSBOX =

This sequence is similar to Sequence 4. A seismic event causes

loss of of fsite power, with the plant in the drained down con-
,

|
. :

i
l
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dition. Subsequently, the diesels fail due to hardware failures

or seismic-induced failures. (Planned maintenance unavailahtlity

is not included because in the drained condition, both RHR t rains

and support systems are required to be operable). It is assumed

that electric power is non-recoverable. No credit is given for

any operator actions after the seismic event.

Other Sequences
,

Sequence 11 (W5N * ORI) is similar to Sequence 1 (hardware failure

of the operating RHR train and operator f ailure to diagnose the -

situation or failure to decide on a viable hest removal method)

except that this sequence occurs when the RCS is full. Thus,

much more time is available for operator action and correspond-

ingly. ORl is an order of eagnitude less than OR2.

Sequences 12, 15, and 16 are each initiated by loss of offsite

power. Sequence 12 (LOSPX * GA2 * GBD * OR5) is a station

blackout due to failure of both diesel generators. Successful

heat removal is still available via gravity feed and bleed.

However, the operator fails to diagnose the situation or fails

to decide on a viable heat removal method before core uncovery.

No credit is given for recovering electric power because of the

operator failure OR5. Sequence 15 (LOSPX * WA4 * WBI * LC4) is

a. ' tion blackout due to failure of both trains of service

water (r.s credit given f or cooling towers) with subsequent

failure of both diesels due to loss of cooling. The operator s

(

successfully diagnoses the situation but the gravity feed and

bleed cooling method fails due to operator failure to control
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.

the flow. Sequence 16 (LOSPX * GA2 * OR2) is a loss of the

operating RHR train due to los of offsite power and subsequent
,

f ailure of diesel A (train A of RHR is assumed to be the oper-

able train). The operator then fails to diagnose or decide on

a viable heat .emoval me thod. This sequence is similar to

Sequence 1 except that the loss of the uperating RHR train is

due to support system failures rather than hardware failure ofs

the pump.

'' Sequence 13 (X4N * OR3) is similar to Sequence 2 except that i

'
the standby RHR pump is also unavailable. The operating RPR

pump is tripped due to loss of suction and the operator fails
,

to decide on a viable heat removal method.

|

Sequence 14 (LPCAX * OR2) is similar to Sequence 1 except that
^

the loss'of the operating RRR pump is due to loss of train A

of PCC rather than hardware failure of the pump. ,

Sequences 17 (X5N * OR2 * SP2) and 18 (X3N * OR3 SP2) are

the same as Sequences 1 and 2 (respectively) with the addi-

tional f ailure to isolace the containment before-core damage

! (SP2). Sequences I and 2 are core damage with contained re-

leases while Sequences 17 and 18 are core damage with offsite

!.
releases.,

L
,.

Sequence 19 (FSCAX * OR2) is similar to Sequence 1 except that'

-the loss of-the operating RHR pump is due to a fire in switch-

| _

gear room A.rather than hardware failure of the pump.
|-
--

p
t

..
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' Sequence 20 (SLL) is a seismic event which causes a large LOCA

due'to steam generator and reactor coolant pump support failures.

No credit is given for subsequent operator actions because of

the confusion caused by the seismic event.

Additional station blackout sequences were initially in the

top 20 sequences prior to electric power recovery. These se- {

' quences were initiated by loss of offsite power and subsequent
i

failure of ooth diesels or one diesel and the opposite train of .|

service water or PCC. The recove ed sequences were assumed to be
~

stable sequences because at least one train of cooling would be !

a

available. The first sequence now with ac power recovery failed i
r

Iis Sequence 43 (8.8E-8 per year). This sequence involves loss of

!offsite power while drained down (LOSPX) and failure of both
f

diesels (GA2 * GBD) and failure to recover electric power before

4

core uncovery (ERB). Also, the operator fails to control gravity

draining of the RWST (LC4) which is being attempted in parallel
!

with efforts to restore electric power. j

2.6 Uncertainty and Sensitivity Analyses-

I

-2.6.1 Uncertainty Analysis 'l

t

An uncertainty analysis was performed to quantify the range of

possible results due to specific sources of uncertainty. This analysis

involved assigning a distribution for each source of uncertainty in the !

-model' and then combining the distributions based on the logic f rom the

model using a Monte Carlo simulation. The important sources of un-
t

certainty and the Monte Carlo model for combining uncertainties are

discussed in detail in Sections 5.6 and 10.

i

!

|
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The basic sources of uncertainty that were quantified include

the following:

(1) humar. error rates (in Section 6),

(2) component f ailure rates, maintenance unavailability, and
common cause (Beta factors) (in Sections 7 and 9.1),

(3) initiating event freque,cles for internal and external
hazards (in Section 8),

(4) duration and frequency of each type of outage - Case A
(non-drained maintenance), Case B (drained maintenance),
and Case C (refueling) - (in Section 9.2),

(5) duration of each procedural evolution within each type of
outage - Procedure trees 1 through 6 - (in Section 9.2),

.,

*-

e

(6) time available for operator action and recovery (in Section
10),

(7) configuration of the RCS - RCS filled and intact, RCS open
and drained to the vessel flange or hot leg mid plane, or
RCS open and filled for refueling (in Section 9.2),

(8) f requency and duration containment penetration and equip- o

ment hatch open (in Section 10), and

(9) source term release f ractions (in Section 10).
,

(10) source term release times and warning times for evacuation -

(in Section 10).
.,

The quantification of the above sources of uncertainty gives
,

rise te the uncertainty distributions in core damage f requency and
.

,

release category frequency as listed in Table 2-5.

**2.6.2 Sensitivity Analysis

In addition to the uncer. nty analysis, an analysis was done

of the sensitivities of the model to .:pecific parameters and assumpti is
,

thought to be important. This analysis is summarized in Table 2-8. This
.'

*
, ,

helps to determine the importance of certain assumptions made in the model.
.

,*-

,
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Case 1 minimizes the time in a drained down condition (X) by de-
,

creasing the f requency of drained outages (f requency of A outager f rom

0.45 to 0.05 per year), end decreasing the time in post-refueling drained

maintenance (time in procedure tree C4 from 1440 to 144 hours per outage).

The hours taken away from tree C4 were added to procedure tree C5 (time

in filled condition af ter refueling from 193 to 1440 hours per outage) in

order to preserve to total hours in refueling per outage. This factor of
b

10 decrease in time in drained down resulted in a f actor of 2 decrease in

core melt frequency. Plant dsmage states R2P and R2H are low pressurc -

states so the frequency of these states decreased as expected (drained

| down is guaranteed to be low pressure). Plant damage state R6P increased
,

in frequency due to the increased number of hours in postrefueling non-

drained outages.

.

.

Case 2, minimizing the time in the relatively short, non-

drained maintenance outages (type A outages), reduced the high pressure

plant damare state R6P by about a factor of two. Total core melt was

reduced by 12%. The f requency of core melt with the equipment hatch of f

increased because of the'asuueption that the hatch is off a. fixed time

(48 hours per year) while in the nondrained condition (W). Thus, when

the fraction of time in W per year decreases, the fractional time the

hatch is off in W increases. The conclusion from Case 4 is that the type

A outages are not highly significant risk-wise. This is because of the

presence of secondary cooling which provides at least 12 hours for re-

covery without active decay heat removal.

Case 3 increases the time when the RCS inventory level is at

the hot leg mid-plane. This would be the case if the norsle dams vere

not used during steam generator inspection and maintenance. Use of
I
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norsle damsJo11/se refilling to the vossal flangs and provides several
i

hour; cdditionil toil-off time. The fraction of time was incre Jsed so

thet ?O5ast all (.966) of the time in drained maintenance is in mid- ,

losp op? ration. The results show en increase of about 22% in core

damage 2requency. This sensitivity modeled only the effect of the

additional time for operator actions and recovery and not the increased

likelihood of_ loss of succion to che EHR pump due to ope.ating on the

"edg6" with regard to level. This case shows that reducing the time

for operator act2e: by one to two hours has sosi effect but d a not

dramatica11" increase risk.
|

Cases 4 and 5 examine the sensitivity of assump!!or.s regarding j

i

the operator cation model. Operator action OR (operator falls to

diagnose the situation or fsils.to decide on a viable cooling method in

the available cite) is a time dependent model based on a curve pro-

vided in the Handbook of-Human Reliability Analysis (Reference 17)

sa discussed in Sections 6.1 and 6.2. Case 6 shows the importance

of the large uncertainty assigned to OR. When the error factor is
f

decreased from 30 to 3 (which has the effect of decreasing the mean,

'for a fixed median, by a facter of about 7) the total core damage

f requency decreased by a tactor of 2. Increasing the mean value by
,

a factor of 10 (Case 5) increases the core damage frequency by more

than a factor of 6. These two cases show the importance of operator

action:during shutdown. As OR increases, it begins to dominate so that

increasing OR is more significant to core damage frequency than de-

-creasing OR. OperatJr action OR'is less important for the plant damage

~ states eith-the hatch off.
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Case 6 shaws the importance of gravity feed and bleed which is

modeled only for low pressure sequences with loss of all support

systems. Decreasing the reliability of LC4 by a factor of 40 (from '
.

( i0.018 to 0.5) increases total core damage f requency by a f actor of 2.

Thus, the_ availability of. gravity feed and bleed is important but minor

changes to the value of the split fraction LC4 (e.g., by a factor 2) is
,

not critical.

Case 7 increases the fraction of time the hatch is off in
.

condition k' (ECK full) but maintains the hatch on in the drained con-

dition (X). A6 exytc*,ed t.ht core damage frequency is unaffected but
,

the f requencies of R2H and R6H are treereased by f actors of 7 and 10,

respectively. The low pressure plant damage state (R2Hi increase
e

reflecte the importance of LOCAs to the likelihood of the hatch of f

during a core damage sequence.
;

Case 8 zeros out the effect of LOCAs. The effect is not too ,

significant for total core damage frequency (20% decrease) but i s ve ry !

significant for plant damage states with the hatch off - R2H (factor

of 4 decrease) and R6H (factor of 8 decrease). This again reflecis thee

importance of LOCAs to-the likelihood of the hatch of-f during a core

damage sequence.

Case 9 examines the sensitivity of two pump operation, which

may occur early in the outage. Clearly, the ef fect is minimal to core

damage frequency and to plant damage states. The only potentially
,

significant effect of 2 pump operation is that both pumps ~may fail due

to a common loss of suction cavitation event. However, if the cross
~

train- suction depowering is correctly aligned, it is very unlikely that

suction valves in both lines would be inadvertently closed.
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Case 10 excmines the offect of renoving the autoclosure signal

to the RHR suction valves. The result of removing the autoclosure is

that the loss of suction events due to inadvertent valve closure are

removed as potential initiators. As thown in the table, this change

results in only a small reduction in risk. The risk-dominate loss of

suction initiator, operator failure to control level when drained which

results in low level cavitation, is not affected by this change. Even

if loss of suction were completely eliminated as an init.ating event,

the core damage frequency would be reduced by only about 26% (see Table

2-6).

Case 11 examines the effect of removing from the model all the

assumed improvements (see section 2.7 for a discussion of the improve-

ments included in the model). This results in the following: increased

f reqcency of loss of suction initiating events due to low level when

drained (due to inadequate level monitor and absence of low level alarms);

lower reliability of operator actions -(top events TP, OR, OL) in response

to the initisting event (cue to lack of treining and procedures); and

increased time with the RCS at mid-loop and with the equipment bitch off

(due to lack of edministrative controls). From Table 2-8 it sc cleat

that the ef fect of the improvements is very significant. The core damage

frequency increases by a factor of 35. Even more ;nificant is the

beffect on plant damage states R2P and R2H which increase in f requency

by a factor of more than 700. This is due tn the combined effects of

increased time in mid-loop (see Case 3), increased probability of error

in operator action OR (see Case 5), no credit for gravity feed and

bleed cooling (see Case 6), and increased time the equipment hatch is

off.(see Case 7). Hence, it is clear from thfl sensitivity case that
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without these important, yet low cost codifiestions, that shutdown

events would f ully dominate both core damage and early health risk.

2.7 Plant Improvements

Based on this study, a number of improvements were identified

which improve the operator awareness and response and minimite time in

higher risk plant configurations and thereby reduce potential risk

levels. These improvements (or their equivalent), which are included

in the model, are as follows:
,

Instrumentation and alares during RCS drained down
._

o

Level Monitoring - A delta pressure sensing device or '

equivalent such that positive, reliable level monitoring
is available in the control room during all shutdown
conditions.

Alarm Instrumentation - High priority (audible and visual)
alarms in the control room for low RHR flow (< 1000 gpm)
and low vessel level (slightly above vortexing level)
during draindown. These alarms would alert the operator
of the need for immediate action to prevent vortexing
pump failure.

, Shutdown Procedureso

Additional guidance and precautions to reduce the likelihood
of loss of RHR (i.e., preventive).

o Abnormal Operating Procedures

Alternative Cooling - Procedure which would identify possible
alternative cooling available for loss of RHR events for
different RCS configurations. This would include guidance for

secondary cooling options, feed and bleed cooling with steam
generator manways open, gravity feed and bleed cooling from
RWST, etc.

RCS Inventary - Additional procedures to provide information
on the time to core boiling and to core uncovery as a function
of time after shutdown and RCS inventory.

Containment Isolation - Additional procedures to emphasize
the importance of functionality of containment isolation
during shutdown.
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l

o Administrative Control _s_
i

Alternative Cooling - With the RCS intact, secondary cooling '

should be functional with at le s.s t two steam generators. When
the RCS is drained down, the RCS should be vented sufficiently
to assure the ability of gravity feed-and-bleed from the RWST.

,

I

Equipment Hatch - The hatch should be removed only when the
RCS is full with secondary cooling available. When the hatch ,

'

is removed It should be replaced as soon as practical to re-
duce the likelihood of the hatch off during accidents. Al-
ternatively, future evaluations may consider plant specific
data on time to replace the hatch versus time to core uncovery
(i.e., late in outage after refueling, replacement of hatch
may be easily accomplished during drtindown).

Containment Integrity - The current status of each isolation
valve and penetration should be maintained to provide confidence
that all penetrations are or will be closed after an abnormal

,

event. I

o Training

Additioual operator training that specifically covers all of the
abc,ve changes. The training should also ecphasize the time to
core'uncovery (with loss of cooling! f or various plant configura-
tions, the importance of early containment isolation, and the
primary instrumentation to monitor (e.g. , core exit thermocouples). |

,

The results of this study will be evaluated and revised, if

necessary, based on the actual implementation of these plant improvements.

The sensitivity studies in Section 2.6.2 clearly show the importance of

the improvements to core damage and public risk. Including the impro' -

ments in the model obviated the need to examine some otherwise potentially '

important issues. For example, the assumption of a large, high point,

hot leg vent (e.g., a pressurizer safety valve removed) whenever the RCS

is drained down eliminated concern of the plant configuration with a

cold leg open and either the hot leg intacted or nozzle dams in both hot

and cold legs. In either configuration, an increase in pressure in the

hot leg or region above the core would cause reactor coolant to be ex;elled

via the cold leg opening. This increase in pressure can be the result of a
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loss of RHR or a gas intusion (N ) into the RCS from the PRT. This
2

would result in core heatup and dam <a. In a short period of time. The

cold-leg opening could be a stcam generator manway or a large leak due to

RCP seal / impeller or check valves maintenance, etc. All of these scenarios

which would result in very short time to core uncovery would be eliminated

by the presence of a hot leg vent.
l

|2.8 Conclusions
|

The principle conclusion is that, with the benefit of rela-

tively low cost modifications and administrative controls identified in

this study, the f requency of core damage during shutdown is small, but

not negligible, in comparison to power operation (see Figure 2-1). The

risk at shutdown is influenced by the fission product inventory and decay
fheat loads, dif ferent plant configurations unique to shutdown, and greater

reliance on operator actions to assure safe plant operation. The decay r

heat load quickly decreases to 2% of f ull power (68.5 MW) just one hour

after shutdown but is still ',t_J.2% of full power _(6.9 MV) at one month

and 0.15% (5.1 MW) one hundred days after shutdown. Thus, a significant

heat load is present in the core many days af ter initial shutdown.

During shutdown, the plant is placed in configuretions not permitted at

power but which are required for plant maintenance. These include draining

the RCS to the mid plane of the hot legs for primary system inspection;

taking one train of RHR and support systems out for planned maintenance;

and opening-the equipment hatch for major maintenance inside containment.

The following summarizes the additional conclusions of the

study:

QUANTITATIVE CONCLUSIONS

o_ Core damage mean frequency when shutdown is less than during
,

|
operation by about a factor of 6
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o The early fatality eisk from shutdown is about an order of mag-
ditude less than operation (Figures 2-2 through 2-5).

o With 2-m11e evacuation assumptions the total (shutdown and
operation) mean early fatality risk is less than WASH-1400
results which modeled 25-mile evacuation (Figures 2-2 and 2-3).

o Individual risk safety goals are met even with the conserva-
,

tive assumptions of no immediate protective actions and
WASH-1400 method-logy source te r9s. The risk is several
orders of magnitud. less than the safety goal for the best
estimate model which assumes 2-mile evacuation. The longer
times and reduced fission product inventory associated with
accidents during shutdown result in insignifi nt risks within
1-mile of the site.

o The 200 REM whole body dose versus distance curve is domin-
ated by risk from operation. The contributie r f rom shutdown
is just on scale. The total conditional fre.. :ncy of 200 REM -

at 2-miles is about 0.001.

o Previous studies (References 2, 3) concluded that an evacua-
,

tion planning zone (EPZ) of less than two miles can be justi-
fled for Seabrook Station usi- the same basis used in
NUREG-0396 to select a 10-mile EPZ for all U.S. sites. This
conclusion is ctill valid with the shutdown risk added to the
operational risk (Figure 2-6).

PLAN ~l IMPROVEMENTS

o Cost effective plant improvements in the form of instrumen-
tation, controls, procedures, and training were identified to
ensure low risks during shutdown.

c Sensitivity analyses clearly show that without the relatively
low cost modifications and new administrative controls iden-
tified and incerporated into the study, shutdown events would
dominate both core damage frequency and early health risk.

Hence, this study is expected to have a major impact in terms
of risk management.

o The results show that risk is very sensitive to the reliability
of the operators and to the controls on containment integrity
(Table 2 8). This is expected since the plant is in a manual
mode during shutdown. The results are based on plant enhance-
ments to improva operator awareness and response and to minimize
time in high risk plant configurations such as the RCS drained
down or having the equipment hatch removed.

LOCA INITIATORS

o The results also show that LOCAs are the important contributors
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Ul to early health risks. Table 2-3 shows that the "large con-
tainment' opening" release type, which accounts for the majority~'

of public risk, is dominated by RCS configuration W. RCS full.
This configuration is, in turn, dominated by LOCA initiating
events as shown in Table 2-6. The explanation is that if a
LOCA occurs, which is modeled to occur only when the RCS is
pressurized (Conf guration W), the equipment hatch is permitted
to *oe off. However, because of the loss of pr!. mary cociant
inventory, the time for operstor action to rettore core cooling
is relatively short. Also, because of this short time to core
uncovery, it is very unlikely that the hatch could be restored
bef ore the containment is uninhabitable.

Because of the importance of LOCAs, the potential sources of
LOCA were carefully investigated. A number of LOCA initiators.

were included in the model, such as a stuck-open relief valve
(see Section 3.2.3). - Other LOCAs were considered but not in-
cluded in the model, such as random pipe breaks (see Section
3.2.5) and LOCAs through low pressure piping outside containment
(see Section.7.6.1). Also, in particular, LOCA L3 (LOCA to the

_

RWST through RH-V33) would be much higher in f requency if the
crosstie valves (RH-V21. V22) were left open when initiating RHR
cooling, that is, if_the RHR were required to be in t.he ECCS
" injection mode" in Mode 4. Because of the importance of LOCAs,
they deserve special attention in training and emergency response
procedures.

!

l
o
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TABLE 2-1. Shett.' 1 ''cf -1.
..

CONTRIBUTORS TO CORE DAMAGE BY INITIATING CROUP
~

PERCENT-
I PERCENT

CONTRIBUTION CONTRIBUTORS. CONTRIBUTION
INITIATOR GROUP ~ I

Loss of RilR 61 -Hardware. failures of RHR or Support, systems -35

- Internat Events 26' Loss of RilR Suction from RCS

Loss of RHR
8'

- External Events 21 Seismic Event

6-
Loss of Offsite Power

3Loss of Other Support Systems

.4Fires and Floods
I

9
LOCA i 18 LOCA due to Sump Valve Failure

8LOCA due to RCS/RilR Overpressure

1Other Events

100
TOTAL 100

- s .
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Sheet 11 of I
TABLE 2-2

CONTRIBUTORS TO CORE DAMACE BY RCS CONFIGURATION

PERCENT CORE DAMACE CONTRIBUTION
TIME IN RCS TIME TO CORE'

CONFIGURATION UNC0VERY
SEQUENCE TYPE (b)

RCS CONFIGURATION (Mean) (Range) TOTAL

;

W - RCS Filled with 1455 hours 10 hours to 36 29 Loss of RIIR 11 !

hours (a)Secondary Cooling per year 8Overpressure
Available.

LOCA 10

X - RCS Drained to 1627 hours 2 hours to 12 71 Loss of Ri!R 71

hoursVessel Flange or per year Overpressure
---

to llot Leg Mid-

plane. LOCA
---

Y - RCS Filled to 134 hours 72 hours to 0.5 Loss of RHR 0.3

160 hours (a)Refueling Level. per year ----
Overpressure

0.2LOCA

The time for core uncovery for unisolated LOCAs is assumed to be equal to the X RCS configuration time.(a)
that are not possible under the given RCS con-

The entries with a dash (-) indicate sequence types filled and intact - W).(b)
' figuration (e.g., overpressurization can occur only when the RCS is

in times af ter shutdown at which RHR is lost.(c) The range in times is due to a corresponding range

---

_ _ , .
. . . . . . .

.
. . . . . _
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TABLE 2-3 i

CONTRIBUTORS TO CORE DAMAGE BY RELEASE TYPE

RELATIVE
RISK SIGNIFICANCE PERCENT CONTRIBUTION
EARLY LATENI RCS

RELEASE TYPES FATALITIES FATALITIES TOTAL CONFIGURATION

1

1.2Large Containment Opening | Maj or Major 1.5 W -

0.3X -

< 0.1Y -

!

1.0Small Containment Opening. Minor Major 3.8 W -

.

2.8X -

Y - < 0.1

!

27Intact Containment ; None None 95 W -

68X -

0.4 iY -

,
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TABLE 2-4

CONTRIBUTORS TO RELEASE CATEGORIES BY INITI ATING GROUP /RCS CONDITION
(events per year)

Initial RCS Configuration / Release Categories TOTAL

Initiating Event SR2D SR2P SR2H SR6D- SR6P SR6H

RCS Condition X (Drained):

Hardware Failure of RHR |1.3E-5 5.4E-7 7.0E-8 ------- ------- -------

!

Loss of Suction Failure ll.lE-5 4.5E-7 5.8E-8 ------- ------- -------

!

Loss of Offsite Power 2.5E-6 1.0E-7 2.BE-10 ------- ------- -------

Loss of Support Systems 8.6E-7 3.6E-8 4.6E-9 ------- ------- -------

~

Fire / Flood 1.4E-6 5.8E-d 6.6E-9
~

Seismic Event 1.lE-6 4.4E-8 1.2E-10

3.lE-5
i

RC5 ~ Condition W (Filled):
|

1.4E-6 3.6E-8 2.lE-8Hardware Failure of RHR .------- ------- -------

3.7E-7 6.4E-9 1.lE-9Loss of Suction Failure --- --- ------- -------

1.5E-7 2.6E-9 5.3E-9Loss of Offsite Power i------- ------- -------

1

2.5E-7 4.3E-9 1.6E-10Loss of Support Systems '------- ------ -------

2.3E-7 4.7E-9 3.lE-9Fire / Flood i------- ------- -------

I
2.lE-6 8.9E-8 7.6E-BSeismic Event ;

------- ------- -------

Seismic LOCA 3.5E-7 1.5E-8 1.3E-8 ------- ------- ------
,

:

l
'

Overpressurization LOCA 3.4E-6 1.4E-7 1.4E-7 ------- ------- -------

'

LOCA - Sump Valve Failure ,3.5E-6 1.4E-7 1.4E-7 ------- ------- -------

l.3E-5

RCS Condition Y (Refueling):
!

Failure of RHR 1.2E-7 2.0E-9 2.5E-10 ------- ------- -------

Refueling Cavity Seal 5.4E-8 2.5E-9 2.9E-10 --- ------- -------

'

Failure

Other 6.6E-9 3.0E-10 3.5E-Il 1.BE-7

TOTAL :3.7E-5 1.6E-6 4.4E-7 4.6E-6 1.5E-7 1.lE-7 4.4E-5

_
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TABLE 2-5

THE CONTRIBUTIONS RELEASE; CATEGORIES

MAKE TO CORE DAMAGE FREQUENCY DURING SHUTDOWN

RELEASE -FREQUENCY (events / year) PER CENT OF !

CATECORIES 95th- Mean '50th '

Sth TOTAL (mean)

. - |
- SRID = 5.AE-8* < 0.1

2.5E-9* < 0.1SRIP i
s

2.9E-10* < 0.1SRIR I

|

SR2D t l.2E-4 3.9E-5 1.5E-5 4.0E-6 86.7
. <

i

SP2P !4.7E-6 1.5E-6- 5.0E-7 9.0E-8 3.3
)
i .3E-6 4.6E-7 2.5E-7 4.6E-8 1.0lSR2H

|
SR6D .l.5E-5 4.6E-6 2.0E-6 3.6E-7 10.2

SR6P- l 5.4E-7 1.3E-7 5.lE-8 7.lE-9 0.3
I

SR6" ;4.7E-7 1.lE-7 5.1E-8 6.4E-9 0.2

i

TOTAL CORE DAMAGE .l.3E-4 4.5E-5 1.9E-5 5.8E-6 100''

*: point estimates - no uncertainty calculations due to low frequency

;

;.

|

I'
-

n r- - - . . . - -, - - , . +



TABLE 2-6. Sheet 1 of'1

CONTRIBUTTON TO CORE DAMACE BY RCS CONFIGURATION / INITIATING CROUP

) ' PERCENT

RCS CONDITION CORE DAMACE INITIATOR PERCENT CONTRIBUTION PERCENT
*

CONTRIBUTION GROUP

X - RCS Drained'to Vessel Flange or to 71 Loss of RilR 57 Hardware Failure- 31

- InternalIlot Leg Midplane.
Event Loss of Suction 25

Loss of RilR 14 Loss of Offsite -5.9

- External Power
Event Loss of Support - 2.1

Systems
Fire / Flood 3.4
Seismic Event 2.5

W - RCS Filled with Secondary Cooling 29 Loss of RilR 4 Hardware Failure 3.5

- InternalAvailable.
Event Loss of Suction 0.9

Loss of RilR 7 Loss of Offsite 0.4

- Exterral Power
Event Loss of Support 0.6

System-
Fire / Flood 0.5

Seismic Event 5.2

LOCA 18 Overpressure 8.3

Event
Containment Sump 8.6

Valve
Other 0.9

Y - RCS Filled to Refueling Level 0.5 Loss of RilR 0.3 !!ardware Failure 0.3

- Internal
Event Loss of Suction < 0.1,

LOCA 0.2 Refueling Cavity 0.2

Seal Failure

|
Other < 0.1

TOTAL 100 100 100
i
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-TABLE 2-7'

ACCIDENT SEQUENCES-RANXED OY
CONTRIBUTION TO CORE MELT FREQUENCY

'

-(a) (b) (c) ;
*

. SUPPORT MEAN j

' RANK 1 INITIATING SYSTEM ~ . PLANT RESPONSE FAILURES CORE MELT PERCENT

EVENT- FAILURES FREQ- CONTRIBUTOR !

!

~1- X5N' ~ OR2 1.0E-5 22.8 i

~2 X3N OR3- 1.0E-5 j -22.8

3 LS LCC- 2.2E-6 4.9 |

-4. SSBOW* 2.lE-6 4.8

'S -WlA- OCl * IRI * LCA 2.0E-6 4.5

.6- X6N LCl 1.3E-6 3.0

= 7- X5N RR4 * LCl 1.2E-6 2.7

8 'LS PBA 1.2E-6 2.7

19 : WI A PBA OCl * IRI 1.lE-6 2.4

10 SSBOX* 1.lE-6 2.4

11- W5N - ORI 8.4E-7 1.9
~

12 -L0SPX GA2 * GBD OR5J 7.5E-7 2.7

~13 ~ X4N 0R3. 5.0E-7 1.1

1 14 .LPGAX OR2 4.7E-7 1.1

'

~

15--- LOSPX WA4 *WBI. LC4 4.6E-7 1.0

- 16 LOSPX - GA2 OR2 4.5E-7- 1.0

: 1 71 X5N OR2 * SP2 4.2E-7 1.0

18 X3N OR3 * spi 4.2E-7 1.0
:

19- FSGAX OR2 4.lE-7 0.9

'20 . :SLL* 3.5E-7 0.8
'

.

6.8E-6 15;5OTHER.-;

TOTAL' 4.4E-5 100.0

* ' ~These " initiating _ events" are actually complete sequences initiated by a
seismic event. The sequences are discussed and quantified in S.ction 8.1.1.

i

_ _ _ ._ _ _ _ ._- . - - - _ ___ _ ._ -



- - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ ._ _ ___ _ _ _ _ _ _ _ _ _ _ _ ___
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TABLE 2-7

'

,

( ACCIDENT SEQUENCES RANRED BY
CONTRIBUTION TO CORE MELT FREQUENCY

Mean(c) Initiating -Events:
Description FrequencyID i

X3N. I Loss of RHR Suction - RCS Configuration X (drained) 6.2E-2

X4N . Loss of RHR Suction and Standby Pump Unavailable (X) 3.lE-3-
X5N= hardware Loss of Operating RHR (X) 6.2E-2

X6N' Hardware Loss of Operating and Standby RHR (X) 6.0E-4
9.2E-2

_ WlA Overpressure Event
W5N. Hardware Loss of Operating RHR (W) 5.4E-2

-LOSPX Loss of Offsite Power (X) 3.0E-2

LPCAX Loss of PCC Train A (X) 2.9E-3

FSGAX Fire in Switchgear Room A (X) 2.5E-3

SSB0W Seismic Station Blackout (W) 2.3E-6

LS LOCA to the Containment Sump 2.lE-5 -

3.8E-7SLL Seismic Large LOCA

(b) Support System Failures:
ID Description

-GA2 D/G Train A Failure - RCS Configuration X 1.1E-1

GA2 * GBD D/G Trains A and B Failure (X) 1.5E-2

WA4 *'WB1 Service Water Trains A and B Failure given LOSP (X) 1.1E-3

PB1 PCC Train B Failure - RCS Configuration W 6.1E-2

PBA PCC Train B Failure given Train A Successf ul (W) 6.lE-2

(c) Plant Response Failures:
ID I Descrigt_iyt

i

ORI Operator Fails to Diagnose Event - RCS Configuration W 1.7E-5

OR2 Operator Fails to Diagnose Loss of ?HR Event (X) 1.7E-4

OR3 Operator Fails to Diagnose Loss of ; Kill'. Section Event (X) 1.7E-4

RR4~ Standby RHR Train Failure to Start ond Ran (X) 8.9E-3

'LC1 Long Term Cooling-(feed and bleed) Pallure (X) 2.3E-3 -

.LC4 Long Tert Cooling (gravity feed and blood) Failure (X) 1.aE-2

.LCA, LCC Long Tern Cooling (low pressure recirc..) Failure given 1.2E-!
! Unisolated LOCA

OC1 Operator Failure to Stop Overpressure Condition or Relief 2.6E-2
' Valve Stuck Open

IRI Operator Failure to Isolate RRR Sue: don Yalves given LOCA 8.lE-3

SP2 Failure to 1sclate Containment - Sna11 Penetration Open (X) 4.0E-2

1

- - - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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TABLE 2-8

SUKKARY OF SENSITIVITY STUDIES

RATIO OF SENSITIVITY CASE TO BASE CASE
- Cose- Core Melt
No. Sensitivity Studies Total R2P R2H R6P R6H

|
1. . i Minimize' time in a drained down 0.51 0.43 0.63- 1.65 0.94-

condition (X) byas factor'of 10.

2.: | Minimize' frequency of type A- 0.88 0.92 1.28 0.47 1.22
outages - non-drained maintenance-

-outages (mean annual frequency from
3.4 to 0.34).

3. i Increase _ time in mid-loop operation 1.22 1.26 1.09 1.00 1.00
(fraction of time in X, drained to
-the hot leg mid plane, from 0.034
to 0.966, given drained maint. ).

.4 | Decrease uncertait.ty in top event 0.50 0.47 0.81 0.83 0.93
OR (error factor frcm 30 to 3).

5.. | Increase topLevent OR by a fsetor 6.44 6.78 3.13 2.84 1.80
of 10.

6. , Minimite credit for gravity feed 1.93 2.06 1.00 1.00 1.00
and blerl cooling (LC4 from 0.018

to 0.5).

7. j Increase time equipment hatch is 1.00 1.00 7.00 1.00 9.70
off in condition W - RCS full
(fraction of time in W with
equipment hatch off from 0.033 to
0.33).

18. ! Zero out effect of LOCAs. 0.80 0.78 0.25 0.86 0.13
|

9. | |Two pump RHR operation. -1.0 1.0 1.0 1.0 1.0
I

10. ' Remove autoclosure of RHR suction 0.95 1.0 0.91 1.0 0.95-
valves.

11. Zero out effect of assumed 35 746 725 -31.7 10.6
improvements.

Base Case (mean annual frequency) 4.5E-5 1.5E-6 4.6E-7 1.3E-7 1.lE-7

i
;

!
|.
,

|

|
t
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3.0 PLANT MODEL

3.1 Overview of the Model.

The plant'model defines the progression of accident sequences

f rom initiating events to plant damage states. - This model provides

the basic framework for estimating the frequencies of accidents and

it sets the stage for performing the containment and source term

analysis. It is comprised of a logical combination of initiating fault

and equipment operation and operator actions in response to the ini-

tiating events. The sequence of failures that are of interest are those

i
that result in. inadequate core cooling and eventual core damage. The

|

plant model is composed of three distinct parts:

o Initiating Events

The events that cause a plant upset condition (e.g.,
loss or degradation of decay heat removal, over-
pressurization, loss of offsite power) and which re-
quire operator and hardware respense.

o Support Systems Event Tree

The functional relation among auxiliary systems (e.g. ,
electric power, component. cooling) whose response to

.the initiating events directly affects the availability
of. front line systems (e.g., RHR, charging pump) that
are needed to respond to the initiating event.~

o Plant Respor* Event-Trees

The logical relation among operator actions and equip-
ment and instrumentation in f ront line systems that
must function correctly to prevent a loss of-core
cooling and eventual core damage. Separate trees are

provided'for LOCA and non-LOCA (transient) initiators.
The- possibility for transient-induced LOCAs is also
modeled. This combination of operator and hardware
successes necessary and sufficient to prevent a core
damage event.is dependent on the initiating event and
the availability of support systems.

1

!
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iThe end result of-the plant model is a set of ccre damage accident

secuences whose end t:stes (plant uamage states) define key conditions

of the RCS and containment at the time of core damage necessary for

source term / consequence determination. This allows core damage sequences

to'be properly related to offsite consequences. The general flow of the

plant model is shown in Figure 3-1.

The initiating events can be categorized into four groups as

follows:

Procedure-Initiated Transientso

Tne plant upset conditions (loss or degradation of ;

decay heat removal, or overpressurization) which
occur during the course of plant shutdown evolutions.
Thaae events which include operator errors and equip-

failures are modeled explicitly in the proceduralment

event trees (see Section 4) and are used as initiators
to the transient response event trees.

o Procedure-Initiated LOCAs

Events'that result in substantial losses of primary
coolant inventory which occur during the course of
plant shutdown evolutions. These events which include
operatoe errors and equipment f ailures are also modeled
explicitly in the procedural event trees and are used as
initiators to the transient and LOCA response event trees.

o ' Support System Failures

Failures of a single train or both trains of normally
operating systems which support RHR decay heat re-
moval. The support systems include Service Water,
Primary Component Cooling, and Electric Pc ar. These
f ailure events are handled separate from tr.e procedural
event trees.

o Internal / External Hazard Events-

Events such as fires, floods, seismic events, which re-
sult in a degradation or loss-of RHR decay heat removal.

;

j

Initiating events are described further in Section 3.2.
|-

!
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The Support-System event tree is described in Section 3.3. The

i

. various: combinations of seccess. and f ailure of support systems are

grouped according to the following end state descriptions:

both support trains A and B are availableo -F0 -

(none failed)

Support train B only available (train Ao FA -

failed)

o - FB - Support train A only available (train B
failed)

o FAB- - No support trains;available (trains A and B ;

failed)
'

.

[ This groupiaz was achieved by conservatively modeling the loss of a
|

. ..

|' support train as loss of AC electric power to the emergency bus.
,

The effect-on decay heat removal and makeup is essentially the same

for. loss of power or loss of component cooling. However, the ef fect

. .on the plant is in3 general much less severe for loss of component

coolingsversus loss of''AC power. The support system event _ tree is

-quantified once for each unique impact of the initiating events on the

support systems. The transient response event trees are then quantified

for each of the:four support system states for each initiating event.

There are two' plant response event trees-which model the re-

sponse'of.the front line systems to the various initiators. The shutdowno

transient tree models the plant response to loss or degradation of dacay

heat' removal and/or primary system'overprassurization. The shutdown LOCA

tree models the response to LOCAs.that may occur as a result of an operator
|

error during shutdown or due to overpressurization events in the shutdown

transient tree where the; pressure relief valves have f ailed. These trees

are described-in more detail in Section 3.4 (Transient tree) and Section
L

3.5~(LOCA tree).
L

3-3
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The end states of thu transient and LOCA tree sequences are

either stable states with no dam ge or severe core damage plant damage

Table 3-1 provides a definition of each plant damage state instates.

terns of RCS pressure at the time of core melt (high or low), reactor

cavity enndition (wet or dry) and status of containment (isolated, pene-

trations open, hatch open). All the accident sequences ending in a core

damage condition are mapped to one of the nine plant damage states.

These states are then used in the determination of of fsite consequences.

See Section 10.1.2 for the basis for the plant damage states.

3.2 Initiating Events

Table 3-2 summarizes all the initiating eveats quantified in the

plant model. A much larger list of initiating events was considered, but

many were screened out based on comparisons of frequency and impact. The

point estimate frequency and description is provided for each initiating

event. The frequency distribution for each event is presented in the

report sectivn where the quantification is documented, as listed on Tabl

3-2. As discussed previously, four categories of initiating events are

included in the plant model:

o Support system failures

o Internal / external hazards events
o Procedure-initiated LOCAs
o Procedure-initiated transier*s

The modeling of each initiating event is discussed in Sections 3.2.1

through 3.2.4. Section 3.2.5 discusses initiating events which were

evaluated but not included in the plant model.

3.2.1 Suprort System Failure Initiating Events

Systems whose failure result in loss of decay heat removal are

considered initiators in this shutdown study. The initiators in this

I
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section involve hardware failures of systems which support RHR. Hard-

ware f ailures of_ the RHR system itself are modeled in the procedure

event trees (see Sections 3.2.3 and 3.2.4).

Each initiator is divided into two groups based on the RCS

condition present when the failure occurs. This is done in order to -

properly model the plant and operetor response to the event. The RCS

conditions are designated as follows:

RCS drained to the vessel flange or hot les mid-planeX =

and RCS vented. g

RCS filled and closed with secondary cooling availableW =

via at least two steam generators.

! The other possible RCS condition during shatdown, with the vessel heed

off and flooded to the fueling level (Y), is not included here because

loss of RHR with the water level at refueling leve' would have to per-
,

sist for on the order of days to result in core damage.

The following support system failures are rodeled as initiators:

LOSP - Loss of _ of f site powe r. This initiator requires the

diesel generators to start and the normally operating
systems to restart and run. While loss of offsite
power by itself does not cause loss of decay heat
removal, it does put the plant in a somewhat degraded
configuration with regard to core cooling.

LPCCA - Loss of primary component cooling water train A. The
plant is modeled with RHR train A as the normally
operating train. Loss of PCC train A tesults in loss
of RHR pump cooling and loss of cooling to the RHR
heat exchanger. This requires the operator to shift
to the standby train (B) of RHR if available or to go
to an alternate means of long term cooling - steam
generator cooling (for RCS Condition W) or feed 4-d
bleed (for RCS Condition X).

LSWA - Loss of service water train A. This event includes
the unavailability of train A of the cooling towers.
This event results in loss of cooling to-the train A
PCC heat exchanger and thus is modeled as initiator
LPCCA above. Service water. train A also cools the
diesel generator heat exchanger. However, of fsite

3-5
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power is assuccd to be available for this event and,
thus, the diesels are not required to operate.

LPCC Loss of;both primary component cooling water trains.
This resulte in loss of both trains of RHR and requires
an alternate means of long term coolirg that does not
require PCC. For RCS Condition V. long term cooling -
involves steam generator cooling. Fnr BCS- >ndition X,

gravity draining of the RWST is medeled,to provide core
cooling.

Loss of both trains of service water. This initiatorLOSW -

includes unavuilability of~be:h trains of the cooling
.ower. Loss of service water results in loss of PCC
and, thus, is modeled as initiator LPCC.

3.2.2 Internal / External Hazards Events

Loss of decay heat removal due te hazards internal or external

the plant are described below. As with support system failure initiatore

these events are also divided into two troups, based on the RCS Con- -

dition: X - RCS drained, W - RCS filled.

FLSW - External flood causing loss. of all service water.
This flood, due to low probability meteorological
conditions, results in f ailure of equipment in the
service water pump house and cooling tower. The
accompanying storm is assumed to result in loss of
offsite power. This causes loss of all RHR and re-
quires alternate means of long term cooling.

TCTL - Truck crash into the SF6 transmission lines. This
event causes loss of of fsite power which would be
unrecoverable (within the 24 hour mission time).
This initiator is modeled the same as-LOSP except for
the electric power recovery model.

FSGA - Fire in switchgear room A._ This event.causes loss of
the essential 4160 Vac Bus E5, which results in loss

of'the operating RHR train. The operator must start
the standby RHR train if operable or begin some al-
ternate means of cooling.

FCRAC - Fire in the control room causing loss of all AC power.
In additien to the fire in the control room, this
event include; the failure of the operators to maintain

core cooling from outside the control room. This event
results in loss of RHR and loss of alternate cooling
options due to operator error.
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Fire in=the' electrical tunne1Labove the RHR vault.
TETOL - |This fire causes <1oss of. both trains .of RHR and loss

,'of oneftrain-of PCC and Service Water.

" Fire- in. the: electrical tunnel train B,- causing- loss of-
_

-TETB - :

: suction to the operstitig RHR train A (hot short) and
,

,

; : loss of train. B of' Service Wate r. This results.in loss
of.both RHR trainstand requires an alternate cooling,
method.

.

3

Fire-inLthe PAB causing loss of'both1 trains of PCC.FPCC -'
+

This results in loss of- both trcins lof RER ond is .

modeled~1ike: initiator LPCC.

-.' FTfLP .Firet in the turbine , building: causing loss of of f site-

power. . This loss-in unrecoserable (within 24 hours)-

and is modeled-like-initiator TCTL.

TPAB -1-Fire in th'e PAB causing loss of both trains;of Service-l
.

WaterLand one train of PCC. This results.in loss of
all'RHR and requires alternate cooling methods. ;

Flood in the RHR vault due to a leak in an RHR train.FLRHR -

.This-event:results in the failure of~both RHR trains~

and requires alternate cooling methods.<

Flood in the:: turbine hall due to circulating water pipe"FLISC -

break. This results in loss of of fsite : power and leaks

into switchgear room A causing failure of: essential: bus
E5. The offsite power loss is. assumed to be.unrecover-

-

able.; The.. operator must' start the-standby RHR train
_

(B).ortuse some alternate. cooling method.'
'

Seismic station blackout. This event ~ is.a seismicSSB0 -

event-which causes loss of'offsite power with sub-
~

eequent: seismic or hardware failure ofEthe. diesel
generators.- No -alternate cooling method is modeled - -

because of the difficulty of: operator action.

'SLLE -- . Seismic large LOCA and loss of_ of fsite power. This.

seismic event- causes large displacements of '.the RCS -"

7 components (e.g. ,x steem generators)1resulting in a
.

-large:LOCA.-1This. event is assumed to be a- core melt
2 because no credit is taken for manual initiation of-

low pressure injection. - This event is modeled only -
with the RCS in Condition'W (full). When the RCS is

'

' drained (X), the LOCA is not important because only
a small amount z of prima ry inventory would be lost.

<

1
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3.2.3 Procedure-Initiated LOCAs

Six initiating events were identified (in additic i to SLL above)

which result in substantial loss _of primary inventory. These events can

occur only in RCS Conditien W -(full) or Y (refueling). As described

above, LOCAs are not modeled in RCS Condition X (drained).

Li(W) - LOCA through a stuck-open RHR relief valve. This
event is due to an overpressurization of the RCS-RHR
systems and the operator f ailing to te rminate the
overpressure condition or the relief valve sticking
open. ~he overpressure event is initiated in the Pro-

-cedure vent r ees (1, 5, and 6) and the operator L
response -is modeled in the Transient tree. This
LOCA initiator is quantified as a sequence through
the procedural trees and then through the Transient
tree.

This LOCA is small (3" diameter relief valve) and can
occur only with RCS Condition W (overpresbure can
occur only when the RCS is closed). The RHR relief
valve discharges to the PRT and from there to the
containment sumps. The LOCA is assumed to make the
operating RHR train inoperable because of the stuck-
open relief. The decay heat removal options avall-
able are:

(1) if the LOCA is isolated, standby RHR train or
steam generator cooling or feed and bleed;

(2) if the LOCA is not isolated, low pretsure in-
jection/ recirculation, k

iLP(W) - LOCA through the RHR pump seal. This event is similar
to LOCA L1 except that in response to an overpressure
condition the RHR relief valves failet to open. The
RHR pump seals rupture as a result cf the continued
overpressurization. The LOCA is small (possibly very
small depending on how the seal ruptures).

The leskage is into the RHR vault and thus is not
availabie for recirculation. The LOCA is assumed to
make the operating RHR train inoperable because of
the seal leak. The decay heat removal options avail-
able are:

~(1) if the LOCA is isolated, standby RHR train or
steam generator cooling or feed and bleed;

(2) if the LOCA is not isolated, feed and bleed.

3-8
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LOCA through RH-V33, the cavity discharge valve backL3(W) -

F
to the RWST. This event is modeled to occur during
the initial cooldown in Mode 4 when the operator
switches to RHR. The event results from multiple

operator errors and causes the RCS to depressurize
into the RWST. If the LOCA is immediately isolated,

the operator can remain on secondary cooling or go to
feed and bleed cooling. _ If the LOCA is unisolated,
feed and bleed cooling can be used for long term decay
heat removal.

This initiator is the result of shutdown procedural
errors but is handled outside of the procedure trees

for simplicity.

L5(Y) - LOCA through refueling cavity seal ring. This event

results in the refueling pool draining to the RCS
vessel flange. The water from this LOCA goes to the
cont ai nment floor and then to the sumps. Decay heat
removal optione include normal RHR cooling or feed
and bleed cooling. This event occurs in procedural

tree 3 during a refueling outage.

LOCA through the cavity drain valve. This LOCA occursL6(Y) -

during the fill of the refueling pool and occurs through
a 2" diameter valve (SF-V81) inadvartently lef t open.

If unisolated, the LOCA drains the RCS inventory down <

to the top of the vessel flange. The water from this
LOCA goes to the containment floor and then to the
sumps. The decay heat removal options available are:
2 of 2 trains normal RRR cooling or feed and bleed
cooling.

LS(W) - LOCA through the sump isolation valves. This is a

large LOCA (16" diameter sump valves) and results in
depressurizing the RCS to the containment sumps. This
LOCA involves f ailure of the check valve (CBS-V25 or

~

V26), between the RHR suction and the containment
sump, with the containment sump valve open for testing.
This results in a LOCA through the standby RHR suction
line (12" diameter) to the containment sump. If the

leak is not isolated, the inventory could drain to or
below the bottom of the RC5 hot legs. The only decay

heat removal option available is low pressure recirc-
ulation.

This event is also analyzed outside the procedure trees
because it is independent of the other procedural events.

3-9
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-3.2.4 Procedure-Initiated Transients

_ Procedure-initiated transient initiators are end states of th

procedure event trees, as shown in Section~4 and quantified in Section
~

5.5. These events include degradation or loss of-RHR cooling and con-

current or independent-overpress"rization.

. The procedure-initiated events arts listed in Table 3-2 anc the
.g
-F designators are defined in Table 3-3. The designators are a three

.
letter code where:

the first letter defines the RCS condition present when theo
event occurs:

RCS filled and closed; secondary cooling available usingW -

steam generators.

X - RCS drained to the vessel flange or hot leg center line.

Y - RCS open and filled for refueling.

the second letter-defines the status of the RHR system:o

operating RHR train and standby train are available;1 -

operating RHR train available; standby train unavail-2 -

able;

ope.ating RHR train suction lost; standby train avail-3 -

able,

operating RRR train suction lost; standby train unavail-4 -

able;

5 - op3 rating RHR train unavailable; standby train available;

operating and standby RHR trains are unavailable.6 -

the third letter defines the overpressure condition occurring ino
the procedural event:

overpressurization with at leest two relief paths;A -

B - overpressurizetion with one relief path;

overpressurization with no relief paths;C e

3-10
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N - no overpressurization.

Note, with regard to RHR status, that the procedure trees model specific

failure modes for each train. For the operating train (A), the procedure

. trees model hardware failure to start (in tree 1), hardware failure to
-

trun (in all 6 trees), and loss of puop suction (in all 6 trees). For

the standby RHR train (B), the procedure trees model only hardware f ailure

to start-(in' tree 1) and failure to realign after refueling (in tree 4).

Other: possible f ailure modes are handled as follows:

failure of either RHR train due to support systems is modeledo
in the Support Systems event tree and in the sapport systems
failure initiating events;

l'
planned maintenance of the E train is modeled in top event RRo
in the Transient and LOCA event trees;

failure for either train to continue to run during the transiento
and failure to restart and run following LOSP are also modeled

in top event RR.

3.2.5- Initiating Events Excluded From Shutdown Study

The following initiating events were evaluated and were deter-

mine'd to be not applicable (i.e., cannot occur during shutdown) or

were not explicitly included because of their estimated low f requency.

LOCAs

LOCAs are modeled at shutdown explicitly rather than implicitly

as random initiated -even s. These LOCAs include those due to overpres-e

surization events with-either failure of relief valves to open (RHR-pump

seal leak) or failure of relief valves to resent (relief valve LOCA).

Overpressure events as-well as other LOCAs are' identified in the procedure

initiated event model (Section 4). In addition, other internal / external

causes of LOCA initiators are explicitly included in the model.
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The " Mode 4 LOCA" 1 sue (random RCS pipe breaks during hot shut-

down), being addresses generically by the Westinghouse Owners Group, is

considered an insignificant risk contributor in this study. The conser-

vative bounding calculations below, assuming the same f requency of random

large and small LOCAs as at power, indicate that the Mode 4 LOCA is not a

significant risk issue.

The LOCA initiator can be divided into two general scenarios:

pipe breaks inside containme it (1/C) and outside containment (0/C).

Inside containment the primary loop is RCS piping, the leak is (likely) -

not isolable, and the coolant lost out the break is collected in the

containment sump for recirculation. Outside containment, the primary

loop is RHR piping, the leak can be isolated from the primary loop by

closing the RHR suction isolation valves and if the leak is not isolated

the coolant la not available for recirculation. Thus, frequency of large

LOCA initiated core damage scenario during Mode 4 can be estimated as

follows:-

LLI/C FR(M4) * FR(LL) * {0P1 + INJ + REC 1 %)=

L1 /C FR(M4) * FR(LL) * [0Pi' + LC)=
0

_

Where

FR(M4) frequency of the plant in Mode 4 (per year)=

5 shutdowns per year * 30 hours in Mode 4=

per shutdown

150 hours per year in Mode 4=

0.017 years in Mode 4 per year=

FR(LL) frequency of large LOCA due to random pipe=

break (assumed to be the same frequency as
at power; assumed to be the same for RCS
and RHR piping)

10-4 per yeare

)
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M

OP1 = operator falls to diagnose LOCA and stop RRR
pump (s)

c; 10-2

failure of high pressure and low pre sore in-INJ =

jection

,
-< ' 10~4~

failure of both trains of low pressure recirc-RECIRC =

ulation

cf 10-3
.

OPI' = operator fails to diagnose LOCA and isolate the
' leak-(close RHR suction valves) and trip the RHR
_ pump-

cf 10-2
failure of low term cooling (secondary cooling,LC =

normal RHR cooling, feed and bleed)

< 10-4

Thus the f requency. of large LOCA is on the order of 10-8 per year.1

Similarly for small LOCA.the frequency of a core damage scenario during

Mode 4 can be estimated as follows:

SLI/C FR(M4) * FR(SL) * [0P2 + INJ + RECIRC]=

LLO/C. FR(M4) * FR(SL) * [0P2' + LC)S =

-Where
,

frequency of small LOCA (same as at power)FR(SL) =

ff 6.0E-3
OP2 = operator f ails to diagnose small LOCA and stop

RHR pump (s) -. more time available than for OP1
(LL)

y -10-3

OP2' = _ operator f ails to diagnose small LOCA and isolate
leak and trip the RHR pump

( 10-3

3-13
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Thus,- the f requency of small LOCA is on the order of - 10-7 per year.

These. scenarios areEclearly' dominated-by_ operator _ action to diagnose
.

. , -

the LOCA and initiate corrective action. The operator failure esti-

~ mates assume considerable / improvements in procedures and training due .
~

-

- to NRC and Westinghouse Owner's Group efforts and consistent-with the

recommendations made in this study for the explicitly identified LOCAs.

.

- Steam Generator Tube Rupture

- Although steam generator leaks could conceivably occur during shutdown,
they would. not| cause. a transient condition while operating on RHR due
to impossibility of_ reactor trip and-reduction or reversal of pressure
differentials.

. Reactor Trip ~and Turbine Trip;-

~ These events cannot occur during shutdown by definition.

ELoss/ Excess' Fee'dwater, Loss of Condenser Vacuum, Closure of MSIVs, Steam
Line Breaks, Lossoof Primary ~ Flow

These events areinot applicable during shutdown because the primary
'

1
,

system is at low pressure, reactor coolant pur?s are stopped. MSIVs are
- - ' closed, etc.-

-Inadvertent Safety injection-

During_ shutdown, Lit is possible to get an inadvertent safety injection
_

which could cause a cold overpressurization condition in the RCS. This

I 11nadvertent SI: can ~ be of two general types. (1) The more likely event
consists of one charging-pump, injecting at maximum flow with isolation of
letdown..(This event requires only an inadvertent SI signal which can
occurf either during initial shutdown, Lif1the SI signals are not blocked,
or during'thetoutage dueLeo a maintenance error. The inadvertent safety ,

injection due to SI not blocked can occur only in Mode 3 at 1875 psig, -

with full ECCS available. This' event is modeled conservatively by in-
adverten t ' SI; during ' power operation. The inadvertent safety injection

.

due to maintenance error is considered a source of excess charging and is*
included in. Top Event NC in procedure tree. (2) The less likely event

iconsists of several high pressure pumps- (SI or charging pumps) injecting
- and results in. a more severe challenge : to the RCS. However, the operators
'have explici: procedures and Technical Specification requirements to
Edisable.both SI pumps and one-charging pump when in Modes.5 and 6. For
severallhigh pressure pumps to inadvertently inject and challenge the RCS
requires the fo11'owing very unlikely series of f ailures (with estimated

' frequency of each):

3-14+
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(a) Inadvertent SI signal received during shutdown (essu:2 1/ysor).
3-

-(b) Operators f ail to put switches for the three pumps in " pull to
lock" per shutdown procedure (3 * 0.001).

.

(c) Operators f ail to remove power to pumps by racking out breakers
in switchgsar rooms per procedure. Technical Specifications
require action within 4 hours of antering Hode 4. Verified once i

per 31 days (3 * 0.01).

(d) Next operating crew f ails to observe the pump control switch t

!light on (0.1) or light burr.s out (small).

(e) Multiple (two or more) relief valves fai) (assume common cause
bets. facter = 0.12$) (0.125 * 4E-3).

The frequency of this initiating event (inadvertent full $1 and failure
of reli () is estimated at epproximately SE-9/yr, which is negligible.

'

Instrument Tube LOCA

Incore instrument tubes were considered as potential sources of loss of
coolant accidents. The instrument tubes are welded to the vessel and are
run to the seal table, which is at the level of the vessel flange. The
tubes are an RCS boundary and are designed and supported as such, including
considerations of Seismic 1/11 analyses. Based on this design, the fre-

quency of tube rupture is considered to be negligible.

A leak of the svage lock connection in the seal table would result in a
very small leak (0.35" 1.D.) which would be alarmed via radiation monitors.
=1f the lesk was unattended or if a number of cennections failed, the RCS
level could not drain below the vessel flange. This is. judged to be low
in frequency and relatively insignificant in consequences.

Reactor Coe.lsat Pemp Seal LOCA

Sigrdficant leakage out_the reactor coolant pump seals occurs 5)y 1:

the presence of high temperature reactor coolant, which degrades zhe
elastomer. seals, and high primary pressure, which forces fluid pan' the '

degraded ~ seals. During shutdown, the reactor coolant temperature . &
'

normally less than 300'F with low (< 50 psig) primary pressure. Thus,
conditions are not normally present during shutdown which would result in
a. pump seal LOCA. During a loss of heat removal scenario, the coolant
temperature will increase until the coolant boils. When the temperature is_

,

high enough'to threaten the seals, the primary inventory will have boiled
away to just above the top of the core. Thus, a seal failure would have
no effect in the course of the accident.

Boron Dilution and Recriticality

'

Recriticality was judged to be an insignificant contributot to risk during
shutdown because of the controls that pr i tent boron dilution, the possi-
bility of operator action to terminate re:riticality er ly, and the minor
consequences of recriticality.

1
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Boron dilution is prevented by limiting the maximum inadvertent addition
of unborated water. Technical Specifications tequires the Boron Thermal
Regeneration System (BTRS) to be isolated from the RCS; the Reactor Makeup
Systems to be inoperable except for one pump; and the primary coolant boron
concentration to be monitored daily.

If boron dilution were to occur, the onset to recriticality would be detected
(and alarmed) by either of the redundant shutdown monitor channe)r and/or
by one or mare of the redundant source range neutron detectors. Operators
have emergency procedures and are trainea to respond to this condition.
Technical Specifications require that a boration path (RWST - charging
pump or BAST - transfer pump) be available. At the point of the alarms,
the operator has at least 15 minutes (based on conservative licensing
assumptions) to incresce the RCS boron concentration.

-If there were no opers- or actions to terminate this event, reactor power
would increase slowly. This would increase bot- fuel and e,derator

tempe,sture until boiling in the core is reached. Boiling would increase
until there is sufficient neutron leakage to prevent any additional power
increase.

Thus, equilibrium power level reached in the core will depend on and be
limited by the heat removal capability of the RHR. Heat fluxes developed
in the core will be small. The core will continue to be cooled for an
even longer period of time,

because of the very slow rates of reactivity addition possible via dilu-
tion and the long periods of time needed to postulate no operator actions,
these events which have very low risk significance while at power, have
essentially no risk significance at shutdown.

3.3 tapport Systems Tree

Support system failures can affect multiple systems thereby

representing a~ potential dependent f ailure mechanism. For this reason

a support system event tree (Figure 3-2) is used to explicitly model

support system dependencies consistent with the SSPSA (Reference 1)

methodology.

Given a demand (initiating event) for plant response (plant re-

sponse trees), the support system event tree model analyzes the status

of key plant support. systems that are necessary to support operation of

the front line systems. Three key support systems, AC power, service

water, and primary component cooling, are modeled. These support systems
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were the most important in the SSPSA as well as this study. Four

support system endstates are defined in the event tree:

Support
State Description

r0 All support systems available
FA Train A support systers unavailable
FB Train B support systems unavailable
FAB Beth trains of support systems unavailable

The FABR1 and FABR2 endstates in Figure 3-2 denote At power configurations

which are potentially recoverable. Electric power recovery is considered

on a sequence by sequence basis as discussed in Section 2.

As shown in Figure 3-2, failure of any singic system train is

modeled as a complete loss of support systems in the same train. This

i simplifies the number of endstates and is not overly conservative be-

cause the important " mainline" systems in the shutdown transient tree

and the ahutdown LOCA tree require both service water and primary com-

ponent cooling for success. These mainline systems are RHR (top event

RR) and charging pumps (top event LC).

When the initiating event incluces a loss of offsite power,

emergency AC power (top events CA and GB) dominates the unavailabi1*ty

of a support train. Therefore, the simplified endstates are not overly

conservative, even though pCC failure is modeled as loss of a support

train but actually does not f ail service water or emergency AC. In the

case whe * affatte AC power is available, emergency AC power is assumed

to be successful (GA and GB are not questioned). Based on results from

the SSPSA, loss of offsite AC and emergency AC or emergency buses during

the 24 hour mission tima is unlikely.

Dependencies between support systems are explicitly modeled in

the support system tree (Figure 3-2) by passing through the top event-
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guaranteed failure (CF). As shown, primary component cooling Train A i

is dependent on Service Water Train A and AC power Train A. Also

Service Water Train A is dependent on AC power Train A. The same is
.

true for Train B. ,

The endstate definition distinguishes between Train A and

Train B failures (endstate FA and FB). In order to correctly track

RHR status through the model, it is assumed that Train A RHR is always

the operating train and Train B is in standby. This assumption is ,

made to ripa.ify the modeling and is made based on the symmetry be-

tween RHR treins. -Therefore, initiating events enter'9g the suppot t

system tree will be tracking the status of the operating train and the

standby train.

Dependencies between initiating events and support systen tree

top events are addressed in the model quantification in Section 5. Th e

event tree top events are described below:

Top Event CA: Emergency AC Train A

This top event quantifies the frequency of failure of emergency
AC power Train A (diesel generator A) for initiating events
resulting in loss of offsite power. Failure of this top event

guarantees f ailure of Train A-service water end primary component
cooling for loss of offsite power initiators. For initiating *

events which do not- result in loss of of f site power, this event
is not questioned (guaranteed success). Loss of of f site over '' --

24 hou* mission time and f ailure of a diesel or f ailure of the
emergency bus is unlikely in comparison to other support systems.

.

Top Fvent CB: Emergency AC Train B

This top event quantifies the frequency of failure of emergency
AC power Train B for initiating events resulting in loss'of
offsite power. The effects of failure of this top event are

similar to top event GA. ,

,

|
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Top Event WAt Cervice Water Train A

This top evait quantifies the frequency of f ailure of service
water Train a Failure of this top event results in failure ,

of Train A pri.ory component cooling.

Top ", vent WBt Se.;vice Water-Train B

This top event quantifies the frequency of failure of service '

water Train B. Failure of this top event results in failure
of Train B primary component cooling.

Top Event pat- PCC Train A

This~ top event quantifies the frequency of failure of primary
.

component cooling (PCC) Train A. This event is guaranteed to'

fail and is not asked if event GA o; event WA faile.

Top Event PBt PCC Train B ,

'
L This top event quantifies the frequency of failure of primary

component cooling (PCC) Train B. This event is guarantee ( to '

fail and is not asked if event CB or event WB fails.

3.4 Shutdown Transient Tree
,

The Shutdown Transient Tree is used to model the response of

plant systems and operators to initiating events involving loss of RHR

cooling, loss of RHR suction, and/or an RCS overpressure condition

(non-LOCA events). Initiating events of this type include internal and

external initiators as well a6 procedure initiated events from the Pro-

cedure Event Trees. Table 3-2 provides a summary ci the initiating

events quantified in this study'and identifies the specific initiators

for which the Shutdown Transient Tree is used to model the plant response.

Figure 3-3 shows the event sequence diagram used to assess the

plant systems and operator response to a (non-LOCA) transient condition

in the plant. Following a discussion of this diagram, the more detailed

event tree will be described.

Briefly, the flow of events in Figure 3-3 is as follows. Given
_

the occurrence of an initiating event, block 1 questions whether an RCS
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overpressure condition exists, and if it does, blocks 2 and 3 assess the

restense to this condition. Block 4 questions whether suction is avail-

able to the operating RHR pump and if not, block $ questions whether the

operator trips the pump before it fails. block 6 asks whether the oper-

stor correctly assesses the plant situation (assuming RHR cooling has
.

been lost) and what recovery action should be taken. If the operator is

successful in block 6, blocks 7 and 8 are used to determine whether RHE

cooling or alternate core cooling is subsequently established. If the
,

operator f ails in block 6, or if blocks 7 and 8 f ail, core damage is

assumed to occur. If core damage occurs, block 9 questions whether the

equipment hatch is closed prior to significant release. Block 10 ques- ons

whether other smaller containment openings are closed prior to release.

If. block 9 fails, a R2H or R6H plant damage state (PDS) occurs and if

block 10 f ails, a R2P or R6P PDS occurs. If blocks 9 and 10 are both

successful, a R2D or R6D PDS occurs. Table 3-1 describes plant damage

states.

Additional information on the events represented by blocks 1

through 10 is provided below.

Block 1-

After the initiation of a non-LOCA transient, block 1 ques-
.tions whether an RCS overpressure condition exists at the start
of the transient. If pressure is controlled, then no RCS over-
pressure condition exists. This block will either be a guaranteed

success or a guaranteed failure.. depending only on the procedure
initiating ever,t being analyzed. Since none of the internal or
external hazard events (e.g., fires) were found to cause an over-
pressure condition, this block is guaranteed to be successful for
all internal and external hazard events.

Blocks 2 and 3

If block 1 fails (i.e., overpressure condition exists), then
block: 2 and 3 are asked to assess the plan'c response to the
overpressure condition. If block 1 is successful, blocks 2
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and 3 are not asked because there is no overpressure con-
dition. Block 2 asks whether the relief valves op n to
mitigate the overpressure condition. .If block 2 fails, it is ;

assumed _that the pump seal on the operating RHR pump will rupture 1

due to overpressurization and a LOCA results. This plant condition |
is then further analyzed in the LOCA Event Tree. If block 2 is ;

successful, block 3 is used to question whether the operator
corrects the cause of the overpressure condition and whether the ,

relief valves close after opening in block 2. If block 3 fails, '

it is assumed that the relief valves remain open and a LOCA
condition results. This plant condition is further analyzed in_

the LOCA Tvent Tree. If block 3 is successful, the overpressure
condition has been corrected and the plant response continues with ;

block 4.
,

Blocks 4 and 5
!Block 4 questions whether suction is available to the operating

RHR pump. Similar to block 1, this block will either be guar-
anteed to succeed or guaranteed to fail depending on the ini-

'

tiating event being analyset.. If suction is not available,

and the RHR pump is running, it is assumed that the pump will
f ail unless the operator trips the pump within 30 minutes based
on experience events. block 5 is used to question whether the
operator trips the pur,p within 30 minutes to prevent pump f ailure
and is asked only if block'4 fails.

Block 6

Block 6 questions whether the operator is able to correctly assess
conditions in the plant and identify actions to be taken to avoid
core damage. If a loss of RHR cooling transient or a loss of RHR
suction transient has occurred, the operator must assess what
actions to take to_ restore core cooling. If an overp; essure

' transient is being analyzed, no operator action is required in
block 6 since blocks 1, 2, and 3 previously analyzed the possible ,

plant / operator responses to the overpressure condition where
failures transfer to the LOCA tree. If block 6 fails, it is

assumed that core damage will result due to lack of core cooling.
If block 6 is successful, blocks 7 and 8 are used to determine
whether the operators correctly implement actions required to
restore core cooling.

Blocks 7 and 8

Block 7 questions whether RHR cooling is restored. 'ror most
initiating events, the primary means of restoring core cooling
is to re-estabitsh RHR cooling using either the previously
operating RHR pump or the standby pamp. In some _ cases how-

'

- ever, both RHR pumps may be- unavailable or may f ail to start _
or run for the required mission time. In.these cases (i.e.,

if block 7 fails) it is assumed that the operator will
attempt to initiate alternate means of cure cooling. The

3-21

. .__ __ ._ ; . . ___ _ , _ _ _ _ _ _ . .. _ ._ _ _



. _ . . __

basis for this assumption is that the prior success of block 6
(operator identifies recovery action) implies the operator has
correct'/ assessed the plant situation and will therefore re-
spond correctly if RHR cooling cannot be restored. If block 7
is successful RHR cooling is restored and the plant conditions
are stabilized with no core damage.

Block 8 asks whether alternate means of core cooling are es-
tablished if RHR cooling cannot be restored. This block is
reached only if block 7 has failed. Alternate means of core
cooling consist of (1) using steam generators (if available).

to remove core heat, (2) using charging or SI pumps to feed
the RCS and bleeding off excess inventory through RCS openings
or the pressurizer PORV, or (3) draining the RWST inventory (by
gravity) into the RCS if plant conditions permit (modeled only
for no support systems available). If one or more of these al-
ternare core cooling methods is successful, the plant conditions
are stabilized with no core damage. -If alternate core cooling is

Inot established (block 8 fails), core damage is assumed to occur.
l

Blocks 9 and 10

Blocks 9 and 10 are questioned only if core damage has occurred
due to loss of cooling. _This condition is represented in
Figure 3-3 by either failure of block 6 (operator falls to
identif y correct actions to restore core cooling) or f ailure
of blocks 7 and 8 (RHR cooling and alternate core cooling is

not established and maintained' Block 9 questions whether
the equipment hatch is closed prior to a significant release.
If this block fails, a large release results (PDS R2H or R6H).
(See Section 10 for definition of release categories). If block
9 is successf ul, block 10 asks whether small containment pene- '

trations are closed prior to release. If block 10 fails, a small
release results (PDS R2P or R6P) and if block 10 is successful,

no release results (PDS R2D or R6D). Note : hat if block 9 fails
(i.e. , equipment hatch is not closed before release) it is not
necessary to question block 10 because the successful closing of
small containment penetrations will be of little consequence if the
containment equipment hatch is not closed.

71gure 3-4 contains the Shutdown Transient Event Tree. In this

tree, the top events correspond to the blocks in Figure 3-3 as follows:

Block 1 -> Top Event PC, RCS Pressure Controlled
Block 2 -> Top Event VO, Relief Valve Opens
Block 3 -> Top Event OC, Operator Stops Overpressure
Block 4 -> Top Event SA, RHR Suction Available
Block 3 -> Top Event TP, Operator Trips RHR Pump
Block 6 -> Top Event OR, Operator Identifies Action
Block 7 -> Top Event RR, RHR Restored
Block 8 -> Top Event LC, Alternate Long Term Cooling
Block 9 -> Top Event EH, Equipment Hatch Closed
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Block 10 -> Top Event SP, Containment small Penetrations
isolated

in the event tree, sequences 1 through B represent transients in

which no overpressure-condition exists (top event PC is successf ul), and

no loss of suction exists (top ovent SA is successful), so that the

transient consiets only of loss of RHR cooling. In sequence 1 the oper-

ator correctly identifies actions to be taken (top event OR is successful)

and RHR cooling is restored (top event RR is successf ul) leading to a

-stable plant state. fequence 2 is similar to sequence 1 except that

RHR cooling is not restored (top tvent RR fails) but alternate core

cooling is restored (top event LC is successful) leading to a stable

plant state. In sequences 3 through 5 the operator correctly identi-

fies actions to be 7.aken to restore core cooling but top events RR >

,

and LC both fail, leading to core damage. In sequence 3 the equipment

hatch is closed ~and small penetrations are secured prior to release

(top events EH and SP are successful). In sequence 4 the equipment hatch

is closed but small penetrations are not secured prior to release (top

. event EH is successful, top event GP fails). In sequence 5 the equipment

. hatch 3s not c1csed prior to release (top event EH fails, top event SP is
'

not asked). Sequences 6 through 8 result in the same release types as

sequences 3 through 5. In sequences 6 through 8 core damage results due

to failure of the operator to correctly identify actions to be taken to

avoid core damage (top event OR fails).
'

Sequences 9 through 16 are the same as sequences 1 through 8

except that in sequences 9 through 16 a loss of RHR suction resulted

from the initiating event (top event SA f ailed) ed the operator

successit11y tripped the RHR pump before it failed due to operating
i

3-23

. .- . . . . . - -.



V

with loss of suction (top event TP was successful).

Sequences 17 throug' 24 are the same as sequences 9 through 16

except that in sequences 17 through 2'. the operator fails to trip the

RHR pump before it f ails due to cavitation from loss of saction (Lep

event TP fails).

Sequences 25 through 48 are the same as requences 1 through 24

except that in sequences 25 through 48 an PCS overpressute condition

existed due to the initiating event (top event PC faile. and sas

successfully mitigated (top events VO and OC vere successful).

Sequences 49 or.d 50 represent transients in which an over-

pressure condition exists due to the initiating event and is not

successfully mitigated, leading to a LOCA. In sequence 49 the RHR

relief valves f ail to open (top event VO f ails) leading to a LOCA

resulting from overpressurization and failure of the RHR pump seal.

In sequence 50 the relief valves open but do not close, or the operator

fails to correct the cause of the overpressure condition (top event OC

f ails) resulting in a LOCA f rom the RHR relief valves.

~3.5 Shutdown LOCA Tree ,

The; Shutdown LOCA Tree is used to meaal the response of plant

systems and operators to LCCA initiating events. These events are iden-

-tified in Table 3-2 which provides a summary of all initiating events

considered.

Figure 3-5 shows the event sequence diagram used to assess the

plant systens and operator response to a LOCA. Following a discussion

of this diagram, the more detailed event tree is described.

In Figure 3-5, blocks 1 through 4 represent actions which take

place in the short term (0-30 minutes) after the LOCA occurs. Blocks
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5 through 9 represent long term responses (beyond 30 minuten). The divi-

sion between short and long term responses is based on assuming (1) the

operating RHR will fail if not tripped by the operator within 30 minutes

of losing suction (short term response), and (2) early successful iso-

lati.on will allow normal RHR cooling to continue. Note that blocks 5

through 9 in Figure 3-5 are similar to blocks 6 through 10 in Figure 3-3.

Briefly, the flow of events in Figure 3-5 is as follovs. Given

the occurrence of a LOCA, block 1 questions whether the operator detects

the cendition. If block 1 is successful block 2 questions whether the

leak (if in the RHR cooling loop) is isolated by closing the RHR suction

valves. If the leak is not in the RHR cooling loop, block 2 is assumed

to fail because it is assumed that in the short term the operator will

fail to identify the leak location. If block 2 is successf ul, block 4

questions whether the operator trips the operating RHR pump to prevent

failure of the pump due to loss of suction. If block 2 fails, block 3

questions whether makeup flov is established. Success of block 3 results

in additional time being available for subsequent operator actions.

k'hether block 3 is a success or f ailure, it is assumed that the operator
-

must trip the operating RHR pump to prevent f ailure due to vortexing

(i.e., it is assumed that even if makeup flow is established, the RHR

pump will have suf fered loss of suction due to initial loss of RCS inven-

tory). If the operator fails to initially detect the LOCA (block 1

fails) it is assumed that blocks 2, 3, and 4 all f ail resulting in loss

of the operating RHR pump.

Block 5 asks whether the operator correctly assesses the plant

situation (following any combinations of success and f ailure of blocks

1 through 4) and what actions should be taken to restore long term core
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cooling. If block 5:is~ successful, blocks 6 ana 7 are used to determine

whether RHR. cooling or alternate core co. ling is subsequently estab--

lished._ If the operator f ails in block 5, or if blocks ~ 6 and 7 f ail,

core damage occurs. If core damage occurs, block 8 questions whether

the equipment hatch is closed prior to release and block 9 questions

whether other, smaller containment openings are closed prior to release.

If block 8 f ails, a RlH, R2H or R6H plant damage state (PDS) occurs. If

- block 9 isils, a alp, E;P or R6P PDS occurs. If blocks 8 and 9 are

both-successful, a RID, R2D or R6D PDS occurs. Table 3-1 describes

p2 ant damage states.

Additional information on the events represented by blocks 1-

-through 9 is provided below.

Block'l

- After a LOCA. occurs block 1 questions whether the operator
detects the condition within- 30 minutes. _ It is assumed that
failure to detect-the LOCA within this short' time' interval
will result in RCS inventory loss sufficient to cause loss of
suction to the: operating RHR pump. Also, failure of block I

is assumed to result in failure to establish short term make-
.up flow (block 3) and failure of the. operator to trip the RRR j

.

pump (block 4), thereby causing failure of the operating RHR R

pump. If . block 1- f ails, the next block questioned is block 5
(operator' identifies action to -establish long term cooling prior
to core-damage) and no oportunity for restoring RHR (block 6)
is allowed. If block 1 is successful, block 2 is questioned.

Block 2

Block 2 asks whether the operator isolates the LOCA within 10
minutes- af ter it occurs. It is assumed that this block will
-fail if the'LOCA is not in-the RHR cooling loop because LOCAs
in other locations would be difficult to locate'in this short
time period. Given a LOCA of unknown origins, the operator-
would-most likely initially assume it was. in the RHR cooling
loop and would isolate RHR. If block 2 is successful, the LOCA

-is in the RHR cooling ~ loop and the leak is isolated by closing
the RHR suction valves. Under this condition, suction will be

' lost to the operating RHR' pump _ and the operator must trip,the
. pump to prevent. pump failure (see block 4). If block 2-fails,

RCS inventory continues to be lost due to the leak and restor-

.
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ation of normal RHR (block 6) is guaranteed to fail. |

iBlock 3

If the operator detects the LOCA (block 1 is successful) and
the leak is not isolated (block 2 f ails), block 3 questions
whether the operator establishes makeup flow to the RCS within
30 minutes af ter the LOCA occurs. Success of this action pro-

vides the operator with additional time to complete the sub-
sequent corrective actions represented by blocks 4 and 5.
Failure of this action requires more rapid operator responses
for success in blocks 4 and 5. Note in Figure 3-5 that

!whether block 3 is saccessful or f ailed, block 4 (operator
trips RHR pump) is asked because it is assoned that initial RCS
inventory loss is sufficient (with or without makeup flow) to
cause loss of suction to the operating RHR pump.

Block 4

Block 4 questions whether the operator trip- the operating
RHR pump after suction has been lost due to Aoss of RCS in-
ventory. It is assumed that whether blockt , 2, and 3'

succeed or f all, RCS inventory loss results in loss of
suction to the RHR pump, requiring action in block 4 to
avoid pump failure.

If block 2 or block 3 is successful, the operator is more likely
to trip the operating.RHR pump than if blocks 2 and 3 both fail.
If the operator _ f ails to detect the LOCA (block I f ails), block 4
is assumed to fail.

Block 5

Block 5 questions whether the operator is able to correctly
assess conditions in the plant and identify actions to be
taken to terminate the LOC /. and avoid core damage. 1he time
available for the operator to successfully complete this ac-
tion is dependent on the type of LOCA initiator as well as
previous success or failure of block 2 (operator isalates RHR)
and block .3 (operator established makeup flow). If block 5

fails it is assumed that core damage will result due to loss
of RCS inventory. If block 5 is successful, blocks 6 and 7
are used to determine whether the operators correctly implement
actions required to establish long term core cooling.

Blocks 6 and 7

Blocks 6 and 7 question whether long term core cooling is es-
tablished. Block 6 asks if RHR cooling is re-established,
given success of blocks 1 and 2, and if successful, leads to

| a stable plant condition with no core damage. If RHR cooling

! cannot be re-established or maintained (block 6 f ails) it is
assumed that the operator will attempt to initiate alternate

|
|
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2eans of core cooling. The basis for this assumption is that

the prior success of block 5 (operator identifies long term
cooling options) implies the operator has e rrectly assessed
the plant situation and will therefore respond correctly if RHR
cooling cannot be restored.

Block 7 asks whether alternate means of core cooling are es-
tablished if RHR cooling cannot be restored. This block is
reached only if 51ock 6 has failed. Alternate means of core )

cooling consists of (1) using steam generators (if available)
to remove core heat, (2) using charging or SI pumps to feed
the RCS and bleeding of f excess inventory through the RCS or
RHR relief valves, or (3) draining the RWST inventory (by grav-
ity) into the P^S if plant _ jitions permit (modeled only f or
no support systems avail..ble). If one of these alternate core
cooling methods is successf ul the plant conditions are stabilized
with no core damage. If alternate core cooling is not established

(block 7 fails), core damage is assumed to occur.

>Blecks 8 snd 9

Blocks 8 and 9 are reached only if core damage has occurred
due to loss of long term cooling. This condition is represented

in Figure 3-5 by either failure of block 5 (operator fails to
identif y options for long term core cooling) or f ailure of blocks
6 and 7 (RRR cooling and alternate core cooling is not established
and maintained). Block 8 questions whether the equilment hatch
is closed prior to release. If this block fails, a large release

results (PDS Rin, R2H or R6H). If block 8 is successful, block 9

asks whether small containment penetrations are closed prior to
release. If block 9 fails a small release results (PDS RIP, R2P
or R6P) and if block 9 is successful no release results (PDS RID,
R2D or R6D). Note that if block B f ails (i.e. , equipment hatch
is not closed before release), it is not necessary to question
block 9 because the successf ul closing of small containment
penetrations will be of little consequence if the containment
equipment hatch is not closed.

Figure 3-6 shows the Shutdown LOCA Event Tree. In this tree, ce

top events correspond to the blocks in Figure 3-5 as follows:

Block 1 -> Top Event OD, Operator Detects LOCA
Block 2 -> Top Event 1R, Isolate RHR
Block 3 -> Top Event MU, Makeup Flow Initiated
Block 4 -> Top Event TP, RHR Pump Tripped
Block 5 -> Top Event OL, Operator Identified Long Term

Cooling Options
Block 6 -> Top Event RR, Normal RHR Restored

~ Block 7 -> Top Eient LC, Alternate Long Term Cooling
Block 8 -> Top Event EH, Equipment Hatch Closed
Block 9 -> Top Event SP, Containment Small Penetrations

Isolated
-
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In the event tree, sequences 1 through 16 represent a LOCA in

the RRR cooling loop which is detected by the operator (top event OD is

successful) and isolated (top event IR is successful). In sequences

1 through 8, the RHR pump is tripped (top event TP is successf ul) and

is therefore prevented from failing due to los6 of suction while ir,

sequences 9 through 16 top event TP fails, and the operating RHR

pump is therefore assumed to fail. In sequences 1 through 16, top

event MU is not askad because makeup flow is not needed when the LOCA

is successfully isolated. In sequence 1 the operator successfully

identifies long term coeling options (top event OL is successf ul) a1d

cormal RHL cooling iz restored (top event RR is successful), leading

to a stable plant state. Sequence 2 is similar to sequence 1 except

that RHR cooling is not restored (top event RR fails) but alternate

core cooling is restored (top ; vent LC is successf ul) leading to a

stable plar.t condition. In sequences 3 through 5 the operator cor-

rectly identifies long term cooling options (top evsnt OL is success-

ful) but top events RR and LC both subsequently fail, leading to core

damage. In sequence 3 the equipment hatch is closed and small pene-

trations are isolated prior to release (top events EH and SP are

successful). In sequence 4 the equipment hatch is closed but small

penetrations are not isolated prior to release (top event EH is successful,

top event SP fails). In sequence $ the equipment hatch is not closed

prior to release (top event EH fails, top event SP is not asked).

Sequences 6 through 8 result in the same release types as sequeaces 3

through 5. In sequences 6 through 8 core damage results due to failure

of the operator to correctly identif y long term cooling options (top

event OL fails), which guarantees failure of top events RR and LC.
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Sequences 9 through 16 are identical to sequences 1 through 8, except |
|

that in sequences 9 through 16 the operating RHR pump has f ail d due to |
1

failure of the operator to trip the pump after suction is lost (top event j-

_

TP fails). !

|
,

In sequences 17 through 30 the operator detects the LOCA (top |
|

event OD is successf ul), the RHR system is not isolated (top event IR |
!: i

f ails), and makeup flow is initiated (top event MU is successful). In

all of these sequeaces, tcp event RR is guaranteed to fall because
!

failure to isolate the RHR system (failure of top event IR) is assumed

to preclude restoration of a normal kHR alignment. Sequences 17 through
.

I23 correspond to sequences 2 through 8 since the RHR pump is tripped
|

before f ailure (top event TP is successf ul) and sequences 24 through 30 i

correspond to sequences 10 through 16 in which the operating RHR pump ;

fails due to failure of top event TP.

Sequences 31 through 44 are identical to sequences 17 through

30 except that in sequences 31 through 44, makeup flow is not estab-

lished (top event HU f ails) af ter the operator detects- the LOCA (top

event OD is successf ul) and the RHR system is not isolated (top event IR

fails). The failure to establish makeup flow in sequences 31 through
~

44 results in less time being available for the operator to be success-

ful in completing top events TP (RHR pump tripped) and OL (operator
.

identifies'long term cooling options).

.In sequences 45 through 50, the operator fails to. detect the L"/A

within 30 minutes af ter it occurs (top event OD f ails). This failure is

assumed to result in failure of the operator to isolate the RHR system

(top event IR f ails)', f ailure to initiate makeup flow (top event MU

fails), and failure to trip the RHR pump (top event TP fails). As a
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result of the failure of top event IR, it is assumed that restoration of

normal RHR cooling is not possible, ao top event RR is also guaranteed to

fail. In sequences 45 through 48 the operator successfully identifies

long tere cooling options (top event OL is successful). In sequence 45

alternate long term cooling is established (top event LC is successful)

and a stable plant condition it r e a che d. In sequences 49 and 50 the

operator f ails to identif y long term cooling cptions (top event OL f ails).

In these two sequences it is assumed that the operator will fall to

attempt to isolate small containeent penetrations (top event SP will

fail), since the operator has previously failed to complete leportant

actions (top events OD and OL have failed).
I
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FIGURE 3-5 Event Sequence Diagram for Shutdown LOCAs
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TABLE 3-1. Sheet'l of-1

,

PLANT DAMACE STATE DEFINITIONS

END STATE DESCRIFrION
.PDS DESIGNATOR PDS DEFINIT [0N

RID RCS Pressure Low, Reactor Cavity Wet, Containment Isolated. Refueling pool seal LOCAt Top Events
; SP and EH successful.'

!.
i RIP j RCS' Pressure Low, Reactor Cavity Wet,' Containment Pene- Refueling pool seal LOCA; Top Event SP

failed.trations Open.

RCS Pressure Low, Reactor Cavity Wet, Containment Hatch Refueling pool seal LOCA; top Event EH
R111 |j. failed.Open.

RCS Pressure Low, Reactor Cavity Dry, Containment Isolated. RCS Conditions X,1 or LOCA; Top Events
R2D ; SP and Eli successful."

RCS Conditlocs X. T or LOCA; Top EventRCS' Pressure Low, Reactor Cavity Dry, Conta!nment Pene -R2P j

trations Open. | SP failed.

RCS Pressure Low, Reactor Cavity Dry, Containment Hatch RCS Condition = K, Y or LOCA; Top Event
! R211 | EH failed.Open,

!. .

Iso- RCS Condition W. Top Events SP and EH
R6D j RCS Pressure High, Reactor Cavity Dry, Containment

,

successful.1ated.

RCS Pressure High, Reactor. Cavity Dry, Containment Pene- RCS condition W; Top Event SP failed.
R6P J,

i trations Open.

RCS Condition W: Top Event EH failed.!

,' R6H RCS Pressure High, Reactor Cavity Dry, Containment Hatch
Open.I

1

l

I

|
:

i !

- - . , - . _ _ - _ _ _ _ - _ _ - - _ _ _ ._ _ - _ _ -
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1

SUMMARY OF INITIATING EVENTS
!

MEAN

INITIATING FREQUENCY REPORT

EVENT (a) (PER YEAR) DESCRIPTION LECTION

i

Support System Failures
:

LO$P(X) 3.0E-2 Loss of o'fbite power. 7.2.3 i

LOSP(W) 2.7E-2

LPCCA(X) 2.9E-3 Loss of the operating PCC Train A. 7.3.3 |
LPCCA(W) 2.9E-3 !

)

LSWA(X) 3.0E-4 Loss of the operating Service Water 7.4.3
LSWA(W) 3.lE-4 Train A.

LPCC(X) 3.5E-7 Loss of both PCC trains. 7.3.4 :

LPCC(W) 1.5E-5
i

LOSW(X) 3.8E-8 Lose of all Service Water. 7.4.4
1.7E-7LOSW(W) ,

i

Internal / External
Hazards Events ,

FLSW(X) 3.0E-7 External flood, loss of all Service 8.1.3
FLSW(W) 2.7E-7 Water.

TCTL(X) 5.lE-5 Truck crash into the SF6 transmission 8.1.4
3

TCTL(W) 4.6E-5 lines, a non-recoverable loss of
offsite power.

FSGA(X)- 2.5E-3 Fire in Switchgear Room A. 8.2.1
FSGA(W) 2.3E-3

FCRAC(X) 4.lE-8 Fire in Control Room causing loss of 8.2.1
FCRAC(W). 3.7E-8 all AC power.

FETG(X) 1.4E-5 Fire in the electrical tunnel above 8.2.1
FETG(W) 1.3E-5 the RHR vault, causing loss of both

trains of RHR and loss nf one train
of PCC and Service Water.

! FETB(X) 1.4E-5 Fire in electrical tunnel train B, 8.2.1
FETB(W) 1.3E-5 causing loss of suction to the

operating RHR train (A) and loss of
opposite train (B) of SW.

|

| FTBLP(X) 3.2E-4 Fire in Turbine Building causing 8.2.1

L FTBLP(W) 3.1E-4 non-recoverable loss of offsite
power.

L FPCC(X) 1.2E-6 Fire in PAB causing loss of PCC. 8.2.1

.FPCC(W) 1.0E-6 ,

|

|

|
'

. - , --
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Sheet 2 of 4

TAP' E 3-2

| SUKMARY OF INITIATING EVENTS
|

I MEAN

INITIATING FREQUENCY REPORT

EVENT _fa) (PER YEAR) DESCRIPTION SECTION

Internal /5xternal
Hazards Events (Cont'd)

l

FPAB(X) 1.9E-5 Fire in PAB causing loss of SW and 8.2.1
FPAB(W) 1.7E-5 loss of one train of PCC

FLEHR(X) 1.6E-6 Flood in RHT vault causing loss of 8.2.2
FLRHR(W) 1.4E-6 both trains f RHR.

FL1SG(X) 4.5E-6 Flood in tur ine hall and switchgear 3.2.2
~

FLISG(W) 3.9E-6 room A, caus'.ng a non-recoverable
LOSP and failure of essential Bus
E5.

SSB0(X) 1.lE-6 Seismic station blackout - loss of B.1.1
S SB0(W) 2.3E-6 all AC power.

SLL' ) 3.8E-7 Seismic large LOCA and loss of off- 8.1.1 ,

site power.
,

*
Procedure-Initiated
LOCAs

I
Ll(W) 2.5E-3 LOCA through stuck-open RHR relief 465

valve.

L3(W) 3.9E-6 LOCA through RH-V33 (cavity dis- 6.4.3
charge valve back to RWST).

_

L5(Y) 1.4E-4 LOCA through refueling pool seal. 4 6.5

L6(Y) 1.7E-5 LOCA through cavity drain valve. 465

LP(W) 7.5E-6 LOCA through the RHR pump seal. 465

LS(W) 2.1E-5 LOCA through the sump ieolation 7,6.3

valves.

Procedure-Initiated
Transients

W1A(W) 9.2E-2 Overpressurization event, 2 relief 4&5
valves available (A); both RHR
trains available (1); RCS filled (W).

W3A(W) 2.7E-5 Overpressurization event, 2 relief 465
valves available (A); operating RHR
pump cavitating (3); RCS filled (W).

3-34
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' SUMMAkY OP INITIATING EVENTS

HEAN

INITIATING FREQUENCY REPORT

EVENT (a) (PER YEAR) DESCRIPTION _SECTION
)

Procedure-Initiated
Transients (Con _tfd)

W3B(W) | 2.0E-5 Overpreesurization event, 1 relief 4&5
;<.ve available (B); operating RHR
pump cavitating (3); RCS filled (W).

W3C(W) 7.1E-6 Overpressurization event, no relief 4&5
valves available (C); operating RHR
pump cavitating (3); RCS filled (W).

W3N(W) 2.2E-2 Operating RHR pump cavitating (3); 4&5
RCS filled (W).

X3N(X) 6.2E-2 Operating RHR pump cavitating (3); 4&5
RCS dra,ined (X).

Y3N(Y) 1.3E-3 Operating RER pump cavitating (3); 4&5
RCS at refueling level (Y).

X4N(X) 3.lE-3. Operating RHR pump cavitating, 4&5
standby pump unavailable (4); RCS
drained (X).

W5A(W) 4.6E-4 Overpressurization event, 2 relief 4&5
valves available (A); operating RHR
pump failed (5); RCS filled (W).

W5B(W) 1.2E-7 Overpressurization event, I relief 465
valve available (B); operating RHR
pump failed (5); RCS filled (W).

W5C(W) 4.8E-8 Overpressurization event, no relief 4&5
valves available (C); o,:; rating RHR-

pump failed (5); RCS filled (W).

W5N(W) 5.4E-2 Operating RHR pump failed (5); RCS 4&5
filled (W).

X5N(X) 6.2E-2 Operating RHR pump failed (5); RCS 4&5
drained (X).

Y5N(Y) 5.2E-3 Operating RHR pump failed (5); RCS 4&5
at refueling level (Y).

:
|

. - . - , - - . . . _ .
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SUMMARY OT INITIATING EVENTS

i EM'

REPORTINITI ATING FREQUENCY
- EVENT (a) (PER YEAR) DESCRIPTION SECTION

'

<

Procedure-Initiated
Transients (Cont'd)'

|

V6A(W) 4.7E-3 Overpressurization event, 2 relief 4&5'
,

valves available (A); operating RHR |

pump failed, etcndby pump unavail- i

able (6); RCS filled (W).
I

W6B(W) 9.3E-9 Overpressurization event, I relief 4&5
valve available (B); operating KHR
pump failed, standb: pump unavail- |

'

able (6); RCS filled (W).

W6C(W) 1.2E-9 Overpressurization event, no relief 4&5
valves available (C); operating RHR
pump failed, standby pump unavail-
able (6); RCS filled (W).

W6N(W)' 2.0E-3 Operating RHR pump failed, standby 4&$
pump unavailable (6); RCS filled (W).

X6N(X) 6.0E-4 Operating RHR pump failed, standby 4&$
pump unavailable (6); RCS drained
(X),

4

4

NOTES:

(a) The designator in parenthesis indicates the RCS condition at the
time of the initiating event. RCS condition designators are de-
fined as follows:

RCS filled and intact,W -

RCS drained and open,X -

RCS at refueling level.Y -
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.

PROCEDURE-INITIATED EVENTS' ,DESIGNAT03. DEFINITIONS'
'

1.g.
'

_ ,

;'

'

.

k X 'Y

RCS~ CONDITION RCS FAILED RCS DRAINED REFUELING
,-

OVERPRESSURE' CONDITION- .

.,

RHR
AVAILABILITY YES WQ; NO NO '

2 RELIEF- 1 RELIEF 0 RELIEF .NO EhLIEF- ENO RELIEF- NO RELIEF
PATHS- PATH PATHS' REQUIRED -REQUIRED- REQUIRED .

A B- C N N- N

|'
. .

Standby. 1

Operating Available 'WlA" ** ** * *. *.
,

'RHR- . Standby- 2
Available Unavailable' +: ** ** * * *-

,,

1

Standby 3
RPR ~Availiti;_ W3A W3B W3C W3N X3N Y3N

Suction- -Standby 4
Lost Unavail,'@ + +' + + X4N +

StAndt; '5 W5A WSB WSC W5N X5N T5N

-Oc * ; Ava[lable
Rd. Standby 6

Unavat.nole Unavailable f W6A W6B W6C W6N X6N +

IN is the Normal (Stable).Endstate Condition where RHR' cooling is available and no*

: overpressure condition exists..

2N is also a Stable Endstate Condition where RHR cooling is available but standby
pump is unav..lable, and no overpressure condition exists.,

4

18 and IC are not possible because with both RHR pumps available at least the-**

2 RHR relief paths are'available.
'!

2C is not possible because at least the 1 RHR' relief path is available with
the operating RRR'

2B is not possible because any single suction loss resulting in only one relief
path is always assumed to' occur in the operating RHR train precluding 2B.

,

t

No procedure-initiated events were identified, which resulted in'these conditions.+

2. _. , _ _ - . . - _ , _ . _, , .- . - _ - - ,- .
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.4.0L PROCEDURE INITIATED EVENTS MODEL-

Procedure-initiated events represent the category of initiating-

' events which occur due to operator errors or f ailures of equipment during

~

execution of shutdown procedures. - To identify such initiators, an event

tree model is developed for each of the six major plant evolutions. In

developing the event trees, operating experience and Seabrook-specific

procedures and systems configurations were considered.

Operating experience events were reviewed to gain a perspective

on how shutdown initiating events can occur due to procedural errors

L and/or equipment malf unctions. -Appendix A summarizes loss of decay heat

removal experience events from 1982 through 1986. These events supplement

- NSAC-52 (Reference 7) which includes events through 1981.

Seabrook-specific procedures used during shutdown were reviewed

in detail including walkdowns in the plant. These procedures are described

in Secti An overview of the model is provided in Section 4.1, and1s

r~46 are dereribed in Section 4.3.the ey:s .

4.1 .;; nyp of the Model

Tr i v .ypes of plant shutdowns are modele d:

Case A: Non-drained maintenance shutdown - outages for main-
tenance-or inservice inspections (ISI) which do not
require draining the RCS.

Case B: Drained maintenance - outages for maintenance or ISI
that require draining the RCS (e.g., steam generator
tube inspections).

Case C: Refueling shutdown - Turages for refueling and sub-
sequent maintenance.

These three categorie- envelope all types of plant shutdowns.

4-1

4 :
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Event trees are used to model possible procedural errors and

equipment failures, for each of the cases above. Figure 4-1 shows

the major plant evolutions which are modeled in Cases A, B, and C.

Event trees were developed to describe possible degraded conditions

which could occur during execution of these procedures due to errors

or equipment f ailures. The Procedural Event Trees (PETS) developed to

model the major t'. ant evolutions are:

Tree 1 - Cooldown to Cold Shutdown
Tree 2 - Drain Down RCS
Tree 3 - Fill Refueling Cavity

Drain Refueling CavityTree 4 -

RCS Fill and Cas EvacuationTree 5 -

Tree 6 - Cold Startup to Hot Standby

The endstates of sequences in the event trees represent either a

stable state that transfers to the next plant evolution (procedure event

tree) or an initiating event that transfers to the plant response model

(shutdown transient or LOCA trees).

As shown in Figure 4-1, Case A (maintenance outage with RCS

loops f ull) models a non-drainen shutdown and involves only two pro-

cedure events trees; cooldown to cold shutdown (Tree 1) and cold

startup (Tree 6). Case B (maintenance outage - RCS loops drained to

the vessel flange er the hot lug mid plane) models a drained maintenance

shutdoan and invo'ves f our trees; cooldown (Tree 1), RCS drain down (Tree 1

2), RCS fill and evacuation (Tree 5), and cold startup (Tree 6). Case C

(refueling outage) models a refueling shutdom and involves all six

procedure event trees.

Since by definition every sequence can have a different end-

state, it is necessary to group or bin these endstates into a prac-

tical number. Sequence endstates are defined according to the effect

4-2 |

|
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on the plant. The type of' plant information that is tracked by end-

state definition is- availability _of- RHR, overpressure, RCS level,
,

steam generator availability, and recovery time.

The annual frequency of entering the Procedure Event Trees is

calculated separately.for Cases A, B, and C based on the data in Sec-

tion 9.2. This annual frequency for each type of shutdevn (A, B, and C)

is used as the initiating frequency of Tree 1 for the corresponding case.

Stable sequences transfer to the subsequent procedure tree as the ini-

tiating event of the new procedure tree. The quantification process

L 'or Cases A,'B, and C is discussed further in Section 5.5.

4.2 Summary of teabrook Procedures

The shutdown Procedure Event Trees are based on Seabrook Station

operating' procedures'for plant evolutions during shutdown. Seabrook

Station operating-proce ures guide'the plant staff through three typical

shutdown types (Cases A,-B, and C) as' discussed in Section 4.1:

Non-drained maintenance outage (Case A),
Drained maintenance _ outage (Case B),
Refueling outage (Case C).

The six major plant evolutions that are accomplished in the

course of these shutdowns have separate operation procedures, as

follows:

__

Name Procedure No.

' 1. - Cooldown to cold shutdown OS1000.04
2. : Draining down the RCS' 0S1001.02
3. Refueling cavity fill OS1015.02
4- Refueling cavity drain OS1015.10
5. RCS fill and evacuation OS1001.01
6. Cold startup to hot standby OS1000.01

i

4-3
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-These six operating procedures reference additional procedures |

u

that are used to perform activities related _ to placing systems in
:

standby or restoring systems to operable status after the shutdown i

1

activities are completed.- -

4.2.1- Reactor Cooldown To Cold Shutdown (OS1000.04)

The goal of this procedure is to place the RCS in a cold shut-

- down condition (i.e., in Mode 5, which requires that the average

coolant temperature is less than 200*F).

The reactor is slowly cooled and depressurized f rom an average

primary coolant temperature (Tgyg) of 557'T and primary p: essure (P)

of 2235 psig down to about 100'T and 50 psig. The cooldown' rate is

maintained at less than or equal to 50*F per hour. During the initial
J

phase of the cooldown, heat is transferred to the ultimate heat sink via
:

- the steam generators.

The time after shutdown required to reach cold shutdown (i.e.,
,

Tgyg less than 200*F) can vary as a minimum between 7.2 hours when two
'

JERR trains.are used-and 38 hours when one RHR train is used (Reference
i

11, Figures 5.4-5 and 5.4-6). )
The Seabrook Technical Specifications require tnat one train of

, l'ow pressure injection be available in Mode 4 (200* < TAVG < 350*F). '

Only one RHR train is used for decay heat removal in this mode while

the other remains 09erable and capaile of taking suct ion f rom the RWST
.

and the containment sump (i.e. , op- able to perform ita ECCS function).

As pressure is decreased in the RCS, safety system actuation,

signals that.are initiated on low reactor pressure, such as the CI

signal, are disabled to reduce the chance of inadvertent repressuriza-

- tion by the charging and safety injection pumps.
,
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Reactor coolant circulation is maintained using a main RCS

pump to provide ~ adequate mixing for heat removal and accurate temp-

erature monitoring when the pressure is above 325 psig.

During the RCS cooldown the shutdown procedure requires that both

Safety it.jection pumps and one charging pump be rendered inoperable by

having their control switches placed in the " pull to lock" position.

- Additionally, the electrical supply breakers for these pumps are racked

out and the breakers secured in the racked out position.

The RHR system is placed in operation when RCS temperature is

less than 350*F and RCS pressure is less than 365 psig. Opening of the

RHR suction valve is precluded at pressure greater than 365 psig by a

pressure interlock. Should RCS pressure exceed 660 psig, these suction

valves receive an automatic close signal.

Operating procedures require that if RCS prensure decreases ,

below 325 psig, the operating RCS pump (s) must be tripped to prevent

purn damage as a result of low net positive suction head (NPSH).

The steam generators remain operable while the RHR system is

placed in operation. When RCS temperature is less than 270*F, the steam

generator-can be placed in " wet layup" (i.e., the secondary side filled

. ith water with a nitrogen blanket overpressure) or in " dry layup" (i.e. ,w

the secondary side water drained with a nitrogen fill) depending on the

reason for the shutdown. If the shutdown is not for drained RCS main- ,

tenance and is of short duratico, the steam generators are expected to

ren.in operable.

RCS pressure is normally maintained at about 50 psig using a

steam. bubble in the pressurizer. However, if RCS draining is scheduled,

'the pressurizer bubble is collapsed and the pressurizer is brought solid

4-5
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,
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~

prior"to'being_ drained. 'I
.

Overpressure protection at RCS temperatures less than 329'T is :
;I*

~ Lprovided|by (1) the pressurizer PORV. actuated by the_ Low Temperature
*

4: Overpressure-System (LTOP) or-(2) the RHR. suction relief valves in each'
~

Ltrain'(setpoint = 450 psi ), or (3)fthe pressurizer vent. .

=

6

Lowitemperature' overpressure protection is automatically placed

- in service'when-the cold leg temperature is below 329'F. _The actuating
' pressure.is a function _of RCS temperature and is shown in Figure 3.4-4

Sof the Seabrook Technical. Specifications (Reference 19). Upon receipt sof

an actuation signal, the PORVs will open to relieve pressure.
.

The RHR suction valves are placed in the cross-train ~ alignment

mode to minimize:the chance of having both RHR relief valves isolated..
~

[The RHR suction -valve " cross-train alignment" removes power f rom the open~

cross train 1 valve in the suction line as shown in Figure 4-8. When

| Train A of|the RHR system is operating in the RHR mode, both suction

--valves are opened with the suction valve powered from the 3 Train power
;

sourc'e' havinz-.its power removed. Both suction valves in RHR Train B are
~

'opened--and the one that is normally powered from the Train A electrical

power source has:its motor statter racked out. The two remaining suction'

'n
' . valves remain open. This scheme-provides' protection against a-spurious

auto' Isolation signal isolating both RHR suction lines which then isolates
.

the RHR suction relief valves.
,

4. 2 '. 2 Draining The RCS (OS1001.02)

The RCS is; degassed-and drained down prior to refueling or.

' drained 1maintenace using this: procedure.
.

The_RHR system =is used to drain the RCS-inventory to the Pri-

I | mary Drain Tank- (PDT). The void created in the RCS-during the drain-

L
i

1
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down is. filled with nitrogen _ gas (N ).2

Prior to implementing this procedure, the pressurizer bubble has

been' collapsed, the reactor coolant pumps (RCP) have been ' secured, and *

*

RCP number l' seal'leakoffs have been isolated. The RCS evacuation system

'is aligned to degas the RCS and provide a N2 blanket. A temporary level

monitor (Tygon tube) is installed and opened to the RCS.

As the RCS is drained down, the pressurizer level indicator

LI-462 reading is compared to the indicated level in the temporary -
.

.

level transmitter. When level is about 5 to 10% pressurizer level, the

RHR flourate is reduced f rom the nominal 3000 GPM to 1000 GPM, to prevent

| = pump' cavitation.''

Next, the head vent is opened when level is below the top of

the reactor, head. The reactor is degassed using the RCS evacuation pump.

After degassing, the level is decreased to -7 feet (7 feet below the

vessel flange) which is the elevation of the mid plane of the vessel hot

leg nozzle.

Reactor vessel level indicator LI-9405 is located in the RCS

loop #1 crossover leg, and is placed in service by opening its iso-

lation valves. The RCS is then vented-to atmosphere.

I If refueling is planned, the following procedures are imple-

mented prior to vessel drain down.

i

! MS0504.01 - Reactor missile shield and CRDM shroud cooling
removal-and storage

MS0504.02 - Rx head seismic support removal
MS0504.03 CRDM shroud cooling ductwork removal-

Rx head vent piping removalMS0504.04 -

MS0504.30 - Rx head spool piece removal and blind flange
installation

MS0504.05 - Removal of neutron shield panels
MS0504.06 Removal of Rx head insulation

Installation of cavity seal and leak testMS0504.07
|

-

!
.
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After vessel has been drained, these addittonal procedures are

_ pe r f o r ae d's

1S1690815 - Retraction of incore detectors =
MS0504.08 Detensioning reactor head studs--

_

HS0504.09 - - Removal of reactor-head studs
~MS0504.26 Installation of Rx head 'lif ting alignment --

pins'and stud hole plugs.
.

i

Next, the cavity is filled per Procedure OS1015.02 and the

i

reactor head is stored per Procedure "S0504.10. '

-4.2.3 Cavity Fill (OS1015.02)

The reactor cavity is filled using either RHR Train A or B.

Before filling starts, the cavity seal is installed and the cavity

drain line valve is closed and a blank flange is installed.
;

i

An operator is stationed at the valve in the RWST to RHR suc- |

tion line, CBS-V2 or V5 depending on which RHR train is operating.

The valve is cracked open and suction is taken from the RWST. The fill

~

process is controlled so that the vessel head is not wetted during the

fill process.

When the desired level is reached, the RWST-RHR suction valve
1

is closed. I

4.2.4 Cavity Drain (OS1015.10),q
.m

When refueling is completed, the upper internals.are installed
!

and the control rod extension shafts are relatched.
1

'The_ refueling cavity is drained via the RHR system to the RWST.
i

Train B of the RHR system is normally used to pass flow through valve

RHR-V33 to the_RWST.- Containment spray pump CBS-9B is made inoperable

by placing its control switch in the " pull-to-lock" position and the

CBS-9B suction path from RWST is isolated by closing CBS-V6. A flow
-l

path from the RHR "B" Train to the RWST is estahlished by: j

*
i

!
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o- closing CBS-V24,-RHR-V26
o opening RHR-V33, CBS-V5, KHR-V21.

RHR B pump (RR-8B) is started and the cavity is drained down

while the vessel closure head is lowered. The drain operation is halted

as the vessel head and associated equipment are installed.

If drained d wn maintenance is planned, the level is dropped

to the RCS hot leg nozzle mid-plane.

4.2.5 KCS Fill and Evacuation (OS1001.01)

The objective of the procedure is to degas the RCS, fill the

RCS, and receve air pockets located in the steem generator "U" tubes.

The temporary level transmitter is installed and put in service

(if not still in operat.on). Prior to drawing a vacuum during the de-#

gassing operation, certain RCS instrumentation is isolated. The LTOP

pressure transmitters are isolated during this period and cold overpressure

protection is provided by the RHR suction relief valves using the " cross

train" alignment scheme.

After initial degassing is completed, the fill process is started.

An operator is stationed at the tygon tube and when level reaches the

head vent, the head vent valve is closed and level is increased to 40 to

45 feet (relative to the top of the vessel flange) in the pressurizer.

An 16C technician restores valved-out instrumentation and verifies cold

calibration of LI-462, the pressurizer level indicator. LTOP is restored

and the temporary level transmitter is removed. When level reaches 50

feet in the pressurizer, an operator is stationed at the pressurizer vent

" bulls eye". Pressure is controlled between 0 and 50 psig when the

pressurizer is filled and vent is closed.

4-9
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RCS pressure is raised to 3.5 psig and the RC pumps are started- j

and stopped using Procedure OS1001.05, _ RC Pump Operation. This process

sweeps air in the "U" tubes into the vessel head and pressurizer. The
~

RCS is depressurized to 50 psig and the reactor head vent and pressurizer

vent is opened. Safety injection is aligned for operation.

A bubble is formed in the pressurizer using OS1001.06 Pressur-

iter Bubble Formation.

4.2.6 Cold Stortup (OS1000.01) ')
'

The objective of this procedure is to-bring the RCS from Mode 5

- to Mode 3 Hot Standby.
!

The steam generators (S/G) are filled and placed in operation

using Procedure OS1027.01 (Fill S/G) if in dr" layup or OS1027.03

. (Lowering S/G Level) if in wet layup.

The RCS temperature is slowly increased by adding RC pump heat

and bypassing flow around the RHR heat exchanger. Letdown is increased

to maintain pressurizer level.

The Mode 4 checklist is completed prior to RCS temperature
|

exceeding 200*F. Containment spray system is restored to operable

status and containment set for Mode 4 entry.

RCS temperature is increased gradually as the circulating

- water system, condensare system, and feedwater system are placed in

service.

At RCS temperature of less than or equal to 350*F and pressure

less than'or equal to 425 psig, the RHR systems are aligned for ECCS

operation.--The Mode 3 checklist is completed prior to reaching an RCS

temperature of 350*F. Emergency feedwater system is aligned to auto

initiation.

4-10
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When-temperature TAVG is greater than 325'F, the charging

pumps are_-restored to operable status. The S1 accumulators are filled

when pressure-reaches 850 to 950 psig.

Pressure and temperature are increased until RCS pressure

i equals 2235 psig and TAVG is greater than-551*F.

4.3 Procedure Event Tree Development

Each step in.the procedures was analyzed with respect to oper-

ator errors or hardware-failures that could lead to the following tran-
.

sient conditions:

Loss of coolant (LOCA)
Loss of the opereting train of RHR

-Overpressure condition
'_0verpressure following loss of RHR

Operator errors com=itted during execution of the procedure can

be categorized as:

Failure to control a process variable.-

Failure to' perform an action correctly.
Failure to perform an action in the proper sequence.

-This investigative analysis has both induc*.ive and deductive

aspects.- The deductive process determines'the causes of failure of

systems that are Lneeded _ during reactor shutdown. The inductive process

evaluates single errors or groups of errors that can lead to abnormal

conditions.- Failure modes that lead to a transient or LOCA' condition are

identified.- Failure modes that do not affect RHR cooling or pressure

relieving systems are usually discarded.

Operator actions usually depend on instrumentation and/or

equipment to successf ully complete the procedural step. If the hardware

:is not-available, then the operator cannot complete the procedural step

'in many cases. For'these situations, hardware required for the procedural

,
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evolution is.identif.ed. Failure expressions include _ contributions for

both human error and hardware f ailures.

4.3.1 Procedure Event Tree Endstate Definitions

"This section describes the definition and assignment of sequence

"endstates" in the Procedure Event Trees. Each sequence in a Proceduce

Event Tree terminates in either a " stable" or "non-stable" p19nt state.

Stable states represent instances in which normal shutdown evolutions

will continue and the analysis of potential procedural errors is con-

tinued on a subsequent Procedure Event Tree. Non-stable states repre-

sent instances in which a f ailure (hucen or hardware) has occurred and

corrective action must be taken to recover core cooling.

Non-stable plant states are modeled as plant response model

initiators. Typical non-stable plant states include loss of RHR cooling,

LOCA,J and overpressure condition. Endstates are assigned to each Procedure

Event Tree sequence by a re-defined convention which accounts for:

The type of non-stable state resulting f rom the sequence
(e.g.. loss of cooling, overpressure, etc.)

The status ef the RCS when the sequence occurred (e.g.,
RCS level, vessel head on or off, steam generator avail-
ability, etc.)

This information is tracked for each Procedure Event Tree se-

quence to permit an accurate evaluation of the plant / operator response.

The following two sections describe the convention used to define and ,

assign sequence endstates which contain the necessary plant status in-

formation.

.4.3.1.1 Transient Type Designator

A two-character designator is used to identify the type of se-

quence in a Procedure Event Tree. The possible transient types are:

4-12
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loss of cooling

f- loss of cooling with everpressure
overpressure
LOCA

For non-LOCA transient initiators the first character identifies

whether a -loss of cooling has occurred by representing the availability

of the two RHR cooling trains. The following convention is used:

RHR First Character In

Suction Operating RHR Standby RHR Transient Type Designator
Lost Train Available Train Available (Non-LOCA)

No Yes Yes 1

No Yec No 2

Yes * Yes 3

Yes * No 4

No No Yes 5

No No No 6

The operating train with suction lost is assumed to fail unless*

it is tripped. Thi.s is questioned in top event TP in the trans-
ient tree.

By this convention it can be seen that, for example, a first

character of "5" represents a loss of cooling event with the standby RHR

pump available.

For non-LOCA trancient initiators, the second cnaracter specifies

whether an overpressure event has occurred, and if so, how many RCS

pressure relief paths are available to help mitigate the condition.

The following convention is used:

Second Character In
Overpressure RCS Pressure Relief Transient Type

Condition Exists Paths Available Designator (Non-LOCA)
!

Yes 2 or more A

Yes 1 B

Yes O C

No (not necessary) N

4-13
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i$ EUsing thef above |two characters, the' f ollowing types of non-LOCA=-+

gg 3 ; . transient 11ritiatora are possible outcomes of Procedure Event Tree- sequences:

r- ,

0VERPRESSURE CONDITION;
,

,

7ES -- 'NO
-t

-RHR' 2 RELIEF 1 RELIEF- 0 RELIEF NO RELIEF
= AVAILABILITY : PATHS PATH- PATHS REQUIRED-,

.

Standby--

Operating- Available 1A IB ** ~ IC ** IN (Stable) *
;

RHRL .

Standby.
Available Unavailable 2A + 2B ** 2C ** 2N (Stable) *=

Standby
;RHR: 'Available '3A 3B 3C 3N
' Suction: . Standby-
Lost? 'Ui.available 4A+ 4B + 4C + 4N +

i

Standby-
'

Operatiag; -Available- SA 5B SC SN
^

RHR- . Standby
- ' Unavailable Unavailable 6A 6B' 6C 6N-

_

,
-.

|1N is the Normal-(Stable) Endstate Conattion wnere RER c;;1ing is -avat)~*:

v. ablefand r.-ioverpressure condition exists. 1

-o j

2N is also a. Stable Endstate Condition where RHP cooling is available but
~

standby pump is unavailable, and no overrressure condition-exists.

' -** 4 1B and 1C are~not possible because with both RHR pumps available at leas:
"the 2 RHR relief paths are available.

'2C is not possible because at least the 1 RHR relief path 11s available
.

~

'with the operating RHR.

?28.is not possible because.any single suction loss'resulting in only !

one relief path is ?; ways assumed to occur in.the operating RHR train -
precluding 2B.

.+ 'No procedure-initiated events were identified which resulted in 2A.- -!
t 4A, 4B, 4C, or' 4N. R

.
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For Procedure Event Tree sequences which result in a LOCA con-

dition, the sequence endstate is identified by the letter "L" followed

.by a number which designates-the LOCA. The possible LOCAs considered in

the Procedure Event Trees are:

L3 - LOCA occurs through valve RH-V-33 (operator f ails to close
valve) - Tree 4

L5 - LOCA occurs through the refueling _ cavity seal - Tree 3

LOCA occurs through valve SF-V-81 (operator fails to closeL6 <--
'

valve) - Tree 3

4.3.1.2 RCS Status Designator

The " transient types" represented by the'designators described

above can occur at various times during a plant shutdown. Since the

response of the operator and plant systems to any transient will be

affected y existing conditions in the plant, (e.g., RCS level, time

after shutdown, reactor vessel head on or off, etc.) these conditions

must be identified and included on the complete "endstate" assigned to

sequences in the Procedure Event trees. This information is then used

when assessing the operator and plant taeper.:e tc tha transient in the

= Shutdown Transient Event Tree.

To determine what RCS " status" information to include in the

sequence' endstate definition, the Shutdown Transient Event Tree was

reviewed. The following top events were identified as most dependent

on RCS conditions.

Operator Identifies Recovery ActionTop Event-OR- -

Success or failure of this event is sensitive
to the RCS conditions at the time of the trans-
ient because the RCS conditions determine how
much time the operator has available'to identify
an appropriate recovery action. RCS level and
availability of steam generators are critical
to ensuring significant time for the operators.
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1 Top Event LC - 1 Alternate Long-Term Cooling+ -

'

" Success or. failure of this event is a' functions

of the.RCS; conditions at the time-of initiation-
~

,4 .of the transient. : Availability of_ steam _ gen-
> erators _to provide uooling depends- on RCS: Con-r -

c* ^

.ditions (i.e., level,' vents:such as manways',
~

etc.). . : Another potential path- for successful
cooling is' gravity feed from the_RWST into the
RCS.- PCS conditions-which affect the ability

%$ - -to accomplish this cooling are adequate _ vent-#

ing and low pressures (level, manways,fetc.).
Forced f eed .and bleed' with pumps' are depend-

=ent on' Support = Systems but not RCS Conditions.-
_

1

iTop Evcats EH - ' Equipment Hatch / Containment _ Isolation
and SP,

--The time available to recover containment iso-
latiod is atfected by RCS Condition. In the
' case of the equipment hatch, if11t is off
- during draindown,rit would_ be very difficult
to replace _it in the unlikely event of: core
damage.

.

.The plant: shutdown _ evolutions conducted during Case A, B, and C

-shutdowns-were reviewed to assess the possible RCS conditions existing j
mt
' #'

< .during each Procedure Event. tree (Case A, trees-1 and 61-Case B, trees-1, =|

2E S, andc6;_ Case C,' trees l'through_6). Table 4-1 summarizes the RCS

conditions: considered during each Procedure Event . tree. Information in
-

. .

thisitable,f and .' assumptions made, are discussed below.
E

; Time After Shutdown~

Time after shutdownLaffects t.he decay. heat _ load and:the tine'to
;uncoverLthe core given loss of-decay heat removal. The= tines
shown are the minimum estimated time-to enter the subject pro-
cedures_in the given shutdown case based on. data from Section

,9.2. 4
. Vessel Head and Steam Generator Manways

s

Reactor vessel-head..and steam generator manways-can be on or off. 1
$ -If the head or steam generator manways are of f,, it is assumed

1that steam generator cooling is not a potential success-path for
long term cooling._!The head is modeled to be off only during

; Procedure Event. Tree C3, Fill Refueling Cavity.

.
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_ _

pams

If the steam generator nozzle dams are in, steam generator cooling
~would be unavailable to at least the applicable generators with
dams installed. With dams installed, the vessel voter level is
more likely-to be at the vessel flange allowing more time for
operator actions.

Vents

The.RCS is vented during procedures 2 through 5. A large vent
' exists if the . reactor vessel ~ head is of f or the SG manways are

open. For these cases, steam generator cooling is unavailable
and gravity feed from the RWST is available. RWST gravity feed
with small vents open (normal vents on vessel head and pressurizer)
depends on the decay heat load and as shown in Appendix B these
are not very effective.

| SGs

The steam generators (at least 2 of 4) can be available or un-
available depending on the type of shutdown. The steam gener-
ators are unavailable if they are in dry layup, if manways are
open on any one (1) of the f our (4) steam generators, or if the.

reactor vessel head is off.

-RCS Level

The RCS level depends on the procedure and the type of main- .

tenance. planned. The level can be at the hot leg midplane,
reactor vessel head flange, RCS filled, or the refueling level.

Operator Time

l-
L The time available for operator action after loss of RHR be-
; fore core uncovery depends on the time af ter shutdown (decay

yheat), steam generator availability and the RCS level. Sup-
| porting thermal hydraulic calculations are provided in
| Appendix 1B..

j RWST

' Gravity feed from the RWST is a potential success path for
operators. If-the RCS is filled, gravity feed is assumed not
possible. If the RCS is drained, success depends on vent size

| as a function of time after shutdown (see Appendix B).

| RCS Status Group
l

| Based-on the combination of RCS conditions, three RCS status

i groups are selected and assumed for the model as shown in Table
4-1. These groups-are designated as follows:
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' Steam Generator,
,

. RWST Gravity' -

sDesignator .Available-(CC) Operator Tina (OR)_ Feed Available-(FB)

.W Yes 1 10' hours - No

LX: No| 2 to 3 hours Yes-

YI No: 2=72 hours- No-
=-

Note that fu Cases B2, B5, C2, C4,_and C5 (case,-tree) in-

Table 4-1, aultiple.RCS. conditions may occur. For each of these cases a
.

singlefset;of RCS_ conditions was selected to represent the erse,_ based onL

the-following:

Case B2-

It Is assumed' that for drained maintenance the SG manways will ; [
be1 removed during the maintenance period. It is also assumed
thattnozzleLdams are not used, so that the RCS level is main-

,

(tained.at:the. hot. leg midplane.

-These' assumptions are conservative with respect to steam generator
availability- (not, available)| but permit- gravity feed of the RWST

'

.which may notLbe possible if:manways.are.on and dams out. - In-any,

: case,:two' steam generators should=be available as a backup for'
heat removal when the primary system'is closed or the ability to
gravity? feed RWST ensured-(i'.e.,Lremove pressurizer _ safety valve).

Case B5.-

'It is assumed,;during thefRCS fill and evacuation evolution, y

~_that) 2'.of : 4-_ steam! generators ' will be' availr ' le. . If the steam j
jgenerators are not svailable, the' time for operator action is

' shorter.
-

i
'

' Case C2'

. Itfis assumed that- during refueling shutdowns the steam' generator -

manways will bes on during the draindown evolution and not removed
until refueling is completed. It is also assumed that steam gen-
_ erators will be available (secondary' side filled) since it is con--
'sidered:unlikely-that_all;4. generators would be drained within.

-

..
three days 1after shutting down. Since Case C4 models. most of the

'~ J ishutdown time:and the drained' case, these assumptions are reasonable.

~ Case C4

Similar to-Caes B2,'it is assumed that steam generator manways will-
betremoved during the maintenance period and that nozzle dams will

4-18
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I

not be used, requiring that the RCS level be maintained at the hot
leg midplane. Steam generators are unavailable but gravity feed )

-of the RWST is permitted as discussed above (modeled only for no !
support systems available).

,

1

Case C5 !

Similar to Case BS, it is assumed,'during the'RCS fill and evac-
untion evolution, that 2 of 4 steam generators will be available.
If steam generators =are not available, the time for operator action ..

is reduced.

As discussed above and shown in Table 4-1, the following RCS Status

. Designators are assigned to Procedure Event Tree transients to track avail-

ability of steam generators, RWST gravity feed and time for operator re-

covery.

Procedure RCS Status
Event Tree Designator RCS Condition

Al W RCS Filled, Intact
A6 W RCS Filled, Intact

B1 W RCS Filled, Intact
B2 X RCS Drained Open
B5 W RCS Filled, Intact
B6 W RCS Filled, Intact

' Cl W RCS Filled, Intact
C2 W RCS Filled, intact
C3 Y RCS Filled to Refueling

Level, Open
C4 X PCS Drained, Ope n

.C5 W RCS Filled, Intact

j- C6 W RCS Filled, Intact
:

4.3.1.3 Summary of Endstate Definitions'

| Combining the " Transient Type Designator" applicable to each
!

L Procedure Event Tree sequence with the "RCS-Status Designator", appro-
!

priate for the Procedure Event Tree, provides a complete endstate

i definition of each Procedure Event Tree Sequence,

i

| Table. 4-2 summarizes which endstates can occur in each Procedure
|

Event Tree. All endstates are not possible for all shutdown case and

! 4-19
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procedure event tree combinations. For example, the RCS is drained (X).

-only.in case / tree B2 and.C4. The RCS is at the refueling pool level (Y)

only in tree 3 (C3). The overpressure conditions (A, B, C) can not occur

when the RCS is drained and open (B2 and C4) or when the RCS is at the

refueling pool level-(C3).

4.3.2 Procedure Event Tree Structure

a Sections 4.3.2.1 througt 4.3.2.6 describe the structure of Pro-

cedure Event Trees 1 through 6. Each description coraists of a brief

description of the event tree top events and a figure showing the event
_

tree _and endstates for each sequence. As described in Section 4.3.1, tr.e

endstates track.the availability of RRR trains, whether or not an ECS

overpressure condition exists, and availability of RCS overpressure

"

. relief paths. This information is the complete information required te

identify the'" Transient Type Designator" for each event tree sequence,

using the convention discussed in Section 4.3.1.

4.3.2.1 Cooldown to Cold Shutdown (Tree 1)

Procedure 0S1000.04 was-used as the model for bringing the

reactor plant from a temperature v' 55?"U 4.J e pressure of 2235 psig

~down to a temperature 1ess than 200*F and a pressure between 0 and 50

psig. The event tree model is shown in Figure 4-2 for this procedure
4

and the tree top events are described below.

Top Event RV: Operator Opens RER Suction Valve at < 450 psig ,

This event questions whether the operator waits to open the
valve until pressure is below 450.psig.. Although there is an
interlock to prevent valve opening at pressures above 365 psig,
failure of the interlock-together with operator error (attempting
to open the valve prematurely above 450 psig) results in f ailure
of this event and an RCS overpressure transient.
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Top Event CT: Operator Sets Up RHR Cross-Train Valve Alignment

This event questions whether the operator c'orrectly removes
power from the suction valves per the cross-trata alignment
procedure. -This scheme prevents isolation of both RHR pumps
-following a spurious valve closure signal. If the operator

f ails to correctly complete this alignment, it is assumed that
the-suction valves have power. This results in isolation (un-
availability) of both RHR pumps after-a spurious valve closure
signal (in' top event !i).

Top Event RI: Operator Initiates RHR

This event questions whether the operator correctly aligns and
starts one of two RHR pumps. It is assumed that if the first

RHR pump fails to start, the operator attempts to start the
second pump so that failure to complete this action results in
a loss of RHR cooling transient with both RHR pumps unavailable.
Failure of RI is assumed to guarantee failure of top events LT

and RM. LTOP'(LT) arming temperature will'aot be reached.

Top Event LT: LTOP Operable

This event questions whether the Low Temperature Overpressure
' Protection sensors an4 circuitry function correctly. Failure-
of this event is assumed to result in loss of automatic pres-
surizer PORV opening for low temperature overpressure relief.

Top Event RM: RHR Maintained

This event questions whether the operating RHR pump continues
to operate.for the mission time appropriate to the Case (A, B,
or C) under consideration. Failure of'this event results in a

-

loss-of cooling transient.

Top Event SA: RHR Suction Available

This event questions whether adequate suction f s maintained
for the operating RHR pump. Failure of this event is assumed
to be ti, sed only by spurious closure of the RHR suction valve
for the-operating RHR pump. If top event SA fails after failure
of top event CT, it is assumed that RHR suction valves for the
operating and standby RHR pumps close on a spurious signal.
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Top ~ Event-NC: No Excess' Charging

This event questions whether the operator properly balances
charging and letdown flow during the cooldown process. Failure
of thisLevent is assumed to result in excess charging, and thus
an overpressure transient.

Figure 4-2 shows Procedure Event Tree 1 with the assigned end-

a- ates. The RCS status designacor (see Section 4.3.1) for initiating

events.in Tree 1 is "W". The detailed s6ructure of the tree is discussed
*

below.

Sequence 1 is a stable state (cross-train alignment completed

correctly, LTOP operable, and no overpressure or loss of cooling condi-

tion) and would transfer to the appropriate event tree depending on

the Shutdown Case (A, B, or C) being analyzed. In sequence 2 an over-

pressure condition _ exists due to overcharging. Both RHR relief paths, as

well as the the pressurizer PORV, are avcilable to mitigate the overpres-

sure condition. In sequence 3 suction is lost (SA failure) to the operating

RHR pump resulting in a degraded RHR transient. Loss of suction results

in unavailability of the associated RHR pump suction path and relief

valve path. The loss of suction is assumed to occur by spurious closure

of the RHR suction-valve.

"In sequence 3 no overpressure condition exists (NC is success-

ful),;so the number of overpressure relief paths is not important.

Sequence 4 consists of loss of RHR suction with an overpressure condi-

tion due to excess charging. Since loss of suction results in un-

availability of one RHR relief valve, only one RHR relief valve, and

the pressurizer PORV, are available to mitigate the overpressure condi-

tion.

a
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Sequence 5 is a loss of=RHR cooling transient'(failure to main-

tain- RHR cuoling), and sequence 6 is a loss of: RHR cooling transient

with an overpressure condition due to excess charging. -It is assumed

that f ailure of top event RM (RHR cooling maintained) does not result1 i

-in unavailability of the' associated RHR overpressure relief valve

since the relief ' valve will continue to f unction following f ailure of

the RHR pump. Thus, in sequence 6 both RHR overpressure relief valves,
>

. and the pressurizer PORV, are available to mitigate the overpressure

condition. For sequence 7 RHR cooling is lost and suction is lost to

.the RHR pump, resulting in a loss of cooling transient and loss of ,

availability of the associated RHR overpressure relief valve. Sequence j

8 contains loss of RHR cooling, loss of RHR suction, and an overpressure

condition due to excess charging. -Due-to the loss of suction, one RHR

relief valve is unavbilable and only one RHR relief valve and the

pressurizer.PORV are available for overpressure mitigation.

Sequences 9'through 16 are identical to sequences 1 through 8

except that LTOP is not onerable which affects two endstates (sequences

12 and 16). Loss of LTOP operability is assumed to result in loss of

availability of the pressurizer PORV for RCS overpressure mi.igation.
, ,

Note that sequence 9 is a stable plant state since a-loss of LTOP oper-

ability alone does not result in a transient condition. This sequence

would transfer to the next procedure event tree, depending on the shut-

down case (A, B, or C). The undetected failure of LTOP is included in

the quantification of top event LT in trees 5 and 6.

In sequence 17 the operator fails to initiate RHR cooling

j; (top event RI f ails), resulting in a loss of RHR cooling transient.
l

Failure of top event RI is assumed to result in unavailability of both
.
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RHR pumps since event'R1 does-not fall unless the oper. or has tried

unsuccess'ully_to start both RHR pumps. Failure of R1 does not_effect

availability of the RHR byerpressure relief-valves since the valves

will continue to-function-if the RHR pumps fail to start. LTOP is

assumed to " fall" for the sequences with R1 failed because the LTOP

arming temperature setpoint will not have been reached. Thus, the

PORV will not open before a high pressure challenge to RHR piping and

RHR pump seal. This assumption epplies to sequences 17 through 20 and

37 through 40. Sequence 18 consists of a failure to initiate RHR cooling

and an overpressure condition due to excess charging. For tb: 3 sequence

only, the two RHR relief valves are available to mitigate the overpressure

condition. In sequence 19 the operator fails to initiate RHR cooling (R1,

fails) and RHR suction is lost (SA fails, due to closure of an RHR pump

suction valve)'.- The' loss of RHR succion causes loss of availability of

the associated RHR relisf valve. Sequence 20 contains failure to ini.; ate

RHR cooling, loss of RHK suction, and an overpressure condition due to

excess charging. In this sequence, one RHR overpressure relief valve is

unavailable due to loss of RHR suction (SA f ailure) and the pressurizer

PORV is unavailable due to assumed failure of LTOP when RI fails. Thus,

only one overpressure relief path is available to mitigate the overpressure

condition.

Sequences 21 through 40 are identical to sequences 1 through 20

'except that the operator has f ailed to correctly establish the RHR suction

valve cross-train a,11gnment (top event CT . fails) which affects the end-

states.- The importance of the failur- af top event CT is that if event
~

SA subsequently f ails (spurious closure of the suction valve to the

operating RHR pump) it is assumed that ...e same spurfous signal closes
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the suction valve to the standby RHR pump, thus isolating both RHR over-

pressure relief valves. The plant conditions identified for sequences 21

through 40'are therefore identical to those identified for sequences 1

through 20 except that f or sequences ... w..lch top event S A f ails, no RHR

relief valves are available. Note that sequences 21 and 29 are stable

plant states since f ailures of top event CT (sequence 21), or CT and LT

(sequence 29) do not result in a transient condition. These undetected
.

failures are included in the quantification of top events in subsequent

procedural event trees.

i
l In- sequence 41 the operator opens RHR suction valves when the

RCS_ pressure. is above 450 psig (top event RV f ails), resulting in

pressurization of the RHR piping to the relief valve setpoint. In this

sequence it is assumed that one RHR relief valve is available since the

overpressure condition will be present when the first suction line is

opened. -It is also assumed that the PORV is unavailable to open at low

pressure because the LTOP arming temperature setpoint will not have-been

reached.

4.3.2.2- Draining-The Reactor Coolant System (Tree 2)

Procedure OS1001.02 was used to model the sequences of orarator
p
'

actions used to drain the RCS down to a point where the RCS water level

is at the mid plane of the hot leg nozzle. When this level is reached,
|

! drained maintenance can commence such as working lon the steam generators

or reactor coolant pump seals.

The event tree that models the draindown is shown in Figure

4-3 and the tap events are described next.
|

|-
l'
:
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Top Event IV: Operator Installs Temporary Level transmitter

This event questions whether the operator correctly installs
the tygon' tube used to obtain RCS level measurements. If this

event fails it is assumed that the operator will allow the RCS

level to draindown too far (due to erroneous level indications)
resulting in loss of suction for'the operating RHR pump.

|
,

Top Event DR: Operator Reduces RHR Flow

This event questions whether the operator correctly reduces.RHR I

flow from 3000 GPM to 1000 GPM. If the operator fails to accom- i

plish this step in the procedure it is assumed that vortexing |
'

occurs in the RHR suction line, rasulting in loss of suction'

to the operating RHR pump.

Top Event LM: Operator Initially Maintains Drained Level

i

This event questions whether the operator successfully balances '

RCS charging and letdown flow to maintain a stable level in the
RCS. Failure of this. event is assumed to result in loss of !

suction to the operating RHR pump due to vortexing.

Top Event VA: Operator Vents RCS to Atmosphere
1

i

This event questions whether the operator vents the RCS to
atmosphere to ensure that accurate indications of RCS level
are obtained using RCS level transmitter L1-9405. Failure to

. vent the RCS causes the level transmitter to indicate a level
approximately seven feet above the actual level and is assumed
to result in loss of suction to the operating RHR pump.

1

Top Event 10: Vessel Level LI-9405 Operable

This event questions-whether the RCS level transmitter L1-9405
remains operable during execution of the RCS draindown pro-
cedure. Failure of this-event is assumed to result in loss
of suction to the operating RHR pump.

Top Event SA: RHR Suction Available

This event questions whether RHR suction is available for the
operating RHR pump. Suction could be lost by spurious suction
valse closure or by vortexing (a continuation of top event LM).
Failure of-this event results in loss of suction and is also
conservatively modeled. to cause isolation of the RHR relief
valve. It' is assumed that this event f ails following f ailure of

any previous top event which results in loss of suction to the
operating RHR pump (i.e. , top events TV, DR, LM, VA, and 10).

4-26
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Top Event RM: RHR Maintsined

This event questions whether the operating RHR pump continues to
operate-for the mission time appropriate to the Case (B or C)
under consideration. Failure of this event results in a loss of
cooling transient.

Figure 4-3 shows Procedure Event Tree 2. Nete that over-

pressure conditions are not modeled in this tree because of the drain

down condition and the most likely transient cause is a reduction in

level.

Procedure Event Tree 2 is used in the modeling of Case B and C

shutdowns. In Case B (drained maintenance) the majority of the shut-
|

down time is spent in this tree since this is where maintenance is modeled

to occur. For Case C (refueling) only a small amount of time is spent in

-this tree since the refueling occurs in tree 3 and it is assumed that

drained maintenance will take place in tree 4 after refueling. Due to

the different plant conditions assumed to exist during RCS draindown for

Cases B and C, the RCS status designator (see Section 4.3.1) is "X" for

Case B and "W" for Case C.-

Sequence 1 represents successful execution of the RCS draindown

procedure and- terminates in a stable plant state with both RRR pumps

available. In sequence 2 top event RM (RHR maintained) f ails resulting

in loss of the operating RHR pump and a loss of cooling transient. In

sequence 3 suction loss to the operating RHR pump (failure of top event

S A) results in a loss of suction transient and loss of the associated RHR

relief valve. Sequence 4 consists of a loss of suction and independent

f ailure of the operating RHR pump (f ailure of top events SA and RM) re-

sulting in a loss of cooling transient and loss of one RHR relief valve.
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Sequences 5 through 14 ali contrio 4 guaranteed loss of euction

to the operating RHR pump due to failure of a preceding top event (TV,
>

DR, LM, VA, or 10).

In sequence 5 a lose of suction transient is assumed to result

due to failure of level transmitter L1-9405 ', top event 10 fails).
,

Sequence 6 contains failure of L1-9405 (top event 10) and failure of

the operating RHR pump (top event RM) resulting in a loss of pump I

suction with independent failure of the pump.

In sequence 7 a loss of suction transient is assumed due to

operator failure to properly vent RCS (top event VA fails) causing fr.-

accur:te operation ot the RCS level transmitter and loss of RCS level.

Sequence 8 contains * f ailure to vent the RCS (top event VA) and f ailure

of the operating RHR pump (top event RM) resulting in a loss of pump suc-
;

tion with independent failure of the pump.

In sequence 9 a 'oss of suction transient is assumed due to

operator failure.to maintain RCS level by matching charging and letdown

flows (top event LM fails). Sequence 10 contains f ailure to maintain RCS '

level (top event LM) and failure of the operating RHR pump (top event RM) !
i

resulting in a loss of pump suction with independent failure of the pump.

In sequence 11 a lo3s of suction transient is assumed da to

operator f ailure to reduce RHR flow (top event DR f ails) causing vortexing
i
'

of the operating RHR pump. Sequence 12 contains failure to reduce RHR

flow (top event DR) and f ailurc of the operating RHR pm.p (top event RM)

resulting in a loss ,of pump suction with independent failure of the pump.
,

In sequence 13 a loss of suction transient is assumed due to

operator failure to correctly install the tygon tube used for RCS level

indication (top event TV f ails) causing incorrect level indication to the

|
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.

operator. Sequence 14 contains of a f ailure to correctly install the tygon i

tube (top event TV) and f ailure of the operating RHR pump (top event RM) j

resulting in a loss of pump. suction with independent failure of the pump.
_

4.3.2.3 Refueling. Cavity Till (Tree 3)

This event tree (Figure 4-4) models the Cavity Till Procedure

0C1015.02. Water f rom the RWST is pumped via the RHR system into the RCS

fand then through the vessel head opening into the refueling cavity. When

water reaches the ref ueling level, the fill procedure is terminated. The

event. tree top events are discussed below:
,

Top Event DFt Operator Closes SF-V-81

This event questions whether the cavity drain valve SF-V-81 is '

properly closed prior to initiating cavity fill. Failure of
this top -"ent is assumed to result in a LOCA through this
valve.

Top Event cst Cavity Seal Intact

This event questions whether the cavity seal remains intact
during the time the cavity is filled. Failure of this top !

event is assumed to result in a LOCA through the cavity seal.

Top Event SA: RHR Suction Available

This event questions whether the suction valve in the RHR
cooling loop remains open during the cavity fill and ufueling
evolutions. Failure of this event (spurious closure of the,

valve) results in a loss of suction transient.

Top Event RM: RHR Cooling Maintained

This event questions whether. the RHR train which is cooling
the core continues to operate for the duration of the cavity
fill and refueling evolutions. . Failure of this event results
in a_ loss of cooling transient.

The structure of Procedure Event Tree 3, shown in Figure 4-4,

is discussed below. _ Note that no overpressure conditions can exist in

4-29

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



- _ - _ _ _ - _ _ _ _ _ - _ _ - - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _

l

this tree ,ecause the primary system is open (vessel head is off). Pro-

eedure Event Tree 3 is used only in modeling case-C (refueling) shut-

downs. The RCS stntus designator assigned to tree 3 is "Y" (see Sec-

tion 4.3.1).

Sequence 1 represerts successful execution of the cavity fill and

refueling procedures and terminates on a stable plant state with no loss

o! coolant and no loss of cooling. In sequence 2, top event RM (RHR
'

cooling mai ttained)' f ails resulting in loss of the operating RHR pump

purp and a loss of cooling transient. In seauence 3 the RHR suction

valve for the operating RHR pump spuriously closes (top event SA f ails)

resulting in a' loss of shetion transient. Sequence 4 consists of spurious

closure of the suction valve for the operating RHR pur <ith independent

failure of , RHR pump, a.asulting in a loss of cooling transient.

Sequ6- e 5 is a LOCA due to f ailure of the cavit seal, and se-

quence 6 is a LOCA due to f ailure of the operator to close valve SF-V-Pl.

4.3.2.4 Draining The Refueling Cavity (Tree 4)-

The refueling cavity is drained back to the RWST using the

standby.RHR system. procedure LS1015.10 (Refueling Cavity Drain) was

used to model the sequence of operator actions. *Jater level can be

drained down to just below the top of the vessel flange or down to

the mid-plane of the hot leg nozzle if drained maintenance is planned.
.

The tree is provided in Figure 4-5 with top events described below.

Top Event CD: Operator Closes RH-V33

' ~

This event questions whether the operator successfully closes
RH-V21 or RH-V33 (cavity drain valve to the RWST). Failure of
this event results in a LOCA through RH-V33 (LOCA L3).
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Top Event BR: Operator Aligns RHR-B for Cooling
|

This event questions whether the operator completes realignment
of the RHR B-train f rom the cavity drain mode to a standby RHR
cooling mode. The RHR B-train is used per procedure to pump
water from the refueling cavity back te the RWST. Following this
evolution the B-train must be realigned if it is to be availabic
for RHR cooling. Failure of this event does not result in a
transient but results in unavailability of the standby RHR pump.

Top Event DM: Drain for Maintenance

This event questions whether the RCS will be drained to the
level of the hot leg nozzle (event " success") or maintained at-

the level of the head flange (event " failure") after refueling.

Top Event RF: Operator Reduces RHR Flow to 1000 GPM

This event questions whether the operator successf ully reduces
RHR flow to 1000 GPM (when lowering RCS level to the hot leg
nozzle) in order to prevent vortexing in the operating RHR pump.
Failure of this event results in loss of suction to the RHR pump
and guaranteed failure of event SA.

Top Event LM: Operator Maintains Desired Level

This event questis s whether the operator initially achieves
the desired RCS level by balancing charging and letdown flows.
For a drained condition (event DM " successful") the target level

is 7 feet below the head flange. For a non-drained condition
(event DM " failed") the target level is 4 inches below the head
flange. Failure of this event results in vortexing in the oper-

ating RHR pump and guaranteed failure of event SA.

Top Event SA: RHR Suction Available

This event questions whether RHR suction is available for the oper-
ating RHR pump. This event also includes operator maintaining the
desired level (continuation of event LM). Either spurious closure
of RHR suction valve or vortexing can cause the loss of RHR suction.
Failute of previous top events RF and LM guarantee failure of SA.

Top Event RM: RHR Cooling Maintained

This event questions whether the operating RHR pump continues to
operate for the duration of the cavity drain and post-refueling
maintenance evolutions. Failure of this event results in a loss
of taoling transient.

|
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The structure of Procedure Event Tree 4, shown in Figure 4-5, is

discussed below. Note that overpressure conditions are not modeled in

this tree because of the reduced level conditions assumed and the most

likely error or f ailure is assumed to cause a reduction in level.

Since no overpressure conditions are identified in tree 4 the number of

relief paths available does not alter the endstate assignments. Pro-

cedure Event Tree 4 is used only in modeling Case C (refueling) shutdowns.

The RCS Status Designator assigned to Tree 4 is "X" (see Section 4.3.1).-

Sequence 1 represents successful execution of the cavity drain

and post-refueling maintenance procedures and terminates in a stable

- plant state with both RHR pumps available. In Sequence 2 top-event RM

(RHR cooling ' maintained) f ails resulting in loss of the operating RPR

pump and a loss of cooling transient. In sequence 3 the operating RHR

_ pump suction valve spuriously closes (f ailure of top event SA) resulting

in a loss of suction transient. Sequence 4 consists of a loss of suction

with independent failure of the operating RHR pump (failure of top events

SA and RM).resulting in a loss of cooling transient.

In sequence 5 the operator fails to maintain the desired RCS

-level--(cop event LM fails). Failure of top event LM is assumed to cause

the RCS level to drop sufficiently to cause vortexing and loss of suction

to the operating RHR pump. Top event SA is not questioned in the tree if

i

top event LM has previously failed since suction to the operating RHR

pump is already lost.

Sequence 6 consists of a failure of. top. event LM, as in se.
,

.

quence 5, and the additional independent f ailure of the operating RHR

. pume ,hich results in a loss of cooling transient.

|
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Sequences 7 and 8 model failure of the operator to reduce RHR

flow to 1000 CpH (top event RF f ails) which is required to avoid RHR

pump vortexing when drained to the hot le) nozzle. This event is not

questioned 'if the level is maintained at the head flange (if top event ]

DM " fails") because RHR flow does not need to be reduced at this level.

Top event SA is not asked if top event RF has previously f ailed since

sp~ ;0n to the operating RHR pump is already lost. Top event LM is

not asked in sequences 7 and 8 since the failure of top event RF

causes an interruption of the cavity drain procedure. In sequence 8, top

event RM (RHR cooling maintained) f ails " ? ''ing in a loss of cooling
i

transient.

Sequences 9-through 14 are identico; te 'tguences I through 8
.

except that sequences 1 through 8 medel a draine d maintenance condition

(top event DM " successful", level decreased to the hot leg nozzle) and

sequences 9 through 14 model a maintenance condition in which the level

is maintained at the head flange (top event DM " fails"). As noted above,

top event RF is not questioned if top event DM f ails because ree,etion of

RHR flowrate is not required if the level is maintained at the head flange.

Sequences 15 through 28 are identical to sequences 1 through 14

except that in sequences 15 and 28 the operator has failed to realign

the B-trcin RHR for cooling (top event BR f ailed) resulting in the addi-
,

tional. unavailability of the standby RHR pump in each sequence.
,

Sequence 29 is a loss of suction which results from f ailure of

the operator to properly close the cavity drain valve RH-V33 (top event

CD fails). Following f ailure of top event CD, no further top events

are questioned in the tree because execution of the cavity drain pro-

cedure will be interrupted by the need to responc to the loss of suction.
,
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4.3.2.5 F111 The RCS (Tree 5)

The RCS is filled using Procedure OS1001.01, Reactor Coolant

. System Evacuation Till and Vent. This procedure is used to determine

the specific operator actions and the sequence of action in filling and

removing noncondensible gases f rom the RCS. These procedural actions

are modeled in the event tree in Figure 4-6 and the top events are

described below.
.

Top Event TL: Operator Verf'tes Temporary Level Transmitters

This event questions whether the operator correctly assesses
operability of the tygon tube prior to initiating RCS fill.
Since the temporary level _ transmitter is not continuously mon-
itored for level indication during drained maintenance, but is
used during RCS fill, its operability must be checked. Oper-
-ability is verified by checking the level reading against that
provided by level indicator L1-9405. If this event fails, it is
assumed that inaccurate level indications will cause the operator
to overfill the RCS causing an overpressure transient. Top events
LM and LT are guaranteed to fail given TL failure.

Top Event CT: Operator Ensures X-Train Valve Alignment

This event questions whether the operator correctly ensures
that power is removed f rom the RHR suction valves per the cross-<

train alignment procedure to prevent isolation of bo'h RHR pumps
ifollowing a apurious valve closure signal. If the cross-train

depowering is misaligned and the operator fails to detect and
0 correct it, it is assumed that the section valves have power and

will isolate both RHR pumps after a spurious valve closure signal.
Closure of _ an RHR suction valve also results in' loss of the asso-
ciated RHR relief valve for overpressure relief. This event in-
cludes failure of CT du6 to misalignment in tree 1 or misalign-
ment following test or maintenance of the suction valves. If

this misalignment is not detected and corrected in tree 5, it is
assumed that CT is failed.

Top Event LMt Operator Maintains Level at 45 Feet. .

This event questions whether the operator successfully stabilizes
and maintains the RCS level at 45 feet above the reactor vessel
flange (indicated by the tygon tube) by balancing charging and
letdown flow. Level must be maintained while maintenance opera-
tions are conducted. Failure of this event is assumed to result
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in an overpressure transient due to overfilling on the RCS. Al-
though f ailure to maintain level could also result in underfilling
the kCS and loss of level, it is assumed that a failure of this

|

nature would be corrected due to the time available for corrective
operator action and the number of warning signals which would
alert the operator to a low RCS level condition.

Top Event CCt Operator Cross-Calibrates LT-462

This event questions whether the operator correctly calibrates
pressuriser level indicator L1-462 to the level indicated by
the tygon tube. Failure of this event is assumed to result in
an overpressure transient due to overilli of the RCS, caused
by inaccurate pressurizer level indications from L1-462.

Top Event LT: LTOP Operable

This event questions whether the Low Temperature Overpressure
Protection sensors and circuitry are correctly tested for
operability and restored to service after being isolated prior
to RCS fill. Failure of this top event is assumed to result in
failure of the LTOP system. This event is not the same as top
event LT' asked in Procedure Event Tree 1. In Tree 1, top event,

LT asked only whether LTOP sensors and circuitry function correctly.
Success or f ailure of top event LT on Tree 1 is assumed to have no
impact on success or failure of top event LT on Tree 5 since the

'

event in Tree 5 includes an operability test of the LTOP system
which, if correc+.ly performed, will restore a failure from Tree 1.

Top Event PU: Operator Maintains Level With Pressure - 325 psig

This event questions whether the operator successfully maintains
RCS level 'during evolutions conducted to vent noncondensible
gases from the RCS. These evolutions include increasing RCS
pressure to 325 psig, " bumping" the reactor coolant pumps to
" sweep" nc.condensible gases to vessel head or pressurizer, and
reducing RCS pressure to 50 psig to vent the gases. During
t6 ese evolutions, the RCS is water solid and RCS level must be
maintained by balancing charging and letdown flow. Failure of
this event is assumed to result in an overpressure transient
due to excess charging.

Top Event SA: RHR Suction Available

This event questions whether suction is maintained for the
operating RHR pump. Failure of this event (e.g., spurious

closure of the suction valves) results in loss of suction to
, the operating RHR pump, loss of the' associated RHR relief
l valve, and a loss of suction transient.
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Top Event RH: RHR Cooling Maintained

This top event questions whether the operating RHR pump con-
tinues to operate for the duration of the RCS fill evolution. i

Failure of this event results in a loss of cooling transient.

;

RCS status-indicator "W" (see Section 4.3.1) applies to all

endstates in Tree 5.

Sequence 1 models successful execution of the RCS fill procedure

and terminates in a stable plant state with no loss of RHR cooling,

and no overpressure condition. In sequence 2 the operating RHR pump

f ails-(top event RH f ails) resulting in a loss of cooling transient. -
j

In sequence 3 RHR suction is lost for the operating RHR pump (failure

of top event SA) resulting in a loss of-suction transient and loss of
.

the associated RHR relief valve. Sequence 4 consists of a loss of

suction with independent failure of the operating RHR pump (failure

of top events SA and RM) resulting in a loss of cooling transient and

loss of one RHR relief valve.

Sequences 5 through 8 are identical to sequences 1 through 4

except that in sequences 5 through 8 the operator has f ailed to prop-

erly maintain _RCS level while RCS pressure = 325 psig (top event PU is
,

f ailed) and an overpressure condition is assumed to result on each

sequence.

Sequences 9 through 16 are identical to eequences 1 through 8

except that in sequences 9 -throu;h .16 the pressurizer PORV is unavail-

'ableLbec9use top event LT (LTOP operable) has failed.
, , . .

In sequence.17 the operator fails to cross-calibrate LT-462

with the level' indicated by the tygon tube (top event CC fails) which

is assumed to result in an overpressure condition. In this sequence I
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top events LT (LTOP operable) is assumed unavailable and top event PU

(operator maintains level at pressure - 325 psig) is not asked since the

overpressure condition interrupts execution of the RCS fill procedure.

Sequences 18 through 20 are similar to sequences 2 through 4 except that

in sequences 18 through 20 top event CC has failed, resulting in an

overpressure condition.

Sequences 21 through 24 result in identical transient conditions

as sequences 17 through 2 . In sequences 21 through 24 an overpressure

condition is caused by f ailure of the operator to maintain RCS level at

45 feet (top event LM fails). Top events CC (operator cross-calibrates

LT-462) and PU (operator maintains level at pressure - 325 psig) are

not asked in sequences 21 through 24 because f ailure of top event LM and

the resulting overpressure condition interrupts execution of the RCS

fill procedure.

Sequences 25 through 48 are identical to sequences 1 through 24

except that in sequences 25 through 48 the operator has f ailed to set up

the correct cross-train depowered suction valve lineup (top event CT

failed). The failure of top event CT alone does not result in a trans-

-lent. However, if top event SA (RHR suction available) f ails subse-

quent to failure of top event CT, it is assumed that both RHR re' >f

paths are isolated. The spurious signal which causes closure of tim

suction valve for the operating RHR pump is assumed to also cause clo-

sure of the suction valve for the standby pump.

Sequences 49 through 52 result in' overpressure conditions due

to failure of the operator to verify operability of the tygon tube

level indicator (top event TL fails). Failure of TL is assumed to cause

the operator to fail to maintain RCS level and overpressurite the RCS

4-37
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|

|
)

(i.e., results in guaranteed failure of top event LM). In these se- ,

|

quences top event LT (LTOP operable) is assumed unavailable and top

events CC .(operator cross-calibrates LT-462) and PU (operator maintains

level at pressure = 325 psig) are not asked because failure of top event

LH causes interruption of the RCS fill procedure. Sequences 49 through

52 are combinations of successes and failures of top events SA (RHR
;

suction available) and RM (RhR maintained) in combination with failure of
3

top event TL. i-

|

Sequences 53 through 56 are the same as sequences 49 through

52 except that in sequences 53 through 56 the operator has additionally 1

!

f ailed to set up the depowered suction valve lineup (top event CT f ails).

Hence, in sequences 53 through 56 the failure of tc event SA (RHR

suction available) results in loss of both RHR relief valves. .

4.3.2.6 Cold Startup (Tree 6) '

,

Procedure OS1000.01 is used by the operators for startup.

Figure 4-7 describes the types of sequences and steps modeled f rom this
,

procedure with the top events described below.
,

)

Top Event LI: Operator Controls Inventory During Heatup

This top event questions whether the operator maintains invu , tory !

control while a bubble is drawn in the presaurizer and while the
RCS inventory expands during heatup. Faili : of this event is
assumed to result in an overpressure condition due to the ongoing
RCS heatup. Although failure of this event could also result in
loss of RCS inventory it is assumed that a f ailure of this nature
would be corrected by the operator due to the extended time avail-
able for corrective operator action and the number of warning
signals which would alert the operator to a low RCS level condition.

-...

Top Event-LT: LTOP Operable

This top event questions whether both channels of Low Temperature
Overpressure Protection function correctly. Failure of this event ,

is assumed to result in loss of the pressurizer PORVs for RCS over- !

' 4-38
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i

pressure relief. If the LTOP system is not operable prior to
entering Tree 6 (i.e., if top event LT failed in Trees 1 or 5
it is assured not to be recoverable.

Top Event SA: RHR Suetion Ava*.lable

This top event questions whether suction is maintained for the
operating RHR pump. Failure of this event (e.g., spurious

closure of the suction valves) results in loss of suction to the
operating RHR pump, loss of the associated RHR relief valve, and
a loss of suction transient. If the suction valves have not been
correctly depowered prior to entering Tree 6 (i.e. , if top event
CT is failed as an entry condition to Tree 6), it is assumed that
f ailure of top event SA results in loss of suction and loss of RHR
overpressure relief valves in both the operating and standby RHR
trains.

Top Event RM RHR Maintained

This top event questions whether the operating RHR pump continues
to operate for the portion of the cold startup procedure which
requires use of RHR cooling. Failure of this event results in a
loss of cooling transient.

Top Event CT: Cross-Train Valve Alignment Correct

This event questions whether the cross-train RHR suction valve
alignment is correct. This event tracks failures of CT in
Tree 1 or in Tree 5. It is assumed that if CT is failed coming

into Tree 6 it is not recoverable.

Top Event IS: Operator Isolates RHR

This top event questions whether the operator isolates the RHR
system prior to RCS pressure increasing to greater than 450 psig.
Failure of this event is assumed to result in an overpressure
transient since the RHR relief valves are set to lift at 450 psig.

Figure 4-7 shows Procedure Event Tree 6 and provides a listing

of the endstates for four different versions.

Sequence 1 models successful execution of the Cold Startup

Procedure and terminates in Mode 3 operation. In sequence 2, the oper-

ator fails to isolate the RHR system prior to RCS pressure increasing

4-39
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above 450 psig (top event IS fails) resulting in a overpra sure trans-

ient. In sequence 3 the operating RHR pump fails resulting in a lobs of

cooling transient. In sequence 4. RHR suction is lost for the operating

pump (failure of top event SA) resulting in a loss of suction. Sequence

5 consists of loss of suction and independent failure of the operating

RHR pump (failure of top events SA and RM) resulting in a loss of cooling

transient.

Sequences 6 through 10 are identical to sequences 1 through 5

except that LI is failed. However, availability of LTOP is inconse-

quential because overpressure occurs only in sequence 7, for which both

RHR valves are available.

Sequence 11 represents a failure of the operator to control RCS

inventory during the heatup evolution (top event L1 f ails) which is

assumed to result in an overpressure transient. In sequence 12 the

operating RHR pump f ails (top event RM f ails) in addition to the oper-

ator f ailing to control RCS inventory during heatup (top event LI f ails).

This results in a loss of cooling transient concurrent with an overpressure

condition.

Sequences 13 through 16 are overpressure transients (LI failed)

with a loss of suction (SA failed). If evet: CT f ails (sequences 14 and

16) the number of relief paths is reduced by one, fron one RHR relief

and one PORV to just one PORV available for pressure relief. Sequences

15 and 16 also have a hardware loss of RHR in addition to overpressure

and loss of suction.
. . . -

Sequences 17 through 22 are identical to sequences 11 through 16

except that top event LT is failed. This results in loss of the PORVs

for low temperature overpressure protection function and, thus, the

available pressure relief valves is reduced by one.
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Sheet 1 of I
TABLE 4-1

,

RCS STATUS ASSUMFTIONS FOR SWUTDOWN CASE AND FROCEDURE

SHUTDOWN DAYS SG
.

RCS SGs RCS.
MININIM CRAVITT RCS

CASE &' AFTER ' VESSEL SC NOZZLE OFERAYOR FILL STATUS
FROCEDURE SHUTDOWN ' etEAD MANWAYS DANS VENTS AVAILABLE LEVEL TIME (HRS) AVAILABLE CROUP

Al .5= On On Out No Yes Filled > 10 * No W

A6 2 On- On Out No Yes. Filled > 20 * No W

BI .5 On On Out No Yes Filled > 10 * - No W

B2 3 Off Off in large No Flange 3 Yes -

On Off Out Large No fiL 2 Yes X

On On Out Small Yes HL > 14 No -

On On Out Small No RL 2 No -

85 20 On On Out Small Yes Filled > 20 No W
On On Out Small No Filled 7 No -

86 21 On On Out No Yes Filled > 20 No W

Cl .5 On On Out No Yes Filled > 10 * No W
,

C2 3 Off Off in 1.atge No Flange 1 Yes -

On Off Out Large No HL Yes -

On On Out Small Yes Flange > s. No W
On On Out Small No Flange 3 No -

C3 5 Off Off in Large No RF 72 No Y
Off On Out Large No RF 72 No Y

C4 10 Off Off in large No Flange 5 Yes -

' On OfI Out IArre No Hl. 3 Yes X

On On Out Small Yes Hl. > 10 No -
,

*

On On Out Small No HL 3 No - i

C5 W On On Out Small Yes Filled > 20 No W
On On Out Small No Filled > 10 No -

C6 65 On On Out No Yes Filled > 20 No W
* assumes 4 SCs available.

>
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5.0 HODEL QUANTIFICATION

This section describes the quantification of the plant model

which involves quantifying and linking of the initiating events and event

trees discussed in Sections 3 and 4. The results of the quantification
,

are summarized ir. Section 2 in the form of core damage sequences and core

damage contributions from initiating events. Section 5.1 provides an

overview of the plant model quantification. Sections 5.2, 5.3, and 5.4

provide the details of the Support Tree, Transient Tree, and LOCA Tree

quantification, respectively. Section 5.5 gives the details of the

quantification of the procedural initiated events f rom the procedural

event trees. The uncertainty analysis of the plant model is summarized

in Section 5.6.

The split fraction quantification presented in this section along

with the initiating event f requencies in Section 3 and the event tree

structures in Sections 3 and 4 are the complete set of data needed to

-quantify the plant model. (Note that two events - seismic station ,

blackout and seismic LOCA .are analyzed separately because of the

nature of the uncertainty. The results of quantifying these sequences

is contained in Section 8.1).

In this study the computer codes ETC9 (Reference 12) and MAX 1HA6

(Reference 13) were used to quantif y the model. ETC9 is used to quantify

individual event t._ms. MAXIMA 6 generates complete sequences (linking)

from initiating events through event trees to release states. The actual
,

input and output files for ETC9 and MAXIMA 6 are contained in calculation

files.

5-1
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5.1 plant Model Overview

The plant model consists of 1.itiating events mapped through the
WF

support systems tree and then through either the Transient or LOCA trees.

The end states of the transient and LOCA trees are plant damage states

which are used in the calculation of offsite consequences. Sections
"

5.1.1 and 5.1.2 provide detailed inf ormation on how the plant model is

quantified for each initiating eve :. Plant damage states are defined

in Section 10.1.2 and are summarized in Table 3-1. Results showing

initiating event contribution to each plant damage state is contained i

in Table 5-1. .

The process of quantifying an event tree consists of assigning

a split fraction to each branch in the tree. A split fraction is the

frequency of " failure" of a given event tree top event and is generally

dependent on the specific initiating event and on success or f ailure of

previous top events. That is, a specific split fraction represents the

frequency of failure of the top event given the conditions that pre-

cede it. These split fractions are linked together with the previous

and subsequent events that correspond to the same conditions through

the support tree and transient tree. The result is a set of core damage ,

sequences that include all possible combinations of success and failure

of the top events.

5.1.1 Transient Event Initiators

Table 5-2 describes the impas: of initiating events on the

support systems tree. Tables 5-3 and 5-4 show the specific split
.

fractions used in the Support tree and transient tree for each ini-

tlating event. The basis for the quantifications and assignments or

split fractions is given in Section 5.2 (Support trec) and Settion 5.3

'
5-2
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(Transient tree). The important dependencies that affect many top

events are discussed below.
l

JRCS Condition
|

l'uring shutdown, the RCS can be in one of three general conditions:

RCS filled and closed; sccondary cooling availaSle'C$ndition W -

|using steam generators.

RCS drained to the level of the vessel flange or theCendition X -

hot leg mid-plane and RCS vented;
i

RCS open and. filled to refueling level.Coldition Y -

-For each possib), initiator, the plant is considered to be either in-

Condition W or Condition X. The internal / external hazards events are

defined and quantified f or_ Condition W and Condition X-(e.g. , LOSP(X),

LOSP(W)). The procedural initiators are designated W or X depending

on the status of the plant when _the event occurs.
.

With the plant in_ Condition Y, there are no transients of importance

because of the very long time available (several days)' with loss of
'

decay heat removal before core uncovery. Also, the time in this con-

dition is relatively short (about one week) and the mitigation actions

to refill the refueling pool are relatively simple.

WhenThe RCS condition affects the RHR system and its support systems.

the RCS is drained (Condition X), both trains are required to be oper-

able. Thus, planned _ maintenance can occur only during Condition W.

This affects top events GA, GB, WA, WB, PA, PB in the suppart tree and
_

RR in the transient tree.

The RCS condition also af fects the time for operator recovery which is

modeled in OR for core recovery and EH and SP for containment isolation.

5-3
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Offsite Power

On loss of of f site power, the diesel generators et it start and run

(top events GA, GB) and other normally operating systems must restart

and continue to run (top events WA, WB, PA, PB, RR). Also, with loss

of of f site power, the polar crane cannot be used. Thus, if the hatch

is off, it cannot be replaced. Offsite powen can be lost due to random

causes (LOSP) or due to hasards such as fires (FCRAC, FTBLP), floods

(FLSW, FLISG), and truck crashes into the transmission lines (TCTL)

which make of f site power unrecoverable. It is assumed that, if offsite

power is available et the beginning of the transient, then electric

povar is assumed to be available throughout the event.

Single Support Systems

Loss of sbigle support systems is modeled as an initiating event if it

causes loss of the operating RHR train. For convenience, the operating

train was arsuned to the "A" train. Thus, events causing loss of the

Support Train A requires the non-operating RHR train to be started and

then run (top event RR). Initiating events causing loss of train A

include random support system failures (LPCCA, LSWA), fires (FSGA), and

floods (FLISG).

Loss of Both Support Systems

Loss of both support systems guarantees failure of RHR cooling (top

event RR). Long term cooling (top event LC) includes secondary cooling

(boiling in the steam generators, eventual turbine driven EFW pump)

for RCS Condition W and gravity feed from the RWST for RCS Condition X.

i

5-4



- - - . _ . .-

Overpressurization .

Ov rpressure transients come only from the procedural event trees. No ,

internal or external hazard events were identified which cause over-

pressurization. Transient tree top events PC, VO, end OC are aff ected

by overpressure. Top event VO is dependent on the number of relief

paths available, which is tracked in the procedure tree end state

designator.>

RHR Status

The status of RHR for the internal / external hazard initiators is a
'

function of the support systems available except for three events,

FETB, FETC, and FLRHR. These hazard events cause direct loss of

RRR, not failure of support systems. From the procedural event

trees, the status of RHR is-tracked in the end state designators.

Status includes availability or unavailability of the operating and

-standby trains. It also includes the operation of pnep cavitating

'due to suction valve closure or low level. Transient tree top events

SA and TP model operator response to the cavitating pump. Thus, top

event RR is dependent on the initiating event, the support mystems

availability, and the status of the cavitating pump.

5.1.2 LOCA Event Initiators

Table 5-5 lists the split fractions used for each LOCA initiator

in the LOCA tree. As shown in Table 5-3b, in the support tree, LOCA

initiators are modeled as procedural 'nitiators with RCS Condition W

or Y.- This is because 10CAs are s' .ificant events only when the RCS

is' full. Also, the LOCA events identified do not directly af fect the

support systems.

5-5
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~ -- Th# Sases for.the quantification and assignment'of split frac-
m

,
. p'

tions- is .given in Section 5.4 for the LOCA tree. . The -impor tat.: depen-

dencies are discussed be?.ow.

< ,

' Isolation-- ,

If Lthe LOCA is isolated, the event becomes a transient with long times

available- for recovery due to secondary cooling available. The LOCA

^ tree models LOCA isolation by the operator closing the RHR suction '
-

valves. Thus,- if isolation- is successf ul, the operator must also trip

the operat!ng RHR pump to prevent damage. If the LOCA is not isolated,.

. normal FHR cooling cannot be re-established and long term cooling re-
=

- quire; feed-and-bleed or low pressure injection. For LOCA LS and L6,

isolution is not necessary because the inventory does not drain below ,

:

the vessel flange. -For LOCA LS, isclation is assumed to be guaranteed

failed becaust of the size of the opening (large LOCA) and the short

time-for operator.respor.se.

Support Syrtems

The status of support systems affects the " hardware". top events in the
_4

-LOCAf tree - MU. (charging pumps), RR (RHR pumps), and LC (charging and

RHR pumps). Isolation (closing the RHR isolation valves - MOVs) is not

af fected - by support systems becaus* electric power is assumed available

(i.e., LOCA and LOSP were not considered coincidents). Top event OL is

' dependent on a nport system status because operator response to the

event depends on the options avai1Gble.- Long term cooling option with

no support systems r silable is possible only if the LOCA is isolated.

,

't

, .
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The size of'the LOCA'affacts the time available to respond in the short'

, term to diagnose -(top event OD) and respond to. the event (top events IR,

MU, and-TP). .Alco, if the LOCA-is not isolated in the short term, the >

size af fects -the. time to respond in the long term (OL). LOCAs LS (to
,

the sump), L3 (RH-V33), and L5 (refueling pool seal) are all large

LOCAs.. LOCAs L1 (RHR relief valve) and L6 (ref ueling pool d' J in valve)

are small LOCAs. LOCA' LP (RHR pump seal) could range f rom a v $ry smail '

leek to a small LOCA.

Containment

LOOAs L3 to the RWST'and LP to the RHR vault result in breaches of the

containment and guaranteed failure of top event SP. For the other

LOCAs, conts: 1 ment. isolation depends on the time to core uncovery which

is a f unction of LOCA site and isolation.

5.2 Plant Model: Support Tree Top Event Quantification

';he description and quantification of the split fractions

used in the Support Systems Evtu Tree are included below. The

split fractions are summarized in Table 5-6. Each split fraction is

defined for one of two RCS Conditions:

X= RCS drained to the vessel flange or hot leg mid-plane
and RCS vented.
RCS filled and closed with secondary cooling availableW =

via at least two steam generators.

The other possible RCS Condition, with the vessel head off and

flooded up to the refueling level'(Y), is important to risk only for a
.

LOCA condition because of the long time available for heatup and boil off.

The RCS Condition is significant to support systems because the'

Technical Specifications require tso trains of kHR (and supports) when

the RCS-le drained (X). Thus, planned maintenance outages are modeled

to occur only when the RCS is full (W).

5- 7

. . . - -.



. _; __ . - . - _ _ _ _ _ _ - _ . _ _ - _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _

q

5.2.1 Top Event GA

SUCCESSt Diesel Generator A and its support systems start on

demand (LOSP) and run for'24 hours..

. FAILURE:- Diesel Generator A or its support systems fail to start
or fail to run for the mission time.

HUMAN FACTOR: None,' diesel auto starts on LOSP.

|

HARDWARE: See Section 7-2.

GIlLOSPandRCSConditionW: LOSP(W),. DEPENDENCIES:, GA1 =

TCTL(W),.FTBLP(W)

GI|LOSPandRCSConditionX: LOSP(X),GA2 =

TCTL(X), FTBLP(X)

Guaranteed failure of Diesel A: FCRAC, FLISG,GAF =

FLSW

For all other internal / external initiators and for all |
procedure initiated events, it is assumed that'offsite i

power is available and diesel generators are not
necessary.

FAILURE SPLIT ,

1.4E-1FRACTIONS: gal =

-(mean values)-
-

1.lE-1GA2 =

1.0GAF =

,

t

.-
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5.2.2 Top Event CB

|

SUCCESS: Same as top event GA.

F AILURE: Same as_ top event GA. In addition, Diesel Generator

B can be unavailable due to planned maintenance.

HUMAN FACTOR: None.

HARDWARE: Same as top event GA.

DEPENDENCIES: Same as top event GA except for initiator FLISG which --

fails only GA. GB also depends on success or failure
of GA.

G5|FLISG(W)GB1 =

G5|GAandLOSP: LOSP(W), TCTL(W), FTBLP(W)GBA =

GB|GIandLOSP: LOSP(W), TCTL(W), FTBLP(W)GBB =

G5lFLISG(X) ;}GB? =

G5{GAandLOSP: LOSP(X), TCTL(X), FTELP(X)GBC =

G5(CIandLOSP: LOSP(X), TCTL(X), FTBLP(X)GBD =

Guaranteed failure of Diesel B: FCRAC, FLSWGBF =

FAILURE SPLIT
-

3.lE-1FRACTIONS: GBl =

(mean values)
3.0E-1GBA =

3.3E-1GBB =

1.lE-1GB2 =

1.UE-1GBC =

1.4E-1GBD =

1.0GB7 -

5-9
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5.2.3' Top Event WA

SUCCESSi. Service Water Train A continues to operate for 24
hours.

F AILURE: Service Water-train fails to operate for-24 hours. -

HUMAN FACTOR: None.

RAADWARE: See Section 7.4.

W5|ProcedureInitiatedEvent,RCSfilled(W,Y)DEPENDENCIES: WAl =

or LPCCA(W), LPCC(W), FETB(W), FPCC(W), FLRHR(W)

WA2 = Y5| Procedure Initiated Event, RCS drained (X)
or LPCCA(X), LPCC(X), FETB(X), FPCC(X),
FLRHR(X).

EA|LOSP(W), TCTL(W), FTBLP(W), FLISG(W)WA3 =

E5|paceasWA3exceptRCSConditionXWA4 =

WI|LSWA,LOSW,FLSW,FSGA,FPAB,FETG,FCRACWAF~ =
.

[. _ . FAILURE SPLIT
-2.7E-4FRACTIONS: - -WA1 =

(mean values)
2.5E-4WA2 --

2.2E-2'WA3 =

2.0E-2'WA4- =

1.0 4

WAF =

9

%
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5.2.4- Top Event WB'

SUCCESS: Same as top event WA'.

FAILURE: Same as top event WA. Also, VB can be unavailable
due to planned maintenance when the RCS is filled

-(Condition V,Y).

HUMAN FACTOR: None.

HARDWARE: See'Seetion 7.4.

DEPENDENCI ES _: : Same as top event WA except for initiators LSWA and
FET3 which fall only Train A. Also WB depends on WA
success or failure.

Wh|RCSFilled-(W,Y)orLSWA(W),FSGA(W),FETG(W)WB1 =

WBA =-E|WAandRCSFilled(W,Y)orLPCCA(W),LPCC(W),
FPCC(W), FLRHR(W)-

W |E and RCS Filled (V,Y) or LPCCA(W), LPCC(W),WBB- =

FPCC(W), FLRRR(W)

E|sameasWB1exceptRCSConditionXWB2- =

W|sameasWBAexceptRCSConditionXWBC =

W|sameasWBBexcept-RCSConditionXWBD =

WB3 =. W |LOSP(W), TCTL(W), FTBLP(W), FL)SG(W)

' E |WA and LOSP(W), TCTL(W), FTBLP(W), FLISG(W)-WBE =

WBG -- W|W and LOSP(W)', TCTL(W), FTBLP(W), FLISG(W)

W|sameasWB3withRCSConditionWWB4 =

W|WBEwithRCSConditionXWBH =

W|WBGwithRCSConditionXWBI =

' W |LOSW, FLSW, FETB, FPAB, FCRACWBF =

5-11
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FAILt1RE SPLIT
6.7E-2FRACTIONS: VB1 =

-(mean values)
6.7E-2WBA' =

WBB _ _ = .1.0E-2

WB2 = 2.5E-4

2.5E-4WBC =

2.4E-4WBD ' =

WB3 8.2E-2

8.1E-2VBE- =

WBG = 1.5E-1
'

2.0E-2WB4 =:

1.9E-2WBH -

5.5E-2WBI =

1.0WBF =

5-12
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' 5. 2. 5 -. Top Event PA

~

SUCCESS: Primary component cooling water, Train A continues to
operate for 24 hours.-

f

FAILURE: PCC Train-A fails to operate for 24 hours.

HUMAN FACTOR: =None.

HARDWARE: See Section 7.3.
,

I5|ProcedureInitiatedEvent,RCSfilled(W,Y)DEPENDENCIES: pal =

-
or FETB(W), FLRHR(W)

YE|ProcedureInitiatedEvent, RCS drained (X)PA2 =

or FETB(X), FLRHR(X) |

P5|LOSP(W),TCTL(W),FTBLP(W)PA3 =

PA4 =~ I5|same as PA3 with RCS Condition X

IE|LPCCA,LPCC,FETG,FPCC,LSWA,LOSW,FSCA,PAF =

FCRAC, FLSW, FLISG, FPAB

FAILURE SPLIT
1.4E-3FRACTIONS: pal =

. cean values)(o
1.3E-3'PA2 =

PA3 -=. 1.5E-3

-1.3E-3PA4 =

1.0PAF =

|

_.

|.-
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5.2.6. -Top Evenc'PB

f
. SUCCESS: -Same as top event PA.

FAILURE: Same as top event PA. Also, PB can be unavailable
due to planned maintenance when the RCS is filled
(Condition W,Y).

HUMAN FACTOR: None.

RARDWARE: See Section 7.3.

DEPENDENCIES: Same as top event PA except for initiators LPCCA, FET3,
and FPAB which fails only train A. Also, PB depends
on PA success or failure.

P5|RCSfilled(W,Y)orFSGA(W),FEIG(W),PB1 =

FLRHR(W), LPCCA(W), LSWA(W)

P5|PA,RCSfilled(W,Y)orFLRRR(W)PBA =

IB|PI,RCSfilled(V,Y)orFLRHR(W)PBB = -

IE|sameas.PB1exceptRCSConditionXPB2 =

F5|sameasPBAexceptRCSConditionXPBC =

YE|sameasPBGexceptRCSConditionXPBD =

IE|LOSP(W) TCTL(W), FTBLP(W), FLISG(W)PB3 =

P5|PAandLOSP(W),TCTL(W),FTBLP(W)PBE =

P5|PIandLOSP(W),-TCTL(W),FTBLP(W)PBG =

PB4 = IE|same as PB3 with RCS Condition X

P5|sameasPBEwithRCSConditionXPBH- =

IE|sameasPBGwithRCSConditionXLPBI =

I5|LPCC,FPCC,LOSW,FCRAC,FLSW,FPAB,FETBPBF =

5-14



6.1E-2RA OSS PB1 =

(mean values)
_

7.9E-2PBB =

1.3E-3PB2 =

1.3E-3PBC =

1.7E-3PBD =

6.1E-2PB3X =

'

6.1E-2PBE =

8.7E-2PBG =

1.3E-3PB4 =

1.3E-3PBH =

1.0E-2PBI =

1.0PBF =

_
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- 5. 3' Plant Model Transient Tree Top Event Quantification

Table 5-7 contains a summary of-the split fractions in the

' Transient Event Tree.' The description and quantification of-split

fractions'in-this.' tree are inclu'ded below,~

4

b

A

>

1
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5.3.1- TOP EVENT-PC-
>

. SUCCESS: Primary system pressure is controlled (in Procedure-'

Event Trees).

FAILURE: Pressure is not controlled causing an overpressurization
transient and a relief valve lif t demand condition.

HUMAN ERROR: None

HARDWARE: None

DEPENDENCIES: For the procedural initiated events, top event PC
depends'on transfer state information. The transf er
state includes whether the sequence is an overpressur-

ization event or not.

PCl(Overpressure = A, B, or C) - OverpressurePCF =

Transient ,

PCl(Overpressure = N) - No OverpressurizationPCS =

For' internal / external initiators, no events have been
identified which cause overpressurization.

EC| internal / external initiators.PCS =

FAILURE SPLIT
1.0FRACTIONS: PCF =

(mean values)
0.0PCS =

5-17
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5.3.2 TOP EVENT VO

SUCCESS: At least one relief valve opens to reduce and
control pressure, given an overpressure condition.

FAILURE: All available relief valves fail to open on demand.

HUMAN ERROR: None

HARDWARE: PORV or RHR relief valves fail to open on demand.
See Section 7.5.2.

_

DEPENDENCIES: For the Procedural Event Tree initiated events, top

event VO depends on transfer state information. As
discussed in Section 4.3.1, the combinations of re-
lief valves are binned into the following:

2 or more available)50!(ReliefValvesVol ==

2 RHR relief s or 1
PORV and 1 RHR relief - A

Y6|(ReliefValves 1 available) - 1 PORVV02 ==

or 1 RHR relief -B

V6|(ReliefValves 0 available) -CV0F ==

For internal / external initiators, since no overpressure
0.0), noPCFevents were identified (i.e., PC ==

relief valves are needed for overpressure protection.
The Shutdown Transient Tree is constructed with no
branch at VO if PC is successful.

3.03 E-6FAILURE SPLIT V01 =

FRACTIONS.
4.27 E-3(mean values) V02 =

1.0V0F =

a

5-18
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'5.3.3- TOP EVENT OC

SUCCESS: Operator secures the overpressurization source and
the' relief valves (RHR relief valves or PORVs) reclose.

F AILURE: The operator fails to secure the source of the over-
pressurization or one or more relief valves fail to
reclose.

HUMAN ERROR: Operator fails to isolate charging and/or to increase
letdown after'the relief valves lift (giving immediate .
alarms - level / temperature in the PRT) and before sub-
stantial liquid mass has escaped f rom the primary
system.

9.5E-4 (Section 6.2).OPIOC
=

HARDWARE: Failure to close after opening for RHR' relief valve~

or PORV. It is assumed that only one relief valve

opens in response to overpressurization and thus, only
one has to reclose. This was quantified using the PORV
failure to reclose since it is conservative with respect
to. relief valve reclosing.

2.50E-2 (See Section 7.5.2).VC1 =

DEPENDENCIES: Top event OC is asked only f or overpressure events.
As' discussed in top event PC, no internal / external_

events were identified which resulted in over-
pressurization.

FAILURE SPLIT
-FRACTIONS:
(mean values)

=- 2.6E-2GP10C + VC1' OCl =

,

| -.

'

;

!
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- _5. 3. 4 TOP EVENT SA.
p

-SUCCESS: .uction' flow to the operating RHR pump is maintained.

FAILURE: Suetio'n flow to the operating RHR pump is lost-due to
, - - - suction valve closure or vortexing as a result of-low

primary coolant level.
.

,

HUMAN ERROR: None.

HARDWARE: None.

DEPENDENCIES: For the procedural initiated events, top event SA depends
on transfer-state information. If the top event SA in
the Procedural Event Trees (PETS) is successful or failed,,

.this infctmation carries over to top event SA in this tree.
If SA is failed in'the PETS (i.e., the suction valves ?-

the operating RHR pump close or vortexing occurs as a
suit of low level), RHR cooling is lost but the operat
has a chance to recover since the pump has not failed.

'

This information is-carried as " Operating RHR pump =

A" int the transfer states (RHR3, RHR4). If SA is succ5=s--

ful, the operating RHR pump Y or N depending on "I=

maintained" top event (RHR1, RHR2, RHRS, or RHR6).

S AF - = 5A|RHR3orRHR4

S AS ' = 5|RHR1,PHR2,RHRS,orRHR6

ForLinternal/ external initiators, it 1: issumed that-
suction flow is maintained.

- S AS = 5E| Internal /externalevent.

FAILURETSPLIT. SAF = 1.0 1

FRACTIONS:
(mean' values) SAS 0.0=

'1

*
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| 5.3.5 TOP EVENT TP
!

SUCCESS: Operator trips operating RHR pump prior to pump
damage.

FAILURE: Operator fails to trip operating RHR pump prior
to pump damage.

HUMAN ERROR: Operator fails to detect RHR pump operating in
degraded suction mode or trips wrong pump
(Section 6.2).

3.7E-4OP1 p =
7

1.7E-3OP2TP
=

HARDWARE: RHR flow, temperature, and pressure indicators. The
failure frequency of three independent indicators is
judged to be negligible.

DEPENDENCIES: This event is used only wher, top event SA is failed,
i.e., when the flow to the operating pump is lost,
the operator must trip the pump to prevent pump damage.
This dependency is shown explicitly it. the Shutdown
Transient Tree (i.e. , TP is asked only when S A is f ailed).
For internal / external events, this top event is not
needed because SA is assumed always successful for those
events. Top event TP is dependent on whether or not
the primary system is overpressurized.

TP|PC
_TPl =

TPlPCTP2 =

3.7E-4FAILURE SPLIT TPl =

FRACTIONS:
1.7E-3(mean values) TP2 =
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- 5.3.6: TOP EVENT OR

SUCCESS: Operato. -verectly assesses.that decay heat re-
moval has been lost and determines appropriate
response depending on RCS, RHR, and containment

. status.

FAILURE: Operator fails to determine that decay heat're-
moval capability has been lost or the operator
incorrectly assesses RCS condition or containment.

HUMAN ERROR: Operator fails to. determine that decay heat removal
has been lost or chooses a decay heat removal mode
that is not viable (See Section 6.2).

HARDWARE: RHR flow instrumentation. It is judged that hardware
failures.are not significant compared to human error
due to multiple indicators.

DEPENDENCIES: * Top event OR depends on the RCS condition, the numbe r
of RHR trains and support trains available, and pre-
vious operator action TP, as follows.

For the RCS filled and closed or in refueling (the time to boil off with
no: cooling-is,. very long) due to seconda ry cooling for the RCS filled; due
to volume of water in refueling pool for refueling):

'OR|Procedureorinternal/externalinitiatingevent-RCSo -ORI =

Conditions W (filled).or Y (refueling)

. For the RCS drained, loss of the operating RHR train (hardware or vor-
texing f ailure), and 'all support systems 1available ( ASS A).or losa of
support Train A:

15R|Procedureinitiatedevent-RCSConditionX(drained):o OR2 =
,

RHRS/ASSA/or Support Train A failed

or RHR3/TP/ Support Train A failed or ASSA

or .LPCCA(X), LSWA(X), FLISG(X), LOSP(X), TCTL(X), FSGA(X),
FTBLP(X)/ Support Train A failed

<
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For the RCS drained, operating RHR pump vortexing but successfully
tripped, and at least one support train available:

OR\ Procedure initiated event - RCS Condition X:o OR3 =

RHR3/TP/ASSA or loss of one Support Train

RHR4/TP/ASSA or Support Train B failedor

For the RCS drained, loss of both RHR trains, and at least one support
train available:

OE|Procedureinitiatedevent-RCSConditionX:o OR4 =

RHR6/ASSA or loss of one Support Train
-

or R11RS/ Support Train B f ailed

RHR4/TP/ Support Train A failedor

RHR4/TP/ASSA or loss of one Support Trainor

RHR3/TP/ Support B failedor

or- FETB/ Support B failed

For the RCS drained and no support trains available:

OR\Procedureinitiatedevent - RCS Condition X:o OR5 =

RHR3, RHR4, RHR5, RHR6/No Support Train Available

LOSP(X), TCTL(X), FTBLP(X)/No Support Trains Avail.
-

or

LPCCA(X), LSWA(X), FSGA(X), FETB(X), FLISG(X)/Noor
Support Trains Avail.

LPCC(X), LOSW(X), FLSW(X), FETG(X), FLRHR(X), FPAB(X),or
FPCC(X)

For initiating event with the operating RRR train continuing to function,
no operator action is necessary:

OR}Initiatedevent:o ORS =

LOSP1, TCTL, FTBLP/ ASSA

LOSP1, TCTL, FTBLP/ Support Train B f ailedor
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For severe external / internal event:

o. ORF-'=- E|FCRAC

' FAILURE' SPLIT
FRACTIONSt

. ORI ' l . 7 E-5.=

(point estimates)
OR2 1.7E-4-=

OR3 1.7E-4=

OR4 4.3E-4=

OR5 1.7E-3=

-

ORS- = 0.0

ORF 1.0=

* Notation:

"ASSA" = all support systems available

"TP" ~ top event TP successful'=

"W" top event,TP failed=

.

f

.
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5.3.7- TOP EVENT RR

SUCCESS: Operator restores previously operating RHR train
or starts the standby pump and the RHR train oper-
'ates for 24 hours.

FAILURE: Operator f ails to restore previously operating RHR
train and fails _to start the standby train or the
RHR trains fail to run for 24 hours.

__

HUMAN ERROR: Operator starts previously operating pump without
venting or restoring RCS level o- fails to start
standby RHR crain (included in systems analysis).

j.

HARDWARE: See Sectien 7.1.2.

DEPENDENCIES:'*

'E| Procedure-InitiatedEvent: RHRl/ASSA/RCS Filled (W,Y)
RR1 =

RR|Frocedure-InitiatedEvent: RHRl/ASSA/RCS Drained (X)RR2 =

E| Procedure-InitiatedEvent: RHRl/ Support Train A Failed /RR3 =

RCS Filled (W,Y)

RRR3/ Support Train'A Failed / RCS Filled (W,Y)or

RHR3/5 /ASSA/RCS Filled (W,Y)or

or RHRS/ASSA/RCS Filled (W,Y)

KHR5/ Support' Train A Failed / RCS Filled (W,Y)or-

RR4 = E| Procedure-Initiated Event: RHR3/ Support Train A Failed /'

RCS Drained (X)

RHR3/W/ Support Train A Failed / RCS Drained (X)or

or -RHR5/ASSA/RCS Drained (X)

RHR5/ Support Train A Failed / RCS Drained (X)or

RR5 =.-E| Procedure-InitiatedEvent: RHRl/ Support Train B Failed,

or RHR2/ASSA
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or RHR2/ Support Train B Failed

for any RCS Condition.

IR|LOSP(X),TCTL(X),FTBLP(X)/ASSARRZ. =

IE|sameasRR6withRCSConditionWRR6 =

IR|LOSP(X),TCTL(X),FTELP(X)/SupportTrainAFailed,RRY =

or LPCCA(X), LSWA(X), FSCA(X). FLISG(X)/ Support Train A
Failed.

IR|sameas.RR7withRCSConditionW.RR7 =

IR|LOSP,TCTL,FTELP/SupportTrainBFailed,RR8 =

or Procedure-Initiated. Event: RHR3/TP/ Support Train B
Failed.

or RHR4/TP/ASSA

or RHR4/TP/ Support Train B failed

for any RCS Condition.

IE| Procedure-Initiate:: Event: RHR3/TP/ASSA/RCS Filled (W,Y)RR9 =

5E| Procedure-InitiatedEvent: RHR3/TP/ASSA/RCS Drained (X).RRA =

RRF -= RE| Procedure-InitiatedEvent: RHR2/ Support Train A Failed,

or- RHR4/ Support Train A Failed,

RHR3/IP/ Support Train B Failed,or

RHR4/TP/ASSA,or

RHR4[TP/ Support Train B Failed,or

or RHR$/ Support Train B Failed,
,

or RHR6/All Suppore States

or No Support Available,

or LOSP1, TCTL, FTBLP/No Support Trains Available

or LPCCA, LSWA, FSGA, FLISG/No Support Train Available

,
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=or- LPCC, LOSW,-FLSW, FCRAC, FETG, FETB, FPCC, FPAB, FLRHR'

| FAILURE SPLIT-
FRACTIONS:
(mean values) .

'4.4E-4
.

RRl: =

2.3E-4RR2 =

1.2E-1RR3 =

8.9E-3RR4 =

9.3E-4RR5-- =

6.3E-4RRZ =

2.3E-3~RR6- -

8.9E-3RRY =

RR7' 1.2E-1=

7.6E-3RR8 =

3.'E 3.RR9 -=

6.6E-4RRA =

'l 0RRF =

-* Notation;

All Support Systems Available- ASSA"'' =

<

|\
t
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5.3.8 TOP EVENT LC

SLOCESS: Operator establishes long term cooling with secondary
cooling or feed and bleed.

FAILURE: Operator fails to establish long term cooling or hard-
ware f ailure of secondary cooling ar feed and bleed.

HUMAN ERROR: Included in sy=tems analysis.

HARDWARE: See Sections 7.5.1 (Seconiary Cooling) and 7.5.4 (Feed
and Bleed Cooling).

_

DEPENDENCIES:

LC| Procedure-Initiatedevent: ASSA, RCS Open (X);LCl =

or LOSP(X), TCTL(X), FTBLP(X), FLRHR(X): ASSA, RCS Open (X).

SCF * FBI=

IC| Procedure-Initiatedevent: Support Train A Failed, RCS OpenLC2 =

(X); or LOSP(X), TCTL(X), FTELP(X), LPCCA(X) * Sk3(X), FETG(X),
FSCA(X), FLISG(X), FLRHR(X): Support Train A Failed, RCS Open
(X).

SCF * FB3-

IU| Procedure-Initiatedevent: Support Train B Failed, RCS OpenLC3- =

(X); or LOSP(X), TCTL(X), FTBLP(X), FLRHR(X), FETB(X): Support
Train B Failed, RCS Open (X).

.

SCF * FB2=

IU| Procedure-Initiatedevent: No Support Train Avail., RCS OpenLC4 =

(X); or LOSP(X), TCTL(X), FTBLP(X), FLRHR(X), FSGA(X), FETB(X),
LPCCA(X), LSWA(X), FETG(X), FPAB(X), FLISG(X): No Support Train
Avail., RCS Open (X); or FLSW(X), LPCC(X), LOSW(X), FPCC(X):
.RCS Open-(X).

SCF * FB4=

L6|LC1exceptRCSClosed>(W).LCS =

SC1 * FBI=

I5|LC2exceptRCSClosed(W).LC6 =

SC2 * FB3=
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E|LC3exceptRCSClosed(W).LC7.. -

SC2 * FB2=

LC8 '= E|LC4exceptRCSClosed(W).

SC3 * FBF2

E| Procedure-Initiatedeven't: RCS at Refueling Level (Y)LC9 =

SCF * FB5=

E|FCRACLCF =

guaranteed failed=

FAILURE SPLIT
FRACTIONS:
(mean values)-

2.3E-3LC1 =

9.0E-3LC2 =

2.3E-3LC3 =

1.8E-2LC4 =

1.4E-7LC5 =

5.5E-7LC6 =

1.4E iLC7 =

8.7E-4LC8 =

1.0E-5LC9 =
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5.3.9 TOP EVEi? EH
J

SUCCESS: The equipment hatch is on and secured or hatch is y
off but is reinstalled prior to core damage and -

other '.arge penetrations are closed.

FAILURE: The equipment hatch is open and not recovered at
the time of core damage or other large penetrations
are not closed.

)
HUMAN ERROR: See Sections 6.4.2 and 10.1.

HARDWARE: Hardware failures include +he polar crane motors
~

fail to start and the purg, valves fail to close
on demand. (See Section 10.1).

DEPENDENCIES: Top event FH depends on the RCS condition (assumes
hatch is not off for Condition X), the availability
of offsite power (to operate the crane), and the
time available for action. (See Section 10.1).

FAILURE SPLIT
2.9E-3FRACTIONS: EH1 =

(mean values)
5.1E-3EH2 =

.q :

2.lE-3EH3 =

EH4- 1.1E-4 _=

3.8E-2EH5 -

3.3E-2EH6 =

EH7 3.5E-3=
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E 5.3.10 TOP EVENT SP

' SUCCESS: Operator identifies all small containment penetrations
that are not isolated and successf ully closes them.

' F AILURE : Small containment penetrations are not isolated.

' HUMAN ERROP:' Operator f ails to identify all containment pene-
trations that are open (see Sections 6.4.2 and 10.1).

HARDWARE: It is assumed that human errors dominate. Valve
f ailure . to manually close is relatively low f re-
quency.

DEPENDENCIES: If a large penetration is open (EE), the status of
small penetrations in containment is inconsequential
and top event SP is not questioned. SP also depends
on the RCS Condition:

SP|ConditionWSP1 =

5P|ConditionXSP2 =

FAILURE SPLIT
1.7E-2FRACTIONS: SP1 =

'(mean values)
4.0E-2SP2 =

|-

I-
r

!
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;-
_ Plant- Model: LOCA Tree Top Event-Quantification5.4

.

The: top events in the LOCA tree- are quantified for each LOCA

initiator'and for possible. support states. The top event sp1't frac-

'

tions are sumarized in Table 5-8 and are described in detail below. -

.

..

9

fp

a

5-32

: 7



_

15".4.1 ~ TOP EVENT OD

SUCCESS: Operator detects LOCA so'.n after its-initiation .

(0-10 min.).

FAILURE: Operator fails to detect .DCA prior to substantial
inventory loss f rom the primary system.

HUMAN ERROR: See Section 6.2.

RARDWARE There are multiple, independent alarms / indications of
' . FAILURES: LOCA. Hardware f ailures are assumed to be nerligible.

8

DEPENDENCIES: For LOCAs L1, L5, L6, and LS, the operator has multiple
alarms-and indications of a LOCA.

35|L1,L5,L6',LSODI -

For L3, the operator must detect over-draining of the
RCS (i.e., no alarms) but is alert because of the
plant condition.

OD|L3OD2 =

s

For LP, the operator must detect the RHR pump seal
failure-from indirect indications (RHR vault sump
alarm). The'1eak is small so more time is avail-
able for detection.

OD|LPOD3 =

. FAILURE SPLIT
- FRACTIONS :: ODI . 1.6E-3
~(mean values)

2.7E-4OD2 =

1.6E-3-OD3 -
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5.4.2 TOP EVENT 1R

b/
Ijd; SUCCES2t- Operator isolates RHR within 30 minutes by closing RHR

,

suction valves RH-V-87 or RH-V-23.

FAILURE: Operator fails to isolate the RHR suction lines or the
- suction valves f ail to close on demand. ,

s

HUMAN ERROR: Operators fail to close RHR suction valves RH-V-P7 or
RH-V-23 (see Section 6.2).

OP11R IR|L1,LP 3.8E-3= =

II|L3 . 2.7E-4OP21R
""

k

HARDWARE RHR suction valves RH-V-87 or RH-V-23 *

FAILURES: fail to close.

HW11R = MOV = 4.3E-3

where

MOV fails to close on demandMOV =
..

DEPENDENCIES: For LS, the time to isolate RHR beforc significant in-
ventory loss is much shorter than 30 minates. It is

assumed, with the confusion surrounding the event and
the short tite available, that top event IR is guar-
anteed failure.

IRILSIRF =

Tor L5 and L6, e aperator will not isolate the RHR
since the. inventory cannot drain below the top of the
vessel flange. Thus, for these events, IR is not
not necessary, and is modeled as a guaranteed success.

.

IR|L5,L6IRS =
,

For 1,1, L3, and LP, the operator can isolate RHR at the
main control board as long as both essential ac elec-
trical trains are available. With offsite power avail-

able, it is assumed that electric power is available.
The operator action to close the RHR suction valves is
modeled f rom the control room

IE|L1,LP HW11R + OP11RIRI ==

IRjL3 HW1 1R + OP21R1R2 ==
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FAILURE SPLIT.
FRACTIONS:
(mean. values).

8.1E-3IR) =

4.6E-4IR2 =

1.0IRT =

0.01RS =

p;

i

i

,

'

i
,

.

h

h

i
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5.4.3 TOP EVENT MU

SUCCESS: Operator increases RCS makeup flow to match inventory
loss out the break.

.

FAILURE: Inventory loss is greater than makeup.

HUMAN ERROR: (See Dependencies).

HARDWARE Failure of operating charging pump to continue to
FAILURES: operate or charging pump f ails to automatically

transf er f rom VCT to RWST or RWST supply valve f ails
to open on demand or the VCT suction valves f ail to
close.

PR * 6 h r + LC * LC + RW A +HWigg =

(VCTA * VCTB + VCTA * BETA)

4.70E-3
-

=

where:

3.36E-5/hrfails to runPR
==

VCT level control relay failo to operateLC =

on demand

2.41E-4=

RWST MOV f ails to open on demand _RWA =

4.30E-L=

VCT suation MOV fails to close on demandVCTA =

4.30E-3=

common cause beta factor for MOVsBETA =

4.23E-2=

DEPENDENCIES: For large LOCAs (L3, LS), it is assumed that top event
MU is guaranteed failed because the inventory loss can-
not be made up with one charging pump.

IE}|L3,LSMUF =
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For L$ and L6, the oper& tor does not need to increase
charging since the RCS inventory cannot drop below

i

the top of the flange. Thus, this event is not

necesary and is modeled as guaranteed success.

EUlts,t6MUS -

For L1 ar. .i the LOCA was caused by overcharging.
In respo' ,e o the LOCA, the operator vill permit the
chargine 1 _o continue to makeup to the primary
system f o. v hours (i.e. , no operator actions needed).
It is assumed that only the operating charging pump
is available. (Time is not available to rack-in the
breaker for the other pump).

EU\(L1, LP), * (ASSA or Support Train B
--

MU1 =

failed)

EUl(L1,LP),* (Support Train A f ailed orMUF =

All Support Trains failed)

FAILURE SPLIT
FRACTIONS:
(mean values)

4.70E-3HW1gvMU1 ==

1.0MUF =

0.0MUS =
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5.4.4 TOP EVENT TP

SUCCESS: Operator trips running RHR pump'before pump damage
occurs from loss of suction.

FAILURE: The operator fails to trip the running RHR pump before
pump damage occurs from loss of suction.

HUMAN ERROR ' Operators fail to trip running RHR pump before pump
damage occurs from loss cf suction (see Section 6.2).

:

HARDWARE- None.:
FAILURES:

DEPENDENCIES: For L5 and L6, it is not necessary for the operators to
trip the pump since the RCS inventory cannot drain below
the vessel flange. Also, for L3, the RHR pumps are not

yet running per procedure. This is modeled as guaranteed
successful.

YP|L5,L6TPS a

For L1 and LP with IR failed and MU successful, it is not
necessary to trip the pumps. One charging pump can main-
tain level.

TP|(L1,LP)*1R,*MUTPS =

Tor L1, L3, and LP with IR successf ul, the operator must
trip the pump in a short time to prevent overheating. He

is alert due to success of IR.

YPj(L1,LP)*1RTPA =

Tor L1, LP and LS with IR failed and MU failed, the operator
must trip the pump before it fails from vortexing. The
operator is in a high stress level because of previous
errors or because of short time available(LS).

TE|(L1,LP)*IR*MUTPB =

For LS.-insufficient time is available to trip the
operating RHR pump before vortexing. Thus, TD is

: guaranteed failure.

YE|LSTPF =
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FAILURE SPLIT
FRACTIONS:
(mean values)

1.0E-4TPA -

2.2E-1TPB =

1.0TPF =

0.0TPS =

.

._

9

-
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5.4.5 ' TOP EVENT OL

SUCCESS: Operators der. ermine actions required to restore and
maintain RCS heat removal before core damage occurs.

FAILURE: Operators fail to determine acti ns to restore RCS.

heat removal before core damage occurs.

HUMAN ERROR: See Section 6.2.

HARDWARE None.
FAILURES:

DEPENDENCIES: For L1 and LP, if the operator successfully isolates RHR
(IR), he has a number of hours with passive secondary
cooling to get RHR or alternate cooling operable.

E|(L1,LP)*IROLI =

For L5 and L6, with at least one support system
available

E|L5.L6*(ASSAorSingleSupportTrainOL2 =

Avail.)

For L5 and L6, with no support systems available

E|L5,L6*(NoSupportTrainsAvail.)OL3 =

For L3, if RHR can be used and if the operator has
successfully isolated RHR (IR):

E|L3*1ROL4 =

For LS with at least one support train available:

E|(LS)*(ASSAorSingleSupportTrainOLS =

Failed)

For L1 and LP, if the operator has not-successfully
isolated RHR:

1 * 1R * ASSA or Single SupportOL6 =

-For any LOCA except L3, if the initial detection (OD)
is failed.

El0DOL7 =
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E:

Tor L1 and LP with IR or OD f ailed or for LS, dith no ,

support trains available, it is assumed that there are
.

no long term cooling options.!

05|(L1,LP)*(IRorDU)*NoSupporttrainsOLF =

available,-

or LS * No Support trains available
'

Also, for L3 with IR or OD f ailed, a short time is
available for recovery. It is assumed to be guaranteed
failure.

DI|L3*(IRorOD)OLF =

FAILURE SPLIT
TRACT 10NS:

5.0E-5OLI =

OL2 = -2.6E-4

6.5E-4OL3 -

6.5E-5OL4 =

OL5 ' = 8.5E-4

*.3E-4OL6 =
.

9.5E-4OL7 =

1.0OLT =

P
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$.4.L TOP EVENT RR

SUCCESS: Operator restores normal RRR cooling by reopening RHR
suction valves RH-V-87 and 88 or RH-V-22 and 23 and
restarting at least one RHR pump.

FAILURE: RHR shutdown cooling is not restored.

f

HUMAN ERROR: Operator fails to align RHR shutdown cooling correctly
(included in systems analysis).

HARDWARE See Sections 7.1.2 and 5.3.7.
FAILURES:

DEPENDENCIES: Top event RP depends on RCS conditioi [RHR planned ma. -
tenance occurs only when RCS is filled (W) or during re-
fueling (Y)}; support systems available; previous top
event IR (except L5 and L6 where the level does not drop
below the top of the flange); and previous top event TF
for those LOCAs for which the operating train can be
used (L3, LS).

RElL5*ASSAorL6*ASSARR1 =

RR|L5*SupportTrainAfailed,RR3 =

or L6 * Support Train A failed,

or L1 * IR * ASSA

or L1 * 1R * Support Train A fatied,

or LF * IR * ASSA

or LP * IR * Support Train A failed

RR|L5*SupportTrainBfailed,RR5 =

or L6 * Support Train B. failed, ,,

.

RR|NoSupportTrainsAvailable,RRF =

or L1 * IR * Support Train B f ailed

or L1 * Iii
,

or LP * IR * Support Train B f ailed

5-42 -
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or LP * IR

or LS

or L3

FAILURE SPLIT
FRACTIONSt
(mean values)

4.4E-4RR1 ==

2.3E-4RR2 =

1.2E-1RR3 =

8.9E-3 ~RR4 =

9.3E-4RR5 -

1.0RRF =

_
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5.4.7 TOP EVENT LC

SUCCESS: Operator established long term cooling with secondary
cooling or feed and bleed.

FAILURE: Operator fails to establish long term tooling or hard-
ware failure of secondary cooling and feed and bleed.

HUHAN ERROR: Included in systems analysis.

HARDWARE: See Sections 7.5.1 (Secondary Cooling) and 7.5.4 (Feed
and Bleed Cooling).

_

LCl(LS,L6)*ASSADEPENDEPCIES: LC1 =

or LP * lUE * MU * ASSA.

FBI-

E5|(L5,L6)*SupportTrainAfailed,LC2 =

LP * IR * MU * Support Train A failedor

FB3=

eel (LS, L6) * Support Train B failedLC3 =

or LP * lli * MU * Support Train B f ailed,

FB2=

LCl(L1, LP, L3) * IR * ASSALC5 -

SC1'* FBI=

LC|(L1, L3, LP) * 1R * Support Train A f ailedLC6 =

SC2 * FB3=

LC|(L1, L3, LP) * 1R * Support Train B f ailedLC7 =

SC2 * FB2-

LC|L1*TE*MU*(ASSAorSupportTrainALCA =

failed)

LR2-

5-44

. . . -
_ _ _ _ _



LC|L1*IRAMU*(ASSAorSupportTrainALCB =

failed)

LP2 + LR2=

E|LS*(ASSAorSupportTrainAFailed)LCC =

LR2=

E|(L1,L3,L5,L6,LP,LS)*NoSupportTrains.LCF =

available

L1 * E * Support Train B failedor

or LS * Support Train B Failed
.

or LP * IR * MU

or L3 * E

FAILURE SPLIT
FRACTIONS:

:(mesn-values)
2.3E-3LCl =

9.0E-3LC2 =

2.3E-3LC3 =

1.4E-7LC5 =

5.5E-7LC6 =

1.4E-7LC7 =

LC A - = 1.2E-1

2.4E-1LCB =

1.2E-1LCC =

1.0LCF =

g .

|
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5.4.8 TOP EVENT EH
I

)
I

SUCCESS: The equipment hatch is on and secured or hatch-is
off'but is replaced prior to core damage and other'large |

penetrations are cloosed.

FAILURE: The equipment hatch is open and not recovered at the time '
.

of core damage or other large penetrations are not closed.

HUMAN EP.ROR: See Sections 6,4.2 and 10.1

'
HARDWARE See Section 10.1<

FAILURES:

DEPENDENCIES , (See Section 10.1).
,

EE| LOCAL 3,L5,L6~EH2 =

YiilLCCAL1,LP,LSEHS =

FAILURE SPLIT
*

FRACTIONS:

$.1E-3EH2 =

EH5. - 3.8E-2

I

.

!
.

|
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5.4.9 TOP EVENT SP

SUCCESS: Operator identifies all small containment penetrations
that are not isolated and successfully closes them.

FAILURE: Small containment penetrations are not isolated.*

HUMAN ERROR: Operator f ails to identify all containment pene-
trations that are open (see Sections 6.4.2 and 10.1).

HARDWARE It is assumed that human errors dominate. Valve
FAILURES: failure to manually close is a relatively low

frequency.

-DEPENDENCIES: If a large penetration is open (55), the status of
small penetrations in containment is inconsequential
and thus top event SP is not questioned. Also SP is

guaranteed failed for LOCAs LP and L3 which provide a
path outside the containment.

5P|LOCA'L1,L5,L6,LSSP2 =

SP]LOCALP,L3SPF =

FAILURE SPLIT
FRACTIONS:
(mean values)

4.0E-2'SP2- -

1.0SPF =

.
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5.5 Procedure-Initiated Events Model
!

The procedure-initiated events model, described in Section 4, i

is quantified to obtain the annual frequency of occurrence of plant

transient events. These events include procedural errors and hardware

failures which cause loss or degradation of RHR, overpressurization of

the RHR-RCS piping, or loss of primary inventory (LOCA). ,

|

The " initiating events" for the procedure trees era spet'itic

types of plant shutdown as follows:

Case A

Non-drained maintenance shutdowns; mean ennual f requency =

319 hours per outage. These3.4 per year; mea.n duration =

outages tend to be short outages which occur throughout the year

involving minor repair and reactor trip recovery.

Case B

Drained maintenance shutdown: mean annual frequency =

1115 1.oursper outage. These0.45 per year; mean duration =

are very long but infrequent outages involving repair procedures

which requires the primary system to be drained. This activity

would typically occur during a refueling outage so this is an

unplanned shutdown with a relatively fresh core.

Case C

0.83 per year;. Refueling shutdowns: mean annual frequency =

mean duration := 1961 hours per outage. These outages include

refueling, which takes a small fraction of the time, and post-

ref ueling maintenance as well as numerous surveillances.
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The procedure tree end states are either a plant transient >

event or a stable plant condition in which the regular plant evolutions

would continue. The procedural. transient end st.ates.become the ini- |

tiating events to the transient or LOCA trees. The procedural end

states are coded to describe the key factors of the sequence, as

summarized Telow (also see Section 4).
.

1st Tactort RCS Condition

Rc5 full and closed; secondary cooling availableW =

RcS drained to vessel flange or hot leg and RCS ventedX =

RCS at refueling levelY =

2,nd Factort Condition _of RHR Pump Trains

both pumps operable1 -

standby pump inoperable2 -

"ocerating" pump cavitating3 -

4- " operating" pump cavitating, standby pump inoperable
" operating" pump failed, standby pump operable5 -

both pumps inoperable6 -

3rd Tactor: Overpressure Status

A- overpressure event with 2 or more relief paths
overpressure event with I relief pathB -

overpressure event with no relief pathsC -

no. overpressure eventN -

Table 5-9 lists the frequency contribution to each procedural

.end state from each Case and Tree.

Tables 5-10, 5-11, and 5-12 list the split fractions used to

quantify each procedural tree for Cases A, B,f and C respectively.

As explained in Section 4, Case A includes Trees 1 and 6; Case B in-

cludes Trees 1, 2, 5, and 6; Case C includes Trees 1 through 6.

Table 5-13 provides a summary of the quantification for each

procedural split fraction. The details of the split fraction quan-

tification are included in the following six subsections.
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Sections 5.5.1 through 5.5.6 cover the following trees: !

O Tree 1 -- Cooldown

o Tree 2 RCS Drain-

o Tree 3 - Refueling Cavity Till

o Tree 4 Refueling Cavity Drain-

o Tree 5 RCS Fill-

o Tree 6 Startup I-

,

G

, . .

k

h

y
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f' ) .. f t
,s.

i
n 5.5.1 Tree 1 - Cooldown Event Tree

The. description and quantification of split fractions in Tree 1
,

_ are"as follows.

!,

t

r

h

' ?

|
f

i.

I

?
?

,

'l

f

1

7'

,

i

!

'.|\
'

If.

;
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5.5;1 (1)' To'p Event-RV'

,,

m6- i
,

SUCCESS: - Operator opens RHR suction valve. RC-V22 and V23 q
(or V87 and V88) after RCS pressure decreases to

~

less than 450 psig.

,

. PAILUREs. The RHR suction valves open at RCS pressure greater'

than'450 psig (the setpoint of the RHR suction re- ,

E lief valves) due-to suction values inadvertently
t rans f erring open, i.e. , prima r- hardware fault, or

due to a command f ault. The cotsand f ault is either ,

E (1) the operator opens the suction valves prematurely
given proper _ pressure indication- (PT-403 and PT-405),
and the pressure interlocks (which prevent the _ _e
valves f rom being openedt above -365 psig) f ail; or (2) ,

7 '. ' the operator _ opens the succion valves prematurely ;

given faulty pressure indication (PT-403 and PT-405)
and the pressure interlockt. are satisfied due to .;

..

the f ailure of PT-403 and PT-405. .

; - g, :

.0PERATOR ACTION: See Section 6.3. .

'

' OPIRV Operator opens suction valves3.8E-3= -

prematurely, given proper
t

- indication.
y-

'

Operator opens suction valves :1.0OP2RV
= -

prematurely, given faulty -

,

,L indication.

'

Operator fails to detect pres-OP3RV - = 4.5E-2 -

" . sure transmitter failure. *

,

:
'

HARDWARE:- See Section Section 7.5.5
, . .

(1) Primary. hardware. f ailure of the suction valves ,

- to.open is,the frequency'of both suction MOVs
P 4t -in either_ path to transfer open during.the
| mission time for this event. This failure se-' M

,

E quence is neglected because_of the low fre-
quency of ~ the valve f ailure (9.27E-8/hr) andc.

P ' the short mission time (less than 50 hr).
V' '

SE- (2). Failure of-the pressure transmitters PT-403 end
h' PT-405 to operate between the time of the last t

surveillance (18 months) Land not detected is
,

quantified as-follods:
,

,

k

5-52

---

'

fN''- - + iP . *+-es -- ,A+r w A.-. M .-w =,-+-.---,wewv.- .n+a- We-,- .y. =#e-- nw, , -,w,,,vy, n - - --w-- yw6, , w--3,- ,-y.-, 3-y-1-



- -

i.

I

HWpy = 1(PT * PT + PT * BETA) * OP3RV

1.0E-3=

where:
P

pressure transmitters fail toPT =

operate for the mission time
(ZITRPR in Table 9-1).

7.6E-6/hr * 18 months=

beta f actor for common cause' BETA =

failure of pressure trans-
mitters (e.g., miscalibration)

>

0.175 (generic value) (IBGNIA in=

Table'9-2)

4.5E-2OP3RV '
=

.

(3) Failure of the RHR suction valve interlocks to
operate. This failure mode is negligible be-

cause the interlock must energize to operate
which is not a credible f ailure mode.

DEPENDENCIES: None

FAILURE SPLIT:
FRACTIONS:

1.0E-3OP2RV * HWPTRV1 ==

|

|-

I

|
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$.5.1 (2) Top Event CT
4

; SUCCESSt The RHR suction valves for both trains are opened
b. and cross-train depowered (i.e., for Train A auction

| path, the B valve is depowered, etc.).

FAILUREt The RHR train suction valves are opened but the
motor starters are not depowered for both of the

l' cross-train valves.
.-

OPERATOR ACTIONt Operator opens the valves but fails to depower the
cross train motor starters for the valves. The
indication for the valves-in the control room.
include indicating lights for power available and
stem mounted limit switches for valve position.

(See Section 6.3).

OPCT = 1.7E-2

. :

MARDWAREt None

'DEPENDENCES: None

4

FAILURE SPLIT
I

. FRACTIONS:

CT1 OPCT 1.7E-2==
,
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'

hi4

5.5.1-(3) Top Event RI
p.<:

I SUCCESS: RHR shutdown cooling is successfully initiated
with one of two trains of RHR.'

FAILURE: Neither RHR train functions to remove decay
heat from the RCS.

OPERATOR ACTION: Operator fails to start an RHR pump and to set up
correct alignment or operator fails to start the
standby pump if the first pump fails to start. The
operator action is included with the hardware in
the RHR systems analysis.

H ARDWARE: See RHR systems analysis (Section 7.1).

DEPENDENCES: None

F AILURE SPLIT
FRACTIONS:

4.2E-4RIl =

5-55

- - - - - - _ - - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_



. . .

5.5.1 (4) Top Event LT

SUCCESS: LTOP circuitry is available to at least one
PORV.

FAILURE: Both PORVs are icoperable to respond to low
temperature overpressure co'nditions.

OPERATOR ACTION: None (LTOP is self-arming at 329'F).

b

HARDWARE: See Section 7.5.5.

PT-403 and PT-405 or the pressure programmers or
the bistables f ail to-operate during the mission
time. The hardware _ unavailability !.s as follows:

(PT + PP + BS) A * (PT + PP + s3) g + BETA * PTHW =

where:

pressure transmitter fails low (ZITRPR inPT =

Table 9-1) for mission time T3 (pressure
transmitters are assumed to be verified
operable at the beginning of Tree 1, in
top event RV).

7.6E-6 * Tg=

pressure programmer fails high (ZISMDR inPP =~
Table 9-1) for the mission time T3 (assuming

i the monthly channel check was.done prior or
during Tree 1).

2.94E-6 * Tg-

bistable fails low (ZISWBI) for the missionBS =

time Tg (conservative time because bistable
alarms on loss of power).

2.21E-6 * Tg=

beta factor common cause-failure of pres-BETA =

sure transmitters (ZBGNI A in Table 9-2).

0.125 (generic value)-

Thus,

EE|CaseA(Tg=295hr) 2.95E-4HW1 ==
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iiii|CaseB(Tg= 31 hr) 2.96E-5HW2 ==

IIW| Casec (Tg= 50 hr) 4.7 9E-5HW3 ==

U\CaseA HW1DEPENDENCES: LT1 ==

U|CaseB HW2LT2 ==

U| Casec HW3LT3 =-

FAILURE SPLIT
FRACTIONS:

.

3.0E-4LT1 =
_

3.0E-5LT2 =

4.BE-5LT3 =

_
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'5.5.1 (5) Tos Event'RM

SUCCESS: Decay-heat removal is maintained by the preferred
RHR train for the mission time.

FAILURE: The pref erred train of RHR f ails to continue to
,_
' operate for the mission time.

OPEPATOR ACTION: iicro.

HARDWARE:. See RHR system analysis (Section-7.1).
-

55| Case A (non-drained maintenance).DEPENDENCIES: RM1 ="'

Tg = 295 hr

ER| Case B (drained maintenance),RM2 =

Tg - 31 hr

R5| Casec (refueling),RM3 =

50 hrTg =

FAILURE SPLITE
FRACTIONS:

1.1E-2RM1 =

1.2E-3RM2 =

RM3' = 1.9E-3
,

s.

.

4
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|
!

5.5.1 (6) Top Event SA
.

SUCCESS: Suction flow is maintained in the operating

RHR train.

FAILURE: RRR suction flow is lost via valve closure.

OPERATOR ACTION: Failure to remove power from RHR suction valves
while performing test or maintenance on wide
range RCS pressure transmitters PT-403, 405.
See Section 6.3. This is assumed to occur for
Case C only.

51|CT, Casec 8.3E-3 -

OPISA
==

OP2SA 5A|CT, Casec 1.lE-1= =

HARDWARE: See Section 7.5.5. It is conservatively assumed

that top event LT is f ailed, in the quantification
of the hardware contribution to SA. Thus,

S A|LT (PT40L + PB405 + K735) * TgHW ==

where:

bistable fails low during operationPB405 =

2.2E-6/hr (21SWB1 in Table 9-1)=

relay fails closedK735 =

4.2E-7/hr (Z1RLIR in Table 9-1)=

pressure transmitter fails highPT405 =

7.6E-6/hr (Z1TRPR in Table 9-1)=

The mission time is:

295 hrTg (Case A) =

31 hrTg (Case B) =

50 hrTg (Case C) =

5I|CaseA 3.0E-3Thus, HWA ==

Si|CaseB 3.2E-4HWB ==

Si| Casec 5.lE-4HWC ==
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1

1

j'

5I|CaseA !L.PENDENCIES: SA1 =
''

f-
> __.

SA|CaseBS A2 =

5I|CT, Casec' SA3 = i

!

IUE|IIf, CasecS A4 ;=
i

i

FAILURE SPLIT- ,

FRACTIONS: , ,

3.0E-3SA1 HWA ==

:

3.2E-4 jSA2 HWB ==

.

!-

8.8E-3 ]OPigA + HWCSA3 ==

1

1.1E-1 ]
.

S A4 OP2SA + HWC
' ==

:

'

..

I

e

|

,!

.

!

,
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5.5.1 (7) Top Event NC
,

SUCCCSS: Charging flow is balanced by letdown flow and
RCS shrink.

FAILURE: Charging flow is in excess of letdown flow and
RCS shrink, causing an overpressurization trans-
ient. This can occur due to hardware failures
cause excess charging and the operator f ails to
recover before an overpressure event:

NC = HWNC * NRNC

OPERATOR ACTION: Balancing, charging, and letdown is controlled
automatically by CS-PCV-131. _

Operator action is included in recovery from
hardware-induced excess charging events (see
Section 6.3.1).

0.27NRI NC
=

0 11NR2NC
"

0.24NR3NC
=

HARDWARE: Hardware-induced excess charging HWNC can occur in
three general ways:

(1) inadvertent SI signal which isolates letdown
and causes maximum charging flow f rom one
pump (ISI),

(2) CS - PCV-131 failing closed causing
isolation of letdown (V131),

(3) CS - FCV-121 failing open causing maximun
charging flow (V121), and

These hardware failures can be quantified as follows:

(1) Excess charging can occur f rom an inadvertent
S1 and operator failure to respond before
pressurization to 450 psig. Thus:

F st * NRNCISI =
i

1S1(1) = ISllCase A (bubble) F gI * NRINC=
i

= 2.7E-4
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<

p
,

1S1(2)=ISl|CaseBorC(pressurizersolid)
,

= F gi * NRFNCi
,.

= 1.0E-3

wheret

i frequency of inadvertent SI' signalF gg =

during shutdown

1.0 E-3 (conser. tive from NSAC-84=

p. C-5a)

je1 i s 's, prcbability of non-tcc3very for Case A;
~

[p~, operator failure to respond to=inad-,

vertent SI, giver pressurizer bubble .

(;; ; prior to pressurization to 450 psig.
,,

0.27 (see Se ction 6.3.1)=

NRFNC probability of non-recovery fe- Cases"

B,C

1.0 t=

'/
'

(2) Excess charging can occur due to letdown
isolation from closure of PCV-131 which
is a fail open A0V. The only credible
transf er. closed f ailure made is for pres-
sur. transmitter PT-131, which controls V13),
to give a false open signal to the valve.

7

V131 PT * Tg'* NRNC=

where:

7.b c-6/hr (ZITRPR in Table.9-1)PT =

,

) Tg 295 hours for Case A,=

31 hours for Case B,
50 hours for Case C

s

NRFNC 1.0 given Case B,C (pressurizer solid)=

NR2NC 0.11 given Case A (bubble) - (see=

Section 6.3.1)

V131|CaseAThus, V131(1) 2.47E-4==

V131|CaseB .2.36E-4V131(2) = =

V131| Casec 3.80E-4V131( 3) ==

,o
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(3) Excess charging can occur due to inadvertent
increased charging f rom transferring f ull
open of FCV-121, which is a fail open A0V.
It can fail by transferring to its failed
position (A0T) or by getting a false signal
from a f ailed flow transmitter. Thus,

V121 = (A0T + FT) * Tg * NRNC

where:

A0T = 2.67 E-7/hr (ZIVA0T in' Table 9-1)

FT = 6.25 E-6/hr (ZITRTR in Table 9-1)
t

Tg = 295 hours for Case A
31 hours for Case B
50 hours for Case C

1.0 given Case B,C (no recovery) g
NRFNC

=

0.24 given Case A - (see Section 6.3.1)
~

NR3NC
=

Thus,

V121(1) = V121| Case A = 4.61E-4

V121(2)=V121|CaseB=2.02E=4

V121(3) = V121| Case C = 3.26E-4

DEPENDENCIES: Tcp event NC is dependent on Case (A,B,C) due to
the different mission times and the different ,

levels in the pressurizer (Case A - bubble,
Cese B and C - solid). -

NC|CaseA ISI(l)NCl ==

+ V131(1) + V121(1)

NC|CameB ISI(2)NC2 ==

+ V131(2) + V121(2)

NC| Casec ISI(2)NC3 ==

+ V131(3) + V121(3)

9.8E-4FAILURE SPLIT NCI =

FLACTIONS:
1.4E-3NC2 =

1.7E-3NC3 =
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D'

+-p, 5. 5. 2 - : Tree 2 RCS Draindown
3

T The|' description and quan;ification of split fractions in Tree 2-'
-

.

Jare asIfollows:

.;;;

s ._

$

<

m

J
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| 5.5.2 (1) Top Event TV

SUCCESS: The temporary level transmitter is installed and
agrees with LI-462 pressurizer level indication at
pressurizer level about 20%.

FAILURE: The tet porary level transmitter is installed incor-
rectly and does not read correctly at pressurizer
level of 20% and the operator fails to detect the
diffcrence.

HUMAN: Operator installs the temporary level transmitter
incorrectly and operator fails to detect that there
is a difference between the reading for LI-462 and _.

the transmitter indication. (See Se ction 6.3).

1.0E-3OPTV
=

H ARDWARE: None.

DEPENDENCIES: None.

FAILURE SPLIT
FRACTIONS:

1.0E-3TV1 =

_
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5. 5. 2 '( 2')' LTop Event DR'

SUCCESS: ;0perator reduces RHR flow from 3000 gpm to-
about -1000 gom to prevent a vortex from being
' formed.

F AILURE: Operator fails to reduce RHR flow when drained to
mid plane of hot leg nozzle (drained maintenance),
resulting in loss of cooling due to vortexing.o

HUMAN: Operator fails to reduce flow. (See Section 6.3).

3.lE-3OFDR
=

HARDWARE: None.

DR|CaseB(DrainedMaintenance'- drainedDEPENDENCIES: -DR1 =

to hot leg). -

DR| Casec (Refueling-drainedtotopDR2 =

of vessel)..

FAILURE-SPLIT
FRACTIONS:

3.lE-3DR1 =

0.0DR2 =

,

i

!'
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5.5.2 (3) TOP EVENT LM

SUCCESS: Level is initially maintained at -7' below flange

(f or drained maintenance) or at -4" below flange

(for refueling).

FAILURE: Level is dropped suf ficiently low to cause a vortex
in RHR suction line and subsequent failure nf the
operating RHR pump.

HUMAN: Operator fails to control level. (See Section 6.3).

8.6E-4OPl y =
t

3.lE-4OPl g =
t

.

HARDW ARE : None.

DEPENDENCIES: During drained maintenance, the level is main-
tained lower than during refueling. Thu s , the
chance of vortexing due to operator error is
greater.

E5| Case B LM1=

E5| Case C LM2=

FAILURE SPLIT
FRACTIONS:

_

8.6E-4OPlt3LM1 ==

3.1E-4OP2 gLM2 ==
t
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5.5.2 (4)- Top Event VA-

SUCCESS: RCS is vented to containment atmosphere and L1-9405
is capable .of operating correctly.

4

F AILURE i- RCS is not vented to containment atmosphere. This
would have resulted in LI-9405 giving a f alse high
level. The addition of delta pressure as a level

monitor eliminates this failure..

HUMAN: Operator fails to open RCS vent valve. (See
Section 6.3).

0.0's PVA
=

i

HARDWARE: None.

DEPENDENCIES: None.

FAILURE SPLIT
FRACTIONS:

0.0VA1 =

,
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5.5.2 (5) Top Event 10

SUCCESS: LI-9405 is operable and indicating correct RCS
vessel level.

F AILURE: LI-9405 is not functioning correctly and is indi-

cating an incorrect higher vessel level.

HUM AN: None.

. HARDb'ARE : LI-9405 has failed high (LT = ZITRLR in Table 9-1)
for a mission time (Tg) equal to the tire in drained
down condition. It is assuoed that for the entire
tir.e in Tree 2 the RCS is drained down.

T6|CaseB- (Tg = 959 hr)DEPENDENCIES: 101 =

I6|CEseC- (Tg = 47 hr)1 02 =

FAILURE SPLIT
FRACTIONS:

(1.57 t-5/hr) * 959 hrLT * Tg101 =-

1.5E-2=

(1.57 E-5/hr) * 47 hrLT * T102 ==
3

7.4E-4=
_
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5.5.2-(6) ' Top EventHSA'

fit

SUCCESS: Suction flow is maintained in the operating RHR

train.

' F AILURE : RHR suction flow is lost via valve closure or i

vortexing at low level.

,

HUMAN: Operator fails to control level. (See Section
6.3).

OP|CaseB 2.2E-2OP3sA ==

Uf|Ca.eC 5.9E-4OP4SA
==

HARDWAP.E : Spurious isolation of RHR suction valves. (See
Sections 7. 5.5 and 5.5. l(6).

HW _ (PB405 + PT405 + K735) * T3 .

=

I

HE|CaseB 1.03E-2HW1 ==

HE| Casec 5.04E-4'HW2 ==

DEPENDENCIES: Top event SA is guaranteed failed, given top
events 1N, DR, LM, VA, or 10 f ailed, due to
vortexing at low level. This dependency is
modeled explicitly in the tree structure.

|

Top event SA also depends on whether the out-
age is a drained maintenance (Case B), with
the level at the hot legs, or refueling.(Case C),
(Case C),-with the' level at t'ne top of the vessel
flange..

SA|CaseBS A5 =

l

SA\ CasecSA6 -=

FAILURE SPLIT
FRACTIONS:

3.2E-2SAS =

SA6 =- 8.9E-4
,
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5.5.2 (7) Top Event RM

i

SUCCESS:
Decay heat removal is maintained by the pre-
ferred RHR train for the mission time.

The preferred train of RHR fails to operate
F AILURE:

f or the mission time.

HUMAN: None.

See RHR systems analysis. (Section 7.1).
HARDWARE:

ElCaseB(drainedmaintenance,Tg=959hr)
PEPENDENCIES: RM4 =

ElcaseC(refueling,Tg=47hr)RM5 =

F AILURE SPLIT
FRACTIONS:

3.7E-2RMA =

1.8E-3RMS =

7_

,
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5.5.3. -Tree-3 Refueling-Cavity Fill''

;:
The description and quantification of split fractions.in Tree 3

|: + s.

a re as f ollows.'
-r

2.

E 1L -- F

<

w

'(, v:_,

..

I

1
i

I'
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- - 5. 5 ; 3 '. ( 1 ) .- -Top Event-DF.

.

'" -SUCCESS: Cavity _ drain valve SF-V-81 is closed ~ prior to cavity
filling.

FAILURE: SF-V-81' is lef t open as. the ~ cavity is being filled
-and operator fails to detect leakage.

HUMAN ERROR:- Operator fails to close valve. (See Section 6.3).

2.1E-5OPpy =

HARDWARE: 'None

|

DEPENDENCIES: None

FAILURE-SPLIT
FRACTION:

'2.lE-5DF 1. =

.

'\

,\'

i
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9;.._ | 515. 3 ( 2 ) , iTop Ev nt'CS

,

SUCCESS: Cavity seal is installed correctly and meintains
integrity _for the miss' ion time (160 hours).

FAILURE: Cavity seal is not installed correctly and leaks
= water from refueling cavity to reactor cavity. ,

^

Cavity seal incorrectly installed and leak testHUMAN ERROR:
not verified. (See Section 6.3).

OPCS 1.7E-4-=

HARDWARE: Cavity seal failure. Negligible. 1

DEPENDENCIES: 'None.

FAILURE SPLIT
FRACTION -

CSI = -1.7E-4

i.

|
1

.

l
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l5.5.3 (3) Top Event SA
4

SUCCESS: ^ Suction flow is maintained in operating RHR train for
160 hours.

-FAILURE: RHR section-flow is lost via valve closure.

HUMAN ERROR: None.

. HARDWARE: See Sections 7.5.5 and 5.5.1(6).
.

HW = (PT405 + PB405 + K735) * Tg

1.64E-3=
<

. DEPENDENCIES: .None.

' FAILURE SPLIT
FRACTION:

1.64E-3SA7 -

*

~.

P-
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:

5. 5. 3 ': s 4)p ..

-Top Event RM

. SUCCESS: Decay heat removal is. maintained by the preferred
'*#' RHR train for the mission time.

FAILURE:' The preferred train of RHR fails to continue to
operate for the mission time,160 hours.

-HUMAN ERROR: None.

HARDWATE: See RHR system analysis. (Section 7.1).
_

D'EPENDENCIES : 'one.

FAILURE SPLIT
- FRACTION:

6.3E-3RM6 =

1

.

.-

>

0
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5.5.4 Tree 4 - Refueling Cavity Drain

The description and quantification of split f ractions for these
ha>
s' trees are as follows.

,

i

f

p-

*

c.

k'

-

N

f
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15.5.4 (1) Top Event DCD

_
q-

' SUCCESS: Operator closes cavity drain valve RH-V-33.

' FAILURE: Cavity drain valve RH-V-33 is lef t open.

" HUMAN' ERROR:- Operator fails to close valve. (See Section 6.3).

OPCD 3.1E-3=

|

HARDWARE:- None.

'

E DEPENDENCIES: None. i

.

FAILURE SPLIT
FRACTIONS:

3.1E-3CD1 = ,

-

$

_

?
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5.5.4.(2)- Top Event BR,

: SUCCESS: RHR train B is realigned as an operable RHR train.
,

. FAILURE: - RHR_ train B is - not realigned for RHR cooling.

HUMAN ERROR: . Operator fails to realign RHR train B discharge valve
RH-V26. (See Section 6.3).

OPBR 1.3E-2-' =

HARDWARE: None.

DEPENDENCIES: None.

. FAILURE SPLIT
FRACTIONS:

1.3E-2BRl =

.

'
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-5.5 / (3) -Top 1 Event DM-

SUCCESS: The RCS-level is drained down to the mid-plane of the
hot ' leg nozzle to. perform drained maintenance af ter
refueling.

F AILURE : - The RCS level:is drained down to 4" below the reactor
vessel flange to perform non-drained maintenance af ter
refueling.

.

HUMAN ERROR: None.
.

!

HARDWARE None.

DEPENDENCIES: -Top-event DM is dependent on the type of maintenance
-planned after-refueling. It is assumed that half of
Lthis maintenance period is used on primary _ system-
maintenance-(e.g., steam generator inspection) neces-
sitating draining to the mid-plane of the hot leg
nozzle. The other-half of_the period is assumed ;

used on_ secondary side maintenance (e.g., turbine I

rotor inspections) during which-the level is main-<

tained near the vessel flange. ;

Top event-DM is assumed " successful" during the time j
'

'the RCS is drained to install and remove the steam
-generator. nozzle dams. Assuming 24 hours for in-
stalling |and removing, the fractional time drained is:

48 hr '
0.0341440 hr =

I

FAILURE < SPLIT-
' FRACTIONS:

DMI = 0.034

,
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5.5.4 (4) Top Event.1RF

s

-SUCCESS: Operator reduces RHR flow rate to about 1000 GPM
on the operating RHR train.

FAILURE: Operator fails.to reduce the flo; rate in the oper-
-ating RHR train from 3000 gpm to:1000 gpm when RCS
level is at mid plane of the hot leg nozzle.

,

-HUMAN' ERROR: Operator fails to reduce flow in RHR train causing-
vortexing in the RHR' suction line. (See Section
6.3).-

3.lE-3-OPRF
=

!

HARDWARE None.

DEFENDENCIES: The_ operator must reduce flow only when the level
in the:RCS'is drained for maintenance. This de-
pendency is_shown explicitly in the tree structure.

. FAILURE ~ SPLIT
FRACTIONS:

3.lE-3RFI ' =

|

,
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. TOP EVENT L:1.
,

<
'

i$.5.4 (5)

SUCCESS: Operator maintains desired level.

-FAILURE:- -Level is-decreased below desired level (-7' below
| flange)' f or drained maintenance or (-4" below flange)
f or non-drained : maintenance which causes. the oper-
ating.RHR pump to cavitate. -This failure occurs
via the operator failing-to 'introl level.

HUMAN ER t: Operator falls to control' level. (See Section 6.3).

t 8.6E-4 given drained to hot legs (DM).OP3 g =

_

t 3.1E-4 given drained to flange (Ds)OP4 g =

-HARDWARE: None.

~

L5|DM level at'-7' below flange.DEPENDENCIES: LM3 =

Uijlis - level at -4" below flange.LM4 =

FAILURE SPLIT-
,

FRACTIONS:
!

LM3 OP3 8.6E-4= =
tg

.LM4 UP4w '= 3.1E-4=

1.

m

E .

At

.

>

5-82

I
4



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

%

-5.5.4 (6) Top Event SA

SUCCESS: Suetion' flow is maintained in the operating RHR pump

for 1440 hours.

FAILURE: RHR suction flow is lost via valve closure or vort+xing

at the RHR suction nozzle.

HUMAN ERROR: Operator f ails to maintain level f or 1440 hours. Fail-
ure to do so results in a vortexing RHR pump failure

(see Section 6.3).

|DM 3.3E-2OP6 ==
SA

M5 = 1.2E-2OP7SA
=

HARDWARE: See Sectionu 7.5.5 and 5.5.1(6).

(PT405 + PB405 + K735) * TgHW =

1.47E-2=

SA|DMDEPENDENCIES: SAS =

SA|D5S A9 =

FAILURE SPLIT
FRACTIONS:

~

4.8E-2SA8 =

2.7E-2SA9 =

5--83
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5. 5.4'- ( 7 ) Top Event RM

SUCCESS: . Decay heat removal is maintained by the preferred
RHR' train for the mission time.

- FAILURE: The pr, 'rred train of RHR fails to continue to
operate 'or the mission time,1440 hours.

HUMAN ERROR: None.

HARDWARE: See RHR systei analysis. (Section 7.1).

DEPENDENCIES: None.

FAILURE SPLIT
FRACTIONS:

5.6E-2RM7 =

s
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,

2 5.5.5 Tree 5 - RCS Fill

The de'scription and quantification of split fractions is Tree 5

are as follows.
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5.'5'5-(1) Top Event TL'.

.,,

.

[ -- SUCCES S : The temporary level.transmittcr is~ verified to be
"

operable and operating.

FAILURE: ~The~_ temporary level transmitter is not aligned for oper-
ation;and operator does not detect error:during cross
calibration with LI 9405 or the indicator fails during
the RCS fill. -Failure caused guaranteed overpressure
due to overfill. Overpressurization is 1< severe
due to volume of air entrapped in the ste . generator
U tubes. -j<

i

- HUMAN ERROR: See Above.

OPTLL 1.3E-2 ;=

X.y ;-

HARDWARE: None.

DEPENDENCIES: None.

!

FAILURE SPLIT |

. FRACTIONS: ,

i

1.3E-2TL1 =

.

1

-

.
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5,5.5 (2) Top Event CT s

e

SUCCESS: The RHR suction valves for both trains continue to
be open and cross-train depowered (i.e., for Train A
suction path, the B valve is depowered, etc.).

FAILURE: The RER suction valves are opened but the motor starters
are not depowered for both of the cross-train valves.

HUMAN ERROR: Operator fails to ensure that the cross-train align-
me nt is in effect. (See Section 6.3).

;

HARDWARE: None. -

DEPENDENCIES: None.

FAILURE SPLIT
-FRACTIONS:

7.4E-3CT2 =

.

-
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5.5.5 (3)-- Top Event LM

~ SUCCESS: . Operator maintains pressurizer level at 45' ft for
the mission time.

'
FAILURE: Pressurizer -level is increased to the water solid

condition,-causing overpressure event with RHR relief
,

valve challenge.
A

HUMAN ERROR: Operator fails to stop excess charging at pressurizer
level = 45', given his indicator is operable (i.~e. , .

top event TL is successful). (See Section 6.3).

OPS g 2.2E-3 ,

=L
1

OP6L3 3.4E-3=

> HARDWARE: Hardware f ailures are judged to be negligible because
,

'
charging is at high rate already. Operator action is
to shut off pump if. flow control valve fails open.

'E5| Case B' (drained maintenance, Tg 101 hr).DEPENDENCIES: LM5 ' - =

OP5 g=
t

'E5| Casec (refueling,Tg 193 hr).LM6 ==

OP6L3
=

-

'*FAILURE SFLIT
FRACTIONS:

LMS = 2.2E-3

3.4E-3LM6 =

,
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5.5.51(4) Top' Event CC

. . ,

SUCCESS: _ Opera'. ors cross-calibrate L1-462 to the tygon
~

leve' indicator.

FAILURE: LI-462 is'not calibrated correctly.

HUMAN ERROR: Operator does not cross calibrate LI-462. (See,

Section 6.3).

OPI CC 2.9E-2=

HARDWARE: Hardware failure is assumed to be negligible. Oper-
ator will restore LI-462 if inoperable.

-

. . .

DEPENDENCIES: None.

FAILURE SPLIT.
FRACTIONS:

2.9E-2CCI =

.

E

1

'
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,

! 5.5.5 (5) Top Event .T

SUCCESSt Operators restore LTOP circuitry to. service by re-
,

ir. storing wide cance pressure transmitters PT-403 or j
; 405 to service prior to going solid.

'

,

| PAILURE: Operators f ail to restore PT-403 and PT-405 to
'

service or both pressure transmitters have failed
and operator fails to detect failures or both pts
fail after being restored to service.

i
i

HUHAN ERROR: Techn'cians do not unisolate wide range pressure
transmitter- and operator fails to deteer this con-
dition - i.e., pressure transmitters failed (see -.

Section 6.3).

OP4LT OP5LT 4.7E-3= =

HARDWARE: See Sections 7.5. 5 and D.1.5.

PT-403 and PT-405 fail aft 2r being restored. The
hardware f ailure frequency is the f requency of both
transmitters failing independently plus frequency of

s

common cause failure. '

(PT + PP + bS)A (PT + PP-+ nS)g + PT * BETAHW =

where:

pressure transmitter fails for missionPT =

time Tg

7. 6E-6 * Tg=

pressure programmer fails high for timePP
'=

IM

2. 9 4E- 6 * Tg' =

bistatie fails low for time TgBS =
..

2.21E-6 * Tg "=

BETA -- beta facter common cause failure of pres-
sure transmitters

0.125 (generic value)=
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Thus,

EU\CaseB(Tg 101 hr)HW1 ==

9.7 t ?,-b=

EE| Casec (Tg=193hr)HW2 =

1.89E-4=

E5|CaseB (73 101 hr)DEPEK'ENCIES: LT4 ==

LY| Casec (Tg 193 hr)LT5 ==

The tree explicitly models the dependency between
LT and CC, i.e., LT is guaranteed to fail when CC
failed. This assumes operator failures are per-
fectly coupled because they are on the sane check -

list perf ormed by IC technicians.

Also, top event LT in Tree 5 is assumed to be in-
dependent of top event LT in Tree 1. This is be-
cause the LTOP circuitry is restored to service
during RCS fill and evacuation and its previous
status does not affect the restoration.

n

F AILURE SPLIT
FRACTIONS:

4*8E~3* LT4 OP4LT + H"'I
"=

4.9E-3OP5LT + HW2LT5 ==

_

'

''
.
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5.5.5 (6; Top Event PU

SUCCESS: Operator increases pressure to 325 psig and maintains
level for the mission time. .

!

FAILURE: Charging in excess of letdown at P = 325 pelg causing
,

overpressure with RCS water solid.

HUMAN. ERROR: (1) Operator fails to control cha ging while -

,

increasing RCS pressure. (See Section 6.3).
1

OPpg 3.9E-3
f

=

i

(2) hardware failures cause exce. charging and
i

operator fails to recover before an overpressure ]
event. The hardware failures are assumed to be -

unrecoverable due to the potentially short time
available.

.

HARDNARE: Hardware-induced excess charging can oc r in three
general ways (as discussed in Section L- .8 top event
NC):

(1) inadvertent SI signal which isolates letdown,

(2) CS-PCV-131 f ails closed causing iso'.1 tion of
letdown,

(3) C9-FCV-121 f ails open causing maximum charging,
and

;

-These hardware failures are. quantified as follows:

(1) ISI' = F ggy * NR = - 1.0E-3

wher=:
[

F st = frequency of inadvertee.: 51 signalsi

1.0E-3=

1.0 (no recovery sesumed)NR *=

.

|
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t

(2) CS-PCV-131 failing closed causing isolation of let-
down:

i

PT * Tg * NR133V131 =

where

frequency of pressure transmitterPT =

failure to operate

7.6E-6/hr (Z1TRPR in Table 9-1)=

mission timeTg =

101 hr for Case B=
,

193 hr for Case C=

1.0 (no recovery assumed)NR =

Thus,

101 hr)V131\CaseB(T3V131(1) ==

7.68E-4=

V131\ Casec (Tg 193 hr)V131(2) =6

1.47E-3=

(3) CS-FCV-121 tailing open causing maximun charging:

(A0T + FT) * Tg * RECV121 =

where:

frequency of air operated valve trans-A0T =

fer oper.

2.67 E-7/hr (ZIVA0T in Table 9-1)=

frequency of flow transmitter to oper-FT =

ate

6.25 E-6/hr (ZITRFR in Table 9-1)-

101 hr for Case BTg =

193 hr for Case C=

1.0 (no recovery assumed)NR =

5-93

_



r

i

V121|CaseB 6.59E-4V121(1) ==

V121| Casec = -1.26E-3V121(2) =

DEPENDENCIESt PU1. = Pd|CaseB

Pd| CasecPU2 =

FAILURE SPLIT
FRACTIONS:

6.3E-3OPpg + IN1PUI ==

7.6E-3OPpg + IN2-PU2 ==

.

O

O
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$.$.$ (7) Top Event SA

SUCCESS: RHR suction flow is maintained in the operating RHR pump.

TAILURE: RHR suction flow is lost via valve closure or vortexing
at the RHR suction nozzles.

. HUHt.N ERROR: None.

HARDh'ARE: See Sections 7.5.5 and 5.$.l(().

U|LT * Case B (Tg 101 hr)=
DEPENDENCIES SAA =

E |3 * Case B (Tg 101 hr)SAB ==

193 hr)S A|LT * Case C (TgSAC ==

193 hr)E |U * Case C (TgSAD ==

,

FAILUPE SPLIT
FRACTIONS:

2.7E-4SAA =

1.0E-3SAB =

:

5.0E-4SAC =

2.0E-3SAD =

.

>

>

f

%
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!

5.5.5 (8) Top Event RM ;

SUCCESS: Decay heat removal is maintained by the preferred RHR [
train for the mission time.

;

F AILURE: The preferred train of RHR fails to continue to oper-
ste for the mission time,101 hours for drained main-
tenance (Case B) and 193 hours for refueling (Case C). t

HUMAN ERROR: None. ;

HARDWARE: See.RHR systems analysis (Section 7.1).

|

101 hr)DEPENDENCIES - RMS = R5| Case B (drained maintenance, Tg =

193 hr) ;RM9=R5| Casec (refueling,Tg =

FAILURE SPLIT-
_ FRACTIONS : .

3.9E-3RMB =

7.5E-3RM9 =

.

I

'

'
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;

,

3
t

5.5.6. ' Tree 6 - cold startup |

;

The description and quantification of. split f ractions in Tree 6 ;

,

are as follows..
l

k

:
i

a

j'

A

1

i.g

.

e

>

P

,

Y

4

k

F

f

.

*

)
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,

5.5.6 (1) Tsp Event LI

...

SUCCESS: Operator controls inventory during heatup.
.

TAILURE: Operator fails to control inventory su(ficiently to
compensats for volumetric expansion during heatup,
resulting in an overpressurization. This can occur
due to en operator error or a hardware failure and '

failure of the operator to recover.

OPLI + HWLi * NRLI =

HUMAN ERROR: Operator does not increase letdown flow to catch
volumetric expansion. (See Section 6.3).

t '6P|CaseA,B 9.0E-4OPl y = =

.0P2LI 'OP| Casec 2.3E-3= =

HARDWARE: Hardware-induced excess charging can occur in three
general ways, as described in Top Event NC (Section D.1):

,

(1) inadvertent SI signal which isolates letdown and
causes charging flow f rom one pump (ISI),

(2) CS-PCV-131 failing closed causing isolation of
letdown (V131),

>

(3) CS-FCV-121 f ailing open causing maximum charging
flow (V121), and

in Tree 6 the pressurizer is maintained with a bubble.
Thus, the non-recovery fractions used in Tree 1 in Top
Event NC t'or Case A are applied for all cases.

HWitt HW|CaseA,B(Tg=24hr)-

IS1(1) + V131(1)24 + V121(1)24=

3.2E-4 + 2.0E-5 + 3.8E-5=

3.8E-4=

5-98
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'
' }N2t1 Case C (Tg = 72 hr)=

IS1(1) + V131(1)72 + V12''.1)7;=

3.2E-4 + b.0E-5 + 1.1E-4=

4.9E-4=

.

U ] Case A,BDEPENDENCIES: LIl =

UjcaseCLI2 =

! FAILUP.E SPLIT
FRACTIONS:

_

vP1LT + INILI 1.3E-3LII ==

2.8E-3OP2t1 + IN2LTL12 ==
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5.5.6 (2) Top Event y

SUCCESS: At least one overpressure protection channel is available.
!

!

FAILURE: Both overpressure protection channels are inoperable. )

!

HUMAN ERROR: None
i

HARDWARE: See Sections 7.5.5 and 5.5.1(5).
1

Pressure transmitters PT-403 and PT-405 or the asso- . '

ciated pressure programmer or bistable fail to operate l

during the mission time. The hardware unavailability is i
as.follows: |

1

(PT + PP + BS)A * (PT + PP + BS)B + PT * BETAHW =

wheret

pressure transmitter fails for mission time TgPT =

s

7.6E-6 * T3=

pressure programmer f ails high for time TgPP =
,

2.94E-6 * Tg=

bistable fails low for time T3BS =

2.21E-6 * T3=

beta factor common cause failure of pressureBETA =

transmitters

0.125 (generic value)=
,

Thus,

EE|CaseAorB(Tg=-24hr)HW1 =

2.29E-5=

EE| Casec (Tg=72hr)' ' HW2 =
,

6.92E-5= ,

!
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DEPENDENCIES: LT6, LT7, and LT8 depend quantitatively on LT from
Trees 1 and 5. It is assumed, if LT lails earlier
(in Trees 1 and 5), it is not recovered in Tree 6.
Thus,

U|CaseALT6 =

U (Tree 1) + 3 (Trta 6)=

LT1 + INI=

2.43E-4=

U|CaseBLT7 -

H (Tree 1) + H (Tree 5) + H (Tree 6)=

LT2 + LT4 + IN1-

3.0E-2=

HlCaseCLT8 =

H (Tree 1) + H (Tree 5) + H (Tree 6)=

LT3 + LT5 + IN2-

3.0E-2-

FAILURE SPLIT
FRACTIONS:

2.4E-4LT6 =

3.0E-21 T7 =

3.0E-2LT8 =
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5.5.6 (3) Top Event SA

SUCCESS: Suction flow is maintained in the operating RHR train.

F AILURE: RHR suction flow is lost via valve closure.

'{UMAN ERROR: Nonc.

. HARDWARE: See Sections 7.7.5 and 5.5.1(6i

5|LT Case A,B (Tg 24 hriDEPENDENCIES: SAE ==

E|3 Case A,B (Tg 24 hr)- S AG
==

H|LT Case C (Tg 72 hr)=
S AH =

HjU Case C (Tg 72 hr)SAI ==

~ FAILURE SPLIT '

FRACTIONS:

SAE --= 6.3E-5

2.5E-4SAG =

1.9E-4SAH =

7.3E-4SAI =

:
.

L.
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5.5.6 (4) Top Event RM

~

SUCCESS: Decay heat removal is maintained by the preferred '

RHR train for the mission time. .

FAILURE: The preferred train of RHR fails to continue to oper-
ate for the mission time, 24 hours for non-drained

maintenance (Case A) and 72 hours for drained maia-
tenance on refuelin5 (Cases B or C). ,

. -

HUMAN ERROR: None. ,

HARDWARE: See RHR systems analysis (Section 7.1).

t

E lCase A or B (Tg 24 hr)DEPENDENCIES: RMA o =

E | Case C (Tg 72 hr)} RMB ==

FAILURE SPLIT
FRACTIONE:

9.3E-4RMA =

2.8E-3RMB =

:
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5.5.6 (5) Top Event CT
,

i

SUCCESS: The RHR suction valves for both trains continue to be
open and cross-train depowered.

FAILURE: The RHR suction valves are open but the motor starters-

are not depowered for both of the cross train valves.
,

- HUMAN . Operator fails to ensure that the cross-train alignment
ERROR: is in effect. It is assumed that the operator does not i

'

detect the cross-train. misalignment in tree 6, if CT

comes into tree 6 failed. It is also assumed that, if 1

CT le properly aligned coming into tree 6, it is not !

misaligned in tree 6.

HARDWARE:- None.

DEPENDENCIES: For Case A, c'evnt CT could have failed in tree 1. Thus,
,

CTl == CT|CaseA

C5 (Tree 1)=

1.7E-2=

For Case B-and C, event CT could have failed in tree 1 or
f ailed due -to test / maintenance and not been recovered in |

'

tree $. .Thus,_
l

Cf|CaseB,CCT2 =

|
'= 7.4E-3

.1

FAILURE SPLIT ;

FRACTIONS -

1.7E-2CTI =
,

7.4E-3CT2 =
,

!
!

,
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5.5.6 (6) Top Event IS
,

'

SUCCESSt Operator isolatos RHR from RCS when cold leg temperature
> 3 29'F. .

.

FAILURE RHR is not isolated when RCS cold leg temperature > 329'F.
This f ailure results in an overpressure challenge to RHR
relief valves.

HUMAN ERROR Operator does not follow RHR shutdown procedure and omits
. procedure steps of closing RHR suction isolation valves
before racking out breakers. (See Section 6.0).

,

i
3.1E-3OP g =

HARDWARE: None.

' DEPENDENCIES: None.

FAILURE SPLIT
FRACTIONS:

,

3.1E-3ISI =

1

~

k
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5.6 Uncertainty Analysis
i

"

The uncertainty in the f equency of core damage was calculated

by first estimating the uncertainties in the basic model parameters and

then propagating the parameter uncertainties through a simplified model

based on the dominate sequences. The distributions resulting f rom the

uncertainty analys.is are given in Table 5-14 for the total core damage -

frequency as well as core damage for various plant damage states. The

parameter uncertainties were p'opagated through the dominant core damage

sequences (determined f rom the point estimate model) using the STADIC4

computer code (Reference 23). The STADIC4 code combines all parameter

uncertainties using a lionte Carlo simulation. The sources of uncertainty

included are:

estimated frequencies and durations of outages,-

time spent in execution of individual shutdown pro--

cedures and in various plant configurations.

time of accident initiation, as measured f rom time at-

100% power,

frequency of initiating events (e.g., hardware failure-

of RHR pump, fire in the PAB), and

- failure fr6quency of operator acticas and equipment in
response to initiating events.

In general, uncertainties in these parameters were represented by log-

normal distributions or discreet distributions as documented in Sec-
.

tions 6 (human), 7 (systems), 8 (external events), 9 (f requency/dur-

ation data),10.1.7 (source terms) and Appendix F.3 (input distribu-

tions).. The mean values of these distributions were used in the point-

estimate calculation described in Sections 5.1 through 5.5. Thus, the

point-estimate value for core melt and the mean value from the STADIC4

model are expected to, and do in ;act, closely agree.
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Figure 5-1 illustrates the model used to assess uncertainty

in core damage frequency.

To assess the overall uncertainty in core damage frequency,

the list of dominant core damage sequences from the point-estimate

model was used to identify the sequences which represented a cumu-

lative total of 90% of the complete core damsge frequency. For each

of these sequences, a model was conttructed incorporati. sources

of uncertainty as shown in Figure 5-1. Each of these sequence models

was then quantified a large number of tices (> 10,000) using the STADIC4

Honte Carlo sampling to create uncertainty distributions for the f requency

of the individual core damage sequences and for the total core damage

frequency. The FORTRAN "S AMPLE" subroutine code used to construct models

for each core damage sequence is provided in Appendix F. The model'a for

individual core damage sequences are shown in Code Block 7 in Appendix

F.1.

The treatment of uncertainties shown in Box 1 and Box 2 of

Figurc 5-1, used to identify uncertainties in the timing of accident

initiation, is discussed in detail in Section 10.1.7. This source of

uncertainty is particularly important for shutdown events (as compared

to power operation events) becauce it af fects the time available far the

operator to diagnose plant conditions and initiate appropriate actions.

Section 5.6.1 describes the application of the uncertainty in accident

initiation time to the analysis of uncertainty in the key operator actions

which model operator failure to diagnose plan *, conditions and initiate

appropriate action (Box 3).

The modeling of uncertainties in system failure frequencies.

(Box 4) is generally based on propagating component f ailure rate uncer-
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1

I
1

tainties and m..ntenance time uncertainties and in some cases operator

f ailure rate uncertainties (e.g. , starting a , RHR pump) through the

systcu logic models-developed in_Section 7 (see Appendix T, Code

Block 6). Application of these results to the development of uncer- ,

tainties in procedural and non-procedural (support system failures. |

internal or external hazards causing loss of RRR) initiating event fre-

quencies (Boxes 5 and 6) is discusses in Section 5.6.2.
I

Electric power recovery is also dependent on the time available 1

i

after a station blackout until core damage. The effect of the uncer- |
,

ltainty in time available for of f site power or diesel generator recovery

(Box 7) is modeled in STADIC4 as discussed in Section 5.6.3. The quan-'

titative ef fcet of the uncertainty- analysis on the electric power system

'f ailure f requency is included in the point-estimate values in a sequence-

by sequence analysis of recovery (see Section 2.5).

5.6s1 Uncertainty in Time for Operator Actions (OR, OL)

The event tree top events used to rodel operator action to
,

diagnose plant conditions and initiate appropriate actions are event j
3

i

OR in the transient tree and event OL in the LOCA tree. The failure |

. frequencies for these operator actions (see Section 6,2) were quan-

tified based on a human reliability model adapted from the Handboqk of

Human Reliability Analysis (Reference 17). Figure 12-4 of the Handbook )

relates " time available for operator action af ter a compelling signal"

to " probability of failure to diagnose" within that time. |

To quantify the " probability of failure to diagnose" it was ,

_

therefore necessary te_ develop a model for the time availab13 for

operator action. This time is dependent on when the accident was

initiated (as measured from 100% power) and the RCS configuration j

5-108
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|

|

(filled or drained to the vessel flange or hot leg) at the time of

the accident. Section 10.1.7 describes in detail the model used to
l

assess time of accident initiation. As described in Section 10.1.7,

a unique uncertainty distribution is developed for the tioe of accident

initiation (Box 1. Tigure 5-1), given initiation of su accident during

execution of a particular procedure during a particular outage type.

Thus, for an event occurring in any procedure event tree (A1, A6, Bl...),

a distribution of the timing of that event (measured from time at 100%

power) is generated. FORTRAN coding 'or development of these distributions

is shown in Appendix F Section F.3, Code Block 1.

Following initiation of an event in a particular procedure event

tree, the " time available for operator action" is taken to be the time

from accident initiation to the time of onset of severe core damage

(fuel clad temperatures of 1200'F). This time is modeled by using

empirical thermal-hydraulic formulas to calculate the time to occurrence

of clad temperatures of 1200'F es a f unction or the time of accident

initiation, and as a function of the RCS configuration at the time of

accident initiation. Thermai-hytraulic modeling uncertainties are also

included in this calculation. Un'ng STADIC4 Monte Carlo sampling, an

uncertainty distribution is then .reated for the " time available for

operator action", given the occurrence of an accident in any procedure

event tree. FORTRAN coding for the empirical thermal-hydraulic models

is shown in the functions at the end of Appendix F. Sections F.1 and F.2.

In developing uncertainty models for core damage aequences,

which include failure of event tree top events OR or OL. it was necessary

to determine from which procedure event tree or trees the sequence was

initiated and the fractional contribution from each procedure tree if

5-109
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Anitiation ;.: more than one tree was possible. For procedure initiated

events this information was provided from HAXIHA6 output- For non-

procedure initiated events, it was assumed that the fractional occurrences

of the event in any procedure tree ( A1, A6, B1, etc.) was equat tc the

fractional time spent in the tree. For each procedure tree in which

the sequence could. be initiated, the time available for the operator was

then determined (as describet above) and the " probability of operator

f ailure to diagnose" was calculated using Figure 12-4 c Reference 17.
*

Uncertainty in the values provided in Figure 12-4 was also modeled by j

assuming that the actual " probability of operator f ailure to diagnose"

was uniformly distributed between the lower and upper bound curves

shown in the figure. FORTkAN coding for the calculation of OR and OL r

,

values is shown in Appendix F, Section F.1, Code Block 5.

5.6.2 Uncertainties in Initiating Event Frequencies

Uncertainties in the frequency of non procedural initiating

events were assessed- by propagating component f ailure rate uncer-

tainties through the logic models used to develop initiating event

'

frequencies. FORTRAN coding for development of non-procedure ini-
,

tiating event frequency distributions is shown in Appendix F Code

Block 3. For seismic initiating events frequencies, output from the

computer program SEIS4 was used to provide an uncertainty distribution.

The development of uncertainties in the f requency of procedure-

initiated' events required consideration of uncertainties shown in

Boxes 1 and 4 of Figure 5-1. For each- procedure-initiated event

occurring in the list of dominant core damage sequences considered in

assessing total core damage f requency uncertainty, the following method

,was applied to assess uncertainty in the initiating event frequency.i
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First, the individual procedure event tree sequences contrib-

uting to the procedure-initiated event were identified from the MAXIHA6

procedure tree output. Second, uncertainty distributions were developed

for each of the top events appearing in these prc:edure event tree se-

quences. In general, these events were component-related failures, for

which pre-existing component f ailure rate uncertainties were used, or

simple operator actions for which lognoraal distributions were assumed.

Third, for procedure-initiated events which were dependent on the length:

of time spent in e particular procedure event tree, ths uncertainties

in outage f requency and procedure tree duration (Box 1 in Figure 5-1)

were incorporated in the creation of the initiating event frequency

uncertainty distribution. FORTRAN coding for development of procedure-

initiated event frequency distributione is shown in Appendix F. Section

F.1, Code Block 4.

5.6.3 Uncertainty in Time for Electric Power Recovery (EPR)

The time available .'or recovery of electric power, given a

station blackout (loss of offsite power and failure of both diesels)

's also a function of 1.he time available until core uncovery and

cladding failure. The uncertainty in time available was modeled as

in the operator actions OR and OL to account for the uncertainty in

time after shutdown and RCS configuration.

The probabilities of non-recovery of of fsite power and of

diesel generators, as they vary with time, are taken from Section

10.4 of the SSFSA (Reference 1). The STADIC4 computer model calcu-

lates the conditional probability of failure of the onsite power

system (diesel generators) and no recovery of onsite or of fsite

electric power during the first 24 hours after loss of offsite power

5-111
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initiating event. (PLG-0507 Reference 20).

The model censiders the impact of station electric batteries,

the RCS configuration (filled with secondary cooling, drained to the

top of the flange, and drained to the hot leg midplane), and the re-

coverability of offsite power and are or both diesels. The time to
P

core uncovery is the time to boil dry the steam generators (for the-

W configuration) and heatup and boil the RCS inventory above the top

of the core.

The quantification of electric power recovery model is sum-

marized in Table- 7-7 (Section 7.2.4). Electric power recovery was

applied to the point estimate model on a sequence-by-sequence basis,

as described in Section 2.

,

s

9

/

-

d -
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TABLE 5-1 Sheet 1 of 2

CORE DAMAGE POINT ESTIMATE RESULTS -
INITIATING EVENT CONTRIBUTION TO PLANT DAMAGE STATES
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TABLE 5-1 Sheet 2 ef 2
'

CORE DAMAGE POINT ESTIMATE RESULTS -
INITIATING EVENT CONTRIBUTION TO PLANT DAMAGE STATES

tlD !!! !!E !!D 12F !!N llD tif glE ??fla

sit 0 081 10 4.101 00 6 Citell 4.lltell 9.litelt 4.001 88 6.$lt.01 1.111 15 2 lit.it 9.161 51
til 8,lt!*t0 0.ft!*tt 1.401 00 1.45!.4? 6.llt.00 6.171 89 f.ll!.il ! 2:1.C9 1. tit.tl It!.C'

vil 0.181 00 0.081 88 0 001 00 3.14!.13 1.441 14 1.351 14 1.64!.13 1.151 14 2.441 1% 1.62!.11
WiC 0.0!telt i titell C.091 48 0.00!*l6 8.!!!.14 1.361 15 0.011 8% !.l!!.13 8.588 15 3.121 13
Win 0.001 49 0.011 04 0 891 20 9.ftt.80 0 111 09 0.161 98 3 311 01 5.5$t.10 1.101 19 3 411 01
L3 1.005 00 6 titelt I titell e Ottell * t31.Cl 1.45t.ll 0.0l!*l0 1.881 11 4.94t.12 3 lit.it.

il 5.481 04 2 461 40 2.90!.18 4 00!.04 0.981 60 0.081 89 9 001 50 9.481 00 0.00!.00 $.ll!.6l

14 4,ilt.Cl 8.80tell C.Itteit 6.561.t6 2.661 16 1.5 !.11 0 ittelt 8 tt!.01 I litell i tit t!

TOTAL 5.411 01 2 (!!.06 1.40!.10 3.11!.85 1.511 44 4 361 01 4.421 06 1.45!.91 1.lt!.lt 4 40!.01
_
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TABLE 5-2

INITIATING E*/ENT IMPACTS ON_EUPPORT TREE ,SYSTFMS

_ _ _ .

'

Initiating Support Systems Possible
GB WA WB PA PB Support StatesEvent (a) GA !

0 FA FB FAB1. LOSP1

2. LPCCA n n F , FA FAB

3. LSWA n n F * FA FAB

n n F F FAB4. LPr{

5. LOSW n n F F * * FAB

6. FLSW F F * * FAB

0 FA FB FAB7. TCTL
i

8. FSCA n n_ F * FA FAB

9. FCRAC F F * * * * FAB >

10. FETC n n F F FA FAB

* FB FAB11. FETB n n F

I

12. FPCC n n F FAB"

13.- FTBLP O FA FB FAB

14. FPAB n n F F * * FAB

0 FA~ FB FAB15.- FLRHR n n

16 .- FLISC F * * FA FAB

All Procedure-
0 FA FB FAB-17. Initiated Events n n

F L= System train f ails as direct impact of initiating event

System train fails due to failure of' supporting system* =

System not asked since no LOSP occurs f rom initiating eventn =

(a) = The initiating event impact on support systems shoi.. on this table
is .not dependent on the RCS condition (X or W). Quantification of

~

support systems shown on Table 5-2 does depend on RCS Condition be-
cause Technical Specifications require two trains of RHR (and, thus,
support systemal if the RCS is drained (i.e. , RCS Condition X).
Planned meintenance can occur only when the RCS is full (i.e., RCS
condition W).

. .. -
-

_ -. __ - .. _ . _ . --
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TABLE 5-3s

| SPLIT FRACTIONS USED TO QUANTITY SUPPORT SYSTEM TREE AND
l _ PLANT RESPONSE TREES (CIVEN RCS CONDITION X - DRAINED)

Support System Tree Simplified Transient
-

*

Top Events Possible Tree Top Events

Initiating Support
Event GA , j GB | WA I WB ~l P A | PB States OR | RR I LC | EH I SP

1.
LOSP(X) GA2 GBC WA4 WBH PA4 PB4 FO ORS RR6X LCl EH4 SP2

PB1 if PI FA OR2 RR7X LC2 EH4 SP2

PB4 If WA or GA
WBI if WA FB ORS RR8 LC3 EH4 SP2

WB4 if UI
j[.BD if GI FAB ORS RRF LC4 EH4 SP2

_

2.
LPCCAF (b) (b) WA2 WBC PAF PB2 FA OR2 RR7X LC2 EH2 SP2 -

WBD if EI FAB ORS RRF LC4 EH2 SP2

3.
LSWA(X) (b) (b) UAF WB2 (c) PB2 FA OR2 RR7X LC2 EH2 SP2

FAB ORS RRF LC4 EH2 SP2

4.
LPCC(X) (b) (b) WA2 WBC PAF PBF FAB OR5 RRF LC4 EH2 SP2

WBD if UI
5.
LOSW(X) (b) (b) WAF WBF (c) (c) FAB ORS RRF LC4 EH2 SP2

6.
FLSW(X) (c) (c) WAF WBF (c) (c) FAB ORS RRF LC4 EH4 SP2

7.
TCTL(X) GA2 GBC VA4 WBH PAC PBH FO ORS RR6X LCl EH4 SP2

FA OR2 RR7X LC2 EH4 SP2
~

PB1 if[I __

PB4 if WA or GA
WBI if WA FB ORS RR8 LC3 EH4 SP2

WB4 if GI
GBD if GA FAB ORS RRF LC4 EH4 SP2

8.
FSGA(X) (b) (b) WAF WB2 (c) PB2 FA OR2 RR7X LC2 EH2 SP2

FAB ORS RRF LC4 EH2 SP2

9.
FCRAC(X) GAF GBF (d) (d) (d) (d) FAB ORF (e) (e) EH4 SP2

10.
FETG(X) (b) (b) WAF WB2 PAf PB2 FA OR5 RRF LC2 EH2 SP2

FAB ORS RRF LC4 EH2 SP2

- - - - - - -____ _ _-_ _ - ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _



. . _ _ ,

Sheet 2 of 3
TABLE 5-3a

SPLIT FRACTIONS USED TO QUANTIFY SUPPORT SYSTEM TREC AND
PLANT RESPONSE TREES (CIVEN RCS CONDITION X - DRAINED)

~~

Support System Tree Simplified. Transient

. .

Top Events Possible. Tree Top Events--,

-Initiating Support
_

Event GA i GB | WA | WB l PA I PB States OR I KR | LC | EH | SP
1 1. -

FETB(X) (b) (b) WA2 WBF PA2 (c) FB OR4 RRF LC3 EH2 SP2

FAB OR5 RRF LC4 EH2 SP2

-- - -

FPCC(X) (b). (b) WA2 WBC PAF PBF FAB OR5 <hRF LC4 EH2 SP2

WBD if UI
~~"

13,

FTBLP(X) GA2 GBC WA4 WBH PA4 PBH FO ORS RR6X LCl EH4 SP2

FBI ifII 'FA OR2 RR7X LC2 EH4 SP2

PB4 if WA or GA
WBI if55 FB

WB4 |if GI
.
ORS RR8 LC3 EH4 SP2

GBD if GI FAB OR5 RRF LC4 EH4 SP2

14.
|FPaB(X) (b) (b) WAF WBF (c) (c) FAB ORS RRF LC4 EH2 SP2

15.
FLRBR(X) (b) (b) WA2- WBC PA2 PBC FO OR5 RRF LCl EH2 SP2

PBD i f PI - FA ORS RRF LC2 EH2 SP2

PB2 if UI
WBD if EI FB OR5 RRF LC3 EH2 SP2

FAB ORS RRF LC4 EH2 SP2

'

i 16.
FLISG(X). GAF 'GB2 (d) WB4 (d) PB4 FA OR2 RR7X LC2 EH4 SP2

FAB OR5 RRF LC4 EH4 SP2

17.
X3N , :X4N ,-. (b) (t) WA2- WBC PA2 PBC . F0

~X5N, X6N
PBD if Y~d FA (See Table 5-4a)
PB2ifji'
WBD if WA FB

FAB

:

-

L

. _ _ _ . _ _ _ _ _ _ _ _ _
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Sheet 3 of 3
TABLE 5-3a3

t

SPLIT FRACTIONS USED TO QUANTIFY SUPPORT SYSTEM TREE AND
PLANT RESPONSE TREES (GIVEN RCS CONDITION X - DRAINED)

-n ~

(a) OR failure guarantees failure of RR and LC - top events not asked.

top events not asked.-(b) Offsite power assumed available' -

(c)' Service Water f ailure guarantees PCC f ailure or Diesel Generator f ailure
with LOSP - top events not as'.ad.

(d) Loss of offsite power and emergency diesel guarantees failure of Service
Water and PCC - top events not asked.

__

mist

'E4'I _ _ . _ . _ _ _ . _ _ _ _ _
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. TABLE $-3b |

SPLITLFRACTIONS USED TO. QUANTIFY SUPPORT SYSTEM TREE AND
PLANT RESPONSE TREES (GIVEN RCS CONDITION W - FILLED)

Support System Tree Simplified Transient

Top Events Possible Tree Top Events
Initiating . Support

Event GA } GB | WA -l WB I PA- | PB Stries OR | RR I LC | EH I SP
'

1,--

LOSP(W) ! gal- GBA WA3 WBE PA3 ~PBE FO ORS RR6W LCS EH6 SPl

PBG~ - if II FA ORI RR7W. LC6 EH6 SP1

PB3 if WA or GA
WBG if 55 FB ORS RR8 LC7 EH6 SP1

WB3 .if GA
GBB if GI FAB ORI RRF LC8 EH6 SP1

'
'2.

LPCCA(W) (b) (b) WAl 'WBA PAF PB1 FA ORI RR7W LC6 EH7 'SP1

WBB if UA FAB ORI RRF LC8 EH7 SPl

3.
ELSWA(W) (b) (b) WAT WB1 (c) -PB1 FA OR) RR7W LC6 EH7 SP1

FAB ORI RRF LC8 EH7 SP1

4.
LPCC(W) (b) (b) WAl| WBA PAF PBF. FAB. ORl RRF LC8 EH7 SP1

.

WBB if W5
.5.

'LOSW(W) (b) (b) WAF WBF (c) (c) FAB- ORI RRF LC8 EH7 SP1
_

6.
.FLSW(W) (c) _(c). WAF WBF (c) (c) FAB ORI RRF LC8 EH6 SPl

-- 7 . -

TCTL(W)' . gal GBA. WA3 WBE PA3 PBE F0 ORS RR6W LC5 EH6 SPl '

PBGffif}} FA ORI RR7W LC6 EH6 SPl
PB3. if WA or GA__,
WBG if WA FB ORS RRB LC7 EH6 SP1

|WB3 if y
GBB if GA FAB OR1 RRF LC8 EH6 SPl

8.
FSGA(W) (b) (b) WAF WB l ' (c) PB1 FA ORI RR7W. LC6 EH7 SP1 |

FAB OR5 RRF LC8 ~EH7 SP1

9.
- FCRAC(W) - GAF .GBF. (d) (d) (d) (d FAB ORF (a) (a). EH4 SP1

= 10.

FETG(W) -(b) (b) WAF WB1 PAF PB1 FA ORl RRF LC6 EH7 SP1

i FAB ORI RRF LC8 EH7 SP1

|

|

.

L

. _ .
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TABLE 5-3b

SPLIT FRACTIONS USED TO QUANTIFY SUPPORT SYSTEM TREE AND
PLANT RESPONSE TREES (GIVEN RCS CONDITION W - FILLED)

Support System Tree Simplified Transient

Top Events Possible Tree Top Events

Initiating Support
Event GA | GB \ WA | WB | PA \ PB States OR \ RR | LC | EH l S P _ __

11.
FETB(W) (b) (b) WAl WBF pal (c) FB ORI RRF LC7 EH7 SP1

FAB ORl RRF LC8 EH7 SP1

12.
FPCC(W) (b) (b) WAl WBA PAF PBF FAB ORI RRF LC8 EH7 SP1

WBB if WI

13.
I FTBLP(W) gal GBA WA3 WBE PA3 PBE FO ORS RR6w LC5 EH6 SP1

PBG ifI5 __
FA ORI RR7W LC6 EH6 SP1

PB3 if WA or GA
a WBC if WA FB ORS RR8 LC7 EH6 SPl

WB3 ifjI
GBB if GA FAB JR1 RRF LC8 EH6 SPl

14.
FPAB(W) (b) (b) WAF WBF (c) (c) FAB ORI RRF LC8 EH7 SP1

15.
FLRHR(W) (b) (b) WAl VBA pal PBA FO ORI RRF LC5 EH7 SPl

PBB if PI FA ORI RRF LC6 E!!7 SP1

PB1 if UI
WBB if IUi FB ORI RRF LC7 EH7 SP1

FAB ORl RRF LC8 EH7 SP1

__

16.
FLISGsW) GAF GB1 (d) WB3 (d) PB3 FA ORI RR7W LC6 EH6 SP1

FAB ORI RRF LC8 EH6 SP1

17.
WlA, (b) (b) WAl WBA pal PBA FO

W3A/B/C/N, Transients:

.WS A/B.C/N, PBS if PA__ FA (See Table 5-4b),

- W6A/B/C/N, PB1 if UI LOCAs:

Y3N, 15N, UBB if Y5 FB (See Table 5-5)
L1,LP,L3,
L5,L6,LS FAB

1 .
- - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE 5-3b

SPLIT FRACTIONS USEDLTO QUANTIFY SUPPORT SYSTEM TREE AND
PLANT RESPONSE TREES (GIVEN RCS CONDITION X - DRAINED)-,

top events not asked.(o) joR failure guarantees failure of RR and LC' -
-

-(b)| Offsite power assu'med available= = top events not asked.

(c) . Service Water failure gueranteesLPCC failure or Diesel Generator failure
top events not asked.- with-LOSP -

1(d) Loss of offsite powe'r and emergency diesel guarantees failure of Service
top events not asked.Water and PCC -

i:

i

..

l'

I

t

a
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LTABLE'$-4- Shoot. 1 of:;4

-.
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.

- LSPLIT FRACTIONS USED TO QUANU,FY -TRANSIENT IREE'

.

FOR-PROCEDURE-INITIATED EVENTSg
e

PROCEDEtt' : APPLIC18Lt - Pullllkt ' ftANil!NT fitt TOP EVEN?!
'

c!Nif!AftD' ;Ayt fl!!H 1777017---

Ef TNT. 17N 'ITAY!$ - FC . F0 - OC = $1 ft 01.It LC-IX SP Contfl0NAL $7117 FIACfl0XI'
........... ......... ........ ... ... ... ... ... ... ... ... ... ... .....................................

Ill ' II. "3- 'FCF V01 OCl $15 TF1 015 All 105 III SPI
-

-

. F A -- _ FCF V010C1 lAl ff! Ott !!1 LC6 III $P1 t

,~ FI- PCF 701 OCl 115 ff! Ott Ill LC7 III $P1 L

FAI PCF 701 OCl IAl ff! Ott IIF LC8 EXl 171

i
,

53A L14 6 :_ -PCT V01.0Cl SAF TF2 Oil Ill &C5 eel 171 til 1 TF
,

; FA PCF V01 CCl IAF 772 011 It's 1C6 1A1 171

FI - .FCF V01 OCl lAF 772 Cil Ill LCf ERl SP1 IIF I ff. 1

'

- TAI PCF TCl DCI SAF 772 Oil IIF LCl 131 571 -

_

.N38 - II: .8. FCF T02 OCl SAF 772 O!! til ICS eel- 571 - It" i TF

FA PCF V02 OCl SAF f?2 O!! !!3 1C4 EMI $71-

LFn FCF V82 OCl SAF ff! Ott lli LCf IEl 871 IIT I 3 r

FAl ' 'FCT fil 0CI'IAF ??2 Oti-IIT LCl 131 SP1--

4

'v3Co
'

il 4 FCF YOF OC1 SAF 772 081 Ill LCS ERI SPl- I!3 I ff
<

r-

FA - FCF 10F OCl $1T ??1 011 lit LC6 thi 571

'FI FCF V0F QCI SAF ff! Ott lll LCf eel Irl IIT I h
.

FAI FCF 70F OCl SAF TF1 Ott Ilf LCl eel 171

'
,

'
5

, * *
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TABLE 5-4 Shut 2~of 4

SPLIT FRACTIONS USED TO QUANTITY TRANSIENT TREE
FOR PROCEDURE-INITIATED EVENTS

:

-FIOCIDVII APPLICAILI F0$$lik! ft1 Nil!XT ftII TOP ITIlif5
!N!filf!D AVI. ft!! ICPP0tf

* ? tlif in !?!?!$ - FC TO OC 11 TP 01 !! LC II SP C0 0lfl0Nik $?tif illtfl0NS.

......... ......... ........ ... ... ... ... ... ... ... ... ... ... .............. .....................

I!N ll 0 PCs T0F 001 SAT 7F1 DIl Ill LCl Ill 171 113 1 U

FA PCI T01 OCl 11F TPI 011 113 LCl III $PI

FR FCS TOF Oct llF ?F1 Oil Ill LC7 IXl SPI IIF?h
.

TAI PCl T0F 0C1 11F TF1 Cll IIT LCl III SF1

13N 19 C PCS TOF OC1 !!F ?PI Cl3 IIA LC1 IE! 1F2 012 1 ?? Ill 77

FA PCI TOF OCl !!T ?F1 013 114 LC2 132 SP: Ct! I h

TB FCS TOF CCI IIT ?F1 013 Ill LC3 II2 SP2 014 1 TP ttF : ??

TAI FCl T0F OCl 111 TPI Otl It? LC4 II2 173

T3M 11 8 FCS TOF 0C1 SAF ff! 011 til LCl II3 !PI 113 : h

TA PCI T07 OCl !!F f71 011 113 LCt !!! IFl

FB PCS TOT OCl llT ?Pt Cll til LCl II3 SFl IIF 1 U

FAI PCS TOF OCl SAF fF1 011 !!T LCl IH1 571

14N 19 i FCI YOF OCl $1F TF1013 Ill LCl II2 SP2 Ctt I TP IIF 1 ?P

FA PCS V0F OCl !!T TF1014 IIT LC2 II2 SP2

FI FCl 10F 0C1 51F ?F1 013 til LC3 IX2 IF2 014 ! ?F IIT I TP

TAI FCS TOT OCl lif TF1015 !!F LC4132 SP3

V3A 18 0 FCT 101 OCl 115 ?f2 011 !!3 LCl III SPI

TA PCF T01 OCl Ill ?P3 011 I!3 LCi III SPI

FB FCT T01 OCl $15 ff? CII IIT LC'l III SP1

FAI FCF TJi 0C1 115 TP2 011 IIF LC; III SPI

.
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TABLE 5-6 Sheet 3 of 4

SPLIT FRACT10NS USED TO QUANTIFY TRANSEENT TREE
FOR PROCEDURE-INITIATED EVENTS

.6

710CfDVII 1PPLIC1111 701513L! ft!NilENT f!!! TCP IftXfl
IKlfilf!D IUI. ftt! $UPP0tt

IVInf IIN- -171718 FC . TO OC 51 ff 01 11 LC II SP CONDifl0X1L $Pktf T11Cfl0NI >

- .......... ......... ........ ... ... ... ... ... ... ... ... ... ... ....................................

W51 18 0 PCT 702 CCI til ?f2 011 til LCS Ill 171
|-

T1 FCF T02 9Cl 515 TPI 011 113 LCl Ill 171

T3 FCT eJ2 OCl lil TP2 011 IIT LC1 Ill $P1

Til PCF T02 0Cl lit 772 Ott IIF LC4 EIl 771

15C ll O PCT TOT UCI til til Cil !!! LCS III 171

T1 PCT 10F OCl til ??2 011 113 LC6 Ell IPI

'

T1 FCT 70F OCl 515 til 071 IIT LC1 EXl IPl

FCI PCT VN OCl Ill ff! 011 IIT LCf ER1 SPI

V5N ll 0 PCI TOT 0C1 115 fil 011 113 LCS Ett 5P1

FA PCl TCT DCI lit til 011 113 LC6 111 SPl

T3 PCI ICT OCl lit f71 011 IIT ktf III SPl
4

Fil PCI 10T Oct !!! fil 011 IIF LCS EMI SPl
-

35K ll O PCS TOT OCl lit TPI 012 114 LC1 III SP2

T1 PCI TOF OCl 515 ff! Ot! 124 LC2 IN! SP2

FI PCI 10T OCl lil !?! O!! Ilf LC3 III SP2

Til PCS TOT OCl til TPI 01511F LC4 EX2 SP2

15N ll 9 FCI VOT OC1 lit 771 011 113 LCl II3 171

T1 PCl YOF OCl lil TPI Oli 113 LCl EH3 5P1

TB PCI VCT OCl lit ff! 011 IIT LCl E11 SPl

FAS PCI V0F OCl 115 ?PI 011 IIF LCl EM3171

- - - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - _ _ _ ._ _
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: ) TABLE 5-4 Shsot 4 of a

SPLIT FRACTIONS USED TO QUANTIFY TRANSIENT TREE
FOR PROCEDURE-INITIATED EVENTS

_

PIOCEDt'It . APPLICilLE 70$lllLI- ft1NlltN? fit! TOP EVEN?l
Illf!!?D A71, fit! $VPPCtf

Ifthf I'JN If17tl PC V0 DC in ff 01 It LC EX SP C0Clfl0Mit IP!,1f FIAC'!ONS
.......... ......... ......... ... ... ... ... ... ... ... ... ... ... ....................................

Ein 18 i PCF V01 OCl lil ?P2 011 Ilf LCl til IPl

FA PCF T01 OCl til 772 011 IIT LC6 tal ifl

T3 FCF T01 OCl SAS TP2 Ott itF LC1 111 571

FAI FCF 101 OCl ill TP2 Ott IIT LCl IH1 $P1

Vil 11 i PCF V02 OCl til ft2 Ott IIT LCS III SPI

FA PCF T02 0Cl $15 TP2 cil IIF LC6 tHI SPl

(I PCF T02 CCI til TP2 011 IIT LC7 Ill $PI

FAI PCF 102 OCl $15 TP2 Cl1 IIF LCl IXl $PI

VIC 18 i PCF V0F OC1 til TF1 011 It? LCl Ill $PI

FA PCF 70F OCl $15 ?!? Ctl IIF LC6 EXl IP!

F3 PCF V0F CCI 115 YP2 011 ItF LC7 EIl 171

FAI PCF T0F OCl $15 772 011 IIF LC1 IEl $P1

. VEN 15 i PCI TOF OCl SAS 771 O!! It? L** Ill SPl

FA PCI T0F OCl fil TF1 Ott IIF LCl IXl SP1
i

F3 PCI T0F OCl $15 TF1 011 It? LC7 Ill 871

FAI PCI 10F OCl til tPl Ott IIF LCO Ell SPl

IIN 19 0 PCS VCF OCl $15 TPI 014 Ilf 101 E12 SP2

i
FA PCl T0F 0C1 sal fil 014 IIT LC2 152 $P2

l

FI PCl TOF OCl-515 ??! 014 IIT LC3 IX2 SP2

FAI PCl T0F OCl Sal 'PI Oil IIF LC4 IH2 SP2

|

|
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TABLE 5-5

SPLIT FRACTIONS USED TO QUANTIFY LOCA TREE
FOR LOCA INITIATORS

F10CEDVII AFFiltilk! Follllk! LOC 1 flEt TOP Ifttfl
Illt117t3 AVI, ;IEI $VFF0tf

Ef!NT IVN Ifift5 CD 11 NV ?? OL 11 LC El SF CONDifl0X11 SFLif Ft1CflCXI
.......... ......... ........ ... ... ... ... ... ... ... ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lt.lf Il 3 Ogg 333 311 TF1 Okl 113 LC5 El1 173 hetes (ll, (3), (3), (4)

19 F1 CD1 111 MVF 771 011 113 LCl EX5 IF2 Notes (tal, (2), (3), (4)

19 F8 001 111 El f?! OL1 IIF LC7 kIl IF2 Notes (11, (2), LCF : d

il FAI 001 111 E F TF1 011 !!F LCF IR! 172 ?Pl 1 11. OLF t OD, Dif 1 11

kI*II il 0 033 !!! M71 ??! Okt !!3 LC5 EIS $PF Notes (D, (3), (3), ($3

Il 71 003 !!! EF TF1 Okt 113 LCl IES $PF Notes (la). (3), (3), (6)

II - FI CD3 !!! EF TF1 OLI Il3 LCl Ell SPF Notes til, (3), (7)

11 Fil 0D3111 El TF1 Okt IIF LC7 EH5 SFF TPS t II, Okt t 00, OLF : It

Conditissal 5) lit Frattiens

Note (1): Note (1): note (3): yet, (g):

........ . . . . . . . . ........ ........

TPl | 11 E Oki I !! ggF i !! LCA I 11 MV

fil | !! MV OL7 ! CD II LCf ! U Kl

,'],814 Nele (Sh Note (g): 3,g, (73:
,,,

TPB ! 11 RV L(,1 1 11 E LC3 1 It E LC3 1 !! MV

LCF | !! E LCF I 11 E LCF : II Ml

016 5

|

- - - _ - - _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ __
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: TABLE 5-5-

JSPLIT-FRACTIONS USED TO QUANTIFY LOCA. TREE
FOR LOCA-INITIATORS

.

"

*

- FIOCEDUlf APPLIC13tt FelillLt - LOCA fitt 70P Ef!Nfl
Llatf!!?ID 1V1/ tit! 11PP0tf - |-6

ETENT 13- Ififtl : 0D 11 Irl !? 01 11 1C II SP CON?lfl0N11 SPilf Tt1Cfl0NI ,

.......... - ......... ........ ... ... ... ... ... ... ... ... ... ...................................

-

' 131 0 - . ll_ 0 062 Ill Mill ??$ 014_IIF LCF It2 IFF ' hele ill
,s

Il F1' 002 II: E F ftl Okt Ilf LC6 IX2 Iff Note til

' ll - FI 032 112 M7T t?l 014 11F LCf Ill IFF Nste (1)

It' - Fil DD2 !!! ET TFS 064 ItF LCF EX2 frF OLF I 11 CLF : CD
,

b

15(3) I Li(31' ' il -0- - 001 Ill El TPS CLt til LCl II! 172 OLT I 03
,

11. F1. 001 Ill El TFS Ok2 til LC! 182 IF2 '0LT t CD

-18 FI - '0DI Ill El TFS 012115 LC3 EE!'IP2 - OL? I b

la - FAI 001 It! El ffl Ot3 IBF LCF EI! 172 OLT I b
.

e

' '.Nele Ill: Canditsesel Split Fractions for L3(4), seppert States I, F1, Tl

- 01F I 11 LCT i 11

_

.: OkT 03
_.'

i.

'

2

l
4

'

!

|C
e-

..

e

ugy 1 e , , . . - . ~ , ,, a ,- c- - . - - _ ---- --
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TABLE'5-6. SYSTEM QUANTIFICATION~ SUMMARY -
SUPPORT TREE SPLIT-FRACTIONS

~ TOP - -SPLIT | ME AN

~ EVENT' FRACTION DESCRIPTION FREQUENCY

LGE7- LGA14 Train.A Diesel failed given LOSP and RCS Con- 1.4E-1 i.

dition W

GA2- Train A Diesel failed given LOSP-and RCS Con- 1.lE-1
dition X

GAF T. rain A Diesel failed given power to 1.0 '

~ Bus E5 failed- -

I

r JGB GBl . Train B Diesel ~ failed given LOSP(W) 3. lE-1 -

A- GBA ' Train-B Diesel failed given Diesel A 3.0E-1
success and LOSF(W)

GBB~ , Train B Diesel failed given Diesel A 3.31-1
failed;and LOSP(W)

GB2 Train B Diesel failed given LOSP(W) 1.lE-1

GBC Train B Diesel failed given Diesel A 1.0E-1
success and LOSP(X) .

GBD- Train B Diesel failed given Diesel A 1.4E-1
' failed and'LOSP(X)

GBF Train B' Diesel 1 failed given power to 1.0
Bus E6 failed

PA pal Train A PCC failed given RCS filled 1.4E-3
(W,Y)

LPA2 Train- A~ PCC f ailed given RCS drained (X) 1.3E-3
PA3 Train A PCC failed gieen-LOSP with RCS W l.5E-3

~

PA4 Train-A PCC failed given LOSP with RCS X 1.3E-3.

PAF Train A PCC failed given LPCC or LPCCA 1.0
initiators

.I
PB' PB1 Train B PCC failed given RCS fit. led 6.1E-2

(W,Y)
PBA- Train B PCC failed given Train A 6.lE-2

successf u? and RCS filled (W,Y)-
PBB Train-B Pv: failed given Train A failed 7.9E-2

and RCS filled (W,Y)

'PB2 Train B PCC f ailed given RCS drained (X) 1.3E-3
PBC- LTrain:B PCC f ailed given Train A success- 1.3E-3-

' ful and-RCS drained
PBD -Train-B PCC failed given Train A failed 1.7E-3

and RCS drained
PB3 Train B PCC' failed given LOSP(W) 6.lE-2

PBE. Train B.PCC ' ailed given Train A success- 6.lE-2
ful and LOSr,g)

, +



.

TABLE 5-6. SYSTEM QUANTIFICATION SUMMARY -
~

SUPPORT TREE SPLIT ~ FRACTIONS
*

,

STOP. SPLIT ME AN -

EVENT- FRACTION DESCRIPTION TREQUENCY

PBG Train B PCC failed given Tiain A failed 8.7E-2
-

and LOSP(W)
PB4' Train B'PCC failed given LOSP(W) 1.3E-3
PBH cTrain B failed given Train A successful and 1.3E-3

:LOSP(X)
PBI Train B PCC f ailed given Train A f ailed and 1.0E-2

LOSP(X)

PBF Train.B PCC failed given LPCC initiator 1.0

' WA. WAl Train'A Service Water failed given RCS 2.7E-4
' filled (W,Y)

WA2 Train A Service Water failed given RCS 2.5E-4
drained (X)'

WA3. Train A Service Water failed given LOSP with 2.2E-2
RCS-W-

~ WA4' Train A Service Water failed given LOSP with 2.0E-2
RCS X

WAF -Train A Service Water failed given LOSW l.0

or LSWA iniriators

-3
'

l WB1 - Train B SW failed given RCS filled 6.7E-3
WBA Train B SW failed given Train A success 6.7E-3

and RCS filled (W)
WBB1 Train B SW failed given Train A failed 1.0E-2

. and RCS filled (W)
L. 'WB2 Train B SW failed given RCS drained (X) 2.5E-4

WBC- . Train B SW failed given Train A success 2.5E-4
and RCS-drained (X)

WBD Train B SW failed given Irain A failed 2.4E-4
and RCS drained (X)

WB3 Train B-SW failed given LOSP(W) 8.2E-2

WBE Train B SW failed given Train A success 8.lE-2

and LOSP(W)

WBG Train B SW failed given Train A failed 1.5E-1
and LOSP(W).

WB4- Train B SW failed given LOSP(X) 2.0E-2
WBH Train.B SW failed given Train A success and 1.9E-2

LOSP(X)
WBI Train B SW failed given Train A failed and 5.5E-2

LOSP(X)
WBF- Train B SW failed given LOSW l.0



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

Sheet 1 of 4

TABLE 5-7. TRANSIENT TREE SPLI'r FRACTIONS

s

. TOP 2 SPLIT'

EVENT FRACTION DESCRIPTION FREQUENCY
1<

PC j PCF }[ Overpressure A, B, or C 1.0=

N or internal / external event 0.0PCS PC Overpressure =

.,-

VO j V01 [d'ReliefValves 2 or more (A) 3.0E-6=

1 (B) 4.3E-3V02 Vj! Relief Valves =
,'

0 (C) 1.0V0F VO Relief Valves '=

OC' i CCI 3C 2.6E-2

] L _

RHR3 or RHR4 1.0-SA j SAF SA

SAS SA RHR1, RHR2, RHR5, or RHR6 0.0
_

TP | TPl 37 PC 3.7E-4
TP2 TP .PC 1.7E-3

OR | ORI []E RCS Condition W or.Y 1.7E-5
OR2 OR RHR5/ASSA/RCS Drained (X) or 1.7E-4

RHR5/ Support A Failed /RCS Drained (X) 39;
LPCCA, LSWA, FLISG, LOSP, TCTL, FTBLP, FSGA/ Support
'A railed

RHR3/ASSA[TP/RCS Drained (X)
RHR3/ Support A Failed [TP/RCS Drained (X)

OR3~ UR|RHR3/TP/RCSDrained(X)/(ASSAorSingleSupportTrain 1.7E-4
Train Available)

jy; RHR4/TP/RCS Drained (X)/(ASSA or Support Train B
Failed) ,

Of4 IE|RRR6/RCS Drained (X)/( ASSA or Single Support 4.3E-4
Train Available)

or RHR5/RCS Dralned/ Support Train B Failed -

'

or RHR4/TP/RCS Drained / Support Train A Failed
or RHR4/TP/RCS Drained (X)/ASSA or Single Support

,

Train Available
or RHR3/TP/RCS Drained (X)/ Support Train B Failed
o_r FETB/ Support Train B Failedr

OR5 UR|RHRl/RCSDrained(X)/NoSupportTrainsAvailable 1.7E-3
or RHRS/RCS Drained (X)/No Support Trains Avail.
or RHR6/RCS Drained (X)/No Support Trai..s Avail.
33; RHR3/RCS Drained (X)/No P spport Trains Avail.
39; RHR4/RCS Drained (X)/No Support Trains Avail.
33; LOSP, TCTL, FTBLP/No Support Trains Available ,

jy; LPCCA, LSWA, FSGA, FETB, FLISG/No Support Trains
Avail,

c1 LPCC, LOSW, FLSW, FETG, FLRHR, FPAB, FPCC
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TABLE 5-7. TRANSIENT TREE SPLIT FRACTIONSm
w

TOP SPLIT
: EVENT' FRACTION DESCRIPTION- FREQUENCY

,

OR: | 0RS~ .E|LOSP,TCTL,FTBLP/ASSA 0.0

-or LOSP,|TCTL, FTBLP/ Support Train B Failed ,

-ORF FCRAC 1.0

TRR) | .RR1 E|RHRl/ASSA/RCSFilled(W,Y) 4.4E-4

RR2- E|RHRl'/ASSA/RCSDrained(X) 2.3E-4

- RR3 H|RHRl/SupportTrainAFailed/RCSFilled(W,Y) 1.2E-1

or-RHR3/ Support Train A Failed (W,Y)

.orkHR3/EjASSA/RCSFilled(W,Y)

o_r RHRS/ASSA/RCS Filled (W,Y)r

g RHR5/ Support Trafn A Failed /RCS Filled (W,Y)

.RR4 E|RHR3/,SupportTreinAFailed/RCSDrained(X) 8.9E-3

or RHR3/5/ASSA/RCS Drained (X)
E ~RHR5/AS"A/RCS Drained (X)
~ 'RHR5/SL pport Train A l' ailed /RCS ' Drained (X)ol

RR5 - H|RHRl/SupportTrainBFailed, 9. 3 E- 4
or RHR2/ASSA,

.

g RHR2/ Support Train B Failed

RRZ E LOSP(X), TCIL(X), FTBLP(X)/ASSA 6.3E-4'
RR6 .RR RR6 with RCS Condition W 2.3E-3

RRY E|LOSP(X),TCTL(X),'FTBLP(X)/SupportTrainAFailed, 8.9E-3
or LPCCA(X), LSWA(X), FSGA(X), FLISG/ Support Train A

_|RR7withRCSCon'ditionW l.2E-1RR7 RR

L.1 - RR8 'E|LOSP,TCTL,FTBLP/SupportTrainBFailed, 7.6E-3
'or~ RFR3/TP/ Support Train B Failed

- or RHR4/TP/ASSA
'-

_o_r -R11R4/TP/ Support Train B Failedr

1'

p RR9. E|| RHR3/TP/ ASS ' 'FCS Filleo (W,Y) 3.3E-3

RR A~-. E|RRR3/TP/ASSA/RCSDrained(X) 6.6E-4

| RRF; ~ RR| RHR2/ Support . Train A Failed, 1.0r

(o_r RHR4/ Support Train A Failed,r

or RHR3/TP/ Support Train B Failed,
or RHR4/TP/ASSA,

L

L
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' TABLE 5-7. TRANSIENT TREE SPLIT FRACTIONS

s L TOP;- t SPLIT
LEVENT- FRACTION. DESCRIPTION FREQUENCY

g RHR4/TP/ Support Train B Failed,
or RHR5/ Support Train B Failed, i

RR.- | or RHR6-
. g No Support Available,o
,o_r,LOSP, TCTL, FTBLP/No Support Trains Available
g LPCCA,-LSWA, FLISG, FSCA, FETB/No Support Train Available
of LPCC, LOSW, FLSW, FCRAC, FETG, FPCC, FPAB, FLRHR

E| Proc' dure!nitiatedevent: ASSA,_RCS Open (X) 2.3E-3id( [ LCl e
or LOSP(X), '2CTL(X), FTBLP(X), FLRHR(X): ASSA. RCS

,

Open (X)
'

,

LC2' E|Procedureinitiat'edevent: Support Train A Failed, RCS 9.0E-3 ;

-

d<m open (X)
or LOSP(X), TCTL(X), FTBLP(X), LPCCA(X), LSWA(X),

FETGlX), FSGA(X), FLISG(X), TLRHR(X): Support Train
.-Failed,.RCS Open (X)

LC3' - .E|Procedureinitiatedevent: Support Train B Failed, RCS 2.3E-3
open (X)

or LOSP(X), TCTL(X), FTBLP(X), FLRHR(X), FETB(X): ;

i
Support Train B Failed, RCS Open (X)

LC4- E|Procedureinitiated; event; No Support Trains Available, 1.8E-2
RCS open (X) . j

or LOSP(X), TCTL(X), FT3LP(X), FLRHR(X), FSGA(X), !

FETB(X), LPCCA(X), LSWA(X), FETB(X), FPAB(X)': No

Support Train Avail., RCS Open (X) '

or FLSW(X), LPCC(X), LOSW(X), FPCC(X): RCS Open (X)

LC5 R|SameasLClexceptRCSClosed(W) 1.4E-7

LC6. _E|Sameas'LC2exceptRCSClosed(W) 5.5E-7

LC7 LC|SameasLC3exceptRCSClosed(W) 1.4E-7

LC8 -E|SameasLC4exceptRCSClosed(V) 8.7E-4

LC9' E|Procedureinitiatedevent-RCSat refueling level (Y) 1.0E-5

-LCF- E|FCRAC 1.0

- EH _ EH1 EII|RCSconditionWprocedureinitiators 2.9E-3

EH2' EII|RCSconditionXprocedureinitiators 5.lE-3

or LPCCA(X), LSWA(X),JLPCC(X), LOSW(X), FSGA(X),
FETC(X), FETB(X), FPCC(X), FPAB(X), FLRHR(X)

|
g ,

I-
|-

!

._
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TABLE 5-7. TRANSIENT TREE SPLIT FRACTIONS'
i

TOP SP'IT | |FREQUE!:CY< EVENT FRACTION i DESCRIPTION

.EH - j EH3 Eii|RCS:onditionYprocedureinitiators 2.lE-3

EH4 5Ii|FCRAC(X), LOSP(X), FLSW(X), FLISC(X), TCTL(X), FTBLP(X) 1.lE-4

EH5 lii|LOCAs 3.8E-2

EH6 55|SameasEH4exceptRCSCanditionW 3.3E-2

EH7 'Eii|SameasEH? except RCS Condition W 3.5E-3

~SP | SP1 5E|InitiatorswithRCSConditionV 1.7E-2

SP2 5E|InitiatorswithRCSCon61tionX 4.0E-2

L

I

C

4

m

t

. . . .. - _ - _ _ _ - . - _ _ - - _ _ _ . _ _ . . - - _ _
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TABLE.5-8

ISHUTDOWN LOCA SPLIT-FRACTIONS'IM

i TOP'- -SPLIT.-
'

EVENT- FRACTION- DESCRIPTION FREQUENCY
,

l
'

(OD p ODI E|L1,iL5, L6, LS 1.6E-3

10D2 E|L3 2.7E-4

-OD3-' -5|LP- 1.6E-3-

' O '. R 'E i- IRl . -E|L1,LP 8.lE-3

IR2 - E|L3 4.6E-4

.IRF- E|LS 1.0

IRS.~ E|L5,1C 0.0

. MU l ' IId|(L1,LP)*(ASSAorSupportTrainBFailed) 4.7E-3ih MU. - |-

MUF. IId|L3,LS,or-(L1,LP),*(SupportAFailedor-All 1.0
Supports Failed)

MUS IiU|L5',L6 C.0

I, .TPA Ej(L1,LP)*IR 1.0E-4,(TP;

TPB E|(L1,LP) * IR * MU 2.2E-1'- -

,

TPS. IP|(L1,LP) * E * MU. or L5, L6, L3 0.0

TPF _ E|LS 1.0

'OL~ 0L1 OL|(L1,LP)*IR- 5.0E-5-

' 9 L2' OL|(L5,L6)*(ASSAorSin61eSupportTrainAvail.) .2.6E-4
,

t. -..

~

OL3' (OL|(LS,L6)*NoSupportTrainsAvail.) 6.5E-4

OL4 -E|L3*IR 6.5E-5,- >

0L5 E|LS'*(ASSAorSingleSupportTreinFailed) 8.5E-4*

OL6- E |(L1,LP) * E * (ASSA or Single Support Train 4.3E-4
Failed)

OL7 OL |~0D 9.5E-4

0LF E|(L1,LP) * (IR or OD) * No Support Trains Avail. 1.0'

or LS * No Support Trains Asail. or L3 * (IR or OD)
i

- :RR' ; RR1 E |(L5,L6) * ASSA 4.4E-4
'

I

<

|
. __
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TABLE 5-8

SHUTDOWN LOCA SPLIT FRACTIONS

TOP SPLIT
EVENT FRACTION DESCRIPTION FREQUENCY

l

:RR' -RR3 H|(L5,L6)*SupportTrainAFailed 1.2E-1
1.

or (L1,LP)' * IR * ( ASSA or Support Train A Failed)

RR5 H|(L5,L6)*SupportTrainBFailed 9.3E-4

RRF RR|NoSupportTrainsAvail. or 1.0

(L1,LP) * E or

(L1,LP) * IR * Support Train B Failed or-

or LS or L3

LC LCl E| ASSA * ((L5,L6), LP * E * MU)] 2.3E-3

LC2 E | Support Train A Failed * [(LS, L6, LP * E * MU)] 9.0E-3

LC3 E | Support Train B Failed * {(L5,L6), LP * E * MU) 2.3E-3

LC5 E} ASSA * (L1,L3,LP) * IR 1.4E-7

LC6 E|SupportTrainAFailed*(L1,L3,LP)*IR 5.5E-7

LC7 E|SupportTrainBFailed*(L1,L3,LP)*IR 1.4E-7

LCA E !(ASSA or Support Train A Failed) * L1 * E * MU l 2E-1

LCB_ E|( ASSA or Support Train A Failed) * L1 * IR * MU 2.4E-1

i LCC LC|LS*(ASSAorSupportTrainAFailed) 1.2E-1
,

LCF- E|No~SupportTrains-Available*(L1,L3,L5,L6,LP,LS) 1.0

-or Support-Train B Failed * L1 * IR
|~

or Support Train B Failed * LS

'

LP * H * 5 or L3 * Eor

I
; EH j ~EH2 ilI|L5,L6,L3 5.lE-3

EH5. .EIi|L1,LP,LS 3.8E-2

SP -

| SP2 E|L1,L5,L6,LS 4.0E-2

|_
SPF H|LP,L3 1.0

L

i
!

!

.
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k' TABLE 5-10

SPLIT FRACTIONS AND TRANSFER SEQUENCE FREQUENCIES
FOR SHUTDOWN CASE A (TREES 1 AND 6)

1Trasil: Cooldown to Cold Shutdown

Tree 1 Top Events
. . _ . _

initiating
Frequency' RV CT RI LT RM -SA NC

3.4 per. year _- .RV1 CTI RIl ' LTl RMI sal (a)- NCl(b)

(a)' SA2 if event CT fails

'(b) NC2 If event RM o r S A f ails

Tree 6: Cold Startup

Iree 6 Top Events

IInitiating
.Froquency' LI LT SA RM CT IS

3.4 per year LIl 'LT6- SAC (a) RMA CTI ISI

(a) SAD if event LT fails
,

_

0

*
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TABLE 5-11

SFLIT FRACTIONS AND TRANSFER SEQUENCE FREQUENCIES
'FOR SHUTDOWN CASE B (TREES 1, 2, 5, AND 6)

~Trno 1: Cooldown to Cold Shutdown

,
.

Tree 1 Top Events *

- ' Initiating>

Frnquency- RV_ CT R1 LT RM SA NC
<

0.45 per year. RV1 CTl RIl LT2 RM2 sal (a) NC3(b)

(a) SA2 if event CT f ails
I

(b) NC4 if event RM or S A f ails

Tree 2: -RCS Dra'indown

. .

Tree 2 Top Events

Initiating-
Frequency .IV DR LM VA 10 SA RM

0.45 per year 'TV1 DR1 LM1 val 101 SA3 RM4

: Tree 5: RCS Fill.

Tree 5 Top Events
-Initi, .ng

. 4
' Frequency TL CT - LM CC LT PU SA RM-

-0.45 per year TL1 CT2(a) LM5 CCl(b) LT4 PUI S A8 (C) RM8

(a) CT4 if event TL fails
-(o) CC2 if event CT fails
'(c) SA9 if event LT fails

. .

. _ - - _ - _ .
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TABLE 5-11

SPLIT FRACTIONc AND TRANSFER SEQUENCE FREQUENCIES
FOR SHUTDOWN CASE B (TREES 1, 2, 5, AND 6

Tree 6: Cold Startup

Tree 6 Top Events

initiating
Frequency LI LT SA RM CT IS

0.45 per' year LII LT7 SAC (a) RMA CT2 ISI

(a) SAD if event.LT fails.

B

-

1

- - - _ - _ _ - _ _ _ - _ _ _ _ _ _ _ _ _



Shnet 1 of 2'

. TABLE 5-12.

SPLIT FRACTIONS AND TRANSFER SEQUENCE FREQUENCIES
FOR SHUTDOWN CASE C (TREES 1 THROUCH 6)

-

Trse 1: Cooldown to: Cold' Shutdown-

Tree 1 Top Events

: Initiating-

:Fraquency- .RV- CT - RI LT RM SA- NC
P

0.83 per year .RV! CTI RIl LT3 RM3. SA1(a) NC5(b)
,
,

(a) 'SA2 if-event CT fails

(b) NC6 if-event RM or SA fails

Tree 2: RCS Draindown--

Tree 2 Top Events
= Initiating

Frequency TV DR LM VA 10- SA RM

L 0.83 per year. TV1 DR2 LM2 val 102 SA4 RMS

|'

t

I

= Tree 3: Refueling Cavity Fill-
,

'

Tree 3 Top Events

Initiating

| ' Frequency DF CS SA. RM

0.83 per year DFl- CSI . S AS RM6

- < -.
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TABLE 5-12

' SPLIT FRACTIONS AND TRANSFER SEQUENCE FREQUENCIES'
FOR SHUTDOWN-CASE C (TREES 1 THROUGH 6)

'

Trst-4 -Refueling Cavity Drain

'

Tree 4 Top Events

; Initiating-

-Frequency CD BR' :DM RF LM SA RM

- 0,83 pe r year - CD1; BR1 DMI RFl LM3(a) SA6(b) RM7

.

(a )' LM4 if event DM fails

(b) S A7 if event DM f ails'
<

Tree 5: RCS Fill

Tree 5 Top Events

11nitiating-

Frequency TL CT: LM CC LT PU SA RM

0 83.perj ear TL1. CT2(a) LM6 CCl(b) LT5 'PU2 .SAA(c) RM9y

.

i (a) CT3 if event -TL f ails -
,

(b): CC2 if event CT fails
(c)- SAB-if~ event LT fails

' Tree 6i Cold-Startup

..

Tree 6 Top Events

Initidting
Frequency LI LT- SA RM C][ IS,

. ,

0.83 per-year LI2. LT8 SAE(a) RMB CT2 ISI

[. -:1

'(a) - SAG if event LT f ails

p-

|

|-
|-

_ _
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TABLE 5-13

- SUMMARY OF PROCEDURAL EVENT TREE SPLIT FRACTIONS

I TOP SPLIT TOTAL

TREE EVENT FRACTION DEPENDENCIES FREQUENCY

l

1- | RV RV1 1.0E-3

CT CTl 1.7E-2

RI RIl 4.2E-4

LT LT1 U|CaseA 3.0E-4

LT2 3|CaseB. 3.0E-5

LT3 U| Casec 4.8E-5

RM RM1 E|CaseA 1.lE-2

R'12 E|CaseB 1.2E-3

RM3 E | Case C 1.9E-3

SA sal E|CaseA 3.0E-3
1

SA2 E|CaseB 3.2E-4

SA3 E|CT, Casec 8.8E-3

SA4 E|5 , Case C 1.lE-l

NC NCl E|CaseA 9.8E-4

NC2 IIC!CaseB 1.4E-3

NC3 liU| Casec 1.7E-3 -

2- TV
'

TV1 1.0E-3
,

DR DR1 E|CaseB 3.lE-3

DR2 EjCaseC 0.0

LM LM1 E|CaseB 8.6E-4

U12 LII| Casec 3.1E-4

VA val 0.0

10 101 T6|CaseB 1.5E-2

102 T5iCaseC 7.4E-4

SA SA5 E|CaseB 3.2E-2

--. . .. . _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 5-13 |

.SUKMARY OF PROCEDURAL EVENT TREE SPLIT FRACTIONS

|

. TOP. _ SPLIT TOTAL
'

- TREE- EVENT FRACTION- DEPENDENCIES FREQUENCY

SA6 II| Casec 8.9E-4

RM RM4 'E|CaseB 3.7E-2- s

' RM5 RE| Casec 1.8E-3., c

3 | DF' _ DF1- 2.lE-5
.

. >

CS -CSI 1.7E-4

'

SA: SA7 1.6E-3

RM RM6- 6.3E-3
..

4 -CD CD1 3.lE-3
'i

BR BRI 1.3E-2

DM- DM1 3.4E-2

RF _RFl. 3.lE-3

LM- -- LM3 L5|DM 8.6E-4

LM4- L5|D5 3.!E-4

SA- SA8 5A|DM 4.8E-2

SA9 5I|55 2.7E-2

RM. RM1 5.6E-2

'5 TL TL1 1.3E-2r.
,

LCT -CT2 -CT 7.4E-3

LM LM5 ER| Case.B 2.2E-3

LM6 LE| Casec 3.4E-3

CC CCI 2.9E-2

LT ~LT4 LT|CaseB 4.8E-3
.

LT5 LT| Case'C 4.9E-3

,
PU- PUI PU|CaseB 6.3E-3

.

9

%
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>

ISUMMARY OF PROCEDURAL EVENT TREE SPLIT FRACTIONS

TOP- SPLIT TOTAL

EVENT FRACTION DEPENDENCIES FREQUENCYTREE !

PU2 Pd| Casec 7.6E-3

SA SAA 5|LT*CaseB 2.7E-4

SAB 5|3 * Case B 1.0E-3-

SAC E|LT* Casec 5.0E-4

SAD H jU * Case C 2.0E-3

RM RMS E5|CaseB 3.9E-3
-

RM9 E5| Casec 7.5E-3

6 LI LIl U\CaseA,B 1.3E-3

LI2 U| Casec 2.8E-3

LT LT6 3|CaseA 2.4E-4

LT7 U\Caseb 3.0E-2

LT8 U! Casec 3.0E-2

SA SAE 5 |LT * Case A, B 6.3E-5

SAC HjE * Case A, B 2.5E-4

SAH 5|LT* Casec 1.9E-4

SAI H |H * Case C 7.3E-4 -

RM RMA 5|CaseA,B 9.3E-4

RMB 55| Casec 2.8E-3

CT CTl H|CaseA 1.7E-2

CT2 H|CaseB,C 7.4E-3

IS IS1 3.1E-3

I

__---__ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ . _ _ _ _ _ _
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TABLE 5-14

CORE DAMAGE FREQtTNCY DISTRIBUTICAS

FREQUENCEY DISTRIBUTION (per year)

Mean Variance 5th 50th 95th

Core Damage Total 4.4E-5 1.6E-8 5.9E-6 2.0E-5 1.3E-4

Plant Damage States

R2D 3.8E-5 1.5E-8 4.0E-6 1.5E-5 1.2E-4
,

R2P 1.4E-6 1.8E-ll 9.lE-8 5.lE-7 4.6E-6

R2H 4.4E-7 9.7E-13 4.8E-B 2.5E-7 1.3E-6

R60 4.4E-6 6.BE-11 3.6E-7 2.lE-6 1. ." F,- 5

R6P 1.3E-7 7.4E-14 7.2E<9 5. s E'- B 4 9E-6

R6H 1.lE-7 2.5E-14 6.4E '. * 5.0s-8 4.5E-7
!

a

mw.....-: ....-
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6.0 OPERATOR ACTION ANALYSIS

The operator actions analysis in this seation provides an in-

put to the quantification of event tree to events. The actus1 evente

trees and their top events are described in Sections 3 and 4 for the

plant response scdel and the procedure initiated events model, respec-

tively. Quantification of these models is documented in Section 5. The

resnits of this section are a direct input to these appendices where
.

-

human error and hardwarc f ailure probabilities are combined as neceJsary.

Two types of operator actions or responses are evaluated. The

first type is actions associated with normal shutdown procedures. Event

Jtree mode 13 are developed in Section 4 to identif y poter,tial operator

errors that lead to an initiating e*~nt such as loss of RHR. The second
,

type is operator actions in response to initiating events. As con be

seen in the results presented in Secticr 2, the nesd to distinguish be-

tween these two types of actions is particularly important in the case

of shutdown. Event tree codels in Section 3 evaluate plant response to

initiating events such as operator action and equipment required to

provide feed und bleed cooling.

Section 6.1 describes the cethodology used for nperator actions

analysis. Sections 6.2 and 6 3 describe the quantification of operator

errors associated with the procedure initiated model and plant response

model.:respectively. Kesults are summarized in Tablec 6-1, 6-2, and 6-3.

Section 6.4 describes operator error quantification used in the systems

analysis-(Section 7) in the containment analysis (Section 10.1), or

resalting in an initiating event, with a summary in Table 6-4,

6-1
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6.1 Methodology

The human reliability analysis c?nsist, of the following steps:
*

.

o initial task analysis

o screening quantification
o final quantification
o uncertainty analysis

The initial task analysis involved reviewing the shutdown evo-

lution procedures to identify soutees of initiating events - loss ot

RRR, overpressurization, and LOCA events - that could be caused by

operator errors. This information was used to create the initial pro- g

cedural event trees. Also, the steps to respond to an initiating event

were examined in creating the plant response event trees. The shutdown

procedures and resulting event trees are described !" Section 3 and
..

The top events in the initial event trees were quantified in a

screening analysis using human error rates f rom NUREG/CR-1278 (Ref. 17)

where a human error probability (HEP) could be easily identified. Other-

wise, the events were classified as skill-based, rule-based, or knowledge-

based actions consistent with NUREG/CR-4772 (Reference 18). The screening

values of HEPs used for these three classes of events were 0.001, 0.01,

and 0.1, respectively. For events where the boundary between two classes

was fuzzy, the nominal I!EP was adjusted upwards or downwards as the sit-

untion dictates. In addi'..on, adjustments were made to account for de-

pendence between 2 or more actions in the same sequence. As a result of

this initial screening quantification, several top events were eliminated

(due to hardware failures that dominated) or were refine 4 to account for

the critical error in the step.

Using the finsi event tree top events, the human error prob-

abilities were quantified using the quantification methodology adopted

6-2
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from NUREG/CR-1278, "The Handbook of Hue:n Reliability Analysis with

Emphasis on Nuclear Power Plant \pplications" (the " Handbook", Ref erence

This sinb e reference was used in order to anchor all the HEPs tol17).

a single, consistent method and to consistently treat groups of actions

that dif f er only with time aw.12. cmc t; complete the action. Mso, the

" Handbook" was judged to be appropriate for operator errors during shutdown

because the same types of basic human errors are important during shutdown

as during opetation. Each operator top event was analyeed in terms of
,

basic HEPs contait.ed in the " Handbook". This final quantification method-
w

ology is described in more detail in the following sections.

The uncertainty distribution assigned for each point value esti-'

mated HEP was based on guidance provided by the " Handbook". The point

estimate HEP is assumed to be the median of a lognormal distribution with

the appropriate error f actor estimate f rom the "liandbook". The frequency

distribut! ns shown iD Tables 6-1 through 6-4 are the results of a Monte

Carlo combination of the input lognormal distribut!ons.

Another level of uncartainty analysis was performed to account

for the dependency on the time to core uncovery which is a function of
-

the time after shutdown. It general, the HEPs were estimated conserva-

tively assuming the shortest feasible time after shutdoun. T1.is time

dependency was modeled in Transient and LOCA tree top events OR and OL -

operator diagnosis (see 'Section 6.2). An uncertainty model, documented

in Section 5.6, accounts for the longer times available for operator

diagnosis and recovery as the time af ter shutdown increases. The tine-

point estimated HEPs for OR an6 OL were adjusted based on the results

of the uncertainty analysis. Other best estimate analyses are included

in the uncertainty analysis for the operator actions that show up in the

6-3

|

'-
--- __ ________



,

I

dominate sequences.

6.1.1 Final Human Error Probability Assessments [

The-final uses s ment of human reliability is performed by

identifying the nominal HEP from the " Handbook" (Ref. 17) that app.ies

to the situation. In general, it is assumed that average industrial

conditions exist;.that operators have nominal training and experience;

and that human f actors of displays are satisf actory. The nominal HEPs are

adjusted to account for non-optimal stress (low or high) and f or dynamic

versus step-by-step actions. They are also adjusted to account for de- |

pendencies on previous operator successes er failures.

The key .f actors for quantif ying human reliability include some or

all of the following for each operator action:

o Quality of procedures

Quality of information - instrumentation and alarmso

o Time for diagnosis and recovery
,

o Stress level for routine or dynamic actions

o Deaandencies - previous successes or failures
,

- multiple alarms

The factors that influence each specific operator action are described _i

in Sections'6.2 through 6.4. In addition, each nominal HEP and adjustment

f actor used for an operator top event are referenced to specific tables

and items in the "dandbook" so that the quantification can be repro-

duced.

6.1.2' Human Errors During Shutdown Procedures

Human ~errore1 during estmal plant evolutions which may cause an

initiating-event are dese.ribed'and quantified in Section 6.3. There

are several general t$ pes of errors that are characteristic of these
.

6-4
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actions.

An error of omission, the operator skipping a critical step

in a plant evolution procedure, can result in an immediate event or

4ay remain undetected until another event occurs. This error is

quantified f rom the " Handbook", Table 20-7.

Several errors of commission were identified: check-reading

aqg||9 plays (Table 20-11), operating manual controls or s.*1ecting the

wrong circuit breaker (Table 20-12), and selecting locally operated

valves (Table 20-13). Also, f ailures to recover f rom an error of

commission were quantified as HEPs for failing to detect errors made

by others (Table 20-22).

These and other tables in the " Handbook" were referenced in

quantif ying the operator actions in Section 6.2.

6.1.3 Human Errors Durir.g Response to Shutdown Plant
Transients

Human errors during shutdown in response to a transient event

are described and quantified in Section 6.2. In general, these are operator

errors during initial response, diagnosis, and long term response to the
;

event.

The initial operator response to a transient can mitigate its

effects even prior to full diagnosis. These include tripping a cavitating

RHR pump, controlling an overpressurization, and isolation RHR in the

event of a LOCA. The operator errors associated with initial resp, ase

include failing to detect and respond to multiple alarms (Handbook

Table 20-23) or deviant displays (Table 20-25).

The operator failure to diagnose is based on the " Handbook"

Tigure 12-4 (and the related Table 20-3). This figure provides prob-

(6-5
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ability of failure to dia nose as a function of time after a compellinga

signal of an abnormal situs. tion. The time available to diagnose is
t

estimated as the time to core overheating minus-the time to begin to re-

spond.

The operetor failures in the long term response are failures

of commission - operating manual controls or selecting the wrong cir-

cuit breakers (Table 20-12), or selecting locally operated valves

(Table 20-13). i

l

The' basic HEPs for the above fai'Jres are modified to account j
|

f or stress level (Table 20-16) and/or dependencies f rom previous
'

successes or failures (Tables 20-18, 19).

6.1 ~ 4 Uncertainty Distributions
. ,

,

The uncertainty parameter - the error factor (EF) - given for

each~ basic HEP in Chapter 20 of the " Handbook" is used to generate an

uncertainty distribution. Where the uncertainty parameter is not given,

'the' estimated uncertainty bounds for general classes of HEPs are taken

from Table 20-20 (" Handbook"). (For example, for step-by-step procedural
Itasks carried out in non-routine circumstances with moderately high

stress and the estimated HEP less than 0.001, the esticated error facto.

is 10. (Table 20-20, Item 5. Ref. lj7 ]). The error f actor is assumed to

be equal to the ratio of the 95th percentile to the median (or the ratio

of the median to the 5th percentile) in a lognormal distribution. The

point value best= estimate (BE) HEP is taken to be the median of this

. distribution. These two parameters (BE, EF) are sufficient to define the

lognormal distribution.
T

The distributions for HEPs were developed using the general guide-

lines of the " Handbook" and asuuming lognormality to account for uncertainty.

! 6-6
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Where shutdown procedures exist (i.e.. for plant evolutions), the

procedures are in somewhat draf t condition and operators have not bean

. trained since the use of such procedures (e.g., refueling) is several |

Other procedures (accident response at shutdown) have notyears aw.

yet been written. As a result, it was judged appropriate to estimate
|

only one parameter ,(the best estimate) and use the general guidelines I

'

lof the "llandbook" to assign an error factor. This resulted in a

consistent methodology for creating distributions about the best

estimate. Also, use ofEthe best estimate as the median of a log-

normal distribution resulted in a mean value that is greater than they

best estimate by a factor ranging from 1.25 for an error factor of 3 ,

to a factor of 8.5 for an error factor of 30. Thus, use of the log-

normal and rather large error factors resulted in mean significantly

' larger than the median, conservatively reflecting the uncertainty.

6.2 Suantification of Plant Response Actions

Using the methodology in Section 6.1, the operator error prob-
'

abilities are calculated for the plant response tree top events. This

includes the shutdown transient tree in Section 6.2.1 and the shutdown

LOCA tree in Section 6.2.2. These probabilities are combined in Appendix

E wit'a hardware contributions to determine the total top event split

fraction. Tables 6-1 and 6-2 summarize the resulta of operator action

quantification for the plant response trees.

Each operator action variable is quantified by ertimating the

BE) and the range of the distribution (error- median (best estimate =

EF) as discussed previou'ely. It is assumed that the operator
factor =

action variables are lognormally distributed based on the characteristics

of this distribution (e.g., it ranges from 0+ to infinity; it is skewed

t
6-7
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to the rigi.c no that the mean is greater that the medlin). Using these

two parameters (BE.EF), the mean of the distribution can be computed as

follows:

BE * exp [1/2 * (in EF/1.645)2)mean =

where:

median X50BE = =

error factor X33ET ==

X50

The quantification of specifications is provided in the sections belows

-6.2.1 Sh :tdown Transient Tree

1. OPOC - Operator fails to control the source of overpressurizatium..
The operator fails to isolate charging and/or to increase
letdown af ter an RHR relief valv or pressurizer PORV lif ts
and before substantial liquid mai has escaped from the RCS.
The operator alert level will be very high and detection
. good because of the alarms and indications (level, temper-
ature in the PRT, LTOP alarm,-pressurizer level and pressure,
and RHR discharge pressure). Operator fails to control
overpressurization by tripping the wrong pump and f ailing
to detect his error. The time available before substantial
inventory loss is entimated to be greater than 60 min, (based
on 500 gpm (flow through one r' lief) * 60 min = 30,000 gal).
Thus, T = 60 min.

.9.5E-4 (mean)'
o OPOC OPL + OP2 * NR= =

where:

operator fails to diagnose plant conditionOP1 =

(overpressure) and the source of over-
pressure and fails to determine a success-
f ul course of action within 60 min.

8.5E-4 (mean)-

1.0E-4 (Table 20-3, item 5, Ref. 17,)"
BE =

30 (same ref.)EF =

operator trips non-operating chargingOP2 =

pump - selecting wrong control from
an array of controls w!*h well defined
mimic layout.

.
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i i
1.3E-3-(mean)=

i

BE = 5.0E-4 (Table 20-12, item 4. Ref. 11)

10 (sane ref.)ET =
<,

operator-fails to recover from error OP2.NR =

Expected response is directly coupled to
| to action. Operator in performing short

term checking with alerting factors.

8.0E-2 (mean)L
=

0.05 (Table 20-22. Item 3. Ref.17,)BE =
'

'
.

5 (same ref.) .EF- =
,

- Operator fails to detect RHR pump operating in a (egraded.2. OPTP suction mode (vortexing or cavitation) or trips wrong pump.

- The f ailure to trip the pump is due to the operator f ailing
OPI TP to respond to the low flow alarm in time to prevent pump

damage, or the operator responding but tripping the wrong
.

pump. Tripping the wrong pump is not a credible failure
because of the separation between RHR trains on the MCB with
. flow-oeters clearly associated with each train. This operator ,

actier to trip the pump is a simple, routine action. With
no associated overpressure event, the quality of information
is high because of-the single (or few) alarm. The time
available is assumed to be at least 30 min. based on evidence
from historical events (see Section 9.3).

o OPITP TPlNoOverpressureCondition=

3.7E-4 (mean)=' OP1 + OP2 * NR =

._

where

operator fails to respond to VASOPl =

4alarm.

2.7E-4 (mean).=

1.0E-4 (Table 20-23, Item 1, Ref. 17,)BE =

10 (Table 20-20, Item 6 Ref. 37)EF =

operator trips wrong pump - selects wrongOP2 =

control from panel with good mimics.

1.3E-3=

6-9
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5.0E-4 (Table 20-12, Item 4, Ref. j])BE =

10 (same ref.)EF =

operator f ails to recover f rom OP2. Operator isNR =

performing short term checking with alert fact- 1.

8.0E-2 (mean)=

0.05 (Table 20-22, Iten 3, Ref. j])BE =

' 5 (same ref.)EF =

OP2TP If the pump suction situation is accompanied with an--

overpressurization, the VAS low flow alarm indicating
the suction valves are closed will be accompanied with
additioral alarms due to overpressure (RCS filled,
solid or a bubble ~ in pressuriter), The operator must
respond to t'.i nultiple alarms and must diagnose the-
pump cavitation problem in addition to the overpressu-

o OP2TP TP]PC OP1' + OP2 * NR= =

1.7E-3 (mean)=

where:

operator fails to respond to cavitatingOP1' =

pump alarm (low flow) given prior over-
pressure alarm (f ail to respond to second
of two alarms)

1.6E-3 (mean)=

1.0E-3 (Ta;1e 20-23, Item 2, Ref. 3;)BE =

Er = 5- (Table 20-20, Item 7. Re f. J])

operator trips wrong pump (same as OP2 forOP2 =

OPITP)

1.3E-3 (mean)=

operator fails to recover from GP2 (same asNR =

NR for OPITP)

8.0E-2 (mean)=

-3. 'OPOR - operator fails to determine that decay heat removal capa-
bility has been lost or operator chooses a decar heat
removal mode =that is not viable. This action it.. iudes
pe rce i-! ng - t h.a t there is a plant-upset condition, dis-
criminating from other potential sources of upset, inter-

6-10
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preting the alarms and indications, diagnosing the most
ilikely cause of the event, and deciding on the "best"

success path. .This action is modeled as a function of
the time available to core uncovery. The analyses below
are done'for the earliest time after shutdown, i.e., for

the highest decay heat. level and, thus, for the shortest
time available. A correction factor is included to
account for the variability in time af ter shutdown. The
correction factors are based on the uncertainty analysis

in Section 5.6.

ORI. - For loss of (operating) RHR in the RCS Condition W or Y, the
RC3 is full and intact (or in refueling) and at least two
steam generators are available for cooling. The decay heat
can be removed via natural . circulation for many hoars (> 10
houro). The operator action is very reliable because of the ,

time and the additional resources that will be made available.
The dependencies from previous operator _ actions are accounted
for in the time available; ree below. Optimal stress is
assumed. Time available equals:

12 hrs (time to steam gen. dryout for 4 S/Cs,T =

I day after shutdown - Appendix B, Fig. B-6)

+ 3 hrs (time to core uncovery, I day after
. shutdown - Appendix B, Fig. B-4)

- 2 hrs (time to core damage after-uncovery,
3 days after shutdown - Appendix B Fig. B-3)

1.0 hr (gime to restart failed pumps)--

- 0.5 hr (time to begin makeup)

= 15.5 hr available (930 min)

o ORI a ORlRCSConditionsWorY

1.7E-5 (mean)OR * MD * CF ==-

where

1.3E-5 (FigureOR:BE '= OR (T = 930 min.) =

12-4, Ref. 17)
:

OR:EF- ' 30 (same ref.)=

0.15 (Failure of second shift _of operatorsMD =

to diagnose plant ctatus, assuming
moderato dependency between first
and second shifts - Table 20-18,

footnote three, Ref. H )

-6-11
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1.0 (Correction Factor for time-dependentCF =

uncertainty analysis - see Section
5.6)

OR2 - For the RCS Condition X, the operator has as little as 3
hours to detec ine a course of action (OR) and then imple-
ment it (RR.LC). Time available equals:

2, h r s (time to core uncovery, 1 days after 4 hut-T =

down - Appendix B, Fig. B-1)

+ 2 hrs (time to core damage after core uncovery,
3 days af ter shutdown, Appendix B, Fig. B-3) (

!

0.5 hr (time to restart failed pump)-

0.5 'r (time to begin makeup)-

3 hrs available (180 min)=

For the scenario with the operating pump failed (hardware
failure) and the standby pump available (RHR5), annuncia-
tor alarms immediately alert the operator to the loss of
flow or the loss of cooling. Also, he can continue on

normal RHR using the standby pump. The dependency with
previous failures (e.g., failure to trip) is accounted for
in time. Also optiinal arress is assumed.

OR|(RCSConditionX,RHR5or3,YP)e o OR2 =
,

1.7E-4 (mean)OR * CF ==

,

where"

4.0E-5 (Table 20-3,OR (T = 180 min)OR:BE ==

Item 5. Ref. 17)

30 (same ref.)OR:EF =

0.5 (Correction Factor for time-dependentCF =

uncertainty analysis - see Section
5.6) ,

OR3 - For the RCS Condition X with RHR pump vortexing (RHR3 or
4) but successful operator action in TP to trip the pump,
the operator aas immediate awareness of the loss of cooling.
It may require some time to restore level and restart the
normally operating RHR pump. Time available equals:

2 hrs (time to core uncovery - see OR2)T =

+ 2 hrs (time to core damage - see OR2)

6-12
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;,
10 min (time to trip pump)-

'T 0.5 hrs (time to begin makeup)-

200 min available=

The dependency with previous operator actions is accounted
f in time T . Optimal stress is assumed.

'

OR|(RCSConditionF,RHR3or4,TP)o OR3 =

1.7E-4 (mean)OR * CF ==

where

4.0E-5 (Figure 12-4,OR (T = 200 min.)OR:BE* ==

Ref.]])
OR:EF = ' ,30 (same t ef. ) ,

0.5 (Correction Factor for time-dependentCF =

uncertainty analysis - see Section

5.6)

OP4 - For the RCS Condition X with both the operating and the
standby RHR pumps failed due to hardware causes (RHR6),
the' operator has immediate awareness of the loss of cooling.
Procedure calls fnr makeup from RWST to ensure level above
hot leg midplane. Makeup may be f rom charging pump or
gravity feed. Time available equals:

2 hrs.(time to core uncovery - see OR2)
,I =

+ 2 hrs (time to cor, damage - see OR2)
' 30 min (time to try to restart 1st pump)-

15 min (time to try to start 2nd pump)-

30 min (time to begin makeup)-

165 min availa''e=

Thus, the best estimate for OR:

5.0E-5 (Figure 12-4, Ref. 1],)OR (T = 165 min) =

Modesately_ high stress is assumed, with a stress f actor:

2 (Table 20-16, Item 4. Ref. j])Ts
=
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6f|(RCSConditionX,RHR6or4,YP)o OR4 =

4.3E-4 (mean)s' OR*F3 * CF =

uhere

OR (T = 165 min.) = 5.0E-5OR BC =

30 (Figure 12-4, Ref. 17)OR EF =

0.5 (Corection Factor for time-dependentCF =

uncertainty analysis - see Section
5.6) j

ORS- - For the RCS Condition X with loca of both support systems,
the operator is immediately aware of the loss of cooling
and aware of the status of the RHR puups. His stress level
will be high because of the limited ot*tions he has for long i

term cooling. Howevt , gravity fee 4 trom RWST will provide
core cooling for many hours while cet7ative cooling.strat-

egies are being formulated. The time available equals:

2 hrs (time to core uncover-/ - see OR1)T =

+ 2 hrs (time to core damage - see OR2)

0.5 hr (time to try to restore support systems)-

. :

0.5 hr (time to begir makeup)-

= . 3 hrs available (180 min)
.

Thus, best estimate for OR:

4.0E-5 (Table 20-3, Item 5 Ref. 17)OR (1 - 180 min.) =

Assuming extremely high stress, the stress factor is:
,

5 (Table 20-16. Item 6, Ref. 17)
F3

=

OR|RCSConditionK.NoSupportSystemsAvail.o OR5 =

OR*FS * CF-

1.7E-3 (mean)=

where

4.0E-5OR (T = 180 min.)OR:BE s1 =

30 (Table 20-3, Item 2, Ref. 17)OR:EF =

6-14
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1.0 (Correction Factor for time-dependentCF =

uncertainty analysis - see Section

5.6)
r.

-ORF - Guaranteed operator f ailure for severe fires, seismic events.

1.0o ORF =

ORS - With the RHR pump operating (RHR1 or 2), the operator
must continue to maintain decay heat removal. No

diagnosis is needed.

3R|RHR1,2 0.0' ORS ==

6.2.2 Shutdown LOCA Tree,,

1. 0D - Operator fails to detect a LOCA prior to substantial in-
ventory loss from the primsry system.

,

OD1 - For LOCAs L1, LS, L6, and LS, the operator has multiple
alarms and indicatiuns of water in containment - PRT
level:and. temperature, sump isvel, etc. Detection is
immediate end clear. The time available, based on LOCA

10 min. Operator responses to multipleLS, is T =

-annunciator alarms clearly in tine and must distinguish
overpressure alarms from LOCA alared (for Li - other
LOCAs do not have multiple alarm sets).

3D|L1,L5,L6,LS 1.6E-3 (mean)o OD1 ==

6.0E-4 (Table 20-23, Item 2, Ref, ll) -BE =

arithmetric mean.

10 (Table 20-20, Item 6, Ref, 17)EF =

For Loci. L3, the operator gets immediate alarms of
excess water returning to the RWST (low pressurizer
level, high RWST level). The time available is shott,

10 min.T =

03|L3 2.7E-4 (mean)OD2 ==

1.0E-4 (Table 20-23. Item 1, Ref. 11)BE =

10 (Table 20-20, Item 8. Ref. 17)EF =

OD3 - For LOCA LP, the operator must detect the RHR pump seal
f ailure from indirect indications (RHR vault sump alarm).

The leak is small so more time is available
T = 60 min.).
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Operator must respond to the second of two annunciator alarm
sets - overpressure is first, then low VCT level due to
small LOCA at RHR pump seal.'

OD}LP 1.6E-3 (mean)n, o OD1 ==

>

1.0E-3 /, Table 20-23, item 2. Ref. 17)BE =

EF - - 5 (Table 20-20, item 7. Ref. 1],)

2. OPIR - Operator f ails to isolate the RHR suction valves RH-V22 or
23, and RH-V87 or 88 given he successfully detected the
LOCA. Isolation is the expected action once the operator
has detected the loss of inventory since the RHR cooling
loop is the most likely source of leakage.

OP11R - For LOCAs L1 and LP, the operator has t!me to isolate RHR;
T = 30 min. Operator error is based on omitting a step in
the LOCA response procedure, for a short list with no check-
off provisions.

OP11R = TR|L1,LP

3.8E-3 (mean)=

3.0E-3 (Table 20-7, item 3, Ref. 17)
,BE =

!

3 (same ref.)cF =

OP21R - For LOCA L3, the alarms (low pressurizer level, high RWST
level) are clearly coupled with opening the .uction valves.
The operator's instinctive action is to reset the previous
action at once in response to the alarm.

IR|L3OP21R
=j

2.7E-4 (mean)=

1.0E-4 (Table 20-23 Item 1, Ref. 17)BE =

t

10 (Table 20-20, Item 6. Ref. 17)EF =

3. OTTP - Operator fails to trip the running RHR pump Defore pump
damage occurs from loss of suction. !

OPTPA - For LOCAs L1 and LP with top' event IR successf ul, the
operator must trip the pump in a short time to prevent pump
damage. He'is alert due to success of IR. The time avail-
able is assumed to be at least 30 min. based on evidence
from historic events (see Section 9.3).
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Based on the success of IR, it is assumed the operator will |

trip the RHR pump instinctively. The error is tripping the
wrong switch and f ailing to recover (OP2 and NR f rom OP1TP
in Section 6.2.1).

-

YP|(L1,LP)*IROPTPA
"

1.0E-4 (mean)OP2 * NR ==

For_LOCAs L1 and LP with top events IR and MU failed, theOPTPB - operator sust trip the pump before it f ails f rom vortexing.
T.1e operator has a higher failure probability because of
previous errors, but has ample alarms and indications to
alert him to the LOCA. Assuming moderate dependence and a

. basic HEP of 1.0E-4 (from above): ,

L
0.22 (mean)YP { {L1,LP) * IR * MUOPTPB

==

0.14 (Table 20-18. Items 6,7, Ref. 17)BE =

5 (Table 20-20, Item 5, Ref. 17)EF =

OP py - For LOCA LS, top event TP is a guaranteed failure. Since
7 LS is a large, energetic LOCA,-insufficient time is avail-

able to trip the operatirtg RHR pump before vortexing.

YP|LS 1.0OP py ==
7

For LOCAs L5 and L6, it is not necessary for the operators to +

OPTPS
-

trip the pump since the RCS inventory cannot drain below the
| vessel-flange. For LOCA L3, the RHR pumps are not yet run-
! ning per procedure. -These are modeled es guaranteed successful,

II|L3,L5,L6 0.0o OPgpg =-

Also, for L1 and LP with IR failed and MU successful, it is
not necessary to trip t e pumps. vne charging pump canh

| maintain level.

TP|(L1,LP)*Ifi*MU 0.0o OPTPS
==

Operator fails to determine appropriate actions to restore4. OL -

decay heat removal before core damage occurs. This action
is modeled as a function of the time available to core un-
covery. The analyses below are done for the earliest time
after shutdown and a correction factor is used to account
for the variability in time af ter shutdown. The correction
factors are based on the uncertainty analysis in Section

L 5.6.
L

For LOCAs L1 and LP, if the operator successfully iso-OLI -
'

lates RRR (IR), he has a number of hours with passive
secondary cooling to get RHR or alternate cooling
operable. The time available is modeled as:

,
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12 hr (time to S/G dryout with 4 S/Gs, 1 day afterT =

shutdown - see Appendix B, Fig. B-6)n

+ 3 hr (time to core uncovery, level at flange, I day
after shutdown - see Appendix B Fig. B-2)

+ 2 hr (time to core damage, 3 days after shutdown -
see Appendix B, Fig. B-3)

0.5 hr (time to begin makeup)-

16.5 hr (990 min)=

Optimal stress is assumed because of the long time available.

OL|(L1,LP)*IRo OL1 =

OL * CF=

5.0E-5 (mean)=

|
where

1.2E-5 (Fig. 12-4, Ref. 17)OL (T = 990 min)OL:BE ==

30 (same ref.)OL:EF =

0.5 (Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)

|

.For LOCAs LS and L6, RHR is maintained and the operatorOL2 -

has a -moderately high stress level due to loss of re-
fueling level with potential uncovered fuel elements.
This recovery is a step-by-step action (starting the
standby pump if necessary). Thus, the stress factor is:

| F3 2 (Table 20-16. Item 4 Ref. 17)=

The time available equals:

T -= 3.7 hr (time to core uncovery 3 days af ter shutdown
with level at the vessel flange - see Appendix B,
Fig. B-2)

+ 2 hr (time to core damage, 3 days after shutdown -
see Appendix B Fig. B-3)

0.5 hr (time to begin makeup)-

5.2 hr (310 min)=

!

: -
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Thus,

3.0E-5 (Fig. 12-4, Ref. J7)OL (T = 310 min) = >

OLlL5,L6*(ASSAorSingleSupportTrainAvail.)o OL2 =

OL * CF * FS=

2.6E-4 (mean)=

where'

OL (T - 310 min) 3.0E-5OL:BE ==

30 (Fig. 12-4, Ref. 17)OLtEF =

0.5 (Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)

For LOCAs L5 and L6, if RHR cannot be restored, the operatorOL3 -

has a higher stress level but has time to plan long term
cooling (feed and boil off). It is assumed moderately high

stress level with dynamic actions needed to recover cooling.
.Thus, the stress factor ist

5 (Table 20-16. Item 5, Ref. 17)
FS

=

310 min.The time available is the same as above, T =

Thus,

3.0E-5 (Fig. 12-4, Ref. 17)OL (T = 310 min)
'

=

OL|L5,L6*(NoSupportTrainsAvall.)o OL3 =

OL * FS * CF=

6.5E-4 (mean)l =

where

OL (T = 310 min) 3.0E-5OL:BE ==

30 (Fig.12-4, Ref. jl)OL:EF =

0.5 (Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)
|. For LOCA L3, if IR is successful, the time available forL OL4 -

|, operator action is:
-

!

L

i
!

-

|
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16 hr (Time to core uncova y 12 hr af ter shutdownT =

with 4 S/Gs - see Appendix B, Fig. B-6) - 0.5 hr
15.5 jy; (930 min)(Time to tagin makeup) =

Because of the long time available, it is assumed that the
operators have optimal stress.

UE|L3*1Ro OL4 =

OL * CF=

6.5E-5 (mean)=

,

where

OL (T = 930 min) 1.5E-5OL:BE ==

OL:EF = 30 (Fig. 12-4, Ref. 17)

0.5 (Correction Factor f or time-dependent un-CF =

certainty analysis - see Section 5.6)
o

For LOCA LS, the leak is assumed to be unisolated. Thus,OL5 -

the operator action is identify low pr-ssure injection /
recirculation. The time available equais:

2 hr (time to core uncovery, 3 days after shutdown,T =

drained to hot leg - see Appandix B, Fig. B-1)

+ 2 hr (time to core damage, 3 days after shutdown -
see Appendix B. Fig. B-3)

3.5 hr (210 min)- 0.5 hr (time to begin makeup) =

4.0E-5 (Fig. 12-4, Ref. jl)OL (T = 210 min) =

Moderately hir$ stress with dynamic actions is
assumed. Thus, the stress factor is:

5 (Table 20-16, Item 5, Ref. 17)F3
=

OL|LS*(A3SAorSingleSupportTrainFailed)o OL5 =

OL*F3 * CF=

8.5E-4 (mean)=

4.0E-5OL (T = 210 min)OL:BE ==

30 (Table 20-3, Item 5, Ref.17)OL:EF =

0.5 (Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)
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For LOCA L1 and LP, if IR is failed, the time available |OL6 -
'

equels:

1.5 hr (Time to core uncovery I day after shutdown,T =

' drained to hot leg - see Appendix B, Fig. B-1)

+ 2 hr (time to core damage, 3 days after shutdown - |

see Appendix B. Fig. 3) )

3.0 hr (360 min)0.5 hr (time to begin makeup) =-

Thu s ,

2.0E-5 (Fig. 12-4, Ref. 1])OL (T = 360 min) =

.
*

Moderately high stress and dynamic actions are assumed.
Thus, the stress factor is:

TS 5 (Table 20-16, Item 5. Ref. 12,)=

o- OL6 = E|(L1,LP)*1R

OL*F3 * CF=

4.3E-4 (mean)--

where

OL (T = 360 min) 2.0E-5OL:BE =-

30 (Fig. 12-4, Ref. lj7)OL:EF =

(Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)

For any LOCA. if the initial detection (OD) is failed,OLT -

time available equals:

1.5 h_r (Time to core uncovery 1 day after shutdown,T --

drained to hot leg - see Appendix B, Fig. B-1)

4 2 hr (time to core damage 3 days af ter shutdown -
see Appendix B, Fig. B-3)

1.0 hr (time to fail to diagnose)-

30 min (time to begin makeup)-
,

2.0 hr (120 min). Thus,=

4.5E-5 (Fig. 12-4, Ref. 1],).OL- (120 min) =

Moderately high stress and dynamic actions are assumed.
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'N Thus, the stress factor ist

5 (Table 20-16 Item 5, Ref. H )FS
=

E|0Do OL7 =

OL * FS * CF=

9.5E-4 (mean)=

where-

OL (120 min) 4.5E-5OL:BE =

30OL:EF =

0.5 (Correction Factor for time-dependent un-CF =

certainty analysis - see Section 5.6)

For L3 with IR failed, a short time is available for re-OLF -

cove ry. It'is conservatively assumed to be a guaranteed
failure.

E|L3*IR 1.0o OLF ==

For L1 and LP with IR failed or for LS, with no support
trains available, it is assumed that there are no long
term cooling options.

E|(L1,LP)*IR*NoSupportTrainsAvailable,oro OLF =

1.0LS * No Suppott Trains Available =

~

6.3. Ouantification of Shutdown Procedure Actions

Using the methodology in the _ previous sections, the operator

[ - ' error probabilities are calculated for the procedure event tree top 4

|s

events. _These probabilities are combined in Appendix D with the hard-

ware. contributions to determine the total split fraction quantification.

Table 6-3 summarizes the results of operator action quantification for
!

procedure event trees.

-6.3.1 . Operator Actions for Tree 1-

Operator attempts to open both RHR suction valves with RCS1. OPRV
-

pressure greater than 450 psig. The shutdown procedure
-instructs the operator to open the RHR suction valves be-
tween 365 psig (the suction valves interlock setpoint) and
325 psig (the low NPSH criteria for RCPs). This is a sen-

sitive setpoint for the operators because of possible damage
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to RCPs. Also, the operators are using a wide range pressure
indicator and have a band of only 40 psig, or 2% of scale.
The operator may attempt to open the suction valves early,
relying on the interlocks to prevent opening. However,
operator opening the valves at pressure above 450 psig is a
mseh less likely error.

3.8E-3 (mean)OP'o OP1RV
==

where:

operator skips a procediral step, and opensOP1 =

suction valves early, given normal pressure
indicati;n but a faulty pressure interlock.

0.003 (Table 20-7, item 3 Ref. J])BE =
..

3 (Table 20-7, item 3, Ref. 17)EF =

1.0OP2o OP2RV
==

where:

operator opens the suction valves at. anOP2 =

indicated pressure of less than 365 psig,
given a faul.ty pressure i<dication. : ,

1.0mean =

4.5E-2 (mean)OP3o OP3RV
-=

where:

operator fails to detect pressure transmitterOP3 =

failure. Operctor f ails to detect deviant
display during hourly control board scan.

-

0.028 (Table 20-25, item 2(a)-(h),BE =

Ref. 11)

5 (Table 20-20. Item 3, Ref. JJ)EF =

*2. OPCT Operator fails to have the cross-train alignment (CT) for-

the RHR suction valves implemented or auxiliary operator
( AO) f ails to setup alignment correctly (leaves at least
one of two valves powered).

OP1 + (1-OP1) * (OP2 * NR2 + OP3 * NR3)o OPI CT
=

1.7E-2 (mean)=

* Quantification of OPCT is based on procedural modifications to setup
the suction valve 4epowering on both RHR trains.
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where:

operator f ails to have prc :edure step carriedOP1 =

out

0.013 (mean)=

0.01 (Table 20-7, item 4, Ref. j])BE =

3 (Table 20-7, Item 4,Ref.j])EF =

OP2 auxiliary operator fails to remove power=

from correct valve in Train A RHR:

0.0063 (mean) )< =

I
I0.005 (Table 20-12, Item 11, Ref. J7,)BE =

3 (Table 20-12, Item 11, Ref. j])EF =

Control Room operator fails to notice theNR2 a
white. indicator light is still on

0.32 (mean)=

0.2 (Table 29-22, Item 2, Ref. 17)BE =

5 (Table 20-22, Item 2 Ref. 17)EF =

auxiliary operator f ails to remove powerOP3 =

from the second valve (in Train B RHR)
given that the first was depowered
(assuming Moderate Dependence):

0.005 (mean)'' =

0.004 (Table 20-19, Item 5, Ref. jl)BE =

i

3 (Tabic 20-12, Item 11,Ref.JJ)EF =

Control Room operator fails to notice whiteNR3 =

gy indication light is'still on,

,

0,32 (mean) ;*

0.2 (Table 2t 42. Item 2, Ref. 17)DE- =

. Table 20-4t, Item 2, Rof. J])(5EF =

3. OPRI operator fails'to. correctly start RHR pump or operator-

fails to open RHR discharge isolation valve, operator
fails to start first pump:

6-24

. - -- - . ~ -



-_-___ _ - . _ _ .

e.

4.0E-3 (mean)OPIRI (SP1 + OP2) * NR= =

where:
!

operator fails to correctly start first RHROPl =

pump (e.g., fails to vent)

3.8E-3 (mean)=

0.003 (Table 20-7, Item 3 Ref. J])BE =

3 (Tab:e 20-7, item 3. Ref. 17)EF =

sperator fails to open discharge isolacionOP2 =

valve, skips procedural step. (Long lis t.

no checkoff provisions).-

1.3E-2 (mean)=

0.01 (Table 20-7, Item 4, Ref. 11)BE =

3 (Table 20-7, Item 4, Ref. 17)EF =

operator fails to recover from failureNR =

before pump overheats and f ails, given
unannunciated deviant display (analog
meter without limit modes. initial audit).

0.24 (mean)=

0.15 (Table 20-25, Item 2 Ref. J])BE =

5 (Table 20-20, Item 2,Ref.j])EF =

Operator fails to start second RHR pump given first
pump failed:

1.3E-3 (mean)OP2RI = (OPl + OP2) * NR' =

where:

operator fails to start pumpOPl =

3.8E-3 (mean)=

operator fails to open discharga ' olationOP2 =

valve

1.3E-2 (mean)=

operator f ails to recover f rom error givenNR' =

first pump is failed (previous failure
serves to alert operator):
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0.08 (mean)=

0.05 (Table 20-22, item 3, Re . j])BE =

5 (Table 20-22, item 3 Ref. 17)EF =

4. OPSA operator fails to remove power from velves during test or-

maintenance of the RHR suction valves. This failure is
dependent on top event CT and is applicable during Case C
only.

OPISA SA|CT - operator f ails to remove po er f rom the=

valve that remain powered the cross-
train alignment, when performing test
of each pressure transmitter.

o OPI SA (OPl * NRI) A + (OPl * NRI)B=

s

8.3E-3 (mean)=

where:

operator fails to depower each of two RH-OP1 =

suction valves (skip procedural step, long
list, no checkoff):

1.3E-2 (mean)=

0.01 (Tabla 20-7, Item 4, Raf. J])BE =

3 (Table 20-7, Item 4, Ref. j])EF =

operator in control room fails to realizeNR1 =

suction valves remain powered during test /
maintenance (routine checking without

written material)

0.32 (mean)=

0.2 (Table 20-22. Item 2, Ref. J])BE =

5 (Table 20-22, Item 2, Ref. J])EF =

SA IUE|Ef - operator fails to remove pewer from bothOP2 =

suction isolation valves for each FHR
train. ( All remain powered since CT is

failed).

0.11 (mean)OP2sr = 2 * (OP1 + OP2) * NR1 =o
,

where:
,

1.3E-2 (mear) aboveOPl = -

6-26
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operator fails to detect and remove powerOP2 =

from the RHR suction valve which is ex-
pected to be depowered.

0.16-

0.1 (Table 20-22, Item 1 Ref. JJ)BE =

5 (Table 20-22, item 1 Ref. 17)EF =

0.32 (mean) aboveNR1 = -

5. NRNC operator f ails to recover from hardware-induced excess-

chstging event.
.

o NRINC - operator fails to recover from inadvertent S1
overpressurization for Case A (bubble in
pressurizer). The time evailable equals

720 ft3 in pressurizer steam volume *T =

7.5 gal per ft3
500 gpm maximum flow f rom one charging pump

10.8 min=

The inadvertent 51 would be accompanied by a com-
pelling signal of an abnormal situation. Thus,

NRINC 0.27 (mean)=

0.1 (Table 20-3, Item 2, Ref. 17)BE =

10 (Table 20-3, item 2,Ref.j])EF =

o NR2NC operator fails to recover from hardware-

failure resulting in isolation of letdown.
This failure would not (necessarily) be
alarmed. The failura would have to be
detected by observing increasing level in
the pressurizer. The time available:

720 ft 3 in pressurizer steam volumeT =

* 7.5 gal per ft,
70 gpm maximum letdown flow

77 min=

Assuming an hourly scan of the pressurizer
level (analog meter without limi t ma rks ) ,
the operator has two scans prior to over-
pressurization.

NR2NC 0.11 (mean)=

6-27
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'(t

0.07 (Table 20-25, Item 2, Ref. H){ BE =

6
"

y EF = 5 (T.ble 20-20, Item 5, Ref. H?
a ,

,[ o NR3NC - operator f ails to recover f rom hardware
] A failures resulting in maximum charging

,

y g ,.. 4 through the normal makeup path. Thej

prMW f ailure would be detected by observiv y
increasing level in the pressurizer. The

($ time available:

720 ft3 in pressurizer resam volumeF T =

* 7.5 gal /ft?g .4
1

N 120 gpm caximum ma eup
i

g, ' 4 5 min=

_

'

Assuming an hourly scan of the pressu..cer
level, the operator has one scan prior te
ove pressurization. h

NR3NC 0.24 (mean)=

0.15 (Table 20-25, Icem 2, Ref. H )BE =

5 (Table 20-20, Item 5, Ref. H)EF =

6.3.2 O_gerator Actions for Tree 2

1. OPTV ' Operator fails to instal'. temporary level transmitter-

r rF 'nd fails to detect this error when comparing -
.

r c 4 ., . ty eith L1-462.

1.0E-3 (mean)t 3P1 * ^P2o OP y = =

fwhere:

temporary level transmitter installed improperlyOP1 =

by AOS (omits step in installation procedure,
e.g., venting air). As , me written procedures
are available but may not be used (skill of the
trade). ,

6 e 0.08 (mean)

0.05 (Table 20-7, Item 5, Ref. H )BE =

5 (Table 20-7, item 5, Ref. H )EF =

comparison of readings performed incorrectlyOP2 =

by A0 and control room operator, given the
tube was installed improperly. Operator
omits step in long list without checkef f.
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'O.013 (meon)'=

0.01 -(Table 20-7, Item 4, Ref.-17)BE =

3 (Table 20-7, item 4, Ref. 17)EF =

2.- OPDR Operator f ails to reduce RHR flow to 1000 sps to prevent--

vortexing at the hot leg level. This action is necessary
only for Case B. Operator omits procedural step in-long j

-list without checkoff and fails to recover g' n 30 min.
to recover.

OPIDR DR]CaseB=

3.lE-3 (mean)o OPIDR OPl * NR1= =

wh9re:

operator fails to reduce flow, omits proceduralOP1 =

step:-n

= 0.013 (mean)

0.01 (Table 20-7, item 4, Ref. j])BE =

3 (Table 20-7, Item 4, Ref. JJ)EF =<

operator f ails to recover f rom error OPlNRI =

before RHR pump cavitates, given analog
ceter deviant display, without limit

~ 1 marks (i.e. , flow).'

L
'

-0.29 (mean)=

| 0.15 (Table 20-25, item 2, Ref. JJ)BE =

EF - - 5 (Table 20-20, Item 3, Ref. 17)

DR| Casec 0.0.o- OP2pg = =

Operator fails to *aintain level after draining down. It3.- opt 3- -

is assumed that the operator must make three adjustments
in establishing level. This error is denendent on the
level of water in the vessel - Case B a the hot leg mid-

;

plane, and Case C at the top of the vessel flange.

t LM|CaseB
"' OPi g =

[' 8.6E-4 (mean)t 3 * OP1 * NR1o OPl g - = =

|

where:

i
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i:{
OP1 =. operator fails to maintain level-with the,

b water level at the hat leg nozzle mid-
plane. Operator set rotary switch toW

incorrect, setting.

4.3E-3 (mean)-

0.001 (Table 20-12, Item 9. Ref. 1],)BE =

3 (Table 20-12, item'9, Ref. 1])EF =

NRI operator f ails to recover f rom error OP1=

before RFR pump cavitation, given pre-
vortexing alarm. Operat' must perform
same action as in OPl. A tme moderate
dependency. 1

0.22 (mean)=-

.

0.14 (Table 20-18, item 6, Ref. J1)BE =

5 (Table 20-20, Item 3,.Ref. j])EF =

t E| CasecOP2yg =

3.1E-4' (mean)-- o . OP2LM 3 * OPl * NR2= =

where:

OP1 cperator f ails to maintain level with
,

=

level at the ressel flange. (Same as
OP1 above)

1.3E-3 (mea n)=
,

>

1 '72 operator f ails to recover f rom error OP1=

before pump cavitation, given prevortexing
alarm. Because of longer time-available,
low dependency assured.

0.08 (mean)=

0.05 (Table "20-18, Item 6, Ref. 1])-.BE =

5 (Table 20-20, Item 3, Ref. J])EF =

'. OPyg Operator fails to vent RCS to atmosphere.-

g
0.0 based-on installation of delta pressure

''

OPygo =
4

measurement for level monitoring

i
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I 5. OPsg - _ Operator fails to control level over the mistica time in
| tree 2, resulting in RHR pump cavitation. It is assumed

that the operator must adjust level once per 24 hours.
The operator error probability depends on the time in
tree 2. It is also dependent on the RCS water level -
Case B at the hot. leg nozzle midplane and Case C at the
vessel flange.

o OP3SA Sl|CaseB(Tg 922 hr)= =

2.2E-2 (mean)t_* OP1 * NR1 -=

24

where:

959 hrTgtime in tree 2, Case Bt
===

.

operator tails to control level with levelOPl =

at the hot leg midplane. Operator sets
rotary sw!tch to incorrect setting. The

0.001 (Table 20-12,basic HEP (BE) =

item 9. Ref. 1]) . Very low stress level is

assumed FS 2 (Table 20-16, item 1,=

Ref. 17).

2.5E-3 (mean)=

2.0E-3HEP * FsBE = =

3 (Table 20-12, Item 9, Ref. 17,)EF =

operator f ails to recover from error OPlNR1 =

before pump cavitation, given prevortexing
alarm. Assume moderate dependence.

10.22 (mean)=

0.14 (Table 20-18, Itee 6. Ref. 17)BE =

5 (Table 20-20, item 3. Ref. 1],)EF =

S \ Casec (Tg 47 hr)OP4sg ==o

3.9E-4 (mean)t_ * OP1 * NR2 ==

24

where:

47 hrtime in tree 2, Case C =t =

operator fails to control level with levelOPl =

at the vessel flange (same as OPl above).
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U
= 2.5E-3 (mean)

operator fails to recover, given prevortexingNP1 =

alarm.1 Because of _ longer time available, low
dependency is assumed.

-0.08 (mean)

0.05 -(Table 20-18, item 6, Ref. 17)BE =

?EF =

6.3.3 Operator Actions for Tree 3
.;

1. 0 Pop - - Operator failssto cluse SF-V-81, resulting in a loss of.-
inventory from the refueling cavity.

2.lE-5 (mean)(OPl_+ OP2 * NR) * OP3.o OPop ==

where:

operator starts to' fill refueling cavityOP1 =

prior to having valve SF-V-81 (refueling ,

. cavity drain valve) closed and blocked
off. Operator omits a procedural step -
no signoff required, long list.

= 0.013 '(mean)

0.01 (Table 20-7, Item 4, Ref. 17)BE =

3; (Table 20-7, Item 4, Ref. 17)EF =

auxiliary. operator-failsoto close valveOP2 --

and' fails to install-flange. Ope rato r

fails to recall oral-instructions (one
-of two actions).

-1.3E-3 (mean)=
,

1.0E-3 (Table 20-8, Item 6, Ref. 17)BE =

3 (Table 20-8, Item 6, Ref. 17)EF =

independent verification falls to detect valveNR- =

open and flange off.

0.16 (mean)=

0.1 (Table 20-22, Item 1, Ref. 11)BE =

5 (Table 20-22, Item 1, Ref. 17)-EF =

' 6-32



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

|

|-

operator fails to detect leakage to containment0"' =

sumps (sump alarm), given valve is open. Assume
addition random alarm.

0.001 (Table 20-23, Item 2, Ref. 17)BE =

5 (Teble 20-20, Item 7, Ref. 17)Er =

2. OPCS - '.echnician fails to install cavity seal correctly.

1.7E-4 (mean)OP1 * NR1o OPCS
==

where:

the cavity esal is installed incorrectlyOP1 =
,

and results in loss of inventory. Operator
skips a procedural step.

0.013 (mean)-

0.01 (Table 20-7, Item 4, Ref. 17)BE =

. .

3 (Table 20-7, Item 4, Ref. J])EF = <

the cavity seal installation is not in-NR1 =

spected and leak is not detected. Operator
skips a procedural step in testing.

0.013 (mean)=

0.01 (Table 20-7, Item 4, Ref. ]])BE =

3 (Table 20-7, Item 4 Ref. 17)EF =

6.3.4 Operator Actions for Tree 4
_

l. OPCD - Operator f rils to close RH-V21 or RH-V33, valves in the Rb'ST
refilling path,

3.1E-3 (mean)OP1 * (OP1' + OP2)o OPCD
==

where:

operator skips procedural step to closeOPl =

RH-V21, given alarm at vessel level
(4" below flange). Short itst (based
on alarm), no checkoff provisions.

0.013 (mean)-

0.01 (Table 20-7, Item 4, Ref. 17)BE =

3 (Table 20-7, Item 4, Ref. 17)EF =
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_0P1' ~= . operator-skips the ster in the prvcedure-
. ,

B which says to close cu .a1 valve.RH-V33,
given-lower level of alert. Long list,

c no checkoff provision. Moderate de-
pendence.- The basic HEP = 0.01- f rom abos s .

0.24 (mean)-

0.15 (Table 20-18, Item 4, Ref. j])BE =

5 (Table 20-20, Item 3, Ref. j])EF =

OP2 auxiliary operator fails to close correct=

valve - ( RH-V33). Operator fails to recall
oral instructions.

0.0013 (mea n)=

0.001 (Table 20-E, Item 1 Ref. J])BE =

3 (Table 20-8, Item 1, Ref. JJ)EF =

2. OPBR
- Operator fails to realign RHR Train B i- cooling by

opening RH-V26 (discharge isolation valve).
;,

o OPBR operator skips a procedural step -to open"

RH-V26; long list, no checkof f ; rovision.

1.3E-2 (mean)=

1.0E-2 (Table 20-7, Item 4, Ref. 17)BE =

3 (Table 20-7, Item 4, Ref. j])EF =

3. OPRF Operator fails to reduce RHR flow to 1000 gpm. (Same-

in Section 6.3.2).quantification as OPIDR

-o_ OPRF = OP1'* NR1 3.1E-3 (mean)=

,

. 4. .0P g Operator falls to achieve the desired level. Operator-

t
J error probability' depends on the desired level (DM

successful, level at hot leg nozzle midplane; DM failed,
level at-head flange). It is assumed that it requires
three operator adjustments to achieve level. (Same
quantification aslDF ;g and_0P2 g in Section 6.3.2).t,

IM|DMOP3 g 3 * OP1 * NR1o = =
t

8.6E-4 (mean)=

OP4d = 'I55|35 = 3 * OP1 * NR2o

~

3.1E-4 (mean)=

6-34
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~ 5. : OPgf - - = Operator fails to control level over the mission time
in treef4 and results in RHR pump failure (vortexing).
It is assumed that the operator adjusts level once per

24 hours. Operator error probability heavily depends
on the desired vessel level (DM successful, level is .

'

at hot leg nozzle midplane; DM failed, level at vessel
head-flange).

~

C'6SA 5i|DM(T3 1440 hrs) 3.3E-2 (mean)= = =o

t/24 * OP1 * NRI.=

operator fails to maintain desired levelUP1 =

given level at hot leg midplane. (Same
quantification as OPl for OPSA in Sec-
tion 6.3.2).

2.5E-3 (mean)-

operator. f ails to recover f rom adjustmentNRI =

error prior to RHR pump failure, given
prevortexing alarm. (Same quantification

as NRI for OPSA in Section 6.3.2).

0.22 (mean)-

o OP734 SI]D5 - 1.2E-2 (nean)a

1440 hr)t/24 * OPl * NR2 (t ==

operator fails to maintain level at vesselOPl =

flange. (Same as OPl above).

2.5E-3 (mean)=

operator fails to recover before level dropsNR2 =

7 ft. and RHR pump f ailure (vortexing) occurs.
(Same quantification as NR2 for OPSA in SeC-
tion 6.3.2).

0.08 (mean).=

6.3.5 Operator Action for Tree 5
__

1.- OPTL Temporary level transmitter - operator f ails to verify-

that LI-9405 and temporary level transmitter give same
readings initially.

o OPTL operator fails to align temporary level"

transmitter reading, given transmitter
has failed. -

6-35
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1.3E-2 (mesn)=

0.01 (Table 20-7, Item 4, Ref. J])BE =

3 (Table 2D-7, Item 4. Ref. 1],)EF =

{
2. OPCT Operator fails to ensure that the cross-train alignment-

j is in effect. It is assumed that there is one test and ,

maintenance of the RHR suction valves during the outage.
Thus, the cross-train alignment could be misaligned be-
cause it was misaligned in tree 1 and not restored in
tree 5 or because it was misaligned due to test and
maintenance and not restored in tree 5.

7. 4E- 3 (mean)o OP2CT (OP1 + OP2) * NR1= =

where:
-

operator fails to correctly align power toOP1 =

in Section 6.3.1).suction valves (see OPI CT ,

1.3E-2 (mea n)=

\

test and maintenance error resulting in suctionOP2 =

valve depowering misaligned. Assume written
procedures are available but may not be used.

0.08 (meau)=

0.05 (Table 20-7, item 5, Ref. J])BE =

5 (Table 20-7, Item 5, Ref. 17,)EF =

operator fails to detect misalignment, givenNR] =

it is a prerequisite to fill procedure.
,

0.08 (mean)=

0.05 (Table 20-22, Item 2, Ref. 17)BE =

5 (Table 20-22, Item 2, Ref. 17,)EF =

3. OPLM Operator f ails to maintain level at 45', resulting in filline-

the pressurizar and overprescurization. It is assumed tha'
the operator must adjust level once every 24 hours. The
failure probability dep =1s on the length of time in the ts 2.

t 15|CaseB(Tg 101 hr)OP5 go = =

2.2E-3 (mean)(OP1 + t_ * OP2) * NR1 ==

24

where:
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OPI- = _ auxiliary operator fails to raad temporary
level- transmitter correctly or f ails to alert
control room that the required level has ini-
tially been reached. Operator fails to read
analog meter correctly.

0.0038 (mean)-

0.003 (Table 20-11, Item 4, Ref. ]])BE =

3 (Table 20-11, Item 4, kef. j])EF =

operator f ails to maintain charging / letdownOP2 =

balance, given bubble in pressurizer. Ope r-
ator sets rotary control to incorrect setting.

,

1. 3 . -3 (mean)=

0.001 (Table 20-12, item 9, Ref. 17)BE =

3 (Table 20-12, Item 9, Ref. 17)EF =

operator fails to recover before significantNR1 =

overpressure. Operator fails to detect un-
' annunciated deviate display.

0.24 (mea n)=

0.15 (Table 20-25, Item 2, Ref. ]])BE =

5 '. Tabla 20-20, Item 7, Ref. 17)EF =

o OP6Di 55| Casec (T3 184 hr)= =

(OPl + t_,* GP2) *NRi 3.4E-3 (mean)-=

24

where:

193 hrtime in tree 5, Case Ct ==

4. OPCC Operator fails to correctly cross-crafbrate LI-462 (pres--

surizer level) with temporary level tre,nsmitter.

2.9E-2 (mean)o OPI CC OPl + OP2= =

where:

operator skips cal *bration step in pro-OPl =

cedure; long lis c, no checkof f provi-

aion.

0.013-

6-37



-

,

p
r

6

0.01. (Table 20-7, Item 4, Ref. 17)BE -

3 (Table 20-7, Item 4, Ref. 17,)EF =

OP2 I6C technican incorrectly calibrates=

'LI-462, skips step where written pro-
_

cedures are available but not csed -
task.is "second nature".

0.016 (mean)=

0.01 (Table 20-7, Item 5, Ref. J])BE =

5 (T.ble 20-I, Item 5, Ref. J])EF =

OP y Operator fails 'to restore PT403 and PT405 to service.5. =
t,

4.7E-3 (mean)o OP4LT OP5LT OPl + OP2 * NR= = =

where:

operator skips procedural step to rastoreOP1 =

PT403 and PT405. Long list, with checkoff
provisions.

0.0038 (mean)-

6.003 (Table 20-7, Item 2, Ref. 17)BE =

3 (Table 20-7, Item 2, Ref. 1,7 )EF =

OP2 I&C technician fails to properly restare=

PT403/405.

0.0038 (mean)=

0.003 (Tabic 20-13, Item 2, Ref. 17)~ BE =

3 (Table 20-13, Item 2, Ref. 17) |EF =

operator falla ta detect pts not restored.NR =

Ope-e.or fails to detect deviant display
of analog meter without limit modes _

0.24 (mean)=

0.15 (Table 20-25, Item 2, Ref. J])BE =

5 (Table 20-20, Item 7 Ref. lj7)EF =

6. OPPU - Operator fails to maincain pressurizer level at pressure
of-325 psia. It is assumed that the operator must make
three adjustments to charging in tree 5 to maintain level |

during evolutions. |

|
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3.9E-3 (mean)o OPIPU. ' OP2pp- = 3 * OPI_= =

where:

operator _ fails to maintain level.OP1 =

0.0013 (mean)=

1.0E-3 (Table 20-12, Item'9, Ref. 11)BE =
,

s

3 (Table 20-12, Item 9, Ref. 171EF =

' 6.3.6 Operator Actions for Tree 6

' 1. opt 7 Opet.r or fails to control excess letdown during heatup,-
.

resulting in filling the press'2rizer and an overpres-
surization. This event depends on the Irngth of time in
tree 6. For Cases A and B (Tg 24 hr), it is assumeda

that there are' 5 demands for operator action to increase
letdown. Fo'ir demands occur when pressure is low and
recovery is good. One demand occurs as the pressure in-
creases to 3C0 psig where recovery is not as easy. ,

OPILI Lii0 asea,B=

9.0E-4 (mean)4 * OPl * NR.1 + 1 * OPl * NR2 ==

where:

OP1 = operator fails to control level, Operator
set s rotary control to incorrect se. ting.

;

l.6E-3 (mean)=

BE = 0.001 (Table 20-12,1:em 9, Ref. 17)

5 (Table 20-12, Item 9 Ref. 17)EF =

operator fails tn recover from overfillNR1 =

prior to overpressurization,- given the
pressure is low. Assume low dependency

.0Pl.

0.08 (mean)-

,

BE = .0.05 (Table 20-18, Item 6, Ref. 17)

= -5 (Table 20-20, Item 7, Ref. 17,)EF

_ operator f ails to recover f res overfill,i- NR2 =

given the pressure is high. Assume mod-
erate dependency with OPl.

0.24 (mean)=
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0.15 (Table 20-18, Item 6, Ref. 17)BE =
_

EF' = 5 (Table 20-20, Item 7, Ref. 17)-

For Case C (T3= 72 hr), it is assumed there are 8 demands
to maintain' level -'3 with pressure low and 5 with pressure
high. )

-o . 0P2t1 U| Casec=

3 * OP1 * NR1 + 5 * OP! * NR2 2.3E-3 (mean)= =

where OP1, NR1, and NR2 are from above.

2. OP13 operatot fails to isolate RHR.-

3.1E-3 (mean)OP gi OP1 * OP2= =

where:g

OP1 operator fails to close one of two valves=

prior to depowering; long list, no checkoff
procedures.

0.013-=

0.01 (Table 20-7, Item 4, Ref. 1])BE =

3 (Table 20-7, Item 4, Ref. 17)EF =

OP2 operator fails to close second suction valve,=

given he f ailed to clooe firs t valve. Assuma
moderate dependency.

0.24=

0.15 (Table 20-18, Item 4 Ref. J])BE =

5 (Table 20-20, Item 5, Ref. 17)
~

EF> =

6.4 .Quantification of Other Operator Actions

6.4.1 , Operator Actions Used in Systems Analysis

The following opera' tor action quantifications are used in the

Systems Analysis (Section 7.0) in coebination with hardware failure.

1. OPICT Operator fails to initiate cooling tower operation,-

given unavailability of service water pumphouse or
pumps. This action is usad in top events WA and
kB (service water train A and train B) in the
Support Systems tree. See Section 7.4.2. This
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action-ic only_modeled when offsite power is avail-
able.; -It-is assumed that _ time is available (15 to -

30 min) following_ loss of a service water train
betnre the operator must initiate the cooling tower
to prevent' overheating of PCC. = Cooling tower ini-

.tiation is not modeled for LOSP because of the
immediate need for cooling the diesel generators.

1.3E-3 (mea n)o OPI CT
=

1.0E-3 (Table 20-12, Item 3, Ref. 17)BE =

3 (Table 20-12, Item 3, Ref. 17)EF =

2. OPRR
- Operator fails to correctly start RHR punp or operator

L fails to align FdR train correctly. This action is
used in top event RR in the Transiert and LOCA trees;o

see Section 7.1.3.

This action is essentially the same as OPRI (in
Section 6.3.1) and is quantified the same:

Operator. fails to correctly start the " operating"
RHR train after Tripping the pump due to low
suction:

4.0E-3 (mean)OPIRTo OPlRR
==

Operator fails to correctly start _the standby RHR
train, given f ailure of the operating trcin:

1.3E-3 (mean)OP2RIo OP2 ==
RR

i

3. OPipp - Operator fails to rack in the charging and SI pumps
to allow for feed and. bleed cooling, given failure

| of the-operating charging pump. This action is in-
cluded in the feed portion of feed and bleed cooling
which is included in the top event LC in the Trans-
1eut and:LOCA trees; see Section 'i.5.4.

6.3E-3 (mea n)o OP1pp =

5.0E-3 (Table 20-12, Item 11, Ref. 17,)BE ==

3 (Table 20-12, Item 11, Ref. 11)EF =

4._ OPFB
- Operator f ails to maintain adequate feed / bleed flow to

remove decay heat and conserve inventory, including
[ makeup to RWST. This action is included in the quan-

tification of feed and bleed cooling which is part of''

top event LC in the Transient and LOCA trees; see
Section 7.5.4.

l.
|,.
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_ foT 20P1 = f 0peratorIf ails! to initiate feed and bleed- or'-FB ,

=if'the-RWST isLfull, operator fails to ramp,_g , .

?, ?btek (iarging flow or.begin:uakeup to'RWST _ -d'
-u

~

I-or:if-LRWST is empty, operator: fails;to.begin
J makeup to boric acid storage tank. - i

,

; - |
LOPg.+.RWSTygtg * (OPCF * OPRI).+ RWSTEMPTYSi a

.

- * OPBT r
*

,

1.7E-3 (mea n) -. =-

[ ~ s..ere:-

Ne RW3TEMPTY = 1 - RWSTFULL 1 week=
'

10 yrs ,

-_ [ 0.002S'(mean) '=-
,

-based on= assuming one week of-maintenance every 10-

-

years-during which time.the RWST : empty _and'un- .,

available to be refilled. This is assumed to vary
between 4 | weeks - per_10 : years (weight = 0.1) ~and :

_

one_ week.every 40 years.(weight _ .0.1),1with the :
,.

best' estimate -one week in 10 years (weight = 0.8).,

J
'

OPS Operator fails to correctly initiate feed and
* : =-

" ' ' ' -' bleed cooling: -start: charging pump and oper
_the RWST-suction valve. Time available eqra '.s

30 min.-

-. Operator. selects wrong switch;(charging pump--

.g that is disabled)-and f ails ta detect need for
,

"

p- - . cooling (from incore thermocouples)-or: detects
' . need i f or-- cooling but again selects wrong swit : 1.--

.

'

*

' 2 *?OP1-*-(NR~+ OP2)=

'

5.8E-4 (mea n) -=

= herew

*

[0Pg :0P1; =J operator selects wrong swicch
,

1.3E-3 .(mean)=

q'

0.001 (Table 20-12, Item 3, Ref. 1],)BE =.'

3 -(Table 20-12,-Item 3, Ref. 17,)- EF- =
_

r

OPg:0F2.= operator. selects wrong switch, given he pre-
viously selected wrong switch (OP1). Mod- i

,

erate dependency assumed.
,

0.22 (mean)-

d e
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0.14 (Table 20-18 Item 6. Ref. H )BE =

EF -.5 (Table 20-20 Item 5, Ref. ,1_7_)

operator fails to detect-that core cooling0Fs:NR =

has .not been initiated; fails to detect in-
core thermocouple temperature continues to
increase - check' reading digital indicator.

1.3E-3 (mea n)=

0.001 (Table. 20-11, Item 1, Ref. H)BE =

3 (Table 20-11, Item'1, Ref. H )EF =

OPCF Operator f ails to ramp back cl.arging flow to conserve*

RWST inventory, given containment sump alarms; skips
~

procedural s*ep in response procedure. Time avail-
able equals 2 hours.

1.3E-2 (mean)=

0.01 (Table 20-7, Item 4, Ref. H )BE =

*

3 (Table 20-7, Item 4, Ref. H )EF '=

OPRT Operator f ails to monitor RWST level and begin making"

up to RWST. Time available is greater than 6 hours.
Operator fails to detect unannunciated deviant dis-y_
play on an analog meter without limit ma rks - assuming
hourly scans.-

' 4.8E-2 (mean)=

0.03 -(Table 20-25, Item 2(a) - (f), Ref. H)BE =

5 (Table 20-20, Item 5, Ref. H )EF =

OPBT Operator falls monito: boric acid storage tank level"

(given RWST is empty) and begin making up to the tank.
Time available equals:

(- -20,000 gal in BAST ) 50 min=

(400 gpm-one charging pump)

Operator fails to detect unannunciated deviant display
on an analog meter without limit marks - BAST level -
assuming initial audit only.

'

0.24 (mean)=

0.15 (Table 20-25, Item 2(a), Ref. H)BE =

5 (Table 20-20, Item 5, Ref. H )EF =
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Operator fails feed and bleed cooling function,'given no-supports

systems available. -(Gravity feed, used only-for RCSEConditien X -
RCS open):

RWSTygtt *'(OPg + OP ) + RWSTEMPTY
'

o- OP273- = C

1.8E-2 (mean)=

where

0.002 (above)RWSTEMPTY 1 - RWST gtt= =y

OPsi operator fails to correctly initiate=

gravity feed - opening several valves
assuming modarately high stress,'

dynamic actirn.
_

OPg * F3=
a

2.9E-3 (mean)
;

=

where OPS 5.8E-4 (from above)=

5 (Table 20-16, item 6, Def. jl[)jF3
=

OPC= operator fails to control flow rate and drain
RWST before 24 hours. Time available es .als
6 hours. Operator skips a procedural step -
long list, no checkoff provisions.

0.013=

0.01 (Table 20-7, Item 4, Ref. 17) '

BE =

3 (Table 20-7, Item 4, Ref. 17)EF =

6.4.2 Containment Isolation ope:ator Actions

Operator. actions to isola;e containment in the event of a core

damage . event are combined with hardware unavailabilities in Section 10.1

(Table 10-3). These actions are quantified below:- :

operator f ails to restore equipment natch prior to core1. OPEH
-

melt. This action is included in top event dH in the
Transient and LOCA trees (see Table 10-3, footnote 9).

This action to restore the hatch, without major error,
takes between 4 hours and 8 hours, possibly even lees
in the case of an emergency, based on information from
plant maintenance personnel. This action was assumed
to be' guaranteed failure for plant conditions with less
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than 8 hours available to core uncovery with loss of

cooling - conservatively modeled as c11 LOCAs and all
transients initiated with the RCS drained down (Con-
dition X). For Condition W (RCS filled), it is assumed
that the hatch can be restored unless an error is made
in rigging. This error is quantified below:

o OP1EH OPgy given hardware / operator initiated transient=

with RCS Condition W (RCS filled). Time avail-
able equals

15.5 hr (see OR1, Section 6.2.1) - 4 hrT =

(time to respond to transient event)

11.5 hr=

Crane operator omits critical step in rigging
.

hatch and checker fails to detect error.i

OP1 * NR=

1.3E-2 (mean)=

where

crane operator omitt step, writtenOP1 =

procedures available but not used -
"second nature" action. Moderately

high stress, step -by-step action
assumed.

.

0.16 '**an)=

v.05 (Table 20-7, Item 5, Ref. 17)
.

BE =

5 (Table 20-7, Item 5, Ref. 11) -

FF =
,,

stress factorF3
=

2 (Table 20-16, Item 4. Ref. 11)=

checker f ails to detect error prior to11R =

irrecoverable action - special short

te rm, one-of-a-kind che cking with
alerting factors.

-

0.08 (mean) s-

0.05 (Table 20-22, Item 3, Ref. 17,)BE -

5 (Table 20-22, Item 3, Ref. 17)EF =
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__

o OP2EH OPEH given internal / external hazard initiated=

transients with no LOSP or recoverable LOSP.
Time available equals

15.5 hr (see OR1, Section 6.2.1) - 4 hrT =

(time to respnd to hazard) - 4 hr (cime
7.5 hrto respond to transient) =

OP2 * NR=

3.2E-2 (mean)=

where

OP1 (abova) with extremely high stressOP2 =

level due to the reduced tice available.

0.40 (mean)=

0.05 (Table 20-7, item 5, Ref. 17)BE =

5 (Table 2L-7, item 5, Ref. 17)EF =

5 (Table 20-16, item 6, Ref. 1])F3
=

(same as NR above)0.08 (mean)NR -=

2. OPi pt - operator fails to close the containment online purge (COP)
and containment air purge (CAP) valves prior to core melt.
The action is included in top event EH in the Transient
and LOCA trees (see Table 10-3, footnote 11).

OPpt given transient with RCS Conditions WOPpto =

or Y (RCS filled). Time available equals

11.5 hr (from OPlEH above).

OPl * NR=

2.0E-3 (mean)=

where

operator skips procedural step to closeOPl =

CAPS / COPS; long list, no checkof f prc -
visions. Moderately high stress assumed.

0.025 (mean)-

0.01 (Table 20-7, item 4, Ref. 17,)BE =

3 (Table 20-7, item 4, Ref. 17,)EF =
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2F,= stress factor =
3 -

(lable 20-16, item 4, Ref. J7,)

operator fails to recover from OPl andNR =

closeLyalves given alert - stack radia
ation alarms.

*

= 0.08 (mean)

0.05 (Table 20-22, Item 3, Ref. 17)BE =

5 (Table 20-22, Item.3, Ref. lj[)EF =

o OP2pt ' OPpt given transient with RCS Condition X=

(drained-down) or LOCA. Time available equals
T= 3 hr (se'e OR2 in Section 6.2.1)

=' OR2 * NR

5.0E-3 (mea n)=-

where

OPl (above) with very high stress level- OP2 =

due to reduced time available.

0.063 (mean)=

0.01- (Table 20-7, Item 4, Ref. 17)BE =

3 (Table 20-7, Item 4, Ref. 17,)EF =

5 (Table 20-16, Item 6 Ref. 17)
F3

=

0.08 (mean) - (same as NR above)NR =

0P p aperator f ails to close all small containment penetretion;- 3. : 3 - prior to core melt, given large penetrations (equipment
hatch, COPS, CAPS) are isolated. This action is included
in top event SA in Transient and LOCA trees.

'OPSA given RCS Condition W or Y (filled). Timeo' 0Plsp =

available equals .11.5 hr (see OPipt above).

OPCR + 2 * OPOUT=

1.7E-2 (mean)=

.where
,

operator _ fails to close valves that can beOPCR
"

isolated f rom the control room.
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b*

2.0E-3~ (mean); - (from OPipt above)=

- OPOUT = operator fails to close valves that must be
locally isolated. Moderately.high stress
level for a step-by-step action is assumed.

-

It is also assumed that two penetrations
-

must be locally isolated.*

'.5E-3 (mean).=

:s

BE c 3.0E-3 (Table 20-13, Item 2, Ref. lj[)
L

3 (Table 20-13, Item 2, Ref. 11,)EF =

2 (Table 20-16, Item 4, Ref. J])Fg =

OPSA given RCS Condition X (drained). Time avail-o. OP2spL =

able equals 3 hr (see OP2pt above).

OPCR + 2 * OP' OUT=

4.0E-2 (mean)=

where

OPCR- 2.0E-3 (mean) - (above)=

OPOUT from above with very high stress.OP'0UT
=

1.9E-2 (mean)-=

3.0E-3 (Table 20-13, Item 2, Ref. 1[)BE =

3 (Table 20-13, Item 2, Ref. 2],)EF =

.

5 (Table 20-16, Item 5, Ref. j])Fs
=

6.4.3- Operator Actions Resulting in or Contributing to an
Initiating Event

1. Valve RH-V33 is a manual valve on the path conne.cting the RHR
.

pump discharge to the RWS1. This valve is opened when draining

the refuelic7 cavity water back to the RWST. If this valve is not'
-

c
closed after Uce refueling cavity is drained, this can be a potential

.LOCA source'during the next outage when RHR is initiated. This

LOCA (L3) would occur early in an outage when decay heat level is
.

relatively high and tne primary system is still hot. In order for
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this event to occur, multiple _independant operator errors aust

occur, as follows:
~

-+ OP ) * OP3 * OP4o -opt 3 (OP}=
2

3.9E-6 per year=

where
,

OPg operator skips procedural step to close RH-V33=

-

0.013 (mean)-

0.01 (Table 20-7, Item 4, Ref. 17)F- 3E =

9

3 (Table 20-7, Item 4, Ref. 17,)EF =

A0 fails to close correct valve, given correct
OP2

=

instructions from operator (naclearly labeled)

0.01 (mean)=

BE =- 0.008 (Table 20-13, Item 4, Ref. j])

3. (Table 20-13, item 4, Ref. 1])EF =

OP3 independent check for mode change fails to=

identify RH-V33 open (position indicator
difficult to read)

0.013 (mean)=

0.01 (Table 20-14, Item 4, Ref. 17)BE =

3 (Table 20-14, Item 4, Ref. 17,)EF =

OP4 when RHR is started in subsequent outage,=

operator fails to close RH-V21 or V22 prior to
RHR initiation - operator skips procedural step.

0.013=

>

0.01 (Table 20-7,-Item 4, Ref.]])BE =

3. (Table 20-7, Item 4, Ref. 17,)EF =

12. For LOCA LS, loss of coolant to the containment sump (see Section

7.6.3) the operator action is quantified for failure to immediately

reclose the sump valve during the valve test with an undetected
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check valve failure. The. operator is expected to detect a plati.

upset condition and immediately reset his previous _ action - i.e.,p

opening.the valve. It is not nececsary for him to detect the cause

Jof the upset condition tc be successful for this action. This

action is quantified.as a special short term, one-of-a-kind checking
_.

with alerting factors.
i

0.08 (cean)o NRig =

0.05 -(Table 20-22, item 3, Ref. 17,) )median =
|
|

5~ (Table 20-22, item 3, Ret. 17).EF =

3. -In response to a' control room fire with results in loss of AC
:

power, the operators must go to the -Remote Saf e Shutdown Panel

and otherJ1ocal breaker controls to continue decay heat removal.

The action is quantified as a diagnosis function with time avail-

-able equal 60 min, and dynamic action with moderately high stress

(F ) .S

FHE',2 Operator fails to diagnose, given 60 min.=

4.3E-3 (mean)=

1.0E-4 (Ref. 17,, Table 20-3, Item 5)BE =

30 (Ref.L17, Table 20-3, Item 5)EF =

5 (Ref. lj[, Table 20-16, item 5)F3
=

This operator action is used in the_quantification of initiatiny
* ,

event FCRAC in Section 8.2.1.3.
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TABLE 6-1

SUMMARY OF OPERATOR ACTIONS FOR TRANSIENT TREE

Failure Frequency

Mean 5th 50th 95th |

Top Operator Value Percentile Percentile Percentile i

Description |
Event Action

Short Term
9.5E-4 1.6E-5 1.9E-4 3.4E-3i Operator fails to control the source of over-OC OPOC

pressurization.
3.7E-4 2.6E-5 1.7E-4 1.3E-3

( (a) Operator falls to trip vortexing or cavitating
| TP OPITP RilR pump, given no overpressure condition.

1.7E-3 2.5E-4 1.lE-3 5.2E-3
Operator fails to trip cavitating R11R pump,

OP2TP given overpressure condition.

I Long Term

|

removal 1.7E-5 6.6E-8 2.0E-6 6.0E-5(b)
OR ORI Operator fails to choose a viable heat

) mode, given loss of RilR with the RCS foli.,

l.7E-4 6.7E-7 2.0E-5 6."E-4
Operator fails to choose a viable heat remova'.OR2
mode, given RCS is drained, operating RHR pump
is failed (hardware) or pump failed from vor-
texing.

1.7E-4 6.7E-7 2.0E-5 6.0E-4
OR2 except operating RilR pump is vortexing andOR3
successfully tripped (TP).

4.3E-4 1.7E-6 5.0E-5 1.5E-3
OR2 except standby RilR pump is also unavail-OR4
able.

1.78-3 6.6E-6 2.0E-4 6.0E-3
OR2 with tio support system avaliable.OR5

TP quantified assuming prevot". axing level alart...(a) OP2

response procedures and administrative controls to assure eitherOR quantified assuming accident(b) either secondary cooling or gravity RWST feed options available.

_ _
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-TABLE'6-2: . Sheet .1 cf' N

SUMMARY OF OPERATOR ACTIONS FOR-LOCA TREE

Failure Frequency

Mean 5th 50th. 95th-

(| Operator.
.

Value Percentile Percentile Percentile
Top

Action DescriptionEvent
Short Term

.

I
OD j .0 D I - . Operator falls to detect LOCA prior to sub- 1.6E-3 6.0E-5 6.0E-4 6.0E-3

stantial inventory-loss tor LOCA L1, L5, L6,
and LS.

OD2 ODI except for L3. 2.7E-4 1.0E-5. 1.0E-4 .l.0E-3

OD3 001 except' for LP. 1.6E-3 2.0E-4- 1.0E-3 5.0E-3

Operator fails to isolate the RHR suction 3.8E-3 1.0E-3 3.0E-3 9.0E-3
IR | 0?lIR valves, given he detected the LOCA, for L1

.and LP.

OPlIR for L3. '2.7E-4 1.0E-5 1.0E-4 1.0E-3
OP21R

(a)
Operator. fails to trip cavitating RHR pump, 1.0E-4 1.5E-6 2.6E-5 4.4E-4

TP OPTPA given LOCA's L1 or LP and operator isolates
leak (IR).

2.2E-1 2.8E-2 1.4E-1 7.0E-1
OPTPA elcePt given operator fails to isolateOPTPB leak (IR) and fails to initiate makeup (MU).

Long Term

|

(b)
OL Operator fails to determine appropriate actions

! to restore decay heat removal before core
damage occurs.

OLI OL given LOCA's L1 or.LP with operator success- 5.0E-5 2.0E-7 6.0E-6 1.8E-4

fully isolating RHR (IR).

OL2 OL given LOCA's LS or L6 with at least one 2.6E-4 1.0E-6 3.0E-5 9.0E-4

support train available.

.
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Sh:ct 2 of 2-TABLE 6-2-

SUtfMARY OF OPERATOR ACTIONS FOR LOCA TREE

Failure Frequency

Menu -5th 50th 95th
Top Operator Value Percentile Percentile Percentile'

,5 vent Action Description

6.5E-4 2.5E-6 7.5E-5 2.JE-3
GL ' OL3 OL c c LOCA's L5 or L6 with no support

. t ra ir.? .-ailabla.I

, 6.5E-3 2.5E-7 7.5E-6 2.3E-4
OL4 OL given LOCA.L3 with operator successfully

isolating RilR (IR).

OLS OL given LOCA LS with at least one support 8.5E-4 3.3E-6 1.0E-4 3.dE-3

train available.

isolated 4.3E-4 1.7E-6 5.0E-5 1.5E-3
OL6 OL given LOCA's L1 or LP with RilR not

(IP).
9.5E-4 4.0E-6 1.2E-4 3.6E-3

.

OL7 OL given OD failed.

I

|

|

|
|

NOTES:

i

OP p quantified assuming prevortexing alarm.'

(a) T

(b) OL quantified assuming accident response procedures.

|
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T+6BLE 6-3 Sheet I cf 4

SUMMARY OF OPEPATOR ACTIONS FOR PROCEDURE EVENT TREES

Failure Frequency
Mean 5th 50th 95thTop Oper *or.

Event Action Description Value Percentile Percentile Percentile

Tree'l

I '

RV ' OPIRV Operator attempts to open both RIIR suction '3.8E-3 1.0E-3 3.0E-3 9.0E-3
valves to one train with RCS presrure greater
than 450 peig.

OP3RV Operatot fails to detect pressere transmitter 4.5E-2 5.6E-2 2.8E-2 1.4E-1
failure.

(a)
CT OPICT Operator falls to implement cross-tcain power 1.7E-2 5.0E-3 1.4E-2 3.7E-2

alignment for RilR suction valves.

RI OPIR1 Operator fails to correctly start the first 4.0E-3 3.4E-4 2.lE-3 1.4E-2
,

| RHR pump train.

Or2gy Operator falle to correctly start the second 1.3E-3 1.lE-4 7.0E-4 4.5E-3
RHR pump train given the first pump failed.

SA |OPigg ' Operator fails to remove power from valves 8.3E-3 5.6E-4 4.0E-3 2.8E-2

during test or maintenance of RHR' suction
valves given CT successful, for Case C only.

OPISA except CT failed, for Case C only. 1.lE-1 5.8E-3 4.6E-2 4.2E-1
OP234

NC NRINC Operator falls to recover from inadvertent SI 2.7E-1 1.0E-2 1.0E-1 9.9E-1
before overpressurization.

NR2NC Operator fails to recove < rom letdown iso- 1.lE-1 1.4E-2 7.0E-2 3.5E-1

lation before overpressurization.

NR3NC Operator fails to recover from maximum makeup 2.4E-1 3.0F-2 1.5E-1 7.5E-1
before overpressuriz.1 tion.

r

-
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SUMMARY OF OPERATOR ACTIONS FOR PROCEDURE EVENT TREES
~ ~ ~

Failure Frequency

Nean 5th 50th 95th
Top Operator Value Percentile Percentile Percentile
Event ~ Action Description

Tree 4

1.0E-3 7.lE-5 5.0E-4 3.6E-3(b) ,

TV OPyy Operator fails to >nstall temporary level 'l

i

I
transmitter correctly. |

Operator fails to reduce flow to 1000 gpm 3.lE-3 2.lE-4 1.5E-3 1.IE-2

DR j OPIDR
given Case B.

LH OPigg Operator falls to maintain level given Case B. 8.6E-4 5.9E-5 4.lE-4 2.9E-3(c)

3.lE-4 2.lE-5 1.5E-4 1.1E-3
OP2 g Operator fails to maintain level g;ven Case C.

t

f (d) -------- ---
0.0 ------

Operator fails to vent RCS to atmosphere.VA OPVA

Operator fails to control level given Case B. 2.2E-2 1.6E-3 1.lE-2 7.9E-2(e)
SA OP3SA

3.9E-4 2.8E-5 2.0E-4 1.5E-3
OP4ga Operator fails to control level given Case C.

Tree 3

2.lE-5 1.5E-6 1.0E-5 7.2E-5
Operator fails to close refueling pool drain

1 DF OPDF
valve.

|

CS OPcq Cavity seal is not installed correctly. 1.7E-4 1.1E-5 1.0E-4 9.2E-4
1

|

Tree 4

3.lE-3 2.2E-4 1.5E-3 1.lE-2(T)
Operator fails to close RH-V21 or RH-V33CD OPCD
valves in the RWST refilling path.

1.3E-2 3.3E-3 1.0E-2 3.0E-2(f) Operator fails to realign RHR train B forBR OPBR
cooling.

Operator fails to reduce RIIR flow to 1000 gpm. . 3.lE-3 2.3E-4 1.7E-3 1.2E-2|

RF OPRF
|

_
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TABLE 6-3' - Sheet 3 ofL4;

SUMMARY-OF OPERATOR ACTIONS FORLPROCEDURE EVENT TREES *
~~~

Failure Frequency
Mean- 5th 50th- 95thTop Operator

.
_

Event Action ~ Description Value Percentile Percentile Percentile

Tree 4
!

~

(c)
LM 'OP3 g . Operator-falls to achieve desired level, given' 8.6E-4 5.9E-5 4.1E-4' 2.9E-3

t
level is at the mid plane of the hot leg
nozzle. '

OP4LM Operator fails to achieve desired level, given 3.lE-4 2.lE-5 1.5E-4 't.12-3

level is at the top of the flange.

(e)
SA OP6SA- Operator fails to maintain level at hot' leg 3.3E-2 4.0E-3 1.7E-2 1.2E-l

nozzle mid-plane.

OP7SA Operator fails.to maintain level at vessel 1.2E-2 8.3E-4 5.9E-3- 4.4E-2
flange.

Tree 5

(b)
TL OPTL Temporary level transmitter indication not 1.3E-2 3.3E-3 1.0E-2 3.0E-2:

aligned for operation.

OP2CT Operator fails to ensure cross-train power 7.4E-3 4.4E-4 3.3E-3 2.8E-2~

alignment for RilR suction valves.

LM | OP5LM Operator f atis to maintain level at 45', given 2.2E-3 2.0E -4 1.2E-3 7.3E-3

Case B.

' Operator' f ails to maintain level at 45', given 3.4E-3 3.0E-4 1.8E-3 1.lE-2
OP6LH

Case C.

Operator fails to correctly cross-calibrate 2.9E-2 8.7E-3 2.3E-2 6.6E-2
OPICCCC '

LI-462 (pressurizer level) with tygon. tube.
'

& Operator fails to restore PT-403 and PT-405 to 4.7E-3 1.lE-3 3.6E-3 1.lE-2
OP4LTLT !

service.OPSLT

,

b

,. c ' e
- .
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TABLE 6-3

SUMMARY OF OPERATOR ACTIONS FOR PROCEDURE EVENT TREES

_| Failure Frequency

Mean a 5th 50th 95th

Top Operator Value Percentile Percentile Percentile
Description

Event Action

Tree 5
I 3.9E-1 1.0E-3 3.0E-3 9.0E-3

PU OPipp & Operator f ails to maintain pressurizer level.
OP2 rr |

P '

1Tree 6

letdown 9.0E-4 5.7E-5 4.3E-4 3.2E-3
LI I OPl y Operator fails to control excess

t during heatup, given Cases A or B.
2.3E-3 1.4E-4 1.lE-3 9.0E-3

OPl y except Case C.OP2 y tt
3.lE-3 2.lE-4 1.5E-3 1.lE-2

IS OPrc Operator fails to isolate RIIR.

i

NOTES:
on both trains.to verify cross-train alignment

(a) OPCT - quantification assumes procedural enhancement
be

TL are modeled with the temporary level transmitter (assuming the tygon tube will not(b) OPTV and OP
used).

hot leg mid plane.
(c) OP g - quantification assumes prevortexing level alarm att

(d) OPyr - is assumed to not be a failure mode based on delta-P sensing level monitor.

(e) OPgr - quantification assumes prevortexing alarm.
to drain to flange and then close V33.

(f) OPCD and OP g are based on procedural enhancementC

. - - -
.. ._

. . "
' ' ' '. . - . . . . . . . . .
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TABLE 6-4

. SUMMARY OF OPERATOR ACTIONS FOR SYSTEMS ANALYSIS AND CONTAINMENT ISOLATION

Failure Frequency

Mean 5th 50th 95th
Top. Operator
Event Action Description Value' Percentile Percentile Percentile

Short Term

b .

-

WA,WB j OPI Operator fails to initiate cooling tower- 1.3E-3 3.3E-4 1.0E-3 3.0E-3
CT operation, given unavailability of service

water pump (SurportsSystems tree).
Long Term

|

RR I OPIRR. Operator fails to restart operating RiiR train 4.0E-3 3.4E-4 2.1E-3 1.4E-2
after tripping pump on low suction (Transient,
LOCA trees).

0P2 Operator f ails to correctly start second RilR 1.3E-3: 1.lE-4 7.0E-4 4.5E-3
RR

train given failure of first train (Transient,

LOCA trees).

to 6.3E-3 1.7E-3 5.0E-3 1.5E-2
LC | OPI Operator fails to rack in charging /SI punps

FD
allow for feed and bleed cooling (Transient.

LOCA trees).

OPI Operator f ails to maintain feed and bleed 1.7E-3 3.8E-4 1.3E-3 4.8E-3
FB cooling function, given at least one train of

support systems available (Transient, LOCA
trees).

OP2 Operator falls to maintain feed and bleed 1.8E-2 6.6E-3 1.5E-2 3.8E-2
FB

cooling function, given no support systems
available (Transient, LOCA trees).

(a)
Operator fails to restore equipment hatch, 1.3E-2 5.lE-4 5.0E-3 5.0E-2

Ell OPIEll given hardware / operator initiated transient
with RCS Condition W (Transient, LOCA trees).

i
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IABLE 6-4

OTMMA7.Y OF OPERATOR ACTIONS FOR SYSTEMS ANALYSIS AND CONTAINMENT ISOLATION
- - -.

iFailure Frequency

Mean 52h 50th I 95th
Top Operatot- Value Percentile Percentile Percentile

Description
Event Actica - --- - -

Ocerator f ails to restore equipment hatch, 3.2E-2 1.3E-3 1.3E-2 1.2E-1
Eli OP2E!! *sven internal / external initiated transient

i vitn offsite power available or recoverable
(Trausient, LOCA treen).

2.0E-3 1.4E-4 1.0E-3 7.2E-3
OPipt ' Operator fails to close CDP and CAP valves,

given RCS Conditions W or Y (Transient, LOCA
I trees). |

5.0E-3 3.6E-4 2.5E-3 1.8E-2 |
OP2pt Operator fails to close COP and CAP valves, |

LOCAgiven RCS Condition X or LOCA (Transient,
trees).

1.7E-2 5.lE-3 1.4E-2 3.9E-2
SP |OPigp Operator fails to close all small containment

penetrations for RCS Condition W or Y (Trans-
lent, LOCA trees).

4.0E-2 1.lE-2 3.2E-2 9.2E-2
OP2 p Operator fails to close all small containment

3 penetrations for RCS Condition X (Transient.
LOCA trees).

Initiating Event

{ 3.9E-6 3.5E-7 1.9E-6 1.lE-5
Operator fails to close RH-V33 and subsequentL3 opt 3 checks fall to detect error; results in LOCA
back to RWST. j

j I'
| 8.0E-2 1.0E-2 5.0E-2 2.5E-4

LS NR g Operator fails to reclose sump valve during
t

the valve test with an undetected check valve
failure; results in a LOCA to the sump.

,

FCRAC F'HE,2 Operator f ails to cor.tro' decay heat removal 4.3E-3 1.7E-5 5.0E-4 1.5E-2

fram the remote safe shutdown panel, given fire
in the control room resulting in loss of AC
power and 2 hourJ before core damage.

NOTE: 10.I.
EH quantification assumes administrative controls given in Section(a) OP

___- -
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7.0 SYSTEM ANALYSIS t

This section documents the systems analysis used to quantif y

initiating events-and hardwarel(non-operator action) portions of

event tree top events. The initiating events are part of the
'

plant model described in Section .3 and quantified in Section 5. - The

event-tree' top events are also au. integral part of the plant model as

-well as; the procedure-initiated event model. The quantification of top

events is documented in Section 5 which uses the results of this section

as input. 'The quantitative results of this section arc summarized in

Tables'7-1 through 7-4.

7.1 - Residual Heat Removal'(RHR)

7.1.1 System' Description (SEPSA Section D.8) ,

The RHR system is used for long term primary system cooling ,

-after shutdown. . In this mode, the system transfers heat from the re--

actor coolant system to the-Primary Component Cooling Water (PCC) system
4

-by_taking suction from the hot legs of two reactor coolant loops, through

two. pumps and heat exchangers, and discharging to.the cold legs of..

each loop.

The' heat is ultimately removed to the environment _thtuugh thet

-Service Water (SW) system which cools the PCC heat exchangers. The PCC

system is also needed to cool the RHR pump seals and to cool the room
f

ventilation air coolers. PCC and SW systems are analyzed in Sections

7.3 and 7.4, respectively.
<

L~ One RHR train consisting of an RHR pump, heat exchanger, and flow
|y

; . path to at least two cold legs is needed to assure successful shutdown
i.
l cooling. The room ventilation (the Enclosure Air Handling system) func-
|~

i-

7 -)
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"tion is highly reliable because of its configuration; redundant fans and

and air coolers either of which cool both trains of RHR (SSPSA Appendix

D.7). Loss of- ventilation-can be mitigated by use of portable f ans and
,

open doors while repairs are being made, so loss of :entilation is not

included in the quantification.

The simplified system P&ID is given in Figure 7-1 for RHR

Train A (' Train B is symmetric).- A block diagram for this system is shown

in Figure 7-2. The components included in each block in Train A in the |'

!

block diagram are listed in Table 7-5. Train B blocks are_ symmetrical

with Train A. (See SSPSA Section D.8 for development of the system '

faibare logic).-

The logic expression for a single train failure is:

RRRA= C + HA + E + G + H
'

As noted in Table 7-5, bloc ~ LTA and K are not included in

- the model because their f ailures are included explicitly in top events

in the procedure initiated event trees.

The logic expression for the system f ailure is:

'

RHRAB RHRA RHRA
= *

'where.RHRA is the single train logic expression described above.
1

The independent hardware unavailability can be quantified using
,

the logia expression and the failure data for the components in each

. block 1. ed . Table 7-5.-
#

For a single train failure to start,

RH13 P8A3 + MOV1450 PEN ;
=

6.65E-3-

1

P8A3 Pump 8A (RHR Train A) f alls to start=

ZIPMOS (Table 9-1)=

7-2 !.
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k! ;i

inf Yj
'

= 2.35E-3'
+

'

)E LMOV1450 FEN '= PCC heat' exchanger MOV f ails to open-

on' demand ;

Z1VMOD (Table 9-1)-=

I
4.30E-33- =

+ .-. y,

-For a-single train failure'to ran.
I

- t

RHIR 9C+QA ' QE + QG ^ 9H
'

"
H

- 3. 8 9E-5/hr ;=
,

where: ,

QC . = . PBAR + EXEL + 4MYTC + CVTC + A0VTC
,

"QHA -MYTC + MOVTC ;
"

- Qt =- McV -7

MVTC + 2 CVTC 7QG Qg
'= =

1These blocks 'are quantified using the f ollowing data variable > -

'

.(means).

R Pump,8A1(RHR Train-A) fails to startPS A --- =

ZIPMOR- - -

_

=~ '3.36E-5/hr
-

-RX (exce.sive leakage) ZIHXRB
HXEL

==;,

1.95E-6/hr=

MOV (transfer closed) = ZIVMOT
MOVTC

=

9.27E-8/hr=

: ADVTC . A0V (transfer closed)' ZIVA0T==
,

2.67E-7/hr=

CVTC CV_(transfer. closed) ZiVCOL==

,

5.36E-7/hr=

ZIVHOT-MV (transfer closed)-MVIC
==:

4.2E-8/hr=

- These data variables are from Table 9-1. .

7-3
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Common cause hardware unavailability for the RHR system is quan-

tified for' failure to start'and failure to run, as follows.

'RHCCS RH13 *.BETAg=

PBAS * BETAls + MOV145opgg * BETA 23 3.39E-4 (mean)==
,

where:-
,

2.35E-3RHR pump fail to startP8 Ag ==

MOV1450 PEN RHR Hx PCC MOV fail to open on tmand=

4.3E-3- =
_

BETAlg = Common cause beta factor for RF:
pumps failure to start ,

=- ZBPDHS (Table 9-2)

6.68E-2=

Common cause beta factor for MOV failBETA 2s
a

to open

ZBVMOD (Table 9-2)=

4.23E-2=

The common cause " failure to run" term is given by:

PR*IM * BETARRHCC =
R

9.27E-6 * T= g

where:

PR RHR pump fa.1 to run failure rate=

ZIPMOR (Table 9-1)=

3.36E-5=

mission timeTg =

BETAR common cause beta factor RHR pumps=

failure to run

ZBPDHR (Table 9-2)=

0.276=

7-4
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There hardware unavailability terms are combined in the following
i

' sections for the_'various boundary conditions of the RHR system and nainten-

ance11s:: included Eas appropriate. The RHR system is modeled in the Procedural~

Event Trees to_ identify and quantify loss of RHR initiating events. . RHR in

|. mode el d in the plant resp,onse trees (Shutdown Transient Tree and Shutdown

LOCA Tree) to operate if plant conditions allow. These models are quanti-

fled below. The model_ assumes that Train A of RHR (and theref ore its

support systems) is normally operating and Train B is in standby.

7.1.2. ' Loss of RHF Initiating Events (Procedural Tree Top
Events)

i

The RHR system is modeled in the Procedural Event Trees in top

event R1 (RHRLinitiated) in tree 1 and top event RM (RHR naintained) in

all trees 1 through 6. Possible outcomes of the Procedural Event Trees

include, initiating ' events to the Shutdown Transient Trees involving loss
.

_of|the. operating RHR pump. The top events are quantified using the

following:assunptions:

Only the operating RHR punp is modeled in top event RM." o
If it fails to continue to operate, it is assumed the
plant will be in a, transient condition requiring the ,

f: . operators to . start the standby pump, if available, or
to use alternate cooling methods.

i
'

'

.o- Top event RI includes f ailure of both RHR pump trains t o
start. When the RHR pumps are first started in tree 1,
decay heat removal is occurring via the steam generators.*

Failure of the first pump to start is not considered a
t ra nsient . If both pumps fail to start, it is assumed

,

that the plant is in a mild transient for 24 hours while>

the RHR pumps are_ restored.

o Both RHR trains are assumed operable at the- beginning
of each procedural _ tree except for the following:

L
L (1) when the standby RHR train is in planned- main-

tenance, which can occur in trees 1, 5, and 6,
,=

j or

7-5
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(2) when the standby RHR train is not restored to
operable following refueling drain (top event
BR in tree 4 failed), which can occur in trees
5 and 6.

This is consistent with the Technical Specifications
which -require two operable RHR trains when drained down.
It is assumed that the RHR system is restored to complete
operability before plant evolutions proceed.

All RHR support systems and of f site power are assumedo
available throughout the procedural trees. Loss of
support trains and offsite power are handled separately

'

as initiating events.

o RHR Train A ls assumed to be running and Train B in stand-
by or in maintenance. This modeling assumption is con-
sistently_used with the support systems.

Top event RI includes f ailure of either RHR pump train to start
.

on demand (manual start). The quantification of RI is:

(RHis + OPil A* [RHis + OP2]B + RHCCSRll =

4.24E-4 (mean)=

where:
.

4

RHR Train A (B) fails to start (from SectionRHis =

7.1.1)

6.65E-3=

.

OPlR1 Operator fails to start first RHR train=

4.0E-3 (from Section 6.3.1)=

OP2RI Operator fails to start opposite RRR train=

given the first pump failed

1.3E-3 (from Section 6.3.1)=

Common cause unavailability of RHR pumps toRHCCg =

start or MOVs to open

3.39E-4 (above)=

Top event RM includes the operating RHR pump train failing to

continuously operate for the mission time in each Procedural Event Tree.

Maintenanct; occurs only on the standby pump, so the quantification of

7-6
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RM does notiinclude maintenance unavailability. The unavailability of

' the operating RHR train is:

E =: RHIR * Tg ,

where:
1

RHIR RHR single train fails to run=

3.89E-5/hr (from Section 7.1.1)=

Mission Time in each ProceduralTg =

Event Tree (Table 9-3).

Top event RM is quantified for each tree and case as follows.

-The miss on t mes are derived in Section 9.2.i i

E|CaseA, Tree 1 (Tg = 295 hr) 1.1E-2RH1
==

RM2. = .5|CaseB, Tree 1 (Tg = 31 hr) 1.2E-3=

RM3 = E| Casec, Tree 1 (Tg = 50 hr) 1.9E-3=

E|CaseB, Tree 2 (Tg = 959 hr) 3.7E-2RM4'
==

E |Cace C Tree 2 (T3- 47 hr) 1.8E-3RM5
==

E| Casec, Tree 3 (Tg = 161 hr) 6.3E-3RM6' ==

E| Casec, Tree 4 (Tg = 1440 hr) 5.6E-2RM7
==

- RM8 =~ E | Case B, Tree..5 (Tg = 101 hr) 3.9E-3=

E| Casec, Tree 5 (Tg = 193 hr) = -7.5E-3RM9' =

RMA -= E|CaseA, Tree 6orCaseB, Tree 6(Tg= 24 hr) 9.3E-4=

,

RMB = E| Case C, Tree 6 (TM= 72 hr) 2.8E-3
'

=
s

'7.1.3. RHR Top Events

-i The RHR system is modeled in the Shutdown Transient Tree and the

Shutdown LOCA Tree in top event RR, normal RHR shutdown cooling recovered.

This top event includes-the hardware start and run for 24 hours for the

preferred pump and/or the standby-pump, as'available. -RR also included

7-7
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operator action to restart ptops if trippc. (due to pue; oanually tripped

in top event TP or.due to LOSP) or_if in standby.(for the second pump).

'It is assumed that prior to the initiating event, Train A of TE' was

operating and Train B was in standby, operable, or in maintenance. This

assumption is used consistently for the support systems Train A and B.

' Maintenance contribution is considered only on the standby train.

Unplanned maintenance would be due to a f ailure in the operating pump

which results in an initiating event - loss of operating RHR. It is

assumed that planned maintenance is performed in accordance with Technical j

Specifications (see Appendix C). These specifications require two RHR

. loops or one RHR loop and two steam generators to be operable when the

reactor, coolant loops are filled in Modes 4 and 5. Two RHR loops must be

operable when the loons are drained in Mode 5 and when less than 23 feet -

in Mode 6.- During refueling-(Mode 6) wher, the water level is 23 feet

above the vessel-flange .(refueling cavity filled), one RHR loop is requi red
,

to be operable.

Planned maintenance on an RHR loop can occur only when the coolant |

loops are filled and' steam generators are-operable or with the refueling

cavity filled. These plant conditions occur in all the rocedural Event
,

l

Trees _except Tree 2 "RCS Drain" (f or Case B) and Tree 4 " Reactor Cavity ;
i

> Drain"-(for Case C). Trees 2'and 4 include plant evolutions to drain

down.the primary system which requires both RHR trains operable. Also,
,

;it is assumed that maintenance does not occur during actual refueling

-(Tree 3, Case C).because of the short duration of refueling (134 hours / ;

year 1from Table 9-3). Maintenance unavailability is modeled in the other

trees, where the-RCS is filled and closed. This RCS condition is designator j
i

;R described in Section 4.3.1.

| ;

i
(

7-8
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Planned maintenance is assumed to occur once per year and to

require between 2 and 10 days outage time (best estimate = 7 days)

for each train. The duration is assumed to be distributed in a three
-l

bin histogram as follows:
-

0.1DUR1 2 days, WT1' = =

0.82 7 days, WT2DUR - = =

.DUR3 10 days, WT3 0.1= -

.The maintenance contribution to single train unavailability is:
'

RHig = MAINT|RCS Filled (W)

DUR * FREQ=

0.112 (mean)=

where:

mean duration of maintenance. DUR =

(48 hr) * 0.1 + (168) + 0.8 + (240) * 0.1=

~ 162 hcurs=

f requency of maintenanceFREQ -

one planned maintenance per year while in=

RCS Condition.V

.(1 maintenance) * (1 year )=

( year ) (ty)

6.9E-4 per hour=

where:

tg- - -annual average time in RCS Condition
,

- 1455 hours per year (Section 9.2)=

No. planned maintenance is assumed to occur when the RCS is

Ldrained (X), i.e., Case B Tree 2 and Case C, Tree 4 and when the RCS

is full for refueling-(Y), i.e., Case C,' Tree 3. Thus,
,

.

MAINT|RCSDrained(X)orRCSRefueling(Y) 0.0=

|-:
7-9
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As_shown in Table.7 ., top event RR is quantified for a number

f boundary _ conditions that account for initiating event impacts and

failures of support Lystems. These boundary conditions Itad to the

following unavailability expressions:

o All Support Systems Available and RHR Trains A and B
Available, RCS Filled (W)

4.40E-4RHAR * (RHB3 + RHBR + RHBg) + RHCCRRR1 ==

(mean)

o All Support Systems Available and RHR Trains A and B
,

0.0)Available, RCS Drained (X) (RHB3 =

S + RHB ) + RHCCR 2.30E-4 (mean)RHAR * (RHBRR2 ==
R

Loss of Train A of Support System and/or Train A RHR,o

RCS Filled (W)

0.121-(mean)RHB3 + RHBg + RHigRR3 ==

o Loss Lf Train A of Support Systems and/or Train A RRR,
0.0)RCS Drained (X); (RHBq =

8.88E-3 (mean)RR4 RHB3 + RHBR
==

Loss of Train B of Support Systems and/or Train B RHRo
(no dependence on RCS Condition because the B train is
unavailable)

RHAR 9.34E-4 (mean)RR5 ==

.LOSP and All Support Systems Available and RHR Trains Ao
and B Available, RCS Filled (W); RCS Drained (X)

(RHig-+ RHA ) * (RHB3 + RHBR + RHBg) +RR6 = R

RHCCS + RHCCR 2.32E-3 (mean)=

(RHis + RHA ) * (RHB3 + RHBg) + RHCC3 + RHCCRRRZ =
R

6.28E-4=

o LOSP and Loss of Train A or Support Systems and/or Train.
A RHR, RCS Filled (W); RCS Drained (X)

RR3 =- 0.121
'

RR7 =

8.88E-3RRY T == ,

-i7-10
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LOSP and Loss of-Train B of Support Systems and/or Traino
B RHR, RCS Filled (W) or RCS Drained (X)

RR8 =~ RHis + RHAR 7.58E-3=

All Support Systems Available, RHR Trains A and B Available, ,o
RHR Pump A Tripped (TP), RCS Filled (W)

(RHAS + RHAg) * (RHB3 + RHBR + RHBg) + RHCCS+RR9 =

RHCCR

3.27E-3=

All Support Systems Available, RHR Trains A and B Available,' o
0.0)b RHR Pump A Tripped (TP), RCS Drained (X) (RHBg =

3 + RHB ) + RHCCS + RHCCR3 + RHA ) * (RR3(RHARRA R=
R

6.64E-4=

Loss of Opposite Trains of Support Systems and RHR oro
Loss of Both Trains of Support Systems or Loss of Both
RHR Trains

1.0RRF =

-Based on the: systems analysis in Section 7.1.1, the variables

in these unavailability expressions are quantified as follows:

RH13 'The operating RHR train fails to automatically restart=
;

following LOSP

'6.65E-3=

= The operating RHR train fails to start after beingRHAS
itripped (top event TP),

1.07E-2RHig'+ OPI RR~= =

4.0E-3 (from Section 6.4.1)where OPlRR =

The standby RHR train fails to start given failure ofRHBs
a

Train A

_Rdig + OP2RR 7.95E-3==

,

1.3E-3 (from Secticn 6.4.1)where OP2RR =

The. operating RHR train fails to continue to run 2orRHAR-
=

24 hrTg. =

9.34E-43.89E-5/hr * 24 hrRH1,3 * Tg ===

7-11
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|

.The standby RHR train fails to run for TgRHBR =- 24 hr-=

given soccessful start !
|

'9.34E-4=- RHIR*Tg =

RHCC3_ = Both RHR trains fail to start following a LOSP due
3.39E-4te common cause =

RHCCR Both RHR t rains f ail to run for Tg 24 hr due to i= =

2.22E-4common cause = 1

1

Maintenance une allability for standby pump j-RHBg =

0.224 ;2 * RHig ==

|
#7.2- Electric Power

7.2.1 System' Description (SSPSA Section D.2) |

|
,

Offsite electric power is provided to Seabrook Station through

three 345KV lines-connecting with the New England grid - Newington, j

'Scobie Pond, and Tewksbury (under constructior.). During shutdown, of fsit e

power to the 4160Vac essential buses (E5 and E6) is via two Reserve Aux-

iliary. Transformers '(RAT), one to each bus. Of f site power connections to '!
~

the esential. buses _can also be made through the Generator Step Up Trans-

former (GSU) to two Unit Auxiliary Transformers (UATs), i

The two emergency diesel generators are independent |
..

I
sources,'each powering one_of the 4160V essential buses (E5 and E6). -|

One diesel-is suf ficient to power saf e shutdown loads and to maintain j

- the plant to' shutdown condition. Each diesel has a set-of support |

7
0 'syctems considered internal to the diesel system, including the air

intake:and exhaust, thee starting. air system, and the lube oil system.

' Support = systems-_ considered external (with regard to failure'dsta) are

.the fuelt oil system (' storage tank,- day tank, and transfer pump), cooling-<-

. water system-(closed loop cooled by' service water), room ventilation

(f ans 'and dampers), and DC control power.

'
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Technical Specifications require both diesels and two offsite

1 circuits to be operable, for Modes 1 through 4,. with a 24 hour allowed

outage time for-one diesel.- In_ Modes.5 and 6, one diesel and one offsite

circuit are required to be operable. The offsite circuits are assuced

In shutdownoperable during shutdowns except_for. unplanned line outages.
1

the diesels are assumed to_be available unless in malatenance or annual

inspection. Also, both diesels must be available when the RCS is drained

-(Condition X) to support RHR. ~I t is assumed that planned diesel mainten-'

3 ance occurs only when the RCS is filled (Condition W).

Each diesel. is assumed be unavailable for between 2 and 10 days

per year during the refueling outage to complete planned maintenance and

repairs. The duration is assumed to be distributed in a three bin his- !

togram as follows:
.

DUR3 2 days, WT1 0.1= =

DUR2 7 days, WT2 0.8= =

0.1
DUR3 10 days, WT3 ,==

The annual maintenance contribution to diesel unavailability is:

1.12E-1 (mean)DUR * FREQDGg} '
==

where:

48 hr * 0.1 + 168 hr * 0.8 + 240 hr * 0.1DUR =

163 hours=

1 1FREQ =

1455 hrtg =

annual average time in RCS Condition Wwhere ty =

-(filled) (Section 9.2).

Infrequently each diesel undergoes a major overhaul in which the

diesel.is unavailable for an estimated 31 days. The most likely fre-

_quency for this overhaul is 10. years (with a likelihood of 0.8), and

7-13
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a minimum and' maximum value of 4 years and 40 years (each with a like-

lihood of 0.1). .This un.vailability of one diesel due to overhaul is

equal to_the_following_ fraction:

5.5E-2 (mean)DG g = DUR * FREQ *'
p

31 days * 24 hr/6 7ta hrwhere DUR = =

-0.1 0.8 0.1FREQ =

4 yr * tg + 10 yr * tg + 40 yr * tg

7.4E-5 per hour=

The total maintenance and overhaul contribution to single diesel

unavailability is:

-DCg DG)tl + DGM2 1.67E-1 (mean)= =
7

Electric. Power system is quantified for three conditions:

(1)- Diesel Generator operation in the Support System Tree
(Section 7.2.2),

(2) Loss of Offsite Power initiating event (Section 7.2.3),
and

(3) Electric power recovery (Section 7.2.4).

' AC electric power is quantified in the S c cort Systems tree only

when offsite power is lost, i.e. , with initiators LOSP, TCTL, etc. From

the SSPS A it was determined that, with offsite power available, the AC -

electric power system'is very reliable (SSPSA p. D.2-64); thus, its
a.

failure is not questioned. The same conclusion is assumed to hold for

the plant at shutdown.
,

7.2.2 Diesel Generator Top Events

The diesel generators are modeled in the Support System Tree as

top events CA (Train A f ails to operate for 24 hours given LOSP) and GB

(Train B fails to operate for 24 hours given LOSP). Diesel unavailability

'

is quantified for|two sets of initiators:

7-14
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!

-!

(1) loss of- of f site ' power with the RCS filled - LOSP(W), and -

.(2) loss of of f site power with the RCS drained - LOSP(X)

The mission time for each set above is 24 hours. The electric power
!

recovery model in Section 7.2.4 includes credit for recovery of diesels |
!

|
or offsite power.

r

For' loss of offsite. power with all support systems available.

and RCS Condition W (Filled), the dual diesel system unavailability is: ,

DGAB24 + 2 * DG3 * DGA24 |o DCI *

t

p
4.6E-2=

where:

diesel trains A and B fail to start or failDGAB24 =
1.47E-2 (SSPS A Tableto run for 24 hours =

D.2-12 with mission time extended f rom 6
hours to 24 hours)

DGA24 = single diesel generator fails to start or
9.25E-2fails to run for 24 hours -

(SSPSA Table D.2-12 with mission- time ex-'

tended from 6 to 24 hours)

DCg = - diesel generator ' planned maintenance un-
availability

I 0.167 (from Section 7.2.1)' =

" ' For'RCS Condition X (Drained), the dual diesel system unavail-
,

ability is:

I o -DG2 1.5E-2DGAB24
==

i

For loss of offsite power with loss of support train A or B and
|

RCS Condition V,;

y
DGA24 9.3E-2DGl|lossofsupporttrainB ==

|
o. DG1A

=

:.

DGl|lossofsupporttrainA DGA24 + DGg='o DGlB
=

2.6E-1=

.=
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For. loss'of offsite power-with loss of support train and RCS

Condition X,

o DG2A= DG23 DGA24
=

,

9.3E-2 (mean)=

Using the system and single train unavailabilities above, split >

- f ractions for top events GA and GB are calculated using the methodology

in the.SSPSA Section 5.4.2.

E|LOSP(W)GA1 DG1 + DGIA 0.14= = =
.

1,

E|LOSP(X) DG2 + DG2A 0.11 IL G A2 = = =

E| Power to Bus E5 guaranteed f ailedGAF 1.0= =

E|LOSP(W) ' D';l + DGig 0.31GB1 = = =

E|GAandLOSP(W) 0.30GBA DGin= = =

1-(DG1 + DGIA)

E |E and LOSP(W) 0.33GPB DG1= = =

DG1 + DG1A
~

E|LOSP(X)CB2 DG2 + DG2B 0.11= = = -

E|GAandLOSP(X)GBC 0.10DC2n= = =

1-(DG2 + DG2 )A

3 |E and LOSP(X) 0.14DG2GBD = = =

DG2 + DG2A

GBF = LE |Pcfer to Bus E6 guaranteed' failed = 1.0

7.2.3 Loss of Offsite Power Initiating Event

The frequency of.the " loss of offsite power during shutdown"

initiating event is given by the following expressions:

3.0E-2 (mean)-LOSP(X) ' (FR(SD) * LOSP' + LOSP y) * FR(X)= -

I
=

.

2.7E-2 (mean)LOSP(W) ' (FR(SD) * LOSP' + LOSPgy) * FR(V)= =

.

where FR(SD) f raction of time the plant is in the shutdown=

0.37 (from Table 9-3)mode =

f requency of LOSP while in normal '(at power) con-LO S P' =

0.135/ year (SSPf,A Section 6.6)figuratiot. =
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frequency of LOSP while in the-shutdown because ofLOSP y
,=I 0.009/ yearspecial maintenance conditions =

(Reference 8 Table 2-1)
,

fraction of the shutdown that the RCS is inFR(X) =

Condition X -.RCS drained to the vessel flange
or to the hot leg mid plane.

0.51 (from Tabic 9-3)=

FR(W) = fraction of the shutdown that the RCS is in -

Condition-W - RCS full with secondary cooling
available.

'

0.45 (from Tchle 9-3)-

The frequencies of LOSP' and LOSPyy are used to account for the

increased likelihood- of loss of of f site power during a shutdown, i.e. , ;

human or' equipment errors occurring during maintenance or testing which

is done only during an outege. .e frequency of loss of offsite power

from the SSPSA (LOSP') is assumed to be the " background" rate of LOSP.~

The frequency of LOSP due to special maintenance conditions is assumed

to add to this background rate when the background rate is adjusted

for the shutdown' fraction. The f requency of LOSP due to maintenance

conditions is taken from NSAC-80 (Reference B). Category IV events in

NSAC-80 are the LOSPs which occur during shutdown and are due to special-

4

. maintenance conditions which exist only at shutdown. This frequency

(LOSP y) includes the condition that the plant is shutdown so it isl

not necessary to multiply by the shutdown fraction.

7.2.4 Electric Power Recovery

The electric power recovery model includes the following:

(1) probability of die 3e1 generators to operate given loss of
offsite. power, and

( 2). probability of recovery of offsite power or diesel' gen-
erators given failure of the diesel generators and loss
of offsite power.-

-
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The mission time in the model is 24 hours, consistent with the

I

other systems analyses in this study. Electric > ower recovery is a

function of the recoverability of offsite power and diesels and the time

avalable with no heat removal before core damage. These factors are

determined by the initiating event as shown in Table 7-7. The electric

power unavailabilities including recovery (EPR) were calculated using a

Monte Carlo uncertainty model described in Section 5.6. The electric

power recovery fractions (ER) listed in Table 7-7 are the ratios of the

electric power unavailability with recovery to the electric power un-

availability with no recovery. These fractions are used in the point

estimate model to adjust the unavailability of non-recovered electric

power.
J

7.3 Primary Component Cooling Water System (PCC) -1

7.3.1 System Description (SSPSA Section D.4)

.b
The PCC system consists of two separate closed loop cooling **' ~

trains which remove heat f rom various primary components. The system

serves as an intermediate fluid barrier between the reactor coolant ,

e
sys :em and service water system to minimira the potential for radioactive

releases to the anvironment. -ing shutdown, the PCC system provides

cooling to the RMR pump seals and removes core decay heat through the RHR

heat exchanger. Each PCC train has two pumps, one operating, one in

standby, and one heat exchanger. One pump in one train is sufficient

to remove shutdown heat lords. *

The PCC pumps are located in the Primary Auxiliary Building

(PAB) which is cooled by the PAH Air Handling System (PAH). The PCC -

pump area is rather large and open and the ventilation systems are

reliable, as discussed in 3SPSA Section D.4. Ventf.la: ion is not a
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{

: significant| cont *1bution-to'PCCfaflure.. .

.i

' The PCC system is not required to operate in Modes 5 and 6,

except in. support _of RHR. Both trains are assumed to operate throughout !

'l
the shutdown (except for planned raintenance on a single train) because of ||

i

RHR' operability requirements and other plant cooling loads. -For modeling |

convenience, Train A is assumed to be cooling the operating RHR train und |
-)

Train B the standby RHR train, consistent with RHR (Section 7.1.1). Main- ,

tenance which causes the standby train to be unavailable is modeled in

the B train.

Planned maintenance is assumed for the standby pumps for between
,

2.and 10 days each year. Since'tX and tu are approximately equal, it is

assumed that there is a 50-50 chance of maintenance occurring during

either Condition X or Condition W. The duration is assumed to be dis-
,

- tributed in a three bin histogram as follows:

DUR3 2 days, kit 0.1= =

0.8
DUR2 7 days, WT2= =

DUR3 10 days, kT3 0.1= =

' The maintenance unavailability for a single PCC pump is:

0.050 (mean)DUR * FREQ(X)P1 lag (X) ==

0.056 (mean)DUR * FREQ(W)PilAg(W) ==

,' where:
!

(48 br) * 0.1 + (168 hr) * 0.8 + (240 hr)DUR =

),
163 hr* 0.1 =

!
0.50.5 maint * 1 year

| FREQ(X) ==
_

1627 hryear tX

0.5-0.5 maint * 1 year
,

FREQ(W)-
==

! year tg 1455 hr
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-Planned maintenance occurs at a less frequent bacts on heat

exchangersLor other' components which make an entire train-ine,erable.

-This is assumed to require two weeks and to occur at a frequency of-
.

0.1), every 4 years (WI 0.8) or every 10-every two years (WT ==:

- years (0.1). PCC train maintenance can only occur when the RCS is filled

' (RCS co'ndition = W). The maintenance unavailability contribution to one

train is:

DUR' * FREQ'(W) 0.060HXAg ==

'

where:

DUR' 336_hr=
_- >

0.1 + 0.8 + 0.1FREQ'(W) =

2 yr * ty 4 yr * tg 10 yr * tg
.

1.79E-4=

where ty is defined and quantified in Section 9.2.

PCC system is quantified for three conditions:

(1)- PCC operation f r. the Support System Tree.

(2) Loss of the Ope < sting PCC Tebin Initiating Event, and

(3)- Loss of All PCC Initiating Events.

7.3.2 PCC Top Ever.tg_

PCC is modeled in the Support System Tree as tc events PA (oper-.

ating train of PCC f ails to operate for ? f. hours) and PB (:be standby

train of PCC fails to start and operate .ar 24 hours).

For-the RCS filled condition (W), the system unavailability

_ with all_ support systems available is:
,

PCC(I A) + 2 * PCC(2 A) * (2 * B * Pil Ag(W) +o PCC1 =

HXAg(W))

1.10-4=

i
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visere PCC(1A)'is^two' train hardware unavailability and
the second term accounts for planned maintenance unavail-
ability-

PCC unavailability with all supportPCC(IA)
- systems available

=

1.54E-6 (SSPS A p. D.4-46)=

.

PCC single train unavailabilityPCC(2A)~ =

9.01E-4 (SSPSA, p. D.4-46)-

Operating PCC pump f ailedB =

,

3.74E-3 (SSPSA, p. D.4-35)=

Standby pump in planned maintenancePl!Ag(W) =

(RCS Condition W)
,o

5.6E-2=

Standby pump in planned maintenancePt1Ag(X) =

(RCS Condition X)

5.0E-2=

EXAg(W). Standby ' train in planned maintenance=

6.0E-2=

For train A of support systems available, with RCS filled (W),

o. PCCIA= PCC(2A) + 2 * B * PilAg(W)
i

1.3E-3=

For train B.of_ support systems'available, with RCS filled (W),g

PCC(2A) + 2 * B * P11A (W) + HXAg(W)! 'o' 'PCCl B
= g

L
=L 6.1E-2

For the drained RCS condition (X) -the system unavailability is,

PCC(I A)' + 2 * PCC(2A) * (2 * B * P11 Ag(X))o .PCC2 =
_

= - 2, gr -

For.a single train A . pport systems available, with RCS drained (X).
..

1.3E-3PCC(2A) + 2 * B * P11Ag(X) =
o PCC2A= PCC2B =

|'
L
,
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' For a LOSP initiating event with RCS filled (W).. the system un-

availability ist

PCC(1B) + 2 * PCC(2B) * (2 * B * P11Ag(W) + HXAg(W))o PCC3 =

1.3E-4=

PCC Unavailability with all Supportwhere PCC(1B)" =

Systems Available and LOSP

1.25E-5 (SSPSA p, D.4-46)=

PCC Unavailability with Single SupportPCC(2b) =

Train Available and LOSP-

9.46E-4 (SSPS A p. D.4-46)=

Tor train A of support systems available and LOSP with RCS filled (W),

PCC(2B) + 2 w B * P11Ag(W) 1.4E-3o PCC3 =i
A

,

- - - To't train B cf support systems available and LOSP with RCS
filled (W),

PCC3B PCC(2B) + 2 * B * P11Ag(W) + HX64(W)=

6.1E-2=

For a LOSP initiating event with RCS drained (X), the system
unavailability ist

PCC(IB) + 2 * PCC(2B) * (2 * B * P11h;(X))o PCC4 =

1.3E-5=

For a LOSP initiating event with RCS drained (X) and a single
trein of support systems avJ iable,

PCC4B PCC(2B) + 2 * B * P11Ag(X)o PCC4A
'"=

1.3E-3

Using the system and single train re:11ts, split fractions for

top events PA and PB can Me calculates using the methodology it. the

-SFPSA Section 5.4.2.

P5|RCSFilled(W) PCCl + PCCIA 1.4E-3PA1 ===

PI|RCSDrained(X) PCC2 + FCC2A 1.3E-3= 'PA2 ==
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E|LOSPwithRCSFilled(V) PCC) + PCC3A 1.5E-3PA3
==-

E|LOSPwithRCSDrained(X) PCC4 4 PCC4A 1.3E-3l'A4 ===

|

U|LPCCorLFCCA 1.0PAP ==

|

E|RCSFilled(W) 6.1E-2PCCI + PCCIB =
PB1 ==

6.lE-2E|PAandRCSFilled(W) PCCin =
PBA *=

1-(PCCl + PCCI ) {A

7.9E-2E |E and RCS Filled (W) PCC1 ==PBB =

PCCI + PCCIA ,

1.3E-3 |E|RCSDrained(X) PCC2 + PCC2BPB2
===

,

EjPAandRCSDrained(X) 1.3E-3PCC2n =
PBC ==

1-(PCC2 + PCC2 }A

E |3 and RCS Drained (X) 1.7E-3PCC2 ="

PBD ==
_

PCC2 + PCC2A

E|LOSP(W) 6.tE-2PCC3 + PCC3BPB3 ===

E|PAandLOSP(W) 6.lE-2PCC3a =
PBE ==

1-(PCC3 + PCC3 )A

E |3 and LOSP(W) 8.7E-2PCC3 =PBG ==

PCC3 + PCC3A

E|LOSP(X) I 3E*3PCC4 + PCC4BPB4 "==

E|PAandLOSP(X) 1.3E-3PCC4nPBH ===

1 - (PCC4 + PCC4A)

E |E and LOSP(X) 1.0E-2PCC4PBI -=-

PCC4 + PCC4A
,

E|LPCC 1.0PBF ==

7.3.3 Loss of PCC Train A Initiating Event (LPCCA}

Lo e of PCC Train A (LPCCA) while in shutdown is modeled as an

" initiating event" because it is a support system to th operating RHR

train. This event causes a loss of decay heat removal. Both trains of

F0C are assumed to be operable during most of the shutdown period (except

'for planned maintena' nee on a single train) because PCC trains also cool

other service loads such as the fuel pool and waste processing in addi-
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tion to cooling RHR. However. only loss of the PCC train supporting the

operating RHR train is considered a transient.

The frequency of loss of PCC Train A during shutdown is quan-

tified for the RCS in Condition X (RCS drained) and Condition W (RCS

filled). The unavailability expression given below is based on the

following logtet The operating PCC pump f ails to run during the shutdown

period and the standby PCC pump fails to start or is unavailable fue to

planned maintenance or f ails to run while the fitst pump is being repaired

or their is common cause failure of the PCC pumps to run.

(PRUN * T(X)) A * (Pg + P11 Ag(X) + PRUN * T )CLPCCA(X) R=
,

+ (BETAR*PRUN * T ) A* CR .

2.92M-3 per year=

(PRUN * T(N))A * (Pg + P11 Ag(W) + PRUN * T )CLPCCA(W) R=

+ (BETAR * Pggy * 'R)A,C

2.91E-3 per year=

where:

-PRUN failure of the operating PCC pump in Train A=

3.36E-5/ hour (ZIPHOR in Table 9-1). >=

P3 failure of the standby pump in Train A to start=

2.35E-3/ demand (ZIPMOS in Table 9-1).=

PCC pump planned maintenance unave11 ability withP11A (X) =g
RCS Condition X

5.0E-2 (Section 7.3.1)=

IPCC pump planned' maintenance- unavailability withP11Ag(W) =

RCS Condition W
4

5.6E-2 (Section 7.3.1)=
.

annual averagemission time for operating pumpT(X) ==

time in RCS Condition X - RCS Drained

1627 hr per year (see Section 9.2).=
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l

annual average ;mission time for operating pumpT(W)
==

time in RCS Condition W - RCS filled
'

1455 hr per year (see Section 9.2). ;=

mean time to imission time for standby pump =
TR

=

repair PCC pump

20.9 hr (see SSPSA Section 6.4). ,'=

s.

common cause beta factor for PCC pump fails to run
BETAR

=

2.32E-2 (ZBPCWR in Table 9-2). ;
=

normally operating PCC pump ( A), standby PCCA.C =

pump (C) in the operating train

These initiating events are quantified assuming that pump f ailure

and repair are the dominant failure and recovery sequences. Other failures

are less -likely or do not af fect cooling to the RHR pump and heat exchanger.

7.3.4 ' ,ss of Both Trains of PCL Initiating Event (LPCC)

Loss of both trains of PCC during (LPCC) shutdown is quantified

using the f ailure expression for loss of PCC during operation f rom SSPSA

Section 6.6 but modif ying the run time for the operating pump and in- ,

cluding planned . maintenance unavailability. Loss of both trains of PCC

results in loss of decay heat removal and makes recovery more dif ficult. >

Using the shutdown duration as the mission time and the shutdown

maintenance terms developed in Section 7.3.1, the LPCC frequency can be

calculated using the expression from SSPSA Section 6.6.3.2.3.

The f requency of LPCC is quantified for the RCS in Condition X

(RCS drained) and Condition.W (RCS filled). The expression below represents

the following failure logic: The running pump in first train fails and

| the standby pump fafia to start and the opposite train fails to operate

or the running pump in the first fails and the opposite train running

pomp fails and both standby pumps fail to start or both running pumps

'

1
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fail due to a common cause and boch standby pumps fail independently or

from common'cause.

2*PRUN * T(X) * [Pg * QTRAIN(X) + BETAS * Ps *LPCC(X) =
,

2Q'TRAINU.)] + BETAR*PRUN * TR * [BETAg*Pg+Pg}

(1.1E-1) * [3.2E-6) + (1.63E-5) * [9.13E-5)=

3.5E-7 pe r year=

2*PRUN * T(W) * IPS*QTRAIN(W) + BETAS *P3*LPCC(W) =

2Q' TRAIN (W)] + BETAR*IRUN * {BETAg*Pg + Pg ]

(9.8E-2) * (1.5E-4) + (1.6E 5) * [9.lE-5)=

1.5E-5 per year=

where

3.36E-5/ hour (ZIPHORPRUN PCC pump fails to run= =

in Table 9-1).

BETAR Common cause beta factor for pump fails to run=

2.32E-2 (ZBPCVR in Table 9-2).=

PS. - PCC pump fails to start (ZIPHOS in Table 9-1).

2.35E-3-

BETAg = Common cause beta factor for pumps fail to
start j

3.65E-2 (ZBPCWS in Table 9-2).=

T(X) Mission time Time in RCS Condition X= =

1627 hours /ycar (Section 9.2). '

=

.

T(W) Mission time Time in RCS Condition W= =

1455 hours / year=

unavailability of one complete train of PCC (in-QTRAIN(W)
=

cluding planned maintenance unavailability) over
the mean reps.tr time of the first. pump (about 24 )
hours) '

I
PCC1B 6.1E-2 (Section 7.3.2) |

= =
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,
, -'

. v .- 1.3E-3 (Section 7.3.2)PCC2B7}' QTRAIN(X)
==

;

unavailability of one train of PCC including the
Q' TRAIN (W)

=

normal running pump but excluding the standby pump;. ,'
(which in this term has f ailed in common cause

, mode with the standby pump in the other train)

6.lE-2A + C + RXAg(W) =
! =

1.4E-3Q' TRAIN (X) A+C ==

where:

PCC pump run blockA =

B.21E-4 (SSPS A p. D.4-35)a
~_

PCC series componentsC =

5.BBE-4 (SSPS A p. D.4-37)=

PCC heat exchanger maintenanceHXAg a

6.0E-2 (Section 7.3.1)=

7.4 Service Water System (SW)

7.4.1 System Description (SSPSA Section D.3)

The Service Water System provides cooling water to transfer the

heat loads in the primary and secondary portions of the plant to the

ultimate heat sink. The Service Water System consists of two independent

and redundant trains, each of which supplies cooling water to a primary -

component cooling water haat exchanger and a diesel jacket water cooler.

Both trains combine into a common header before supplying cooling water

to the condenser water box, priming pump seal, water heat exchangers, and

the secondary component cooling water heat exchangers. The SWS normally

ures the ocean as the ultimate heat sink. If the service water tunnel,

pumphouse, or pumps are unavailable, a mechanical draft cooling tower

serves as the ultimate heat sink. Each train of service water consists

of two service water pumps and one cooling tower pump, only one of which
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is needed for sucs ss. Ventilation and heating systems are provided in

the service water pumphouse pump area, the switchgest area, and the

cooling tower pump and switchgear areas.

The SWS is not required to be operable in Modes 5 and 6 except

in support of RHR. Both trains of Service Water will remain operating

throughout the shutdown except during single train maintenance because of

RHR operability requirements and other plant cooling loads. For modeling

convenience, Train A is assumed to be cooling tb? operating RHR train and
,

Train B, the standby RHR train. Maintenance which causes the standby !

train to be unavailable is modeled in the B train.

Planned maintenance is assumed to occur to the standby pumps in

each train at the came frequency and duration as with PCC trains - once

per year for approximately one week. This maintenance can necur anytime

during the outage. Since tX and tu are approximately equal, it is

assumed that there is a 50-50 chance of maintenance occurring during

the Condition X or Condition W. The maintenance contribution to unavail-

ability for a single SW train is:

0.050 (f rom Pil Ag(X) in />ection 7.3.1)P41Ag(X) =

0.056 (from PllAg(W) in Section 7.3.1)P41Ag(W) =

The cooling tower pumps are assumed to be in planned mainten-

ance during shutdown at the same rate as SW pumps:

P110Ag(X) 0.050=

0.056P110Ag(W) =

Additional planned mainten. nee requires the standby train to be
(

inoperable,Jor a longer p;riod of aime but less f requently. It is

assumed to require about 2 weeks every four and one-half years, con-

sistent with HXAg in the PCC system. SW train maintenance can occur only

i

1
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when the RCS is filled (RCS Condition Designator W). The maintenance

unavailaSility contribution to a single train is:

0.060 (from HXAg in Section 7.3.1)SWB3
=

During RCS drained conditions (RCS Condition X), two trains of RHR

(and SW) are required to be operable. There is no unavailability contri-

bution from planned scintenance on the standby train when the RCS is

drained.

The SW system is quantified for three ennditions:

(1) SW operation in the Support System Tree. _

(2) Loss of the Operating SW Train Initiating Event,

(3) Loss of All SW Initiating Events.

7.4.2 SW Top Events

The Service Water System is modeled in the Support System Tree

as top events WA (operating train of SW fails to operate for 24 hours)

and VB (standby train of SW fails to start and operate for 24 hours).

These top events are quantified for four separate boundary conditions:
.

RCS filled (W) for which train B planned maintenance is included; RCS

drained (X) for which only standby pump maintenance is included; loss
_

of offsite power initiators in RCS Condition W; and loss of offsite

power initiators in RCO Condition X. The last two conditions require

restart of the operating SW train.

The system unavailability for the RCS filled condition (W.Y) is

quantified for various combinations of equipment available:

For all equipment available with RCS filled

[ SWAB + 2 * SWA * SWBg + 4 * SWA * (A * P41Ag(W)B)o SW1 =

[CTAB + 2 * CTA * P110Ag(W) + OPI CTI*

(3.02E-4) * (9.17E-3) 2.8E-6==
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where

Both trains of SW fail to operate for 24SWAB =

hours, including com3on cause failure of
pump and HOVs (No LOSP, No S Signal) *

6.4 3E-6 (S SPS A p. D.3-53)=

single SW train fails to operateSWA =

T + S1 + PIA + Y1 + A * C + E + Z=

2.46E-3 (SSPSA p. D.3-20 to 29)=

!

SWBH Standby train maintenance unavailability=

i |.

6.0E-2 (Section 7.4.1) |; =

Standby pump maintenance unavailabilityP41Ag(W) =

!.

5.6E-2 (See:'on 7.4.1)=

Service Water pump fails to run for 24 hours ;A =

8.09E-4 (SSPSA p. D.3-26)=

Both cooling tower trains fail to startCTAB =

or run

2.46E-3 (SSPSA p. D.3-53)=

Cooling tower. single train f ails to startCTA =

"
or run

4.83E-2 (SSPSA p. D.3-53)=

Cooling tower planned maint. unavailabilityP110Ag(W) =

5.6E-2 (Section 7.4.1) :
=

CT Operator fails to initiate cooling towerOPI =

operation

1.3E-3 (Section 6.4.1)-

s

For train A available, with RCS filled (W) -

[SWA + 2 * A * P41Ag(W)) * [CTA + P110Ag(W) + OPICT-o SWlg =-

(2.55E-3) * (0.106) 2.7E-4==

,
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For train B available, with RCS filled (W) ~

(SWA + 2 * A * P41 Ag(W) + SWBg) * [CTA + P110Ag(W)o SWi g =

+ OPI CTI

6.7E-3(6.3E-2) * (.106) ==

For the RCS drained condition (X), the system unavailability is

quantified for equipment availabilities as follows:

For all equipment available with RCS drained -

[ SWAB + 4 * SWA * ( A * P41 Ag(X)3) * [CTAB + 2 *o SW2 =
,

CTA * P110Ag(X) + OPI CT) '

5. 9 E- 8(6.83E-6) * (8.6E-3) ==

where

5.0E-2P110Ag(X)P41Ag(X) ==

For a single train available. with RCS drained (X) -

ISWA + 2 * A * P41Ag(X)) *o SW2A SW2g= =

[CTA + P110Ag(X) + OPI CTI

(2.54E-3) * (1.00E-1) 2.5E-4==
.

For a LOSP (or other internal / external) initiating event, it is

the Cooling Towerc are assumed unavailable because of the short

time for operator action to provide cooling to the diesel generators.

For all equipment available with LOSP and with RCS Condition W: r

[ SWAB' + 2 * SWA' * SWBg)o SW3 =

3.4E-3=

where

Both SW trains fail to start or run givenSWAB' =

LOSP, including common cause failure of
pumps and MOVs

1.10E-3 (SSPS A p. D. 3-53)=
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Single SW train fails to start or runSWA' =

given LOSP

1.93E-2 (SSPSA p. D.3-53)=

Standby SW train in maintenanceSRBg =

!6.0E-2 (Section 7.4.1)=

For train A available with LOSP and with RCS Condition W:

SWA'o SW3A
"

1.9E-2=

For train B available with LOSP and with RCS Condition W:

o SW3B SWA' + SVB3=

7.9E-2=

For all equipment available with LOSP, with RCS Condition X:

SWAB' 1.lE-3o SW4 ==

.

-For a single train of support systems available with LOSP and
with RCS Condition X:

SWA'SW4B-o SW4A = =

1.9E-2=

- L' sing the systems and single train uttavailabilities, split

- f ractions for top events WA and WB are calculated using the method-

ology in the SSPSA Section 5.4.2.

EI|RCSFilled(W) = SW1 + SW1A 2.7E-4WAl ==

WI|RCSDrained(X) 2.5L-4SW2 + SW2AWA2 == =

VI|LOSP(W) 2*2E~2SW3 + SW3AWA3 *=-

YA|LOSP(X) 2.0E-2WA4 SW4 + SW4A
===

II|LOSWorLSWA = l.0WAF =

YB|RCSFilled(W) 6.7E-3SW1 + SWlBWB1 ===

W5|WAandRCSFilled(W) 6.7E-3SWinWBA. ===

1-(SW1 + SWlA)

.

'
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E |6 and RCS Filled (W) SW1 1.0E-2==WBB =

i SW1 + SWl g

E|RCSDrained(X) 2.5E-4SW2 + SW23
-

WB2 -=

2.5E-4E|WAandRCSDrained(X) SW2 =
WBC = p=

1-(SW2 + SW2g)

E|TAandRCSDrained(X)
.SW2 + SW2A

2.4E-4SW2 =
WBD ==

TB|LOSP(W) 8.2E-2SW3 + SW3g =
WB3 ==

E|WAandLOSP(W) 8.lE-2SW3, =WBE ==

1-(SW3 + SW3 )A

E|TAandLOSP(W) 1.5E-1SW3 =
WBG ==

SW3 + SW34

E|LOSP(X) 2.0E-2SW4 + SW4g =
WB4 ==

EB|WAandLOSP(X) 1.9E-2_. SW4n =WBH ==

1-(SW4 + SW4A)

E|EAandLOSP(X) 5.5E-2SW4 =WBI ==

SW4 + SW4A

EBlLOSW 1.0WBF ==

7.4.3 Loss of SW Train A Initiating Event (LSWA)

Locs of Service Water Train A (LSWA) while in shutdown is similar

to the LPCCA initiating event for failure consequences and frequencies.

Offsite power is available for this initiator and the Service Water

System has an additional redundant Cooling Tower pump in each train.

The quantification for loss of Train A of SW is:

[(PRUN * T(N)) A * (Pg + P41Ag(W) + PRUN * T )CLSWA(W) R=

RUN * T I ,C) * (OPI CT + CTA + P110 (W))+ (BETAR*P RA 3

12.96E-3] * [0.106] 3.1E-4==

[(PRUN * T(X))A * (Pg + P41A (X) + PRUN * T )CLSWA(X) g R=

RUN * T )A.C) * (OPICT + (CTA + P110M(X))+ (BETAR*P R

[2.95E-3] * [.100]=

3.0E-4=
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where the first term accour,ts for the Service Water pump in Trafa A

f af * .ng to run, the second term accounts for the standby SW pump f ailing

to start, unavailable due to maintenance, or f ailing to run while the

first pump is restored, the third term accounts for common cause f ailure

of SW pump to run, and the fourth term accounts for the Cooling Tower

pump failing to start and run. The variables have the same quantification

as that of LPCCA (Section 7.3.3) except for:

SW or CT pump planned maintenance unavailability,P41A (W) =g
RCS Condition W

$.6E-2 (Section 7.4.2)=

SW or CT pump planned maintenance unavailability,P41Ag(X) =

RCS Condition X
*

5.0E-2 (Section 7.4.2)=

common cause beta factor for SW pumps fail to run
BETAR

=

7.62E-2 (ZBPSWR in Table 9-2).-

operator f ails to start Cocling TowerOPI CT
=

1.3E-3 (Section 6.4.1)=

7.4.4 Loss of All Service Water (LOSW)

Loss of all Service Water (LOSW) during shutdown is quantified

similarly to the loss of both PCC trains in Section 7.3.4 except that

Service Water has an additional Cooling Tower pump in each train. The

loss of'all service water during shutdown can be calculated using the

expression from the SSPSA (Section 6.6.3.2.2) modified for the shutdown

run time and planned maintenance:-

[2 * PRUN * T(W) * [P'g(W) * A * C'(W) + BETAg * P'g(W)LOSW(W) =

*A+P3 * SWBg} + BETAR*PRUN * T(W) * [BETAg * Pg

+ P'S(W) P }} * CT(W) + [2 * PRUN * T(W) * P'g(W) * E]3

(9.8E-2 * [1.5E-4] + (3.7E-3) * [4.0E-4]) * 9.2E-3=

+ (1.8E-8)

L 7-34
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'

1.7E-7 per year=

[2 * PRUN * T(X) * [P'g(X) * A * C'(X) + BETA 3*=LOSW(X) =

,

P'g(X) * A) + BETAR*PRUN * T(X) * [ BETA 3 * Pg
.

+ P'g(X) * Pg]) *-CT(X) + [2 * Pppy * T(X) * P'g(X)

* El

[1.lE-1 * [7.lE-6] + (4.2E-3) * [3.8E-4]] * 8.6E-3=

. + (1.8E-8)
-3.8E-8- =

where:

SW Pump fails to'runPRUN
*

3.36E-5 per hour (ZIPHOR in Table 9-1)=

BETAR Common cause pump fails to run=

7.62E-2 (ZBPSVR in Table 9-2)=

*
SW pump fails to startPg =

2.35E-3 (ZIPMOS in Table 9-1)=
>

PS +.P41Ag(W)P'3(W) =

Pump falls to start or pump in maintenance=

' 2.35E-3 + 5.6E-2=

5.8E-2 (Section 7.4.1)=

5.2E-22.3E-3 + 5.0E-2!= P'g(X) PS + P41Ag(X) ===

BETA 3 Common cause pumps fail to start=

|

0.111 (ZBPSWS in Table 9-2)=

mission time (Time in RCS Condition W)T(W) =

1455 hours per year=

mission time (Time in RCS Condition X)T(X) =

L)
1627 hours per year-=

i

L
'
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SW put; fails to run blockA =

8.091 -4 (SSPS A, p. D.3-26)=

C + P41Ag(W)C'(W)
'

=

SW pump fails to start bicii + pump in maintenance'
=

7.72E-3 + 5.6E-2-

6.4E-2 (SSPSA, p. D.3-27 and this report Sectic=

7.4.1)

5.8E-27.72E-3 + 5.0E-2C'(X) .= C + P41 Ag(X) -=
)

SW series components blockE =

3.2 2E-6 (S SPS A, p. D.3-2 7)=

SWB3 SW train in maintenance-

6.0E-2 (Section 7.4.2)=

Cooling tower unavailability = CTAB + 2 * CTA *CT(W) =

P110Ag(W) + OPICT
,

9.2E-3 (Section 7.4.2)=

CTAB + 2 * (CTA * P110Ag(X) + OPICTCT(X) =

8.6E-3 (Section 7.4.2)=

7.5 Other'Systees Top Events

7.5.1 -Secondary Cooling Cycle

System Description (SSPSA Sections D.9 and D.ll)

This section includes the entire secondary cooling. cycle - the

Condensate Storage Tank (CST), Emergency Feedwater System (EFW) steam

generators _(SGs), and atmospheric relief valves (ARVs). 'he e: ;ency

i feedwater system removes heat from the reactor coolant systs through
,

flow to at least two of four operable steam generators and sto * of
,

at least two of four atmospheric relief valves. The EFW system consists

of.one motor driven pump and one turbine driven pump taking suction from
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the Condensate Storage Tank. To use the turbine driven pump would re-
i

I

quire the primary and secondary side to be repressurized. Tre startup

f eed pump also takes suction f rom the CST and can be aligned to the emer-

gency feedlin's. The startup f eed pump can be powered from an emergency

bus (opposite bus from the motor driven EFW pump). Other sources of

makeup to the steam generators are possible (e.g., fire protection

water) but these sources have not been included in the model. The ARVs

are air-operated with air-cylinders providing backup power.

The system requires operator action to control EFW to prevent
-

overfilling the steam generators and to control ARV position. Operator

action is not included in the quantification because of the long time

available using just the inventory of water in the steam generators.

Based on Appendix B, more than 20 hours are available before core un-

covery using the inventory in four steam generators. Based on the long

time available, it is assumed that failure of secondary cooling would be

due to hardware failures of EFW only. Even this assumption (that EFW

is needed) is concervative based on the long ti , available with just

boil off of the secondary inventory.
-

The primary reactor coolant system must be intact (i.e., RCS

head, S/G manways on) for the secondary cooling cycle to be operable.

Secondary cooling is not operable for Case B Tree 2 and Case C, Tree 4

(RCS Condition X).

Maintenance

During shutdown, the EFW system and steam generators are not

required to be operable if both RHR trains are operable. For all outages

one or two steam generators are in dry layup (at one time) for testing or

maintenance, and are unavailable. The maintenance contribution for the
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,

t

EFW system f rom SSPSA Section D.9 is used.
'

The Secondary Cooling Cycle is qua ntified for use in the Trans-

ient and LOCA Event Trees in top event LC, alternate long-term cooling. T

The quantification from the SSPSA (Sections D.9 and D.11) is judged to be {
!

appropriate for shutdown.

This system is quantified for the following cases for procedure-initiated

. events:

Primary system open, secondary cooling inoperable (MCSSCF -

Conditions X,Y).

Bo*h trains of EFW or one of two ARVs fail to operate,SC1 -

with primary system closed (RCS Condition W).
t

Single train of'EFW or one of two ARVs fall to operate,SC2 -

with the primary system closed (RCS Condition W).

iSC3 Turbine-driven EFW or one of two ARVs fall to operate,
with the primary system closed (RCS Ccndition W).

e

(It is assumed that both steam generator sources of steam to the turbine-

driven.ETW pump are not in dry layup at the same time).

1.0o SCF =

(ETW(1) + 2 * A0V) * NRSC 6.0E-5 (mean)o SCI ==

where:

failure of both trains of EFW in-EFW(1) =

cluding common cause failure of pumps.

4.34E-4 ($5PSA, p. D.9-51)-

f ailure of either ARV to open on demandA0V =
,

in'the operable steam generators

1.52E-3 (ZIVAOD in Table 9-1)-=

[EFW(2) * 0.5 * ''.FW(5) + SFP(l)) + 2 * ADV) * NRSC-o- SC2 =

'6.0E-5 (mean)=

where:

EFW(2)- failure of the turbine-driven 1 i pump=
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4.77E-2 (SSPSA, p. D.9-51)=

EFW(5) failure of the motor-driven EFW pump=

5.87E-3 (SSPS A, p. ti.9-51)=

<SFP(1) failure of the startup feed pump
^ =

1.50E-2 (SSPSA, p. D.9-51)=

The recovery option modeled in NR is secondary cooling using

fire suppression water into the steam generators (as discussed in i

Ref. ,2_2,, Section 8.4).
|

NRSC operator f ails to recover secondary coolings=

given at least 12 hours with core uncovery
with no cooling. Because of the long time
available, it is that NR is dominated by
hardware failure of the fire suppression
water system. The unavailability of the
fire suppression system is used assuming no
AC power available to the fire water pump.

NRSC 1.7E-2 (mean)=

3.11.2E-2, ETBE ==

(EFW(2) + 2 * A0V) * NRSCo SC3 =

8.7E-4 (mean)=

~7.5.2 Primary System Relief Valves

System Description (SSPSA Section D.10)

During the RHR mode, primary system pressure relief is provided

by the' pressurizer PORVs or the RHR pump suction relief valves or

. pressurize r vent. Any one of these valves provides sufficient relief

capacity to prevent a primary system overpressurization due to maximum

charging flow from one charging pump.

The pressurizer PORVs (RC-PCV-456A,456B) are DC solenoid operated

and discharge into the pressurizer relief tank (PRT). At power, the PORV

pressure setpoint is 2385 psig. During shutdown, the PORV setpoint will

"
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i

r

i

automatically follow the reactor coolant temperature below 329'T to
,

protect the primary system f rom low temperature overps tspurization (LTOP).
.

The LTOP control circuitry is discussed in Section 7.5.5.

The three-inch RHR relief valves (RC-V23,V89) are spring loaded

with a setpoint of 450 psig and discharge to the PRT.

The primary syster relief valves are quantified for f ailure to

open oa demand (top event VO) and f ailure to reclose (top event DC) for

- use'in the Shutdown Transient Tree. Top event OC inc luden opet ator se
,

tion to stop the overpressurization (OPOC) and the relief valve hardware

failure to close (VC). This section only addresses the hardware portion.

The top event quantification for the various pessible relief

valve combinations, taking credit for only one PORV, is as follows:

PORV RHR RELIEF VO VC
,

1 2 1.29E-0 2.50E-2
1 1 1.03C-7 2.50E-2
0 2 3.03E-6 2.87E-3
0 1 2.42E-5 2.87E-3
1 0 4.27E-3 2.50E-2
0 0 1.0 0.0

For top event VO, the f ailure of the available relief valves to

open is calculated tf the failure expression:

PO * R0VO =

where

PORV fails to openPO =

4.27E-3 (Z1VR3D in Table 9-1)=

Available RHR relief valves fail to openRO =

,

2.42E-5 if only 1 RHR reliefQRV
==

valve is available or

3.03E-6 if 2 RHR+ BETA * QRVQRV
==

relief valves are available. :

.
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+ v.

N- 'I

5 where:
i.i *

0.125generic comraon cauce f actor^ ' ' BETA ==

(ZBGNIA in Table 9-2)
<t '' For event VC, the failure of relief valves to reclose is calcu-

-

,

s,-

. lated assualeg that only one relief valve lifted.

PORV f ails to reclose (21VR3C in Table 9-1)PCVC -=e

2.iOE-2 or=

.tV' = RHR relief valve fails to reclose (Z1VRIS inVCf ' =

Table 9-1)

2.07E-3e
.

The'P0kV is. less likely to reclose so it is conservatively assume 3

-to be-open.

The possible_ combinations of relief valves opening and closing are

conservatively +1nned- to minimize the number of combinations of split

fractions as follows:

failure of 2 or more relief valves to openV01 - =

3.03E-6=

'failure of I relief valve to openV02 --

4.27E-3=

no relief valves availableV0F a

'

1.0=

failure of I relief valve to recloseVCl =

2.50E-2=

7.5.3 ECCS
,

= The ECCS functions of RHR, i.e. , low pressure injection (LP1) ,

and low pressure recirculation (LPR), are included in top event LC
o ,.

'

(alternate long term cooling)'in the shutdown LOCA tree. These func-

tions are questioned only for energetic LOCAs (i.e., LOCAs that occur
i-
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D.
when the RCS is pressurized - in RCS Londition W) that are not isolated

,

early. For non-energetic LOCAs or LOCAs which are isolated early, vail-

ability of normal decay heat removal function is questioned in F.op event
L

RR (RHR restored). If RR f ailc, it is assumed that LP1 and LPR are

guaranteed failure.

The hardware unavailabilities for these functions can be taken

directly f rom the SSPSA, modified to account for planned maintenance

during shutdown. The contribution for planned maintenance of the RHR
,

cystem has been developed in Section 7.1.3.
,;
e. '

Planned maintenance requires eaeb RHR train to be unavailable

for cne week each ye r. The maintenance sntribution to the unavai.-
.

ability of functions LP1 and LPR is:
,

0.112RHig =

For energetic LOCAs which are not isolated (top event IR failed),

the split fractions are quantified as follows:

For all support systems available and top event TP (pump tripped) '

,

successful,

LPl' + 2 * LP2' * Rdigo' LP1 =

7.1E-3 (mean)=

where:

low pressure .njection (1 of 2 RHR pumps toLP1' =

2 of 4 cold legs) given all support systems
available

4.35E-3 (SSPSA p. D.8-ll6)=

low pressure injection given-single support
~

LP2' =

train available

1.23E-2 (SSPS A p. D.8-116';=

LR1' + 2 * LR2' * RHigo LR1 ' =

3.0E-3 (mean)=

7-42 -
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where:g

low pressure recirculation given all supportLRl' =

systems available

LLLPR + SAB + HAB (SSPS A, pp. B-116 to 118)=
,

6.65E-4=

low pressure recirculatfor. given single supportLR2' =
*

train available

LLLPRg + SA + HA (SSPSA, pp. 8-116 to 118)=

1.03E-2=
,

For Train h of support system failed or all support systems avail-

able and TP failed:

LP2' + RH13o - LP2 =

1.2E-1 (mean)=

LR2' + RHIMo LR2 =

1.2E-1 (mean)=

For Train B'of support systems failed and TP ruccessful,

LP2'o LP3 =

162E-2 (mean)=

LR2'o LR3 =

=' l.0E-2 (mean)
'

For no support trains available or Train B of support systems

failed and TP_ failed, the functions are guaranteed failure.#

o LPF = 1.0

o LRT = 1.0

7.5.4 Feed and Bleed Cooling

Feed and bleed cooling is an alternate method of removing decay
.

~ heat which is modeled in the Transient and LOCA trees when normal RHR

cooling is, unavailable. Figurc 7-3 shows the minimum charging f)av
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needed to remove deca, heat as a function of time. The earliest possible

time to ar 'ive in Mode 4 (hot shutdown) af ter shutdown is 4 hours (200*

cooling at 50'F/hr), at which the required flow rate is about 220 gpm.

If feed and bleed cooling was initiated at this time, the RWST could

easily supply this flow rate for the 24 hour mission time (456,000 gal.

vs. 220 * 60 X 24 - 316,800 gal.). The required flow rate would decreast

to about 125 gpm after 1 day. The operators could also begin immediate

makeup to the RWST.

In Modes 5 and 6, the Technical Specifications require either a

minimum volume of 22,000 gal. in the RWST or 6,500 gal. in the boric

acid storage tank. If the minimum volume (6,500 gal.) were available

af ter the minimum time (about 12 hours), the operators would have about

40 minutes until the tank was drained. More realistically, after a week-

with the minimum RWST volume, the operators have 5.6 hours until the

boric acid tank is drained. Borated water can be made up continuously at
.

this rate (about 65 gpm).

The feed is provided by one of four high pressure charging or SI

pumps. During shutdown all pumps except one charging pump are in pull-to- ]

lock with the breakers racked out. For all support systems available,
I

the unavailability of the feed (FD1) is qvantified based on the operating j

charging pump failing and the operator failing to re-energize the other

charging /SI pumps, or the other pumps fail to operate.

CP * [0Plyp + SLHPI(2) * (SIB + MNT))o FD1 =

5.1E-6=

where:
;

charging pump fails to operate for 24 hoursCP =

3.36E-5/hr * 24 hr=

i
t -

I
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8.06E-4=

operator fails to rack in the charging /S1OPirp =

pumps within about I hour

i
6.3E-3 (Section 6.4.1)=

Si pump fails to start and runSIB =

4.70E-3 (SSPSA p. D.8-48)=

*

SI pump and cherging pump fail to start and runSLHP1(2) =

1.95E-4 (SSPS A p. D.8-121)=
,

planned maintenance unavailability of an SI orMNT =

charging pump (assumed one week per year total
for charging /SI pumps)

168 hr=

3214 hr

5.2E-2=

For Train B of support systems unavailable and assuming the

operating charging pump is the Train A: ,

o TD2 = CP * (OPlyn + SIB + MNT)

5. l E- 5=

For Train.A of support systems unavailable, either the S~ or

charging pump must be re-energized at the switchgear.

.OPlyp + SLHPI(2) + S1B * MNT-o .FD3 =
,

6.7E-3=

The " bleed" is provided by one of two PORVs opening on demand.

PV2 + PV * BETAo BLD1 =

5.52E-4=

where:

PORV f ails to open on demand (ZIVR30 in Table 9-1)PV =

4.27E-3! =

|.
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generic common cause beta facter (ZBGNIA ine BLTA =

Table 9-2)

0.125=

Although bleed is guaranteed successful if the primary system is

open (RCS Condition Designator X) or for a LOCA which is not isolated, it

is not credited to simplify model. The unavailability of the overall

feed and bleed function is as follows:

For all supports available
.

OPlFB + FD1 + BLDIo FBI =

2.3E-3=

where'OPlyg = operator fails to maintain adequate feed / bleed
flow to remove decay heat and conserve inventory
including makeup to RWST

1.7E 3 (see Section 6.4.1)=

For Train B of. support systems unavailable,

OPlFB + FD2 + BLD1o FB2 =

,

2.3E-3=

For Train A of support systems unavailable.

OPlyg + FD3 + BLD1o FB3 =

'

9.0E-3=

For a procedure initiated event with no support systems available

and with the RCS open (i.e., RCS Condition X), the operator can gravity

drain the RWST into the vessel. It is very probable that the RWST is

full and, if the operators properly manage the inventory, the decay heat

could be removed for more than 24 hours. After 24 hours, it is assumed

that either offsite power is restored or some other means is available to-

provide makeup. If the RWST is at a minimum level, the operators have

- about 6 hours to recover of f site power or provide additional makeup. The=
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,

unavailabi)ity of feed and bleed cooling with no support systems available
. - ,

i

and the RCS open is dominated by operator action:

OP2FBo- FB4 =
e

!

1.8E-2-=

where:

Operator fails to align the gravity feedOP2FB
"

into the vessel or fails to control flow
rate properly (see Section 6.4.1). ,

,

For procedure-initiated events with RCS Condition Y (refueling-

' level) the time to core uncovery with no cooling is very long (72 hours,

5 days after shutdown). The feed and bleed function is long term makeup

into tha refueling pool.

FB5 = 1.0E-5 i-

7.5.5 overpressure Protection System <,

During RHR shutdown cooling, the RHR/RCS piping is protected from

inadvertent overpressurization by one or more of the following systems
,

(per Technical Specification 3.4.9.3):

-(1) two RHR suction relief valves with setpoint of 450
psig and the suction isolation valves in both trains
open, or

(2) two PORVs with a pressure setpoint that is a function
of temperature, ranging from about 412 psig at 163*F

L to about 2385 psig at 342*F, or

(3) the RCS depressurized with a vent of 1.58 square
inches or greater.

The PORV low temperature overpressure (LTOP) control logic is

designed specifically to protect the reactor vessel f rom cold over-

pressurization and the potential for brittle fracture. The RHR relief

valves provide this function as well as protecting the RHR piping and
'. pump seals.from overpressurization.
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The RHR relief valves and PORVs have control systems with

temmon elements. These control systems are presented below followed

by a discussion of how these systems are modeled.

7.5.5.1 LTOP (FSAR, Section 5.2.2.11)
e

The LTOP system is comprised of two separate control channels,

one to each PORY (channel 1 to PCV-456A, channel 2 to PCV-456Ej. An

" allowable pressure" is generated for each channel from a pressure

programmer based on the auctioneered-low hot leg temperature input.

This allowable pressure is then compared with an actual measurement
a

f rom wide range reactor coolant pressure inst rumentation (PT-405 for

channel 1. PT-403 for channel 2). A second low temperature auctioneer

unit is used to " arm" the other channel PORVs and annunciate that the

PORV is armed. The LTOP system is automatically armed when the RCS

temperature decreases to s42*F. This interlock allows for test /cali-

bration of the pressure transmitters without causing LTOP actuation.

The success criteria for LTOP is that one of two LTOP channels

senses the overpressure condition and provides the proper signal to the
.

PORV to open. One PORV is sufficient to provide pressure relief. The

quantification of the ^0RV f ailing to open on demand (valve hardware

failure) is included in Section 7.5.2. The control circuit is analyzed

below.

The logic expression for failure of a singic LTOP channel is:

PACTU AL + PAttog + BSLTOPg =

where:
n

pressure transmitter PT-405 (PT-403)PTPACTUAL
= =

fails to respond given a pressure
increase.
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i

the allowable pressure setpoint failsPPPgttoy =-

high. This involves either failura of
the temperature auctioneer or failure
of the pressure programmer. For the
signal from the temperature auctioneer
to fail high would require multiple
failures - all four temperature trans-
mitters or a temperature transmitter
and its associated diode in the auc-
tioneer circuit. This failure mode
is neglected based en its low fre-
quency. The pressure programmer is
modeled as a signal modifier.

the pressure comparator bistableBS =

fails low.

The logie expression for failure of both LTOP channels ist

LTOP1 * LTOP2LTOP =

Failure of the low temperature auctioneer unit used to " arm" the

PORV is annunciated in the control toen. Once annunciated, the operator

can take corrective actior- For the PORV LTOP interlock to f ail un-

detected, two failures (low temperature auctioneer and alarm bintable)

must both occur. The frequency of this is negligible when compared to

the failure of PT, PP, or BS. This quantification of top event LT is

performed in Appendix D for procedure trees 1, 5, and 6.

7.5.5.2 RHR Pressure Relief (FSAR Section 7.6.2)

'he RHR suction valves (RC-V22 and V23 on Train A RC-VE7 and

V88 on Train B) f unction to protect the RHR from overpressure conditions.

A control interlock prevents the suction valves from opening until the

RCS reaches 365 psig. This control logic also causes the suction valves

to automatically reclose at 660 psig. Separate pressure transmitt ts

(PT-403 and 405) must both be below the interlock setpoint to permit

both valves in a train to be opened. Either transmitter above the 660

psig setpoint causes a suction valve in either trcin to close. The
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interlock-to-open'circuitr'/ for Train A controls is.made up of a pres-
,

sure transmitter (PT-405), an energize-to-open bistable (PB-405A) and

a relay (K734A). The auto-close circuitry for Train A controls con-

siste of'the pressure transmitter (PT-405), a deenergize-to-open bi-

stable (PB-405B)'and a relay (K735A). Train B control circuitry is

similar. This control logic is modeled in several Procedure Event Tree

top events as follows:

Top Event RV - (Tree 1)

Operator errs by opening RHR suction valves at pressure greater
than 450 psig. This f ailure- can occur in two ways:

(1) the operator attempts to open the velves above 450 psig
given proper indication (OPl y) and the 355 psig inter-
lock f ails to functior (HWit ,-or

(2) the operator attempts to open the valves above 450 psig
given faulty indication (OP2RV) and the pressure trans-
mitters'have both failed high (HW '.p

The operator actiocs are quantified in Section 6.3.
t i

The int'erlock circuitry is designed to fail safe (fail to oper-

ate). There is no credible f ail tre mode. of the bistable or re-
' lay failing energized and remaining eergized until the operator
action OPlRV. Thus, the first failure mode is' neglected.

'The second failure mode involves failure of both pressure trans-
,

mitters to operate. The failure equation is:

HWp7 PT403 * PT405=

This failure is quantified in Section D.1.2.

.

Top. Event SA ( All Procedure Trees)

RHR suction: flow is lost via valve closure. This top event

depends on the, success or failure of top event LT. If LT'is
successful, then the pressure transmitters (PT-403 and PT-405),
which are used for both this and LTOP control logic, mustfbe
successful. For this condition, c71y the bistable and relay
can fail. This logic is deenerized to operate-(i.e., auto-
close); thus failure of the bistable or relay to cause iso-
lations is a credible failure. The logic is redundant with
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respect to closing tha valves. Inodvattent closure requirem

only a single failure. Thus,

SA]LT. PB403 + RLg733HWigg ==

If LT is f ailed, then the pressure transmitters can f ail. Thus,

SI|I3 =. PT403 + PB405 + RLK735HW2 g- =
S

These failures are quantified in the SA top events in Appendix D.

7.6 Other Internal Plant Initiating Events

This section describes other internal plant initiators that are

analyzed as plant upset initiators during shutdown.

7.6.1 LOCA Outside Containment

Several scenarios of isolation valve failures between RCS/RHR

shutdown cooling and low pressure piping outside containment have been

identified.

(1)- The first scenario involves check valve CBS-V26 which
isolates Train 'A' (or CBS-V25 which isolates Trein
'B') RHR pump suction from the CBS pump suction down-
stream of check valve CBS-V3. Failure of this check
valve during RHR shutdown cooling would allow pressure
up to 450 psig (the suction side relir! valve setpoint)

*

to enter the low pressure (300 psig design) CBS piping.
This piping has been hydro tested to at lecst 375 psig.
The CBS piping is closed inside containment by the manual
isolation valve _ (CBS-V13, V19) and is isolated from the
RWST by closed MOVs CBS-V2,-VS. Thus, this piping is

closed, with a 300 psig 3/4" relief Valve at t e heat
exchanger. Based on a review of the pressure capacity

of the piping, there is a high likelihood that the CBS
piping will remain intact. This scenario is not con-

sidered credible. -

(2) The second scenario involves MOV RH-V35 which isolates
the RHR Train ' A' pump discharge f rom the suction side
of both charging pumps. MOV failure and opening during
RHR_ shutdown cooling would allow pressure up to 600 psig
(the relief valve cetpoint plus 150 psi due to the pump)
to enter low pressure (220 psig design, 275 psig test)
CVCS suction piping. If such a pressure caused failure
of the 8-inch piping going to the charging pumps, a flow
rate of 3000 gpm or more of primary inventory would be
lost out the break into the charging pump cubicles. Thie
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would cause_ loss of inventory in the primary system,
f ailure of _both charging pumps due to flooding, and
containment bypass.- However, the pressure capacity of
this. piping was reviewed and found to be well above 600
psig. This is not considered a credibit scenario.

(3) The third scenario is similar but involves MOV RH-V36,
the isolation valve between RHR pump B discharge and
suction of both SI pumps. . The SI piping on the suction-

'

side is also 22, psig design, 275 psig test. If it
f ailed (in the haR vault) the resulting flood would .cause

.

'. loss of both -RHR pumps. S1 pumps and CBS pumps, a loas
of ' primary inventory, and containment bypas s. This
piping was also reviewed wi regard to its pressure
capacity. It was found to be well above 600 psig.
This is not considered a credible scenario.

(4) The fourth scenario involves RH-V33, the manual isolation -

valve between the RHR pump suction crossover line and the
RWST. This 8-inch line is used to refill the RWST at the

ag/ end of refueling. Valve CBS-V5 to the RWST is normally

fi closed during shutdown cooling so that if RH-V33 failed,
the water flows beck to the suction of the CBS and

- RHR pumps. This piping is all 300 psig design piping,
tested to at least 375 psig and is very likely to re-
main intact at F.HR pressure up to 450 psig, the RHR
relief valve setooint. This scenario is not con-
sidered further.

Based on considerations of piping pressure capacity, no cred-. . .

s g < 'u
i.? ";G

'

ible LOCA-outside containment scenarios have been identified.
g

t
-7.6.2 Loss of DC Power

DC power supplies control power to (11 the essential ac buses,

reactor trip breakers, diesel generators, and emergency power sequences

(SSPSA Section D.2). It also serves as a reserve supply to the 120V me

instrument buses through the UPSs. Loss of DC power during shutdown

p) would require restart or trip of various electrical loads but does not -
~

cause a loss of decay heat removal transient since the RHR loop will
,

i*
'

a continue to operate.- Loss of DC power by itself is not an initiating

event during shutdown. Loss cf DC power given a LOSP initiating event

| is a station blackout sequence because the diesels cannot start or load.

1
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However, this is a vary low f requency which is dominated by hardware

loss of the? diesels. Availability of DC power is not questioned in

this study.

i.6.3' LOCA Due To Containment Sump Isolation Valves (LS)

A LOCA results if the sump isolation valve on the standby RHR

train is opened with the associated sump isolation check valve leaking.

Thus, assuming RHR train A is running, if the train B sump isolation

check valve (CBS-V2$) failed (gross severe leakage) while the train B

containment sump valve (CBS-V14) was open for test or maintenance, the

inventory of the RCS would quickly be drained via a 16-inch line to the

containment sump. With the RCS water in the sump, the water level in the

vessel is still several feet above.the core but would require operator

action within about an hour. If the LOCA tv the sump occurred in the

same train as the operating pump, RHR suction would autottatically trans- '

fer-to the sump when there was su.'ficient inventory. Thus, only the

. train B sump path is quantified (assuming RHR train A is running).

The LOCA to the sump can occur anytime throughout the shut-

down. The sump valves are required to be tested once per 18 months.

During plant Condition W (RCS filled), the RCS l's hot and pressurized
~

for a short period of time-just after shutdown. A LOCA to the sump is

most serious during this time. However, a pre-ex!. sting f ailure of the

check ~ valve would be detected when the RHR System is placed in operation

by the CBS Thermal Monitoring System. This situation (leaking check

valve)'would-be remedied prior to a test of the sump valve. 'For this

LOCA to occur, the check valve would- be required to f ail while the sump

valve is open. This condition is very short (24 hours or less) and it

is very unlikely that sump valve testing would be done during this time.

|-
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In Condition W, when the RCS temperature and pressure are low

(< 200*F, . < !;0 psig),_ a LOCA to the sump would drain the RCS to the;

hot _ legs _and;would require operator action to prevent RHR pump cavi-

tation. It would require RHR sump recirculation cooling. Also, pre- |

existing failures of the check valves are not detectable at low temp-
r

erature and pressure, Should a LOCA of this type occur, RCS pressure,

level sonitors, and-containment sump level alarms would aid the oper-

ator in recovery actions. This event is quantified below as the check

i
'valve fails'sometime in Condition W Sat is not detected and the test

occurs where the sump valve is opened and the operator fails to immedi-

ately reclose the valves

LS ' = 157 * tu * FR * NR 2.lE-5 (mean)=

2

where 'CY = frequency of check valve gross leakage (Z1VCOL in
.'

Table 9-1)

5.35E-7/hr=
.

tg = -time in Condition V (from Table 9-3)

1455 hr/yr* =

frequency of sump valve testFR =

0.67 par year=

probability of failing to immediately recloseNR =

sump valve (from'Section 6.4)

0.08 (mean)=

A LOCA to the sumps during Plant Condition X (drained) would

result in loss-of RHR pump suction but would cause loss of small

amounts of inventory. The frequency of this occurrence is insignifi-

cant when compared with other vortexing initiators.

A LOCA to the-sumps during Plant Condition Y (refueling) would

L 7-54
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be similar to a low pressure LOCA in Condition V except that much more

time would be available to isolate the LOCA by-reclosing the sump valve

o the RHR suction valves. It is con'cluded that Condition Y is not as

significant as Condition W.

-_

i

um
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: TABLE 7-1

SYSTEM'QUANTIFICATION SUMMARY - PLANT EVENT TREE SPLIT FRACTIONSL

-FREQUENCT DISTRIBUTION
'

5th 50th 95th
System System ID ' Description Mean Percentile Percentile Percentile

RllR (To'p event RR in Trans/ RR1 RllR failed given ASSA(1),1RHR 4.4r-4 4.2E-5 .2.5E-4 1.4E-3
LOCA trees). Trains A/P avail., and RCS

Filled (Wj.

RR2 Ri1R~ failed given ASSA, RHR 2.3E-4- 2.2E-5 1.3E-4 7.4E-4
Trains A/B avail., and RCS

Drained (X).

RR3 RilR failed given Loss of Support 1.2E-1 4.2E-2 1.2E-1 1.8E-1
Train A and/or RilR Train A and-
RCS-Filled (W).

RR4 RHR failed given Loss of Support 8.9E-3 3.0E-3 7.5E-3; 1.9E-2
Train A and/or RilR Train A and
RCS Drained (X).

RR5 R11R f ailed given- Loss of Support 9.3E-4 9.5E-5 5.4E-4 3.0E-3
Train B and/or RilR Train 3, RCS

Drained (X) or'RCS Filled (W).

RR6 RilR failed given'ASSA, Ri1R 2.3E-3 5.4E-4 1.8E-3 5.6E-3
Trains A/B avail., and LOSP,

RCS Filled (W).

RRZ RR6 with RCS Dralned (X). 6.3E-4 6.6E-5 3.lE-4' l.8E-3

RR7 RHR failed given Loss of Support 1.2E-1 4.2E-2 1.2E-1 1.8E-1

Train A and/or RilR Train A and
LOSP, RCS Filled (W).

RRY RR7 with RCS Drained (X). 8.CE-3 3.0E-3 7.5E-3 1.9E-2
;
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: TABLE 7-1

r

SYSTEM QUANTIFICATION SUMMARY - PLANT EVENT TREE SPLIT FRACTION 4

FREQUENCY DISTRIBUTION-
5th .50th- 95th

System System ID Description Mean Percentile Percentile Tercentile

RHR. failed g'ven Loss;of Support 7.6E-3 '2.3E-3 6.3E-3 1.8E-2iRR8
Train B and/or'RilR. Train B and
LOSP, RCS Drained (X) or RCS
Filled (W)..

RR9 R11R f alled given ASSA. RHR 3.3E-3 8.lE-4 2.6E-3 7.7E-3

Trains A/B avail., RHR Pump A
tripped, RCS Filled (W).

RRA RHR faileL given ASSA, RHR 6.6E-4 1.5E-4 5.7E-4- 2.2E-3
Trains A/B avail., RHR Pump A
tripped, RCS Drained (X).

Relief Valves (Top Event VOI Failure of 2 or more relief 3.0E-6 5.0E-9 2.lF-7 9.3E-6

VO in Trans Tree). valves to open on demand.

V02 Failure of I relief valve'to 4.3E-3 1.UE-3 3.2E-3 9.0E-3
open on demand.

(Top Event OC in Trans). VCl Failure of.I relief valve to 7.5E-2 6.0E-3 1.8E-2 5.4E-2
reclose.

Secondary Cooling (Top SCI Both trains of EFW or 2 ARVs 6.0E-5. 7.5E-6 3.6E-5 1.6E-4

Event LC in Trans/LOCA fail to operate, RCS closed

trees). (RCS Condition W).

SC2 Single train of EFW or 2 ARVs 6.0E-5 7.4E-6 3.6E-5 1.7E-4
fail to operate with RC" closed

(RCS Condition W).

SC3 Trubine-driven EFW or 2 ARVs 8.7E-4 1.lE-4 5.3E-4 2.2E-3
fail to operate with RCS closed
(RCS Condition W).

1

.
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TABLE 7-1-

SYSTEM QUANTIFICATION SUMMARY - PLANT EVENT TREE SPLIT FRACTIONS

FREQUENCY DISTRIBUTION-
SIh 50th 95th

System System ID Description Mean Percentile Percentile Percentile

Low Pressure Inj./ Rec. (Top LPI Low Pressure Injection - ASSA 7.lE-3 3.9E-3 8.0E-3 1.7E-2 |
i

|
Event LC in LOCA tree). and TP (pump tripped).

}

LP2 Low Pressure Injection - Support 1.2E-1 4.7E-2 1.3E-1 1.8E-1

Train A failed or ASSA and TP.

LP3 Low Pressure Injection - Support 1.2E-2 6.2E-3 1.3E-2 2.6E-2

Train B failed and TP.
|

I Low Pressure Recirculation - 3.0E-3 1.2E-3 2.8E-3 5.9E-3 |
' LR1 '

ASSA and TP (pump tripped).

LR2 Low Pressure Recirculation - 1.2E-1 4.5E-2 1.2E-1 1.7E-1

Support Train A f aile d or ASSA
and TP.

|
LR3 Low Pressure Recirculation - 1.0E-2 4.0E-3 9.0E-3 2.lE-2

Support Train B failed and TP.
!

Feed and Bleed (Top Event LC FBI Feed and Bleed Cooling - ASSA 2.3E-3 5.lE-4 1.6E-3 6.lE-3

in Trans/LOCA trees).
FB2 Feed and Bleed Coeling - 2.3E-3 5.6E-4 1.6E-3 6.2E-3

| Support Train 8 failed.

FB3 Feed and Bleed Cooling - 9.0E-3 3.5E-3 7.8E-3 1.9E-2

Support Train A failed.

FB4 Feed aad Bleed Cooling - No 1.8E-2 6.6E-3 1.5E-2 3.8E-2

Support Train available and
Procedure-Initiated Event and
RCS Condition X.

FB5 Long term makeup - RCS Con-!Ition 8.0E-5 3.7E-7 3.7E-6 3.7E-5
'

Y (Refueling).

|

|
-

_-
- _ _ _ _ _ _ _

,
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-! TABLE 7-1~

L SYST M QUANTIFICATION SUMMARY -- PLANT EVENT TREE SPLIT FRACTIONS -

NOTES:
'

All_ Support Systems Available.(1) ASSA =

Top 1 Event OC includes operatoriaction as well asfhardware quantifiedfin'VC (see' Appendix-E.1).
~

*

Top Event LC (alternate.long term' cooling) is .a combination of secondary cooling (SC), low-**

pressure injection and recirculation (LP, LR), and f eed and bleed cooling (FB),;as appropriate ;
See Se' tion 5.0.for the boundary conditions.- c

,

,

4

I

m_ . __ _ _
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TABLE '7..-2f
:

SYSTEM: QUANTIFICATION' SUMMARY. 1 SUPPORT' SYSTEMS: -E

s< ,

,

FREQUENCY DISTRIBUTION' ,
'

.
'

i 5th 50th- 95th
System ' System ID Description. Mean Percentile Percentile Percentile "

Diesel Generators - | DCI . DG I;0SP,|with RCS W (Filled) 4. 6E-2 9.4E-3' 3.45-2 1.2E.l.

DCIA- DG LOSP and Loss of Support'a- ,

' Train 3'(W)L 9.3E-2 .l.2E-2- 15.9E-2- y3.0E-1;.

_|LOSP.andLoss'of' Support: 2.6E-1- 'l.4E-2 12.3E-1 ;4.7E-1
DGIB DG

Train A,(W).

DG2.L DG LOSP with RCS X1(Drained)L. 1.5E-2 :1.9E-3' 9.1E-3; 14.8E-2
IDG2 . - E LOSP and LossJof". Support 9.3E-2/ 1.2E-2 5.9E-2 . 3.0E- 1 -

A
Train'B'(X)

DG2g' - E|LOSP and Loss of? Support 9.3E-2. 1.2E-2 ,.5.9E-2 ~ 3.0E-1
Train'A-(X)'

Primary Component Cooling. |PCCI~ PCC ASSA with.'RCS W l.lE-4 1.5E-5; i 7.1E-5 ! 3. 5E-4 ''

PCCI PCC Loss''of Support Train B (W) 1.3E-3 3.lE-41 1.0E-3- 3.5E-3 +

A
PCCIB. [CC Loss of.. Support: Train A (W)~ 6.'lE-2 .2.4E-2- -5.9E-2 1.2E-1-
PCC2: PCC ASSA with RCS X 2.2E-6: 1.3E-7 9.3E-7- 7.7E-6
PCC2 PCC2g PCC . Loss of' Single. Support 1.3E-3 3.0E-4 9.7E-4- 3.4E-3

A
Train-(X)-

PCC3 PCC LOSP, ASSA with'RCS W l.3E-4 2.lE-5 8.7E-5 3.6E-4' t

i'

PCC3A: PCC LOSP, Loss of Support Train 1.4E-3 3.5E-4 1.lE-3' 3.3E-3-
B'(W)

PCC3g PCC|LOSP,LossofSupportTrain 6.lE-2 2.4E-2' 5.9E-2~ 1.2E-l

A (W)
PCC4 PCC' LOS", ASSA with RCS X 1.3E-5 3.4E-7 3.4E-6 .5.9E-5

PCC LOSP, Loss''of Single Support 1.3E-3 3.3E-4' l.0E-3 .3.2E-3PCC4 *PCC4g.A
Train (X)-'

' '
, ..

Service Water
-

|SW1 5|ASSAwithRCSW 2.8E-6 1.9E-7 1.3E-6 ,7.7E-6

"

5|LossofSupportTrainB(W) 2.7E-4 3.5E-5~ 'I.7E-4 8.5E-4.
i SWlA

SWI 5|LossofSupportTrainA(W) 6.7E-3 2.5E-3 6.2E-3 1.2E-2
B

SW2- 5|ASSAwithRCSX- 5.9E-8 5.7E-11 8.8E-10 1.2E-8
..

>

b

.m . g v. r. wf ,,1 <ae
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TABLE,7-2' '-

SYSTEM QUANTIFICATION. SUMMARY - SUPPORT SYSTEMS-

FREQUENCY DISTRIBUTION'
Sth 50th 95th

System System ID' Description Mean Percentile Percentile Percentile

5|LssofSingleSupportTrain 2.5E-4 3.2E-5. 1.3E-4 '7.8E-4
SW2 >SW2BA

(X)
SW3 5U|LOSP, ASSA (W)- 3.4E-3 .l.7E-3 3.2E-3 5.9E-3

5E|LOSP,LossofSupport' Train 1.9E-2- 9.7E-3 1.8E-2 -3.3E-2
SW3A

B (W)
SW3g SE|LOSP,LossofSupportTrain 7.9E-2 4.lE-2 7.6E-2 .1.2E-1

A (W)
ASSA (X) 1.lE-3 4.0E-4 9.5E-4 2.3E-3ISW4 5W|LOSP, .

5E|LOSP,LossofSingleSupport 1.9E-2 9.7E-3 1.8E-2 3.3E-2
SW4A*SW4B

Train (X)

a

O
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TABLE 7-3

SYSTEM QUANTIFICATION SIIMMARY - PROCEDURAL EVENT TREES

FREQUENCY DISTRIBUTION
5th 50th 95th

Tree Event Fraction Description Mean Percentile Percentile Percentile-Event Top SpIft

Tree 1 j RI RIl Failure of both RilR pumps 'o 4.2E-4 6.5E-5. 3.2E-4 1.9E-3l

start (manual start).

Tree 1 | RM RMI RHR Train A falls to run for I.lE-2 6.0E-4 5.0E-3 3.9E-2

Tg = 295 hr

RM2 RilR Train A falls to run for 1.2E-3 7.8E-5 6.0E-4 4.2E-3

Tg = 31 hr

RM3 RIIR Train A faits to run for 1.9E-3 1.6E-4 1.0E-3 6.6E-3 |
i

Tg = 50 hr

Tree 2 | RM RM4 RHR Train A fails to run for 3.7E-2 .

3.3E-3 2.0E-2 1.3E-1 |

Tg = 959 hr

i RHR Train A fails to run for 1.8E-3 1.3E-4 1.0E-3 6.3E-3
RMS

Tg = 47 hr

Tree 3 RM RM6 RHR Train A falls to run for 6.3E-3 5.7E-4 3.5E-3 2.2E-2|

Tg = 161 br

Tree 4 |RM RM7 RHR Train A fatis to run for 5.6E-2 5.2E-3 3.2E-2 1.9E-1

Tg = 1440 hr

Tree 5 |RM RM8 RilR Train A fails to run for 3.9E-3 2.9E-4 2.0E-3 1.4E-2

Tg = 101 hr

RM9 RHR Train A fails to run for 7.5E-3 4.4E-4 4.0E-3 2.7E-2

Tg = 193 hr

Tree 6 |RM RMA RHR Train A fails to run for 9.3E-4 8.7E-5 5.1E-4 3.lE-3

Tg = 24 hr

RMB RflR Train A fails to run for 2. 8E- 3 2.7E-4 1.6E-3 9.5E-3

Tg = 72 hr

_ _ _ _ _ -
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[ TABLE 7-47 ,- ., ' } 'l

. -

. SYSTEM QUANTIFICATION' SUMMARY'- INITIATING EVENTS ~
'

-
x- '

.

.

4 : FREQUENCY DISTRIBUTION-(per year). .4 :

'Sthu ,50th- 95th
- Initiating-

' Event: Description Mean: Percentile Percentile Percentile:
~

1 , , .y

l.6E-2'' ,8.8E-2-
- i -.

- LOSP(X) | Loss ofLOffsite, Power 3.0E-2. - .3.1E-3 : .

LOSP(W)' 2.7E-2 ~ 2.2E-3' ' 1.2E-2' 27.4E-2:

LPCCA(X). - Loss'of PCC Train-A: 2.9E-3 2.1E-4: 1.5E-3 1. 0E- 2' .'

LPCCA(W) 2.9E-3 1.7E-4 1.3E-3 f 1'. l E-2

LPCC(X) Loss of'Both Trains-of PCC 3.5E-7; 6.4E-9 9.3E-8- j1.5E-6-

LPCC(W) 1.5E-5 '3.3E-7 . 4.3E-6 L7.3E-5L

.
LSWA(X) Loss of:SW Train A- 3.0E-4 1.7E-3 - 1.5E-4- "' 1.1 E-3 -'

-

' LSWA(W) 3.1E-4 1.5E-5 1.4E-4. 21.2E-3' ',

LOSW(X) Loss'of All Service Water 3.8E-6 2.1E-9 1.7E-8 : 1.4E-7 -

LOSW(W) 1.7E-7 9.6E-9 ' 7.7E-8- 6.2E-7
,

LS(W) LOCA Through Sump' Isolation Valves- 2.1E-5 - '6.0E-7 6.5E-6- 7.2E-5
'

.

,

. - >b

t
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TABLE 7-5 RHR COMPONENT DESCRIPTIONS

-BLOCK . CO,MP_0NE:iT - ~LESCRIPTION- STATUS

(a)
LTA RC-V22 MOV RHR Pump Suction Valve Open

RC-V23 MOV, RHR Pump Section Valve Ope n

C- RH-P- B A ' RHR' Pump A. Standby /Run

:CC-V455 Manual valve, Pump Cooling Open

CC-V458 Manual Valve,_ Pump Cooling Open

RH-V4 Check Valve Open

RH-V9 _ Manual Valve Open

RH-E-9A RHR Heat Exchanger -----

RH-V18 Manual Valve Open

. RH-H CV-606 - A0V Open

HA CC-V131 Manual Valve, RHR Rx Cooling Open

CC-V14 5 MOV, RHR Heat Exchanger Cooling Closed /Open

E RH-V14 MOV Open

(b)
K RH-V22 MOV-Cross Tie Line Open

Rrl-V33 Manual Valve to RWST Closed .

G RH-V 15 Check Valve to Cold Leg Injection Open

RH-V59 Manual Valve Open

SI-V5 Check Valve Open

H_ RH-V31- Check Valve to Cold Leg Injection Open

RH-V61" Manual Valve Open

-SI-V20 Check Valve Open

Notes:

(a) -Block LTA is not included in the model because the RHR pump suction
MOVs are handled separately by the Procedural Event Trecs, top event
S A. -

(b) Block K is not included in the model because the position of the cross
tie valve RH-V22. does not ef fect system performance unless RH-V33 is
open and this situation is modeled explicitly in Procedural Event
Tree 4, top event CD.
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TABLE 7-6 UNAVAILABILITY EXPRESSIONS FOR TRANSIENT /LOCA .

TOP EVENT RR "RHR RESTORED"

~ OPERATING STANDBY SUPPORT SYSTEMS

PUMP- RHR ' TRAIN TRAIN FAILURE

RHR'- = PUMP A B UNAVAILABILITY EXPRESSION
- SPLIT TRACTION

(1)
1Y Y Y Y RHAR * (RHBs + Rl!BR + PHBg) RR1, RR2

(1)
N. Y (RHB3 + RHBR + RHBg) RR3, RR4 +

RES:Y- N RHAR
(2)

S * RHA ) * (RHE3 + RHB4 + RHB'g) RR6Y Y (RHA R

(2)
N Y (RHBS + RHBR + RHB'g) P K7

(2)
Y N (RCAs + RHA I ' CE8R

RRSY | N Y Y RHAR
N Y 1.0 RRF

RR5Y N RHAR
(2)

Y Y (RHAg + RHA ) RR8R

(2)
N Y 1.0 RRF-

(2)
Y- N (RHAS + RHA ) RR8R

(1)(3)
A Y Y- Y (RHAg + RHAg) * (RHBs + RHBR + RHBg) RR9, RRA

(1)
N Y (RHBS + RHBR + RHB ) RR3, RR43

Y N (RHAg + RHA ) RR8
R

(3)
A. N. Y Y RHAg + RH Ag RR8

N Y 1.0 RRF

RR8Y N RHAS + RHAR
(4)'

.A- Y Y Y RHBg-+ RHBR + RHBg RR3, RR4

N Y RHBs + RHBR + RHBg RR3, RR4

Y N 1.0 RRF

(4)
A. N Y' Y -1.0 RRF

N i Y. Y Y RHBs + RHBR + RHBg RR3, RR4

N Y RHBs + RHBR + RHBM RR3, RR4

Y N 1.0 RRF

|
!

!

-

__ _ _ . _ - - _ - - - _ .
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TABLE 7-6. UNAVAILABILITY EXPRESSIONS FOR TRANSIENT /LOCA
TOP EVENT RR "RHR RESTORED"

(OPERATING STAND 3Y' SUPPORT SYSTEMS

PUMP- RH R ~ ' TRAIN TRAIN- FAILURE

y RHR PIJMP_ A- B UNAVAILABILITY EXPRESSION SPLIT FRACTION

(2)
Y Y RHBS + RHBR + RFB*g RR7

(2)
-N. Y RHB3 + RH Bg + RHB 'g RR7

(2)
Y j N 1.0 . RRF

N Y Y 1.0 RRF:NJ* '

a

>.

Etes:

-Y_ = Yes, train is operable.
N = _ No, train is unavailable.

Train is available if operator action to trip the' pumpA e

-(l)~ = The split fraction depends on the value of RMB3 which is dependent on the
RCS conditions.
For LOSP and as:umed for all other internal / external initiators.-(2).
For top event TP (pump trip) successful. (Procedure Initiated Events only).

=

(3) =

For top event TP _ f ailed. (Procedure Initiated Events only).(4) =

For quantification of the unavailability expressions, see Section 7.1.3.

_ _ _



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

- y , . ;g ~, _;.
' ;

. . m.
- . ,- ?' J

'^ :Shett".1N.ff1 "7e
v-

_ ~ >
.,.:.. m e t_ . :

- .4:: - ' TABLE'7-7- _ 4 ~
,

, ,

ELECTRIC ' POWER ~ RECOVERY MODEL -'

y,

- ;
.

' ~ Electric Power' Unavailability-
. ,

f
Recoverability.(a)

.. ., ,
,

.

'With. Recovery? . Without Recovery . Electrieflower 7-

O f Is i t e ~. Bo t h -. ; Single; {RCS (b)? 'Initlating. ; ( Sect lon .17. 2. 4 ) J(Section;7.2.2) ' Recovery; Fraction-
Power Diesels: 3 Diesel Condition. Events (c) -(d) ~ (e)

'

,

,

* W' LOSP(W).~ EPRI l ''.= .7.8 5E-2 DGFJ. 1.0- ER1 = 7.9E 25
* *' W LOSP(W); LEPR12'= 6.12E-3 DG13.= 2.6E-1; ER2 ='. 2.4Et ;2
* *- W JLOSP(W): |EPR13'=14.17E-4 DG1 -= 4.6E-2f ^ BR3/= 9.lE-3"

'

.

ER4'=L3.4E-l'* W: FLISG(W) EPR14'- 9.21E-2; DGig ' = : 2.6E-1,
'' ER5 =: 2.7E-1:-*- W: TCTL(W),FTBLP(W)' -EPR15.= li28E-2 'DG1 = - 4.6E-2-

* _X .LOSP(X)' EPR16.= l'.27E-1: DGF = 1.0~ ER6:= 1.3E-1-. ..

* * :X . 11.0SP(X)I EPR17.='2.18E-3- .DG25 :9.3E-2( ER7 = 2.3E-2
.

* -* TX LOSP(X)' .EPRl8 ='l.62E-4' 'DC2s =!1.5E-2i ERS = 1.IE-2
.

*- X ;FLISG(X) EPR19 = 3.51E-2.. .DC23.= 9.3E-Z; ER9 =;3.8E-1-o
* X ~ 'TCTL(X),FTBLP(X) EPR20 = 4.00E-3 .DC2. = 1.5E-2 ERO v;2.7E-l[

J

4

(a) An " * " in the columns indicates the. equipment'is recoverable. ,

(b) RCS Condition desi;gnators are defined as fo'llows:
; 2

' '= RCS filled, secondary, cooling available.W
RCS drained to vesnel flange or-hot leg mid-plane. 4X =

.

(c) Electric. power unavailability with recovery models' failure of diesel geverators
to operate-while offsite power is unavailable and recovery'of diesels aid offsite' power. :

(d) Electric power unavailability without recovery models failure of the diesel generators
, ..

to start and operate-for'24 hours.

! (e) The recovery f raction 'is equal: to-

EF. ~ = EP(W/ REC) .=. Column 6
2

EP(W/O REC) = iColumn 7
'

,

7-67
,
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3 .8.0' .EXIERNAL EVENTS AND INTERNAL HAZARDS ANALYSIS
-

This section is based- on a review of SSPSA Section 9 " External

' Events Analysis"/(Reference 1) for the application of those events to:

shutdown. conditions. Also, events that could occur only at shutdown

f are- considered..

^ The so called " external events" have been divided into two

. groups - events initiated outside the physical plant (external events,

Section 8.1) and events initiated inside the physical plant but ou" 'de

! he power production cycle (internal hazards,- Section 8.2). These
t

events were reviewed.to determine if their impact on the plant during

' shutdown was more or less likely or severe than that analyzed in the~

SSPSA with the plant' at power. _ Where no dif ferences were identified
'

(i.e. , the -hazards are uniformly likely throughout the year), the

annual frequencies'of the initiating events from the SSPSA were multiplied~

)~ .by the fraction of time the plant is expected to be in shutdown. From,

Section 9.2, this shutdown fraction [FR(SD)] is equal to 0.37. Note that

.'the f requencies used-in .the SSPSA were not multiplied' by a non-shutdown

-fraction [1-FR(SD)] and include the conservative assumption that the

: plant is-at power for the full year.~

Also, the initiating events are qt otified for two possible~

conditions of-the reactor coolant systemst
.

RCS drained to the vessel flange or hot leg. Condition E -

mid-plane

RCS filled and closed; secondary cooling~ Condition W -

available.t;'

Condition Y was not explicitly modeled for because of the short dura-

-tion of this condition (about 4% of the average annual time in shut-

8-1

i
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down);and.because of the long time (> 72 hours) available with no
,

This information is used in the subsequentactive decay heat removal.

quantification of operator response to the initiators.,

A summary of external and internal hazard initiating events at

shutdown is given in Table 8-1 (uncertainty distributions) and in Table~

8-2 (plant-impacts). These initiating events are included in the plant

model described in Section 3 and quantified in Section 5.

8.1 External Events

-The following external events have been analyzed for their

impact on the plant at shutdown:

-o seismic events
o . aircraft crash

-o 'rnal flood
-o ._ardous chemicals ar transportation events

o- ' wind and tornado missiles
o . turbine missiles

. These events are ' discussed in the following sections.

8.1.1 Seismic Events.

This analysis of seismic initiated sequences is based on a review

of the SSPSA (Reference 1), Section 9.2 and an updated analysis of equip-

ment fragilities.in Reference 9. Based on these documents, a relatively

limited number of seismically sensitive components were found to be ,

important to risi: of f site power, RWST, reactor internals -(control

rods), diesel generators, and steam generator and reactor coolant pumps

(LOCA initiators).

From these component failures, there are three general seismic

sequences in the SSPSA: station blackout, ATWS, and large LOCA. For

station blackout, the seismic failure of offsite power and of diesels is

not affected by the shutdown configuration. However, for smaller earth-

8-2

w

- _ _ _ . _ -



_~

; quakes, where offsite power failure is still likely, increases main-

tenance unavailability of the diesels during shutdown could be im-

portant. _This is evaluated below. The ATWS sequences (reactor internals)

are clearly-not applicable during-shutdown modes. The LOCA sequences are

dominated by seismis failure of steam generators or reactor coolant

pumps.- Seismic f ailure of the RWST is-not modeled because no credit is

given to operators manually initiating low pressure injection.

.
In addition,Lthe following potential seismic initiated sequences,

which are unique to shutdown, have been considered:

(1) Equipment hatch in its storage position falls off,

causing damage to components in its vicinity and da-"

forming the hatch so that it cannot be reinstalled.

Based on a review of the containment layout, there are

no critical components within one diameter from the

equipment hatch storage rack. Also, deformation of the

hatch is not important because the seismic event is
.

very likely.to cause loss of offsite power. Since the

polar crane is powered from Bus 11 (i.e., non-essential

power), the crane cannot be operated without offsite

power.

(2) Containment polar gantry crane, trolley, or a load falls,

damaging components or fuel. The crane bridge and

trolley are equipped with earthquake restraints (up-kick

lugs).which are designed to prevent the crane from over-

turning and leaving the rails during an earthquake.

(Reference 10, p. 44). Also, seismic fragility of the

crane anchor bolts is very high (median capacity of
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~ bout 1.75 g).- If'thelcrane did. leave its/ rails during-
"

a--
t

inn earthquake, _itJ would mest likely-impact . the sides of
m

~

'the conteinment but is not likely to impact any of thes>

'b -- Ecomponents. :If the-trolley were to fall despite the j

' = restraints, .it might impact. the steam- generators or
r

g-: pressurizer causing a LOCA or _ if the vessel head were

off during refueling,'cause fuel-cladding damage.s

Since the location offthis impact is at the high point |
)

-in the RCS, tF*-resulting LOCA would be less severe than

the LOCA assumed to result from steam generator or reactor:

. coolant pump support failures. Fuel-cladding damage might .

' ^ result from impact-of heavy objects such as the trolley _
.

(dropping'into the vessel; but_ fuel overheating is veryy
w

unlikely. . The likelihood ofLa load falling is.very.small e

because-the crane is:not in operation for much of the

time inL shutdown. The. consequences of a load falling are
,

=1.

similar to the_ trolley case and are covered by the discus-
. ,

.

__sion above.- Seismic failure of the polar crane.or its- ;

loads is not" considered further.~ f

n- R

'(3) 'The refueling cavity' seal-ring-fails causing loss.of-

inventory over the vessel during refueling. .This_ ring

- is_a-2-3/8 inch' steel' plate, 3-1/2 feet wide, fastened

on the.outside.to the-biological shield wall and on the
_-

inside to the vessel flange, using 36, 3/4 inch bolts
.

on each wall. The seal ring is tested using compressed

air prior to its use and leakage is monitored as the
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refueling. pool is filled. . The only seismic failure t. ode

- that -is considered is- dif f erential movement of the vessel

-and biological wall. However, the vessel is supported

by. the nozzles on the same concrete wall. If differ-

ential motion resulted in bolts shearing off, the weight

of the water on the ring would act to keep it in place.

If a large leak developed, water would drain down to the

top of the vessel flange, leaving about 12 feet of water

over the core. If a spent fuel assembly was being trans-

ferred at this time, there would be e high radiation

field in the area.- Special shielding would be required

'to manna 11y lower the assembly into the water in the

vessel or in the refueling canal. This might result in

worker exposure but does not pose a risk to the general

public.

The seismic seal failure is judged to be bounded by the

steam generator .0CA in both fragility and consequences

of failure. The steam generator failure is assumed to

cause a large LOCA at the cold leg connection and would

drain the refueling pool down to the bottom of the cold

legs, which is about'7 feet above-the top of the core.

The steam generator f ailure gives the operator less time

to respond. The steam generator LOCA event is addressed

below and is judged to have a higher frequency and more

severe consequences. The cavity seal ring f ailure is

only-applicable during refueling while the steam generator

8-5
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failure is applicable;throughout the shutdown. The cav-

ity seal ring failure is not considered further.

(4) Steam generator nozzle dams fail causing loss of coolant

inventory in the vessel. The nozzle dams are aluminum

plates which are installed to allow access to the steam

generators for surveillance and maintenance and are

bolted onto the steam generator interict surface. Seismic

f ailure of the nozzle dams is much less likely than the
_

steam' generator failure which is discussed above. Nozele

dam f ailure is applicable only when ir.e alled during

steam generctor maintenance. The nozzle dams are not=

evaluated further.

The seismic sequences important at shutdown are (1) loss

of cooling due to seismic loss of.offsite power and seismic or non-

seismic failure of diesel generators and (2) loss of coolant inventory

(LOCA).due to seismic failure of the-steam generator or reactor coolant

pump supports. It is assumed'that these sequences lead to core damage
~

_

with no operator recovery. The following Boolean equations can be written

for a seismic station blackout (SSBO) and a seismic large LOCA_(SLL):

{FR(SD}{FR(X)}[(SS)(OSP * DG(X)]SSB0(X) =

{FR(SD)}{FR(W)}{(SS)(OSP * DG(W)}SSB0(W) =

_[FR(SD)}{FR(W)}[(SS)(LL)]SLL(W) =

where:
"*" is used for AND logic

annual seismic hazard frequency.SS =

fraction of shutdown in RCS Condition X -FR(X) =

RCS drained.

0.51 (mean) - from Table 9-3.-
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fraction of shutdown in RCS Condition W -| FR(W) =

|~
RCS filled

0.45 (mean) - from Table 9-3=

fraction of the year in shutdownFR(SD) =

0.37 -(mean) - from Table 9-3=

seismic f ailure of of fsite powerOSP =

0.5 (at 0.30g) - from Reference 9=

seismic or non-seismic f ailure of both dieselDG(W) =

generators in RCS Condition W

DGAB or DGAB'(W)=

DGAB or DGAB'(X)DG(X) =

seismic failure of both diesel generatorsDGAB =

0.5 (at 1.51g) - fro 2 Reference 9=

non-seismic failure of both diesel generators,DGAB'(W) =

no recovery (includes extended shutdown
maintenance) in RCS Condition W

4.6E-2 (wean) - DG1 in Section 7.2.2=

non-seismic failure of both diesel generators,DGAB'(X) =

no recovery - RCS Condition X

1.5E-2 (mean) - DG2 in Section 7.2.2=

seismic initiated large LOCA = SG or RCPLL =

seismic f ailure of steam generator supports,
-

SG =

causing a large LOCA

0.5 (at 1.71g) - from Reference 9=

seismic failure of reactor coolant pump sup-RP =

ports, causing a large LOCA

0.5 (at 1.74g) - from Reference 9=

These expressions are quantified using the SE1S4 computer code

(Reference 14). The SE1S4 program coLbines seismic fragility curves

for equipment and structures (Reference 9) according to the specified

logic (i.e., as above). It then assembles this resulting fragility

with seismic hazard curves (Reference 1, SSPSA Se 9.2) *o pro-

B-i
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vido tha frequancy of occurrence. SEIS4 is a probabilistic calcula-

tion pr3 gram which expresses f ragility f amilies, seismic hazard dis-

tribution and_the reculting fre uency of occurrence in the form <f

a discrete probability distribution. The results are as followst

J.it-6 (mean)SSB0(X) =

2.3E-6 - (mean)$5B0(W) =

3.8E-7 (mean)v SLL(W) =

The distribu*. ions for these initiating events are giv>n in Table 8-1.

8.1.2 Aircraft Cras,h

Based on a review of SSPSA, Section 9.3, no unique shutdown

initiators have been identified. No sequences have b en identified;

that would significantly increase the frequency or consequences of the

aircraft crash inittstore during shutdown. The frequencies of initiators

quantified in the SSPSA are-10-7 per year and less (less than 10-8 per

year for initiators which fail containment) and are judged to be insig-

nificant contributors to the shutdown risk.

8.1.3 External Floods

Based on a review of- SSPSA, Section 9.6, no external flood ini-

tiators unique to shutdown have been iden itied. The following initiator

a

'

is: quantified:

FLSW - external flood of the sersi.ne vrter pumphouse and cooling

tower pump switchgear room c.2 ming loss of all e,rvice

water. The flood is likely accompanied by a storm and

s

high wind causing a loss of of fsite power. Loss ,f

service water causes failure of the diesel generatoi-

due to overheating.

FLSW' ' FR(SD) * FR(X)FLSW(X) =

3. 0 E-7 (mean)=

FLSW' * FR(SD) * FR(W)FLSW(W) =

2.7E-7 (mean)=

8-8
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l

where,
,

frequency of external flood causing lossFLSW' =

of all service water, from SSPSA

1.60 E-6/yr=

shutdown fraction = 0.37 (from Table 9-3)FR(SD) =

f raction of shutdown ir R.CS Condition X -FR(X) =

drained

0.51 (from Table 9-3)=

f raction of shutdown in RCS Condition W -FR(W) =

full.-

0.45 (from Table 9-3)=

8.1.4 Haeardous Chemicals and Transportation Events

Based on a review of SSPSA, Section 9.7, no unique shutdown

initiators have been identified. The following initiator is quantified

during shutdown:

TCTL - truck crash into the SF6 transmission lines causing

a non-recoverable loss of offsite power. It is likely

that the frequency of truck traffic will increase

during shutdown due to maintenance and repairs. How-

ever, the f requency assumed in SSPSA Table 9.7-3 is

judged to be suf ficiently conservative at power to

cover shutdown conditions.

TCTL' * FR(SD) * FR(X)TCTL(X) =

5.1E-5/yr=

TCTL' * FR(SD) * FR(W)TCTL(W) =

4.6E-5/yr=
,

where,

frequency of truck crash into transmissionT CTL' =

lines, from SSPSA = 2.76 E-4/yr

8-9
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shutdown fraction = 0.37 (from Table 9-3)!' FR(SD) =

fraction of f.iutdotn in LCO Condition X - ;FR(X) =

drained

i.51 (from Table 9-3)=

fractico of shutdown in RCS Condition W -FR(W) =

full

0.45 (from Tsble 9-3)=

!
'

8.1.5 -Wind and Tornado Inittsted scenarios

Assed on a review of SSPSA, Sectior 9.8, no unique shutdown
,

|

initiators have been identified. -The init: 2 ting events quantified

,

in the SSPSA are negligible based on the following:

The event MPCC, tornado missiles causing *.oss of Primary Com- ,

ponent Cooling (PCC), is much lower frequency (5.46 E-9/yr) than other

external and internal events causing loss of PCC, e.g. , TPCC*. Sim-

~

ilarly, event MCR, tornado missiles impacting the control room are much

lower in f requency. (5.80 E-9) than other similar initiators, such as

FCRAC*. Finally, event MELP, missile causin; non-recoverable station

blackout _(3.4' E-10) is much lower in frequency than events such as ,

-FCRAC*.

While.more missile sources may be present in shutdown than
'

during operation, the spectrum of missiles used in Case 1 of the SSPSA
.

analysis, oae unit operating and the other ur.;t under construction, is

' judged to be suf ficiently conservative to cover the shutdown case.as

No wind or tornado initiators are quantified for the shutdown study.

8.1. 6 ' Turbine Missile Hazards

The main turbine is not operating at high speed during shutdown

so_this event is therefore'not capable of generating a missile.-

,
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8.2 . Internal Hazards Analysis

I The following internal hazards have been analyzed for their

effect on the plant at shutdown:

-o fires

o floods
,

o heavy loads

8.2.1 Fire Analysis

8.2.1.1 Introduction-

Fires are anelyzed as sources of plant upset initiators during

shutdown, including loss of decay heat removal (RHR and. Support Syst ems)

and LOCAs. Overpressurization is not considered a significant event

because it requires multiple failures - an overpressure source (caused

by's hot short) and the isolation of relief paths (also caused by hot

shorts). Recriticality is also not considered because of the slow

. nature of such an event, the redundant operator alarms, and the minor

consequences. (See Section 3.2.5).-

Crftical fire scenarios were identified by, first, identifying

what: component f ailures (or actions for hot shorts) would cause f ailure

of-the operating RHR train or would cause a LOCA.- Then, the fire areas

.were identisied which contain these components or related cable by re-

viewing the Seabrook Station Fire Protection Report (Reference 16).

Fire scenarios in these areas were quantified by using models and data

from the fire analysis in SSPSA Section 9.4. These models are judged

to be' applicable because -requirements for fire detection and suppression

* Fire init:ators - see Section'8.2.1.

8-11
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- systems are essentially the same at shutdown as at power (Reference 15 j

T*chnical Requirements 7 through 12). In addition, shut own-specificd
.

'
firs initiating frequencies were developed from review of industry data,

as disesssed in Section 8.2.1.4 and Appendix D. Based on this analysis,

the c;icic:t fire scenarios were quantified, ac listed in Tables 8-1 and
,

'

8 't .

The fire analysis was simplified somewhat by making the following *

assumptions:
i
|

o toss of vanttistion due to fire is assumed to not cause
loss of decay heat renoval (i.e. , E AH, PAH, SWA). The
operator has time to respond to the loss of ventilation.
Also, the- fire serves as the alarm to alert the opera- ,

cors to provide some alternate ventilation system (e.g., ,

open doors and fans). |

Fire in an RHR vault would not propagate to the oppositeo
train vault (SSPSA p. 9.4-4).

o Fire in the essential switchgear room would not propagate
to the opposite switchgear room (SSPSA p. 9.4-5 and pp.
9.4-13, 14).

I
o Fire in the battery rooms is assumed not to cause loss of

de voltage f rom the inverters because of the additional
'
t

ac feed.

o Fire in the diesel generator building can affect one die-
"

sel only_(SSPSA p. 9.4-7).

o Fires affecting buried duct banks are assumed to be neg -
ligible f requency. because 'of the lack of combustibles.

8.2.1.2 Fire - Induced LOCA Initiators

Potential LOCA initiators were identified and analysed below.

These LOCAs were identified by looking at high pressure - low pressure

- interfaces which could be breached by hot shorts in control cables

. causing repositioning of valves (Reference 16). Based on this analysis,

no fire-induced LOCAs were identified which are critical fire-scenarios.

8-12
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1. Execes Letdown Line LOCA (Reference 16. p. 3.5-2)
J

Requires hot shorts of three valves

CE-HCV-123 (excess let. HX outlet block) -
transfer closed

CS-V175 (excess let. HX inlet block) -
transfer closed

C S-V17 6 (excess let. HX inlet block) -
transfer closed

Loss of teactor coolant is through 1" line back to VCT.
In order to be lost to the CVCS, CS-V170 (divert valve
to RCDT) must transf er (hot short), providing flowpath
to RCDT (reactor coolant drain tank). To get outside
containment, CS-FV-1403 (isolation valve between RCDT
and PDT) must f ail open (hot short) providing flowpath
f rom RCDT to PDT (primary drain tank - outside contain-
men t ).

In addition, the line is restricted to a maximum flow of
25 gpm.- At low pressure, the flow rate would be much
smaller. The LOCA would be accompanied by alarms (level t

in RCDT or PDT). Thus, this LOCA is considered to be
'

negligible in frequency (requiring multiple hot shorts)
and in consequences.

2. Normal Letdown Line LOCA (Reference 16, p. 3.5-2)

Requires hot shorts of three valves:

CS-V145 (regen. HX outlet block)

RC-LCV-459 (regen. HX inlet block) ,

RC-LCV-460 (regen. HX inlet block)

Loss of reactor coolant is restricted to a maximum of
120 gpm. The flow is back'to the VCT and if unattended
(VCT high level alarms ignored), the excess would dis-
charge to the PRT through a 60 psig relief valve. This
path is isolated when the RHR is used for letdown (when
the RCS is_depressurized). Thus, this LOCA is consid-

:ered to-be negligible in frequency, requiring multiple
hot shorts and operator failure.

3.- Accumulator Drain Lines LOCA

This requires a hot short of three valves:

8-13
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SI-V4 (or V18. V33, V48 - accumulator drain
lines) - transfer open -

i

SI-V70 (common drain line isolacion) - trans- ,

fer open
i

SI-V62 (common drain line isolation) - trans-
fer open

Loss of reactor coolant is through a 3/4" dia. line to
the RWST. The LOCA is considered to be negligible in
frequency (requiring multiple hot shorts) and insig-

'

nificant in consequences.

4. High Pressure Recirculation Suction Line LOCA

This requires a hot short of RH-V36 (from RHR pump B dis-
chargo to SI pumps suction) or multiple hot shorts (RH-
V?5 and CS-V475 and CS-V460 or V461 - f rom RHR pump A dis-

.

charge to SI pumps suction).
'

P,ased on piping analysis documented in Section 7.6.1,
piping failures at RHR pressures (450 psig) are not
credible for the SI suction piping.

5. Test Line from RHR Discharge Line LOCA

This requires hot short of RH-V28 (isolates test line).
This provides potential pressurization (up to 600 psig)
of the test line piping. However, this piping is all
high pressure tested (per PID-SI-D20446, Rev. 2). Thus, ,

this is not a credible scenario.

8.2.1.3- Fire-Induced Loss of RHR ILitiators ,

o

The following fire scenarios resulting in potential loss of RHR

were identified and analyzed. These fires were identified by determining

the components whose loss (or activation for hot shorts) would result in

loss of the operating RHR train (assumed to be train A). These com-

ponents are listed in Table 8-3 with the failure mode'and fire zone / area ,

.for each component. The potential critical fire scenarios are quantified

- below and are listed in Tables 8-1 and 8-2. The frequency of a fire in a

particular location failing critical cables or components was quantified

using applicable models from the SSPSA Section 9.4, as referenced below.

l'
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(1) Switchgesp; Room A (CB-F-1A-A)
1

This area is considered for a fire causing loss of train A of RHR
due to loss of AC essential power. This scenario is analysed in
SSP 5A ID.2.3.4.1. The frequency of a fire in the siwtchgear room
causing loss of essential power during shutdown 1sa

2.5E-3 (scan)TR(CD) * TR(X) * FAUX,SD * ISGRTSGA(X) ==
,

2'3E-3 (2880)TR(SD) * TR(W) * FAUX,SD * ISGRFSGA(W)
"=

!

where:

bhutdown fractionTR(SD) =

0.37 (from Table 9-3)=
.

f raction of shutdown in RCS Condition X -FR(X) =

drained

0.51 (f rom Table 9-3)=

f raction of shutdown in RCS Condition W -FR(W) =

full

0.45 (from Table 9-3)=

igpx,gp frequency of fires in the PAB during=

shutdown, from Table 8-4'

7.2E-2/yr (mean) -=

f raction of fires in the PAE that may
ISCR

=

occur in the switchgear room, from
SSPSA, p. D.2-43

.190 (mean)=

(2) Cable Spreading Room (CB-F-2A-A)
.

This area is considered for a fire causing loss of 2 ttsins of
support systems (AC essential power, PCC, or service water) and
icss of both trains of RHR (directly or indirectly through sup-

port systems). This scenario is analyzed in SSPSA 19.4.6. In

that analysis, the time available to respond to the fire in--

cluding actions at the_ Remote Safe Shutdown Panel (RSSP) is 2
hours (minimum time to core melt at power). This time is conser-
vative for' accidents at shutdown. The operator f ailure te main-
tain decay heat removal from the remote safe shutdown panel,
given at least 2 hours, is estimated in Section 6.4:

4.3E-3 (mean)f =
HE.2

8-15
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Two critical fire scenarios are modeled - loss of two trains of i
'

support systems with no loss of of f site power (i.e. , loss of PCC)
and loss of two trains of support systems with loss of offsite
power (i.e., loss of essential AC trains A and E). These are i

<quantified as follows:
)

Frequency of cable sptsading room fire during shutdown causing
loss of PCC (FSRCC') is quantified assuming a short time (2
hours) to core uncovery, i.e., the RCS is drained down soon
af ter shutdown.

,

1

2.lE-8 (mean) JQ CC,CSR * I'HE,2Th(SD) * fCSR,SD #FSRCC' a=
P

l

where )

0.37 (from table 9-3) jFR(SD) =

CSR,SD frequency of cable spreading room firesf =

during shutdown, from Section 8.2.1.4

5.6E-3/yr (mean) ;=

!

conditional frequency of loss of PCCQPCC CSR
=

given a fire in the cable spreading
room (includes fire propagation and
suppression and fire severity), from

.!SSPSA p. 9.4-26
'

,
2.4E-3 (mean)=

f'HE,2 conditional frequency of operator erroc. 1=

failing to successfully establish shut-
down cooling f rom the RSSP, f rom Section
6.4

4.3E-3 (mean)=

The f requency of the cable spreading room fire during shutdown
causing loss of all AC pruer,is quantified assuming a short time
(2 hours) to core uncovery. Availability of the turbine-driven

EFW pump is not included in the quantification because it is
assumed the RCS is drained down.

.

1.lE-EFR(SD) * fCSR SD * QEP,CSR * I'HE,2FS RAC' ==

wherer

0.37 (from Table 9-3)FR(SD) =

fCSR,SD 5.6E-3/yr (mean) above= -

e

*
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QEP,CSR conditional frequency of loss of all AC !=

power, given a fire in the cable spread-
ing room, from SSPSA p. 9.4-2

1.2E-3 (mean)(1/2) * QPCC,CSR ==

4.3E-3 (mean) above *

I'HE,2 = -

The frequencies of these fires are so low that they do not make
a significant contribution to the risk at shutdown. Thus, these

scenarios are not included in the plant model.

Fires in the cable spreading roons causing; o,1y loss of RHR
are judged to be similar to the above scenarios with regard
to frequency but much less severe because of the availability
of support systems. Thus, fire causing oniv RHR loss is not

!quantified.

(3) Control Room (CB-T-3A-A)

This area is considered for a fire causing loss of 2 trains

of support systems and loss of both trains of RHR. This
scenario is analyzed in SSPSA 59.4.7. The operator action
analysis is similar to the cable spreading room scenarios.
Because of the uncertainty of the plant configuration at
shutdown, it is conservatively assumed that the RCS is
drained down early in the outage - with about 2 hours to
core uncovery, given loss of cooling. Thus, the human error
frequency f'HE,2 from Section 6.4 is used in this quantification.

Fire scenarios are considered in each zone of the main con-
trol board. The following zones are of importance:

Loss of PCCo Zone C -

Loss of Service Water and Cor * 'ng Towero Zone G -

Station Blackout (LOSP and loss of powero Zone H -

to buses E5 and E6

Loss of RHRo Zones A and B -

A fire causing loss of RHR would require hot shorts in a single
zone (B) or a fire affecting both zones A and B. This is less

likely than a ofngle zone fire and the consequences are less
severe than the other scensrios considered. The frequency of
the other three scenarios. is the same based on the assumptions
that the fire frequency is uniform per zone and that the oper-
ator error frequency is the same. Station blackout is the most
severe condition-and is quantified as follows:

TR(SD) * TR(X) * fCR,$D * ICR7 * f 'HE,2FCRAC'(X) =

4.lE-8 (mean)=

8-17
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FCRAC'(W) = 'FR(SD) * FR(W) * fCR,SD * ICR7 * I'HE 2
'

3.7E-8. =

V i

where:-

9

FR(SD)- 0.37 (from Tsb1v 9-3)=

'

7- FR(X) 0.51 (from Table 0-3)=
r

>

ch, FR(W) 0.45 (from Table-9-3) }
=

Yi ,

'f CR,SD f requency of fires'in the main control=
,

room during shutdown, from Seccion 8.2.1.4-
..

1

= - '6.3E-3/yr (mean) j
I

'

f CR7. fraction of control room fires af fecting" =

one particular zone, from.SSPSA p. 9.4-34-

8.lE-3 (mean)-=

f'HE,2 : conditional frequency of operator error,=

failing to successfully establish shut- -4

.down cooling from the remote safe shut-
down-panel prior to core uncovery (2
hours) irom Section 6.4-

4.3E-3 -(mean)-

- '(4)? IRHR Equipment Vault'#1''(RHR-lF-1B,2B,3B,4B,1D-Z)

This~ area includes RHR. train A pump,.heatLexchanger,'and valves-
._as'well as train;A, $1, and CBS. This also includes cables for -

RHR suction valves for-trainLA (RC-V23,~RC-V22) and for train B1
(RC-V88).o RC-V23 and .V88 are powered from train- A electrical .;

_

, bus, RC-V22 from tre 1 B. Due to the " cross-train depowering" u- ..

scheme, ,RC-V22L and I. V88 are -opened and L depowered (breakers?
q: removed)'during shutdown.: Thus, there is no poteatial for a

- hot short failing' train:B.

'

'This' area also.contains RH-V35, V36 (RHR to SI/ charging pump
~

suctions) which-are addressed in the_"LOCA" fire analysis.
Thus,|a. fire in this; area will fall train A of IHR.. The
quantification is. based on the SSPSA Section_9.4.4 except. '

_

,

cfor fAUX,SD'
a pyg

VLT.* f ,G * f ,S *'Q1 (Tg)FRHRA--=-|cFR(SD) * FAUX,SD * I1 R R
~

1.3E-4 (mean)7. T. 7
=

_

]

,

e
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wheret

FR(SD) = 0.37 (from Table 9-3)

f requency of fire in the PAB during shut-f =
AUX,SD

down, from Section 8.2.1.4

b 7.2E-2/yr (mean) -
*

= f raction of fires in the _ PAB that mayfVLT occur in the RHR vault from GSPSA p. 9.4-10

1.13E-1 (nean)=

I ,G conditional frcquency of fire occarring in=
R the cable tray area given a fire in the

vault. from SSPS A p. 9.4-12

2.5E-1 (mean)=

(R,5 conditional frequency of pilot fire being=

large enough to propogate to other trays, ,

f rom SSPS A p. 9.4-12

1. 0 -=

Q1(TG) conditional frequency of a fire in the=

vault causing damsge based on propaga-
tion and suppression rates, from SSPSA

'p. 9.4-11

1.75E-1 (mean)~

The frequency of this scenario is much lower than FSGA (fire in
switchgear room A) and the consequences are not as severe. Thus,
this scenario is not included in the plant model.

(5) Containment (C-F-1,2,3-Z)

This area is considered for a fire causing multiple hot shorts in
the controls for the RHR suction valves and resulting in a loss
of all RHR. This is a very unlikely scenario because of the

. multiple hot shorts and because the frequency of fires in con-
tainment is very . low. Also, the valves can be reopened at the
valve switchgear. Thus, this scenario is not analyzed further.

(6) Containment Enclosure Fan Area / Mechanical Penetration Area
(CE-F-1-Z, PP-F-1A,2A,3A, 1B,2B,3B,4B,5B-2)

This area is considered for a fire causing loss of all RHR due

to multiple hot shorts causing loss of RHR suction (RC-V23,
V87):or loss RHR discharge (RH-V14, V26). ' Operator action is
possible to manually,-locally (in containment) open the suc-
tion valves. Also, the discharge valves are normally opened
and depowered. Multiple hot shorts are considered to be very

1.
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unifkely. Support systems are not affected. Thus, this area
is not considered further.

(7) Electrical Tur.rel - Train A (ET-F-1A, IB-A)

These areas are considered for a fire causing a is11ure of the
operating RHR pump due to loss of train A of service water
pumps and valvt.s> This scenario is analyzed in the SSPSA Sec- '

tion 9.4.8. The esme quantification is used here except the
frequency of the fire is adjusted for shutdovt :onditions:

FR(SD) 2 * FAUX,SD * ITNL * Q1 (T )FETA =
G

9.iE-5 (oesn)=

where:

FR(SD) = 0.37 (frea Table 9-3) e

AUX,SD f requet.cy of fire in the PAB during shut-f =

d o . 1, from Section 8.2.1.4

7.. 2/yr (mean)=

fTNL fraction of fires in the PAB that may=

occur in the electrical tunnels. from
SSPSA p. 9.4-37

2.0E-2 (mean)=

condition frequency of the fire in theQg(Tg) =

electrical tunnels causing damage, based
on propagation and suppression rates,
from SSPSA p. 9.4-38

1.7 5E-1 (meen)=

The factor of 2 is used because of the two areas considered.

The frequency of this fire scenario is much lower than FSGA
(fire in switchgear room A) and the' consequences are not as
severe. Thus, this scenario is not included in the plant
model.

(8) Electrical Tunnels - Train B (ET-F-lC, ID-A)

A fire in these areas could cause loss of cervice water train
B, which is not assumed to be an initiating event at shutdown.
However, in area-ET-F-1C, cables for the povered RHR suction
isolation valves is present. A single hot-short may cause
RC-V23 to' close causing loss of the operating RHL train.
This is recoverable at the switchgear or from inside the con-
tainment - manually opening the valve. This fire scenario is

quantified as follows:

8-20
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FR(SD) * FR(X) * FAUX,SD * ITFL * Q1 (T ) * IHSFETB(X) G=

1.4E-5 (mean)=

1.3E-5 (mean)FETB(X) * FR(W)/FR(X)TETB(W) =-

where

0.37 (from Table 9-3)FR(SD) =

0.51 (from Table 9-3)FR(X) =

0.45 (from Table 9-3)FR(W) =

FAUX,SD 7.2E-2/yr (mean) - see (7) above=
,

fTNL 2.0E-2 (menn) - see (7) above=

1.75E-1 (mean - see (7) aboveQ3 (Tc) =

fraction of tunnel fires causing a hatfHS =

short for RC-V23 (estimate)

0.3=

(9) PAB - Aux. Steam Condensate Tank Area (PAB-F-lJ-Z)

This area contains cables for train A RHR suction valve
(RC-V23). Hot short could cause loss of the operating RHR
train. However, this f ailure is recoverable by locally
opening the valve. Also, no additional equipment of impor-
tance is affected by this fire. Thus, it is not analyzed

further.

(10) PAB - Electrical Tunnel Above RRR Vault (PAB-F-lG-A)

This area is considered for a loss of the operating RHR pump
and loss of train A of FCC (pumps, valves) and train A of
service water (pumps, valves). This area also contains cables
for RHR train B suction valve (RC-V87) and RHR train B heat
exchanger outlet valve (RH-HCV-607) and bypass valve (RH-TCV-
619). Ho t, shorts may cause loss of the standby RHR train.
The quantification is the same as the electrical tunnel -
train L fire above (FETB):

FR(SD) * FR(X) * FAUX,SD * ITNL * Q1 (Tc) * fHSFETG(X) -

1.4E-5 (mean)=

1

1.3E-5 (mean)FETG(X) * FR(V)/TR(X)FETC(W) ==

where the variables are defined in (7) and (8) above.

8-21
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(11) PAB - Chiller Pump Area (PAB-F-1A-Z)

This area contains cables for PCC train A (pumps, valves) and
service water trains A and B (pumps, valves). All train B

cables (or service water are routed in conduit with a one hour,
fire-rated barrier. This scenario is analyzed in SSPSA Section
9.4.10. The quantification is used from the SSPSA except for
FAUX,SD

FR(SD) * FR(X) * FAUX,SD * IP1A * IP1A.S * 92 (Tg)FPAB(X) =

1.9E-5 (mean)=

1.7E-5 (mesn)FPAB(X) * FR(W)/TR(X)FPAB(W) ==

where:

0.37 (from Table 9-3)FR(SD)' =

0.51 (from Table 9-3)FR(X) =

0.45 (from Table 9-3)FR(W) =

7.2E-2/yr (mean) abovef xJX,SD = -

fraction of fires in PAB that may occur infp}A =

this area, from SSPSA p. 9.4-41.

2.0E-2=

fPIA,S reverity f actor, f rom SSPS A.p. 9.4-42=

1.3E-1-

conditional frequency of non-suppression,Q2 (Tc) -=

from SSPSA p. 9.4-42

5.4E-1=

(12) PAB - Resin Fill Tank Area (PAB-F-2A-Z)

This area contains cables for service water train A (pumps,
valves). This is expected to have a similar frequency as
FP1 A, above (see SSPSA p. 9.4-45) but af f ects only one
train of support systems. Thus, this area is not analyzed
further.

(13) PCC Pump Area (PAB-F-2C-Z)

This area contains PCC trains A and B (pump, valves, cables)
and cables and valves for service water trains A and B.
Tr+'.n F cables are routed in conduit _with one hour, fire-rated
barrier. Based on the analysis in SS'SA Section 9.4.13, fire

8-22
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in the pump area failing all four pumps is not o credible
scenario. A fire in the cable trains has the potential for

causing loss of both trains of PCC (loss of service water re-
quires hot shorts). This is quantified in SSPSA Section
9.4.13 as Seetario 2.

TR(SD) * TR(X) * faux,SD * IP2C * fr2C,C) ^IP2C,52TPCC(X) =

* Q3 (T )C

1.2E-6 (meen)=

1.0E-6 (me an)TPCC(X) * TR(W)/TR(X)TPCC(W)
==

wheret

0.37 (from Table 9-3)
_TR(SD) =

0.51 (from Table 9-3)TR(X) s=

'

0.45 (from Tabic 9-3)FR(W) =

7.2E-2 (mean) abovef AUX,SD
-=

fraction of PAB fires that may occur infP2C =

this area, from SSPSA p. 9.4-47

1.6E-1 (mean)-

fP2C G1 geometric factor, from SSPSA p. 9.4-47=

1.25E-1 (mean)-

fP2C S2 severity f actor, f rom SSPS A p. 9.4-49=

2.6E-2 (mean) _
=

conditional frequency of non-suppressionQ3(Tp) =

from SSPSA p. 9.4-48

1.7E-1 (mean)=

(14) PAB - Water Cooler HX Area (PAB-F-3A-Z)

-This area contains cable and valves (SW-V15, V17) for service
water trains A and B. In order to f ail service water, the

fire must cause multiple hot shorts to close valves without
losing power to the valves. This is assessed to be very

unlikely and the scenario is not analyzed further.

B-23
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(15) East Main Fream/ Feed Pipe Chase (MS-F-1 A,2A,3A,4 A,$A-1)

This area contains cable for train A of service water
(pumps, valves). The frequency of a fire in this area is -

judged to be similar to FETA (fire in electrical tunnel -
train A) and is not significant in comparison to FSGA
(fire in switchgear room A). Thus, this scenario is not

included in the model.- j

(16) Service Unter Pump House - Electrical Room A (SW -F-1B-A)

This area contains cable for SW train A pumps and valves.
The frequency of a fir 2 in this area is judged to be much
'lowcr than in the switchgear room because of the smallor ,

tioor area and the fact that this building has less fovt i

traffic ti. rough it. Thus, this scenario is not analyzed
further.

(17) Service Veter Pucp House (SW-F-1E-7.)

This area contatna pumps and valves for SW trains A and B.
Consistent with SSPSA Section 9.4.15, loss of all four
pumps due to a fire is judged to be very unlikely because
of large separation among pumps of redundant trains and
lack of insitu intervening combustibles. Thus, this area

is not considered further.
.

(18) Duct Banks (DCT-F-1A,1B,2A,2B,3B-0)

Each of these duct banks contain one train of cables for PCC
or service water. A fire in duct banks is judged to be very
unlikely because of the lack of insitu c ubustibles.

(19) Turbine Building

A fire in the turbine building is assumed to cause lose of
of f site- power (LOSP), consistent with SSPSA Section 9.4.14.
Thus, ]

FR(SD) * FR(X) * iTB,SD * ITB,GSFTBLP'(X) =

3.2E-4/ year (mean)=

FTBLP'(X) * FR(W)/FR(X)FTBLP'(W) =

3.1E-4/ year (mean)=

where:
1

0.37 (fron Table 9-3)FR(SD) = ,

)
0.51 (from Table 9-3)FR(X). =

0.45 (from Table 9-3)FR(W) =
,

I
I
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i

fTB.SD frequency of turbine building fires, from=

Section 8.2.1.4

4.5E-2/yr (mean)=

fTB,CS conditional frequency of a fire causing LOSP=

given a turbine building fire, from SSPSA
p. 9.4-51

3.9E-2 (ne ar.)=

8.2.1.4 Frequencies of Fires During Shutdown

The databate for fire events was reviewed to determine the fra-

quency of fires in critical buildings during shutdown. A eummary of this

data review and analysis is included in Appendix D. The frequencies of

) fires during shutdown in f our locations (control room, cable spreading

room, auxiliary building, and turbine building) were cettmated as shown

in Table 8-4. The events in the data base were categorized according to

when fires could have occurred - shutdown only, shutdown or operation, or

operation only. The f requency distributions of fires during shutdown

only and fires during shutdewn or operation were added to yield the total

frequency of fires during shutdown. The results reported in Table B-4

are in units of "per shutdown year". These distributions are multiplied

by the shutdown f raction [FR(SD)] to yield f requencies in "per calendar

. year" to be consistent with the other initiators. These frequencies

are then multiplied by the f raction of the shutdorn in RCS Condition

X (FR(X)) or in RCS Condition W (FR(W)) consistent with the initiator

designation.

8.2.2 Internal Floods

The analysis of internal flood initiators is based on a review

of SSPSA, Section 9.5 and a review of flooding events in the data base.

The frequency of floods that could occur during shutdown was analyzed

8-25
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for various important locations in the plant subject to potentially

large floods. This data analysis is summarized in Appendix E. This

analysis shows that the frequency of floods during shutdown is not

significantly greater than at operation.

Turbine Building events were the important ir.ternal floods in the
'

SSPSA. During shutdown, floods in the RHR vault would be initiators,
i

therefore, both of these areas were reviewed. The initiators of interest i

in these locations are as fo11ovat t

non--isolable fluod in the RRR vaultb due to a leak inFLRHR r-

the RHR piping. The RWST drains into one vault and
,

spilln over to the other vault through non-watertight

doors. This results in failure of both trains of CBS,

RHR and SI pumps. From SSPSA, Section 9.5.3.5, the
r

upper bound (95th percentile) estimate of the fre-

quency of such a pipe break is 3.0 E-5 per year.
,

Assuming an error fact 6 of 30 based on thc pipe break

8.5E-6. Thus: jdistribution, the value 4s F(PB) =

1.6E-6/ year (mean)FR(SD) * FR(X) * F(PB)FLRi!R(X) ==
,

1.4E-6/ year (mean)FR(SD) * FR(W) * F(PB)FLRHR(W) ==

where

FR(SD) shutdown fraction=

0.37 (from Table 9-3)=

fraction of shutdown in RCS Condition XFR(X) =

(drained)

0.51 (from Table 9-3)=

fraction of shutdown in RCS Condition VFR(W) =

(full)

0.45 (from Table 9-3)
.
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TL1SG - flood in the turbina building with leakage into one
i

'! switchgear room, causing loss of offsite power and

failure of one emergency bus. The frequency of flood

in the Turbine Building at shutdown is based on the

data review summarized in Appendix E. The probability
,

of leakage into the switchgear room A during shutdown

is assumed to be the same as at power. The door is

nere likely to be epen into the switchgear r(ar. out the

presence of additional personnel compensates for this.

Thus.

FLISG(X) = [F't * fgt * fA + T'yt * fg] * TR(SD)

FR(X)*

= 4.5 E-6/yr (mean)

Ft1SG(X) * FR(W)/TR(X)TL1SG(W) =

3.9E-6/yr (mean)a

where,

F't - frequency of a large turbine hall flood
given shutdown conditions (from Appendix E.
Table 5-2).

9.7E-3/yr
-

=

frequency of a very larFe turbine hallF'yt -

flood (from Appendix E. Table 5-2).

2.7E-3/yr=

likelihood of operator failure to stopfHE
*

the leak (from SSPSA, p. 9.5-12).

2.9E-2=

likelihood of leakage into switchgearfx =

room A (from sSPSA, p. 0.5-13).

8.0E-3-

8-27
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| FR(SD) shatdown fraction-**

0.37 (from Table 9-3)=

FR(X) 0.51 (from Table 9-3)=

FR(W) 0.45 (from Table 9-3)=

The following floods were initiators in the SSPSA but are not

incidded in this shutdown analysis:,
,

flood in the turbine hall causing loss of offsiteELLP -

power. This 10,5 of of f site power is potentially

recoverable within a few hours. Loss of offsite

power due to fire {FTSLP) is included at a higher

frequency and is a much less recoverable event.-
,

-This initiator is not considered further.

>

flood in the turbine hall leaking into both switch-FL2SG -

gear rooms, causing a station blackout. This event

is excluded because its frequency (.37 * 8.6 E-8/yr)

is less than the flood FL1SG and hardware unavail-

ability of the other diesel during shutdown (DG1A ir

in Section 7.2.2).

8.2.3 Heavy Loads

Due to the maintenance activities which occur during shutdown,

the potential for heavy loads falling on critical shutdown components is
.

considered. Aa analysis of heavy loads at Seabrook has been performed in
~

Reference 10 and was reviewed for thi4 analysis. Based on the referenced

report, no credible accident scenario could be identified.
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In order to be an initiating event during shutdown, the load

f alling would have to cause a LOCA or a loss of cooling accident. No

credible scenario could be identified where a load drop would cause a

LOCA or would f ail both trains of RHR or .PCC or service water. This
.

-is due to the design and testing of the cranes and cables which make

f ailure unlikely and the procedural and mechanical limitations that

- make serious operator error onlikely.
j. v-

..

M

V

k. b

\'

,x ,,

i,

:
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Sh20t 1 of 2TABLE 8-l'

EXTERNAL AND INTERNAL HAZARD INITI ATINC EVENTS

| Frequen.:y Distribution (cer year) |

' Trequency 5tts 50th 95th

Mean Percentile Percentale PercentileInitiating
DescriptionEvent

! 1.lE-6 1.4E-8 3.0E-7 5.2E-6
SSB0(X) Seismic Station Blackout 2.3E-6 2.6E-8 6.4E-7 9.9E-6

SSB0(W)

3.8E-7 1.3E-10 3.6E-8 2.3E-6
SL' (W) Seismic Large LOCA

3.0E-7 3.0E-8 1.6E-7 8.7E-7
FLSW(X) External Flood of Service Water 2.7E-7 2.0E-8 1.2E-7 7.9E-7
FLSW(W)

I 1.9E-6 2.lE-5 2.2E-4
Transmission Lines 5.lE-5

TCTL(X) Truck Crash into SF6 4.6E-5 1.4E-6 1.5E-5 1.8E-4
TCTL(W)

I 2.5E-3 1.7E-4 1.2E-3 7.9E-3
FSGA(X) Fire in Switchgear Room A 2.3E-3 1.2E-4 8.8E-4 6.9E-3
FSCA(W)

4.lE-8 1.lE-Il 1.lE-9 9.0E-8
FCRAC(X) Fire in Control Room - Loss of AC Power 3.7E-B 7.9E-12 8.4E-10 7.2E-8

FCRAC(W)

1.4E-5 4.6E-8 1.4E-6 5.0E-5|

| FETB(X) Fire in Electrical Tunnel for Train B 1.3E-5 3.2E-8 1.lE-6 4.7E-5
FETB(W)

l 1.2E-6 4.7E-10 4.5E-8 4.7E-6
FPCC(X) Fire in PAB - Failure of PCC 1.0E-6 3.5E-10 , 3.5E-8 3.5E-6
FPCC(W) I

1.4E-5 4.5E-8 1,4E-6 5.0E-5I

FETG(X) Fire in Electrical Tunnel Above RHR Vault 1.3E-5 3.2E-8 1.lE-6 4.7E-5
FETG(W)

3.2E-4 5.2E-6 9.6E-3 1.6E-3
FTBLP(X) Fire in Turbine Building - Loss of Offsite Power

3.lE-4 3.8E-6 7.4E-5 1.3E-3
FTBLP(W)

\ 1.9E-5 4.4E-8 1.6E-6 5.6E-5
FFAB(X) Fire in PAB - Chiller Pump Area

1.7E-5 3.lE-8 1.2E-6 4.0E-5
FPAB(W)

1
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TABLE 8-2

' IMPACT OF EXTERNAL AND INTERNAL HAZARD INITIATOR _3_-

J IMPACT - DIRECT SYSTEM FAILURES

OFFSITE D1ER :
INITIATOR DESCRIPTION POWER AC PCC SW RHR

SSB0 | Seismic Station . Blackout - loss of of f site ' power - X X
'

- - -"

with selssic or non-seismic failure.of both diesel |
generators, no recovery assumed.

SLL Seismic.Large LOCA. X - - - -

FLSW l External Flood of Service Water and Cooling Tower X - - X -

5 Switchgear Rooms, losa of offsite power assumed.in
accompanying storm. No recovery assumed.
storm. No recovery assumed.

TCTL - | Truck Crash into SFf Transmission Lines - loss of X - - - -

offsite power, no recovery assumed.

1
'

| Fire Switchgear Room A. - 1/2 - - -

FSGA

FCRAC | Fire in Control Room - loss of all controls for X(a) X(a) - - -

| Emergency AC Power.

FETB j Fire in Electrical Tannel Train B. - - - 1/;(b)(c) 1/2(d)

i FPCC | Fire in PAB - failure of PCC. - - X - -

|
'

FETG j Fire in Electrical Tunnel Above RHR Vault. - - 1/2 t/2 X

i

i

FTBLP . Fire in Turbine Building - Loss of Offsite Power, X - - - -

', no recovery assumed.

e

i

t
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TABLE 8-2
'

-

-IMPACT OF EXTERNAL AND' INTERNAL HAZARD INITIATORS

IMPACT - DIRECT STSIEM FAILURES

OFFSITE EMER
INITIATOR DESCRIPTION-- POWER AC PCC Si RHR

FPAB Fire in'PAB. Chiller Pump Area. - - ' 1/ 2 X -
*

FLRHR | Internal flood-in the RHR vault, no recovery - -- - X

assumed.

FLISC Flood in the Turbine Hall and Switchgear Room A. X 1/2 - - -

no recovery assumed.

Notes:

X Denotes two train failures due to the fire (direct-failures only), encept for Of fsite Power which is not divided

by train. Losses of of fsite power in this table are assumed to be non-recoverable to the short ters, i.e., the

diesels must run for 24' hours.-

1/2 Denotes single train failure due to the fire (direct failures only). While the fire effects a definite train,
,

either A or B, it is conservatively assumed that the fire af fects the operating train, which for this study is
modeled as the "A" Train.

(a) Failures of' controls and indications in Control Room. Systems assumed recoverable when controlled from RSSP.
Initiating f requency includes failure to recover.

-(b) Cooling Towers available. No credit taken because of complications due to fire.

(c) Loss of SW Train B.

(d) Operating RHR Loses Suction (valves closes).

.

, - - . , . . - ~ .. - - .- -
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TABLE 8-3

SHUTDOWN FIRE ANALYSIS - CRITICAL COMPONENTS
RESULTING IN LOSS OF RHR

DESCRIPTION FAILURE FIRE ZONE
SYSTEM |

RHR(I) | RHoP-8A (RHR Loss of Power (a),(b),(c) (RHR-F-1B-Z to 4B-Z,lD-Z)
train A pump)

Centainment (C-T-1-Z,2-Z)
Switchgear Room B (CB-F-1A-A 3A-A)

RC-V23 (train A Hot Short - Close El. Tunnel (ET-F-1A-A,lB-A,1C A) -

suction valve PAB (PAB-T-lJ-Z,1G-A)
powered by (RHR-F-1B-Z to 4B-Z,lD-Z) '

train A ,

,_
,_

RH-HCV-606 (9X Hot Short - Close (a),(b),(c), (KHR-F-1B-Z to 4B- ,lD-Z)
discharge valve)

RH-FCV-618 (HX Hot Short - Open

byrass valve)

PCC(2) CC-V145 (RHR HX Hot Short - Close (a),(b),(c),PAB (PAB-F-lG-A)'

cooling water RHR Vault (RHR-F-1B-Z to 4B-Z,lD-Z)
outlet)

CC-P-11A (PCC Loss of Power (a),(b),(c)

train A pump) PAB (PAB-F-20 1G-A)

CC-P-11C (PCC Less of Power
train A standby

-pump)

CC-TV-2171-1 Hot Short - Close (a),(b),(c)

(PCC HX discharge' PAB (PAB-F-2C-Z,1C-A)
valve)

CC-TV-2171-2 Hot Short - Open
(PCC HX bypass
valve)

SW(3) SW-P-41A-(SW- Loss of Power (a),(b),(c), Cooling Tower (CT-F-lD-A)
I. train A pump) Cooling Tower (CT-F-2B-A)

.El. Tunnel (ET-F-1A-A,lB-A)
SW-P-41C (SW Loss of Power Pipe Chase (MS-F-1A-Z to 5A-Z)
train A standby PAB (PAB-F-1A-Z,2A-Z,2C-Z,1G-A)
pump) SW Pumphouse (SW-F-1B-A,lE-Z)

SW-V2 (pump dis- Hot Short - Close (a),(b),(c) El. Tun. (ET-F-1A-A,lB-A)
charge MOV) Pipe Chase (MS-F-1A-Z to 5A-Z)

SW Pumphouse (SW-F-1B-A,lE-Z)

SW-V22 (pump dis- Hot Short - Close
charge MOV)-

, . . - . . . . - . . - _ . .- .- - . - _ . . _ .
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TABLE 8-3

SHUTDORN FIRE ANALYSIS - CRITICAL COMPONENTS
RESULTING IN LOSS OF RHR

SYSTEM | DESCRIPTION FAILURE FIRE ZONE

SW(3)
'

SW-V15 (CC HX Hot Short - Close (a),(b),(c) 1

discharge MOV) PAB (PAB-T-2C-Z,3A-Z,1G-A) I

SW-20 (MOV in Hot Short - Close (a),(b),(c) 1

discharge path PAB (PAB-F-2C-Z,1G-A) |
to transition' I

structure) <
i

SW-V63 (MOV to Hot Short - Close Valves locked open
discharge
tunnel)

SW-V64 (MOV to Hot Short - Open

intake tunnel)

SW-V44 (MOV from Hot Short - Close
intake tunnel)

Fire Areas:

(c) Switchgear Room A (CB-F-1A-A)

(b) Cable Spreading Room (CB-F-2A-A)

(c) Control Room (CB-F-3A-A)
,

(1) RHR a oraf loss of train A is considered to be initiating event, consistent
with model that train A is the operating train. RC-V22 (train A suc-
tion valve powered by train B) is depowered and thus cannot fail closed.
RV-V14 (RHR pump discharge) is opened and depowered and thus cannot fail

|- closed. RH-FCV-610 (RHR pump miniflow) line failing closed may degrade
flow but does not fail the train.

(2) PCC -- only loss of train A is considered to be initiating event, as above.
Opening / closing of PCC valves to other heat loads is assumed not to
be a failure of the system.

-(3) SW - only loss of train A is considered to be initiating event, as above.
SW-V34 (discharge to cooling tower) is assumed not to be a failure
of the system since cool. water from tunnels is still available.

|

I

| -

|=
!
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TABLE 8-4

SHUTDOWN FIRE FREQUENCIES BY LOCATION

'" '
FIRE FREQUENCY (per shutdown year) ,

LOCATION 5th 50th 95th
Mean' Percentile Percentile Percentile

- Control Room 6.3E-3 -2.lE-4 2.5E-3 2.4E-2

Cable Spreading Room 5.6E-3 1.75-4 2.0E-3 1.4E-2

Ana111ery Building 7.2E-2 6.lE-3 5.0E-2 2.0E-1

- Turbine. Building 4.5E-2 9.9E-4 1.9E-2 1.5E-1

1

,
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9.0 DATA ANALYSIS

This section contains the component f ailure and maintenance

data used in the systems analysis (Section 9.1) and the shutdown

events data base which includes the frequency and duration in a

pariicular shutdown plant evolution (Section 9.2). Section 9.3

summarizes the analysis of the data base of actual losses or degrad-

s.c Cons of RER.
.

9.1 Component Failure Data
_

The component failure and repair data used for the shutdown
4analysis _ was taken f rom Section 6 " Data Analysis" of the SSPS A

(Reference 1). Since Seabrook does not have significant operating
"

data, this industry operating data which has been reviewed for applic-

ability to Seabrook, was judged to continue to be the most appropriate to
'

use. The component failure rate data f rom the SSPSA used in this study

is summarized in Table 9-1 along with the specific components which apply

to ear' data distribution. These distributions are based on plant specific

data from 8 plants that was collected, classified and analyzed by PLG in

PRAs. The distributions listed account for sparcity of data and plant-to-
~

plant variability in these rates. Each component failure mode has an

assigned "2 variable" (e.g. , ZIPMOS = normally operating motor driven

pump fails to start on demand) which is keyed to a distribution provided

by the SSPSA data analysis. For this study, these distributions were

approximated by assumed lognormal distributions that have the same mean

values and range factors. Table 9-2 contains the common cause failure

part -:ers (beta f actors) f rom the SSPSA that were used in this study.-

The beta factors are applied where common cause failures are judged

important (see Sectiot 7).

9-1
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_



k

~9.2 Shutdown Events Data Base

The shutdown data variables summarized in Table 9-3 have been
-

quantified primarily using data f rom the Zion Nuclear Plants. Data from

Zion was-used because it is judged to be representative for PWRs with

regard to plant availability and, importantly, detailed shutdown data is

available from these units in NSAC-84 (Reference 6). This data was used

to create uncertainty distributions for each data variable that accounts

for the plant-to plant variability between Zion and Seabrook. -'

The data variables in Table 9-3 can be divided into two groups:

(1) those used to quantify the procedural trees and the procedural

initiators coming out of them; and (2) those used to quantify the other

initiators - internal / external hazard initiators and support system

failure initiators.

The procedural initiators are quantified in Section 5.4 based

on the duration in each plant evolution (e.g. , tree C1 = ref ueling

outage, cooldown evolution) and the frequenev of each type of shutdown

(e.g., Case C = refueling outage). Table 9-4 and Figure 9-1 illustrate

the mission times in 2ach Procedural event tree. These data variables

allow quantification of f ailures over time ~(e.g. , RHR pump f ails to

continue to run during plant evolution C1) which depends on the duration

of outage.. These variables also allow quantification of demand f ailures

(e.g., RHR pump fails to star': on demand in' plant evolution C1) which

depends on the frequency of outages. The caration variables (T(AO)

through T(C6)) in Table 9-3 were assigned data variables using a three
,

bin histogram. The minimum and maximum values from the Zion data were

weighted 10% each; the average value was weighted 80%. As noted in the

table, variables T( AO), T(DO), and T(CO) are the times from the point of

9-2
!

- _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _.

f

' reactor trip to'RHR initiation and are used only in the quantification of

time for_ operator action (see_Section 5.6). Also, variables.T(A1),

T(B2), and T(C4)| include, in addition to time for the plant evolution,

time in stable shutdown co'ntition while maintenance is performed. Finally,

-in the trees B2 and C4, the RCS is in the drained condition (X); in tree

B3, the_ RCS is in refueling mode (Y); for all other trees, the RCS is

full (W).
The remainder of the data in Table 9-3 in used to quantify the

frequency of the internal / external hazards initiators (see Section 8)

and the support system failure initiators (see Section 7). These

iniciators are dependent _ on the average duration of the outage (the

exposure-period) and the condition of the RCS - drained (X) or f ull

(W). LThe duration in each RCS condition (in units of hours per year)
.

isf calcilated by multiplying the f requency of outages in which the RCS

condition can occur times the duration in the RCS condition per outage.

Thus:

F(A) * [T(Al) + T(A6)] + F(B) * (T(BI) + T(35) +T(W) =

T(B6)] + F(C) * [T(Cl) + T(C2) + T(C5) + T(C6)]

F(B) * T(B2) + F(C) * T(C4)
'

T(X) =

F(C) * T(C3)T(Y)~ =

The total annual duration of shutdown is:

T(SD) = T(W) + T(X) + T(Y)

- The fraction of'the shutdown in each RCS condition is given by:

T(X)/T(SD)FR(X). =

T(W)/T(SD)FR(W) =

9-3
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1

The fraction of--year in shutdown ist

T(SD)FR(SD) =

T(SD) + T(SD)

where-

annual duration not shutdownT(SD) =
.-

=- 0.63 * 8760 hours per year

5520 hours=

.

9.3 Data Analysis of RHR Event Data Base (Appendix A) '

.

Appendix A contains a listfng of actual losses or degradations

of RHR based on a review of data from 1982 through 1986. In this see-

tion, the data is analyzed to determine the applicability of this data

to Seabrook and the hiatorical f requency. of each f ailure mode.- The

frequency is bssed on 5' calendar years each for 46 PWRs and somewhat

less:timetfor 17 PWRs which came on line during the five year period -'

a total of 261. years for 63-PWRs. The data from Appendix A was not

used' directly to quantify .the model but was used to develop tne model

structure.

1. Suction Valve Closure (Table A-1 in Appendix A)
..

There were 38 suction valva closure-events in 22 different

plants for an annual frequency of 0.146 events per plant year

(38/261). While specific events may or may not be applicable

to Seabrook, this failure mode is assumed to be a generic con-

cern. applicable to Seabrook based on the large number of

affected plants. This failure moie is included in the model

|in the procedure event trees, specifically top event SA in

trees 1, 3, 5, and 6. Based oc the model, the calculated

L

,

--
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frequency is 0.04 events per year. .This is significantly less

.than the data due to the Seabrook design which has two inad-

vertent suction lines and the suction valve cross train de-

powering alignment. These events break down into the following

causeer

30 (79%)o maintenance / test error -

7 (18%)o instrument -inverter failure -

1 ( 3%)o 'non listed -

Thus, suction valve closure frequency is dominated by main-

tenance/ test error. This should be less likely at Seabrook
,

because of the-arrangement of the suction valves - two suction

lines with two valves (one A train powered, other B train

powered) per line and with the opposite powered valve open and

depowered-(i.e., the B train powered valve depowered in the A

train suction line).

The subsequent operator response to the suction valve closure

events from the data is as follows:

o RHR restored in < 15 min. ' 29 (76%)-

>

5 (13%)o RHR restored in 15 to 30 min. -

4 (11%)o RHR restored in > 30 min. -

The four events that went more than 30 minutes without RHR

cooling are as follows:

RCS heatup > 200*F(1) McGuire- -

(2) D. Canyon 1- - RHR pump ran for 1 hr., pump
damage

(3) Farley 1 - RHR pump' tripped in 5 minutes ,
RHR restored in 52 minutes

9-5



(4) Cinna RHR pump ran for 2 hours with-

suction valves closed

This data lends support to=the assumption of at least 20 to

30 minutes for operator action given loss of pump suction

before the pump damage. Assuming two events (D. Canyon 1 and

Cinna) of the 38 suction valve closure events went to the point

of pump damage, the conditional frequency of the operator failing
r

to trip the pump is: I

0.05 (2/38)data -

model - 0.0005 (split f raction TPl. Table 5-7)

The model is two orders of magnitude smaller in frequency.

Tnis dif f erence cannot be justified without the presence of

low flow prevortexing alarms, operator response procedures, and

training assumed at Seabrook.

2. Pump Cavitation Due to Low RCS Level (Table A-2)

there were 25 events of low level pump cavitation in 14

- different plants, for an annual frequency of 0.096 events ;
,-

per plant-year. This failure mode is also assumed to be a

generic concccn applicable to Seabrook based on the numbe r I

-of:affected plants. This is modeled in the procedure event

trees 2 and-4. Based on the model, the calculated annual

frequency of these events is 0.05 events per plant year. This

lower' frequency is a result of improvements to the level mon-

itoring system that were assumed to be installed. These events
|

break .down into the following causes:
j

o erroneous RCS level indication 13 (52%)-

o operator f ails to maintain level 10 (40%)-

9-6
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2 ( 8%)o air / gas entrainment -

The subsequent operator response to low level pump . cavitation
*

from the data base is as follows:a

1 (44%)o RHR restored - time not given- -

9 (36%)# o RHR restored in < 60 min. -

5 (20%)o RHR restored in > 60 min. -

The five events that went more than 60 minutes without RHR

cooling are as follows:4

erroneous RCS level(1) N. Anna 2 - 60 min. -

indication
j.

62 min. - operator fails to(2) McGuire 2 -

maintain level

erroneous RCS level(3) N. Anna 2 - 2 hrs. -

indication

operator fails to7 5 min.'(4) Zion 2 --

maintain level

air / gas entrainment(5) San Onofre 2 - 90 min. -

3. Loss of Reactor Coolant inventory via the RHRS - Shutdown
LOCA (Table A-3)

Five separate events at four different plants were reported

|' with loss:of reactor coolant inventory, as follows:
.

LOCA to RWST(1)~ Maine Yankee -

(2) Cinna - LOCA to containment eump - sump
isolation valves inadvertently

opened. (This failure is unlikely

at Seabrook due to check valves in
sump suction line).

LOCA to RWST - RCS depressurized(3) Calloway -

to RWST.
..

Overpressurization, RHR relief .(4) Farley -

valve opened. (2 events)

,

':

:

9-7
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-Based on the four events that are potentially applicable to

Seabrook, the- historical f requency 'of shutdown LOCAs is 0.015-

events per plant year. (4/261)

These events were modeled to some degree in the explicit LOCAs

that are included in this study, including L1 (relief valve

LOCA due to overpressurization), L3 (LOCA back to the RWST

after refueling) and LS (LOCA to the sump, which includes*

check valve severe leakage). The total f requency of LOCAs

assumed in this study (see Table 3-2) is about 2.6E-3 per year,

a factor of five less than the data.

4. Loss of RHR or LOCA Due to Automatic Initiation of Low Pressure
Safety Injection / Recirculation (Table A-4).

No actual failures due to this cause were identified.

5. Loss of RHR Due to Other Valve Closure or Excessive Pump / Cooler
Bypass ' Flow (Table A-5).

No failures were identified.-

6. Loss of RHR - Hardware Failure (Table A-6).

There were 23 hardware; lossos of RHR during autdown in 14

plants, for an annual f requency of 0.088 events per . year.

This compares favorably-to-the frequency of hardware failures
,

of RHR from the _ model of 0.128 events per year. This total

comes from summing the frequency of procedure-initiated trans-

ients.W5A through W6N, X5N, X6N, and YSN as shown in Table 3-2.

The events break down into the following causes:

o pump breaker tripped - 16C f ailure 7 (30%)-

|
|
!
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7 (30%)pump tripped - operator /maint. error -o

4 (17%)o pump seal failure -

2 ( 9%)o oil leak'
-

2 ( 9%)o _ pump f ils'to start
-

'

1 ( 4%)o- pump shaft failure -

Many of these f ailures could be quickly recovered (e.g. , pump

tripped or pump fails to start), or the pump could continue to

run (e.g., pump seal failures). However, the plant response
.,

model assumed that RHR hardware failures were not recoverable

within 24 hours.

The. events are included in the model in' top events RI and RM

in the procedure trees and in top event RR in the plant response

tree. ,

7. Losslof RHR - Planned Maintenance (Table A-7).

There vac one event in this category, involving the train A RHR' '

pump which was declared inoperable due to excessive seal leakage

while the' train B diesel was_ inoperable due to maintenance and

could-not be quickly restored. The decision was made'to leave

the train A'RHR pump aligned until the diesel was restored since

the pump- could still operate. This event provides anecdotal

evidence of potential plant configurations during shutdown which

are permitted by Technical Specifications (i.e. , the disabling _

-of'one train of' support systems). This has been covered in the

model-by including unavailability due to planned maintenance in

the systems analysis,

i

!
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8.- Inability to Establish RHR Flow - RHR Valves Fail to Open
(Table A-8).

There were six events . involving RHR suction or discharge MOVs

which f ailed' to open on demand. Four of the six events were

due to improper settling of motor torque switches. This

f ailure mode is contained in top event R1 (operator initiates

RHR cooling) in procedural tree 1. This top event includes
|

failure to open of MOVs in the discharge path and heat ex-

changer cooling.- The result of failure of this top event is

conservatively assumed to result in hardware loss of RHR and

require continued steam generator cooling.

- 9. RCS Void Formation During RHRS Operati (Table A-9).

(No events identified).

10. Miscellaneous Loss of RHR Events (Table A-10).

Nine miscellaneous events involving the RHR system are listed

in this category. Two events involve tube leaks in RHR heat

exchangers. The events were minor so that heat transfer and

primary inventory _were not af fected. Plugging or gross leak-

age of the heat exchangers is included in the model and is

assumed to cause loss of RHR.

Two events involved loss of suction - one due to nitrogen

intrusion,'ne other_ unknown. There are a number of other

sources of loss ot suction resulting in a relatively high

frequency for this event (see items 1 and 2 above). These

additional events are not significant contributors to this

frequency.

9-10
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'One' event involved loss of RHR during refueling due to a rope

that was dropped into the refueling pool. While this specific

cause of RHR failure is not included in the model, loss of RHR
,

- during refueling is not significant due to the large primary

inventory.

Two events were small leaks - one in RHR piping and the other

a pump seal leak. Both events were apparently small enough

to noe be classified as LOCAs. The pump seal LOCA was included

in the model (LOCA LP) as a seal f ailure resulting from over-

pressurization.

Two pump failures were included - one failure to start and one
'

failure to run (vibration) during a test. These events are

included in the-model through the top events R1 and RM in the

procedure trees and RR in the plant response trees.

9.4 Data Comparison with NSAC-12

KSAC-52 " Residual Heat Removal Experience Review and Safety

-Analysis" (Reference 7) was reviewed briefly to compare the frequency

of the dominate RRR f ailure modes f rom the five-year period (January

19761to December 1981) in NSAC-52 with the five year period (January

1982:to December 1986) in Appendix A. NSAC-52 covers a total of 194

years for 47 PWRs. The failure rates compare as follows:

-o Suction Valve Closure

0.146 events per plant year (38 events /261 yr)Appendix A data -

NSAC-52 data - 0.139 events per plant year (37 events /194 yr)

o Pump Cavitation Due to Low RCS Level

0.096 events per plant year (25 events /261 yr)Appendix A data -

0.062 events per plant year (12 events /194 yr)NSAC-52 data -

9-11
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l

o Lass of RHR - Hardware Failure

Appendix A data - 0.088 events per plant year (23 events /261 yr)
0.072 events per plant year (14 events /194 yr) |NSAC-52 data -

;

From the:results above, it is apparent:that the failure rates for
,

!

suction valve. closure and RHR hardware failure are relatively constant for

-1

the'two five-year periods. The rate of pump cavitation has increased in !

the more recent period. This may.be due to increased steam generator
-

inspections and maintenance which requires longer times in drained down*

condition,

!

l
l

!

I
i

I

>

r
-

o

'
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TABLE 9-1
i'

. .

COMPONENT FAILURE RATE DATA

Error *
Component Description -l Failure Mode Meen Factor

Normally Operating, Motor' ZIPMOS: Fail to Start on Demand 2.35E-3 5.1
Driven Pumpst RHR.
Charging, SW.-PCC pumps ~ ZIPMOR: Failure,Durinr Operation 3.36E-5/hr 5.7

Standby Motor Driven' ZIPMSS: Fall to Start on Demand 3.29E-3 6.7
Pump s t.- SI,~EFV

ZIPMSR: Failure During Operation 3.42E-5ihr 5.4

Turbine _ riven Pump: - EFW i ZIPTSS: Fail to Start on Demand 3.31E-2 .3.5 .j
|

ZIPTSP: Failure During Operation 1.03E-3/hr 6.9
|

Motor Operated Valve- '1VMOD: Fall to Open/Close On 4.30E-3 3.?
JAll Systems Demand

ZIVMOT: Transfer Open/ Closed During 9.27E-8/br 4.8
Operation

ZIVMOEt Tail to Close on Demand 1.07E-4 4.0
While Showing Closed

Z1VAOD: Failure to Operate on Demand 1.52E-3 3.3 _j

Air' Operated. Valves: All EIVAOF: Failure to Transfer to 2.66E-4 10.0
Systems- Failed Position on Demand

1 Z1VA0T . Transfer Open/ Closed During 2.67E-7/hr 6.1
Operation

Check Valves: All 21VCOL: . Gross Leakage During 5.36E-7/hr 4.1 ;

Systems Operation i

'

ZIVCOP: Transfer Closed, Plugged :.04E-8/hr 3.0
. I

Manual'Valver: .All' ZIVHOT: Transfer Open/ Closed During 4.20E-8/hr 8.8<

- Svstems Operation

ZIVRIS: Failure to Reseat on Demand 2.87E-3 9.6

Relief Valvet RHR ZIVR20: Failure to Open on Demand- 2.42E-5 9.6

PORV ' Primary System ) ZIVR30: Failure to Open on Demand 4.27E-3 3.0

Z1VR3C: Failure to Reseat on Demand 2.50E-2 3.0
|

{| ZIRXR8:
. Heat Excnanger: RHR,-PCC Rupture / Excessive LeakaFe 1.95E-6/hr 4.1

During Operation

-

e

-

m

\

+
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TABLE 9-1

. COMPONENT' FAILURE RATE DATA'
7

Error *'
. .

. Description- . | Failure Mode ~Component Mean/ Fa c t o r --4

" ' Diesel' Generator- i ZIDCSS: --Failure to Start on Demand 2.14E-2 4.3-

e

-Z1DGSit , Failure.During First Hour 1.69E-2/hr 6.1
..of Operation - ;

- ,

;- ZIDOS2 : Failure to Run After First 2.50E-3/hr 4.9
Hour*

Flow Transmitter j ZlTRFR: Failure During Operation 6.25E-6/hr 4.B

Level Transmitter LZITRLR . Failure During Operation 1.57E-5/hr 3.1

| Pressure Transmitter- ZITRPR: Failure During Operation 7.60E-6/hr 4.7

Relay. i ZIRLIR: ' Failure During Operation 4.20E-7/hr 7.1

Biatable : .21SW31: , Spurious Operation 2.21E-6/hr 42 -

Signal.ModifierE I ZISHOR: Failure During Operation 2.94E-6/hr 3.7

s
,

:
r :-

!

'

.

E

i

'

* - Error Jaetori = /~(95th Percentile /Sth Percentile)

h'
l-

.

.- - - . . ,
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* TABLE 9-2

' COMPONENT BETA FACTOR DATA

I Error

Failure Mode Mean ' Factor? Comp 6nent- - '

'

. [- '

- Charging Pump: I -ZBPHPSf Fail to Start. 5.88 E-2 3.9 -

LZBPHPR : Fail to'Run 6.40 E-2 4.9.

ZBP'WS: Fail to Start 1.11 E-1 2.1SW Pump = | S

ZBPSWR - Fail to Run 7.62 E-2 2.0

=PCCW Pump ( .ZBPCWS: Fail to Start 3.65 E-2 10.0 1

ZBPCWR: Fall to Run 2.32 E-2 8.7

+

-RHR Pump (; ZBPDHS: Fail to Start 6.68 E-2 3.9-
ZBPDHR: -Fail to Run 2.76 E-1 2.1

- NOV. I -ZBVMOD: - Fail to Open/Close 4.23 E-2 .1.8
or Demand

Diesel Generator |- :ZBDGSS: Fail to Start 1.4 6 E-2 3.5
LZBDGSP: Fail to Run 3.25 E-2 2.1

np 1 Generic' Component-| ZBGNIA: 1.25 E-1 22

s

.5 '

.

d

f
%

. .

N\

,

w-



. , . . .-

4

,

,

'W

Sheet 1 of 4~-

TABLE 9-3

SHUTDOWN DATA VARIABLES

>

Data Distribution

Data 5th
.

50th 95th
griable Description- Mean tercentile Percentile Percentile Reference

(a) Time (hours per outate) in Procedure Tree

T(AO) o A0- 22 18 20 37 Ref. 6, Fig. 3-4

T( A1)'' o Al . 295 41 222 1120 Ref. 6. Table 3-4_(b)
T(A6) o- A6 24 12 24 36 Estimated

.T(BO) o BO . 19 9 18 37 Ref. 6. Fig. 3-5

.T(B1) o B1 31 6 27 83 Ref. 6 Fig. 3-4

T(B2) o 32- 959 537 922 1670 Ref. 6, Table 3-4 (c)

T(B5) o B5 101 30 90 252 f<ef. 6 Table 3-4
T(B6) o B6 24 12 24 36 Estimated

= T( CO)' . o - CO ' 55 36 54 85 Ref. 6.. Fig. 3-1'

~ T(C1) o. C1 50 23 46 107 Ref. 6, Fig. 3-1

- T( C2 ) -. o C2- 47 9 49 73 Ref. 6 Fig. 3-1

T(C3) o_:C3 161 74 160 253 Ref. 6, Table 3-1

'T(C4) o C4- 1440 140 1430 2240 Ref. 6, Table 3-1 (d)^

' T(CS) o' C5- 193 24 184 430 Ref. 6, Table 3-1

T(C6)' o C6 ' 72 48 72 96' Estimated
-Frequency (outages per year) of

F(A) o Case'A 'Non - 3.4 1.0 2.2- -7.3 (e)
Drained Maint.

F(B). lo Case B - Drained 0.45 0.125 0.25 2.4 (f) ,

.Maint.

'F(C) o= Case C - Refuel. 0.83 0.67 0.83 1.0 (g)
Time-(hours per year) in RCS Condition

T (W) -- o W - RCS Filled- 1455 498 1020 3510 (h)
T(X)- o X - RCS Drained 1627 815 1390 3180' (h)
T(Y)- o Y - Refueling 134 57 115 191 (h)

Time in Shutdown (hours per year)

e T(SD)- 3214 1930 2600- '5410 (h)
Fraction of Shutdown in RCS Condition

FR(X). o'X 0.51 0.28 0.55 0.73 (h)
FR(W) o.W 0.45 'O.22 0.40 0.70 (h) -

Fraction of Year in Shutdown

FR(SD) 0.37 0.24 0.30 0.47 (h)

.
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TABLE 9-3

SHUTDOWN-DATA VARIABLES ,

/(a) -The Procedure Tree data variables are the durations of plant
evolutions-(Trees 1-6) during specific shutdown cases (A, B,
C).

The data variables T(AO), T(BO), and T(CO) are the durations
fr the time the' reactor is tripped until RHR cooling is
-ins..ated. This duration, while the plant is in Mode 3, is
not part'of'the study because the plant configuration is more
like at-power than shutdown conditions. However, these times
are used in computing;the tine to core uncovery with no decay
heat removal, which'is a function of the tire after shutdown.

The rest of the Procedure tree data variables are illustrated
in Table 9-4.

T(AO) - T(A6)T(A)(b) T(Al) = -

Total time in Case A shutdown (non-where T(A) =

drained maintenance) - from Ref. 6,

Table 3-4

T( A1)05 - T( A)nig - T(AO)05 - T(A6)05-

T(A) AVG T( AO) 50 - T(A6)50T( AI) 50 =

t

T( A) MAX - T(AO)93 T(A6)95T(A1)95
--

Note that in Taole 3-4 of Reference 6, all but four maintenance
outages are assumed to be non-drained, based on information in
Column 8. Three-outages are labeled "draindown" (32 hr, 24 hr,

-and 32 hr). -The fourth outage is labeled "information missing"
but the " minimum pressure" column ndicated " atmospheric". It

is assumed this fourth o' stage is ciso-draindown.

T(B6)T(BO' - T(BI) - T(BS)-T(B)(c) T(B2)
--=

Total time in Case C shutdown (refuelingwhere T(B) =

outage) from Ref. 6, Table 3-1.

T(B) MIN - T(BO)05 - * * *T(B2)05 =

T(B) AVG - T(BO) 50 - * * --T(B2)50-

=

T(B) MAX - T(BO) 95| T(B2)95
-- * * *

|

:

[ --
L

-. -.
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. TABLE 9-3-

~, SHUTDOWN DATA VARIABLES

,-

T(C3) - T(CS) -~T(C): -- T(CO)- - T(Cl)' - T(C2)|(d) LT(C4) .=
'

-

T(C6)

Total time in' Case C shutdown (refuelingwhere 'T(C) =

outage) from Ref. 6, Table 3-1.
+

T(C4)05_ = T(C) MIN T(CO)05- - '** *

t

T(CO) 50 ' ~T(C4)50 =. T(C) AVG - ** *

9 T(C) MAX ' ~ ' T(CO) 95 ~T(C4)'5 = * * *

. (e)L |F( A) is input -as a three bin histogram with the following values
and corresponding weights:

F(A)1 1.0 WT1 0.1==.

F(A)2 - -2.8 WT2= 0.8

'F(A)3 - -l'1.0 VI3' -- 0.1
These-values ,sce based on the following:

F(A)1. = 1.0 non-drained maintenance outages per year - estimated

F(A)2 = - 2.8 non-drained maintenance outages per year - Ref. 6,
Section 3.3.-.

2.8 outages /yr)-- ( 49 ' main t . outages - 4 drained outages =

-( 16 plant years )

11..? (non-drained maint. . outages per year - Ref. 1,F(A)3 =

'Section 6.6.2.

The weights are subjectively assigned.

-(f) -F(B) is input as_arthree bin histogram with the following values
and corresponding weights:

0.1F(B)1 0.125 WTi
==

0.8F(B)2 - 0.25 WT2
=

F(L)3' = 2.4. WT3 0.1=

i

s-,- < - _ .
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TABLE 9-3

SHUTDOWN DATA VARIABLES
.

These values are based on data from Ref. o, Table 3-4, es

follows:

0.125 events / year longest1 event /B yearsF(B)1
-==

interval between drained outage at Zion (Ref. 6)

0.25 events / year average4 events /16 yearsF(B)2
-==

laterval between drained outages at Zion (Ref. 6)

2.4 events / year - shortest1 event /5 monthsF(B)3- - =

interval (Ref. 6) _

(g) F(C) is input as a three bin histogram with the fo11 cuing values
and corresponding weights?

0.1F(C)1 0.67 WTi
==

0.8F(C)2 0.83 WT2
==

F(C)3 0.11.0 WT3
==

'These values are based on the following:

0.67 - longest interval1 refueling /18 monthsF(C)1
==

between refueling
outages at Zion

(Ref. 6)

0.83 - average interval12 refueling /16 plant years-F(C)2 ==

between refueling -

outages at Zion

(Ref. 6)

1.0 shortest interval1 refueling /12 monthsF(C)3
==

between refueling

(Ref. 6)

-_ (h) These data variables are computed from " basic" data variables
using equations given in Section 9.2.

'C _ ___ _ ________
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-TABLE 9-4-
~

-PROCEDURAL EVENT TREE MISSION TIMES

Average Mission-Time (Hours')
-Tree Tree = Tree Tree Tree Tree

1 2 3 '4 5 6-
'

-

Case- Cooldown RCS Drain Refuel. Ffll Refuel. Drain RCS Fill Startup

24A -295* -

- - -

- - 101 2431- 959* (X)B- t

S

.C i 50- 47* 161-(Y) 1438* (X) 193 72
i

! Notes:

X- = RCS drained to flange or hot leg.

Y=: RCS fille'd to refueling' level.

RCS filled.-JAll other. entries are-Condition W =

Non-Drained Maintenance Outage. Time _in Case:A = T(A) = 1319' Case A =

hours perJA outage.

Case B- - Drained Maintenance Outage.- Time in Case B- T(B)- - 1115 hours=

per B outage.
.

-

1961 hours per CT(C)refueling Outage. Time in Case C =
CaseLC =

-

outage,
,

i -
'The: total annual t'ime'in shutdown ~ = T(SD) F(A) * T(A) + F(B) * T(B) +I =

F(C) * T(C)

1085 + 502 + 1628=

3215 hours in shutdown per year=

* Includes time in stable maintenance state.
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20.0 CORE / CONTAINMENT RESP 0NSE AND CONSEQUENCE ANALYSIS

10.1 Core and Containment Response Analysis

-10.1.1 Introduction

The core and containment response analysis addresses the

physical progression of accident- sequences from the time of loss of

adequate core' cooling to release of radionuclides from the contain-

ment. This analysis- includes the ef fects of reduction in decay hest

and radionuclide inventory from the time of plant shutdown to the time
-

of the postulated accidents.

This analysis interfaces with the " front end", i.e., the plant

model, through the definition of a set of plant damage staces. (See

Section 10.1.2). The end product of the containment response analysis

is a set of release categories which define the timing and magnitude of

radionuclide releases to the environment for a representative set of

. accident sequences. This set of sequences spans the full spectrum of

scenarios that could result from accidents initiated at shutdown. The
7

release categories constitute the endpoint of the containment enalyvir

and the starting point of the consequence analysis task, which is de-
~

scribed in Section 10.2. The relationship between major tasks is shown

in Figure 10-1.

By grouping accident scenarios into plant damage state " bins"

and then into rOlease category " bins", the many thousands of plant

failure' scenarios can be efficiently analyzed from initiation to the

point of health effects risk. The number of bins are chosen te assure a

reasonable degree of similarity among the scenarios assigned to a given

bin, while keeping.the number of different bins to a manageable level.

10-1
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.The core and containment response analysis-is based on the

results lof(the evaluation of accident progression f rom f ull pot er

contained in the SSPSA~ (Reference 1). with_ appropriate corrections _ to.
~

account'for' reduced: decay heat, reduced radionuclide inventory, and

reactor. coolant: system modes unique to plant shutdown. Specific

differences-for accidents-initiated during shutdown were identified and

used to modify.the SSPSA results. Due to the low . initial decay heat
|
'

1evel,_the time intervals.between accident initiation and onset of

severe core damage are generally longer than for_ power operation events.

.This1affects th'e definition of plant damage states-for shutdown. For

the-same: reason, the tiuing of the releases after core damage is

stretched out-over longer. time intervals. For initially isolated con-

tainment sequences, the time-to containment failure is so long (if at

all) that/these sequences were modeled as containment intact with only

design basis leakage.

Finally,-the containment is permitted to be unisolated during

shutdown,: including conditions in which _the containment hat ch is re-
,

moved..-Thus,-the= treatment of containment isolation failure tends to ,

be-more important in relation to the treatment of ultimate contain-

ment pressure capacity compared to the case with power operation events.

Containment isolation reliability is analyzed in Section 10.1.3.

10.1.2 Definition of Plant Damage States

The-plant damage' states for shutdown accidents are define in

. _ terms of parameters,important to containment performance and the

2radionuclide' source term rel, eased. These- parameters are as follows:

The pressure inside the reactor coolant system (i.e.,o

pressure vessel) at the time when core damage occurs

10-2
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p/ s

j;.

' foricases when'the RCS-is. initially _ closed. .A high
~

primary; system pressure up to- the ~ tice of vessel2-

~

failure creates the conditions where, if the contain-
'

- ment is initially isolated, high.RCS pressure could

increase the potential-for direct containment heating
_.

or' induced SG tube rupture. 'If - the contai nment is ,

*
,

--ihitially net-isolated. high RCS pressure will provide

a driving force to sweep out fission products.-

o -The presence of a substantial depth of water in the

reactor cavity underneath the pressure vessel. The

absence of water.in the cavity would allow concrete

basemat attack by the molten core debris resulting in

additional-fission products transported into the con-

Ltainment atmosphere as well as higher core debris temp-

eratures to support oxidation, increasing the amount

of fission products released.

o The status of containment boundary at the start of

core melt - isolated or non-isolated with various4 <

size opening possibilities ranging from small pene-

trations to an open equipment hatch.
,

The matrix defining the plant damage states for core damage

sequences - at shutdown is presented in Table 10-1. The plant darage
,

state designations are of'the-form:

RJX

' 'whe r e t
1-

.R- denotes the accident _ initiated with the plant in Modes

4, 5, or 6 while on-RHR.

10-3
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J is an integer from 1 to 6 that defines the 1smbination
L of RCS pressure and RV cavity water- state, i.e. ,

.

-1" Low pressure Wet cavity,=

-2 Low pressure,-Dry cavity,=

3 Sidium pressure, Vet cavity,=

4- hedium pressure, Dry cavity,*

5 High pressure, Wet cavity,=

6 High pressure, Dry cavity,=

X is a letter (D,'P F, or H) that defines the status of
the containment boundary, i.e. ,

Containment penetrations isolated,.D =

Containment penetrations open less than 3" dia. ,P =

"
F-= Containment penetratiens open between 3" a.>d 18" dia.,

Containment hatch open.H =

In selecting possible values of the. containment boundary dr .gnator,

'the codes D, P, and F correspond with- the equivalent power operation

plant damage states codes D, FP, and F. (See Section 11.4 in the

SSPSA - Reference 1). Note-that the power operation plant damage

states codes A, B, and C are not used here. These states require

operation of containment sprays or fan coolers. Those systems are con-

servatively ignored in the shutdown events study because of the emphasis

placed-un early release scenarios and because they are normally taken out

of service when the plant is in Modes 4, 5, or 6. In addition, the acci-
,

-dent' response model was simplified by combin'ng the -F state with the 11
.

Lcontainment boundary state.

* The RCS pressure was separated into three categories as compared

with two in the power operation events analysis to account for three

fdifferent types of scenarios that were' identified in the shutdown events
-

analysis. Low pressure scenarios can occur when the RCS is open with
i the RV head or Staam Generator manways off or as a result of a large or ;

medium LOCA. ~ Medium pressure can occur during scenarios in which the

degree of RCS pressurization following core heatup is limited by operation

10-4
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of-the'RHR relief valves inside-the containment whose pressure setpoint

- is1450 psig. In orderito have these medium pressure scenarios,~it is
'

- necessary to postulate failure or unavailability-of:theLautomatic isolation

of the ~ RHR f rom' the RCS at 660 psig. This is. accomplished via closure of

- redundant ~AC motor operated valves in each RHR hot leg suction path and-

' through pressure closure of redundant check valves in each RHR cold leg
~

injection path. ;When this automatic isolation functions properly, or

when the RHR is initially isolated, RCS repressurization following core

heatup can rise up to the normal power operation setpoint of the pressurizer

PORVs, giving rise to high pressure scenarios. The lower boundary of the

high pressure' range (700' psia) was selected based on a conservative

assessment of the minimum pressure that could cause direct containment
. ,

'

heating.- This value is also the maximun pressure rise for the sequence

involving loss - of RHR with the RCS f ull and the RHR not isolated. (See
~

Appendix B, Figure 5).

Each sequence in the accident event trees was assigned to a

, particular- plant damage state according to the conditions imposed by

~ the initiating-event and-the particular combination of-events defined

- by 'the1 event tree. The following rules were used in'the plant damage

- s tate' . assignments.-

'o All the initiating' events!that enter the accident
event trees in either a Condition X (RCS opened,

' drained) or Condition Y (RCS opened, refueling-
71cvel) are -low pressure scenarion. For these

scenarios, the opening in the RCS is assumed to
be'of sufficient size to prevent repressurization
due to heatup.

o All"LOCA initiating events which are-not isolated-
are assumed to be low pressure scenarios. The LOCAs

,

with-RHR isolated are assumed to be high pressure
scenarios and are modeled like loss of RHR sequences
in-Condition W.

.

10-5
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o- 'W scenarios are assumed to a high pressure scenarios.
This assumption of high pressure is based on the expected
plant response upon RCS pressurization. The RHR isolation~

valves will close at 660 psia and the automatic setpoint
feature of LTOP will-function properly by tracking the !

increasing RCS temperature upward until the norn 1 power
operation setpoint of the PORVs is reached. Neglecting
the possibility for other medium pressure scenarios is
conservative because the high pressure plant damage
states will generally have higher consequences due
to larger source terms and reduced release durations.

Note that scenarios that occur in a W condition (RCS
1closed) and are caused by a total station blackout would
Iactually be medium pressure %ecause the motor operated

RHR isolation valves would not close and the RHR relief
valves would maintain pressure stound the 450 psig set-
point or less. However, it was determined that these
scenarios are much less likely than high pressure scen-
arios with corresponding containment states. To simplify
the plant model, it was conservatively assumed that these
medium pressure scenarios are high pressure scenarios.

o All scenarios are assumed to result in a dry reactor
cavity except for LOCA sequences caused by failure
of the reactor cavity seal. Note that in the power
operation mode, wet reactor cavity conditions are
assumed to occur.only when the RWST is injected into
the-containment- In shutdown, the containment spray

,

system is isolated and the safety injection signal is.

disabled. Neglecting the possibility of a wet cavity
through operator action is conservative with respect to
the fission product source-term' released to the contain-
ment atmosphere.

All procedural. event tree initiators are designated as occurring

in either Conditions L (LOCA),-W (RCS filled), X (RCS -rained), or Y (RCS

at refueling level). .According to the above rules, Conditions L, X, and

Y are all low pressure and' Condition W is high pressure. The reactor-

cavity seal failure sequences (initiator L5) are the unly sequences that

are guaranteed to be " wet", i.e., the reactor cavity is full. All other

scenarios arc conservatively assumed to be " dry" scenarios.

10-6
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| All the non-procedural initiators are assumed to occur at

Condition X, RCS drained and opened, (e.g. , LOSPx) or at Condition W,

RCS filled and intact (e.g. , LOSPw). The probability split between X *

and W was determi ad based on the relative amount of time spent in

these conditions. Based on the it ove rules and assumptions, only 9 of

the originally defined 24 plant damage states were actuall,' ased, as

indicated in Table 10-1. i

10.1.3 Containment Response Analysis
.

The Seabrook Station containment has been evaluated extensively

in the SSPS A (References 1 and 22). Structural integrity was evaluated

in detail in Section 11 of the SSPS A (Ref erence 1). This evaluation

found thr* the Seabrook containment could withstand internal pressure

well beyond the design basis pressure. The time to containment failure

due to overpressure following a core melt with no containment cooling

would be very long. The pressure capacity of the containment is inherent

to the structure and is not affected by the plant in shutdown. In the

shutdown mode, the decay heat is lower than for the pinnt at power and

thus the time to overpressurization due to decay heat loads with no con-

tainment cooling would be even longer. This longer time allows recovery

actions to restore electric power (if necessary) or o provide alternate

means of containment coolinS. Thus, the containment overpressurization

mode of failure for the plant in shutdown is conservatively modeled by

the plant at power. No unique aspects of st-tdown have been identified

which have direct bearing on containment structural integrity, apart from

a higher frequency of non-isolation, which is emphasized in this study.

10-7
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External events that could fail containment due to structurai ;

damage f rom aircraf t, tur bine missiles, or earthquakes were also con-
t

sidered in the SSPSA and found to be very unlikely. This conclusion

applies equally at shutdown.
'

,

'

Containment isolation is not required most of the time by Tech-

nical Specifications.in shutdown Modes 5 and 6. Also, operator actions
?- {

are required to isolate containment because automatic signals are disabledo |
l

Section-10.1.4 describes containment isolation and the probability that a

small or large opening in containment exists after core melt.

The potential for early containment structural f ailure due to

loads such as direct containment heating is discussed in Section 10.1.5.

-10.1.4- Containment Isolation Analysis

Containment' isolation is not required by Technical Specifications

(see Appendix C) for Mode 5 (Cold Shutdown) and for Mcde 6 (Ref ueling)
.

except during core alterations or movement of irradiated fuel. The oper-

ators would hava time to isolate manually f rom the Main Control Board (MCB)

or locally close the containment isolation valves due to the long time
,

available in most core damage sequences before a significant release.

Procedures and. training, in general, alert the operator to the importance

of containment isolation. -Abnormal Procedure OS1252.03, Rev. 1 " Area

High Radiation".instructa.the operator to verify-containment ventilation

isolation in response to a containment radiation alarm. In the event

of high radiation which made the containment unhabitable, operators could

locally close outside isolation valves in each penetration if necessary.

- The only exception to the simple and quick isolation of containment

penetrations is the case of an open equipment hat :h, which could occur in *

Modes 5 and 6. Replacing the equipment hatch could require several hours

10-8
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or more and would require tasks to be performed from inside containment.

Estimates of the time to close and secure the hatch range from 4 to 12

hours. New administrative controls to assure reliable containment isola-

tion during Modes 5 and 6 were identified in this study and are summarized

below. These controls are asrumed to be in effect in the quantification of

cont ainment iso 19 tion reliability.

o Equipment Hatch

1. The equipment batch will be removed only if the
RCS is closed and steam generator cooling is
available; or if the refueling cavity is full. -

2. The hatch will be replaced as soon as the trans-
fer of equipeent a~d/or spare parts is completed.

3. A polar crane operator will be immediately avail-
able for any duration that the hatch is off.

,Persoa.nel Airlock or Emergency Airlocko

1. One door on each airlock will be capable of
closure at all times,

o Containment Isolation Valves

1. One train of COP and CAP valves will he capable
of closure f rom the control room at all times.

2. Administrative controls will be in place to assure
that operators maintain awareness of the current
status of each containment isolation valve shown
in Table 16.3-4 of the Technical Requirements
Manual. (e.g., isolation valves out of service
due to maintenance, manual isolation valves
open).

All containment penetrations were reviewed to determine which

have the greatest potential for being open. Table 10-2 summarizes

this evaluation of containment isolation valves. In addition, the

following penetrations were identified as potential large containment

opening.: equipment hatch, emergency sirlock, personnel airlock, and fuel

transfer tube.

10-9
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Two c.cegories of containment isolation are modeled as top i

events in the plant response model. These two top events EH (equip- ,

i

ment hatch and large' openings) and SP (small penetrations), are die- a

cussed below. I

EH - Large Openings

The 8-inch online purge valves and the 36-inch containment
purge valves identified in Table 10-2 are included in t '

.:

category as well as the personnel air lock, the emersec ,
air lock (in the equipment hatch), the equipment hatch it-
self, and the fuel transfer tube. The equipment batch, 36-

'inch purge lines and 8-inch purge lines were found to domin-
"

ate the containment unavailability for large openings. The
estimated. unavailabilities of top event EH for dif ferent ini-
tiating event types is documented in Table 10-3.

Equipment hatch status (on or of f) is the most important infor-
mation in this category because of its size, the length of time
required for restoration, the need for of f site power, and the <

fact that it'provideo a direct unfiltered release path. The
administrative controls assumed in this analysis require outage
preplanning such that-the hatch is only removed when the RCS is
closed and filled with steam generator cooling available or when
the refueling cavity is full, and is replaced as soon as the
transfar of required equipment and/or parts is completed.- A

,

edicated polar crane operator is assumed to be immediately' t

available during those times when the equipment hatch is removed.
There measures minimize the time that a direct release pathway is
availeble.-

_

The equipment hatch must be taker off at least every four re-
fuelings to bring in reactor vessel 0-ring seals. (A supoly of
four is stored within containment to be uerj uienever the head is

removed). The hatch will also be removed wh;aes t it is necessary
to bring in-test or repair equipment or spare parts which are too
large or too heavy to- be brought in manually through the personnel
hatch.'

With power available, it would take at least 4 hours and possibly
longer to reinstbil and secure the hatch based on conversations
with Operations-and Maintenance personnel at Seabrook. .Because
there is presently no supporting data, it is assumed that the
range could be run as high as 12 hours. This action might be ;

-impeded by high level of stress and degraded containment environ-
ment - high tamperature and/or high radiation. The probability i
of'the operator failing to restore the hatch (OFrg) is quantified i

in Section 6.4.2 and is used in Table 10-3.

|

|

|
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These observations led to the identification of the need for
administrative controle discussed above.

To restore the hatch requires use of the polar gantry crane.
This crane is powered of f non-saf ety 480V Bus 11 so that it
becomes unavailable during a loss of offsite power event. It

is possibic to backf eed Bus 11 through a UAT with power f rom an
emergency diesel. The cranc electric load is 325 kVA which is
not a large load for the diesel. However, to perform this action
would require a potentially difficult accident management decision
to add this f urther load to the diesel as well as the time to me- .

chanically bypass protective interlocks. Thus, without offsite

power, it is assumed that the hatch cannot be restored to closed
'

position.

The personnel air lock and the emergency air lock (in the hatch)
are administravely required to be always capabic of closure (at
least one door).

'

Adctnistrative requirements for containment ventilation systems
**status are straight forward: one train of CAP and COP line must

be capable of isolation from the control room at all times. *

Operator f ailure to close the COPS and CAPS is quantified in
Section 6.4.2 (OPyt) and is used in table 10-3.

During refueling, with the fuel transfer tube npen, contain-
ment isolation is required by Technical Specifications (fuel
shuffling). Only the fuel transfer valve and purge valves would
likely require closing. The f uel transfer tube valve is a sanual
valve controlled from the spent fuel pool operating floor. The
other isolation is a blank flange inside containment which is
removed during refueling. Failure of this valve to close on
"demend", i.e. , stem binding, etc. , is comparable to the SSPS A
data variable for MOV failure to close on demand while showing

closed. This f ailure rat e mean value is about 1.0E-4. Also, - - -

this valve is open only a small fraction of the shutdown period
"

and could easily bc closed from the spent fuel building. Thus,

it is judged to be an insignificant contributor to EH.

SP - Small Openings

The availability of containment isolation for all other pene-
trations is included in top event SP. It is assumed that this

is dominated by operator action to fail to isolate all pene-
trations rather than hardware because of multiple isolation

valves in each line. The key to ensuring confidence that all
small penetrations (see Table 10-2) are either closed or will
be closed af ter an abnormal event is the administrative control
requiring the operators to maintain awareness of the current ,

status of each isolation valve. The estimated unavailability

of top event SP is based on operator f ailure documented in
Section 6.4.2 (0Pgp) and is used in Table 10-3.

10-11
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;0.1.5 . Shutdown Event Release Categories
,

The plant damage states defined in Table 10-1 covers 24 possible
,

k

states"from which 9 were tctually used in the analysis. These 9 can be

!grouped as follows:

Type 11 States: R1D, RIP, and R1H

Type 2 States R2D, R2P, and R2H

Type 6 States R6D, R6P, and R6H
.- l

l'oriesch sequence type, the physical conditions af fecting source terms
#

are identical, except for the state of the containment boundary at the
,

time of core damage. P' ti _ the states with the letters P and H haves
i

containment failure in; fewih3s ' r te. tant damage state frequencies '

- provide a lower bound on u.a a Usbilfry of corttainment failure. The
- ;

conditional probability of a le rge' opening in the containment based on

the plant-damage state, given a type 1 shutdown event occurs is, for -

_

- example:-

F(R1H).-

F(R1H| Type 1 event)' F(R1H) + F(R1P) + F(RID)

2.6(-10).

2.6(-10) + 2.4(-9) + 5.4(-8)

.005-
.

=

Similarly for events of Type 2 and 6, we have

F(R2H| Type 2 event) F(R2H)'.

F(R2H) + F(R2P) + F(R2D)

4.6(-7).

4.6(-7) + 1.5(-6) + 3.9(-5)

.01-

F(R6H| Type 6 event) . F(R6H)
F(R6H) + F(R6P) + F(R6D). , a.

("
't ,

!
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|

1.0(-7); .
' l.0(-7) + 1.3(-7) + 4.6(-6)

.02=

A similar approach can be followed to compute the lower bounds

on the conditional probabilities of a small opening in the containment

given each type of release.

F(RIP \ Type 1 event) 2.4(-9).

2.6(-10) + 2.4(-9) + 5.4(-8)

.042=

F(R2P| Type 2 event) 1.5(-6)
-

.

4.6(-1) + 1.5(-6) + 3.9(-5)

.037=

F(R6P\ Type 6 event) 1.3(-7).

1.0(-7) + 1.3(-7) + 4.6(-6)

.027=

Hence, no matter what happens in the containment, the conditional prob-

ability of a containment failure due to inadequate isolation alone is

on the order of 10-2 for gross leakage to a few percent for small open

penetrations.

The release categories previously defined fo. the Seabrook plant

(References 1 and 2) for power operation events consider the following

type of containment release for severe core damage events:

S1 early grass f ailure of the containment=
,

S2 early high leakage with subsequent overpressurization=

S3 early low leakage with subsequent overpressurization=

basemat melt throughS4 =

S5 = long term intact containment

S6 failure to isolate containment on-line purge.=

S7 RHR pump seal interfacing LOCA.=

10-13
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yor shutdown event plant damage. states with containment boundary ,

!

type D (r eiginally isolated), it is conceivable (though not very likely) f

that the containment could fail duo to direct containment heating or
;

other pressure loads.resulting in a release condition similar to Si or S2

depending on the size of the containment breach. However, it was shown

i in Reference 22 (PLG-05$0) for power operation events that the probability

of early containment f ailure due to early loads such as direct containment i

I

. heating is on the order of 10-3 to 10-4 In the SSPSA, the probability f

of an early' intact plant damage state developing into a containment

f ailtire release of type S . 52 Of S6 due to a wide variety of mechanismst ,

such as other excessive pressure loads, steam explosion, hydrogen burns,

etc., was found to be in the range-of 10-4 to :n-6,

There is no reason to suspect that the phenomenological con-

tainmentifailure probabilities would be any greater than with power

operation-events. In f act, we would expect, if they are any dif ferent

at all, they would be less frequent due to a slower evolution of physical i

. . phenomenons due to lower decay heat. Hence, while it is possible that a

type D (isolated) plant damage state could develop into an S}, S2 or 96

t'ype of early containment f ailure, such a scenario would have a mean

frequency of 2'to 4 orders of magnitude less than a corresponding seen- .

ario with an H. designator. The corresponding scenario for the type H
*sequence is guaranteed to have a source term and consequences at least as

severe and therefore its risk contribution would fully dominate the:

scenario starting as a type D. Hence, it is not necessary to develop a
,

containment event tree that tracks the propagation of a type D scenario-

|
- to a containment failure release category.

>
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It is known f rom previous analyses that plant damage states
,

with the designator P is best described by an S2 type of release j,

- where the containment degradation due to inadequate isolation of the
;

'
containment is inferred by the designator. It is possible that a type Pt

*

scenario could develop into an Sg or S6 type of release due to containment
i

phenomenona described above. llowever, the conditional probability of

i

such a transition is very low (i.e., 10-3 or less) in comparison to the !

relative likelihood of type H or type P states.

For the above reasons it was determined that, for shutdown events,

it is not necessary to perform a containment event tree analysis of the .

form needed to map _from intact (D) or high leakage (P) plant damage
,

. states to more. severe containment failure modes. It is only necessary to

develop an appropriate set of source terms for each shutdown plant damage

state that assumes the containment isolation status inherent with the +

,

plant damage state. These source terms are described in the section

below.- To make up release category designators, the prefix "S" is added
,

to the plant damage state designator. Hence, the release category asso-

ciated with plant damage state RlD has the designator SRID followed by a . ;

co'de to identify either realistic (R) or conservative (C) source term

assumptions.
P

10.1.6 Shutdown Event Source Terms

The approach. adopted to esticate source terms for various ,

release categories was to make adjuotments to source terms previously ,

analyzed for power. operation events, to acccunt for reduced decay heat

ard lower fission product inventories associated with shutdown scenarios. ,

i

LTheL methodology used to' derive the source terms is based on

Engineering judgment' and' deduction to find which existing power source
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term is analogous _to each of the shutdown cases. Then, since the major I

i

release driving fort; is the decay energy (which is considerably lower !
|

=in shutdown cases), the. release times are evaluated assuming the same {
!

energy amounts are'needed for corresponding, discreet points along the |
I

scenario, and correcting for different initial thermal conditions, |

Finally, the release f ractions are adjusted to the input requirements ,

i

and the assumptions of the CRACIT model (Calculatisn of Reactor Accident

Coasequences Including Trajectory - See SSPSA Section 12, Reference 1).
,

i

The following is a brief description of how the source terms were |

!

categorized, adopted, and calculated for CRACIT input.

Review of Plant Damage State Definitions ,

- As described in the previous section, the release categories for

the shutdown cases are related one-for-one to Lt plant damage state.

The release categories are identified by a five character alphanumeric

designator starting with the letters "SR" where the "S" has been added to ,

the corresponding plant damage state. As with plant damage states, the

third and fourth characters designate the reactor state as described in *

Section 10.1.2 and Table 10-1. The last letter refers to a conservative
;

case ("C"), or to a realistic case ("R")..
3

' ' .o cover two cases jConsequently, 18 source terms are

'each for_9 re. lease categories:.

S RID-C SR2D-C SR6D-C
SRID-R SR2D-R SR6D-R
SRIP-C SR2P-C SR6P-C'=

a SRIP-R SR2P-R SR6P-R

{. SR1H-C SR2H-C. SR6H-C
SR1H-R SR2H-R SR6H-R"

Derivation of-Shutdown ~ Source Terms from Power Source Terms i

The shutdown release categories with their analogous power re-

lease categories are listed in Table 10-4. All shutdown cases are assumed

10-16
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to have failed containment spray systems. This corresponds to the bar
i

atop the release category designator for the power release category. [

(e.g., S3). Cases SR2D/P/H, and SR6D/P/H are modeled as dry reactor

cavity cases _and, thus, they all have source terms with a vaporization

term (designated "V" in the power release categories).

The shutdown cases with early containment leakage (SRIP, SR2P,

SR6P) correspond-by definition to the S2 power release category. The ;

intact containment cases-(SRID, SR2D, SR6D) similarly correspond to the

S3 category and an openhatched containment (SR1H, SR2H, SR6H) corresponds

to the S6 category.

Release Times Evaluation Based on Decay Power

The accident start times for the shutdown events are input from

a separate evaluation provided in the next section. The time to start

of releasc was- assumed to be the time- to reach 1200'F core outlet steam

. peak temperature. This time was calculated by the following integral

decay heat functions (bosed on ANS 5.1 (1979) standard):

2.46 X 108 (t 0.835_. t 0.865) 0 f t i 1/9 hr.Q [ BTU) =
2

2.34 X 108 (t 0. 718 . g }0. 718 ) 1/9 f L f 5555.5 nr.Q (BTU) =
2

where t, ti, t2 designate the times (in hours) af ter shutdown along the

decay heat curve.

' _The'above formula was used as follows: first the amount of decay

heat' generated between start of.eccident (ti = 0) and start-of release (t2)

in the power case was found: (Q). Then, introducing t 3 as the start time
l of the shutdown accident (the number of hours after shutdown), the value

t2 was calculated so the_ amount of decay heat between ti and t2 was the

same value, Q.

110 17
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The following corrections were applied to the above calculation

processi (
i

1. The-initial thermal conditions of the shutdown cases vary

from the power cases: the temperature Hof the Reactor Coolant
.

System is lower and when the RCS is vented and drained down,

there is less' water in the RCS. Adjustments were made to

correct for this based on energy considerations. For the -

.SR6D/P/H cases these corrections are not given explicitly so

the corrected times from accident start to 1200'F at the

core exit'were evaluated as 8.25 hr for the conservative

case and 17 hours for the realisti; case.

2. since it is assumed that in shutdown events the metal water
,

reaction is 50% effective. While only 20%-effective in the

power events, the. corresponding heat' amount (3.25 X 102 BTU)

was.added to the decay heat in the shutdown events. +

Source Term Adjustments to'CRACIT

The following adjustments were made

l' For puff releases that start prior to evacuation time and.

-last after it, two separate puf f s were modeled in order to

provide more realistic simulation of the evacuation effect.

The time of issuing an evacuation warning was assumed to be

one hour.after accident' initiation. .

.

2. To provide source terms that are compatible with the

assumption built into CRACIT regarding the calculation

of ground shine dose, all releases longer than 24 hours
.
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f
were truncated so that only the first 24 hours of the

release are considered.

3. Due to CRACIT input specifications, time durations be-

tween two consecutive puf f s were rounded to lategers.

4. Cases SRID, SR2D, SR6D (intact containment) were assumed

to have an overpressurization puf f, maintaining the same

short release durations as in the power events.
,

_

Shutdown Source Terms Listing

The time histories for each shutdown case (preceded by the time

history of the analogous power case) are provided in Table 10-5. A com-

plete history of all source term information is provided in Table 10-6.

The times used for the " Start of Accident" in Table 10-5 were obtained

using the assessment of source term uncertainties described in the

following section. In general, the Start of Accident time for each

realistic source term is the mean value of the start time distribution,

and the start time for the conservative source term is a low percentile

(e.g., no greater than the 20th percentile) of the start time distribution.
~

The start time distributions are described at the end of Section 10.1.7.

10.1.7 Treatment of Source Term Uncertainties

Uncertainties in the development of source terms were quantified

by defining a discreet pair of complete source term vectors for each

releaun category, using a procedure similar to that employed in RMEPS

(Reference 2). Each vector contains a single set of release fractions,

release times and energies, and warning times needed to produce one

execution of the CRACIT consequence model. One source term vector is
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' defined to. represent a realistic case and another to represent a conser-

vat'ive case. In the final "best estimate" t asults, probability weights j

of 0.9 and 0.1 are placed in the realistic and conservativ source-terms,

respectively as was done in RMEPS. Sensitivity results are also presented

in which all the weight is placed on the conservative. source terms.

IConservative source terms are based on WASH-1400 source term

methodology. These source terms were.criginally calculated in the SSPSA ;

using the MARCH / CORRAL series of codes for power operation event s, and ,

,

converted for shutdown conditions using the methodology described in the

previous section. Realistic source terms were based on the most realistic

source terms available f rom the SSPSA or RMEPS and, again converted to

shutdown conditions.
e

There is a particular source of uncertainty that is especially 5
,

important for shutdown events that is much less important for power
'

operation events. That source is the uncertainty in the timing of the
.

releases due' to such uncertainties as hov long af ter shutdown the
i

accident occurs ~and key factors about the degraded status of equipment ;

and systems that dictate the temporal evolutions of the accident. Th e -

special treatment of uncertainty in time of release is explained below.

The uncertainty in time of release as measured from the time

since power operation is a function of the time at which the loss of

core cooling transient initiates and the configuration of the plant
.

_. hen the. transient occurs. The shutdown events srmly considers threew

principal plant configurations which are associated with different RCS' -

status designators:- '"W" for RCS filled and RCS pressure boundary intact;
*

"X" for RCS drained to between RV head flange and RCS piping midplanes;

and "Y" for RCS filled to refueling level. The time of accident initiation
r

10-20
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is dependent on the duration of the particular outage within which the

sequence occurs and the time required to complete each preceding pro-

cedure prior to event initiation. These times are in turn dependent on

the Lasks to be completed during the outage and variations in operator

performance in the completion of the tasks. Key factors of the plant

configuration such so RCS boundary open or closed, availability of

steam generators, and RCS water level determine the time avail-

able for recovery actions during the transient and the tine delay

between initiation of the transient and core damage for sequences of -

interest in which recovery actions are unsuccessful.

The uncertainty in time of release was quantified for the four

key release categories by determining the f raction of the corresponding

plant datage st&te f requency that was initiated in each of the 6 possible

shutdown procedure event trees. The variation of the residence tice in

each procedure tree, about the fixed values of those residence times

assumed in the point estimate result s, is accounted f or in determining

the fractional contribution to each plant damage state. A breakdown of

the procedure tree fractional contributions to each plant damage state is
_

shown in Table 10-7. This matrix was constructed from the MAX 1MA output

files that contain the results of the procedural event tree and accident

e"ent tree quantification.

In general, the total time between departure from power operation

to core uncovery for a sequence initiating in the KLh procedure of the

outage is given by:

K-1

TR1 + I Tj + T * + tsg + tT = k eu
j-1
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l.
-Where

TRI. = ' Time to initiate RHR (time from beginn'ag of plant

shutdown until Mode 4 is entered)
<

K-1
I Tj Time to complete the first K-1 procedures during the=

j=1 outage

k A random point in time during the Tk hours of the KthT* =

procedure during the outage at which time the event is,

assumed to begin

tog The time to boll dry the steam generators-from the time' =

of event initiation (for RCS Coidition W only)

The time to uncover the core as measured from SG boilt =eu
dryout time for type.W conditions or f rom event initia-

,

tion for type X conditions.

The time'to accident initiation, TA1, is given by the sum of the

first 3 terms in the above equation:

K-1
= TRI +. I Tj + T "'TAI k

j =1

In the'above formulation,-t,g and t are dependent upon the time ofeu 1

accident' initiation.

f(TAI)tg =
a

and t = f(TAI + t,g) for type W conditionseu

" f(TA1).for type X or Y coDJitions=

For example, the total time to core uncovery for events-ini-
..

tiating in. procedure tree A6 and condition W.is given by:

TA6S + tog (TA6S) + t u (TA6S +' tag (TA6S)}TA6W =
e

=Where-
S

'TRI,A + E TAj + TA6TA6S =

j=1

= Note ~thacLthe actual time within the procedure tree at which the
_

* is a random variable in the interval (0, TA6] whereevent initiates, TA6

!10-22
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TA6 is the duration of the procedure tree. In many cases, the event ;
i

initiates as a result of RHR f ailure over a mission time taken to be the i

~

;
,

total duration of the procedure tree. The uncertainty in the event !

initiation time stees from two independent sources: The variation in :

i

the duration of aach procedure up to and including the procedure in

which the event occurs and the random time of failure within the total
i

duration of that procedure. :

For a given plant damage state (or, corresponding release cate- I

gory), the sources of uncertainty in the time from power operation to

core uncovery are summarized as follows:

o Tine of RHR (Mode 4) Initiation - *

t

The actual time from 100% power to RHR initiation ,

(enterind Mode 4) varies and is dependent on type of-
shutdown (A, B or C). -

:

o Procedure Duration -

For a given procedure tree there is a variation in
duration due to variation in the tasks to be accom-
.plished and the performance of specific tasks.

o Time of Initiation - t

There is a random variation in the actuni time of accident
initiation within a procedure tree. ,

o Time of SG Boilout -

There'is variation in time to'SG Boilout due to number and
condition (e.g., temperature, pressure and level) of steam
generators and previous history of power operation that

' determines decay heat.

of Time _of Core tincovery -

' i Variations in primary conditions (temperature, pressure
.and level) af fect .the time to core uncovery.

.
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o Modeling Uncertaint) -

The thermal-hydraulic models used to predict SG Bollor. i

and core uncovery times (t,g and teu) contain uncertaia- )
ties. !

I

o Binning Uncertainty - 1

Individual sequences contributing to a specific plant |
damage state may be initiated in various procedure I

trees. Thus, the fractional contribution from each
procedure tree to the total plant damage state fre-

- quency is a source o.' uncertainty.

Uncertainties |in the time to cote uncovery for individual

plant. damage states were quantified by Monte Carlo error propagation
'

using the STADIC4 computer code (Referenca -23). The Fortran sabroutines

=used~to determine the output ~srlables are presented in Appendix F.
i

There subroutines relates the core uncovery times to the basic independent
-

~

variables that represent the root sources of uncertainty. A total of 25

input variables were defined'to characterir.e time uncertatuties including;
<

one for each of she 12 procedure tres durations; three for time from 100%
:

power.to initiat.on. of RHR, i.e., one for each type of outage (drained
,

maintenance, nondrained maintenance, refueling); four for the binning ;

uncertainty of the 4 important plant damage states; one for thermal j
~

hydraulic modeling; one for initial water level in the RCS; one for a |

'

random variable for the time of initiation within a particular procedure.t.

tree; and three to represent the annual frequence of each outage type.

- Eighteen of these 25 uncertainty distributions, the times to RHR

Linitiation, theLannual frequency =of each outage t.ype, and the duration of

<each procedure tree,-were quantified using Zion plant data reported in

NSAC-84 (Reference 6) as discussed in Section 9 (Table 9-3). From this

data,'three values were obtained for each parameter.
,
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o Lower Bound (smallest observed d2 ration)

o Mean (average of observed durations)

o Upper Bound (largest observed duration)

This data was used to construct simple 3-point discrete dis-

tributions to characterize the uncertainty in the parameter value for

Seabrook as follows:

P 1.0
R
0 .8 -------------~--

B -

A

B

I

L
I

T .1 ----------------- -------------

Y I | I
Zion Zion Zion
Lower Mean Upper
Bound Bound

Because af the fact that the above procedure resulted in skewed

right, asymmetrical distributions, the means of the distribution are

generally greater than-the means of the data. Hence, the uncertainty

assumed is greater than the variation in the data and this tends to

account for the additional source of uncertainty due to plant to plant

variability in the application of Zion data to Seabrook.

To account for the binning uncertainty for procedure tree frac-

|. tional contribution to plant damage states frequency, Table 10-7 was
I

used to construct 4 different distributions one for each unique column

-of Table 10-7 of tne form:
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t

3'

R

- 0 -

- B

A

B

1

L |
1

- T
Y*

I I I I I I
'

Al A6 B1 B2 B5 B6 C1 C2 C3 C4 C5 C6 -

* not to scale

' To account' for the random initi,_ticn time, the constant RRR

f ailure rate assumed in the plant event tree quantification is com- ,

patible with'a uniform = distribution over the curation of the' procedure

tree. Hence the distribution of the fraction of the procedure duration
,,

- completed prior to initiation is a uniform distribution between 0 and 1.

P

R
0 D 1

B E

A- N .

'

B. S

I I

L T
I. Y

T-
Y -0 1

'

Two additional sources of uncertainty were quantified:- (1)
'

the modeling- uncertalaty associated with estimating core uncovery times

(EM) in Appendix B and (2) the initial water level (hot-leg mid-plane~

or vessel flange) in 'the RCS (XL) for sequences initiated during X con-

ditions. .The model-for. core,uncovery time is a 3-point discrete distri-

bution similar'to the above and the_ initial water level is a 2 point

,

discrete distribution. The. input variable uncertainty distributions (EM
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and XL) are provided in Appendix F.3.

Uncertainty distributions for accident initiation and core un-

covery times for individual plant damage states were obtained by Monte

Carlo by sampling fr< each of the 25 input variable uncertainty distri-

butions and using the otADIC4 subroutine S AMPLE to compute a corresponding

set of output variable dcta. For each execution of S AMPLE, a random var-

iable is selected for each of the 25 independent variables. Based on

this information, the subroutine computes the time of event initiation

and core uncovery times using the models and correlations developed in ._

Appendix B. After repeating this procedure a large number of times

(13,000 in this case), a pseudo data base of samples is created for each

of the output variables. The code then constructs probability distributions

to quantify the uncertainties in the output variables. Parameters of the

accident initiation time distributions for each release category are

presented in Table 10-8. The cumulative distributions are plotted in

Figure 10-2. Intermediate results for each procedure tree are presented

in Table 10-9. g

To help determine warning times, a separate set of variebles was

defined to track the time interval between initiation and core damage.

Cumulative distributions for 5 plant damage states, plotted in Figure

))-2, are representative of the 6 etates. A single curve is provided for

release categories RlH, RIP and RID since all .hree of these plant damage

states result from a single event, initiated only in procedure tree C3.

Her.ce, no binning uncertainty exists for these plant damage states and

the time to core uncovery for all three states is the same. As seen in

this figure, the distributions span long time frames, several hundred

hours for RlH and thousands of hours for the others. The reason why the
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distribution for R1H is distributed over shorter time frames than R2H and

R6H can be explained in terms of Table 10-7. All of the R1H distribution

comes from procedure tree C3, whereas the other plant damage states have

contributions from 6 to 8 of the procedure trees. Hence, plant damage

state R1H tends to result from events initiating during the early stages

of a refueling outage whereas the remaining plant damage s es have sig-

nificant contributions of early and late stages of all types of outages.

The uncertainty distributions for time to accident initiation

(Table 10-G) are u:cd t: develep the eenrca tarm time histories de-

scribed in Section 10.1.6 (Tables 10-5 and 10-6).

In this study, preliminary results for the accident initiation

times were used to generate the source term tice histories and the final

accident initiation times were checked to ensure that the final results

were reasonably represented by the preliminary results. As a result of

this approach the source term time histories shown in Tables 10-5 and

10-6 correspond with different percentiles of the final uncertainty

distribution parameters shown in Table 10-8.

A comparison between the results of the uncertainty distri- -

butions for accident initiation time and the values essumed in the

source term analysis is presented in Table 10-10. First it should be

noted that the only release categori's that contribute significantly

to risk are SR2P, SR2H, SR6P and SR6H. It can be determined from the

accident frequencie and re).r.ase fractions that each of the SRI cate-

gories is bounded by the corresponding SR6 category. In addition, all

the type "D" (Containe.ent Intact) categories have no potential for

significant offsite doses within more than 24 hours of the release.
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The accident initiation times that were used for the " realistic"
,

source terms and resulting consequence analysis are seen to be con-

sistently less than the distribtcion means for all 4 risk significant

release categories. The amount of conservatism in the assumed " realistic"

values range from about 4-1/2 days for SR6P to more than 2 weeks for

SR2H. The value assumed for SRl-D, P and H was about 10 days greater

than the distribution mean and, while this is non-conservative, it is

unicportant due to the risk shadowing exhibited by the corresponding SR6

release categories. -

The accident initiation times assubed fut the " conservative" ,

source terms are in all cases bounded by the 20th percentile of the

corresponding uncertainty distribution. This is considered reasonable

becsuse those times are used in conjunction with release fractions that

were independently derived from relatively short time frame scenarios.

It should be noted that the calculated distribution of accident

start times for plant damage state SR2R is somewhat unrealistic since

it is very unlikely that the equipment hatch would be removed (as

required for plant damage state R2H) in Icss than 48 hours following

operation at 100% power. However, the calculated distribution gives

a 10th percentile value of 47 hours for accident initiation time. If

it were assumed that the hatch were not removed within 48 hours of

100% powcr operation, the value of 90 hours used to develop the con-

servative soerce term case would probably f all below the 10th percentile

of the start time distribution.-

As noted in the above discussion of source term R2H, the

calculated distribution of accident start times for plant damage state

R6H is somewhat unrealistic since it is very unlikely that the equip-
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ment hatch would be removed in less than 48 hours following operation
,

at 100% power. However, the calculated distribution gives a 10th per-

centile value of 28 hours and a 20th percentile value of 40 hours for

accident initiation time if it were assumed that the hatch were not

removed within 48 hours of 100% power operation, the value of 34.2 *

hours used to develop the conservative source term is obviously a i

conservative value.
.

In RMEPS (Reference 2) the probabilistically weighted source

terms were weighted as 90% for the realistic case and 10% for the con-

servative case. For the conservative case, release fractions were

less than obtained using WASH-1400 source term methodology and release

times were conservatively estimated using the methodology. In this

study, we have adopted WASH-1400 methodology release fractions as the

conservative case. Even though we have increased the level of con-

servatism in assignment of release f ractions and independently com-

bined these with less than 20th percentile release times, we have re-

tained the practice of placing 10% weight on the conservative source ;

term. This simplifies the analysis and introduces a conservatism with

. respect to a mor? 1r'igorously propagated source term uncertainty analysis.

In view of the large spread of accident initiation times in-

corporated into the analysis from the Zion operating data, a sensitivity
,

analysis was performed to bound the effects of this particular factor.

This sensitivity analysis was performed by selecting an accident ini-

tiation time that puts a lower bound on these times and by developing a

source term corresponding to this time for the released category that

produces the greatest numbers of consequences, SR6H-C. An accident

~ initiation time of 20 hours after plant shutdown was selected as being

..
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much less than any reasonable time for initiation of an accident in

Modes 4, 5, or 6 with the equipment hatch off. In order to meet the

conditions necessary for an SR6H-C event, the following steps must be

completed with a conservative estimate on the minimum Line needed to

complete each step
*Minimum Time

1. Shutdown the plant and enter Mode 4 10 hrs

2. Enter Mode 5 (necessary to be able to take 10 hrs-

off the hatch per Technical Specifications)
_

3. Remove the hatch 4 hrs

24 hrs
.

Next, conservative release fractions and a set of release times

were developed using the same methodology that was used for the con-

servative source terms in this study. A separate consequence analysis

was performed and compared against the results for the SR6H-C analysis.
'

As shown in Figure 10-5, the effect of moving the accident initiation

time from 34 hours to 20 hours has a very small effect on the early

fatality risk curve when no evacuation is assumed. Hence, th; spread
.

of initiation times that is possible is reasonably represented by the

two-point approach of realistic and conservative release times used

for all release categories analyzed in this study. The sensitivity

analysis shows that the results would not change appreciably even if

more conservative accident initiation times are assumed.

10.2 Consequences for Shutdown Events

Upon review of the final results for source terms and accident

frequencies, it was determined that tbs type 1 releas(c (SRID, SRIP,

SR1H) did not have to be analyzed fur :ber because of their low fre-
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quencies and smaller source terms compared to the cos .nding type 6

releases, in addition, it had been determined in PLG-0460 (Referepec 3)

that: intact containment releases, exemplified here as the type "D" releases,

(S3W in PLG-0465) made negligible contributions to risk of early health

effects and to the dose versus distance curves. Hence, CRACIT runs using *

the same methodology as PLG-0465 were run for all releases with containment

leakage categories "P" and "H" and RCS conditions "2" and "6" for a total

!

of four release categories: SR2P, SR2H, SR6P, SR6H. For each release

category, a total of 4 runs were made to cover a conservative and realistic

'

source term at.d to &ccount for both no evacuation and 2 mile esacuation

cases. The runs that were made and the key to finding plots of the !

results for separate runs is provided in Table 10-11. i

As shown in this table, only one of the 2 mile evacuation cases

(SK2H), simulated any early f atalities within the area for the safety

goal evaluation (1.5 miles from the plant, corresponding to 1 mile from

the site. boundary). The greatest numbers of early fatalities within 1.5

miles are observed with release categories R6P and R2H for cases with ,

conservative source . terms and no evacuation. This is true despite the

fact that case SR6H-C has the greatest release fractions. The reason for

this is that SR6H has a much higher energy release rate and the enhanced

plume. rise reduces the doses close to the site. On the-other hand,

SR6H-C does produce the greatest level of consequences when the zone out-

side the safety goal region is included. Hence, the results for SR6H

. exhibit the same behavior as detero.ined in PLG-0465 for Category S1W.

-It is.important to note that when realistic source terms and a

i

L 2-mile evacuation are assumed,' there are no early f atalities observed

whatsoever. Even when no evacuation is assumed with realistic source
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tores, only frstettonal results for early fatalities are observed.
)
i

;Fractional results indicate that thresholds for prompt radiation deaths
|

are only-realized for a fraction of the meteorological scenarios that

- were _ analyzed in CRACIT. Hence, nearly all the risk calculated in-this |

study is the result of the conservative source term cases. In fact, !
!

none of the risk in the 2-mile evacuation cases is due to cases with

!J cealistic source terms. ,

i
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! iShettil Lef!; liTABLE!10-l!-! PLANT 6 DAMAGE STATE MATRIX 1FOR' SHUTDOWN EVENTS
'

-

'
'

37:.g-
1.,-

,

,
a.,. ;

-CONDITIONS:AT TIME'0F' CORE MELT THROUCH REACTOR VESSEL' _ 40
...

,

. , . .

. , -

> <

* CONTAINMENT BOUNDARY
~

ISOLATED, NON-ISOLATED OR BYPASSED' e

' '

RCS PRESSURE -REACTOR CAVITY" < 3",Dia.e - 3"-18" Dia; 0 PEN HATCH'

:,

'

~D . P, F- >H:
-___ =---__

- ... _ n.____==

WET:(RI) RID RIP. 'MODELED. RlH..
LOW :

15 -- .60 psia DRY (R2)' R2D ' R2P R2H
.

_

'

MEDIUM WET (R3} (1) _OPEN, (1),'

-60.-' 700 psia DRY (R4)
HATCH,

(2)
HIGH WET'(RS) (2)- (H)'

<

700 -- 2500 psis' . DRY (R6) .R6D R6P: 26H

-1
~

'3ection 10.1.2 describes'the rules and' assumptions for.using only 9 of the originally . .-

defined plant damage states.
, '.

. , .
,

(1) Modeled as high pressure sequences ,

(2) 'No sequences identified
;F

. . ' . .

4

.*
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TABLE 10 2
CONTAINMENT ISOLATION VALVE - EVALUATION

,

Sheet 1 of 4
,

SIZE VALVEID # PEN # IRCl IEE EVALUATION t

E
(dia. - in.)

36.00 CAP VI HVACI ORC AOV Normally open,cxplicitly modeled

36.00 CAP-V2 HVACI IRC AOV Normally open,explicidy modeled

36.00 CAP-V3 HVAC2 IRC AOV Normally open, explicitly modeled

36.00 CAP V4 - HVAC2 ORC AOV Normally open, explicitly modeled-

30.00 MS VS6 XI ORC MOV Requires SGTR to become relear path

30.00 - MS-V88 X2 ORC MOV Requires SGTR to become release path

30.00 MS V90 X3 ORC MOV Requires SGTR to become release path

30.00 MS V92 X4 ORC MOV Requires SGTR to become release path

18.00- FW-V39 X6 ORC AOV Requires SGTR to become release path

18.00 FW-V30 X5 ORC AOV Requires SGTR to become release path

I8.00- FW V48 X7 CRC AOV Requires SGTR to become release path

18.00 FW V57 X8 ORC AOV Requires SGTR to become release path

16.00 CBS-V14 - X60 1RC MOV Normally closed, water f111e4 system

16.00 CBS 'v8 X61 IRC MOV Normally closed,watOlled system

12.00 CC V121 X21 IRC AOV No direct contact with RCS or Containment

12.00 CC V122 X21 ORC AOV No direct contact with .RCS of Containment

12.00 CC V168 X20 ORC AOV No direct contact with RCS or Containment

12.00 CC-V175 X23 ORC AOV No direct contact with RCS or Containment

12.00 CC-V176" X23 IRC AOV No direct contact with RCS or Containment

12.00 CC-V256 X22 IRC AOi No direct contact with RCS or Containment

12.00 CC-V257 X22 ORC AOV No direct contact with RCS or Containment

12.00 CC V57 X20 IRC AOV No ducct contact with RCS or Containment

12.00 RC-V23 X9 IRC MOV Considered in plant model

12.00 RC-V88 X10 IRC MOV Considered in plant model

12.00 RH V70 X13 ORC MOV Multiple check valves in hne

10.00 CGC-V45 X38 ORC MAN Check valve in line

10.00 CGC-V46 X38 IRC CHECK Check valve
. . .

8.00 RH-V26 X12 ORC MOV Multiple check valvesin line

8.00 CBS-V11 X14 ORC MOV Check valve and locked closed valve in line'
,-

8.00 CBS-V12 X14 IRC CHECK Check velve

8.00 CBS V17 XIS ORC MOV Check valve and locked closed valve in line

8.00 CBS-V18 X15 IRC CHECK Check valve

8.00 COP-V1 X18 ORC AOV Normally open, explicitly modeled

8.00 COP V2 X18 1RC AOV Norm lly open, explicitly modeled

8.00 COP-V3 X16 IRC AOV Normally open, explicitly modeled

L
L
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TAllLE 10 2
CONTAINMENT ISOLATION VALVE EVALUATION

Sheet 2 of 4

SIZE VALVE ID # PEN # IRCl .DTE EVALUAT10N
E

(dia. . in.)

8.00 COPV4 X16 ORC AOV Normally open cxplicitty modeled

8.00 Ril Vid Xll ORC MOV Mul0ple check valvesinline

8.00 Ril V32 X13 ORC MOV Multiple check valves in line

8.00 RilV50 X13 IRC CIIECK Check valve*

8.00 RilV51 X13 IRC CIECK Check valve

6.00 CC V1092 X48 ORC MOV Requires thermal barrier IIX tute leak

6.00 CC VltG5 X48 ORC MOV Requires thermal banier I!X Ne leak

6.00 CC V1101 X49 ORC MOV Requires thermal barrier IIX tute leak

6.00 CC V1109 X49 ORC MOV Requires the mal barrier IIX tute leak

6.00 RilV15 Xll IRC Cl{ECK Multiple chetk valves in line

6.00 Kil-V29 X12 1RC CilECK Multiple check valves in une

6.00 Ril-V30 X12 IRC CIIECK Multiple check valves in line

6.00 Rii.V31 XI1 IRC CilECK Multiple check valves in line

4.00 FP V588 X38 1RC CIECK Chetbalve

4,00 FP V592 X38 ORC MAN lacked cloed, check valve inlire |'

4.00 FW V76 X5 ORC CIECK Requires SGTR to tecome release path

*) FW V82 X6 ORC CilECK Requires SGTR ta tecome elease pth

FW V88 X'i ORC CliECK Requires SGTR to tecome release path

4. J FW V94 X8 ORC CIECK Requires SGTR to tecome release pth

4 00 MS V2% XI ORC MOV Requires SGTR to tecome release path

4.00 MS V205 X2 ORC MOV Requires SOTR to tecome release path

4.00 MS V206 .\."- ORC MOV Requires SG1R to tecome release path

4.00 MS V207 X4 ORC MOV Requires SGTR to become release path

4.00 SI V102 X25 ORC MOV Multiple check valves in line

4.00 SI Vil4 X27 ORC MOV Multiple check valves in line

% SIV138 X24 ORC MOV Multiple check valves in line

4.00 SI V139 X24 ORC MOV Multiple check valvesin line

4.00. SI V77 X26 ORC MOV Multiple check valves in line

L.00 CS V143 X33 ORC MOV Check valve in line

3.00 CS V144 X33 IRC CIECK Check valve

3.00 CS V149 X37 1RC MOV Could te open

3.00 CS V150 X37 ORC AOV Could te open

3.L RC V24 X9 IRC RELIEF Relieves inside containment

3.00 RC V89 X10 1RC RELIEF Relieves inside containment

3.00 RMW V29 X36 IRC CHECK Check valve

.___ _ _ _ _ _ _ - _ _ _ _ - _ _ - -
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CONTAINMENT ISOLATION VALVE EVALUATION
Sheet 3 of 4

2ZE VALVRHM EEN.! 1RCl IYEE EVALUATION
E

(dia. . in.)

3.00 RhW V30 X36 ORC AOV Check valve in line

3.00 SI V140 X24 IRC CIECK Check valve

3.00 WLD-V81 X32 IRC AOV Could te open

3.00 WLD-V82 X32 ORC AOV Could te open

2.00 CGC V14 X72 IRC MOV Normally locked closed

2.00 CGC V15 X72 ORC MAN Normallylocked closed

2.00 COC V2B X71 IRC MOV Normally locked closed

2.00 CGC V36 X71 ORC MAN Normally locked closed

2.00 COC V43 X38 ORC MAN Nonnallylocked closed

2.00 CGC V44 X38 ORC MAN Normally locked clowd

2.00 CS V154 X31 ORC MOV Check valves in ime

2.00 CS V158 X30 ORC MOV Check vehes in line

2.00 CS V162 X29 ORC MOV Check valves *nline

2.00 CS V166 vt8 ORC MOV Check valves in line

2.00 CS V167 : 37 ORC MOV Could be open

2.00 CS V168 X37 IRC MOV Could be open

2.00 CS V20 X29 IRC CIECK Check valve

2.00 CS V36 X30 1RC CIECK Check valve

2.00 CS V4 X28 1RC CIECK Check valve

2.00 CSV52 X31 IRC CIECK Check valve

2.00 SA VIN 2 X67 IRC MAN No direct contact with RCS or Containment

2.00 SA V229 X67 ORC MAN No direct contact with RCS or Containment

2.00 SB V10 X64 ORC AOV Requires SGB to become release pth

2.00 SB V11 X65 ORC AOV Requires SGTR to become release path

2.00 SB-Y12 X66 ORC AOV Requires SGTR to become release path

2.00 SB V9 X63 ORC AOV Requires SGTR to become release path

2.00 SF V86 X39 IRC MAN Open sometimes

2.00 SF V87 X39 ORC MAN Open sometimes

2.00 SI V106 X25 IRC CIECK Check valve

2.00 SI V110 X25 IRC CIECK Check valve

2.00 SI Vil8 X27 IRC CIECK Check valve

2.00 SI V122 X27 IRC CIECK Check valve

2.00 SI V126 X27 1RC CIECK Check valve

2.00 SI V130 X27 1RC CIECK Check valve

2.00 SIV81 X26 IRC CIECK Check valve

-. .. ..
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TABLE 10 2
CONTAINMENT ISOLATION VALVE EVALUATION

Sheet 4 of 4

M VALVE ID # EEN.1 IILCl TYIY EVALUATION ,

E
. (dia. . in.) -

2.00 SIV86 X26- IRC CHECK Check valve

2.00 . - VO FV1661 X17 ORC SOV Could be open
;

2.00 : VO FV1712 X17 IRC SOY Could be open

1.50 CC V410 X21 IRC RELIEF Relievesinside containment

. 1.50 CC V474 X22 IRC RELIEF Relieves inside containment

1.50 CC V840 - X23 IRC RELIEF Relieves inside containment

1.50 CC V845 = X20 IRC RELIEF Relieves inside containment
,

1.50 DM VIS X36 IRC - RELIEF Relieves inside containment

1.50 ~ WLD V213 - X32 IRC RELIEF Relievesinside containment

,

b
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TABLE 10-3 Sheet l'cf 6

CONTAINMENT PENETRATIONS
UNAVAILABILITY

Equipment Hatch Unavailability Purge Lines ' Total Unavail. Small Penet.

Initiating RCS Fraction Probability (CAP &_ COP) for Large Unavail.

Event Type Cond of Not Unavailability Openings (13)
(1). (2) Time Off Recovered Unavailability (11) (12) (Top Event T*' ' . ;;(Top Event SP)

FTO PNR Q(EQH)=FT0*PNR Q(PL) Q(EH)=Q(EQH)<-{. '']]j g Q(SP)
'S
,

Procedure W 3.3E-2(3) 2.3E-2(10)' 7.6E-4 2.lE-3 2.9E-3 (EHI) 1.7E-2 (SP1)
Transient

.

Procedure X 0.0(4) NA 0.0 5.lE-3 5.lE-3 (EH2) 4.0E-2 (SP2)
Transient

!

Procedure Y 0.0(5) NA 0.0 2.lE-3 2.1E-3 (EH3) 1.7E-2 (SP1)
Transient

I
!

,

LOCA L1 W 3.3E-2(6) 1.0 3.3E-2 5.lE-3 3.8E-2 (EH5) 4.0E-2 (SP2)
4

LOCA LP W 3.3E-2(6) 1.0 3.3E-2 5.lE-3 3.8E-2 (ETIS) 1.0 (SPF)*

W 0.0(7) NA 0.0 5.1E-3 5.lE-3 (EH2) 1.0 (SPF)LOCA L3 '

LOCA LS 0.0(8) NA 0.0 5.lE-3 5.lE-3 (EH2) 4.0E-2 (SF2)
& L6 Y

!

LOCA LS W I 3.3E-2(9) 1.0 3.3E-2 5.lE-3 3.8E-2 (EH5) 4.0E-2 (SP2)

1

. . . , , . , , , ,, ,- _ . ~ . . _ . , . _ - , , . _
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TABLE 10-3 Sheet 2 of 6

CONTAINMENT PENETRATIONS
UNAVAILABILITY |

)

! Equipment Hatch Unavailability Purge Lines Total Unavail. . Small Penet.

. Initiating RCS Fraction Probability' (CAP & COP) for Large _Unavati.

Event. Type. Cond of Not Unavailability Openings (13)

(1)
'

(2) Time Off Recovered Unavailability (11) (12) (Top Event EH) (Top Event SP)

FTO PNR Q(EQH)=FT0*PNR Q(PL) Q(EH)=Q(EQH)+Q(PL) Q(SP)
-

LOSP & X 0.0(9) N/A 0.0 1.lE-4 1.lE-4 (EH4) 4.0E-2 (SP2)
! Hazards

That !

.Cause
LOSP

W 3.3E-2 1.0 3.3E-2 1.lE-4 3.3E-2 (EH6) 1.7E-2 (SPI) )
l

|

other X 0.0(9) N/A 0.0 5.tE-3 5.lE-3 (EH2) 4.0E-2 (SP2)
;

Hazards , ,,

,

;. Except
Seismic W 3.3E-2 4.2E-2 1.'sE-3 2.1E-3 3.5E-3 (EH7) 1.7E-2 (SP1)

other I 0.0(9) N/A 0.0 5.lE-3 5.lE-3 (EH2) 4.0E-2 (SP2);

! Internal
Trans-

i tents W 3.3E-2 4.2E-2' l.4E-3 2.lE-3 3.5E-3 (EH7) 1.7E-2 (SPl)

!

Seismic X O.0(9) N/A 0.0 1.lE-4 1.lE-4 (EH4) 4.0E-2 (SP2)

Black-

W 3.3E-2 1.0 3.3E-2 1.IE-4 3.3E-2 (EH6) 4.0E-2 (SP2)out

1

Seismic W 3.3E-2(9) 1.0 3.3E-2 1.lE-4 3.3E-2 (EH6) 4.0E-2 (SP2)
-

LOCA

t
|.

'

.. . _ .- _ . _ . __



TA;LE 10-3 _
' Sheet 3 of 6

.

CONTAINMENT PENETRATIONS
UNAVAILABILITT.

NOTES:

Initiating Events are described and quantified in Table 3-1.(1)

(2) RCS Conditions are defined as:

W - RCS full and intact
X - RCS drained and open

| RCS at refueling level.Y -

0.033.
[1 outage /yr * 2 removals / outage * 24 hrs /removall/[1455 hrs in W/yr)

=

l (3) FTO(W) =

This quantification is based on administrative controls require planned removal and immediate replacementTherefore, the duration the hatch is off per removal is estimated to be between 12
of the equipment hatch. The equipment hatch is expected to be off no more than
and 36 hrs, with a best estimate of 24 hours / removal. Conservatively, once a year (1 outage per year) is used in
once a year and at least once every four years. is removed once and could be

Given that the hatch needs to be removed, as a minimum itThree removals is considered anthe point estimate.
removed twice (once at the beginning and again at the end of the outage).The annual average time in RCS Condition
upper bound and 2 removals per outage is used as a best estimate. #

W is from Table 9-3.
0.0" is based on Administrative Controls that preclude removal during draindown (Condition X).

'4) "FTO(X) =

be on during fuel movement per Technical Specifications.
(5) While in RCS Condition Y (refueling), the hatch must

0.0.Thus, FTO(Y) =

FTO(W)Thus, FTO(L1,LP) ==

LOCAs L1 and LP occur due to overpressure in RCS Condition W (see Note 2).Since the LOCAs are likely to reduce the time available before core damage, no credit for recovery is(6)
0.045.

1.0.given. Thus, PNR =

Thus.is in Mode 4 and the hatch is required to be on.
(7) LOCA L3 occurs early in the shutdown while the plant

0.0.FTO(L3) =

._
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TABLE 10-3

- a

CONTAINMENT FENETRATIONS
UNAVAILABILITY

LOCAs L5 and L6 occur in Procedure Event Tree 3 in RCS Condition Y (see Note 4).(8)
0.0.Thus, FTO(LS,L6) =

These events could occur anytime during an outage and the fraction of time the(9) is I n. Hatchhatch is of f depends upon the RCS Condition (W or X) the plant
non-recovery is guaranteed (PNR = 0.0) based on the following:

- for LOCA LS, the time available befcre core damage is n educed.

for LOSPI and hazards that cause LOSP, recovery is not possible because-

power to the polar crane is not available.
and thus the polar

- for Seismic events, offsite power is likely to be sont
crone cannot be operated.

Hatch recovery is modeled for the conditions when other hazards cc internal events do notThe probability that the equipment(10) result .in a LOCA or non-recoverable loss of of fsite power.
hatch is not replaced in RCS Condition W, PNR(W), is quantified from the probability of operator
error in replacing the hatch OPIEH plus the hardware f ailure of the polar crane motors HWgg.Hardware failure is dominated by the
Thus, OPlEM = 1.3E-2 (mean) f rom Section 6.4.2.

EH = 3 * ZIPMSS = 9.9E-3 where
,RWthree polcr crane motors f ailing to start on demand.Thus, the probability of not recovering the hatch is: |

ZIPMSS = 3.29E-3 f rom Section 9.1. In the case of fire or other hazards where of fsiteER = 2.3E-2.OPIEH + EVPNR(W) less time is assumed available to replace the hatch due to responding
=

power is available, OP2EHThus, PNR (Hazards) =

to the hazard. Thus, OP2EH = 3.2E-2 (mean) f rom Section 6.4.2.
4.2E-2.+ HWEH

=

Hardware and human failures are considered for unavailability of the containment onlineTh e Following are used(II)
purge (COP) and containment air purge (CAP) isolation valves.
for hardware and human f actor contributions;

Hardware unavailability assumes all valves sre open initially and one train
of valves are unavailable 10% of the time.

Failure occurs if any one of 4o

paths fails to close when the second valve is unavailable [4 X 0.1 K 2.66E-4
1.1E-4}(Table 9-1, ZIVAOF) =

-

____
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CONTAINMENT PENETRATIONS
UNAVAILABILITY

Human failure probabilities are developed by estimating the uncertaintyo and assuming a legnormal distribution as follows:

2.0E-3 (mean)OPI g =a. p

This value is used for RCS Conditions W or Y where > 10 hrs are
available for operator actions. (See Section 6.4.2).

5.0E-3 (mean)b. OP2 g =p

is used for RCS Condition X where > 2 hrs are availableThis value
f or operator actions. (See Section 6.4.2).

The following summarizes unavailability of the CAP / COPS:
I

Procedure transients with RCS Condition V or Yo

HW + OPiptQ(PL)yQ(PL)g -=

2.1E-31.lE-4 + 2.0E-3 =
=

Procedure transients with RCS Condition X and LOCAs that can reduce the timeo
available for operstor actions

Q(PL)x = Q(PL)LOCA
5.10-31.lE-4 + 5.0E-3 =

HW + OP2pg ==

LOSP1, hazards that cause LOSP, and Control Room / Cable Spreading Room fires
loss of air. Station blackouto are most likely to initiate valve closure from

dominates and air compressors require of fsite power or operator actions earlyTherefore, unavailability is hardwarein the sequence for non-blackouts.
only.

1.lE-4HWQ(PL)LOSP
==

- - _ - -

. . . . . -._ .. .. _ . . . . . . . _ . . . _ _ . .. .
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' TABLE 19-3
~

: Sheet 6 Gf 6

CONTAINMENT PENETRATIONS
UNAVAILABILITY

Other ' internal' events and hazards that require operator actions depend on theo-
RCS Condition I'versus Y and W. _Unavailablity is estimated as above for

Q(PL)g,y and Q(PL)x.

(12) .The probability that the personnel airlock would not be closed is assumed to be
unlikely. and small' in comparison to the equipment hatch unavailability and purge
line unavailabilities.

(13) The probability that' smaller penetrations remain open is similar to the CDP / CAP
assessment in Note .10 in that hardware and human f ailures contribute to unavail- -
ability.: However, in this case there may be several more valves to close and
some may require closure locally. In addition, most paths have several valves
in series that could be closed if another fails. Many paths are filled with
water, contain a check valve, and/or are closed systems. Therefore, it is

~

assumed that unavailability-is dominated by the human element, i.e., the
probability that administrative controls break down or errors occur while
implementing isolation procedures. The following estimated unava11 abilities
are based on administrative controls, procedures, and training that recognize
the importance of containment isolation:

For events with RCS Condition W or Y, except for LOCAs and seismic events:

OPi 1.7E-2- (See Section 6.4.2)Q(SP)g . Q(SP)y= = =gp

For events with RCS Condition X and for LOCAs and seismic events:

4.0E-2 .(See Section 6.4.2)Q(SP)x .0P2 p ==
3

LOCA LP and L3 are containment bypass LOCAs and are likely to be released through
water. However, these are modeled as a guaranteed small opening.

. -- .. . . . . . . - . . ._
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TABLE 10-4

SHUTDOWN AND POWER ANALOCOUS SOURCE TERMS

SHUTDOWN POWER

RELEASE RELEASE REFERENCE REHARKS

CATECORY CATECORY

SRID E SSPSA, Chapter 11 and
Appendix H

SRIP E SSPSA, Chapter 11 and
Appendix H

SRlH IEV SSPSA, Chapter 11 and Conservative bounding case
Appendix H for S6 _

SR2D EV SSPSA, Chapter 11 and
Appendix H

SR2P EV - SSPSA, Chapter 11 and
Appendix H

SR2H IE" SSPSA, Chapter 11 and
Appendix H

SR6D EV SSPSA, Chapter 11 and Release times: TE scenario
Appendix H

SR6P EV SSPSA, Chapter 11 and Release times: TE scenario
Appendix H

SR6H SI-C S6V-R SSPSA, Chapter 11 and Release times: TE scenario
Appendix H

-
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i TABLE 10-5

Sot'RCE TERM T2ME H2 STORIES (HOURS)

SHUTDOWN START START START END

RELEASE OT EVACUATION OT OT OT

CATECORY ACCIDENT TIME PUTT 1 PUFT 2 RELEASE

I5' O 7 0.79 1.5 31.0

SR1P-C' 81.9 88.9 88.9 89.7 144.2

SR1P-R 472.5 479.5 481.6 485.6 569.3

ITV O 7 0.074 0.55 30.1

S R2P-C 104.4 111.4 108.1 110.7 111.4 170.7

S R3P-R 627.3 634.3 637.3 641.5 735.7

TE(ITV) 0 7 2 2.48 30.1

SR6P-C 32.4 39.4 40.7 41.8 83.8

SR6P-R 475.2 482.2 492.7 494.9 572.2

34.0IIV . 0 7 3.67 ------

SRAH-C 81.9 88.9 87.2 8B.9 139.2
561.9

SR1H-R 472.5 479.5 481.6 ------

31.255V 0 7 1.244 ------

SR2H-CL 90 97 93.5 97.0 149.9
632.4SR2H-R 534.6 541.6 544.1 ------

2.7-C;32.2-RTE(S1-C;S6V-K) 0 7 2 ------

43.4SR6H-C 34.2 41.2 42.5 ------

593.3SR6H-R 491.4 498.4 508.4 ------

53 0' 7 0 79 22.8 31.8
SRID-U 81.9 88.9 88.9 131.5 145.5

SRID-v 472.5 479.5 481.6 550.3 571.1

29.353V O 7 4.368 ------

146.4SR2D-C 98.1 105.1 105.1 ------

677.7SR2D-R. 596.7 603.7 606.5 ------

|
'-
,

.TE(53V) 0 7 2 26.98------

79.6SR6D-C 32.4 39.4 40.7 ------

553.2SR6D-R 464.4 471.4 481.4 ------

L

1
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TABLE 10-7

HODEL FOR PROCEDURE TREE FRACTIONAL CONTRIBUTIONS
,

TO PLANT DAMAGE STATE FREQUENCY

PLANT DAMACE STATE

.0UTAGE PROCEDURE
TYPE TREE RlD.P,H R2D* R2P R2H R6D* R6P R6H

A A1 0 .065 .227 .525 .493
A6 0' .014 .049 .025 .026

.
,

,B B1 0 .023 .078 .168 .186
B2 0 .229 .123 0.0 0.0
B5 0 .021 .074 .029 .039
B6 0 0.0 0.0 0.0 0.0

C C1 0 0.0 0.0 .017 0.0
C2 0 0.0 0.0 .005 0.0
C3 1.0 0.0 0.0 0.0 0.0
C4 0 .579 .210 0.0 0.0
C5 0 .064 .223 .221 .248
C6 0 .005 .016 .010 .008

* Plant Damage States R2D and R6D not modeled since they do not contribute
significantly to early releases.

i

l
,
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TABLE 10-8

-UNCERTAINTY DISTRIBUTIONS FOR TIME TO ACCIDENT
INITIATION AND CORE DAMACE FOR PLANT DAMAGE STATES

(Time in Hours)

' ----- ---------- P E R CE NT I LE-- -------- -------- ---

PLANT DAMACE
STATE DISTRIBUTION 5th 10th 20th 50th' MEAN 95th

RID, RIP,R1H . Initiation 150 160 178 229 232 333

Core Damage: 156 166 185 236 240 342

R2P Initiation: 79 176 361 809 883 1848

Core Damage 90 191 369 820 896 1882

R2H Initiation 30 47 124 718 859 1963

Core Damage: 44 62 140 731 880 1999
g

R6P Initiation: 23 29 43 157 561 1938

Core Damage: 36 43 58 176 583 1975"

R6H Initiation: 23 28 40 165 6'07 1945

Core Damage: 36 42 55 184 629 1981

.

-

%
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TABLE 10-9
i

|

UNCERTAINTY DISTRIBUTIONS FOR TIME TO
ACCIDENT INITIATION IN A SPECITIC PROCEDURE TREE

(Time in Hours)

----------------PERCENTILE--------------------

PROCEDURE
TREE 5th 10th 20th 50th MEAN 95th

A1 (W) 28 37 54 130 171 610

A6 (W) 74 202 245 255 330 1149

B1 (W) 18 20 22 32 34 64

B2 (X) 92 137 229 495 528 981

B5 (V) 627 765 950 1015 1057 1751

B6 (W) 683 8!O 1032 1069 1119 1815

C1 (W) 54 57 62 77 80 124

C2 (W) 90 101 105 124 129 184

C3'(Y) 150 160 178 229 232 333

C4 (X) 375 442 581 986 1035 1740

C5 (W) 1142 1323 1744 1830 1848 2634

c6 (W) 1292 1533 1865 1959 1980 2772

,

" ' ' ' - ' -- - - ____.______________. _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ ___
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Sheet 1 Cf ITABLE 10-10

COMPARISON OF ACCIDENT INITIATION TIME UNCERTAINTY DISTRIBUTIONS '

WITH TIMES ASSUMED IN SOURCE TERM AND ?ONSEQUENCE ANALYSIS

RELEASE VALUE USED FOR LOCATION ON FINAL VALUE USED FOR LOCATION ON FINAL

CATECORY REALISTIC SOURCE TERM UNCERTAINTY DISTRIBUTIO*i CONSERVATIVE SOURCE TERM UNCERTAINTT DISTRIBUTION
(HOURS)

(ROURS)

SRI-D,P,d 473 Mean + 233 hrs. 62 Less than 5th Percentile

*
* 98

SR2D 597

SR2P 627 Mean - 256 hrs. 104 6th Fercentile

I
'

l SR2H 535 Mean - 324 hrs. 90 16th Percentile

I
l *

32*
| SR6D 464

32 12th Percentile
SR6P 475 Mean - 86 hrs.

34 13th Percentile
SR6H 492 Mean - 115 hrs.

Type D source terms were not analyzed for consesuences bec1use of negligible risk*

contributions; this determination was made by co. sparing f requencies and release
fractions with different release categories.

. _ _ 1
-
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TABLE 10-11 ..

CONDITIONAL CONSEQUENCE RESULTS
,

EARLY TOTAL- WHOLE BODY CCDF --

f- RELEASE S0JRCE EVACUATION- RUN FATALITIES EARLY DOSE VS DIST. EARLY FATALITY
I

' CATEGORY TERM CASE- NO. INSIDE 1.5 MILES _ FATALITIES CURVE CURVE

|-

! SR2P R 0 578 0.0 0.0 10-3a 10-4a

2 588 0.0 0.0 - b

C' O 570' 9.6 9.6 b c
d<

2 592 0.0 0.0 -

..

e

SR2H R 0 574 ~0.48' .0.48 e

2 586 0.0 0.0 - f

C 0 566 69.1 123 d_ g

2 590 -0.006 0.28 - h

i

SR6P R 0 580 0.15 0.15 e

2 589 0.0 0.0
- J

k

C 0 572 133. 135. f

2 593 0.0 0.02 - 1

a

SR6H R 0 576 0.57 0.57 g

2 587 0.0 0.0
- n

C 0 568 0.37 394. h o

2 591 0.0 390. - p

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

-'
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APPENDIX A

This Appendix contains a list of 107 actual losses or degrad-

ations of shutdown decay heat removal systems based on an extensive

review of LER data f rom January 1982 to December 1986. This list updates

the data in Appendix A of NSAC-52, " Residual Heat Removal Experience

Review Lad Safety Analysis" (Ref erence 7), which contains summaries of

251 events which occurred between 1977 and 1981. The data in this Appendix
'

has been categorized by the type of event and the cause of the f ailure,

consistent with categories in USAC-52.

The following is a list of the categories of events included

in Appendix A.

TABLE A-1: LOSS OF FLOV - AUTOMATIC RHRS SUCTION VALVE CLOSURE
i.

TABLE A-2: LOSS OF FLOW - RCS INVENTORY REDUCTIONS LE ADING TO
LOSS OF RHRS PUMP SUCTION CAUSED BY REACTOR VESSEL
INDICATION ERRORS ,_

TABLE A-3: LOSS OF REACTOR COOLANT INVENTORY VIA THE RHRS

TABLE.A-4: LOSS OR DEGRADATION OF FLOW, OR LOSS OF COOLANT
INVENTORY DUE TO AUTOMATIC INITI ATION OF THE

iRECIRCULATION MODE OF LOW PRESSURE SAFEIT IN-
JECTION, INCLUDING RHRS PUMP TRIPS

TABLE A-5: LOSS OF TLOW OR DEGRADED COOLING DUE TO OTHER
VALVE CLOSURES, OR EXCESSIVE PUMP / COOLER BYPASS
FLOW

__

TABLE A-6: LOSS OF FLOW DUE TO LOSS OF THE RUNNING RHRS PUMP

TABLE A-7: INTENTIONAL LOSS OR DEGRADATION OF RHRS FOR PLANNED
MAINTENANCE

TABLE A-8: INABILITY T0' ESTABLISH RHRS FLOW - DUE TO INABILITY
TO OPEN RHRS SUCTION VALVES

TABLE A-9: RCS VOID FORMATION DURING RHRS OPERATIONS

TABLE A-10: MISCELLANEOUS LOSS OF RHRS EVENTS

A-1

,-, , , _. __ . . ._ _ . . _ , _
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Sheet I of 20
'

- TABli A-l: ACTilAL LOSSES OR DECF ADATIONS OF OPERATINC RESIDt!AL llEAT REMOVAL SYSTEMS
4

EVENT CATEGORY: LOSS OF FLtM - AUTOMATIC RilRS SUCTION vat.VE CLOSURE

INITtAL
PLANT

PLANT LER/DATE- CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTinN

Zinn-1 Mode 6 RHR suct ion valve IMOV-RIIS702 A cont ractor working in the ' Cont ract or personnel were

295-82011 started to close due to an Aux. Elect ric Room accident- infntmed of the necessity

820317 Inadvertent opening of ally dropped a piece of sheet to be careful while

inve rter t il emtput breaker. nutal on inverter til output working in this area.

The running pump was tripped. breaker causing it to open

The i nve r t e r mo t put breaker causing RitR suction pressure

was reciosed RHR suct1on transmitter iPT-403 to fatI

valve IMOV-RilR102 was high which caused an auto-

reopened, an.I the RitR syst em clostere on IMOV-RHM 702.
was restored to operatton

wi t h i n "1 'r.i mit es.

McCutre-1 During Static inverter EVIA This is a t t r i twit ed t o com- The Invert er Cor rective

369-82053 plant malf unctioned causing a ponent failure of the Solld- Maintenance Procedure will

820113 cooldown residual heat removal state Controls, Inc. static be modtited to retlect the

and Mode system (NU) isolation i nve rt e r. Three capacitors possibility of CVT Capac-

de-escal- valve to close. Operators in the mitput CVT capacitor itor fatture. The con-

atton restored ND flow, but not bank failed and had deformed trolling procedure for

before loss of flow casings. The failed capac- unit shut.fown was modiffed
ef f ected a t rans t t len itors were replaced and to preclude i nad ve rtent4

f rom Mode 5 to Mude 4 the Inverter returned to loss of NU Flow.

service.
.

T -
_ _ . _ - - - _ _ _ _ - .m____ ..__.__. _ . . _ _ _ _ ..._.___..._m o
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-
-_AC.TifA_L' L.DS_SES OR DECR AD.A. TIONS OF .OPERATIN.G. .RESi,n.it_AL ttEAT REMOV AL ST.STE.P.S.. TABLE A-3: - - . -- - --- -

.-

. - - - - - - - - - -

EVENT CATECORY: LOSS OF- FLOW - AltTDMATIC RitRS StfCTION V ALVE Cf.OSitRE
__ _ - _ .

- ._--. _.

INITIAL
P t. ANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION RENIRTED cat!SE CORRECTIVE ACTION

Summer . Preop Af ter calthrating the Af ter performing calthra- Maintenance personnel were

395-82002 Testing pressure t ransmi tter for tions inr RIIR Train "A" innt riacted t o espi tet t ly

820916 the R!!R Train ~A' suction suctinn tsalation valve follow procedur: t guide-

isolation valve, the valve pressure transmitter, lines.

operator was reenergized. maintenance personnel lef t

The suction isolation valve th.> pressure switch in tha

shut. The reactor operator test pcsttinn. When ' tl e

t ripped the Train "A* R8tR valve operarnr wate re-

pump due to loss of suction. en-rgized, the valve shut

There were no adverse con- due to the test signal.

sequences since the syst em hag
a at ntimen fIow rectrc. ILne
and the pump was secured within
one al mste of the occurrence.
Also. Train "B" RilR was operahlr.

Summer Mode 5 In performing surveillance The associated survellinoce The corrective art t on t aken

395-82004 testing on RitR/ COP pressure test procedure (STP-340.P.)R) is the revision of STP-34n.

821015 t ransmitter (PT 4n2) with did not ade<tuately address 008 to line up alternate

the B Train R11R in operation, the concern that the test RHR t rain wi tti its asso-

a test signal was generated. wmild definitely cause clated suction tsalation

The B Train R11R header iso- closure of the Ri1R suction valve lock ed out .

lation walve (KVG 87028) shut isolation valves.,

and isolated suction. The B

RilR ptimp was manually tripped.
The re we re no ad ve rs e cons e-
quences since the RilR pumps
are equipped with a mintmum
flow rectre. line. Almo.
R102B was reopened and t he

1 RIIR pump rest arted wi thin
one minute.

I
i

* ' - - - -------_--._ -. - _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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ACTUAL U)SSES OR DEGRADATIONS OF OPERATING RESIDt!AL 11 EAT REMOVAL SYSTFNS
.

1

TABLE A-1:

LOSS OF FLOW - AUTOMATIC RitRS S11CT10N VALVE CLOStfREEVENT CATFT,0RY:

INITIA1.
PLANT REPORTED CAUSE CORRECTIVE ACTION

PLANT LER/DATE CONDITIONS EVF.NT DESCRIPTION

Nr,ne.

Sequoyah-1 Mode 5 Both tralnn of Ihe Residua 1 During modtfIcatIone on
Train R of the Solid StateIleat Removal System were

327-82116 prntection System (SSpS),declared inoperable due to
the i nadve rtent clnsing of the power f umeg were reunved82091f>

RHR nuctlen valve 1-FCV-74-2. to allow work on the output

relays. Th19 caused valve
1 -FCV-7 4-2 t o c l ose ren.le ri ng
the R11R nygtem inoperable.
Immediate operat or action was
initiated tn stop the R11R pump
and the valve was reopened using
aunt 1I ary powe r. The pump was
restarted and the sygtem returned
t o service six mimiten later.

The technician assigned to The technician was re -
Calvert Cliffs-2 Mode 6 While deenergizing inst ra-

wnt power gupply pane t 2v02, determine the electrical Instructed on the require-
me nts re l at ed t o t empor.o r y3I8-82053 line up required fatted toshutdown cooling flma was

Iont. A shutdown cooling clarif y the exact power line upe.821122

return valve, 2-S1-652, shut supply being deenergtred.
thin resulted in an incorrectwhen this panel was de-

energized due to an in- t eepora ry Juerer locat t en.
also, technician did notcorrectly installed temp- clearly deacethe the powecorary jumper meant to

prevent 2-S1-652 closure. aupply on the LIne Up Dncument.
Shutdown conting flow wag
restored four minute < later.

t

_ _ _ _ _
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TABLE A-1: ACTUAL LOSSES OR DECRADATIONS OF OPERATING RESIDUAL HEAT REMOVAL SYSTEMS

EVENT CATECORY: LOSS OF FLOW - AUTOf1ATIC RilRS SU7 TON VALVE Cl.OSURE

INITIAL
PLANT'

PLANT LER/DATE CONolTIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

North Anna-l Mode 6 RHR flow was lost for This event Initiated when Vital Bess I-til was

338-83003 - approximat ely f our minutes. the 15KVA inverter to AC restored and the RftR

8'k)122 Vital noss I-Irl fatted, suction valve reopened and

thereby deenerRiting an R!IR flow restored.
muxtitary relay for pressure

channel P-l&O3 (used for
logic to close RRR suction
valve). The deenergizing
of the relay cause the RftR

suction Valve to close.

St. Lucie-I Shutdown Two out of four shutdown The shutdown cooling hot Powar was restored and the

I n-83021 for re-- cocling hot leg suction leg suction valves closed circutt returned to normal.
830329 feeling, valves closed Isolating all when const ruction personnel

with re- flow to the core. The working in the rear of RTG8

feeling valves were reopened in 104 shorted out the power

cavity spprostreately 10 minutes supply to one of the control
filled and shutdown cooIIng flow grade prennure Indicattor
greater reestablished. control ci rcuits which gave

than 23 a clo=e signal to the valves.
~ feet.

?

l

!

j
t
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TABLE A-1: ACTUAL LOSSES OR DFCRADATIONS OF OPF.RATINC RESIDtlAL ttEAT REMOVAL SYSTEMS

EVENT CATEGORY: LOSS OF FLOW - AttTOMATIC R1tRS SUCTION VALVE Cl.OSURE

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE _ ACTION

North Anna-2 Mode 6 The Residual fleat Removal This event was inttlated Upon realtzing his utstake.

.339-83023 (RHR) Flaw was temporarily when the input breaker to the operator reclosed the
2

830414 loat (<l minut e) when one of the 20 KVA Inverter to vital hveaker and restored 2-1
two in setten R11R snetton Reis 2-1 was i nadve rt ent ly vital Bus. The RitR suctinn

val ves closed. Flow was opened. Thlg action de- val ve was reopened and RitR

promptly rentare.l.' energized an auutilary really flow restored.
f or pressure channel P-2403

and caused MOV-2700 (RHP
nuet on val ve to close).

4

North Anna-2 Mode 6 One of two source range This event occerred as The vital bus and deener-

339-83036 channels (M-31) and the mitaterance personnel were gt red equipment were

830429 Containment Particulate and performing a ground isole- restored and normal opera-

Caseous Radiation monitors tion procedure for 125 volt tion resumed.
(MR-259 & 26)) were de- DC Bug 2-1 and shorted the

energized. The vital hus test leads as loads were het .sg

was promptly reenergtzed t ranaferred to another DC bug.

and the deenergized equip- Thin event cawne the Input

ment promptly restored. breaker to 2-1 120 volt AC wital
j

Bus to open and deenergtred the

I above Itsted equipment.

Salem-2 Modes 4/5 On two separate occagions Investigation in the first Personnel were counseled
311-83024 on May 14 & 15 1983, a Re- case revealed that the No. concerning the fi rst

830514 stdual Heat Removal system 23 Vital Instrument Rus incident and the comparator

suction valve was cbaerved to had been deenergized for was replaced.

have closed, thus etteinsting mitatenance causing the RHR

flow i n * he ope ra t i ng RHR auction val ve to clone. In
:

loop. In each instance. the the gecond came Comparator

j operating pump was atopped 2PC-405A-B apparently fatted

and Action Statement 1.4.1.4R causing the valve to cloge.

was entered.. No " eduction in
reactor coolant system boron

centration occured with an RnR
loop out of service. A loop was
immediately restored to service.

- - - - - _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _
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ACTUAL LOSSES OR DEGRADATIONS OF OPERATING RESIDUAL HEAT REMOVAL SYSTEMSTABLE A-1:

LOSS OF FLOW - AUTOMATIC kHRS S!!CTION VAf3E C1,OSURL
EVENT CATEGORY:

INITIAL
PLANT REPORTED CAU:S CORRECTIVE ACTION

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION

The rent cause was deti* sined None IIsted.
Turkey Point-3 Mode 6 While pe rf orming a bydro-

static test on 11,-"_ 1, a to be an unclear drawing con-

250-83019 figuration of the loop Ahot leg nample line,
pressur e t ransmi t te r ( PT- nample Ifne. This led personnel831008

3-463) was exposed to a performing the hydro test to
believe that there was doublehyd ostatic test pressure

of roximately 3100 psig. Isolation between the TF1 test
hounda ry and lostrumentat ionThis activated the inter-

lock hetween PT-3-405 and roming off the sampic Ifne.
MOV-3-751 (Residual Heat
-Reenval, return from Loop C
Ilot Leg) thus isolating RHR

' flow f or approximately 6
mi na t es. Unit 3 was at re-
fueling, shutdown with the
reactor coolant system drained
at the time of this event.

Calvert Cliffs-1 Mode 6 The shutdown cooling (SDC) An inadequate ?tectrical Procedural changes will
requi re a review of t rans-

return isoletion valves isolation of pressure trans-
mitter elect rical process

| we re shut t e rmi na t i ng SDC mitters resulted in an inad-317-83061
r shut- f unct i ons prior to pressure

l 831012 vertent actuat ion o(TS 3.9.8.2) Investigation down rooit ng isolat ion during testing.

revealed that PIC-103 which
sensen RCS pressure in a pressure test of transmitter
order to shut the SDC tubing.

return valves on increas-
Ing RCS pressure had not
been deactivated prior to

a hydro on the inst rument
sensing lines. Increasing

hydro pressure resulted in
initiation of a signal to

shut the valves. The test
termi nat ed and SDCwas

restored at 2020. .

----' -
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| ACTUAL LOSSES OR DEGRADATIONS OF OPERATING RESIDUAL IF,AT REMOVAL SYSTEMSTABLE A-1:

LOSS OF FLOW - AUTOMATIC RilRS SUCTION VALVE CLOSUREEVEffr CATECORY:

IINITIAL
fCORRECTIVE ACTIONPLANT REPORTED CAUSE

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION

The cause of valve closure These precedures have also
Diablo Canyon-1 Modes Prior to fuel load on

275-84004 4/5/6 9/29/81 & again on 10/27/8), was testing performed on been modified as corrective

i nad ve r t ent reactor coolant the analog channel combined . action. This licensee i

system residual heat removal with inadequate surveillance event report is submitted !831027

pump suction valve closures test procedures which left for Information purposes |
because of its potential

occu r r ed . In both csses, a power appIled to the motors
following surveillance generic interest. flad the

RilR pump continued to oper- event occurred in 1984 It
ate following the valve testing. would have been reportable |

'
closure. In 1981, a pump under 10 CFR 50.73(a)(2)(v)

for alwmt 5 minutes with and (vil).
i ran

f no damage. Ir 1983, RilR pump
| seal damage and a sIf ghtly
! howed sheft occurred after one

hour's operation. In 1981, the

of valve :losure was thecause
deenergiration of the analog

}.
. nd/or logic channel. As a
corrective action for this event,

operating procedures were modtfled
to require power to be remnved f rom
the valve motors except when the
valve was being operated.

A dead Ims transfer f rose A povar distrib stion Ilst
Mode 5 An Engineered Safety Feature is to be generated to

395-83136 (ESF) 120 VAC vital Instro-
normat to alternate powerSonne r

inform cperators of plant
mentation panel, APN-5901, source create <f a power

was transferred to alternate t rang f ent in the associated Inst rumentation power
83fil2

sources.ESF instruipentation tms.
power to accommodate modific- Erroneotn signals wereations to its normal power

With Train A Resid- generatti as a result ofsource. Cona(tlons8

ual fleat Removal System in the transient.
were returned to normal afterservice, its suction valve,

XVG-8701 A closed. The valve
the transfer was completed.

__
. _ . . . . . . . _

.
.. .. . . . . . . ._ . .. _
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,dOHAL HEAT REMOVAL SYSTEMS

{ TABLE A-1: ACTUAL LOSSES OR DECRADATIONS OF Opt <m ..~

LOSS OF FLOW - AUTortATIC RHRS SifCTION VALVE Cl,0SUREEVEffT CATECORY:
f'
| INITIAt.

PLANT REPORTED CAUSE CORRECTIVE ACTION

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION

Summer (continued) was reopened within approx-
Imately fIve alnotes. No i

395-83136 adverne consequences . resulted
8'd629 due to plant conditions and

the short duration of e fee
event.

Salem-2 Mode 5 During a vaatntenance shut- This evolution canged This equipment will be ideo-

down, 2A vital Instrument a voltage t ransient which tified and proceduren will
ef f ect s cert ain eqt.t pment.

be revised to ref Net equip-'311-81062 bus was transferred to its cent to t* monitored and831128 alternate power supply to appropriate actions to be
perf orm rout ine meter cal- taken.

| lbrationn on 2A inverter. A
j voltage transient caused 2RH2

to shut resulting in a loss of
RilR fIow. The vaIve was
immediately reopened and RHR
flow was re-established.

Mien ZRif t closed, the The incident was addrenged
Salem-2 Mode 5 During a maintenance shut-

down, 2RHI closed, resulting operator secured 22 RHR in an Op* rat ions Department

in a loss of RHR flow. The pump. The cause was deter- newsletter.311-83066
831220 event took place during the mined and 2RHI was re-

t ranef er of 254KV vital bus opened. 22 RflR pump was
started and RHR flow wasfrom one station power reestablished within 22t ransformer to the other.

The backup power supply for minutes of the occurrence.
| 2R i ns t rume nt inverter was
l deene rgized f or mainterance.

The t ransf er resul t ed in a
momentary loss of the i net ru-
me nt bus; 2 Rill closed on
interfork.

. _ _ _ - . .

. .. . ..
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N iTABLE ' A-l* -;E ACTt!AL LOSSES OR DECMADATIONS OF OPERATING RESIDtfAL HEAT REMOVAL SYSTEMS! .

- .

; ..

EVEfff LCATEGORT: . ' LOSS OF- FLOW A- AUTnHATic RHRS SifCTION VALVE CLOS 11RE
~

,
~

&

INITIAL:
PLANT- '

CONCITIONS EVENT DESCRIPTION REPOR1ED CAlfSv. CORRECTIVE'ACTIONi.
PLANT;LER/DATE^ :

.

McGui re-2. : Mode-5 During filling ~and ; venting - This1 tncident . Is attributed - Procedures were' revised and--'

370-84002) ;with!RCS- ' operations u f or t!ni t 2. Start to' person'nel error.1, Appro-' appropriate personnel will- 7 . ,

1840115- ilsops not" np operators: closed the priate measures to ensure -. he counseled.'
' '.

filled.: breakers for valves-2ND-lR- control over 2ND-IR and 2A -

{ ant (NC)' loop to Residual-
.were not taken . on January 9,; and. 2ND-2A (C reactor cool - ,

'31984, when t he SSPS output'
J Heat ; Removal i. (ND) ' pumps : Iso- re l a y ' ca bt net s were de -
J iation' valves) on' January 15. - energized.:
1984. Fuses for'the'.A'and R

- *
- . Train output relay cabinets of.

~ he: Solid State Protectiont

~

* ' System (SSPS) had been removed--

on? January 9 to permit transmitter
time response-testing. Normally

I
closed contacts in . the close
circults-of the valves are enn- _,

-etrolled'hy SSPS output relays.
With SSPS.' outputs 'deenergized, the
contacts completed the circuit s

~

iproviding close signals for/2ND-- '

18 and 2A. Thus, when the breakers
for 2ND-1B and' 2A were cloged the '

|
valves immediately closed,- ?solat ing

ND suction. Both ND t ra ins we re a
declared'tnoperable at'2707,.
pursuant to' Tech'. Spec. 1.4.1.4.2.

.

Ilni t 2 was in Mode 5 with the'
React or ' Coola nt loops not filled
at the:ttme?of the incident.' oper-
ators responded by tripping MD'
pump A and chentcal and volume-

; control'(NV)-pump and reopentng
-the breakers for 2ND-In and 2A.

-

The valves were then manually
~

opened and ND Pump A was ' restarted.

:i
..

,i" P*%'"j f' ( y-7+'I # k p g Y ?''f''14#F N $ '*'V( I'4--p- -'M i % li''-@ 8 '"W "" if Y 9 *V'N .M%9 '#'a - *D'' eN'- %e-
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TABLE A-l: ACTifAL LOSSES OR DECRADATIONS OF 0?ERATINC RESIDUAL HEAT REMOVAL' SYSTEMS

FVENT CATECORY: LOSS OF FLOW - AUTOMATIC RHRS SUCTloN VALVE CLOSVRE

1NITI Al,

' PLANT
PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION'

Salem-2 Mode 5 During a maintenance shut- The ' breakers f or, the RIM A system will be estabitsbed

"l11-84002 down,'res! dual heat reesova l . common suctlan valves were for updating the status of
840209 common nuction valve (2Ritt) not tagged as required the Control Room console

indavertently shut wh!Ie prior to Pops testing. bezel covers whenever
testing was. heing pe rf ormed The controls for these tagging releases or reques t s
' on the pressurizer ove r- va l ves located on the are liit t i at ed.

pressure protection system control roam console coo-

This resulted in a loss of tained red heret covers which
RHR flow tiirough the Indicated that the valves
reactor coolant' system. already contained ehlft super-

visor tags. Ifnknown to the
shift supervisor, these tags
has been temporarily released
and the red hezel covers had
not been removed. Technical
Specifications allow RHR to be
removed f rom service for up to
two hours, provided there are no
operations which would result in

a reduction of reactor coolant
system boron concentration. RHR
floe was reestablished within
seventeen mi nutes.

Palisades Mode 5 On June 22, 1984, with the None. The Import ance of communt-

255-84007 plant : tn cold shutdown, work cating the potential to

840622 on a pressure indicator Initiate suprious signals

inadvert ently caused a during work on associated

number of spurious actuations inatruments will he-

of the Low Temperature Over- emphasized to trie appro-

pressure Protection System priate personnel.

(LTOP). No actual PCS pressuie
transtent occurred.
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ACTUAL LOSSES OR DECRADATIONS OP OPERATING RESIDUAL llEAT REMOVAL SYSTEMS
- ,

TABLE A-1:
,

EVElfr CATECORY: LOSS OF FLOW - AUTOMATIC RilRS SUCTION VALVE CLOSURE

INITIAL
PLANT

PLANT LER/DATE CONDITIONS . EVENT DESCRIPT!ON REPORTED CAUSE CORRECTIVE ACTION

Summe r Mode 5 With Train B of the Residual The cause was determined To prevent a potential
Heat Removal (RHR) system to be drawing errnrs. recurrence, the !!censec

Initiated a drawi ng revision395-R4044
841002 in service, an inst rument and and replaced the defective

and control (I&C) tectenician f use holder on October 9removed two (2) fuses in Solid and October 10, 1984,
State Protection System (SSPS)

respectively.Cabinet XPN-1020 for personnel
safety during implementat ion of

[ a modification. The fuses were'

immediately replaced when the
technician heard a relay activate.

; The deenergized circuit caused the
|- Train A RilR suction isolation'

valves XVC-8702 A and B (one valve
in each RHR traln) to close.
Operat sons personnel lamediately
reatored Train B RilR to nervice
after the valve closure.

Mode 5 On October 18, 1984, outage Following determination mee.

with Train A of the Residual that the power loss had beenSummer
395-84045 Heat Removal (RHR) System In caused by p-rsonnel error
841018 service, RHR Train B nut of during the performance of

service for routine mainten- a plant modi f ication, Oper-
ance, and the reactor cool- attons personnel restored

powe r t o APN-5901. XVC-ant system (RCS) vented at a

temperature of approximately 8101 was opened and Train

110*F. At 1605 hours, a A of the RitR system returned
power loss to 120 VAC distrib- en operable status at 1630
ution panel APN-5901 deener- hours (total t ime of RifR
gized Solid State Protection isolat in, was approximately
System (SSPS) Channel I and 25 minates).
caused the i ns t rue nt panel
for RCS wide range pressure

(PT-401) to Initiate valve
XVO-M1nlA.

. _ _ _ _
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TABLE A-1: AtritAL LDSSES.OR DECRADATIONS OF OPERATING RESIDUAL llEAT REMOYAL SYSTEMS

EVENT CATEGORY: LOSS OF FLOW - AttTOMATIC RHRS SilCTION VAI.VE CLOSi!RE

INITIAL
PLANT'

PLANT LER/DATE CONDITIONS' ' EVENT DESCRIPTION REPORTrn cat!SE -CORRECT 1_VE ACTION _

None.
Turkey Point-4 Mode 6 The Residual lleat Removal The rnot'cause h emmed .

251-84027 (RHR) System fine was inter- from the closure of NOV-4-
841130 rupted for approximately_4 751 Isolat t en val ve in the

salnutes.. Ifpon act uat ton of RHR pump suction line caused
the OMS controlling in the by a malfunction in pressure
low pressure setting (415 contruller PC-4058 f alling by

psig), power operated re- producing a false indication
lief valves (PORVs) PCV-456 'of high reactor coolant system

.

and PCV-455C cycled open to '. (RCS) pressure, ttms act ivating
relieve RCS pressure thus the protective Interlock.

perf orming thei r Intended
function. Immediate enrrective
actions included the following:
I) the B RHR pump was stopped,
2) the. operat ing charging pump
was stopped and pressure was
controlled by pressuse control
valve PCV-145, 3) MOV-4-751
was successfully cpened by
' hypassing the present closing
signal and racking open its
breaker, 4) the 8 RllP was then
restarted, 5) Inst rumentat i on
and Control (IEC) replaced'

PC-4053 and released it to
O pe ra t i ons. The respect ive

breaker f or MOV-4-751 was
racked in.

Diablo Canyon-1 Mode 5 Both Residual llent Removal This event was caused by An Incident Review Board met

275-85005 (RHR) t rains became I nope r- a plant technician check- and made recommendations t o

R50820 able for approximately 6 tog the wrong breaker and .revlee Surveillance Test
solnutes. W n overpressure verif ying it as helng . Procedures (STPS) 1-Mt A and

1-69A. The procedures will
protection channel PT-401 open.

. -,
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TABLE A-I: ACTitAI, LOSSES OR DEGRADATIONS OF OPERATINC RESIDriAL HEAT REMOVAL SYSTEMS

EVENT CATECORY: IMSS OF FLOW - AtITOMATIC RllRS SIfCTinN V AINE Cf,058fRE

INITIAL
PLANT

PLANT LER/DATE' CONDITIONS EVENT DESCRIPTION REPORTED CAUSI CORRECTIVE ACTION

Diablo Canyon-l' Hode 5 was removed f rom service, an Inform,the technician that
the breaker maybe found open

275-85005 interlock between the protec-
or cIosed and, f f f ound

850120 tion channeI and RilR piump

(continued) inlet valve .MOV-8702, resulted closed, Operations Dept.
should he not t fled to openIn valve closure and both RilR ,

pumps lusing suetlon. The it. Also, the event was re- |

viewed with all affectedpumps were manually t ri pped
in response to the RilR I,nw personnel st ressing the
Flow Alarm. At 2109, MOV-8702 importance of verifyinr,the

was reopened. At 2312, RHR pump correct breaker.

1-1 was restarted nr.d RilR flow
established. All Tech. Spec.
action statements were met.

Diablo Canyon-1 Mode 5 A loss of vi tal 4KV bus investigation has shown To prevent recurrence,

275-85006 voltage resulted in the that the cause of this procedure E-51.2. 4.16 KV

850125 aitostarts of diesel gener- event was misad justment Circuit Breaker PM (Prevent-
ator (DG) 1-2, Containment of the anzf t f ary switches Ive Maintenance) is being

Fan' Cooler System I-5, and a the Bur. G_ feeder revised to ident if y the

Auxiliary Sai twate r pump l-2. breakers (IIC !3 and 14). specific auxf flary switch

In addltton, for approxi- The auxlIfary swttches adjustment . required for the
mately 2 minutes, the Decay were adjusted to a new bus feeder breakers.

liest Removal Capabili ty was tolerance and the breakerg

lost when the closure of were tested wit h satis-
the loop 4 RilR suction factory results.

valve (MOV-8702) resulted
to both Residual Heat Removal

!
! (RHR) trains being isolated

from the Reactor Coolant System.

The RHR suction valwe was sub-
sequent ly cpened and RifR fInw
established. Within two minutes
all ot her af f ect ed e<tulpment a n<l
systems were returnest to their

, normal standby conditions.
[

,. . _ . . _

---

- - - - - 1
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-TABLE'A-1: ACTtfAL LDSSES OR DECRADATIONS OF OPERATING RESIDtfAL llF.AT REMOVAL STSTEMS '

EV7NT CATECORY: LOSS OF FtW.-' AtlTOMATIC RIIRS S!!CTION val,VE CLOS 11RE
__

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED cat!SE CORRF.CTIVE ACTION

Farley-1- ' Mode 5 At 0925 on 5/6/85, both .. This event van caused by pro- None.

348-85008 trains of the' Residual Heat cedural inadequacy and pe rsonnel .
850506- Removal System (RllR) and the error. Power which had been -

Overpressure Mitigat ion Sys- procedurally removed f rom the

tem .(OMS) we re made Inoper- valves was. Incorrectly restored

.:ble by a common cause. At while an autoriose signal f rom
0920 on 5/6/85, the suction the RCS Prensure Transmitters

val ve f or t he A t rai n RitR was prement.

system cloned. Attempts to
open the val ve f rom the main

control board were unsuccessful
and the operators, st opped the A
train RilR pump. Similasly, the
suction val ve f or the B t rain

RilR system closed. Attempts to
opend this valve f rom the main
centrol' hoard were unsuccessful
and the operators stopped the a
train RflR pump at 0925. Cinging
of these valves also isolated the
OMS relief valves. Power was
removed f rom the two val ves and
they' vere manually opened allowing
the A t rain Rl!R pump to be re-
st art ed at 1012 on 5/6/85 and the a
t rain RilR pump to be resterted at

1020 This restored Imth t ralne of .

Ri!R and OMS to operahl1I ty.

Sequoyah-1 Hode 5 Both trains of Residual Heat Reactor Coolant System wide range None.

327-85020 Removal (RIIR) were inadver- pressure transmitters 1-PT-6R-66,
850514 tent ly Isotated hv closure which is used for R11R overpressure

of the Train B suction valve. protection, receives its process

The sort ion was reestablished signal from the RVI,lS Sense f.ines

.-



.

Sheet 15 of 20
ACTUAL I,OSSES OR DECRADATIONS OF OPERATINC R/.SIDtfAL HEAT REMOVAL SYSTEMSTABLE A-1:

LOSS OF FLOW - AtlTOMATIC RitRS SifCTION VAI.VK Cl,OStlREEVENT CATFLORY:

l INITIAL
|.

pl. ANT LER/DATE CONDITIONS EVEP.T DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION -|PLANT

|
Sequoyah-l Mode, 5 within approximately 16 and was increaged to approximately

minutes and there was no In- 2000 pgt during testing (RHR iso-
127-85020

dicated change in RCS temp- lation is at 700 pst increasing).
850514 erature. The isotatfon(continued) occurred while work was being

performed on the Reactor Vessel
Level Instrument System (RVLIS)
to refill sense lines.

Cook-1 Mode 5 power was lost to the The circuit breaker for To prevent recu r re nce , t he .

Control Room inst rument bus channel 1 tripped as a operator has been counseled

distribution circuits for result of an inadequately not to take frmediate315-85046

chann.-I 3 and channel 4. terminated lead. A actions where the at tuation850907

This resulted in various licensed operator investi- does not require it.

ESF reactor trip signals and gating the power loss
loss of the residual heat thought the channel 4
-rmoval pumpg. Channel 3 circuit breaker had t ripped
and 4 circuits were being also. The operator then
powered by an alternate attempted to reset the
source while the normal breake rs by opening then
powe r source was out of closing the breake r. This

resulted in the channel 4service. hreaker being momentarily
de-energfred. This caused
various ESF reactor trf p

signals and the loss of
residua! beat removal pumps

|
(due to the refueling water
storage tank level Indication'

reading 1.,w f rom powe r loss ) .
This pisced the unit in a
Ilmiting enndition for operation

,
pe r Te c h . Spe c . 1.4.1.1. The

. ..

- - _ _ -
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TABLE A-l: ACTUAL LOSSES OR DECRADATIONS OF OPERATING RESIDUAI, IIEAT REMOVAL SYSTEMS

. EVENT CATFEORY: LOSS OF FLOW - - AllT0MATIC . RHRS S1!CTION VAI.VE Cl.05URE '

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED cat!SE CORRECTIVE ACTION

Cook-1 Mode 5 Residual Ifeat Remnval System

315-85046 was made operable within 2

850907 minutes after loss.-'No ECCS

(continued) actuation occurred and
~

Channel 3 I nst rument circuit
was restored at 0835 hours.

Turkey Point-3 Mode 5 The Residual Heat Removal A f ailed relay, PC-403- A-2, Immediate correct ive actions
250-85036 (RIIR) System flow was inter- in the pressure comparator were taken as follows: 1)

851025 rupted.for approximately 27 f or the pressure controller ' the 3R RHR pump was stopped
m.inutes due to the automatic PC-40 ) caused two blown when MOV-3-750 closed. 2)
closure of MOV-3-750 This fuses in the compa rator . NOV-3-750 was manually open-

valve is located in the which resulted in an ed and its power removed by

single RilR pump suction line erroneous high pressure racking open its breaker.

originating from the hot leg signal closing RilR valve 3) KHR pump 3R was then re- '
of.the Reactor. Coolant'Sys- M'W- 3- 7 50. s t a rt ed. 4) Falled relay

t em (RCS) and it is designed PC-403-A-2 was replaced

to close to protect the RilR along with two blown fuses
and MOV-3-750 was restoredsystem f rom overpressurization

when the UCS pressure exceeds- to service af ter verit ic-

465 psig. RiiR was re-estab- ation of operahllity.

.lished apprnximately 27
minutes later by opening the
valve and removing power to
the valve's motor operator.
During the period in which
the valve remained closed,
the RCS temperature toge

IO*F. l.c. from Il0*F to
130*F. MOV-1-750 was
returned to service and
pe rformed sat f sf actorily
a f t e r repl aci ng a ma l-
functioning relay.

_ _ _ _ _

--
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- TABLE A-It ' ACTUAL LOSSES OR DECRADATIONS OF OPERATING RESIDUAL llEAT REMOVAL SYe.T_ EMS

EVEffT CATECORY: LOSS OF ROW - ' AllTOMATIC RllRS S!!CTION VALVE C1,OSURE

INITI Al, .

PLANT

' PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

Zion-2 Mode 5 A momentary fIuctuation of The cause of fthe bus output None.

'304-86001 output of I nve rt e r powe r fluctuation is currectly

860103 supply Bus.2tl (cause un- unknown.
known) caused the ' chargi ng
flow control valve, 2VC-
FCVl21, to f all to the 20%
demand posillon and also
caused 2HOV-Ril8701, t he RllR
pump suction isolation valve
to fall closed. This increased
charming flow f rom 19 t o 199

gpm and isolated letdown flow
resulting in Ilfting of the
pressurizer power operated
relief valves (PORVs). While
investigating the cause, Mus 211
was again deenergized and the
PORVs again lifted.

Diablo Canyon-2 Mode 5 At 0455 PST on 1/17/86, in response to the To prevent recurrence, t he

323-86002 while attempting to.trans- ensuing loss of flow operstor involved has hean

86-0117 f er inst rument AC Panel PY alarm, RilR Pump 2-1 was counseled, operating pre

2-1A from normal to backup secured by a licensed cedures on t ransfer ri ng

power supply, an unlicensed operator. RHR Valve 8702 last rument AC panel power

reopened f rom the supplies will he revised,operator went to the wrong was

panel and inadve rtent ly Control Room, RHR Pump and panel identification

t ransf erred inst rument AC 2-1 was restarted, observed labels in the ingt rument AC

Panel PY 2-1 to its hackup for seal damage, and de- panels will be upgraefed.

power source. Thi s mome nt a ry clared operable at 0508

loss of power caused relay PST,.lanuary 17, 1986.

metuation which resulted in
the closure of Resideal lleat
Removal (RilR) valve 8702.

.
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TABLE A-1:' ACTUAL IESSES OR. DEGRADATIONS OF OPERATING RESIDUAL 11 FAT REMOVAL SYSTEMS
<

EVENT' CATEGORY: LOSS OF FLOW - AUTOMATIC RilRS SitCTION VALVE CLOSURE

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE- CURRECflVE ACTION

Turkey Point-4 Mode 6 Work was progressing to de- 'The wiring diagrams were Each procedure on loss of

251-86006 energize and replace a reviewed in advance of the - ' vital Ims panels (4) con '

860315 vital tuas feeder breaker, work to identify and com- tains ' a" summa ry of the

4P08. When breaker 4P08-3 pensate for any undesirable important f unct tons that

was opened, the RifR pump change of state that might will be lost in tbdet I, 2

suct ion valve went closed. he t elggered; however, t he and 3. Smrmries of lost

Upon receipt of the letdown, ten responses discussed functions i n Modes 4. 5. . and -
isolatton alarm, t he RitR above were not identifled, 6 wt1I be added.

pump was stopped, the breaker
re-energized, the valve re-
o--ned, the pump restarted,
and flow restored in aanrox-
Imately . 5 mt rustes.

Catawba-1 Mode 5 Technicians were replacing a This incident is assigned None.

413-86044-1 relay in the train A Solid cause Code A personnel error.

860815 S'. ate Protection System While insert ing a relay mount-
~ (SSPS) cabinet when a lug on ing screw, the technician's

the relay shorted to cabinet hand slipped, causing a short

ground and caused the output aad blowing a fuse in the 120

relay fuse in the SSPS VAC power supply of the SSPS
cabinet to blow. When the ou t put bay.

fuse blew, powe r was lost to
the relays that control the
position of the A and H t rain
suctinn valves for the Residual

~

Heat Removal (NU) pumpn. Sub-
sequently, these relays changed
state and the valves closed. The
HD system was inoperable for approx-
imately I", mi nutes bef ore a new

fuse was installed in the SSPS
cabinet. The unit was in Mode 5
cold sluitdown, at the t ime of this

incident.

. _ _ _ _ - _ - _ _ _ _ _ _ _
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TABLE A-1: ACTl!AL 1.oSSES OR DECRADATIONS OF OPERAT!KG RESIDUAL HEAT REMOVAL SYSTEMS'

EVENT CATECORY: LOSS OF FLOW - A11TOMATIC IUIRS S11CTION VAI.VE CLOSilRE

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

Diablo Canyon-1 Mode 5 An Instrumentation and Technician grounded a The event was reviewed at an
-275-86012 Controls'(I&C) technician power supply while in- I&C meeting, emphastr.ing

860908 Inadve rtent ly grounded a stalling a modification. at t ent ion t o energized and

power supply while install- to the SSPS. potent ially energi zed ci r-

Ing a modification in a Solid circuits when woriting on

State Protection System (SSPS) electrical components. The

cabinet. The mnmentary grounding circumstances and lessons
of the power supply caused learned f rom the event will
relay actuation whl elt resulted be evaluated for possible

in the closure of Restelun t 11 eat inclusion in the Generic New

Removal (RHR) valve 8102 and an Employee Training Prevram

RHR low flow alarm. In response for I&C personnel. Addt-

to the RHR low flow alarm, the tional training on 10 CFR

operating RilR purep was secured 50.72 Reporting Reclutrements

by a lIcenst d operator. RHR wtI1 he prowlded Iur aiI

valve 8 702 was reopened f rom t he applicable personnel.

"*ontrol Room. The RifR pump was

restarted at 2316 PDT and no
seal. damage was ohn=rved.

Rancho Seco-1 Mode 5 The plant was in cold nuut- 1he basic cause of the That design deficiency,

312-86024 down, removing decay heat inverter f ailure is that identitled as early as 1979

R61115 via the Decay Her.t Removal the original design did (NCR S-1258 Rev. 2), was

Syst em (DtlS). Train A, on not allow for testabil- recognized by the current

Noveme r 15, 1986. At I:00 ity of the device thecugh act ion plan f or perf ormance

PM, in preparat ion for a the use. of a substitute leprovement. There is a

fuse replacement activity powe r s ou r ce . preventive maintenanc? pro-

in the SIA Bus inverter, cedure, EM.171A, Station in-

SI A hus powe r wa s moment a ri l y ve rte r Rout ine - St at i c Pro-
Int er rupted, lHIS overpressure duct s Inverters, that is

distables tripped,Ilv-20001 scheduled to he performed

closed which t ripped Dils A once per year on the in-
ve rt e rs. A 120VAC vi t al IwasPump a*, designed. Steps

were t xen immediately te, svatem improvement was

restore a DHS t ralet to service approved,Iwit h?= not been

in accordance wit h T.S. 3.l.1.5 I mplemrnt ed yet .

+
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ACTtfAI. LOSSES OR DECRADATIONS OF OPERATINC RESIDtfAL HEAT RDLVAL SYSTEMSTABLE A-1:
[

LOSS OF FLOW - AtfTOMATIC R!!RS StfC5104 VALVE CLOStfRE IEVENT CATECORY:

INITIAL
PLANT

PLANT LER/DATE' CONDITIONS EVENT DESCRIPTION REPORTED CAlfSE CORRECTIVE ACTION

Rancho Seco-1
*

Mode 5 The plant was in cold nhut- An automat ic f eattere of The power supplies to bot h

312-86030 down removing decay heat the Nuclear Service Bus itV-2000I and IIV-20002 are

vie the Decay llent Removal is a five second limit on current ly racked <=st. .The

861208 having two sources feeding purpose for the DitS system
System (DifS) Trafn R on
December 8, 1986. Startup the Insn. The Cont rol Room valve interlocks is to pre-

t ransformer #1 was scheduled operator closed startup went overpressuriz!ng the,

for routine preventive main- transforer #2 supply Otis pf ptng with RCS pressure I

tenance. A loss of the 4A' breaker 4A10 onto the 4A Since the RCS is open to

bus power attendant diesel hus. IJhen the operator atmosphere, there is no

generator start and decay opened the supply breaker need f or the interlocks to
heat syst em (DllS) Isolat f on (4 A01) f rom startup t rans- protect the DitS pfplug from
occurred during t he t rans- f ormer #1, breaker 4A10 overpressure.

f rom startup transformer
f er of the source t rans-

f ormer at 2:18 PM on 82 had just completed the
December 8, 1986. automatic five second

ru n-ou t and had tripped
ope n . These events lef t
the 4A tma without either
the normal or alternate
stpply. An attendant result
wag that when power was re-
ntored, DHS suction valve liv
20001 cloged as wauld be
expected in this situation
cauaing the DHS isolation.

_ . ,. . ,
____



" m m-

.

I
>

I

Sheet I of 9
~

I .OSSES OR nfdADATIONS OF OPERATING RESIDifAL HEAT REMOVAL SYSTEMSTABLE A-2? AL.

LOSS OF FLOW - RCS INVENTORY ROJUCTIONS LEADING TO LOSS OF RilRS PUMP SUCTION CAUSED RY REACTOR VESSELEVENT CATECORY:
INDICATION EFRORS

INITIAL
PLANT

?LANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED cat!SE CORRECTIVE ACTION
I

McCutre-I Draining the A Residuan IIcat Removal (NO) A misapplicatfo of the A modi ficat ion t o have theMode 5 -

369-82024 Reactor Coolant pump low discharge alara control board level guage the reference leg of the

820 K'2 System for resulted in ffD Pump IA led to inaccurate indic- t ransmitter connected t o the

Steam Gener1 tor being stopped due to signs ation of the Recator Cool- PORY discharge line redun-

Inspection In- of cavitation, With the ant (NC) gystem water dant level tod! cation and an
( redundant Pump IR out of level. NC level was expanded scale in the nora.a!

vestigation raised t o the mi nime NC level range for ND opera-
service for maintenance, no

means existed f or core level f or ND operat ion and tion is planned.

normal ND flow was resumed.residual.

North Anna-2 Mode 5 - ne suctfun to the Residual Suction to the RIIR pompa in each case, sa charging

339-82026 Draining the llent Removal Syutem (RHR) was lost due to erroneous pump was started to refill
RCS level Indications while the RCS and to allow further

820529 RCS pumps f rom the Reactor Cool-
ant System (RCS) was lagt drai ning t he RCS. The RHR pump operation.

actual RCS level wag loweron three occagions; once
for 8 minutes, once f or 26 than ohnerve,f.

minutes, and once for I hour.

North Anna-2 Mode 5 - On July 30, 1982, suctton Each of these events Corrective action incFuded

339-82049 RCS Dralned to was lost to "A" and "B" RHR appears to have been caused closure of the RHR discharge

820717 Centerline of pumps. On August 2, 1982, by a slow decrease In RCS to the RCS, the vent ing of

the Nozzles RitR flow was less than level in conjunction with pump casings, and the addt-
the vorten action at the t ion of wa t er t o t he RCS

3000 GrH and pump seps
were f luctuat ing prior t o pum,s s uct i on. This action until RHR flow was restored.
t ak ing correct ive act lon. led to an inductton of alr

luto the RilR peupp ensing.

North Anna-l Mode 6 - On Oct ober 19, 1982, suct ion Suct i on t o t he RitR pump Corrective actions in each
was lost because of an- case consisted of adding

33M-82067 and Drained to the A and R Residual ifeat
821019 to Centerline Remnval System (RHR) pumps higuous Reactor Coolant water to the RCS rntil an

of the Nozzles was lost for ahnut M sin- System (RCS) level In11c- RHR pump cmild he started

utes. On October 20, 1982, ation while drained to and proper RitR flow rest ored

A and R (R!fR) pump suction centerline of the nozzleg.

The actual RCS level was-Ja 4 lost f or 11 mi nutes.
lower than ohnerved.

t r
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ACTUAL, LOSSES OR DECRADATIONS OF OPERATING RESIDUAL HEAT REMOVAL SYSTEMSTABLE A-2:
EL

LOSS OF Flott - RCS INVENTORY REDifCTIONS LEADINC To I.0SS OF RiiRS PtfefP SUCTION CAUSED BY REACTOR VESSEVENT CATEGORY:
INDICATION ERRORS

INITIAL -

CORRECTIVE ACTIONPLANT REPORTED CAUSE
PLANT LER/DATE CONDITIONS EVENT DESCRIPTION

McCulre-I In Mode 6 The Residual liest Removal The Reactor vessel level Procedures will be revisad

%9-83017 while t he (ND) Pumps began to cavitate gauge being used to provide and personnel counsels <f.

an indication that theand eventually both the
810405 t ef ue ling level was approaching the

-cavity was pumps we re stopped. -vessel flange level had
being drained been isolated (Reactor
so that the Coolant Drain Tank Iso-
React or Vessel lation valve had been-
licad could be closed during an attempt
placed in to reduce leakage into the

| position. RCDT). Additionally, pro-'

cedures did not require
visual monitoring of cavity
level. The cavity refilled,
the ND system vented and
declared cperable.

Prior to the dilute chemical The event occurred because The RCS water Inventory was

244-83015 preparation a<idit ion, a small amount of the A S/G temporary cold immediately increased by
Cinna Mode 6 jn

i water was being used in the leg nozzle isolation device usage of the ref ueline water,

channel head in conjunction' leaked, thus allowing air storage tank via MOV-856
' 830412 f or the A valve. St eps were t aken bySt eam Ge ne r-

ator Channel with air pressure at 30 psig to enter the RCS and to
the RifR suction line.

the Control Room operator to
flead Decontam- to properly seat the dans to

j ination. Temp- minimize leakage past the (Iron seeing RCS loop level macually t rip the runni ng

f
orary hot and dams into RCS. During this changes and loss of RHR RHR pump to prevent damage

flow indicating air to t he pump. The RHR foopi

cold leg nozzle process, water drained com- was properly vented and RitR
isolation de- pletely through the Icaky entrafoment. was returned to service

dam in the enld leg nozzle, approntmately 12 minutest vices were
being utilized thus allowing air to pass after it was lost.

through, res.stting in an af r
for future inhble f ormat ion passing t hroughcontainment et the RCS and entraInfng the RflR
the difute losspump surtion *hus caosIng

.___
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ACTUAL IDSSES OR DEGRA!)ATIONS OF OPERATINC RESIDUAL HEAT REMOVAL SYSTEMS--
;'

TABLE A-2:

LOSS OF FLOW - RCS f NVENTORY RED 11CTIONS LEADING TO LOSS OF RHRS PtHP SUCTION CAUSED BY REACD1R VESSEt,
HVENT CATECORY:

INDICATION ERRORS
I

INITIAL
CORRECTIVE ACTIONPLANT REPORTED CAtlSE

PLAriT LER/DATE CONDITIONS EVENT DESCRIPTION

Cinna chemical solo- of RHR located.on the hot leg

(cont i nued) tion within
of the same loop. The RilR. |

the channel pump in operation at t he t i me i

was manually tripped by thehead areas.
Control Room operat or t o
prevent damage to the pump.
Prior to this event, the RCS
Boron concent rat ion had been
borated to greater than 2400

( ppa (2000 ppm required for re-
l f ueling shutilown mo<le).

f The RCS was refilled and
I North Anna-2 Mode 6 On May 7, 1983. suct ion to Suction to the RHR pump

the B Realdual tient Removal was lost because the RCS RHR pump suct ion was re-
stored. The responsiblepumped below the339-83038 (RHR) s. ./ was lost while was

( transferring water f rom the estahlf shed operating senfor operator was re--

830503
i nst ruct ed.

{ leactor Coolant System (RCS) limit. Pumping of the
RCS continued withoutto the refueling water

storage tank (RWST) via the adequate monitoring of

|
Refueling Purtffcation (RP) the RCS level.
System. The A Pump was

! secured and the R RIIR Pump
| start ed hit suct ion was not

available.

Su r ry-1 Mode 5 The R RHR pump was removed An Insecurate standpipe Adjustments were made to the
level I ndi cat i on resulted standptre indicator.

from service on two occasionsr

280-83024 in the cavitat ion of 8 RHRdue to cavitatten. This830517 RCS level was in-
| resulted in less than two pump.

creased. RHR pump vented
operable RHR loors and no and returned t o servlee.loops in operation.,

, E

_ _ _
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ACTUAL LOSSES OR DECRADATIONS OF OPERATING RESIDilAL HEAT REMOVAL SYSTD45,

.

TABLE A-2:
LOSS OF RHRS PUMP SUCTION CAUSED BY REACTOR VESSEL

LOSS OF FLOW - RCS INVENTORY REDUCTIONS LEAnttt; TO
EVEfff CATECORY: .

INDICATinN ERRORS
INITIAL

CORRECTIVE ACTIONPLANT REPORTED CAUSE

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION
None.The cause of the pump cavitat ion

Sequoyah-2 Mode 6 At 0838 (C) during pump down
' has he en at t ributed to loss of

^

of the refueling cavity to
section head due to RCS water328-83101 pe rf orm maintenance on the level helng pumped below the j830806 Loop 4 Reactnr Coolant System

Cold leg Nntzte Inspectfon. center llee nf the loop 4 RCS
|False Indicationa'in' 58nt t.e g .Plate, the 8 Train Res. dual

ficat Remrival Punp began to TyRon level luhe apparently due
finw rest riction and possibleto a

cavitate. contribution f rom an excessive
pump down rate through 2-HCV-74-34
to the RniST allowed the level to
be pumped be1nw the nozz1c.

McCulre-2 Mode 5 - Residual Heat Removal (ND)
This is att ributed to pro- Procedures will be revised
cedural deffelencies due by March 31 1984. Addi-

Pump 8 was observed to have to inadequate guidelines tional corrective actions370-83092 During
zero discharge flow and was are detalled in I.ER li'O/H4-

attons of the s thsequently tripped and regarding the water level831231 draining oper-

to be maintained in the 01.
l**D Train 8 declared inoper- React or Coolant (NC) LoopsReactor

Coolant Sys- able. during ND operation. The
tem Fueling idater Storage Tank

to ND Pump Isolation Valve
was cycled to provide core
cooling and raise NC sygtem
level untiI flow was restored.

Redundant level Indicat tonThe cause of RHR Pump Air
Trojan Mode 5 During an RCS drain down ent ra f nment was wortexi ng stand pipes f rom two RCS

ationg at If>50 on May 4, dua to RCS level being low, loops will be Installeet for
344-84010-1

to e,upport re f ue li ng ope r-
future refueling drain down

1984, Residual Hest Removal The low RCS level was840504
e vo l ut i ons.

(RHR) Cooling could unt he cauged by a partial crud

relnitiated for a total of blockage In the lower drain

40 minutes due to air en- Ilce tap of the temporary

t ralpment . In the suct t on

- - - -
-

-

- - .,_..;



- _ _ _

:
,

,

M

;;-'

Shee* 5 of 9-

TABLE A-2: ACTUAL IESSES OR DECRADATIONS OF orERATINC' RESIDUAL ffEAT REMOVAL SYSTEMS

EVENT'CATECORY: LOSSOFFLoh-AUTUMATICititRSSifCTIONVALVECLOSifRE

INITIAL.
' PLMT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION- R", PORTED CAtySE CORRECTIVE ACTION

Trojan of-the A R11R pump. Both RCS level indication sys-

'(continued) .RflR pumps had been stopped tem. The actual RCS level
for ten minutes f or anmaal was lower than the indicated

level ,ecause of this blockage.hESF actuation response time
testing. An additional 30 (Forced outdation had been
nimites .were requi red to initiated to remove crud f rom
restore sufficient RCS the RCS in preparation for

water inventory to restart the refueling outage several

an RilR pump. . The R RilR days before this event).
pump was then started and The RCS level was incressed
the RCS temperature rise ~ via emergency boration and
was t e t14t na t ed . The highest' Refueling Water Storage Tank
indicated RCS hot leg t emp- (RWST) fill. . Itigh pressure

crature reached about 201'F. was applied to remove ti e
crud blockage and reestablish
accurate RCS level indication.

Cook-2 Mode 5 With the Reactor Conlant Operation of two (2) RHR To' prevent recurrence, the

316-84014 System at half-loop, the peamps while in a half loop procedente which controls the

840521 Control Room operators condition caused wortening operation of RilR pumps has

started a secoci residual to both RitR p eps. been changed to include

heat removal (RllR) pump in specific inst ructions to
stop the operating pumppreparat ion for removing prior to starting the secondthe operating R!iR pump

f rom service. - With both pump.

pumps runntng, fIou,became
excessive f or the half loop
condition causing cavitat ion
and att hinding of both pumps.

Both pueps were out of servf ce
f or approximately 25 minutes while
they were being vent ed whi ch is
within the one hour.
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TABLE A-2: ACT1tAL LOSSES OR DECRADATIONM'0F OPERATING RESIDUAL HEAT REMOVAL SYSTEMS

EVENT CATECORY: LOSS OF FLOW '-1 RCS INVENTORY REDthCTIONS 1.EADING TO LOSS OF RHRS PtMP SUCTION CAUSED BY REACTUR VESSEL-

INDICATION ERRORS
-INITIAL

PLANT
PLANT LER/DATE CONDITIONS- EVF.NT DESCRIPTION REPORTED CAliSE CORRECTIVE ACTION -

7.t on-1 f4 ode 5 WlOle'.in cold shutdown,- This was the regult'of an Station procedures will e,e-

295-84031-1 dretning the RCS in pre - Improper va lv.- lineup which revised to prohibit simul-

840914 . parat ion f or.. steam e,ener- gave false indication of the teneous draining and purging

: ator ' prima ry-seconda ry leak -FCS level. operations. A procedure for

testing,'the RCS level ' loss of RilR will'he prepared

' dropped helnw the suct Ion ' Retrafning vilI be.conderted

line for the Rt1R pump.- in proper valve lineup pro -
cedures.

McCutre-2 Mode 5 Durl<:n draing operations of These incidents are None.

370-84001 the Reactor Coolant (NC) att ributed to procedural

840109 System Re*Idoal lleat Re- deftetencies due to in-
moval (ND) Pump B was oh- sdequate guidelines

served to have zero dis- regarding the water level _

charge flow. Pump 8 motor ~ to be maintained in the
amperage was low and the Reactor Coolant loops

ND system cressure and during ND operation. -

Pump 5 disebarge preneure
were equal. . Based on these
factors, ND't*dep B was
tripped and ND train R was
declared inopershle at 1650.
The FVST to ND Pump Isolatton
valve was twice cycled to
provide core cooling and raise
NC System leve with water f rom
the Fueling Water Storage Tank
while venting the ND suction line
and pump R. The core temperature

rate of rise decreased af ter
the fIrst water addi tlon, and

the second addition resulted in
slightly decreased core tempee-
atures. ND pamp B was res t a rt ed
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ACT1fAL LOSSES OR'D'CRADATIONS OF OPERATING RESIDUAL llEAT REMOVAL SYSTEP:S

' -

ETABLE A-2:

EVErfT CATECORY: LOSS OF FLOW - RCS INVENTOP.Y REDt1CTIONS LEADING TO ' LOSS 'OF 'RitRS PtNP SUCTION CAlfSED lit REACTOR YESSEL.
INDICATION ERRORS

_

INITIAL
PLANT

PLANT LER/DATE' ' CONDITION 5 ' EVENT DESCRIPTION REPORTED CAUSE COltRECTiliE ACTION -

McGuire-2 at 1720 and f low was restored.
.(continued) On January 9, 1984, operators

were agalt. decreasi ng level in
the Reactor ~ coolant" loops when
a computer alarm for low'ND-
Pump A discharge pressure was
received. . Fluctuations in ND
Pump A motor. amperap,e were noted
and simultaneous fluctuations
in discharge pressure and f low
also occurred. After the low
ND Flow ennunciatcr alarmed ND
Pump A was tripped at 124f> and
ND Train A was theref ore inoper-

able. Operators manually opened
.the ND system to FWST isolation
va*ve, raising the Reactor Coolant _

Loop level with water from the FWST.
The suction line and pump were vented
and the pump was restarted at 1348.

North Anna-2 Mode 5 A complete losn of Residual The isolation valve to. RCS level indication was

339-84008-1 Heat Removal (RitR) capability which the standpipe was moved to an alternate tap

841016 occurred when both RitR pumps attached Secame clogged off loop centerline and

were unable to opernte due to sometime during the drain indicated satssfactority.

*he introdvetion of air into down and falsely indicated

.he'RilR system. The incl- 64 inches above centerline
dent occurred during the when in fart the level was
d rai n down of the Reactot below the RilR suction line
Coolant System (RCS) when (below centerline). Sub-

the level of the RCS was sequent ly , letdown f rom t he
being monitored via a RCS was isolated and makeup
standpigwr of f the center- initiated. RitR capability

regained 2 hours af terline of one of the RCS was
Initiation of the event.lonps.

L. ._1___ _ _
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TABLE A-2f ACTUAL LOSSES OR DEGRADATIONS OF OPERATING itESIDilAL HEAT REMOYAL SYSTEMS

EVENT CATECORY: LOSS OF FLOW - RCS ' INVENTORY REDl!CTIONS LEADING TO LOSS OF RHRS PlblP SUCTION CAUSED BY REACTOR VESSEL
INDICATION ERRORS

INITIAL.
PLANT

PLANT LER/DATE CONDITIONS- EVF,NT DESCRIPTION REPORTED CAUSs.' 'LatF.ChvE ACTION

Catawba-l Mode 5 Roth trains of Residual Heat False NC system level indication None.

413-85028 Removal (ND) were inoperable. apparent ly cont ributed to the loss
850422 This was the result of ND of ND Pump B muction. llowever, the

Train A'being declared in- cause of the false level Indication

operable on April 20, 1985, in not known at thin time. With ND'
at 1600 hours for the per- Train A inoperable, the limiting

formance of varinon ND conditions for operation of Tech.

Train A related work Spec. 3.4.1.4.2 we re not met. How-

requests and ND Pump B cver, prior to beginning NC system

being necured on April 22, draining, a dectSton had been made

1985, at 2039:21 hours due to allow dralning to begin with ND

to loss of pump suction. Train A I nopera..le. Therefore, thin

Also, Tech. Spec. 3.4.1.4.2 Incident in also classified an a
was violated on April 22, personnel error. Af ter ND Pump B

1985 at 0522 hours when was necured, cent ri fugal chargi ng
reactor coolant (NC) system pump (CCP) A was aligned to the Re-
dr ilning began with ND t rain fueling Water Storage Tank (FWST)
A inoperable. and started to restore NC system

l e ve l . ND Pump B was then vented
and restarted at 2051:17 hours.

Sequoyah-l Mode 5 At 1807 CST during Cold The cause for the loss of Syntem operating Ingt ruction

327-85040 Shutdown, awap over f rom B f low can be at t ri tm ted t o (501)-74. Residual licat ke-
851009 Train to A Train Residual the addltional nuction moval symtem is being re-

lleat Removal (RllR) resulted w~ sed by placing the vised to change the lower

in both t rains becoming in- t mdby RIIR pump in-service RCS operating Ilmit f rue 695

operable.due to air injec- coupled with the low RCS feet, O inches to 695 tect,

tion into the suction of the level of 695 feet. I inch. 6 inches and will regnire

pumps. This require both operat lng pump to be r* moved
f rom service prior to start-pumps to be vented and re-

quired RCS level to be raised ing the standby pump.

f r om 69 5 f t . , I inch to 695 f t.,

5 inches to prevent a possthie
recurrence of the vortex problem.

Suctton f or RilR comes f rom t he
Loop 4 hat Irg which han centeritne
of'695 feet, 5 inches.
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Sheet 9.rofil9
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ACTUAL LOSSES OR DE(!RADATIONS OF OPERATING RESTIMIAL HEAT REMOVAL SYSTEMSTABLE A-2:
_

'
.

, . ' EVENT CATECORY: ' LOSS OF. FLOW .RCS INVENTURY REIMfCTIONS LEADING TO LOSS OF' RHRS PUNP SUCTIEMt CAIJSED BY REACTOR VESSELL
IINDICATION ERRORS

INITIAL-
~PLANTf . . ,

PLANT'LER/DATE ' CONDITIONS EVE.(T DESCRIPTION - ' REPORTED cat!SE CORRECTIVE ACTION
_.

;
'

The. root caune of thel To prevent recurrences: pro-:- 7,1 on-2 ' Mode 5 The 2R Residual lleat Re-
304-85028' .moval'(MIIR) pump,became event was tdentified to be ce< lures wi ll be rewt ewed :and~

fA0113 atrhound'as+a result of- i nadequat e . procedures . ? changed : re f lect i ng; the ' len-
vortening. ;: Ifntt 3 2 was . In conspled'with'the lack of- sous learned.L. Training'willc

cold. shutdown (Mode 5) wtth . knowledge of'the' level at he conducted on RCS level .
' the reactor head installed ' which the'PHR pumps begin measurement and loss of RHR'
-but not' tensioned and.the. , t o ' cavit at e. ~ As a con-o- nwition. - The RCS leveI; sfs- -

reactor. coolant system (RCS) tribct ing f act or, there.. 'tess will he modified <in' ..g

vented to atmosphere. '2R were' problems found with order to provide reliable

'RilR pump had been in oper . .the level-Indtcatlon. f remote level--- 1 ndicat ion ' 2

*

.atIon provtding decay heat. dortng alI refueIfog con-'
~

removal-with RilR letdown in f igu rat ions '.
: progress and~2R charging

~

. pump'provtding makaup fIow
to the' RCS.' : Decay heat

removal was lost for 75,

m' nutes with an RCS change

in temperature of 15'F. The
.. unit had heen shutdown for
approximately 100 days;
therefore the safety.
significance was alntaal.

t

.

.
.s- , y y y "

y %- -~q'e} @ r ' - + ' __e_r_,e
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_ Sheet I o f .. 3

ACTtfAL LOSSES OR DECRADATIONS OF OPERATING RESID11AL IfEAT RF.MOVAL SYSTEMSTABl.E A-3:

LOSS OF REACTOR COOLANT INVENTORY VI A TITE RilRSEVENT CATEGORY:

INITIAL
PLANT REPORTED CAtfSE CORRECTIVE ACTION

PLANT LER/DATE CONDITIONS EVENT DESCRIFTION

Maine Yankee Mode S While making preparations Loss of pressurfrer level operat ions Depart ment will
was due to malpositioning innue a meno to all opera- i

820324 trer liquid was diverted of an RHR isointion valve tors reemphasizing the f309-82013 for plant heatup, pressur-

t o t he RWST, l owe ri ng t he and an RilR reci rculat ion importance of adherence to

level to approximately valve. The isolation plant procedures. |

valve should have been800 gallons below Irna
closed prior to opening

level indication. the recirculation valve.
Pressurizer level was
normalized using charging

pamps taking auction from
RWST.

None.

Cinna Mode 5 Draindown of the Reactor Operat or error.

Coolant System (RCS) was in244-84003 trogrews in preparation for840307 the st&as generators (S/G)
annual inopection. In the
process of draining the RCS
to the CVCS Holdup Tanks,

| whlie preparing to ahlf t from
draining via the Reactor Cool-
ant Drain Tank (RCDT) pump to
the low pressure purification

valves MOV-851A and Rpump,
(Cont ai nment Sump B suction
to RilR) were mistakenly opened
prior to shutting the valve,
MOV-850A (downst ream of MOV-851 A
and upstream cf RCDT pump noction).
This resulted in water being
dralned f rom the RCS loop to
the Sump B with pottntial loss
of RilR capability.

.
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Sheet 2 of _1
ACTtIAL LOSSES OR DECRADATIONS OF OPERATING RESIDtIAL ffEAT REPf0 VAL SYSTotS_TABLE A-3:

f

1,OSS OF REACTOR COOLANT INVENT 0ftY VI A TIIE RffRS
EVENT CATECORY

,

INITIAL .

PLANT REPORTED CAUSE CORRECTIVE ACTION

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION

Callaway-l Mode 5 water The Reactor Coolant System The cause of the RCS pres- A temporary changt notice
sure t ransient was deter- was issued to correct the

483-84016 solid with the (RCS) was depressurized to -RilR surveillance procedure.ut ned to be improper se-
840717 RCS at 380 psig O psig and the primary seal

and 180'F. on Reactor Coolant Pump C quence of valve operation Similar procedures were aIno
in the A Residual 11ent Re- revi ewed f or - i mpa ct on plant

(RCP C) was damaged, moval Pump Surveillance conditions.

Procedure Restoration. RifR
Train R was aligned to take
A suction and discharge to

the RCS and RilR Train A was
hetng restored from (Fe sur-
veillance during which the
auction and discharge were
aligned to the Refueling
Water Storage Tank (RWST).
The procedure rquired opening
the Train B RIIR injection
balance line isolation valve
(FJ-IIV-87163) prior to iso-
lat ing t he RitR injection
balance line f rom the RWST
by cloning RN-8717. Thus the
R11R pump was taking suction
f rom the RCS and discharging
the RWST which immediately
depressurized the RCS. RCP
seal damage occurred when *he
RCS depressurtzed to O psf g.
The seal was replaced and
RCP C returned .to service on
8-6-84

_.

_. .-

-

'':' ..i-...... .
in, , . , , ., _, __

_



- - - - ,w,

.rt
. , -. '' * *

; ::%.aw4 -sig -
- 4rg' ,.

-
'

'
n3 g.q se ,

.-.
~

g ; pq-

,; , , _
^ ~

' - | ' Qb~
~

, .- . - ,
. ,~ ,

.

, ,
e.

'*
'

F en

*

7-
r % -;

T *
g g

Sheet'L3E:of? i31; .

, TABLE A 3: ? ACTUAL" LOSSES OR'DECRADATIONS OF OPERATING RESIDUAL NEAT REMOVAL SYSTEMai ]'i

EVENT' CATEGORY: - LOSS. OF REACTOR C00LANTh INVENIT)RY ~ VI A THE RHRS - ,

4

INITIAL.
PLANT.

PLANT LER/DATE " CONDITIONS- EVENT DESCRTFTION! REPORTED CAlfSE- -' CORRECTIVE ACTION
'

i
~

. ..

Operators coenseled - on' con' Farley-1; . Mode 54 iA Residual Heat 1Remo Qli L Operator error. <

.348-86020. (RHR)'loopfsuction pressure:. t rolling preneure Increases.'

~ 861107:- re li ef ' val ve ' opened . t o .- reduce : -Operatorsimede aware thatI
Reactor. Coolant System .(RCS) . ' starting a reactor coolant j

j

; pressure. .-J on!!!/7/86i the'
.

pump can,cause a= pressure

.RCS..(in'the: solid condition)1 ' surge.in the,RCS.-;
; ,

; pressure'was1hetng Ineressed
' to 400 pstg ' prior: to. etarting :

' A Reactor. Coolant - Pump ; (RCp) .
'

,

-The operator. Increased .,.
: pressure too rapidly and was
: unable .to stop. the increase-

!. . prior to'theilR RHR loon;
suction pressure relief.. valve

- opening. . : The; opening of . the .
relief. valve' controlled and:

''

" * educed the RCS pressure. . On
2 'Il/l5/86, the RCS was being

. msintained in; the solid con-

- didon i at approximately 400. .
'

psig'with the IR and IC.RCPS-
-running.. Dependi ng on plant. .
--conditions, RCS preneure while'
solid.can either_ increase or'

-decrease when starting RCP.
The operating crew had. antic-~

c..! pated.'a pressure decrease;
,however, pressure increased
Men the I A ' RCF ' was .'sta rt ed. .

The" operator. t ried to.- liet t the;

: pressure. Increase Inst the 'I A RilR :
.

- loop. suction' pressure relief
valve opened. J . The openi ng of :'

'

the relief valve controlled and
. reduced RCS pressure.

'

<

b * y.- .e. ,n , .7d... . _ ,, _, ,
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TABLE A-4: -ACTUAL LOSSES OR DECRADATIONS OF OPERATING RESIDUAL HEAT REMOVAL SYSTEMS

EVENT CATEGORY: LOSS OR DECRADATION OF FLOW, OR I.OSS OF COOLANT INVENTORY DUE TO AUTOMATIC INITI ATION OF'Th;
RECIRCULATION MODE OF LOW PRESSURE SAFETY INJECTION, INCLUDING RilRS PUMP trips

INITIAL-
. PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

* Zion-l Mode i During surveillance con- Microswitch (Marton Model A andification has been
295-82028 ducted at 100% power, RilR 288) war oint of tolerance, initiated to replace these

820910 mint flow cont rol valve switch because thene alcroswitches microswitches with higher

IFIC-610A had failed and are rated f or 1500 gpm and range transmitters. . No

would not close the etniflow during periods of extended further report will be

valve at 1000 gpm as de- shutdown these gauges are issued.

signed, llaving the mint flow subjected to flow rates in

valve remain open during a excess of 1000 gem.

LOCA would degrade the pump
inject ion flow by about 10%
(450 gpm). Pump was in a
degraded mode per T.S. 3.8.2.B.

* Zion-1 Mode i During surveillance con- Microswitch (Rarton Model A modiffcation has been

295-82042 ducted at 80%, RilR mintflow 2R8) was out of tolerance initiated to replace these

821116 cont rol valve switch IFIC- because these microswit ches micrc -ntches with higher

6'OA had failed and would are rated f or 1500 gpm and range t ransmi t t ers.

not close the alniflow valve during periods of extended

at 1000 gpm as designed. shutdown these gauges are

Itaving the mint flow valve subjected to flow rates in

open during a LOCA would excess of 3000 gem.

degrade the pump injection
flow by 10% (450 gpm).
Therefore, the A RtlR pump
was in a degraded mode per

T.S. 3.H.2.B.

* Zion-I flot or During its monthly survell- The et croswitch (Barton A modification is in

295-83018 Cold lance, RftR miniflow control -Model 288) was foamd to I.e progress to replace the

830609 Shutdown valve switch IFIC-610A was mechanically inoperable. RHR mintflow microswitches
found failed and would not This switch is rated to with higher range t rans-

close the mintflow valve at 1500 gem. 'During periods altters.

1000 gpm an designed. Ilaving of unit shutdown, the switch

the mintflow valve remain is auhjected to a flow r. ate
in excess of 1000 gpm.open during a LOCA, pump

* not actual f af lure
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Sheet 2 of 2
TABI.E A-4: ACTifAt. IDSSES OR DECRADATTOMS OF OPERATING RESicitAT. MEAT RD*0 VAL SYSTM

EVENT CATECORT: LDSS OR DEOEADATION rn 'yw, nt Loss OF CDOt_ ANT INVENTORT TWE 70 ANTIC INITI ATioN OF THE
- RECIRCUIATION MODE OF 13W PRESSURE SAFETT IM. LECT 1oM, INCt.ttntNC RRRS PUMP TRIPS

IMITIAL
PLANT

FIAMP LER/DATE CONDITIONS EVENT DESCPIPTinM REPORTED CAUSE CORPECTTVE ACTTOM

Zion-l ~ :njection ilnw wmild be tapatred

(ennt immed) by 10% (450 gpm). Thus the
1A RHR gweep was in a degraded
mode pe r T.S . 1.E .1

i

c , - - - . - , -+-,a - -- < . _ _ - . - - - - _ .
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Sheet I of 11,

TABLE A-6: ACTUAL INSES OR DECRADATIONS OF OPERATING RESIDt1AL IIEAT REMOVAt, SYSTEMS

EVENT CATFr.ORY: LOSS OF FLO't DtlE TO LOSS OF THE RUNNING R11R$ PtfMP

IN I T L AI,

PLANT

PLANT LER/DATE CONDITIONS FYENT DESCRIPTION REPORTED cat?SE CORRECTIVE ACTION

Rancho Seco-1 Mode 5 The A f)ecay lleat Pump 1n- The cause of ~ the ntI leak Correct i ve actinn wt1I he
312-R2012 Inard hearing was fannd to has not yet been deter- to repair the leak. The

R2055 he leaking oil. Since the mined. A follow-up will miost prohahic canse is a

unit was in cold sluitdown, he written when the cause partial seal f allare.

the only congeanence was the is determined.
changing over to the R Decay
llen t pump.

Beiver Valley-1 Mode 5 An attempt to start RitR pump The initial Interruption A racking mechantse in-

334-82018 (RH-p-IR) f ailed due to a of flow was caused by both spection will he added to-

R20512 circuit breaker racking procedural and personnel the preventative anatnten-

sechan'sm problem. Ie- crrors. The TOP was re- ance prograve,

mediately prior to.ti.ls wised and operator t raining

attempt, the power to the was conthseted. The racking

lxt s suppl y * ng t he ope ra t i ng su.chanism problem which
RHR pump (Ril-p-li.) had been delayed restoring flow was
re moved in accordance with entrected by cycling the

procedure Top R2-27. This brealter, insnring that it -

in its fully connectedresulted in an interruption was

of RHR flow lasting 2 position. [

minutes.
.

M rth Anna-1 Mode 5 On 6/14/82, only o e of the The cause of the event The Impeller entor with i

338-82043 coolant loops 11sted in T.S. was the failure of the integral ener shaft and

820614 3.4.1.3 was operable due to Residual tient Removal mechanical seal were re-

the failure of the Residual P= imp 1R. placed and the seehsystem )
ireturned to service.det.t Removal Subsystem R

Pimp ( l-Ril-p-I R).

[
Rancho Seco-1 Modes 4/5 During a preventive nain- The in e t- u w r to the Procedures wl11 he c.-

*

312-820l5 tenance proc dure on the R R has es u l t e-a .dien t ech- **ri tt en to enhanc. com-
R2f1624 inverter, there was a nlclses attempted to para- annication between main- !

mnmentary loss of power to lice the R in.Trter to a tenance and agerations

t he h lues. This in inrn temporary tes* pmee r gersannel. i

l

u

|

I

~ ,, ,, . . - .- - - _ _ .
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ACTtfAL I.0SSES OR DECRADATIONS OF OpER ATING RESIDtfAL liEAT REMOVAL SYSTEMSTABIE A-6:

1,055 0F FLtM DUE TO LOSS OF Tif E RUNN1*C R11RS PIMPEVENT CATIEORY:

INITIAL
PLANT

REPORTED CAtT5E CURRECTIVE ACTION
PLA*TT LER/DATE CONDITIONS ,

EVENT DESCRIPTION

Rancho Seco-I caused a short durat ion source being used to

loss of DitRS. The ente energire the bus while
(continued) maintenance was beingtemperature remained un-

affected by this loss of performed.
flow and the A system was j

avallable on standby. l

North Anna-2 %de 5 "Ihe I A Residtsal ficat Removal The A RalR pump was removed The seal w=w replaced.

(RiiR) pump was removed f rne f rom service to replace a pump operability vert-
service thereby leaving vechaelcal scal. The seal f led, antf t he peep re-339-R2050

operable only one Ionp for primafy ~0~ ring had stored te ervice. An820816

decay heat reenova t since apparently been overheated. Engineertng S*ndy has
been in$tlated to deter-the 18 RitR pump remained el ca the cause of the

avaiiable to ensure elecay seal prohices.
heat removal.

Cook-2 Mode 6 The west R11R was in service investigation nf activ- The west RHR pn=p was te

teles and a check of the started widin 5 minutes and
316-82109 supplying core cooling at
R21209 yw)O gpm. A reactor cool- breaker was performed. h centinwed operating without

ant high level miarm was reason for the breaker any further problems.
retelved and investigation trip 8ng could be deter-

sined.of equipoent showed that
the west R11R pump l reaker
had tripped.

The mechanical seat in No.
Salem-I Mode 6 At 0750 hoors, 12/11/82, due The apparent emnse was

to excessive leakage frne mechanical seal failure. 12 RHR pump was replaced
and surveillance test 4.0272-82089 the mechanical seat, No. 12 5.P was satisf actor t ly821213

Residual liest Removat (RHR) performed.
pump was declared Inoperable
and Aetlan Statement 3.9.R.2 j

was entered. No. I I Ri1R |
pump was st arted to pa avide I

R11R finw.

_ _ _ _ _ -
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TABLE A-6: 'ACTl!AL' LOSSES OR DECRADATIONS'0F OPERATING RESIDUAL, MEAT REMOVAL STSTEMS- ' Sheet 1 of
11-

~

'

-EVENT CATFEGRT: 14SS OF FLOW ptfE To LOSS or VIE MUMMING RHRS PtfMP

IMITIAL-.

" PLANT
~

*

| | PLANT LER/DATE- -CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

.'- _.Sa es-l Modes 4/5 The Cont ral Rood. operator ~.Investly.ation revealed that the None.l
272-83001 observed that. No. .In vital heen had t ricped due to at tfer-1

H10104 less had tripped. Since it '*nttal' relay protectlen. No
is supplied from the l=es, apparent canne for the trip was
No. 12' residual heat removal evident and the hus tested

j .(RCA; piamp was deenergtred; natInfactority. Pnwer was re-
,

j loss of the pnep rendered stared and no further problems
the associated RHR loop were noted. No. 12 RMR pump'

"

i: Inoperable and Action State- was declared operable snel the
'

ment 3.4.1.4 A was ent e red. - action statement was terminated.

|; 'The operator-tamediately *

started No. I I RHR pump t o

j restore enre cool 1ng fIow.
The second pump rematned

4

,

operable..

1
''

Farley-1 Mode 6 T%e A Train RHK system was This event was due to a The personnel involvoit were i

348-83009 declared Inoperable when misinterpretation of in- Instrated to insiere that i

5 830307 the lA RHR pump was inad- structions. The shift ' future comammicat toets are
l' vertently secured. supervisor's Instructions ' clear and concise.

I were to scenre RHR letdoim
i and charginR so estatenance-

coweld be performed on vaIve
I IIV-I 42. The instenetIons I

i were interpreted to mean
j that RffR letdown and charging !

shonid he secured. As ai
*resis t t , the IA AftR pump was

Inadwertent1y seevred. ;

L '

Iw_sedtately epon discovery
| cf the error. the l A RHR i; pump was started and A Train
(- RHR System was declared

operable at 0026 on 1/ 7/81. ,
'

l
:

!

7
'

_w . _ . _ _ . _ . , _ _ . - . _ . _ . - _ . _- . . . .. s . - - - . _ . . _ _ .. . :
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ACTUAL LOSSES OR DECRADATIONS OF OPERATING v7]IDUAL HEAT REMOVAL SYSTEMSTABLE A-6:

EVENT CATECORY: ? OSS OF FLOW DOE TO LOSS OF Tite RifMMING RHRS pifMp

INITIAL,

l'LANT

f PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTIONs

North Anna .2 Plode 5 On +/8/33 powe r was lost to This event was inttlated The fisses replaced and t he
I
I 339-8303I the A Residual Meat Renw> vril when the A and it ph==e f. n ewrgency Im< re-energtred
t

(PNR) subsystem when the 2ft amp mecundary fumes for the
810408

4I60 volt eco rgency bus was 2ft emergency Ims undervolt-
de-e ne rgi zed . This action age test circuit failed. As

resulted in leaving only one a result, the undervoltage

coolant loop (B Rf!R suhuys- relays dropped not canstne
tem) operable. A single the hot to shed load. Since

Rf1R loop providen sulff- the H coergency diese! was

cient hect removal capa- tagged mit , the bue emeld
hitity in Modeg 4 or % set he re-energized. The R

R11R pump weg gtarted.

Salem-2 Mode 5 On 2 separate occasions. Investigation revealed A cont ract han been wr itte n

311-83014 on 4/I 3 and 4/18, oper- that the probleme were f or ferther Invest igat ion hv

830413 ating loads en the No. 2A evidently due t o t he Sa f e- an expertenced consultant.

4KV and 4bOV wi tal Imseg guards Equipnent Control Appropriate corrective
action will he taken upon

were observed to t rip. In Syst em.
completion of the Inventi- I

bath case 9, due to the de- jgation.
| energization of No. Il

Residual Heat Removal (R!lR)
pump Mn. 21 RflR loop wr.s no |
l onge r i n ope ra t i on. In j

each Instance, the RiiR loop
immediately returned tovan

ope ra t i on. I
i

None.

Cinna Mode 5 - The RWST Iceel had decreased on 4/27/83. MCC n was out |

244-83017 The A and 5 to 20% level which required of nervice to inspect MCC D '

|
810501 RHR pumps were by prc'rdure to stop one RHR circuit breaker on Bos Its using

| running (B pomp pump. The F ; tit!! pump was P4- 17.1. The motor control |
j

started at stopped and f low dropped to center's breaker w: = heldl

between 0700 an<l OM7 tmt2109 hours) and zero. Control Room operator
the cont rol power f osses were |

trkinp. auction not f eed PR7V-7048 (8 RifR pose,

i sort ion valve) c!nged. The still in place on MCC D
|f rom the Re-

fueling Water A RllR pump w.s* rest arted end breab e rg . During t his time

_ _ _ _ E
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TABLE A-6: ACTt1AL LOSSES OR DEGRADATIONS OF OPERATING RESIDtfAL VIEAT REMOVAL SYSTEMS

EVENT CATECORY:. LOSS OF FLtw DUE TO IASS OF Tite R11NNING RHRS PtfMP '
_

IN I T I AI, -

PLANT
PLANT LER/DATE COM31TIONS EVENT DESCRIPTION REPORTED CAltST. CORRECTIVE ACTION

Cinna Storage Tank flow reestablished and the R an attempt was made to stroke

(continued) (RWST) for RMR pump stopped. Thns-for MtW-7045 per steps 6.18.2.4

filling the a period of less than two and 6.18.1.4 of PT-2.3 by

Reactor Re- hours while filling the Test ='and Results personnel.

fneling Cavity rear. tor cavity the 8 RilR PT-2.1 was an on-going pro-

in prepar- pump was run wi th i t s suction restore that was started 4/13/83.
ation for re- valve closed.. The aumfilary Recaw=* the power was off

fueltog oper- operator checked R RHR pmer MCC n and the coa.t rol power

attons. and f oum! I t wa rm Imt no fuses to its breakers still

r.ea l leakage. The pump was in place, when the attempt was

tested f or flow and vihretion made to st roke MOV-70Aan to see
wttb conditions found I( temporary power had Nea

normal. supplied to this breaker, the
va l ve s tat us lights did not

change. Therefore, no entry
was made in the of ficial log

or in PT-2.1.

Salem-2 Mode 5 No. 21 Residual He't Removal Initial results of detailed A testing design etange

311-83025 (RHR) pump and No. 21 Fuel investigation of a previo.ss was tesned to edify the SEC

83-524 Handling Building enhaust stallar problem revealed cirewitry.

f an were observed to t rip. the problems were due to a
Decnergitation of No. 21 RHR floating Ingic line and

pump resulted in no RHR loop Internal circuitry noise

being in operation and Action in the Safegmirds Llof pment

Statement 3.4.1.4B was en- Control (SEC) system.

tered. The pump was
!=medtately restarted and
flow restored. No redne-
tion in Reactor Coolant Sys-

tem Boron concent ration
ocentred with the Ri1R Inap

incoerable.

. , - . - .,-- - - _ _ __ - --________ ___
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Sheet f, of II
TA8t.E A-6t ' ACTUAL LOSSES OR DECRADATinNS OF OPERATINC RESIDitAL MEAT REMOYAL STSTEMS

EVENT CATECORY: LOSS OF FLOW DUE TO LOS$ OF- THE Rl!NMING R11RS PIMP

INITIAt.

PLA.T*
PIANT LER/DATE CONDITIONS ' EVENT DESCRIPTION REPORTED CAlfSE CORRECTIVE ACTinn

Salem-2 . Mode 5 During rantine shutdown The spurt ons- SEC Actions Appropetate correctic-

311-83031 operation, the Control Room are apparently related to act ion all t t=* t aken tipmt

8 30f,23 operator observed two dif- Internal circuitry noise; completinn of the i nvest t -

ferent tustances in which further investigation of gation,

s apertoon Safegnards F+elp- the problem is underway.
ment Control (SEC) System R11R finw amt powec to the

actantion canned vartans vital bus was restored an

loads on the No. 2A vital' appropriate and the actinn
bug to be de-energtred, in st atement s were terminated.

tLe second case, the bus in-
feed breaker opened with no
automatic transfer, rende r t nr.

the bus inoperable. In both
3instances, due to the loss of'

the operating Residual Heat
Removal (RilR) pump, flow in -
th? operating Ri1R loop was lost.

Beaver Valley-l Mode 6 While performing a design A breakdown in communt- Construction procedures

334-83020 change, a wt re on the term- caticais between shifts have been endsfled to re-

830629 Inal block for emergency bus reentted in construction quire copies of all clear-

supply becaker IDIO was personnel being unaware ances and/or area work per-

lif ted prematurely prior to of etil pa==nt F t a t us. alts at the work location.

establishing an elect rical Additionally. Constrnetton

c l ea rance. This caused a tw tsonnel received re-
phase unbulant_e in the training concerning clear-

overcorrent circuitry rhtch ance procedures.

t ripped the breaker, ete-
energizing the IDF bus, (T.S
3.8.2.2) and the running RHR
pump (T.S. 1.9.R.8). The
diesel restored power to

I the hus and the Inner was
st art ed 92 secomts later.

, , , - , _ , _ - . _ _ _.
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Sheet 7 of 11

ACTif AL IJ1SSES OR DECR ADATIONS OF OPERATINC RESIDUAL. IEAT REMOVAL SYSTEMSTABLE A-6:
Re1RS rtmp

E".'ENT CATFf,0RY: LOSS OF fl0W DUE TO LOSS OF Tile RitNNINf;

|INITI Al,

REPORTED CA!!SE CDFFECTIVE ACTIONPLANT

PIANT IER/DATE CONDITIONS EVENT CESCRIPTION

Farley-2 Mode 6 The 2ft R11R pump t rtPred' Thlm event was caused by New deglgn for the hearing

%IIe ~ he R RHR loop was a crack In the lowe r hea r- oll fill, drain and sight i

in service and the A RiiR Ing oil fill drain drain glass pipe is being pursnad |
%4-33042
83r,28 and sight gla<n pipe. The to alleviate the need for

Inop was sernred.
crack inittated in the turning of the pipe when
t hird pipe thread and draining and filling with |

I

| progressed into the eighth oil thereby climinat t ne the
pipe thread thereby allow- . patential of similar f. ell-'

Ing all in the lower hear- urcs occurring.
|Ing to draic leading to
J

hearing fallure. P re l l st-
I na ry i nve st i ga t ion = Into
the pipe failure have re-
vealed that the pipe must
he saannally rotated 180*
f or draining amt f Illing

the lower hearing with oil.

Forces that created an
| excessive seneent ahmot the

pipe threadt ==y have been
applied to the pipe when
performing thlm activity,
thom Initiating a crack in

the tbread=.

. _ _ . - . . . _
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. TABLE A-6: ACTUAL IJ)SSES OR DECRADATIONS OF OPERATING RESIDftAL HEAT REMOVAL SYSTEMS
- of ~Sheet 8 II

; EVENT CATECORY: LOSS OF FLOW t)UE TO LOSS OF TIIE RUNMING Ml!RS PLHP

n-
5 INITIAL

PLANT
PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

Salem-l Mnde 6 Power was interrupted be- The event was the result The individual tavolved was

272-84013 tween the YH)KV yard end the of a maclear control oper- counseled and reprisnamled

840602 13KV bus, resulting in a loss atne oraning the wrong for his actinas ausnelated
of nns j t e powe r : t n t he lini t t V)OKV circuit switchgear. with the event. Two news-
and Unit 2 KV group and vital This was due to nnt fully letter items discussed be
husses. Unit I waa in a re- uc htstanding the switch- Incident and causes due to
fueling outage at the time gear cont rols that were the loss of RHR.

with the reactor defueled available to him and not

and Unit 2 was in enid shut- reading the label on the
down. Unit ? emergency ennsole cont rol prior to its

diesel started and loaded operatfon. This event was
in the blackout mode; tin t t I aggravated by relaying the
ew rgency diesels and 18 nrder to finit 2 Control Rnos

,

vital hus were cleared and vi a t he tin t t I Control Room

i tagged for maintenance. NCn.

U11t 2 RitR gmmps were recoved
f rom service by the SEC sequence r,
resulting in a loss of rentdual
heat rew>va l f low. Power was re-'

stored to all group husses within
thirty seenndg. Control of vital
bus loads was regained and R11R was
immediately restored. t!ni t 2
vi tal bunnes were then t raeoferred
t o station gmwer and the diesels

were secured.

,

- . -
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Sheet 9 of Il

ACTUAL IASSES OR DEGRADATIONS OF OpERATINC RESit;UAL HEAT REMOVAF. SYSTEM *.TABli A-6:
:

?

LOSS OF FLC5i DUE TU LOSS OF Tile RU4NING RilRS pifMr
I EVENT. CATEGORY:

INITIAL.
PLANT ?Ep0RTED CAUSE CORRECTIVE ACTIOM |

PLANT IER/CATE CONDITIONS EVENT DESCRIPTION

Zion-2 Mode 5 The (latt 2 reserve feed The reserve feed breaker To prevent this problem free

breaker 24 32 (suppling power t elpped because the elec- recurring. traintog for all

304-86005-1 trician accidently shorted operatinp, and elect rical ;

f rom the system auxillary mintenance personnel wt II |860117 not the trip enil. Thetransformer to service txis
243) tripped while an cler- operatnr allowed the elec- he implemnted so that much

trician was repairing the
tr8 clan to finish repairing maintenance act iv8.t les will

" closed" (re d) light mecket the light mocket while the not he allowed to clo=e

on t he main cont rol board, diesel generatne carried breakers.

the ESr fwn 24R loads.Loss of power to servlee hus
241 resulted in a Inss of
power to Engineered Safety
Feature Rus 248 and thus
Residisal Heat Reenval (RilR)
28 pump. which is powered of f of
Bus 246, t ripred. AlI equIpuent
affected by this loss of power
fsnettoned properly. Specifically.
diesel generator 2A autostarted and
carried all loads associated with
Engineered Saf ety Feature tms 248.
The operat or st a rt ed RHR pump 2A t o
maintain reactor coolant system
t eirpe ra t ure.

i

.
.. .. . ._ . . _ . . .. _ .. ., __ _
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Sheet 10 of 11'

TABLE A-6: ACTUAL LOSSES O't DECRADATIONS OF OPERATING RF.SIDUAL HEAT RDIOVAL $? STEMS

EVENT CATECOEY: LOSS OF FLOW DUE TO LDSS OF Tile RtfMNING RilRS PtfMF

INITIAL
PLANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTIp4

Crye:a1 Ri ve r-3 Mode 5 1he Reactor Coolant system No clear root cauge. Decay itent Removal System

302-8600) was vented to the Reactor Operating Procedures have
been revised to address

8f>0202 Butiding atmosphere and
drained helnw the level of minimum required reactor

coolant level and providethe reactor coolant pumpa.
fill and went instructions.At 214R hours, decay heat
New breaker and torque

pump tripped due to a motor switch settings have beenoverload caused by a pump
shaft failure. Start esp of established f or the ino-

lation valve. Prevent at Ivethe redundant po%p was delayed
maintenance procedoves willbecause an isolacton valve on

the nuet t on aide of the twemp require periodic Inbrication
of the valve drive shaft.could not he opened f rom the

Cr-nt rol Ror==. The valve wa9
mamially opened and syst em
operation was regtored at 2212
hoorn. On 2/12/R6, the B train
of the Decay fleat Removal Sys-
t em was bei ng re f i l led and
movement of the pump and piping
was noticed. Examination of
pipe rentraints in the gyntem
revealed that several pine
hanger, were looae or damar,ed.
All damaged equipment has been
repaired. Both deray heat
pumps have been relm t it.

None.
Surry-1 Mode 6 On 5/24/86. Unit I was at re- None.

280-86017 fueling shutdown with Reactor
860524 cavity f looded and f orced ci rc-

ulatton in service; Unit 2 was
at 100% power. Due t o ma in-
tenanee and design chanac work
in ptogress on tintt I, numermes

. . - - _ - - - _ _ _ _ - _ _ _ _ _ _ . ___-
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Sheet 11 of II

.. TABLE A-6: ACTtfAL LOSSES OR Dr.CRADATIONS OF OPERATING RESIDitAL HEAT RD90 VAL SYSTEMS

EVENT CATILORY: LOSS OF FL(Mi DUE TO LOSS OF.TiiE R11NNI4G RMRS PINP

INITIAL
PLANT

PLANT LER/DATE CONDITIONS _ EVENT DESCRIPTION. REroRTED CAlfSE CORRECTIVE ACTION

Surry-i electrical lussges were cross tied.

(continued) Among these were lh anl (J 4160V
emergency != esses ami vital. lwisses
1-11 and 1-IV. #1 emergency
diesel generator was not of service.
At approzimately 1520 hoeirs, re-
serve station service feeder breaker
ISDa opened. This resulted In an
undervoltage traeglent censed at
IJ emergency Inis. #1 emergency
diesel generator a+stost arted and
assued load. By design, the I.I
stub less breaker opened during the
tranglent which resulted in the
loss of the operating 18 residual
heat removal and IM component
tooling pumps. The stub Ines
breaker was reset and the components

were returned to service. %:merous
spurimes trip signals, alarma and
A HI Consequence Limiting Safe-
guards signal ware generated
during the tranglent.

_ _
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Sheet I of 2

ACTUAL LOSSES OR DEGRADATIONS OF OPERATINC RESIDUAL f(EAT REMOVAL STSTEMS
| ~

TABLE A-7:

INTENTIt)NAL I,055 OR DECRAr>ATitM OF RflRS IOR PtANNED MAi8!TENANCE|
'

EVENT CATfT-ceT:

IINITIAL 1

CORRECTIVE ACTIONPLANT REPORTED CAUSE I

,

Pl. ANT IJtR/DATE CONDITIONS EVENT DESCRit"' IONi

None. i

Turkey Point- 1 Mode 5 At 09IS on 10/23/85, the 3A The cause of the event was '

Renidual fleat Remnval (RitR) the f31 lure >>f the 3A RilR

pimp was <f ec t a re<l ou t of rump mechanical seal.250-8503'
851023 serviet (fDS) when It did not

meet the nea! Icakoff acceptance
cr!teria during an operahllity
t est . At this time, the a

emergency diesel generator
(EDG) was 009 for maintenance.
This placed the unit in a
condition where upon loss of
of f-sit e power, no RflR loop
voitid be available for core
cooling for approximately 18
hnurs. Plant management
decided since the 3A RHR pump
ewild still operate and pump
water to leswa (t lined up to
the Ri1R systema until the M EDG

returned to nervice. Thiswas
would allow for core cooling
in the event that off-alte
powe r was lost. TS 3.4.1.E
regist tes two coolant loops he
opr=rable and one coolant loop
in operation whenever the
Reactor Coolant System (RCS)
temperature is less than
150*F. The 1A RHR pump helng
00S exceeded the requirements
of this TS. During this event,

Unit 3 was in enid shistdown with
the in RilR pump providtog core
cooling. The A EDG was operable
and t he 1A RitR pump was l i ne*l u p

--- - _
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Sheet 2 of 2

TABLE A-7: ACT11AL LOSSES OR DEGRADATIONS OF OrERATING RESIDUAL REAT REMOVAL St.4TEMS

EVENT CATEGORY: . INTENTIONAL LOSS OR DFARADAY10N OF RtlRS FOR PIANNED MAINTENANCE

- INITI Al.
PLANT

PLANT LER/DATE CONDTTIONS EVENT DESCRTPTION PEPORTED CAUSE CORRECTIVE ACTTON

Turkey Point-3 to the RitR systers to allw for

(continued) tore cooling in the event of a
-Ines of of f-site power until the

.

B' EDG was placed hack In service.
No heat. up of the Reactor Coalant
Systers was ofmerve.1 while the
5 EDG was 005.-

.

f

4 *

*
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Sheet 1 of &

ACTUAL IJtSSES OR DEGRADATIONS OF OPERATING RESimfAI. HEAT REMOVAL SYSTEMSTARLE A-8:

EVENT CATECOKT: INA51Lin TO ESTABLISFt Rf1RS FLOW - DifE TO INABILITY TO OPEN RitRS St*CTIrM VALVES

INITIAL
PLANT

PLANT LER/DATE' CONDITTONE EVENT DESCRTFTION
REPORTED CAUSf:, CORRECTI E ACTION _

Robi nson-2 Mode 6 - ' On both occagions, mot or ope r- The cause of failure was The valve gtem and packing

261-82009 Plant Heatop ated valve, RHR-759A, A're91- Improper 9etting of the were lubricated, t he torque

820715 & from a refuel- dual heat removal exchanger ent or operator torque switch was set at the prope-

820727 Ing outage in discharge valve, f at led to switch with inenfficient value. Maintenance instra rj

|- InSrication of the velve tions, which include torque
progress. open. !

j stem and packing as a settings, are being devel-
'

cont ritmting f actor. oped f or each (.af ety-related i

motor opereted valve.

San Onofre-2 Mode 4 Prepa rat i on, in progrens for The !naht it ty of the The f latt and apen sequence

Mode 3 entry, Shutdown Cooling valves to remotely open torque switch settings were |

161-83035 was at t r t huted t o t o- adjusted and the v tves
830426 Syntes (SNS) beat exch=nger successfully st roke tested

Igoistion valves 2tiV8150, carrect open sequence

2HV8152 and 2flVAl51 conid not torque and I t at t swit ch from the Control Room on i

I

he remotely operated f rom the nettings. The incorrect 4/26/83.
Cont ro l Room upon i ni ti at i on settings cauged the motor

of shutdown cooling to avoid on the valves to stop

before the valves had ccmepersonnel radiation cirposure
f rom local ~ eratIon. cff thetr meata.

..__ -
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ACTUAL IDSSES OR DECRADLTIONS OF OPERATING RESIDUAL HEAT REMOVAL SYSTDfSTAB 12 A-8:

INARILITY TO OPEN Rf(RS SUCTION VALVES
EVENT CATECORT: INARILITT TO ESTABl.lS*l KHRS FLoit - DifE TO

INITIAL
PLANT REPORTED cat 1SE CORRECTIVE ACTION

FIANT IAR/DATE CONDITIONS. EVENT DESCRIPTION ,

None.

Cfnna Mode 4 While cooling d=n the Following smimsal ungenting
Reactor Cooling System (RCS) of the valve, the valve was

244-84002 retested and stroiting timesto cold shutetown condition840303 for the anmaal refueling and were vertfled acceptable

maintenance outage perindic (ticed twice, full cycle).
j

t est PT-2.4.1, cold /ref ueli ng
motor operated valve survell-
lan.e (RHR system - 700 valves)
wa9 1n progress. MOV-700 (RCS
loop A Residual Heat Removal
nuetion stop valwe) f. iled to
strnie to the open poettion

when actinated from the
Centrol Ronm.

None.Ifnk noien.
Mode 4 On $/14/84, while coollog do r.

Clona the Reactor Coolant Syater iRCS)
244-84005 to the cold shutdown conditen for840514 sludge lancing and crevice clean-

ing, MOV-700 (RCS Loop A Rentdinal
lieat Remova1 Sesetion Yaive) f afIc<f
to st reAe to the pen pontt t on

| when actuated f rom tiie Cont rol
Rones. Follmalt.g mmial unseat ing
of the valve, mafntenance personnel .

perf ormed an Inspect ino of the !

valve exterior. This i nspect l en I

revealed that the packing gland
flange had shtitesi mit of the i

ve rt t eal posi tion to a point |
where the flange was in contact |

with tle valve stem. This could
have cange a esechanical hinding
in the stem and torque-oest ut
the valve operator. The valve

__

' ,

w _-_ _
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Sheet 1 of 4
ACTUAL IDSSES OR DECRADATIONS OF OPERATING RESIDUAL REAY REMOVAL SYSTEMSTABLE A-8:

EVENT CATECORT: INABILITT TO ESTT.RLISH RHkS FLW - DUE TO INABILITT TO OPEN RHRS SUCTION VALVES

INITIAL
PLANT

PLANT LER/DATE CONDTTIONS EVFNT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTION

f was then stroked manually to
Cinna

vert f r no mechanical hinding.(continued) The valve was then atroked 1

twice elect rically. The
valve funct toned satInf actort ly
with proper motor current
readingn and acceptable
opening and closing ttoes
tadtentina, no mechanical
binding. A visual taspect ino
of the valve stem and stem

f threadg vertiled adequate ]
cleanliness and lubricatlan. j
Tarque switch settinga wt re j
verif led wit?st n the manuf ac- j
turera design nott ingg. On

|
5/22/R4 when the RCS wag heating j

up to hot shutdown, the valve '

v is again stroked to verif y j
nroper operation. Again, the j
vci n functioned properly with
prc,ar motor current readings
and acceptable opening an,1
closing times. Operattan of i

this valve will enntinue to |

he monitored during the next

coofdown of the KCS.

The can=e nf the incident The tieaedt ate correet tre (
Oconee-1 *tode 4 An ongucessful attempt to open

the torque switch setton was to apen the valve i
gn electric motor operaced
(EMO) valve (1LP-2) was made

settings on the valve. from the valve actuator con- |
was

287-85003
tactors at the Motor Coo *.rnt8510I5

from the (?nt t 3 Cont rol Rone. Rotork N eclear Actuator
tinit 3 was in hot ghutdown settings were not set Center, bypanging the valve

actuators torgne swit ch
sfter co'etng off-line for high ennexk to operate
maintenance. Tha valve is the valve under mystem Ilmit enntrol.

.

_ . . _ . . _ _ _ _ A
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Sheet 4 of 4

ACTUAL LOSSES OR DECRADATIONS OF OPFRATI AC RESIDUAL HEAT REM 9 VAL SYSTT.MSTABLE A-8:

EVENT CATECORY: INABILITY TO ESTABf.ISil RHRS FLt%i - Ot'E TO INABILITY ll? OPEN RIIRS SI'CTitM VALVES

INITIAL,

PLANf

PLANT LER/DATE CONDITIONS TVENT DESCRIPTION REPORTED CAftSE CORRECTIVE ACTIOM

requi red to open in ordet to pe carsure . The EMO valve
Oconee-3 torque switch aettingsIndicate the decay heat re-
(cont irated) smval cooling mde. were not speelfled in the

DenIgn M<wil f Icat ion pack-
age used t.. replace the

valve actientor with a new
Rotork Nuclear Actustor.

i

|

I

i

|

l

__- -
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TABit A-9: AC?t'A1, LOSSES OR DECRADATIONS OF OPERATINC RESIDtfAL HEAT REMOVAL SYSTF.MS

EVENT CATECORY: RCS VOID FORF.ATION DtfRl k G RS OPERATIONS

ING EVENTS]

,

f

f

,

!

!
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Sheet I"of. 5
TABLE A-lO: ACT11AL LASSES OR DECMADATIONS OF OPF. RATING RESIDUAL NF.AT RFJ90 VAL STSTFJM

,

' EVENT CATECORT: MISCELLAMEntf5 LOSS OF RHRS EVENTS
F
-

_

INITIAL
PIANT

PLANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED CAUSE CORRECTIVE ACTinM
_.

4

: San Onofre-2 Mode 6' _ Shutdown cooling was lost' . A system sealfunction or The procedure for hackflush ' ;

361-82002 due to nitrogen int rusion as inperator error allowed I ng ' t hi s Il l t er wi l l be re-

~

820314 -a result of backflushing a presser t red nit rogen t o . vised to require isolation

filter in the purif ication enter the shutdown cont- of the Purification System

' s yst em. Stut tdown con t i ng Ing pesar suction line. during f lusht ogs when shut-
,

i flow wan= Inst f or 90 mi nistes. down enoting is in service.

Public saf ety was not en- -
dangered becatene no Irradtated.
fuel was in the core. ;

Maine Tankee Mode 6- A small amount of Xe-131 only gagenus activity was 'The procedure for sur- {
~

309-a2032- activity was discovered in detected in the SCC sys- vellaance sampling of SCC

-820929 'the secondary c<mponent cool- ten. None. nf the other and PCC shall he revised to
Ing system during weekly ' reactor coolant s .t vity require a sa mle within 24 ;

survettlance sampling. The congtttuents nera evi- hours of pl?<fng the heat
'

previous weekly sample showed dent by Camma spectro- exchanrprs within the RffR
,.

- no acttvtty. Further investI- ~ scopic analysis, indic- Mode.'

j ~gation indtcated that the con-' . ating that .any leak rath
"

tamination probably came from 'that may exist screas the
j *

the Reactor Cnolaat Systemi . E-15 RilR heat exchanger
j

via a-transtent leak in the , is no mi nute that le only

|~
E-3R.RHR heat exchanger. ; passes gaseous activity.
associated with the thermal Additional sampling while

,
'

t rangt ent. whi ch occurs when - the 3-38 heat enchanger ,

'.

:RHR ts placed In operat*cn. has been. operating in-4

The acttwity level was well ref ueling shutdown cool- p

below tha etectatillity thresh- ing sende has revealed no f*

old of t k system monitor. ferthes evide,cc of a leak. *

There was no effeet en the
ahtitty of the E-3R RitR heat ;

,

I cuchanger to perform its
intended saf ety f unction. The
SCC system as closed and j

f
normall* provides no direct

- !

k

i
|

'
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Sheet 2 of 5

TABLE A-ID: ACTt'AL LOSSES OR DECRADATIONS OF OPERATING RESIDUAL MEAT REMOVAL SYSTEMS

EVENT CATEGORY: MISCELfANEOtf5 LOSS OF RitRS EVENTS

INITIAL
PLANT'

PLANT LER/DATE- CONDTTIONS EVENT DESCRIPTION REPGetTFD CAtiSE CORRECTIVE ACT10i,

'

Maine Yankee release path. The primarv

(continued) component cooled E-3A RffR
heat exchanger was not affected.
Continued sampilng <>f SCC shile

i en RIIR during ref ueling shows
j no further evidence of leakage.
j

Arkansas Nuc Mode 5 An alarm was received on the Testing and 1nspections Corrective 2-tion was to|

Servi ce Water (SW) anM tor revealed tube leakage and plug a total of IR tubes.
|

( One-2
368-83003 (WRITS-1453) for the shutdown tube-to-t.ibe sheer weld 2E-15A was t est ed a nd no

830109 cooling (SDC) beat enchanget lenita ge . The exad cause leak Indications were'

(2E-35A) which indicated the of degr=dation could not f oemd.

possibility of a tube leak. be determined.
RadInchemistry sampIlng vert-

fled the tube leak. 2G-35A
was secured and the rediin-
dant heat exchanger ( 2E-358)
was placed in service. Since
this leak from the SDC system

j
to the SW system was a
degradation of a system
designed to contain re-ilo-
active mater. A prevlemas
occurrence regsrding SDC tube
leaks was reported in LER-79-
08(i. It should be noted that
this heat exchanger tiibe
beendle had been replaced during
the last Unit 2 refueling nutage.

North Anna-I Mode 5 On 2/18/83, Indications of The cause of the Subsequent operation after

cavitation were observed on R incident is not known. the event has been with<mit
incident. With baih M11R338-83009

Restdinal lleat Remnval (RffR) peamps secured, the cont ai n-830218
pump and later on A RifR peamp. iw nt operat or vent ed c.*rh
The R pump was started and

_

. - _ = .
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TABLE A-10: ACT11AL LOSSES OR DECRADATinNS OF OpERATINC RESIDifAL ltEAT REMOVAL STSTDM

4

. EVENT CATECORY: MISCELIAMEOUS LOSS OF. RHRS EVENTS

INITIAL
PLANT.

'LANT LER/DATE CONDITIONS EVENT DESCRIPTION REPORTED cat 1SE CORRECTIVE ACTI7N

North Anna-1 returned to service in approx- pomp. llowever, no ai r was

(continued) teately 5 minutes. An RHR piimp observed. The R RHR p. sap

operability was subsequent ly was restarted, vented (no

verified. air observeJ) and restored
to service. The A pump was
submeguently restored to
service.

McGuire-2 Mode 6 While moving a temporary in- This incident is a re- Personnel will be coonseled.

370-83002 core detector, the rope used mutt of personnel error

830307 to hold the detector cah'e fell due to trese material

into the reactor vessel and being allowed in vietntty

was drawn into C Hot Leg. of the open vessel. Fuel

Residisal Heat lamoval (RHR) loading was suspended and
Pump 2A was secured from no decrease in Boron con-

service for 3 hours (with cent ration was made with
Pusp 28 also secured) to the pumps secured. Following
allow rope retrieval efforts. emsuccessful retrieval

etforts, etmp 2A wss re-
started and fuel loading

complet ed. The rope was
f ound wrapped armend RHR
pump impeller itDR and re-
moved on 3/15/83.

ladian Point-3 Mode _ 5 A small Icak was identified The leak was isolated. The sec* ton of pipe between

286-83002 on the RHR mtntflow at the valve 1870 and A downstream
i 830512 weld joint between valve 1870 reducer was replaced on

and I.tne 337. May 17, 1983.
4

i
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TABLE A-10: ACTtIAL LOSSES OF-DECRADATIONS OF OPERATINC RE11 DUAL HEAT REMOVAL SYS W

EVENT CATECORY: - MISCELLANEOUS LCSS OF Ri1RS EVENTS

INITIAL
PLANT

PLANT LER/DATE ' CONDITIONS EVENT __ DESCRIPTION REPORTED CAUSE CORRECTTVE ACTION

Santa Anna-2' Mode 4 On 5/22/83. RCS innidentified. The excessive leakage The leak was stopped tr'

339-83042 'leskage exceeded the l ival ts was a result of a shaft securing and Isolating the A

830522 specified in T.S. 4.6.2 (< l 411eeve gasket failure on Ritr pemp. Unit 2 was placed

gpm). The' source of the leak tbe A Residual lleat Re- tn Mode 5, the mechantcal

was identified and Isolated enval (R11R) pump. The . seal and sleeve gasket re-

within 30 mi mites. The leak gasket was ripped and placed and the puvao restored
was promptly isolated and the broken apart. No cause to service.

unit placed in Mode 5 within for the gasket fatture

9 hours. cmid he determined.'

Rancho Seco-1 Mode 6 - The A RIIR punp f ailed to The breaker was inspected None.

312-83023 start on demand. The breaker and funct ion tested f or
830526 did not Indicate protection problems. None were

lock-outs so the breaker wa : f ound so this will he
raeked out, then raeked haek . considered a one-t ivec
in. event.

I-

Byron-1 W.je i Oc 7/24/85, at approximately The principle cause of To minimize the cantilerer

454-85070-1 2230 hours during the perform- the fattore was motor action of the pump / motor

850724 ance of the ASME (;uarterly . vibratfon inductng ex- assembly, has been 1nitIated

surveillance test f or the R cessive f orces on the and approval for installa-

t rain Residual tiest Removal m:or runner due to the tion was granted on 2/3/86
'

(lip)(R11) pump (IRit01PB) cantilever effeet of the
vibration readings for the mntor modification

pumps upper motor bearing M6- 1 - 8 5-05%.
exceeded the acceptance
criteria limits. The applic-
ehle Tech. Spec. act ion re-
quiree-ut was to repair the

,
pump with!n 72 hours or be

l 1:2 hot standby in 6 hmars
anJ hot shutdown in the
following 6 hours. Attemp*s

,

were initiated within the
t o t t i a l 72 hou r per t oit t o'

. -,
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TABLE'A-10: ACTtfAL LOSSES OR DECRADATIONS OF OPERATING RESIDifAL-ITEAT REMOVAL SYSTEMS

' EVENT CATECORT: MISCEttAMEDUS LOSS OF R]lRS EVENTS

INITIAL
PIANT

PLANT LER/DATE' ' CONDITIONS EVF.NT DESCPIFTION REPORTED CAUSE CORRECTIVE ACTION

Byron-1- rentore the Ril pump to

(continued) service. When it.becarac
apparent that the pump would

- not-be restored, the Statton
opted to achieve hot st and by
by conducting a start up test
that required a plant trip
f rons the existing p<,ver

level. ' The Reactor Cnolant
System (RCS) was maintained
at.360*F ti expedite the.
return .to power unt t i the
duratten of repair raandated
entry into hot shutdown
(RCS temperature less than
or equal to 350*F).

.
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APPENDIX q

THERMAL-HYDRAULIC ANALYSES OF POSTUL ATED LOSS OF

DECAY HEAT REMOVAL EVENTS DURING SHUTDUUN

This appendix evaluates the plant thermal-hydraulic response to several
postulated loss of decay heat removal scenarios during shutdown, in each
case analyzed, it is assumed that the plant had been previously operating
continuously at full power for 18 months. The time af ter si u down wheno

decay heat removal is lost is treated as a parameter, ranging from 1 day
to 1 week.

Appendix B.1 evaluates loss of decay heat removal events when the reactor
vessel is vented and remains at atenspheric pressure. Two initial water
level cases are analyzed: (11 P9r level initially at the center line4

of the hot leg piping (whict t.a ' accur during steam generator repair)
and (2) water level initial 3 :he vessel flange. Initial water

temperature is 6 eo be 14c L. The steam generators are dry. Solid
heat capecities of the core, reactor internals, and portiens of the
vessel and piping are included. The degree of heat transfer between the
heated water inside the core barrel and the cooler water in the lower
plenum and downconer regions is treated [ atetrically. Water pressure
is taken to .be 14.7 psia. The length of time to heat up the water to
boiling and the length of time to boil off the water to the top of the
core are evaluated. An additional analysis is made to evaluate the e

increase in fuel red temperature as core uncovery progresses; this
analysis includes fuel rod heat capacity and stean cooling effects.

Appandix B.2 considers the case in which the reactor coolant syster is
not vented, the steam generators are dry, the vesse' is filled with
water, r,d RHR cooling is lost. The less of vessel water inventery
through the RHR relief valves, the increase in RCS pressure, and the
effect of automatic RHR isol:-tion on high pressure are determined.

_

The case in Appendix B.3 is similar to the case analyzed in Appendix B.2
except that water is initially in the secondary side of sore stear
generators. The corresponding time delay af forded be steam generater
inventory boiloff is evaluated.

Appendix B.4 evaluates the vessel-venting ability en decay heat removal
is lost. Different combinations of possible vent , ths are evaluated to
determine whether the equilibrium vessel back pressure is sufficiently
low to allow gravity feeding of the borated RUST water inte the reactor
vessel.

The results from the various analyses are shown in the following ficures:

Figure B-1 shows the time to core uncovery when the vessel is ate
atrospheric pressure and the initial water level is at the hot leg
center lina.

B-1
1636P121587
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Figure B-2 shows the length of time to core uncovery when the vessele
is at atmospheric pressure and the initial water level is at the
vessel flange,

e Figure B-3 shows the fuel red heatup transient during core uncovery,

e Figures B-4 and B-5 show the water level and vessel pressure respo..te
when the vessel is full and when it is clo ed, with dry steam

generators, for 1 and 3-day shutdcwn tires, respectively. Results
are presentad both with and without RHR isolation.

e Figure B-6 shows the time it takes to boil off the secondary-side
inventory from two steam generators.

B.1 LOSS OF DECAY HEAT REMOVAL EVENTS WITH THE REACTOR VESSEL HEAD
kEMOVED

B.1.1 EVENT SCENARIOS AND ANALYSIS ASSUMPTION 5

These classes of events consider the plant in mode 5, the reactor coolant
system open or vented, and the vessel filled either to the tcp of the
vessel flange (presurably in preparation of refueling operations) or to
the midplane of the hot leg (presumably in prep 4 ration of steam generator
repair work). The residual heat remo,a1 system is assumed to be operable
and to maintain the average RCS water temperature at 140*F prior to the
loss of decay heat removal event < Solid heat capac{.ies of the core and
those portions of the reactor internals, reactor vessel, and piping that
are in direct contact with the water are included in the heatup and

boiloff calculations. Any condensation and condensate drainback from
cool structures located above the water level is negiected. All core and
reactor internal heat capacities are included because of their large heat
transfer surface area-to-volume ratios. However, because of the thick
reactor vessel retal sections that are cooled on only one surface, only
75% of the cylindrical wall and 90% of the lower head heat capacities are
included in the analyses. Analyses to substantiate these fractions are
provided later.

When decay heat removal is lost, the water in and above the core will
begins to heat up because of strong convection currents, heating the
water in the hot legs. The water below the core, in the downcorer region
and in the cold legs heats up more slowly because of conduction and
convection heat transfer mechanisms, which, as discussed later, take
several hours to be effective. Two extreme cases are analyzed: the
first assumes no heat transfer between the hot and cold recions
(resultf ag in the fastest heatup rate), and the second assures
instantaneous and complete thermal mixing between the two regions
(resulting in the slowest heatup rate).

8.1.2 BASIC INPUT DATA

This section develops Seabrook Station-specific data for use in
subsequent analyses. These data include decay heat rates for various
cperating periods as a function of tire after shutdown, material property
rata for evaluating solid heat capacities, and syster licuid and solid
Volutes.

B-3
1636P121587
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Figure:5-7 provides decay heat and integral decay heat informatice fer
1 and 18 months of _ continuous operation _ using precedures described in
Reference E-1. . Integral decay heat is expressed in initial power seconds
(IPS). Full power at:Seabrook Station -is 3,411 ItWt, so

1 l'PS = 3.23 r 100 Btu of thermal energy

Specific heat and density data used to evaluate the heat capacities of
various solid materials are shown in Table B-1. Water and steam

' thermodynamic properties are evaluated from Reference B-4

From Table' 4.1-1 of the FSAR, the total weights of UO2 and clad
(Zircalloy-4) are 222,700 lbm and 45,200 lbm, respectively. There are
50,952 fuel rods in the core, each havifig an outside diameter and length
of 0.374 inch and 151 inches, respectively. The total fue! red volume is
calculated to be 489 cubic feet.

Since dif ferent initial water volumes (i.e., at hot leg midheight and at
vessel flange) and dif ferent thermal-rixing models are usec in the
analyses, .the volumes within the reactor vessel and their associated
solid heat capacities are based on the regional subdivisions shown in
Figure E-8. Region 1 includes the core and the volume directiv above the
core. Region 2 includes the four hot legs. Region 3 includes the inlet
plenum below the core, the downtomer volume between the core barrel anc
reactor vessel, anc the volume above the grid plate of the upper
internals. Region 4 includes the four cold legs. The fluid volumes and
solid heat capacities for each subregion are evaluated below.

s Region la - Core Barrel, Core, end Contained Water - Active Core
Height. Inis region cuickly heats up following loss of decay heat
removal because of core decay heat. Frem Westinghocse Drawing
1455E24, Revision 1. the total assembly weight of the lower internals
is 280,000 lbe, tne center of gravity is slightly befew the core
nicplane, the core barrel outside diameter is 152.5 inches, and the
material is austenitic stainless steel. Th; essembly weight (and
volume) is subdivided into the various regions (as noted in
Figure B-8) as follows: 30% in la,15% in Ib,10% in Ic,10's in 3d,
and 35% in 3a. The total volume of lowcc internals retal (stainless
steel) is 568 cubic feet. The core length is taken te be
151 inches. The total volume of region la is

3n/4 x 152.52 x 151/1,728 = 1,596 ft

The volume of lower internals is

0.3 x 563 = 170 ft3

with a solid heat capacity of

170 x 493 x 0.12 = 1.01 x 104 Btu /*F

The volume of fuel rods is 489 cubic feet, and the combined clad and
,

fuel pellet solid heat capacity is

4 Etu/*F; 222,700 x .059 + 45,200 ,s .081 = 1.68 x 10

B-9
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' TABLE B-1. THERM 0 PHYSICAL PROPERTIES.0F SOLID tiATERIALS ,

Density Specific Heat
Material Reference.

3(1bm/ feet ) (Btu /lbm *F)'

0.059 B-2-
UO2

--

0.081 B-2-Zircloy. --

Carbon Steel 487 0.11 B-3

Stainless Steel .493 0.12 B-3

.

i

!
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The net free volume in region la is

31,596 - 170 - 439 = 937 ft

and the total solid heat capacity is

(1.01 + 1.68) x 104 = 26.9 x 103 Btu /'F

These summary net volume and solid heat capacity values are shown in
Table B-2.

Region Ib - Inside Core Barrel, above Core to Het Leg Center Line.e

The tctal voiute of this region is

32 x 54.5/1,728 = 576 ftn /4 x 152.5

The volure of lower internals assembly is

0.15 x 568 = 35 ft3

with a solic teat capacity of

s 85 x 493 x 0.12 = 5.0 x 103 otu/*F

Control ro6 drive shaf ts in this region are not considered. The net
free volure is

576 - 85 = 491 ft3

o Recicn Ic - Inside Cere Sarrel sbcVe Hot Leg Center Line. This
region extenas fron the not leg center line up to micplane of the
upper internals assembly grid plate; this height is approxicately
44 inches. The total weight of the upper internals asserbly (fro
Westingheuse Drawing 701J731, Revision 1) is 132,000 lon,
corresponding to a volume of 268 cubic feet of austenitic stainless
steel. The lower half cf the upper assenbly prid plate will be {
ir.cluded as part of the solid heet capacity of region ]c, estinated
to be 40; of the total volume, or 107 cebic feet. The total volure
of region It is

2 3n/4 x 152.5 x 44/1,723 = 465 f t

The solid volute is

107 + 0.1 x 563 = 164 f t3

with a solid heat capacity of
.

164 x 495 x 0.12 = 9.7 x 103 Btu /*F

The net volume of region it is

465 - 164 = 301 ft3

B-13
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TABLE B-2., FREE VOLUME AND' SOLID HEAT CAPACITY DATA

FreeYo}ume*
Solid Heat **

E " (feet ) Capacity (Btu /*F)

' la :In Core' 937 26.9 x 103

lb Above Core - To HLCL . 491 5.0 x 103t

1c Ab6ve Core - Above HLCL 301- 9.7 x 103

2a Hot Legs - Below HLCL- 183 3.7 x 103

2b Hot Legs - Above HLCL. 183 3.7 x 103
~

,

3a Core Inlet Plenum 1,122 23.6 x 103

-3b Downtomer - Core' Height 458 17.6 x 103 -

,

3c 'Downconer - Above Core To HLCL .165 6.4 x 103

3d Upper Head - Above HLCL - 496 22.7 x 103

4a. .Celd Lags.- Below HLCL. 196 4.0 x 103

4b- Cold Legs - Above HLCL. 196 4.0 x 103

,

* Free water volume.
** Metal and'fuet.
THLCL = hot leg center line.

.y

,.

i

l '.L

' 1638P121187:2 B-14

^^
, . - - .



iJ

e Recien 2a'- Lcwer Half of Hot Legs. From Drewing 1 RC-01-01,
Revision o, the het lec pipes have a 29-inch inside diareter, a
2.45-inch wall thickness and are approxirately 16 feet lenr. T he
length from the vessel welc prep to the core barrel outside diMeter
is approximately 4 feet. There are four hot legs made of austenitic
stainless steel. The free volure is estimated as

x (14.5/12)2 x 20 x 0.5 x 4 = 183 f t3n

The solid heat capacity is estimated as

3
x 29/12 x 20 x 2.45/12 x 0.5 x 4 x 493 x 0.12 = 3.7 x 10 Btu /*Fv

e Region 2b - Upoer Half of Hot Legs. This reginn is conservatively
estimated as being the same as recion 2a. In actuality, if the' vessel

water level is at the top of the vessel flange, water would extend into
the steam generate.- lower inlet plenues and the lower regions of the h'
tube bundle, as well as up the pressurizer surge'line.

>
e Region 3a - Cure Inlet Plenum. This regien includes the free velome

witnin tne vessel oeicw tre active cere. From Westinghouse
Drawing 11573-171-004, Revision 1, the vessel inside diumeter is
173 inches, the cylindrical wall chickness is about 8.8 inches
(including the stainless steel clad), and the icwer head tall thickneII
is about 5.6 inches (including clad). The free volume cylinder height
is about 36 inches, anc the lower hemisphere inside radius is
88.2 inches. The gross volute is

2 3 3(t/4 x 173 x 36 + 2/3 x r x SS.2 )/1,723 = 1,321 f t

As noted earlier for region la, 35% of the lower in'ernals asserhly
is estirrated in regien 3a, corresporicing to a velume of

0.35 x 568 = 199 ft3 _

anc a solid heat capacity of

199 x 493 x 0.12 = 11,800 Ptu/*F

The net volume of recion 3a is
3 i1,321 - 199 = 1,122 ft

The outer portions of the reactor vessel are insulated, and the
inside surfaces are in contact with water. Heat transfer from the
vessel to the water is by natural convection. Since it is not clear
how quickly the_ thick metal walls will heat up, one-dirensior.31
transient heat conduction / convection analyses are done for the
8.78-inch thick wall anc the 5.6-inch thick lower head. Carbon steel
density and specific heat values shown in Table B-1 were used and a
thereal conductivity vtive of 27 Btu /hr-f t *F was used
(Reference E-3). The initial vall temperature is taken to be 140*F,

l
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anc it was assursed that the water temperature adjacent to the insic'e

surface instantly increased te and remainen et '12*F. The nctural
convection heat transfer coefficient en the vertical wall '.es
estinited to be

b = 60.6 x LTl/3

(Peference C-5), where AT is the temperature difference between the
heated water and the wall surface. The correlation for the icwer
head was token to be the average of a vertical surface and a
horizontal, above-hetted surface, or

h = 49 x AT1/3

The nondimensienal he: tup curves for the cylindrical wall and lov'er
head are shown in Ficure B-9. The thinner lower head recion heats up

more quickly even thouch its heat transfer coefficient is smaller.
Taking a 1-hour heatup period as representative, the fractional heat
addec to the cylindrical and lower head v. alls eouals about 79% and
92%, respectively; 75% and 900 values are usec in these analvses.
Thus, the ecuivalent solid heat capacity of tire 36-inch long wall .

section i: ; Pan to be

2 2
( /4 x (190.6 - 173 ) x 36/1,728 x 407 x 0.11 x 'b n A,200 Ptu/*F

The equivalent sclid heat capacity of the lower Iead is taken to be y

22xt x 88.2 x 5.6/1,728 x 437 x 0.11 x 0.9 = 7,600 Etu/*F

The total solid heat capacity is
,

11,000 + 4,200 + 7,600 = 23,60v Ctu/* F
,

e Recien 3b - Downcerer Adjacent to Active Core. The free volure in
this recion is .

2 - 152.5 ) x 151/1,728 = 458 f132t/4 x (173

The heat capacity and displaced water volume of the neutron panels
. located on the outer surface of the core barrel are not included;
this is slightly nonconservative since the volumetric specific heat -

of stainless steel is about 59 Etu per cubic foot *F versus about
61 Btu per cubic foot *F for water. The solid heat capacity of the

vessel wall fraction is ,

151/36 x 4,200 = 17,600 Btu /*F

e Region 3c - Downcorer Area - Top of Active Core to Hot Leo Center
Line. ine height of this region is about 54.5 inches, ine tree

volume is

458 x 54.5/151 = 165 f13

!0-16
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The solid heat capacity of the vessel w> 11 fraction is

54.5/36 x 4,200 = 6,400 e'u/ * F

e Region 3d - Upper Head and Downtomer above Hot leg Center Line. This
region includes the volumes of the upper cowncorer and the region between
the vessel flange _ and the upper internals assembly. The vessel inside
diameter in this region is 170.88 inches. The free volume is

2 2n/4 x (170.88 - 152.5 ) x 66/1,728

2 3+ n/4 x 141.3 x 35/1,728 = 496 ft

Solid heat capacities inciude 10% of the lower internals assembly,
60% of the upper internals assembly, and 34 inches of the vessel
wall. (The vessel wall thickness in this regien is actually
10.75 inches, but the smaller heat capacity value for the tninner
region will be used.) Thus, the solid heat capacity is

(0.1 x 566 + 0.6 x 268) x 493 x 0.12 + 84/36

x 4,200 = 22,700 Btu /*F

e Region 4a - Lower Half of Cold Legs. Frco Drawing 1-RC-03-01,
Revision 6, the cold leg pipes have a 27.5-inch inside dieneter and
are 2.36 inches thick ano about 20 feet long. The lenrth f rom the
vessel weld prep to the vessel inside diareter is about 3.7 feet.
Water in the reactor coolant pump besl and in the crossover pipe will
be conservatively neglected. There are four cold legs rade of
austenitic stainless steel. The 'ree volume is estimatec as

x (13.75/12)2 x 23.7 x 0.5 x 4 = 196 f t3t

The solid heat capacity is estimated as

_

r x 27.5/12 x 23.7 x 2.36/12 x 3.5 x 4 x 493

x 0.12 = 4,000 Btu /*F

e -Region 4b - Upper Half of Cold Legs. This region vill conservatively
be estimatec as being the same as region 4a. In actuality, if vessel
water level is at the top of the vessel flanne, water would fill the
pump bowls and also extend up into the steam generator lower outlet
plenams and tube bundles.

The free voluces and solid heat capacity valuee 'or the various regi'ns
shown in Figure B-8 are summarized in Table B-2. ibis information will
be used to evaluate several heatup and boiloff scenarios described below.

,
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B.1.3 ANALYSIS OF HEATUP AND B0!LOFF UITH INTITIAL UATER LEVEL AT THE
HOT LEG CENTER LINE

The initial conditions assumed for these analyses are:

e The vessel is filled with 140*F water, with the water level at the
center line of the hot (and cold) legs. Prior to the tire when decay
heat removal is lost, it is assumed that the PHR system is operating,
the water is uniformly well mixed at 140*F, and all solid heat sinks
in contact with the water are also at 140*F.

e The volumes above the initial water level are vented in such a way
that the boiloff process occurs at atmospheric pressure,

Any steam that is boiled off is assumed to be lest from the syster;o
that is, for this class of analyses, the stear generator secondary-
side is assured to be dry. Thus, no credit is claired for any
cendensation on the steam generator tubes or ar any other solid heet
sinks abcVe the initial water level anc its concensate drainback intn
the reactor vessel.

When active decay heat rereval is terrinated, decay heat produced in the
i cere begins to heat up the water uithin the cere. Natural convection
I rechanisr.s rapidly heat the water irrediately above the ccre and f airly

quickly heat up the water in the hot legs; i.e., re[iens 1 and 2 cuickly
respond. Heat transfer frem the heated water to the cooler water in the
lower plenue, downcomer, and cold leg reo: ens (i.e. , regions 3 and 4) is
slewer. Twc extrere cases are evaluated for the heatup chase: one case
assures cceplete thermal mixing between the not and cold regions and the
other case assures no heat transfer at all between the two regirns,

in the case with conflete rixing, tre water and sclid beet capacities of
regions la, Ib, 2a, 3a, 3b, Sc, and 4a are included. The total water
volume, with initial level at the het and cold leg center line, is
3,552 cuoic feet, and the total solid heat capacity is 87,200 Etu/*F.
The density of 140*F wa er is 61.4 lbm per cubic foot, so the initial
water rass is 2.18 x 10}" lbn and its ecuiva]ent sensible heat capacity
(assuming Cp = 1.0 Btu /lbn *F) is 2.?8 x 1 W Btu /*F. Ficure P-7

, shows decay beat values as a function of shutdown time for 1 and|

18 months of prior continuous operation, it will be assured that the
plant has crevicusly operated continuously at full power for 18-months,
which is unlikely and conservative. Using the 18-ronth data, the decav

I heat curve can be approximated in the 1-day to 1 -eek shutdown time range
as

i

/0 = .00501 x t Waysh
g sd

10 Ctu/ hour,where De is the initial power equal to 3,411 Mut, er 1.16 x 10
is the shutdown time in days. Thus,and t3e

0 = 5.83 x 10 xt Eto/ hour*

sd

B-19
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The length of time to heat up the water and heat sinks to 212*F, defined
as thu, is: evaluated as

* * I '

t (hours) = {C +
*4T=q9 *'00

5.83 x 10 xtsd(days)
'

= 0.377 x t ays)
sd

Thus, the heatup time for a 1, 3, and 7-day shutdown time is 0.4, 0.5,
-and 0.7 hours, respectively.

The next evaluation determines the length of time it takes to boil off
the water above the top of the core. The void volume below the top of
the core, composed of regions la, 3a, and 3b, is 2,517 cubic feet.
Assuming this volume is filled with saturated licuid at 212*F (at a
density of 58.8 lbn per cubic f oot), the mass of water boiled off, ||30,
1

_

W e = 2.18 x10E - 2,517 x 58.8 = 70,000 lbr|_ b

The latent heat of vaporization at atmospheric pressure is 970.3 Etu/lte,
so_ the boiloff time, tbo. .is evaluated as

4
Ubo * Dfg , 7 x 10 x 970.3

bo ( rs) = 7
sa(days) "00

1
0 "

5.83 x 10 xt

1.17 x t aysb=
sd

and the. time to ccre urcovery tcus IS

= 1.55 x t Ways)tcu (heurs) = thu + tbo sd

Thus, the length of tirre to core uncovery for the complete therral-mixing
case for a 1, 3, and 7-day shutdown time is 1.5, 2.2, and 2.8 hours,
respectively.

A similar analysis of heatup and boiloff time intervals is done for the
case in which the water level is initially at the hot leg center line,
but there is no thermal mixing. The results of both analyses are

presented in the fore of banded curves as a function of shutdcen tire.
The result of a simplified analysis to estimate the degree of hea+
transfer across the core barrel is also shown.

E For the no thermal-mixing case, only regions la, Ib, and 2a are heated
up. The water volume and mass and the solid heat capacities are

B-20
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The1,611' cubic feet, 93,900 lbr, and 35,600 Ctu/*F, resp ctively.t

' heatup cime is

C '

1.345 x 10' x (212 - 140) x t p ays)0.30?= 0.16o.hu '
8 ,'

,

t *

3c(days) 0.309
7 s-

5.83 x 10 xt

The mass of water remaining in the vessel when water boils of f to the top
of the core is

937 x 58.8 + (1.122 + 458) x 61.4 = 1.52 x 105 1de.

Thus, the mass of water boiled off is

2.18 x 105 - 1.52 x 105 = 66,000 lbn

This is screwhat less than in the corplete-nixing case because cf the
~

igher density of the retaining dnwncorer and inlet plenun water. The
boiloff time is evaluated as

x 970.3 + 1.5 x 10 fcavs)0.309Dc (hours) = 6.5 x 10 = 1.1 0 x tt
7 -0.30c g

5.83 x 10 xi Id VSI
~ "

sd

where the seccnd term in the numeratcr is the sensible heat addition to D

the water that enters the core during boileff. The length of tire te
core uncevery is

sd(days)0.300
'

tcu(hours) = thu + tbo = 1.30 x t

Thus, the lencth of tire to core uncovery for the no therral-riying case
f or a 1, 3, and 7-day shutdown tire is 1.3.1.8, and 2.4 hours,
respectively.

-

It is interesting to note that the heatup tire is substantially less for
the nc-mixing case (relative to the complete-rixing casa) because cf the
smaller water volute being heated, but the length of time to ccre
uncovery is not tarkedly different since the rass of water boiled of f is
nearly the same in either case.

The results of these two analyses are shown in Figure B-1, which gives
both heatup and boilof f times as a function of shutdown tire. The
information is shown in the form of t.cund curves, the lower beund value
for no thermal mixing and the upper bound value for perfect nixing.

A separate transient analysis is done to estimate the degree of heat
transfer across the core barrel due to conduction through the stainless
steel (which has low thermal conductivity) and to natural convection en
both surfaces. The model assumes that the heat transferred across the
core barrel heats the downtomer and cold leg water end solid heat sinks,
but not the lower plenu , which probably is not very effectively heated;
e.g., natural convection transfers heat upward, not downward. TFe

B-21
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downcomer recien only heats up 15'F--in the first hour and 35'F in the
first 3 hours (relative to an initial tenperature difference taken to be
being 72*F). Therefore, we have noted our hest estirate values in
Figure B-1, giving little credit for the corplete therrel-rixine values
at short time intervals.

B.1.4 ANALYSIS OF HEATOP AND BOILOFF WHEN INITIAL MATER LEVEL IS AT THE
VESSEL FLANGE

A similar heatup and boiloff analysis is now done, assuring that the
initial water level is at the vessel flange. The total water volume and
solid heat capacity are 4,728 cubic feet and 127,300 Btu /'F,
respectively. As noted earlier, no credit is claimed for water in The
steam generator plena or tubes or for water in the pressurizer surge
line. The ipitial water te.nperature is taken to be 140*F, and its rass
is 2.90 x 10 lbm. We first assurre complete thermal mixing. The

heatup tine is
----

c
= 0.515 x t (days)0 R.1 x 1r x (212 - M

hu( hours) = 7
t

sd(caysb5.83 x 10 xt

Tne mass of water bciled off is

2.90 x 10 - 1.48 x 105 = 1.42 x 1055 lbr

so the boiloff tire is

C

s c( c'a y s ) 0.3 GI *1 * '3
-

= 2.36 x t
tDO(heurs) = g(cays) 0. M-,5.33 x 10 xt

and the length of time to cere uncevery is
_

'

+t 2.33 x t d( "Ys}tcu(hours) = t bo

This corresponds to core uncevery times of 2.9, 4.0, anc 5.3 hours for 1,
3, and 7-days shutdown times, respectively.

For tne nonthermal-mixing case, the heated water volute, water rass, and
solid heat capacities are 2,095 cubic feet, 1.28 x 103 lbr, and
49,000 Btu /'F, respectively. The heatup tire is

5

sd(days)0.3091.77 x 10 x (212 - 140)
-

= 0.219 x t
hu(hours) = 7t

sd(days) 0.3095.83 x 10 xt

The mass of water boiled cff is

2.90 x 10 - 1.52 x 105 = 1.3S x 1055 lbr

B-22
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The boilof f tire is

-
5 6

h urs) = 1.33 x 10 x 970.3 + 4.65 x 10
0.309= 2.38 x t Y8

.t >o sd(days) 0.300t 7 sc-
'5.83 x -10 xt

where the second term in the numerator is the sensible heat added to the
water entering the core from outside the core barrel during boiloff. The
time to core uncovery is

= 2.60 x tsd(days)tcu(hours) = thu + tbo

This corresponds to core uncovery times of 2.6, 3.6, 4.7 hours for 1, 3,
and 7-day shutdown times, respectively.

The length of time to heat up the water to 212*F anc the length of tire
to boil off the level to the top of the core are shown in Figure E-2 fer
the complete and for the no therral mixing cases. A heat transfer
analysis similar to that described earlier that accounts for the added
surf ace area and water masses was done. Again, heat transfer frrr the
hot water inside the core barrel to the cooler downcorer water and tte
water above the upper i_ ternals plate is slow. At 2 hours, the heatirpn
is aoout 30% ef fective; at 5 hours, it is about 600 effective. Der best
estimate curves are noted in the figurer.

B.1.5 FUEL ROD HE/. TUP TRANSIENT DURING CORE UNC0VERY

The previous analyses evaluate the length cf time it teke! to t' erin core
uncovery for varicus initial water levels and the tire after reactor
shutdown when shutdeun coeling is lost. Next, the fuel rod terperature
transient af ter core uncovery begins is analyzed. The case analyzed is
for an initial water level at the hot leg center line,140*F initial
water temperature, shutdown cooling lost 3 days af ter shutdown, and
complete thermal mixing of the water.

Steam cooling of the uncovered portion of the fuel rods and the fuel rod
L heat capacity are modeled. A 1.21 fuel assembly radial peaking factor
i (from FSAR figure 4.3-9) and the midcycle axial power shape frcn FSfR

Figure 4.3-17 are used. The results of tnis analysis are shown in
Figure B-3. Core uncovery begins at around 2.2 hours, and severe clad

.

oxidation begins at around 4.1 hours. The fuel rod adiabatic heatup rate
is around 3,000*F per hour, so steam cooling is cuite effective in'

delaying the heatup process. Severe clad exidation would not eccur until
about 2 hours after core uncovery begins. If core outlet therroccuples

i are operable, the operators would be aware of core uncovery and have mere
than' 2' hcurs for recovery action.'

,

A similar evaluation has been made with the initial water level at theL -

location where the RHR system takes suction from the cold leg. Ir. thi s
case, core uncovery begins at 1.5 hours (versus 2.2 hours in Figure P-3)c
but the heatup curve should be parallel to that shown in Ficure B-3.

!
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G,2 LOSS OF DECAY HEAT RE!40 VAL MU SUCSEOUENT VESSEL PRESSURIZATION AND
II,VEMvRi LO55 ThRUubh RHR RELIEF VALVE 5

In this scenario, the reactor coolant syster is closed, the plant hcs
been shut down for several days and is on closed loop RHR coolinc, the
average RCS water temperature is 270*F, the stear generater shell sides
are dry, and the pressurizer water level and pressure are 70% (wide
range) and 300 psie, respectively. The scenario begins with loss of
shutdown cooling; the tine to "soueeze" the pressurizer bubble to the
500-psig RHR setpoint pressure, the time to " squeeze" the nitrogen cever
gas in the pressurizer relief tank (PRT) to the 100-prig rupture disc
failure pressure, and the subsequent vessel pressurization and level
reduction are evaluated. The RHR relief valve begins opening et
450 psig, is fulb noen at 500 psig, and has a liquid relief capacity of

.

990 gpm at 500 psig and 2,100 epm at 2,250 psig (i.e., flow is
porportional to the square root of the pressure difference). The RHR
relief valvc discharces into the PRT, which is assuned to be 600 full cf
water with a 3-psig nitrogen cover gas pressure. The total PRT volure is
1,800 cubic feet. The plant protection locic isolates the RHR syster ."
(including its relief valve) if vessel pressure exceeds 660 psic af ter
which the pressurizer PORVs contrei pressure. As part of the Ice
temperature overpressure protection (LTOP) control, the PORV setpoint
pressure is autoratically chanced, with a reasured water tercerature
signal (Tw) as

0.01736 x T
= 376.3 + 5.42 x e * psig

setpoint

with the restriction that 4SO < Psett'oint < 2,385 psip. One PCRV
receives an auctioneered signal f rom the cold leg terperature sensors,
and the other PORV receives une frer the auctioneered het len terperature
senscrs With the RCS filled with wa+.r, some natural convection flow is
expected (even thouch the steam pnerater secondary sides are assured to
be dry in these analyses), so the het and cold leg temperatures are not
expected to be significantly dif ferent. The setpcint pressure rerains _

higher than the saturation pressure, so the PORVs do not cpen until
vessel pressure reaches 2,385 psig. The PORVs have a setpoint pressure
of 2,355 psig and a saturated steam-relievin capacity of
2.1 x 105 lbm/ hour for each (of two) valves. The enercy renoval
capacity of one PORY (approximately 0.7; of core-ratec therral power) far
exceeds the decay heat levels, so the PORY will most likely cycle.

Many of the reacter coolant system volumes and solid heat capacities are
shown in Table B-2. In this configuration, water is also initially in

the pressurizer, the pressurizer surge line, the steen generator tubes
and inlet / outlet plena, and in the reactor ccolant pump bowl and the
crossmer legs. These volumes (from Reference B-7) are;

e Vessel liead = 2/3 x n x (83.5/12)3 = 705 Cubic Feet

Pressurizer and Serge Line = 1,848 Cubic Feet (totai)e

e Stear Generator Tube Eundle (prir.ary) = 2,784 Cubic Feet

E-24 ;
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Steam Generater Plena, Crcssover Legs, and Purp Eevils = 1,912 Cubice

Feet

Solid heat capacities associated with the above recions of the RCS will
be conservatively neglected since, because they are in the higher
elevations, they will be the first to void as water is lost frem the
system.

The total initial water volure in the systen is 11,400 pubic feet and the
total solid heat capccity (from Table B-2) is 1.27 x 103 Btu'F. The
density of 270*F water is 58.24 lhn per cubic feet, so the mass of water
initially in the RCS is 6.64 x 100 lbm. The steam bubble volure is
550 cubic feet. AynotedinSecgi .1, the core decay hest (in Stu per
hour) is 5.83 x 10 x tsd(days)-

When shutdown cooling is lost, the water in the RCS will beci to heat up

and swell, squeezing the stean dere'in the pressurizer. Treating the
steam done compression as an a 'abatic precess, the volure chance to
increase pressure from its ini ial volume of 300 psig to the 500-psig RHP
relief valve setpoint is evaluated as

315 x 550 *3 =515xYh3
I

3
V = 377 ft

2

AV = 550 - 371 = 173 ft

The change in liquid density is

358.241 x 11,400/(11,400 + 173) = 57.37 ibr/ft

corresponding to an average liquid tempercture of 2.;7*F. The energy
addition to the water and solid heat capacities recuired for this
27*F temperature rise is

j (6.64 x 105 + 1.27 x 10 ) x 2 7 = 2.14 x 107 Btu5

Thus, the length of time to increase vessel pressure tv 500 psig for 1,
3, and 7-day shutdown times is 22, 31, and 40 minutes, respectively.
Further heatup of the PCS causes some liquid relief from the RHR relief
valve to accommodate the thermal swell, but sustained licuid flow does
not begin until the vessel water heats up to the saturation temperature
that corresponds to a setpoint pressure of 515 psia, or 470*r, er a total!

temperature increase of 200*F. This corresponds to an energy addition of

1.58 x 108 Btu. The time af ter the less of shutdown cooling, when
there is sustained relief valve flow for the 1, 'i, and 7-day shutdown

times, is 2.7, 3.8, and 4.9 hours, respectively. When the water heats up
to 470*F, the vessel contains about (11,600/.0198) = 5.86 x 10 lbr of
water saturated at 515 psia. Thus, abnut 6.64 x 103 - 5.86 x 103
= 78,000 lba of water is squeezed out of the RHR safety valve. The
average water leakage rate out the valve ranges fror about 60 gen for a
1-day shutdown time to about 30 gpn for a 1-week shutdovn tire. This is

E-25
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substantially less than the 990-gpm valve capacity at 500 psig, so the
RHR relief valve is only intermittently opened.

The water released through the RHR relief valve is discharged to the PRT,
which contains about 1,080 cubic feet (or 67,000 lbm) of water and has a
cover space of 720 cubic feet of nitrogen at 3 psig. Assuming that the
cover gas volume is adiabatically compressed as water is added, the
compressed volume at the 100-psig rupture disc failure rN ssure is
[(18/115)l/1 4 x 720] = 191 cubic feet, or about 530 cubic feet of
water must be added. The water released through the RHR relief valve is
heated, initially being about 300*F (with a density of about 57.3 lbm per
cubic foot). The water mass added to the PRT to pop the rupture disc is
about (530 x 57.3) = 30,000 lbm, so the disc is expected to rupture
within about I to 2 hours for the 1-day and 1-week shutdown tires
respectively.

The remaining part of the scenario becomes more difficult to analyze.
With the average RCS temperature at saturation for the 500-psig RHR
system relief valve setpoint, further decay heat addition boils water, g

creates steam bubbles in the upper part of the RCS (e.g., the vessel
hesd, the pressurizer, and stean generator tubes), and forces licuid out
the relief valve. If vessel pressure remains below the 660-psi RHR
isolation pressure, liquid flow out the RHR relief valve continues until
the liquid-vapor interface drops below the elevation where the RHR lines
connect to the hot and cold legs. At this tire, leakage changes to
saturated steam. Part of the pro',lem is that the capacity of the RHR
relief system is not so large, thus, vessel pressure rises above the
500-psi setpoint. To analyze this transient, a PLG corputer code used to
analyze EUR transients has been nodified to Seabrook conditions. The
code rodels the RCS volume, and core and vessel heat capacities are
accounted for. The leakage rate out the RHR relief valve is saturated
liquid until the water level drops to the RHR line connections. At that
time, the leak rate is converted to saturated vapor flow using the Moody
critical flow correlations. The effective valve area is evaluated on the
basis of a (saturated) liquid flow of 2,100 ppm (room temperature density "

of 8.34 lbm per gallor. assumed) at a pressure of 2,250 psi. If RHR
system isolation occurs, the pressure has to increase to the pressurizer
PORY setpoint of 2,385 psig. The FORV-saturated steam-relieving capacity
is 2.1 x 105 lbm per hour, which corresponds to a saturated stean
energy removal rate of about 0.7% decay heat, so the PORY intermittently
opens and recloses if the RHR system is isolated.

The plant response to these scenarios is evaluated for a 1-day and a
3-day shutdown time; the results are shown in Figures B-4 and B-5. Note
that the time to core uncovery is appreciably extended if the RHR syster
is isolated on high pressure. This is due to the sensible heat recuired
to heat the water and solids up to the 2,385-psig saturation temperature,
and that energy is more efficiently relieved by vapor release than by
. liquid release.

B.3 DELAY IN CORE HEATUP FROM STEAM GENERATOR INVENTORY E0ILOFF

The previous section analyzes the plant response following a loss of RHR
cooling when the vessel is full of water and the stcar generators are

'|
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cry. This section assesses the delay in the transient because of steam
generator boiloff.

The scenario to be analyzed follcws: the RHR system is initially

operating with the RCS full (i.e. , the pressurizer is partly full, with a
system pressure at approximately 300 psig), and the average RCS water
temperature is 200*F. Two steam generators have water on the secondary
side at the 17% narrow-range level, and their atmospheric dump valves are
set to open at 150 psig; the remainine two steam generators have no
secondary water. The two filled steam generators are not initially
removing energy from the systems and are at the 200*F initial
temperature. RHR cooling is assured to be lost at various times (ranging
from 1 day to I week) after shutdown.

The average steam generator secondary water temperature is 200*F, the
volume of water on the secondary side with the narrow-range level at 17*
is 3,150 cubic feet per steam generator, and the weight of the
inconel 600 tube bundles is estimated to be 96,000 lbm per stean

generatcr. The censity of water at 200*F is 60.1 lbm per cubic foot, so
the initial mass of water in the two steam generatcrs is 373,000 lbm.
When RHR cooling is lost, the water in the core begins to heat up,
resulting in natural convection flow through the tuo filled steam
generators. Because of the low decay heat levels in the core an thed

|
large heat transfer area in the stear generators, the secondary water
heats up and boils off at the 150-psig dump valve pressure (ccrresponding
to a saturation temperature of 366*F). It is assumed that stear
generator heat removal ceases when the licuid level gets to within 2 feet
of the tube sheet (i.e., there is insufficient heat transfer area at this
condition); this corresponds to around 140 cubic feet of licoid rer stear
generator. The estirated secondary volure of each steam cenerator is
5,000 cubic feet, so the mass of saturated water and steam renaining when
heat removal ceases is (140 x 2 x 54.9) = 15,000 lbm and (5,000 x 2 x
0.362) = 3,600 lbm, respectively. The total energy removec by the
secondary water in the two steam generators is evaluated as follcws:

e Heat Water frem 200'F to 366*F

3.78 x 1. x 170.5 = 64.4 x 106 Stu

| e Boil Water at 366*F (150 psig)

5 6(3.78 - 0.15 - 0.04) x 10 x 857.1 = 307.7 x 10 Btu

e Heat Up Tube Bundles from 200*F to 366*F

2 x 9.6 x 104 x 0.11 x 166 = 3.5 x 106 Stu

8 Btu. As discussed in Section B.1.3, the-The -total energy is 3.75 x 10
decay heat rate expressed in time after shutdown (tsd, in days) is

7
0 = 5.83 x 10 xt Etu/ hour*

sd
!

;

B-27
1636P121587

i



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

l

l
1

Thus, the tire delay afforc'ed by the steam generators, 7 g9 (heurs), is '

3

evaluated as |
1

03.7E x 10 Ptu 6.43 hours
T!GD( curs) =

'
7 ~0*309 -0.309

83 x 10 xt Etu/ hour t
;

sd sd ;

Thus, the delays in RCS heatup for 1, 3, and 7-day shutdown tires are
6.4 hours, 9.0 hours, and 11.7 hours, respectively. A curve of the stear
generator dryout tirre as a function of shutdewn time is shown in
Figure B-6. After the steam generators dry out, it is conservative to
use the heatup and core uncovery tires described in Section B.2 (this is
conservative since no credit is claimed f or heating up the RCS f rom 200*F
to the 270*F initial terperature assured in Section B.2).

B .4 VESSEL VENTING TO ALLOU RUST GRAVITY f/AKEUP TO THE VESSEL

These scenaries evaluate the adecuacy of certain vent paths te lirit the
vessel backpressure te allow gravity flow (after the operater opens a
closed valve) of Ri|ST water into vessel. Two R"ST water levels are te be
considered:

e 24,500 gallons above "errty" (t h' ethnical specification icw lirit).
e RWST full.

The various elevations are shown in Figure B-10. Teo vent paths are
initially considered: (1) r 2-inch glebe valve in a line frer the
pressurizer plus three orificed lines (each with a 3/S-inch orifice, two
on the pressuri:or and one en the vessel head) and (2) sere as the case
above plus a 1-inch gicbe valve in line from vessel head. As shown
below, these vents are not very effective, so a third vent configuration
is also evaluatec.

The analysis approach evaluates the vessel donc pressure that only ellows
gravity drain of the RUST for the two levels consideree. The saturated
steam mass flow through the two vent configurations is evaluated, and the
corresponding eneroy flow is equated to decay beat values to determine
the required shutdown time. Decay heet as a functicn of shutdown tire is
shown in Figure E-7. With water level a* the hot lec center line, the
hydrostatic pressure dif ference due to saturated steam is insignificant,
so vent location is not important.

B.4.1 VENT FLOWS AND ENERGY REf10 VAL WHEN THE RUST IS FILLED WITH
24,500 GALLONS OF BORATED UATER

The RUST hydrostatic nead pressure is

P = (23 feet 9 nches + 7 feet + 8 feet 10 inches) x 02 4/144
= 17.1 psi

Thus, the vessel pressure rust be slightly below (14.7 + 17.1)
= 31.8 psia to allow the RUST to gravity drain. The frictional pressure

drop in the RUST line is negligible. Vent line flow rates are evaluated

P-23
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using Reference E-6. The vents are assumed to discharce to etmospheric
pressure (14.7 psia) . Saturated steam cencitiens at 3f.8 psia are o

3v = 13.0 f1 /1bn
g

T = 254*F

h = .1.,165.4 Ltu/1bn
g

e Flow through P-Inch Globe Valve. From page A-30 of Reference B-6,
the L/D of a conventional globe valve is between 340 and 450 The
larcer valve is used, and it is assumed that there are no pressure
losses in the piping system. Assuming a Schedule 160 2-inch pipe,
f = .02 from page A-25 of Reference B-6; therefore,

_

Tetal * 6' # Yalve + Piping * E0utE

= 0.5 + 450 y .02 + 1.0 = 10.3

If ficw through the vent is subso.ic,
e

aP = 31.8 - 14.7 = 17.1 psi

and

AP/Pj=17.1/31.8=0.533

From pace A-22 of Reference C-6 for saturatec stear (k = 1.3),
Y = 0.79, and the vent is not choked. For the 2-inch Schedule 160
line,

dj = 1.689 inches
.

The-line flew is

2e,= 1,891 * Y* c _

= 1,891 x 0.79 x 1.689 x = 1,510 lbm/hr
10. 13.0

e Flow throuch 1-Inch C1che Valve. As before,

KTotal = 10.5

Y = 0.79

AP = 17.1

B-30
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but

dj = 0,615

2 1
6 = 1,B91 .x 0.79 x 0.815 x = 350 lbm/hrl0. 13.0 ,

o Flow thr erb OrtNce Lines. From page '-14 of Reference B-6, the
flow ofWsp"Ichille fluids through an orifice is evaluated as

k2e(144)*o,[qa YCA, p

For saturated steam, k = 1.3. Assume that the orifice is in "large"
pipe (2 inches is large) and that the Reynolds number is large,
C = 0.6, from page A-19 of Reference B-6. From pace A-21 of
Reference B-6, the critical pressure ratio (r ) is 0.545, sec

L =P x (1 - r ) = 31.8 x (1 - 0.545) = 14.5y e

L P/Pj = 0.455

From page A-20 of Ref erence B-6, Y = 0.06. Thus,

f 2

7 x I g.375) x )|2 x 32.2 x la4 x 14.5
e

2; = 0.Bc, x 0.6 x 1/13.0

ft
= 0.52 3e

or

6 = o b = 0.52 x 3,000 x 1/13 = 145 lbm/hr-orifice

e Energy Retoval fer 2-Inch Globe Valve plits 3 x 3/8-Inch Orifice
Lines. Here,

Total Flow Rate = 1,510 + 3 x 145 = 1,945 lbm/hr

The energy removal capability of the various vent path corrbinations
is evaluated by multiplying the vent flow rete by the change in
enthalpy of the incoming RWST water (H = 38 Btu /lbm) and the
saturated steam, which is vented (H = 1,165.4 Btu /lbm).

I 6 Bt"EnergyRemoval=1,945[x1,127.4 = 2.19 x 10 r

= 0.64 !"Jt = 0.02% decay heat

f rom Figure B-7, it is apparent that these small vent lines have
insufficient venting capacity for the icw RUST level case.

B-31
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d.4.2 VENT FLOWS Af!D E!!ERGY REl40 VAL WHEN RUST IS FULL

The RWST hydrostatic pressure, when it is f ull, is

P= (23 feet 9 inches + 7 feet + 41 feet 1 inch) x 62.4/144
= 31.4 psi

The ve.tsel pressure therefore is (31.4 + 14.7) = 46 psia er less to allow
gravity fill to be91n. Saturated steam conditions are

3v = 9.209 f t /lbn

T = 276*F

b = 1,172.4 Btu /lbm
g

o Flow through 2-inch Glebe Valve.

K = 10.5 (as before).

If flew is subsonic,

L P/P{ = ?1.4/46 = 0.63

Fren Ref erence B-6, page A-22, Y = 0.73 and line is unchoked. The
line flow is

1,891 x 0.73 x 1.6892, 4
2,240 lbr/hr=

1 .5 9, gg

e Firm through 1-Inch Glebe Valve. Flow is

2,240 x (0.815/1.669)2 = 520 lbm/hr

e Fl os through Orifice Lines. Sare as earlier, except

/>P = 46 x.(1 - 0.545) = 20.9

3

xk27 32.2 x 144 x 20.9 t2 =- 0.534 = 0.86 x 0.6 x x
1/9.209 sec4 ( 12 j

h = 0.53 x 3600/ 9.209 = 210 lbr/hr crifice

Energy Removal with All Vents 0 3o

M - 2,240 + 520 + 3 x 210 = 3,390 lbr/hr
TotM

6 t"

2 Total * 0 Total r 1.13 tiutx ah = 3.84 x 10 =

= 0.033* decay heat
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This is still irrpractical. A final vent configuratien censidert the
case wherein a single pressurizer safety valve is rereved and the
line is lef t epen.

B.4.3 FLO1 THROUGH PRESSURIZER SAFETY VALVE LIUE 1|lTH SAFETt VALVE
REliOYED

The pressurizer safety valve line is approxirately 7 feet 1 cog and is a
6-inch, Schedule 160 pipe (Reference B-7); the inside diarreter is 5.189
inches.

L 7 x 12 = 16.2D " 5.189

and

f = .016 (per page A-25 ef Reference B-6)

K = 0.5 + .015 x 16.2 + 1 = 1.76

For the case v. hen the Ril5T is full,

AP/F = 31.4/46 = 0.65

From page A-22 of Reference B-6, (6 P/P )nax = 0.57, so line is3
choked. Thus,

aP = 46 x 0.57 = 26.2 psi

Y = 0.63

and the rass flew out the line is

m = 1,891 x 0.53 x 5.1892* = 40,800 m /hr
9.20 1.75

The energy renoval rate is evaluated as

7E = r% h = 40,S00 x 1,134.4 = 4.63 x 10 Btu /hr = 13.6 Mut = 0.40t power

f
This is the decay heat at about 48 hcurs after ahutdown.

For the case when the RWST water volume is 24.5 kgal above erpty and the
safety valve line is open,

AP/Pk=17.1/31.8=0.538
1

I which is less than 0.57, so line is not choked. Y = 0.66 Flew i s

7;1 = 2.9 x 10 h /W2& = 1,891 x 0.66 x 5.189 y _; 13.0,

B-33
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1

E = 2.9 x 10 x 1,127.4 = 3.3 x 107 E " = 9. 7 l1't = 0.28'4

= decay heat at 140 l'ours
'

A final case to be considered is to find the line size with a fully open
globe valve that would allow a full RllST to gravity drain 7 days af ter
shutdown. From Section B.4.1, K = 10.5 and A P/P = 31.4/46 when RMST is
full. The decay heat ? days (168 hours) after shutdown is 0.27t, or the
required steam flow is

6
, 0 , 0.0027 x 3,411 x 3.412 x 10 = 2.77 x 10 4,

rec,d h 1,134.4

The pipe / valve size is evaluated as

#
g2, 2.77 x 10 = 35.2

/ 31.4
1,S91 x 0.73 x I 10.5 x 9.209

d = 5.93 incFes-

This indicates that an 8-inch, Schedule 16011re (d = 6.813) with er open
globe valve is adequate.
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Table-C-1 contains a summsry of the important Technical Spect- ,

i

fications that are spplicable during shutdown Modes 4, 5, and 6. For

more details, see the "Seabrook Station technical Specifications",

NUREG-1207~(October 1986).
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TABIE C-1: SIMMARY OF Sitt1TIXNN TECitNICAL SPECIFICATIONS - FOR MODES 4, 5, AND 6

FUNCTION OPERABILITT REQUIREMENTS .

MODE 4 (Hot Shutdown) MODE 5 (Cold Shutdown) | HODE b SRefueling)

Borsted injection Flow b ric Acid Storage Tank. Boric Acid Storage Tank ~ Same as Mmle 5
Path ( 42,000/ga l .) and Trans f er (6,500/ga l . ) and Trans f e r

Pomp and Charging Pump or Pump and Charging Pump
RWST (417,000/ gal .) and | or RWST (24,500/ gal.) aM
Charging himp Charging Pump

13.1 Z.1, 3.1.2.61 13.1.2.1, 3.1.2.5)

Core. Cooling inop Two' Core Cooling Loops One RHR leop Operating and With Water Level > 23/ft.
operable (anel one oper.iting) Either (1) t he other Rf1R Above Vessel Flange, One

(1) Two RC lenps including loop operable or (2) two RHR Loop in Operation.

S/Gs and RCPs, or (2) two S/Gs with Level > 171 |3.9.8.11
RIIR Loops, or (3) one RC 13.4.1.41
Loop and one RHR lenp.
Also, all 4 ARVs operate if With RC Loops Dralned, one With Water Level < 23/ft.
S/Gs are used For decay heat RHR L7ep Operating and One Above Vessel Flange, Two

removal. M) requirement RHR lonp operable. RHR loops, one Innp in

f or EFW. 13.4.1.3, 3.7.l.61 |3.4.1.4l Operation

13.9.8.21
,

__

ECCS Equipment one ECCS Subsystem operable: 51 Pumps Inoperable. St Pumps inoperable

Charging Pump, RHR Pump, Acciennsl a t ors Isolated 13.5.1.21
and lleat Exchanger, avvl 13.5.1.2. 3.5.l.21
Flow Path from RUST and
f rom sump to RCS.
13.5.3.11

I Accumulators Isolaten
13.5.1.21 ,

i4

i
-

. .. , .. . . . . .-. -
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TABLE C-l: SUMMART OF SilUTDOWN TECilNICAL SPECIFICATIONS --FOR MODES 4, 5, AND (>

.

FUNCTION OPERA 81LITT REQUIREMENTS
MODE 4 (flot ' Shutdown) I HODE 5 (Cold Shutdown! { MODE f> ( Re f ne l i ng )

Overpressure Protection Elther - Same as Mode 4 With Vessel Head on. Same
(1) 2 RitR Suction Rettef as Mode 4'

Valves, or

(2) 2 PORVs. or
(3) RCS Depressortzed With

Vent > I.58/fu.
|

Support Systems

PCCW Two Aops Operable 13.7.31 None None

SWS Two Loops Operable 13.7.4] None None

Ultimate lleat Sink 13.7.5)

Ventilation Two Trains of Control Room Same as 'tode 4 Same as Mode &
Ventilation Operable

!).7.6]
Area Temp. Monitoring
Within Specified Limits

1

i3.7.10]
,

AC Power Two Offsite Circuits. Two one Offstte Ctreutt, one same as Mode 5
Diesel Generators Two Diesel Generator, One

i

i Emergency Buses Emergency Ros operable ,

>

13.8.t.1, 3.8.3.11 13.s.1.2, 1.8.1.21

DC Power Teo Trot ns operable (Two One Train Operable (Two Same r.s Mode 5 ,

Batteries Two Battery Ba t t e r i es , Two Ba t t e ry
Chargers, end Two Buses in Chargers, and Two Roses)

| Each) { 3.8.7.1, 3.H .1. t ] [3.d.2.2, 3.8.1.21 3

t

;

I

|

|
\. \ !

!
i

|
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SIM4ARY OF SIIUTDOWN TEC1tNICAL SPECIFICATIONS - FOR MODES 4, 5, AND 6TABLE C-1:

|
,.

OPERA 511.lTT REQ 111REMENTS

MODE 4 (itot Sh.itdown) | MODE 5 (Cold Shutdown) l MODE fu ( Re f ine l i ng )FJNCTION

t
Ins t rume nt at ion

None
o SI - Manual. Logle & None

ESFAS
Relays

o Spray - Manual,l.ogic &
Relays

o Cont. Isolation A, B -
Manual,l.agic & Relays.
CDP rad. liigh

o Auto Switchover to Somp -
legi c & ' clays, R'4ST to
lo with Si

o Loss of Power (Start EFi4)
13.3.21

Mamsal Reactor Trip, Trip Same as Mode 4 Two Source Range Neutro

Flux MonitorsRTS
Breake rs , Source Range [3.9.21
Neutron Flux Monitors
13.3.11

Rad, Monitoring RCS Lea't Detection, Cont. Cont. Vent. Crane Area Same As M d * 5

Vent. On-l.ine Purge, Main Monitor, Control Room Air
Steam i.tne, Cont-ol Room Intakes, PCCW Loops A & R.
Ai r Intakes, PCCW Loors A, Cont. Post-LOCA Area

Monitor {3.3.3.IlB

Cont. Post-LOCA Area
[3.3.3.11

Misc. Monitoring S;ctsmic, Met., Rad. Ltquid Same as Mode 4 Sa.e as Mode 4

Effluent, Rad. Caseous
Effluent 13.3.3.3, 3.3.3.4, .

3.3.3.9, 3.3.1.101

. - - ._ - (
.-
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TABLE C-1: ' SUMMARY OF SHUTDOWN TECilNICAL SPECIFICATIONS - FOR MODES 4, 5, AND 6' ("

.

FbMCTION OPERABILITY I XJUIREMEMTS
MODE 4 (flot Shutdown) i MODE 5 (Cold Shutdown) | MODE 6 ( Re f ue l i ng)

Containment Cont. Spray System, Spray None None
Additi,e Tank Operable
I3.6.2.1,.1.6.2.2|

'

Cont. Isolation valves. None For Core Alterations or
Cont. Leakage, Cont. Al; Movement o' trradiated Fuel

Lock Operable Cont. Building Penetration

13.6.3, 3.6.1.2, 3.6.1.31 - Equipment flatch Door
With Minleum of 4 Bolts

- One Door in Each
Airlock Closed

- Each Penetration From
Containment to
Eevironment Elther
Closed or Auto isolated

i3.9.41

Cont. Purge Supply & None During Core Alterations or'

Exhaust isolation Valves - Movement of trradlated Fncl

36" Valves Locked Closed, Cont. Purge Supply and
i

8' Valves Closed Except Exhaust isolation System

for Purge Operation Operable

13.6.1.71 13.9.9] |t

!

!

!

!
,-

9

I

|| | I
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1. INTRODUCTION

The objective of this work is to estimate the frecuency of fire
occurrences in_ a nuclear power plant during shutdown. This investigation
supports a larger study to determine the risk caused by a wide spectrum
of initiating events that could occur during shutdown conditions and will
help show if there is a significant change in the fire risk during this
period. To obtain estimates of fire frequency during shutdown, it was
necessary to analyze data in greater detail than had previously been
performed to support estimates of fire frecuency during plant operation.
A byproduct of this work is a detailed reclassification of all reported
fire occurrences and estimates of fire frequency in operation and in
shutdown.

This section first outlines the fire frecuency model and the study
procedure, then presents a summary of the results. Section 2 describes
the sources of fire occurrence data and the handling of discrepancies and
overlap among them. The process for structuring the fire data base and a
description of the data base characteristics are included in Section 3.

The fire frequency analysis and results for specific rooms and buildings
are presented in Section 4. There is a supplement to this report that isg
proprietary to PLG and contains the detailed fire occurrence data base
and the exposure _ time for the plants contributing data in terms of
room years of exposure to fires.

1.1 FIRE FRE0VENCY MODEL

To better understand the frecuencies estimated in this work, it is
necessary to briefly describe the fire frecuency model used in the
shutdown fire risk study.

The fire occurrence rate for a given room is a function of such
characteristics as room occupancy (eouipment and operators), traffic,
activities performed, fuel Inding, and so forth. In the model used in
this work, the variability caused by these characteristics is treated

| using a single paramater: the " location" (Reference 1-1).

Four location classes are of special interest: the control room, the

cable Spreading room, the auxiliary building, and the turbine building.
; Note that although the first two classes are subsets of the third class,
| their risk significance warrants their separate analysis. A previous

study of the Seabrook Station has shown these four areas to be thei

' principal contributors to fire risk since they are most likely to contain
locations in which a fire may cause an initiating event and may darage
mitigating functions (Reference 1-2). Although the turbine building does
not contain a large inventory of accident-mitigating equipment, turbine
building fires were identified in the Seabrook ctudy as being significant
because of a potential for resulting in a nonrecoverable loss of offsite
power cendition. Although the irpact of fires during shutdown is
probably bounded by the irpact of fires during operation, there is reason

1-1
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to believe that the frequency of fires could be greater in at least some
of these critical areas. Hence, the frequencies of all of these critical
areas are reevaluated in this study.

The purpose 'of this work, then, is to estimate the frequency of control
room, cable spreading room, auxiliary building, and turbine building
fires during shutdown. The approach used begins with a detailed review
and classification of the available data for fire occurrences and a
partition of the data base into four types:

1 Construction and precommercial operation fires.
2. Fires that could only have occurred during shutdown.
3. Fires that could have occurred during shutdown vt during operation.
4. Fires that could only have occurred during operation.

The data b6se that was developed and used in this study is described in
Section 2 of this report; additional details on the c:.ssification scheme
are given in Section 3.

For locnion 1, the fire frequency curing shutdown is obtained using

i" 1,sa/op * 1,sd *

where the units of A1 are fires per shutdown year. The subscripts in
Equation (1.1) refer to the period curing which . he fire may occur;t

e.g., Aj sa/op is the frequency of fires in location i that can occur
during shutdown or operation. The construction fires observed in the
data base are used.to aid the estimation of both Aj,sd/op and Aj,sa.

Each of the terms in Equation (1,1) is developed by using the available
data base in & two-stage Bayes' analysis (Reference 1-3), as described in
Section 4 Note that the construction fire data may not be directly
aeditive to the fire cata. The number of construction-type activities
potentially leacing to fire initiation (e.g., welding) is expected to be
lower during shut 1cwn than during construction, and the number of fires
per unit shu'.cown time should be lower.

*,

Note also taat the fire occurrence rate during operation can be estimated
by_using a related equation,

N'2)" ^1.op * 1 sd/op

where the' units of A are fires per operation year. The X{ are also
'

analyzedinthisstudy

.h is important tr emphasize that Equation (1.1) quantifies the rate of
occurrence of fires during shutdown. The first component of this rate,

The,sd/op, is assumed to be constant during the entire calendar year.Ai
secono component, X ,sd, is nonzero only during shutdown.1

1-2
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Similarly. Equation (1.2) quantifies the rate of occurrence of fires
during operation. Thus, the total annual fire frequency, X ,T, isi
given by

^1,T " 1 0 ~ #s dI* 4 U*31 sd
.

1,opII ~ #sd} * i,sd/op ' i,sd #sd I*"

where the units of A .T are fires per calendar year and where tsd1
is the fraction of the year the plant is in shutdown (typically assumed
to bo 0.30). The annualized frequency of fires during shutdown is
therefore given by the second term of Equation (1.3), >

I0 (1.5)Ai"I 1,so/op + 1,sa sd

where the units of 41 are shutdown fires per calendar year. The
initiating events analyzea in the shutdown risk study are in the units
of Aj.

In this analysis, we will develop the shutdown fire frequency, as defined
in Equation (1.1), and the operation fire frequency, as definec in
Equation (1.2) . The procedure used to evaluate each of the terms is
outlined in Section 1.2. The results of the analysis are presented in
Section 1.3.

1.2- STUDY PROCEDURE

The procedure used to estimate the individual terms in Equation (1.1)
consists of three basic steps. The first step consists of updating the
fire event data Dase used in previous studies (References 1-i and 1-2) to
incluce the most recent events documented and to perform a detailed
classification of the event characteristics. An important source of data
is the computerized data base recently produced by Sandia N3tional
Laboratories-(SNL) (Reference 1-4). This data base contains most_ nuclear
power plant fires reported to the U.S. Nuclear Regulatory Commission or
to major nuclear plant insurers from 1965 through June 1985; the cata are
coced in dBASE III format and are packaged with a number of programs
intended to simplify searches through the cata file._ These data provided
a good starting point for this analysis.

To support the objectives of this study, it was decided to enhance the
SNL data base with respect to a more complete representation of: (1) the
fire event characteristics (e.g., the ignition scenarios are not always
clearly specified) and (2) all-fire events occurring-in nuclear power
plants. These enhancements required modifications to the SNL data base.
These modificatior.s. include the addition of various data fields to treat
more-complete and new descriptions of fire events (see Section 3) and the
inclusion of additional events not covered by the SNL data base
(see Section 2).- A screening of the data base event descriptions
resulted in the removat of several events (e.g., onsite trailer fires),
which were intentionally included by SNL although they have little
bearing on nuclear plant fire risk analysis.

1-3
1665P032o88

,

w ,ww - w-w s ,,,-"r -w .- -w - m + ~ -----m-~r-w -ww w- -- -------s- -
-

r,



_ _ _ _ _

The second step in the analysis is to group the events in the data base
accoroing to whether they could have occurred during shutdown, operation,
or both and also to categorize them by location (see Section 3).
Categorizing is accomplished by direct examination of the narratives
associated with each event; the summary statistics for the categcrization
are obtained by using the built-in functions of cBASE III.

The third step is the quantitative analysis of the data processeo in the
second step. The processing involves an application of the two-stage
Bayes' method for most of the fires in the data base (Reference 1-3).
This methoa requires the grouping of data by plant to preserve the
plant-to plant variability of the fire occurrence frequency in the
course of quanti; ing uncertainties in this frequency. In one case,
however, special techniques must be employed; that is, the power plant at
which the fire occurred is not always specified, which is required in the
two-stage Bayes' methodology. The method used to deal with this problem
is discussed in Section 4

1.3 SUMMARY OF RESULTS

The results of this study indicate that the frequency of auxiliary
building fires during shutdown is observably higher than the frequency of
fires in these locations during power operation. This increase results
from the number of fires in the data base that are relevant only to the
shutdown period; this, in turn, is because of the potential increase
during shutdown in such activities as maintehance welding, etc., that
may leaa to fires. The frequency of control room and cable spreacing
room fires during shutdown may ba higher, but the rather weak statistical
eviaence precluaes strong confidence in this conclusion. The frequency
of turbine building fi es auring shutcown appears to be much the same as
that for operation.

F15ure 1-1 summarizes the shutoown fire frequency distributions for ebch
of the four locations consicered in this study: the control room, the

:able spreading room, the auxiliary building, ano the turbine building.
Figure 1-2 shows the same distributions for operation. For comparison,
the aistributions computea in Ref erence 1-1 and used in Reference 1-2 for
fires auring operation are also presented. For the control room and the
auxiliary and turbine buildings, Reference 1-1 distributions are lower;
the aifference is due prin.arily to the difference between Xi and
A*j , For the cable spreading room, Reference 1-1 distribution is
higher. As discussed in Section 4, the different results in this study
are caused by the increased amount of data, the reclassification of some
events, and an improved estimation mooel. In each of these respects, the
current results are better supported and should be used in lieu of the
Reference 1-1 results.

It should be notea that the results of this study are based only on
reported fires. The discussion in Section 4 shows that there is a
possibility that the number of reported fires is significantly lower than
the numbcr f fires that have actually occurred. While it may be argued
that the unreported fires tend to be small and therefore of less

1-4
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importance with respect to plant risk, ignoring their impact detracts
from the completeness of this analysis. However, no previous fire risk
studies have trectea the unreported fires explicitly, and it is judged
that a reasonable treatment of such fires is beyond the scope of this '

study. Further, the assumed lognormal shape of the population
variability curves for the fire frequencies and the broad (ana fairly
flat) prior distributions for the lognormal parameters y and o lead ,

to very broad prior distributions for the A's and may implicitly
account for such fires. In the opinion of the authors, the fire
frequencies reported here are judged to be reasonable in the context of
fire risk assessment. Any extensions of this work may want to consider
this problem in cetail,
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2. FIRE OCCURRENCE DATA SOURCES

The fire frequency distribetions used in the Seabrook Station
Probabilistic Safety Assetsrent ($$PSA) (Reference 2-1) are based on an
earlier analysis performed in Reference 2-2. Reference 2-2 uses fire
occurrence data for operating nuclear power plants collected up through
1981. The primary reference source is Nuclear Power Experience (NPE)
(Reference 2-3), which, in turn, is based largely on Licensee Event
Reports (LER).

In this study, the data base of Reference 2-2 is extended to include
fires reported up to July 1987 and to include fires reported in sources
other than NPE. Three sources are used to develop the new data base:
the Sandia National Laboratories (SNL) data base (Reference 2-4), NPE
(Reference 2-3), and a report prepared for the Electric Power Research
Institute (EPRI) (Reference 2-5). Each of these sources is described in
this section.

2.1 SNL DATA BASE

i The prirrary reference source for this work is a computerized data base
' compiled by SNL for the U.S. Nuclear Regulatory Commission

(Reference 2-4). This data base, which is encoded in dBASE I!! data
files, contains information fer 354 occurrences between 1965 and
June 198'. The data included were obtained from a number of sources,
including NPE, LERs, aad American Nuclear Insurers.

Each event in the SNL data base is characterized by 31 data entries
(" fields"). These entries indicate the general characteristics of the
plant insc1ved (e.g., the reactor type) as well as the specific
parameters associated with the fire; e.g., its duration.

Because the SNL data base is computerized, searches of the data base can
be performed rather easily. Reference 2-4 provides a number of programs
to aid in the searching process, but the use of these programs is not

|
necessary for effective use of the data base.

| Although the SNL data base represented an excellent starting point, three
limitations were identified with respect to the objectives of this
study: (1) a significant nurnber of events included are irrelevant to
nuclear power plant fire risk, (2) a small number of events reported in
other sources are not included, and (3)'the 31 fields do not cover all

, event information needed for this analysis. The first item is addressed
' by a scroning of the overall mts base, as described in Section 3. To

increase the cor..pleteness of be C ta base and address the second
. concern, References 2-3 and 2-5 be been thoroughly reviewed and
cross-correlated with Reference 2-4 From this review and cross-
correlation of data, 51 events not included in the SNL d6ta base have
been added to the data base for this study. Some of these events
occurred at foreign plants and are screened out prior to quantification.
To address the third concern, the SNL data base is modified by adding
13 data fields, as Jiscussed in Section 3.

2-1
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2.2 UTHER OA1A BASES

As discuss &d above, References 2-3 ano 2-5 have been reviewed to irrprove
the completeness of the data base.

NPE is a periodic compilation of reportable events occurring at nuclear
power plants. NPE data are based primarily on Licensee Evant Reports.
The purpcse of NPE is to provide a vehicle for sharing industry
experience among all interested parties.

For the period 1968 through July 1987, a total of 138 fire events was
found in NPE. Due te vulations in interpreting reporting requirements
among nuclear plant operators, the event reports vary in content. They
of ten (but do not always) describe the ignition cause, the medium of
propagation, the methoa of suppression, the components affected, and the
plant and operator reactions to the event. Some reports may only be a
few lines long, while others (notably, the report on the Browns Ferry
cable spreading room fire of 1975) may cover several pages.

The EPRI report (Reference 2-5) presents an analysis of 116 fire
occurrences between 1965 and February 1982. F1f ty-nine of these fi -

occurred at operating nuclear plants in the United States between January
1978 and February 1982; some of these fires are also reported in NPE
(note inat hPE is not restricted to fires in operating plants), while the
re:ords of others are obtained from the files of American Nuclear
Insurers.

The event reports given in Reference 2-5 can be broken into two groups:
those for fires before December 1977 and those for fires occurring af ter
this cate. The reports for the first group are more complete than those
for the second; both groups, however, omit the name of the plant
involveo, which increases the dif ficulty of using this informatior. in a
two-stage Bayes' analysis (see Section 4).

Because the records for a number of fires reported in Reference 2-5 are
private, some of the fires included in that reference are not included in
Reference 2-3. For example, Reference 2-5 reports 10 turbine building
fires before May 1978,- while Reference 2-3 reports 8 turbine building
fires up to December 1981. In general, discrepancies between the two
sources are not very large; it is believed that those events reported in
Reference 2-b but not in NPE are relevant because they provide an
indication of the total fire occurrence rate within the nuclear plant,
regaraless of the safety implications.

2.3 COMMON EVENTS

Because the three data sources used ovt ,, it is necessary to identify

those events appearing in more than one data source. This is
accomplished primarily by ioentifying those events sharing conmon
occurrence dates and reviewing their descriptions. For the control room,
cable spreaaing room, auxiliary building, anc turbine building, 45 events
are reported in more than one source.

2-2
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|

Because of the lack of information by some of the event reports, it is
; not clear if the 45 events identified include all of the duplicate events

in the data base. Because it is believed that the number of unidentified'

duplicate events is relatively small, and because any error due to
missing such events is conservative, further investigation of the data
base is not aeemed necessary.

2.4 REFERENCES

2-1. Pickard, Lowe and Garrick, Inc., "Seabrook Station Probabilistic
Safety Assessment," prepared for Public Service Company of New
liampshire and Yankee Atomic Electric Company, PLG-0300,
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for Risk Analysis, Arlington, Virginia, 1963.

2-3. S. M. Stoller Corporation, Nuclear Power Experience, 1986,

2-4 Wheelis, W. T., " User's Guide for a Personal-Computer-Based Nuclear
Power Plant Fire Data Base," Sandia National Laboratories,
NUREG/CR-4566, SAkUB6-0300, August 1986.

2-5. Dungan, K. W., and M. S. Lorenz, " Nuclear Power Plant Fire Loss
Data," prepared for the Electric Power Research Institute by
Prof essional Loss Control, Inc. , EPRI-NP-3179,1983,
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3. FIRE DATA BASE
i

The fire data base used in this study is developed by consolidating and
updating the data sources described in Section 2. A total of 406 events
is included for the period 1965 to July 1987. Of these, 256 cre relevant
to this study and will be further analyzed.

3.1 DATA BASE STRUCTURE

The fire data base is contained in dBASE 111 files. The structure of
these files is a reorganized and modified version of that used by the SNL
data base (Reference 3-1). This modification consists of adding 13 data
entry fields to the original 31 fields (each field contains data
characterizing the fire event). The fields for the new data base are
listed and described in Table 3-1. An example of a typical entry in the
fire data base is shown in Figure 3-1.

The purpose of adding fields is to allow charheterization of the data
base in terms of parameters not considered by Reference 3-1. For
example, Reference 3-2 describes an approach for analyzing the frequency
of nuclear power plant fires that requires detailed information
concerning the causes of the fire. Some of the inforrational needs are:
the mechanisms by which fuel and an ignition source are introduced into
the area aad the size of the initiating fire. Other fields added
characterize the safety equiprent/ systems affected by the fire, whether
fire barriers were present and breached and whether other significant
conditions (e.g., heavy smoke or water damage) should be flagged.

3.2 DATA BASE CHARACTERISTICS

The data base used in this study is ob+ained by screening the raw data
base (406 events) to rcmove such inappropriate events as grass, warehouse
fires, trailer fires, and those fires that occurred in temporary
buildings. The remaining 256 events are categorized according to:
(1) their possibility of occurring during a given plant operational rode
at the titre of the fire event and (2) the location of the event. The
four operational rode categories of interest are:

1. Construction. This includes applicable events categorized as
occurring during the construction and preoperational testing modes of
Reference 3-1.

2. Shutdown Only. This includes events from the maintenance outage,
refueling outage, and cold shutdown modes from the modified
Reference 3-1 data base that were judged to only have a high
likelihocd of occurrence during cold shutdown conditions. For
example, if the conditions that caused the ignition set.rce and fuel
to come together could only occur during shutdown conditions, such as
those due to prolonged operatiN Sf shutdown enoling pumps, then the
selected event was put into th;. category.

3. Operating er Shutdown. This category contains events selected on the
basis that tney either occurred during shutdown conditions (as

3-1
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defined above) but could have occurred during operation or that they
occurred during operation but could have just as eacily occurred
during shutdown conditions.

4. Operating Only.- This includes the remainder of the events in the
t modified data base. These events are categorized by conditions. . ' .

R# uni,lue to hot operating modes; i.e., hot shutdown or powerc'
Operation. For example, if the ignition sourca was a pipe thet wocid
only be- hot during operating conditions, then G.e evenc would fall
into this category. .

,

- : As diccuused earlier, four location categori'' are of interest in this
hc y study; the auxiliery building, the turbine ; . :1 ding, the control room,
5

c and the cable sprecoing :oom.
hA : .here are good reasons to believe that fires in the tsur location

categories include those that dominate the shutdow ' ire risk. They

include all the locations systematically identified iii the SSPSA
(Reference 3-3) for power operation events. The iroat'. of fires in these .,,

'

locations should Lound the impact of shutdown fires. ihe categories are
similar to, but not identical with, the location groupings presented in
Tame 6 of Reference 3-1. The number of fires for each mode and location

f. is plotted in Figure 3-2.
,

3.2.1 AUXILIARY BUILDING
e

The location class " auxiliary building" includes both the control and
auxi'eiary buildings of current plants; of course, the actual contents
(and even names) of these buildings can vary from plant to plant. In the "

case of Seabrook Statiot;, the generic terr + of auxiliary bui'1ing includes -

1"' t auipment vault. For purposes of this evaluation, fires
o; e .g in the followint locations (as determined from the SNL data
b:ise ) are assumed to occut- in ti.e control building portion of the
auxiliacy builfing class:

~

e Batterf Room
e Cable Riser Area-

i e computer Room
o Control Building

*
e 3witchgear Rcom

This grouping is a natural one Vrom the fire occurrence standpoint since
it can be seen that the contents of these different rooms are similai
(they do act house large mechanical equipmert, for exemple).:

It can also be argued that cable spreading rooms and cent o1 "coms are
located witMn the control building and thus should be included in the
broad auxiliary building class definition. However, the significance of
fires in these special areas'is substantial enough to warrant an (
independent frequency quantification fer each; they are discussed -in
-later sections.

Auxiliary buildings for nuclear power plants typically house components
of such primary auxiliaries as the residual heat removal (RHR) safety

3-2
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inje: tion, andichemical.'a'ndivolume: control: systems, as well.as components
i of ;the radvsiste proce'ssing _ systems- and ventilation systems; e.p. ,-
charcoal filters. The fire-locations-(as-' defined in-the SNL data base
and used'in the modified = data base) containing. equipment that corresponds
to that-described above include:

ei : Auxiliary Building
y e Pump Room-

e Radwaste Building-
<o e - Reactor Annulut ,

n ~ ' :e; Recombiner - Building
' e :: Reactor Building (for, boiling _ water reactors)

Together with the rooms listed earlier, these compose the auxiliary 1

building location class. -Note that the diesel generator building,- the
intake structure, and electrical tunnel locations are not considered as
part of the auxiliary building.

The results of the _ data search are tabulated in Table 3-2. The four
columns correlate to the operational mode categories described earlier.

-

Table' 3-2 shows that a number of auxiliary. building fires are categorized
' ' ' as.being relevant only during operation. Most of these are fires that

-occur in-the recombiner building. The SSPSA (Reference 3-3), using an
exhaustite, systematic -analysis, has_ shown that off gas, syster-related
fires have little ef.fect on plant risk at Seabrook and need'not be
includea-in--the risk study. Such fires are therefore screened out of the#

~ . data-base used in the study prior to quantification.

. Table '3-2 also shows that a: number of fires could hve o. curred only

.during shutdown. It should be noted, however, that six of the shutdown
Lonly events are Lsmall welding fires that occurred at a single plant over
. the span of a. few months. These events are probably not independent
since- they appear.to be the result of a single breakdown in
administrative procedures:_ the shutdown fire frecuency is- therefore not

4' .as strongly-affected as implied by the table. This group of events will
;be further-discussed in Section 4 .

L i3.2,.2i! TURBINE BUILDING
.

The applicabM turbine' building fires included in the data sase are '

categorized in Table' 3-3.
.

The location class " turbine built.ng" includes both the turbine building
and boiler room locations of the SNL data ba- . This grouping was chosen

s because of the similarity of etvipment and f als found in these
: locations, it being hypothesized that the secondary plant housed within
the turbine building-is analogous-to a larger version of a boiler room^

zwith a turbine: generator added. It is interesting to note that no
Japplicable events were categorized in the boiler room location. This is
probably due;to the ~ fact that few plants have auxiliary nonnuelear

*_ .

boilers.

Jt

|
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3.2.3 CONTROL ROOM

The four control room fires included in the data base were all
categorized as operation or shutdown, as shown in Figure 3-2. All four
fires were very small (three might actually be botter termed as fire
precursors) and were easily extinguished. However, it is judged that all
four fires were capable of spreading (although slowly), and are therefore
relevant. All four fires are included in the control room fire frecuency
analysis; reductions to the fire frequency on the basis of fire severity
are performed in a later. step of a fire risk analysis, as de cribed in

References 3-3 and 3-4

Note that the date base dres not contain any control room fires judged to
be possible only during shutdown conditit - This is not surprising,
given the rarity of any type of control rA- fire. It is believcd that
the lack of data should not be used to infer that this class of fires is
not possible; i.e., to omit ACR in Equation (1.1). The lack of
data only provides evidence thaf.sdthe value of ACR.sd is likely to be
small.

3.2.4 CABLE SPREA3 M ROOM

The three cable spreading room fires included in the data base were
categorized as one construction and two operation or shutdown, as shnwn
in Figure 3-2 The most severe event is the well-known Browns Ferry fire
of March 1975 The other event linked to a plant occurred at Peach
Bottom 3; this fire was small and was caused by the use of flamrable
plastic in relays.

A: in the case of the control rocr, no fires that could have occurred

onl, during shutdown have bee- obsceved. We therefore expect ACSR,sd
to le stall, but not necessarily zero.

3.3 REFERENCES

3-1. Whe lis, W. T., " User's Guide for a Personal-Computer-Based Nuclear
Power Plant f ire Data Base," Sandia National Laboratories,
NUREG/CR-4586, SAND 86-0300, August 1986,
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Initiation in Nuclear Power Plants," Transactions of the Ning
International Conference on Structural Mechanics in Reactor
Technolocy, Lausanne, Switzerland, August 17-21, 1987.

3-3. Pickard, L owe and Garrick, Inc., "Seabrook Station Prob 3bilistic
Safety Assessment," prepared for Public Service Company of New
Hampshire and Yankee Atomic Electric Company, PLG-0300, December
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g

3-4 Kazarians, M. , N. Siu, and G. Apostolakis, " Fire Risk Analysis for
Nuclear Power Plants: Methodological Developments and
Applications," Risk Analysis, Vol. 5, No.1,1985
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-TABLE 3-1. FIRE DATA SASE FIELD DESCRIPTIONS

- Sheet 1 of 9

Description
d

1 Incident Number. This ilumber is assigned to each fire
incioent. Numbers range from 1 to 354 chronologically and-
from 355 to 404 in random temporal sequence. This number,
called an INO, also corresponds to the scme number in the
description data base.

2 State, Town. The state (o, country)-in which the plant is
locatea ano the closest town or city.

3 Plant and Unit. The plant name and unit number where the
tire occurrec.

4. Utility. -The principal utility (or group) that operates the -
plant.

5 Reactor Type. The type of reactor at the plant of interest.
Entries for this data element are:

BWR (boiling water reactor)
PWR (pressurizec water reactor)
HTGR (higtrtemperature gas reactor)

6' Reactor SLpplier. The nuclear reactor supplier. Entries for
this cata element are:

hestinghouse General Atomic
Cosbustion Engineering General Electric
Eabcock & Wilcox Alli s-Chalmers
Kraftwerk Union AG ASEA-Atom

7- Capacity. The reactor output, expressed in net mecawatts
(electric). (For example, 1,000 MWe.)

8- Date of' Operating License. The-date of issue of a reactor

operating license.

9 Data of Initial Criticality. The date the nuclear reactor
first went critical (a self-sustaining nuclear reaction

occurred in the reactor).

10 Date of Commercial Operation. The date the reactor was
formally connectea to a commercial power grid.

.

P
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TABLE 3-1 (continued)

Sheet 2 of 9

!Fifd Description

11 Date of Fire. The date of the fire is listed in this field.

12 Time. The time (in military standard time) the fire
occurred.

13. Location. The location, inside or outside the plant, where
tne fire occurred. Entries for this data element are:

Administration Building Offsite
Auxiliary Building Other Building
battery Room Pump Room

boiler Room. . Radwaste Building
Cable Riser Area Reactor Annulus
Cable Spreading Rocm Reactor Building
Change House Recombiner Builcing
Computer Room Security Builcing
Containment Service Building
Control Building Stack Filter House
Control Room Switchgear Room
Cooling Tower Temporary Building
Diesel G.nerator TIP Room

builoing
Drywell Transformer Yarc
Fire Pump House Turbine Builcing
Maintenance Shop Warehouse
Manhole Yard

14 Size. Approximate qualitative size of fire. Entries for
this cata element are:

Precursor (examples: burned relay contact and shorted
terminal; fire never p opagates)

Small- ( examples: ' wastebasket and burned relay; capable of
being extinguished by one person without assistance)

Medium (examples: electrical panel fires and oil fires due
to accumulated leakage; extinguished by fire brigade with
several hand-held extinguishers)

Large (examples: explosions affecting more than one room or
component; extinguished with mult111e hoses with offsite
assistance)

15 Duration. 'ihe curation (hours: minutes) of the fire.

3-6
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TABLE 3-1 (continued)

Sheet 3 of 9

Filc DescriptionField
- ..

16 Duration Flag. This 1: a number that corresponds to the time
that a tire. burned.- The values range from 0 to 6 and mean
the following:

0 - Fire Precursor.
1 - < 1 minute
2 - > 1 minute but < 5 minutes
3 - T 5 minutes but <-15 minutes
4 - T 15 rninotes but '< 30 minutes-

5 - T 30 minutes but < 1 hour
~

6 - > 1 hour

17 hooe of Operation. The' plant status at the time of the
fire. Ertries for this data element are:

,

l

Construction
Preoperational Testing
Power Operation
Hot Shutdown

-Cold shutcown
Retueling Outage
haintenance Outage

18 Cause of Fire. The cause of the fire. Entries for this data
element are:

,

Component Failure
Electrical Failure
Weloing and Cutting

| De sign / Fabrication
Error
Defective Procedure
Arson
Personnel Errorg
Spontaneous Combustion'

i' Explosion
Overheated Material'

Suspicious Origin
Lightning

!
_.

.

l

1

'
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TABLE 3-1 (continued)

Sheet 4 of 9

p|f*o Description

19 Type of Fire. The type of fire that occurred i" reference to
National Lnvironment Policy Act/ National Fire Protection
Association Standards is listed here:

Class A (ordinary combustibles, such as wood or paper)
Class 8 (flammable liquids and gases)
Class C-(electrical fires)
Class D (combustible-metals)

20 Ignition Cause. Descriptico of the source of ignition.
Lntries for tnis data element are:

Electrical Arcing
Hot Surfaces,

Friction Heating
Grinding /Weloing
Sparks-
Auto Ignition

21 Jgnition Category. Categorization of evailability of
ty n tion source. Entries for this cata element are:

In Situ
Transient

22 Concitional ' Ignition Category. Categorization of ignition~

source concitioneo on tne response to Ignition Category.
Conditional entries for this data element are:

In Situ:

Normally Present (examples: hot surfaces, potential'
,. electrical arcs)'

Component Failure (examples: electrical or mechanical
failure)

Transient:

Useo in f,com (examples: maintenance items,
construction / repair materials)

Administrative Violation (examples: cigarettes, open
flames)

3- 8
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TABLE 3-1 (continued)

Sheet 5 of 9

fid Description*

23 Extincuished By. The persons, systems, or methods used to.
extinguish the fire. Entries for this data element are:

Automatic System Construction Workers
Security Guard Self Extinguishing
Plant Personnel Deenergized
Plant Fire Brigade Remove Fuel Source
Offsite Fire Department

24 Uetection Means. .The method by which the fire was initially
aetected:

Con 6rol Room Heat Detectors
Observation Plant Personnel

| Construction Workers Security Guards
' Fire Watch Smoke Detectors

25 Detection Time. The time (hours: minutes) of detection
reietive to the ignition time. i

26 . Suprression Time. The time (hours: minutes) taken to
extinguish tne tire once suppression personnel or equipment
arrivea.

27 Suppression Flag. This is a nunber that corresponds to the
time it took to suppress a fire. The values range
trom 0 to 6 and mean the following:

0 - Fire Precursor
1 - < 1 minute
2 - > 1 minute -but < 5 minutes
3 - I 5 minutes but < 15 minutes
4 - I 15 minutes- but' < 30 minutes

~

5 - T 30 minutes but < 1 hour
6 - ][ 1 hour

28 -Agents usea. The extinguishing agents used to suppress the
tire:

Dry Chemical Gas-Halon
Foam Gas-unspecified

r; Gas-Ansul Water

Gas-C02 None
.

3-9
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TABLE-3-1 (continued)
4

Sheet 6 of 9

DescriptionFed

29 Equipment Used. The equipment used to extinguish the fire:

Automatic Gas System None
Automatic Deluge System Outside Hose Streams

-Inside Hose Streams Portable Extinguishers

30 Initiating Component. The equipment or item that initiated
the fire:

Air Conditioner Hydrogen Analyzer
Battery Hycrogen Recombiner
Boiler Incinerator
Bus Instrumentation
Cable Motor-
Capacitor Motcr Control Center
Circuit Breaker Oxygen Recombiner
Circuit Switcher Pipe
Computer- Pump
Construction Equipment Reactor
Degreaser Reheater
Dioce' Relay.
Engine Resistor
Extension Cord Steam Generator
Fan Tank
Filter- Temporary Structure
Flooo Light Torch
Fuse Transformer
Generator Turbocharger
Glove Box Turbine
Hanger Valve
Heat Exchanger Voltage Regulator
Hose

:31 Initiating Combustibles. The substance that initiated the
tire:

Carbon Buildup Oil
Ctarcoal Propane

'

Construction Materials Scalant
Gasoline Solvent
Hydrogen Waste
Insulation

3-10
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. TABLE 3-1 (continued) 1

Sheet 7 of 9-

Description .

F d

32 Combustible Category. ' Categorization of fuel source.
Entries to inis data element are:

In Situ
- 1ransient

.

33- Conditional Fuel Category. Categorization of fuel source
conaitionec on the response to Combustible Category.
Concitional entries for this data element are:

In Situ

7 Anticipatea (examples: fuel, oil, lube oil, and cable

insulation)

Unanticipated (examples: improper materials or
installation)

Transient

Used in Room (examples: maintenance items,
construction / repair materials)

Stored in Room (examples: administrative violation,

plannea outage)

34: Components-Affected. The equipment items af fected by the ~

tire are all items listed under " Initiating Components" plus
the following:

Builoing Reactor Internals
Construction Materials Rupture Disk
Ductwork Seals
Electrical Equipment Substation

' - Hanger
,

Trailer
None- Vessel

35 Satety Systems Affected. List of the affected safety

systems.

36 ~ Redundant Systemt Affected. List of the redundant safety
systems and corponents atfected by the fire.a

_ . . !

3-11
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TABLE 3-1 (continued)

Sheet 8 of 9

File .Description
Field

37 System / Components Failed. List of the components failed by
tne fire. Include manuf acturer's part numoer or name plate
data it available.

38 Fire Barrier Data. Indicate whether fire barriers were
'nstalled (Yes/tione) in the '.2 cation of the fire. When firei
barriers were present, state whether they performed as
designed.

39 Fire Accessibility. Indicate whether the fire location
impeceo access (Yes/None) to fire fighters and equipment.

40 Significant Concitions. Description of significant
concitions procucea by or exhibitea by the fire. Entries
for this data element are:

| Smoke Toxic Gases
Smoldering Fire Poor Ventilaticr.

41 Power Deeradation. The percentage power degradation of the
reactor unit (represented as xt) that resulted from the
tire. It the unit was shut down because of the fire, it is

represented by the designation " Scram".

42 Forced Outage. The number of days of outage (representsd as
x cays) causec by the fire.

43 Direct Loss. The dollar value loss incurred because of the
tire. Ent-ies are represented as follows:

< $5k (less than $5,000 damage)
$5k to $50k (between $5,000 and $50,000 damage) .

$50k to $100k !between $50,000 and $100,000 damage) ,

$100k '.o $5e% (between $100,000 and $500,000 damage)
$5Cus to $1M (between $500,000 and $1,000,000 damage)
> $1M (greater than $1,000,000 damage)
$100N (approximately $100,000,000 damage)

|

~
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TABLE 3-1 (continued)

Sheet 9 of 9

Description
d

'44 Reference. The source material in which the fire incident
was cocumented. When available,~ include the specific
citation for the following sources:

LPRA (Limerick PRA)
LER-(Licensee Event Report)
NPE (Nuclear Power Experience)
ANI ( Amerien Nuclear Insurers)
EPRI (Electric Power REsearch Institute-NP-3179)
PRE (Power Reactor Events - NUREG/CR-0051)
MEMO (hemo from W. J. Dircks to Corcnissioner Bradford)
NK (PLG fire occurrence data)

|

i

i
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table 3-2. bREAKD014N OF AUXILIARY BUILDING flRES

Shu d wn Opeation 0pead or.
- Location. Construction Only or snutdown Only

Battery 0 0 4 0
Room.

.;4 - Cable Kiser 1 1 0 0
Area-

Computer 1 0 0 0
Room

Control 2 0 2 0

Builoing.

Switenpear. 2 6 12 0
Room

,

,

Auxiliary 2 1 18 3.

Builoing

Pump' Room 0 0 2 0

'

Raawaste 0 0 0 2

bui ldi ng .-

keactor 0. 0 0 0
Annulus

RecomDiner 0 0 1 9
'

Buildiiig

Total 8 8 33 14

_ _ .

i-
.

i.
l
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|
|
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Thbi.E 3-3. BRfAK00UH OF TUR61 tic BUILDING FIRES
.

5|{

. .:

. Shutdown Operation Operation
- Location Construction Only or Shutdown Only

Boiler 0 0- 0 0
-- ' Room.

-Turbine 8 4 10 14

builaing

Total 8 4 10 14
-
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PLANT NAME : Browns-Ferry 1 ' CAPACITY : '1065 MWe. INO : 1 0 0..

PRINCIPAL OWNER UTILITY : Tennessee Valley-Authority
PLANT LOCATION : AL, Decatur.
NSSS VENDOR.: General Electric REAC10R TYPE : DWR
OPERATING LICENSE ISSUED.: 12/20/73
INITIAL CRITICALITY't 98/17/73 DATE OF COMMERCIAL OPERATION s'08/01/74

FIRE LOCATION : Cable'Soreading Room DATE OF FIRE':03/22/75
TIME OF DAY OF FIRE : FIRE DURATION : 07:30
MODE OF PLANT-OPERATION : Power Operation
PROBABLE CAUSE OF FIRE : Defective Procedure
TYPE OF FIRE : Class A
DETECTED BY : : Plant Personnel
EXTINGUISHED BY : ' Plant Personnel, Offsite Fire Department
SUPPRESSION EDUIPMENT : Inside Hose Streams, Portable Extinguisher

w- ' SUPPRESSION AGENT (S) : Water
b SUPPRESSION TIME : 07:00

~

INITIATING COMPONENT : Torch
INITIATING COMBUSTIBLE : Sealant
COMPONENTS AFFECTED BY FIRE : Cable -

POWER DEGRADATION ( Y. ) : SCRAM FORCED OUTAGE : 350 Days SLOSS : $100M

REFERENCES : EPRI, NPE, LER

Event Description :

A fire occurred in Units 1 and 2 c-ble spreading com.
Containment penetrat'i-r sealant wa innited by a candle flame
being used te check the f.enetration s e- leakage. Because of the
pressure differential kept between the CSR and the RD, the fire
quickly-spread to the RB.

FIGURE 3-1. TWICAL ENTRY IN FIRE DATA BASE
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4. FIRE FREQUENCY ANALYSIS

The frequency of fires during shutdown for a given location in a plant is
quantified as described in Section 1:

* * *

sd *1/op

where

Asd = frequency of fires that can occur only during shutdown.

sd/op = frequency of fires that can occur during shutdown orA

operation.

and A iT in u1, '.s of fires per s".utdown year.

The shutdown term incluces construction-type fires not expected to occur
during a normal shutcown, but that may occur during an extended outage
when large-scale plant mocifications may be made. The shutcawn/operaticr.
term includes fires that occurred during construction (or preoperational
testing) that could have occurrea during normal plant shutdown or
operation.

As discussed in Section 1, Equation (4.1) gives the rate of fire
occurrence curing shutdown; i.e. the number of fire events per unit
time. To ennualize this rate, we cultiply by the fract1 i of time the
plant is in shutdown conaitions, &sd;

A=(Asd/op * "

sa sd

vhere A is in units of fires per calendar year.

Unless stated otherwise, the frequencies discussed below in this section
are the unmodifiec quantities; i.e., those usea in Equation (4.1). -

A similar approach is used to estimate the fire frequency during
operation.

* (4.3)A =Asd/op + Aop
where

op = frequency of fires that can only occur during operation.X

-

.
The units of X are in fires per operation year.

4.1 GENERAL ESTIMATION PROCEDURES

The estimation procedure used in this study is based on the two-stage
Bayesian analysis methocology (Reference 4-1). It is assumed that the
tutal frequency of fires for a given location varies from site-to-site

4-1
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(and not unit-to-unit, as is assumed in most applications of the
methocology). This assumption is due to the belief that much of the
cifference in fire occurrence rates can be attributed to differences-in
management, which, for multiunit sites operated by a single utility,
shoula not be too great.

The random variation in the location-dependent fire frequency is assumed
to be governed by a lognormal distribution wnose parameters, vi and
ej (the i denotes the ith location), are unknown. The purpose of the
estimation process is to develop the probability distribution for vi

k fires in Tikand oj, given the evicence from the data base (ri,isyears for location i, site k). This distribution ten used fo average
the lognormal distribution for A.

The RISKMAN64 code . used to perform the actual computations; the
following section describes a change in methodology required to aedress a
problem with the current data base.

4.2 METHODOLOGY MODIFICATION

One problem with the available data prevents the analyses for AThe two-stage Bayes /cpsd
anc A frein being entirely straightforward.sc
methocology requires knowledge of the particular site at which the fire-
occurreo; however, event descriptions obtained fram insurance sources
generally omit the name of the plant. Thus, it is known tt.at a fire
occurred, but it is not known where that fire occurred.

The forraal treatment of the uncertainty in attributing an event to a

given plant is not difficult in principle. Consider a -single
,

unattributea fire event, and 'isume that there are K plant sites at which
the fire coulc have occurreo. Define hypothesis k as follows:

at site k (lfk<f)hg: the fire occc >

Clearly, only one of the K hypotheses is true; the probability that Hk
is true is denotec by P{H ). Using this notation, the po.,teriork
cistribution for lyj,ci) is given by

K

y(u ,0$|E)= [ty(p ,0j|H)P{H} I4*4)
.

t j j k
k=1

|
where 51(uj,0j |H ) is the location-dependent posteriorkdistribution obtained from the two stage Bayes' approach, assuming that

i

L the fire occurred at site k. If the hypotheses are eaually .ikely (i.e. ,
we nave no reason to choose one site over another),

|
1(p,o|E)= f [K y(v ,04|H I|

t5 *j kj j
k=1

|

| A practical problem with this approach is that the number of hypotheses,
; and therefore the number of RISKMAN4 runs, increases geometrically with

..
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the number of pnattributed events. For example, if there are just two
such events, K Joint hypothesis Hjk * IHj,H } (1131K,11k1K)4

k
must be considered. To limit the cost of this study, an empirical

solution that retains some of the character of the formal solution was
used,

in this approach, only two assignments of the unattributed events
(hypotheses) are allowed; the first is conservative, while the second is
optimistic. The assignment procedure is based on a two-step ranking of
the sites. In the first step, the sites are ranked by the total nurber
of fires experienced; the " worst" sites h' ave the highest number of fires
and the "best" have the least number of fires (0 in this case). Within
each group of sites defined by this first ranking, the sites are further
ranked by the number of operating years; the " worst" site has been
operating the shortest time, and the "best" has been operating the
longest tine. In this context, "best" and " worst" refer only to the
potential impact on estimated fire frequency of assigning an unattributed .

fire to the site.

Using this ranking, if there are N unattributed fires, the conservative
hypothesis, hc, is that these fires occurrcd at the "wem" N plants.
The only two restrictions are: (1) no plant is assigred more than one
unattributed fire (such an assignment is less likely, assuming
incependent events anc icentical assigr. ment probabilities); and (2) an
event is not assigned to a plant where the fire could not have occurred;
e.g., if the fire occurred at a boiling water reactor, and the worst
plant is a pressurizec water reactor.

The optimistic hypothesis, H , is that the unattributed fires occurrecg
at the " Dest" N plants. Assignments of unspecified events are made
analogously to the conservative case.

,

The posterior distribution for (uj,0j) is then obtained using

y(V ,0j|E)= b (Uj,C$|h)+ty(U$,c|H)] (4.6) -t j y g

where P(H ) = P(Ho) = 1/2 since only these two hypotheses areC
allowed in this procecure ano since we believe these hypotheses to be
equally likely.

4.3 UNREPORTED FIRES

Before proceeding with the quantitative analysis, it should be pointed
out that a potentially important problem with the data base involves bias
in the reporting of fires. Examination of the detc base shows that some
of the fires reported in the Electric Power Res e m Institute analysis
(Reference 4-2) are not included in Nuclear Power Experience (KPE)
(Reference 4-3). The fires not picked up by NPE were apparently not
believed to be of safety significance; their omission indicates a
filtering process for fire reporting. Further, it is not overly

speculative to assume that, at least at some plants, tnere is a filtering
process with regard to reporting fires to insurance companies.

4-3
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LTwo incioents-.provice fu-thcr evidence of this filtering. The first-
iny'olves precursor events:to the Browns-Ferry cable spreading room fire;

~

1

the:NPE' narrative for the event: indicates that a. number of small fires
- were started Dy the: leak-testing procedure _before the serious fire

~

,

M occurred.- These fires were immediately: extinguished and;not repnrted. ,

A second' incident involved:a set of six small welding fires (in the'
i

!switchgear room). occurring- etia particular plant in_ the. space of a -
,

.
~ month.7 Although these. fires were_ picked up by.NPC, it should be noted
that such multiple. occurrenMs are not _ reported for any other plant-(for-'

A fany location within the plant). There_is no particular reason to believe
'that_this particular plant is unique.

,1

From alrisk? standpoint, the potentially _ optimistic bias introduced by the J

--filtering.of-fires-during operation or shutdown may not be large since
:the unreported fires', oy-their nature, sre generally small and
immediately extinguished. In this studyptherefore, no adjustments are

-made to-the' data or_ estimation process'to account for bias in event!
,

reportage. This'is consistent with approaches used in earlier fire risk
studies (e.g. , Reference ,4-4); further study of this problem, however,
may be Worthwnile.

-_4.4s: TREATMENT 0F CONSTROCTION FIRES

The cata base-contains numerous fire events that occurred during
construction or_preoperational testing. A smali number of these events
are Judgea applicable;to the analysis; because of the relatively small

' ' isize of the'cata basc,:these events are also incluc'ad in the analyses of
'A,sa,31,sd/op;anoAj,op.i

To ; formally arcount f or these fires in the estimation process, . data are
needeo not only for _the number of occurrences but also for- the relesant*

exposure timi. Thus,-it must be determined how long the _ plant suffering
:theffireLwas in;6 ' configuration (during construction or preoperational
<testingFsimilar to its_ configuration during shutdown or. operation.

. Further, it;must also be-' determined how long other plants in the data
- base not experiencing fires were in similar configurat ans.

'In general, it is believed t' hat the plant configuration during
: construction ano testing only approaches the' operation /shutcown
configuration during the very last stages. As a result. the exposureo
times..are=likely-to be on the order of 1 to 3 years.

Because"of-_ this judgment, the small. number of fires-in this class, and
the; risk-centered context of this analysis, a slightly conservative
approach is adopted instead of the_-formal approach. The fire uccurrences

.are added1to the data base, but no additional time is addeci to the'
-!

n

exposure. time used in the ' analyses of l ,sd, A ,sd/op, and lj,op.i i

"4.5 CONTROL R00r4 FIRE- FREQUENCY -

JSection 3 shows that four control room fires are included in the data
. base;: two occurrevat fiatch Unit 1, one occurred at Drestjen, and one

,

,

4-4
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occurred at Three Mile Island Unit 2. All four fires are judged relevant

to both shutdown and operation.

Using these data with the prior distribution for (pCR 0CR) shown in
Figure 4-1 and the_ control room exposure time data by plant site and room-

years of exposure, the resulting distributions for Aare characterizeo in Figure 4-2 and Table 4-i.d andCR s
Xg The prior
d sN ion, as is the case throughout this analysis, is chosen to cover

1

a wice range of y and a values. In particular, the grid for p is
r. elected to account for the order of magnitude uncertainsies in X
(recall that eV is the median of the population variability
distribution for A if p and o are known). The weights assigned to
each (p, c) pair are uniform, reflecting relative ignorance and
avoiding strong bias before the intrcduction of data.

Regarcing the control room exposure time, it thould be noted that while
some multiple unit sites share control rooms, this analysis assumes that
each unit has a separate room. This approach, which is also used for the
cable spreading room, is justified by the functional separation of the
control areas (the single room is essentially two rooms joined together
without a wall).

Figure 4-2 and Taole 4-1 also characterize the distribution for the total
control room fire frequency, ACR, which is just the som of the
previous two uncertain variables. Also provided is the distribution
obtained in Reference 4-5. Note that this latter is based on an ;1rlier

dai.a base (including fires up through December 1981), and a dif ferent
two-stage Bayes' grouping (plants instead of sites), ( 1 is for fires
curing operation rather than shutdown.

As discussec earlier in this section ano in Section 1, the fire
f requencies ceveloped in this report are given in terms of fires per
shutcown year, while the frequencies presentea in Reference 4-5 are in
terms of fires per operating year.

Table 4-1 shows that the Reference 4-5 results are comparable to the
results obtained for ACR The difference in overall results is
due to the inclusion of f.sd/o$a.ss of control room fires that may occurhe c
only curing shutdown; because of ti,e lack of data f ar these fires, the
difference, in terms of mean values, is not large. It shculd also be
noted that the distributions obtained in this study are narrower than

thope obtained in Reference 4-5 (the latter has 5th percentiles down to~ e narrowing of the distributions is due to both an10~ per year). a
increased amount of data (occurrences and exposure time) and the site-to-
si? variability modeling approach adopted, rather than the
plant-to-plant modeling approach of Reference 4-5.

Figure 4-2 and '.oble 4-1 also show the analogous results for ACR, the
frequency of control room fires during operation. Because none of the
control room fires experienced so f ar belong ir. the " operation only"
category , there is little dif ference between PCR and ACR (they
both snare Asd/co); the dif ference observed is caused by the larger
amcunt of operating experience (versus shutdown experience).

f4-5
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4.6 CABLE SPREADING ROOM FIRE FREQUENCY

The cata base contains three cable spreading room fires. One fire is the
well-known Browns Ferry fire of 1975, one occurred at Peach Bottom 3, and
one is not attributed to any particular plant. All three fires are
judged relevant to shutdown and operation.

Using the prior distribution shown in Figure 4-3 for (vCSR,0CSR),
the same exposure data as that for the control room, and the methodology
for treating unattributea fires discussed earlier in this section, the
distributions for ACSR,sd and ACSR,sd/op are obtained (see
Figure 4-4 and Table 4-2).

Figure 4-4 and Table 4-2 also characterize the distribution for the total
cable spreaaing room fire frequency, ACSR, and provide a comparison
with the distribution obtained in Rt:ference 4-5. The decrease in mean
frequency is caused by the decrease in the 95th percentile, which, in
turn, is caused by the increased site-specific experience available ,

without cable spreading room fires. For example, recall that in the i

analysis of Reference 4-5 the Browns Ferry fire represents evidence of 1

the form: one fire in less than 1 cable spreading room year. In this
'

analysis, which is performed a number of years later and which lumps the i

experience of Urits J, 2, and 3 together, the data now are of the f orm: i

one fire in 35.58 cable spreading room years. ;

it is believea that the site-to-site variability model represents the
variability in fire occurrence rates more accurately than does tne
plant-to plant variability model of Reference 4-5. The narrower
aistributions for control room and cable spreading room fire occurrence
rates obtainec in tnis report are a direct outccme of this more realistic
approach and the incorporation of more cata; i.e. , stronger evidence.

Figure 4-4 anc Table 4-2 also show the results for ACSR. As in the case
of control room fires, the small difference between ACSR and ACSR is
because of tne sligntly larger amount of operating experience availacle
-(which leacs to a ACSR,op that is smaller than ACSR,sd)-

4.7 AUXILIARY BUILDING FIRE FREQUENCY

Table 3-2 shows that there are 43 auxiliary / control building fires in the
data base applicaole, during shutdown or operation and that there are
12 applicable curing' shutdown only. Of the 43 fires, 2 are not included
in the quantititative analysis (incident numbers 271 and 368) because
their respective plants had not yet entered commercial operation. Of the
latter 12, only 7 are useo as data points (the 6 switchgear room welding
fires are treated as a single event).

The prior distribution for (pAUX,UAUX) used in the analysis is~

shown in Figure 4-5. As is the case for all locations considered in this
stuay,-the prior distribution is broad enough tn accommodate a wice range
of possible values for p and c; it is also uniformly weighted to
avoic strong bias prior to the introduction of data. Using the
methocology for treating unattributed fires discussed earlier

4-o
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(11'shutcown operation fires and 2-shutdown only fires are unattributed),
the distributions for A X,sd and AAUX,sd/op are obtained (see

-Figure & 6 and Table 4-

As in the case of the control room analysis, the auxiliary building fire
' frequency-computed in Reference 4-5 compares favorably with XAUX,sd/o
It also compares favorably _ with the updated operating fire frequency,p-
A *X. This is because the frequency of fires curing operationAU
only is relatively small.

4.8 TURBINE BUILDING FIRE FPEQUENCY

-Table 3-3 shows that there are 12 turbine building fires in the data base
applicable during shutdown or operation, 7 that are applicable during -
shutdown only, and 17 that are applicable during operation only. The
large number in the last category is caused by the operation of equipment
not normally used curing shutdown; e.g., the main turbine generator.

The. prior distribution for (UTB,0TB) used in the analysis is
shown _in Figure 4-7. Using the methodology for treating unattributed
fires discussea earlier (seven shutdown / operation fires and two
shutcown-only fires are unattributed), the distributions for ATB sde
ATB,sc/op, and ATB,op are obtained (see Figure 4-8 and Table 4 I.

Figure 4-8 anc Table 4-4 show that the turbine building fire frequency
curing operation, A58, is slightly higher than the frequency
curing shutdown, &TB. The difference, however, is not as large as

.might be expected oy comparing the 17 fires for operation only versus the
7 fires for shuidown only mentioned above. The small difference is
because of the smaller amount of shutdown experience (0.3 per calendar
year) compared with operating experience (0.7 per calendar year).

Figure 4-8 and Table 4-4 al E show that both the updated >TB and-the
updated ATB are greater.than the value predicted in
Reference 4-5. -This may be because of the larger number of data sources
useo in this stuay, as well as the greater amount of available plant

.experiencc.

4.9 CONCLUDING REMARKS

As shown in Section 3, the number of fires in the data base that are
.ludged to be applicable only curing operation is generally quite small,
especially when off gas system fires are ignored (these latter are not
believed to significantly~ affect the overall risk). Thus, the results of
Tables 4-l' through 4-3 ana Figures 4-2, 4-4, and 4-6 indicate that the
frequency of fires curing shutdown is higher for the control room, cable
spreadin.o room,: and auxiliary building than is the frequency of fires
during' power operation. The increase is simply because of the potential
increase _ in activities (that may leaa to fire) during shutdown. The

-

higher' frequency of fires during operation in the turbine building (see
Table 4-4 and Figure 4-8) is caused by the operation of equipment not
normally used during shutdown.

4-7
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'It should be cautioned that'these-results a e given in terms of the
frequency of fires per .=hitcown year.- The time-dependent frequency- of
fires (for a given.loca c a.i) behaves as

1--
A* _

|e
0 t Isd

where A* is the frequency during operation and A is the frequency
during shutaown, assuming that the reactor is shut down at t = tsd and

-resumes-operation at t_= 1 year. As a result, the expected number of
snutdown- fires per _ calendar year 'is given by

Ei.N 3 = A &g (4 7)g

where

A = frequency _of fires per shutdown year.

Asd = fraction of calencar year reactor is shut down.

~A simple procedure for estimating the annual frequency of shutdown fires
that has been suggested prior to this study is to multiply the results of
Reference t-5, which represent the fire frequency during
operation (A*i, by ?sd. Equation (4.5) shows that a correct result
will- be obtained only if A* = A, or, in .other words, if the frequency,

of fires that may only occur curing shutdown is equal to the frequency of
_

. fires that may only occur auring operation. The ru ults of this study
indicate that, except fo.' the cable spreading room, the suggested
approach _is nonconservative; the _ degree of nonconservatism is illustrated
in Figure 4-s -(it- is assumed that c d = 0.30).s
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||!; . TABLE 4-1.- ' CONTROL ROOM FIRE 'FREQUENEY.'

'

, ,

L$tancard- 5th 50th 95th,

Plant Moce -Mean Deviation Percentile Percentile Percentile
V

[ - Shutoown Only- L1.5-3 6.5-3' 1.5-5 2.8-41 4.2-3
p

Shutcown/ Operation 4. 6-J - 1,4-2 -1.9-5 1,2-3 1.3-2' i
.,

'

< TOTAL SHUTDOWN- 6.3-3 1.6-2 2.1-4 2.5-3 2,4-2
,c-

i, operation Unly- 9.2-4- 3.8-3 1.8-5- 2.1-4 2,4-3

U' - TOTALOPERATION 5.6-3 1.4-2 2.0-4 2.2-3 2.1-2.

- - Reference.4-5'1 4.9-3 -Not 1.3-7 -2.2-4 -1.5-2
'

Applicable
.

-

!

-*Riference 4-5 analysis'is basec on fires in operating plants up through
Decemoerfl981. - Plant-to plant variability _ is modeled in that analysis, rather
than; site-to-site variability (the .latter is. treated in this study).

o

~ NOTE:: -Exponential notation is in'aicatec in abbreviated form;
i.e=, 1.5-3 =L1.5 x 10-3.

s

3

s %

Y

4

,

-
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TABLE 4-2. CABLE SPREADiliG R00'1 FIRE FREQUENC)

i

Stancarc 5th 50th 95th
Plant Mode Mean i

| Deviation Percentile Percentile rercentile

Shutdown Only 1.5-3 6.5-3 1.5-5 2.8-4 4.2-3

Shutdown /Uperation 4.1-3 2.6-2 6.6-6 9.5-4 9.6-3

TOTAL SHUT 00Wri 5.6-3 2.7-2 1.7-4 2.0-3 1,4-2

Operation Only 9.2-4 3.6-3 1.6-5 2.1-4 2.4-3

TOTAL OPERATION 4.7-3 2.1-2 1.4-4 1.8-3 1.2-2
I<

Reference 4-5= 6.7-3 f. c t 7.0-7 7.0-4 j 2.2-2
,

Applicable i

'
l ; i

* Reference 4-5 analysis is basec cn fires in operating plants up threc;t
Decemoer 19S1. Plant-te-plant variability is codeleo in that analysis, rather
inan site-to-site variability (ine latter is treated in this stucy).

NOTE: Exponential nctatien is.incicatec in abbreviated f ert;
i.e., 1.5-3 e 1. 5 x 10-J.

c

I
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TABLE 4-3. AUXILIARY BUILDING FIRE FREQUENCY

.,4

.5tancard 5th 50th 95th-
Plant Mode Mean Deviation Percentile Percentile Percentile

: Shutdown Only 3.0-2 8.2-2 1.2-4 1.0-2 1.0-1

Shutdown / Operation 4.2-2 , 7.1-2 1.8-3 2,4-2 1.1-1

TOTAL SHUTUOWN 7.2-2 1.1-1 6.1-3 5.0-2 2.0-1

Operation Only 7.7-3 3.4-2 7.1-5 1.7-3 2.0-2

TOTAL OPERATION 5.1-2 7.7-2 4.7-3 3.3-2 1.4-1

Reference 4-5* 4.6-2 Not 5.6-3 3.5-2 1.3-1
Applicable

* Reference 4-5 analysis is basec on fires in operating plants up through
, December 1961. Plant-to plant variability is mocelec in that analysis, rather

than site-to-site variability (the latter is treated in this stucy).

NOTE: Exponential notation.is indicated in abbreviated f orn;
i.e.,-3.0-2 = 3.0 x 10-2,

|

r

!-

|

i

;

!

L

i
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t

.TA5LE 4-4 TURBINE BUILDING FIRE FREQUEhtY

Stancarc 5th 50th 95th
Plant Moce Mean Deviation Percentile Percentile Percentile

Shutdown Only - 2,4-2 7.6-2 3.6-5 5.7-3 6.9-2

Shutdown / Operation 2.1-2 7.6-2 1.0-4 7.4-3 5.4-2
-4

TOTAL SHUTDOWN 4.5-2 1.1-1 9.9-4 1.9-2 1.5-1

Operation Only 2.5-2 6.5-2 2.6-4 8.3-3 9.0-2

TOTAL OPERATION 4.7-2 1.0-1 2.2-3 2.1-2 1.6-1

i Reference 4-5* 1.6-2 Not 1.0-4 1.0-2 7.0-2'
Applicable

,

f-
|

| oReference 4-5 analysis'is based on fires in operating plants up through
December 1961. Plant-to-plant variability is modeled in that analysis, rathsr'

than site-to-site variaDility (tne latter is treated in this study).

NOTE: Exponential notation is incicatec in abbreviated form;
i .e. , 2.4-2 = '2.4 x 10-2,
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ui ej j oj

1 1.00-4 1 1.00-1
2 1.78-4 2 3.00-1
3 3.16-4 3 5.00-1
4 5.62-4 4 7.00-1
5 1.00-3 5 9.00-1
6 1.78-3 6 1.10+0

_

7 3.16-3 7 1.30+0
6 5.62-3 8 1.50+0
y 1.00-2 9 1.70+0
10 2.15-2 10 1.90+0

11 2.10+0
12 2.30+0
13 2.50+0

h0TES:

1. Probability weights for each combination of (eFI,cj) are constant.
2. Exponential notation is incicated in abbreviatec form;

i.e., 1.00-4 = 1.00 x 10-9

FIGURE 4-1. PRIOR DISTRIBUTION GRID FOR VCR AND cCR
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i e"i j o.i

1 1.00-5 1 5.00<2
2 1.78-5 2 4.00-1
3 3.16-5 3 7.00-1
4 5.62-5 ( 9.00-1
5 1.00-4 5 1.10+0
6 1.78-4 6 1.30+0
7 3.16-4 7 1.50+0
8 5.62-4 8 1 70+0
9 1.00-3 9 1.90+0
10 1.76-3 10 2.10+0
11 3.16-3 11 2.30+0
12 5.or-3 12 2.60+0
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13 3.50+0

NOTES:

1. Probability weights for each cor.Dination of (e I,cj) are constant,
z. Exponential notation is incicatec in abbreviated f ort;

i.e., 1.uu-5 = 1.00 x 10-D.
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' Shutdown Only
'e

I j eji e ,

1 1.00-7 1 5.00-2
2 1.00-6 2 4.00-1
3 1.00-5 3 7.00-1
4 3.16-5 4 9.00-1
5 1.00-4 5 1.10+0 - -

6 2.15-4 6 1.30+0
7 4.64-4 7 1.5040
8 1.00-3 8 1.70+0
9 1.78-3 9 1.90+0
10 3.16-3 10 2.10+0
11 5.62-3 11 2.30+0
12 1.00-2 12 2.60+0
13 1.76-2 13 3.20+0
14 3.16-2
15 5.16-2
16 1.00-1

Shutcown ena Operation

kii e j ej

1 1.00-3 1 5.00-2
2 1.75-3 2 4.00-1
3 3.16-3 3 7.00-1
4 5.62-3 4 9.00-1
5 1,00-2 5 1.10+0
6 1.78-2 6 1.30+0
7 3.16-2 7 1.50+0
8 5.62-2 8 1.70+0
9 1.00-1 9 1.90+0
10 2.15-1 10 2.10+0
11 4.64-1 11 2.30+0
12 12 2.60+0

NOTES:

1. L 'ility weights for each combination of (eUI.cj) are constant.

1.e.,1.00-7 = 1.00 x 10~ncicated in abbreviated form;
poneri.ial notation is i2.

'
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if e#I j oj .;
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2 1.00-6~ 2 1.93+0
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6- 2.15-4 6 8.49+0
7 ~ 4.64-4. 7 1.18+1 !

8- 1.00-3 8 1.64+1

:9 1.78-3 9 2.28+1 -

>

-10 3.16-3 10 3.16+1-
-11 5.62-3- 11 4.40+1
12 1.00 '2 12 7.20+1
13 1.76-2 13 1.93+2
14 3.16-2 ,

g
| ~15" 5.62-2-

16 ;. 1.0u-1

i
Shutcown anc Operation

#:i -e I j ej

| 1- 1.00-3 1 1.0940
2 1.78-3 2 1.93+0
3. .3.16-3 3 3.16+0
4 5.62-3 4 4.40+o
-5 1.00-2 5 6.11+0
6 1.78-2 6 8.49+0

-7 3.16-2: 7- 1.18+1
6- 5.62-2 8 1.64+1

! .9 - 1.00-1 9 2.26+1
10 '2.15-1 110 3.16+1
11 4.64-1 11 4.40+1
12 12 7.20+1

*
'

; NOTES:
_

L 1. Probability weights :for each combination of (e"I,o,') are constant.
Exponential' notation is i i t c in abbreviated form;

.- i .e. ,1.00-7 = 1.00 x 10'pc ca e
2. -

' . .
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1. INTRODUCTION

The objective of this work is to estimate the frequencies of internal floods in U.S. nuclear
power plants during periods of both operation and shutdown using the most recent data
available. This investigation, which is part of a larger study of the risks of accidents during
shutdown, wil! help to determine the risk of floods during periods of plan'. shutdown. A
byproduct is U. up-to-date assessment of the flood frequency in all modes of plant operation

~

from a spectrum of initiating events at Seabrook Station.

To obtain estimates of flood frequencies during both shutdown and plant operation,it was
necessary to analyze the available data in greater detail than is usually done to support
estimates'of flood frequencies during plant operation alone. One of the by products of this
work, therefore, is a detailed reclassification of relevant flood occurrences. This analysis
supersedes that presented in the Seabrook Probabilistic Safety Assessment (Reference 11).

This section outlines the data and methodology employed in this study and p'esents a brief
' summary of the results. Additicnal details on the data sources, the resulting data base, and
' the methodology used in this analysis are given in Sections 2,3, and 4, respectively.

L
l.

1.1 BASIC APPROACH

- To better understand the flood frequencies t.stimated i . nis study, it is necessary to briefly
describe the basic model that was used. Any (nedel for le frequency of floods in a particular
area must, of course, be capable of representing the effects of such factors as: the types of
water systems that are present in that area, the types of operations and maintenance

. functions that are typically performed, and so on. In this study, the variability associated with
all of these characteristics is modeled by a single parameter, the flood location.

Four " locations" were judged to be of special interest for this study; the auxiliary building,
the turbine building, the circulating water system, and the service water system. The
auxiliary building and turbine building were considered as locations for possible flood
sources, while the circulating water and service water systems are possible flood sources.

. The auxiliary building and the turbine building are important because a flood in one of those
i

|~
locations could not only cause an accident, but also damage the safety equipment that woulc
be needed to mhigate the effects of the accident. For example, the auxiliary building at
Seabrook contains the charging pumps and the component ecoling water pumps. Simliarly,.
the room connected to the turbine building contains vital electrical relay cabirets, the failure
of which could effectively lead to a loss of offsite power and station blackout. By contrast, the
circulating water and servicc water systems are important flood sources because they are
both connected to vi *.ually infinite sources of water. They can therefore cause extremely

~

b, , large floods, and their layout varies significantly from plant to plant.

L Of course, the five categories selected for inclusion in this study are not mutually exclusive.
For example, service water floods can affect the auxiliary building, ar'' *lrculating water

;
floods can affect the turbine building. Therefore, in using these frrace Jes, one must take'

|
Into account the specific conditions of the plant layout and combine the proper frequencies to

L
derive the flood frequencies for a particular buildin; This is further discussed in Section 1.2.

|-
Similarly, some turbine building floods were so large that they also affected the adjacent

|
NPSNH1H0008 052088 1-1 Pickard, Ltwe and Garrick. Inc
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auxiliary building. Cases such as this were categorized according to the actual source of the
flood,- rather than assigned to multiple categories to reflect all the buildings that were -
affected. In one case, however, it was not possible to unambiguously _ assign an event to a
single category, in particular, that flood originated in the spent fuel pool and affected both
the auxiliary building and the turbine building. This event was included in the data for both
the' auxiliary building and the turbine building, so the flood frequencies for these two areas |

are not quite additive.

It seems likely that the overall risk associated with floods cluring plant shutdown (taking into
account not only the frequency but also the consequences of such floods) is less than for i

'

floods occurring during periods of operation, in particular, floods that occur when a plant is
shut down are likely to have less severe consequences. However, the frequency of floods
could actually be greater during shutdown than during operation because of the effects of test
and maintenance activities. Hence, both types of floods were evaluated in this study.

The study began with a detailed review of the availab!e data on floods to develop a ,

comprehensive and up-to-date flood data base. This part of the process is described in more .|

detail in Section 2. The second step was to categorize she events in the data base. The j

events f.ere grouped according to both location and size. Each reported flood was then put
into one of three categories:

|
1. Floods that could only have occurred during shutdown.
2. Floods that could have occurred during either shutdown or operation.
3. Floods that could only have occurred during operation.

(Floods occurring during construction were placed in either category 1 or category 2,
depending on whether they coulc have occurred at an operating plant.) Summary statistics
for each category were obtained using dBASE lil, a microcomputer data base managemeni
program.

Finally, the third step was the actual quantitative analysis of the data. The model that was
used for this purpose is described in Section 1.2 below.

1.2 FLOOD FREQUENCY MODEL"

For. any given location i, this study modeled the frequency of floods during shutdown as the
' sum of those floods that could have occurred only during shutdown and those that could have
,

occurred either during shutdow 1 or during operation. This modcl can be represented by the
equation -

UN2 ** 2 .sd/op + l ,sd1 i i
,

where 2 represents the frequency of floods per year of plant shutdown. The subscripts in
3

Equation (1.1) refer to the ditierent categories of floods. Thus, for instance, J .sdlep representsi

the frequency of floods in location i that could have occurred during e'ther shutdown or
operation, while J.sd represents the frequency of floods that could only have occurred duringi

plant shutdown.
,

|

,
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Similarly, the flood frequency during operation was modeled as the sum of those floods that
could occur only during opetatian and those that could occur either during shutdown or
operation. This model can be represented by the equation,

*I
2g* = ).j,ep + l .sd 'opi

where );' is in units of floods per year of plant operation, Each of the terms in Equations (1.1)
and (1,2) was estimated from the available data base using a two-stage Bayesian analysis
(Reference 12), as described in Section 4.

Once these results have been obtained, the total annual frequency of floods can then be
computed as a weighted som of the flood frequencies during shutdown and operation, as
follows. Let dsd be the fraction of the year that a plant is in shutdown mode (typically about
0,30), Then, since ); is the frequency of floods during shutdown and J ' is the frequency of

-

i

floods during op, ation, the total annual frequency of floods, A;y, is given by the weighted
average

e

(1.3)
A .T * l ' O - dsdI + l dsdi i i

where the units of A,y (the total flood frequency) are floods per calendar yer.

Finally, the fraction of this total that occurs during shutdown (i.e., the frequency of shutdcwa
floods during a typical calendar year) is given by the second term of Equation (1.3),

USA = l 6ad = (l ,sd,op + l ,sd)6sdi i i i

The units of A, are shutdown floods per calendar year, where a year is assumed to include a
fraction 6,3 of shutdown time.

To establish the flood frequencies for turbine and auxiliary buildings, one should use a
combinatior of the frequencies provided in this report. For example, for a turbine building
that includes service water pumps, heat exchangers and piping, circulating water piping, and -

expansion joints, one may add to the turbine building flood frequency (the one that exc'udes
circulating water and service water systems) a large fraction of the service water flood
frequency and about a quarter of the circuloting water flood frequency. For service water, a
large fraction is recommended because this tuibine building contains most of the flood
c.ausing components of the system. For circulating water about a quarter of the frequency is
recommended because only the expansion joints and some short legs of the pipes are
present in this building.

If the turbine building can be regarded as * average"(i.e., it includes some service water and
circulating water piping and components), one may use the frequency that includes service
water and circulating water contributions.

NPSW N0008 0520Ee i3 pickard Lowe and Garrick. Inc
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1.3 SUMMARY OF RESULTS

Figures 1-1 through 15 show some key characteristics of the shutdown and operation flood
frequency distributions (); and )3 , respectively) for each of the four locations considered in*

this study; the auxiliary building, the turbine building, the circulating water system, and the
service water system. For the turbine building, two sets of frequencies are given: one

. excluding service water and circulating water events and one including these events, The
results indicate that, for the locations studied in this analysis, the frequency of floods is only
slightly higher during shutdown than during normal operation.

In particular, the number of shutdown-only floods in the data base is roughly comparable to
the number of operation-only floods, and the exposure time for plant shutdown is somewhat
smaller than for periods of operation. This provides evidence of a slightly higher flood
frequency during plant shutdown. However, most the events in the data base could have
occurred during either operation or shutdown, so the differential is fairly small.

Flood sizes were defined as follows. Small floods were taken to be those with a spill rate
about 100 gpm. Medium floods involved spill rates of about 1,000 gp n, while large floods had
spill rates of roughly 10,000 gpm. Finally, extra large floods were those with flow rates about

| 50,000 gpm. In the results shown in Figures 11 through 1-5, ~2 small" is interpreted to
include all floods, ~2 medium" includes floods of at least medium size, and ~2 large" includes
only large or extrylarge floods.

It should be noteo here that the results of this study are based only on reported ficods. As
discussed in Section 4, the number of rnported floods might be somewhat lower then the
number that have actually occurred to date. However, the unreported floods are likely to be
relatively small in size and, therefore, of less importance to plant risk. Althcugh future
studies may wish to consider the issue of unreporteo floods in greater detail, the flood
frequencies presented in this study are likely to be adr ' : ate for use in most flood risk
assessments.

1.4 REFERENCES
I

|
1-1. Pickard, Lowe and Garrick, Inc.. "Seabrook Station Probabilistic Safety Assessment,"

L prepared for Public Service Company of New Hampshire and Yankee Atomic Electric
Company, PLG-0300 December 1983.

,

|

1-2. Kaplan, S.,"On a 'Two Stage' Bayesian Procedure for Determining Failure Rates from
Experiential Date,'IEEE Transactions on Power Apparatus and Systems, Vol. PAS <102,
No.1, January 1983.'
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2. FLOOD DATA SOURCES

The basic data source used in this study was Nuclear Power Experience (NPE)
(Reference 2-1). NPE is a periodic compilation of reportable events occurring at nuclear
power plants, based primarily on Licensee Event Reports; its purpose is to provide a vehicle
for sharing industry experience. Two sets of NPE data were combined for use in this study.
One was obtained from the NPE Automated Retrieval System (NPEars), and the second was a
data base compiled for previous flood rish assessments performed by Pickard, Lowe and
Garrick, Inc. (PLG) (References 2-2 and 2-3). The resulting data base for this study is
believed to include all major U.S. nuclear power plant floods reported through September
1987.

The data bases and data screening criteria that were used for this study are both discussed
in the sections below.

2.1 DATA ACQUISITION

The initial NPEars search was performed using the NPEars menu for the " effects" of reparted
events and selecting the "floodmg' keyword. This search strategy yielded 224 items of whicl'

,

95 were for boiling water reactors (BWR) and 124 applied to pressurized water reactorsl

(PWR). The PLG data base contained a total of 151 entries that had been obtained from NPE.
using the " flooding * and " flooded area" keywords through July 1981.

A comparisort of these two data bases revealed 56 items that were common to both,168 tha
were unique to the NPEars search, and 89 that were unique to the PLG data base, for a total
of 313. However, some of these items did not reflect actual floods. For example, flooding o;

|

the main steam knes caused by ove-filling a BWR pressure vessel or a PWR steam gererat u
might have appeared in the NPE data base but would not have been applicable to this stud-

| Similarly, some NPE entries simply provide additional detail on an event that was descritm
in a previous listing and do riot actua"y constitute a new and unique event. Once these iter w,'

were eliminated from the dat.1 br.se roughly 230 actual flood events remained.

The reports of these events typicaily included information about the cause of the flood, the
components that were affected, and the plant and operator response. However, because o
variations in reporting practices among different utilities, the event reports varied significan:|
in their level of detail. In particular, some reports were only a few lines long, while others

,

j (especially for severe events) covered many pages. These reports were then reviewed to
permit the categorization of floods by location, size, and mode of plant operation (i.e.,,

| shutdown, operatinn, or both).

2.2 DATA SCREENING CRITERIA

After the flood descriptions retrieved from NPE were reviewed, the data base was screened
|

|.
to remove allitems except for water or steam leaks from a piping system to one or more

l plant buildings or to a site location occupied by permanent plant equipment. Examples of the
~

types of events that would have been excluded, based on the above criteria, are:
containment isolation valves that failed local leak rate tests; intra-or inter-system leaks that

NF5NH1N0008 052088 2-1 P,3ard. Lowe and Gamck. Inc
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}
did not fait all pressure boundaries (so that the water was still contained withm a closed
system); accumulations of water caused by condensation of atmospheric humidity (unless
caused by a steam leak in close proximity to the affected equipment); ar.d floods caused by
sources external to the plant, such as heavy rains or excessive groundwater. Applying the
above criteria to the event descriptions obtained from NPE yietr'ed a total of 179 events that
were input to dBASE lit and were considered to be internally t enerated floods for the
purposes of this study,

Finally, the events remaining in the data base after the above screening process were
categorized according to their location. A total of 66 floods were identified that affected one
of the four critical locations considered in this study; these are described in the next section,

2.3 REFERENCES
_

2-1. S. M. Stoller Corporation, Nuclear Power Experience, Boulder, Colorado.

2-2. Pickard Lowe and Garrick, Inc., "Seabrook Station Probabilistic Safety Assessment "
prepared for Public Service Company of New Hampshire and Yankee Atomic Elstric
Company, PLG-0300, December 1983.

2-3. Pickard, Lowe and Garrick, Inc., "Three Mile Island Unit 1 Probabilistic Risk
Assessment," prepared for GPU Nuclear Corporation, PLG-0525, November 19B'.
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3. FLOOD DATA BASE

,

The data base used in this study was developed as described in Sectinn 2. A total of
66 events, covering the period through September 1987, were judged to be relevant to this ,

|
study and were therefore included in thu flood data base.

The events in the data base were then grouped according to size, location, and the
operational mode or modes in which they cou!d have occurred:

1. During shutdown only.
2. During either shutdown or operation.
3. During operation only.

(Floods occurring during construction were placed in either criegory 1 or category 2,
depending on whether they could have occurred at an operating plant.) Finally, summary
statistics for each category were obtained using dBASE 111, a microcomputer data base
management program.

Section 3.1 describes the structure of the dBASE files used in this analysis, and Section 3.2
describes the criteria used to categorize the reported flood events.

3,1 DATA B ASE STRUCTURE

The flood data base is contained in tv>o dBASE Ill files, PLNTDESC.DBF and FLOOD.DBF. The
first file contalris ;eneral plant descriptive informmtion, based on information from the NRC
' Gray Books"(Reference 31). in pa 1icular, the " Gray Books" were used as the source for
such information as inillal criticality, commercial operation dates, and, also, for cumulative
service or availability f actors (used to determine the fraction of time, Usd, during which each
plant was in shutdown). The specific data fields included in the plant description data file are
described ir' Appendix A.

The second file, FLOOD.DBF, contains data en all of the floods that were identified from
NucIsar Power Experience (Reference 12). This file includes information on the specific plant
and unit (or unitt.) affected by each flood; the date and tirne of the flood; and its location, size,
cause, and source. The specifit Jcta fields in this file are described in detallin Appendix B.

,

3.2 DEFINITIONS OF FLOOD CATEGORIES

The data base used la tbk. study was obtained by screening the raw data base from NPEars
to eliminate irrelevant or .yapplicable r vents. The remaining 66 events v.cre then
categorized according to s!ze,locasion, and whether they could have occurred during plant
nneration, shutdown, or bc;b These three categories were defined as followr'

i, Shutdown Only.- This category included those floods that occurred during maintenance
outages, refueling cutage's, and cold shutdown if it was judged that the flood could only

_

have occurred during sleutdown conditions.

l
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i

2. Operating or Shutdown. This category included events that occurred during shutdown
'

conditions but could have occurred during operation and, also, events that occurred
during operation but could just as easily have occurred during shutdown.

3. Operation Only. This category included the remainder of the events in the data base,
those floods that could only have occurred under conditions unique to hot shutdown or
normal power operation; e.g., floods from pipes that would only have water in them
under normal operating conditions.

Flood sizes were defined as foilows. Small floods were taken to be those with a spill rate on
the order of it,3 gpm. Medium floods involved spill rates of about 1.000 gpm, while large
floods had spill rates of approximately 10,000 gpm. Finally, two events in the data base were ,

categorized as extra large because they involved flow rates on the order of 50,000 ppm.

Four * location" categories were included in this study; the auxiliary building, the turbine
building, the circulating water system, and the service water system. The auxiliary building
and turbine building were considered as actual flood locations, while the circulating water
and service water systems are possible flood sources. These four locations are likely to
dominate the plant risk from floods for the reasons discussed in Section 1. The number of
floods included in tae data base for each location. and their sizes and modes of operation,
are shown in Figure 31. The remainder of this section defines the four locations and
describes the types of floods that occurred in each one, i

3.2.1 Auxiliary Building

- The term * auxiliary building * was taken to include both the control and the auxiliary buildings
although, of course, the actual nomes of these buildings can vary from one plant to another.
For example, at boiling water reactors (BWR), the reactor building is also included in this
definition.

The auxiliary buildings of nuclear power plants typically house the components oi such
systems as the emergency core cooling, residual heat removal (RHR), safety injection, high
pressure coolant injection (HPCl), and chemical and volume control (CVCS) systems and the
radwaste processing systems, fire protection systems, and standby gas treatment systems.
Therefore, there are numerous potential flood locations in the auxiliary building, including:

Radwaste Area*

Reactor Annulus+

I!eactor Building (for BWRs)*

Pcmp Rooms*

Figure 31 shows that the vast majority of auxiliary building floods could have occurred
during either shutdown or plant operation. Those floods that were judged to be applicablei

only during operation involved such f actors as leakage from the reactor coolant system
makeup pumps; typically, these pumps would only be used when the reactor was in operation
or hot standby. Floods that were judged to be possible only during shutdown involved such
activities as hydrostatic testing or maintenance that requires components to be isolated from
their normal configurations.

1
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I

3.2.2 Turbine Building

The term * turbine building * was taken to include both the turbir.a building per se and the 1

boiler room if one is present. However, few nucicar power plants have nonnuclear auxiliary
boilers, so this category of possible flood sources was not very important. Typical flood
sources in the turbine building included: main feedwater valves and suction lines, the
condensate storage tank and booster pumps, the condenser water boxes, etc.

Of course, circulating water and service water systems are very important flood sources for a
turbine building. Because of sharp plant to plant variability in terms of the location of
different circulating water and service water components, two frequercies are provided for
turbine building floods in this study. In one set of frequencies, the contribution of circulating
water and service water systems are excluded, and the second set includes their |

contribution. ;
i

As shown in Figure 31 for events excluding the circulating water and service water systems,
roughly half the turbine building floods could have occurred during either shutdown or plant
operation. Those floods that were judged to be applicable only during operation involved the
main feedwater system, which would typically be in operation only when a plant was at
power. Those floods that were judged to be possible only during shutdown typically involved
either major plant modifications or maintenance activities, such as cleaning of the condenser
water boxes.

3.2.3 Circulating Water System

The circulating water floods that were observed involved such factors as valve or pump leaks,
failures of expansion joints, and so on. Problems such as these allowed circulating water to
flow into plant buildings, resulting in flooding such areas as the turbine building, the
circulating water pump house and discharge structure, the condensate pump room, the main
condenser pit, and so on. As can be seen from this brief discussion, the areas that can be
affected by cirrulating water floods are quite diverse since this system supplies many areas
of a nuclear power plant.

As shown in Figure 31, all of the observed circulating water floods could have happened
either during operation or during plant shutdown. However, there were relatively few
circulating water floods in the data base (only six in total), so this does not imply that
shutdown only or operation-only floods could not have occurred.

3.2.4 Service Water System

The observea service water floods in the data base involved a wide variety of causes,
inclucing such factors as valve leaks or ruptures, gasket ruptures, line leaks, coupling
failures, and pump sealleaks. The floods resulting from these events affected such areas as
pump rooms, valve pits, the service water intake structure, and areas of the reactor building
and the turt,ine building.

. Figure 3-1 shows that the vast majority of service water floods could have occurred either
during operation or during plant shutdown. One shutdown-only flood was observed, which

-

was associated with maintenance on a service water valve; no operation-only events were
found in the data base.

NPSNHIN0008 052086 3-4 Peckard Lowe and Garrick. Inc
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4. FLOOD FREQUENCY ANALYSIS
>;

i

4.1 FREQUENCIES FOR SHt'TDOWN AND OPERATION !

|

The frequency of floods during shutdown at a given location in a plant is quantified (as
described in Section 1) according to the equation,

1

l " 2.sd + l .sd/op (4 II
i 1 i

where
t

J .sd = the frequency of floods in location i that can occur only during shutdown.
'

i

J .sdlop = the frequency of floods in location i that can occur during either shutdowni
or operation.

and A is in units of floods per year of plant shutdown.
i

(Note that the shutdown term in the above equation can include construction floods that could
have occurred either during a normal shutdown or during an extended outage involving
large scale plant modificetions. The shutdown / operation term includes floods that becurred
during construction and preoperational testing if they could also have occurred during
periods of normal plant operation.)

kn approach similar to that of Equation (4.1) is used to estimate the flood frequency during
periods of plant operation:

(42)l * " l .sdlop + i.~opi i

where

2,op = the frequency of floods in location i that can occur only during operatloa.3

Note that )( is in units of floods per year of plant operation.

It should be cautioned that these results are given in terms of the frequency of floods for a
full year of plant operation or shutdown. If one desires to obtain the total frequency of floods
during a year involving a fraction dsd of shutdown time and 1-psd of operation time, the
results of Equations (4.1) and (4.2) must be combined using a weighted average, as described ,

in Section 1:
|

. A .T = 2((16 d) + l dsd (4.3)
i i

where the units of A .T (the total flood frequency) are floods per calendar year. Finally, thei
fraction of this total that occurs during shutdown (i.e., the frequency of shutdown floods
during a typical calendar year) would be given by the second term of Equation (4.3).

A " E dsd " (}i.sd/op + l .sdl sd (4 4)
s i i

!

|

|
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while the fraction of floods occurring during operation would be given by the first term,

N " l '(1 - @sd " (l .sd;op @sd (4.5)lI ii

In Equations (4.4) and (4.5), the units of A are floods occurring during shutdown in a typicali

calendar year, and N is in units of floods during operation in a typical calendar year, where
a year is assumed to include a fraction, $sd , of shutdown time.

Section 4.1 below describes the Bayesian estimation procedure used in this study to develop
probability distributions for the input quantities J .sd l .op, and i .sdlop needed as input toi i t

Equations (4.1) and (4.2), and Section 4.2 expands on the treatment of construction floods in
particular. The results of this analysis are presented in Section 5.

4,2 BUILDING SPECIFIC FREQUENfiY EVALUATION

To establish the flood frequencies for turbine and auxiliary buildhigs, one should use a
combination of the frequencies provided in this report. For example, for a turbine building
that includes service water pumps, heat exchangers and piping, circulating water piping, and
expansion joints, one may add to the turbine building flood frequency (the one that excludes
circulating water and service water systems) a large fraction of the service water flood
frequency and about a quarter of the circulating water flood frequency. For service water, a
large fraction is recommended because this turbine building contains most )f the flood
causing components of the system. For circulating water about a quarter of the frequency is

- recommended because only the expansion joints and some short legs of the pipes are
present in this building.

If the turbine building can be regarded as '' average"(i.e., it includes some service water and
circulating water piping and components), one may use the frequency that includes service
water and circulating water contributions.

4,3 ESTIMATION PROCEDURE

The estimation procedure used in this study is based on the two stage Bayesian analysis
methodology described in Reference 41. However, unlike in most applications of this
methodology,it was assumed that the frequency of floods varies from site to site, not from
unit to unit. This reflects a bell?f that mimb of the difference in flood rates r sn be attributed
to plant management and that the differences in management between Orferent plants at the
same site should not be too great. Therefore, it was exnected that different plants at the
same site would have similar flood frequencies,

in the two-stage methodology, the variation in the frequency of floods from one site to
another is assumed to be described by a lognormal distribution whose parameters, y and n
(the median and lognormal stndard deviation), are unknown. The purpose of the estimation
procedure is to develop a joint probability distribution for y end n, given the evidence from
the data base. (in particular, for each site, the data base includes information on the total
number of floods and the number of years of operating and/or shutdown experience accrued
to date.) The distribution over and o obtained in this way is then used to weight the various
lognormal distributions corresponding to different combinations of u and o, to derive an

:
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i

average generic distribution for the event frequency in question. The BEST4 code
_ (Reference 4 2) was used to perform the actual computations.

11 should be pointed out here that the accuracy of the data base used in this study could be '|
i

affected by bias in the reporting of floodt.. In particular, some floods may not be reported in
NPE. From a risk standpoint, however, the potential bias introduced by the underreporting of
floods is not likely to be'very large. Unreported floods, by their very nature, are likely not to
be very severe, Therefore, no adjustments were'made to the data used in the estimalloa
process to account for possible biases in event reporting.

j

l
'

4.4 TREATMENT OF FLOODS OCCURRlNG DURING CONSTRUCTION j

The data base retrieved from NPE for use in this study contained severat floods that occurred i

~ during construction or preoperational testing, and a few of these were judged to be applicable- ,

!

to this analysis. Because only a few events were judged to be applicable, they were included
In the analyses of l .sd* 2.sd!op, and );,,p. rather than in a separate analysis for the frequencyi 1 '

of Coods during construction.
i

To rigorously account for construct |on floods in the estimation process, one would in theory.
-

'
'

- need data on'not only the total number of floods occurring during construction, but also the
. relevant exposure time over which they were observed. Thus, one would need to determine |

how long each plant was in a construction configuration similar.to one of the configurations ;

that might be encountered during normal shutdown or operation. |
.

.

!

In general, the plant configurations found during construction co not approach those found
!

during operation and shutdown until the very last stages of construction and testing.-

Therefore, the relevant exposure times during construction are likely to be short; e.g., on the 3'

order of only i to 3 years per plant.- Because of this, a simple but slightly conservative
'

- approach was adopted. In particular, construction related floods were added to the data
.

base, but no additional exposure time was added to the totals assumed in the analyses of

l ,sd l .sd/op . and Agop.i i
;

Another possible conservatism regarding the treatment of construction floods is that their
.-

frequency may'not be directly comparable to flood frequencies after commercial operation.
In particular, many types of conditions that could result in construction floods (e 9., farge {

-' openings in equipment that would normally be sealed off; pipelines that are uncapped and
i

are not connected to mating equipment) are unlikely to occur after commercial operation, so j

the frequency of construction floods might be higher than the corresponding frequencies
during periods of normal plant operation and shutdown.
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5. RESULTS

l

b.1 AUXILIARY BUILDING FLOOD FREQUENCY

Figure 3-1 shows that the data base for auxiliary building floods included 4 floods that could ,

have occurred only during operation,5 that could have occurred only during shutdown
(including 1 that affected both the auxiliary building and the turbine building), and 23 that :

could have occurred during either operation or shutdown.
I

The prior distribution used in the anay! sis of auxilian building floods encompassed possible
median flood frequencies from i x 10 por year to nearly 0.5 per year and range factors from
less than 2 to more than 40. These ranges are broad enough to allow a wide range of
possible flood frequencies. The same set of median values and range factors was used for
each type of flood (i.e., shutdown only, operation-only, and both), and also for each size
category. (In this table. ''2 small* includes all floods. "2 medium * Includes floods of at least
medium size, and *2 large" includes only large or extra large floods. Use of the same
medians and range factors for all distributions avoided the introduction of analyst bias about ,

which types of floods are the most hkely.
| Using the above prior distribution with the two stage Bayesian methodology discussed in

Section 4, probability distributions were derived for the frequencies of floods occurring during
shutdown only, cluring operation only, and during both shutdown and operation. The main
characteristics (i.e., the 5th,50th, and 95th percentiles and the mean value) of these
distributions for each size category are summarized in Table 5-1.

Summing the relevant distributions from Table 51 gives total auxiliary building flood
frequencies for shutdown (shutdown-only plus shutdown / operation) and for operation
(operation only plus shutdown / operation). These results are summarized in Table 5-2 and
shown g aphically in Figure 11. As can be seen from that figure, the frequency of floods
during shutdown tends to be slightly higher than that during operation, and large floods are
somewhat less likely than small floods. However, the distributions for all the flood ,

frequencies shown in Figure 11 are very broad, with a substantial amount of overlap. In
addition, the overall frequency of floods is derninated by floods that could have occurred

|
either during operation or during shutdown (as can be seen from Figure 31), so the
increment associated with shutdown-only floods is not very large.

|

|
|

5.2 TURBINE BUILDING FLOOD FREQUENCY

Figure 31 shows that there were four turbine building floods (excluding circulating water and
service water systems) applicable to operation only, three applicable to shutdown only
(including one that also affected the auxillary building), and eight that could have occurred

| during either operation or shutdown. The prior distribution used in the analysis of turbine,

building floods was the same as that for auxiliary building floods to avoid the introduction of
bias about which types of floods are the most frequent. Using this prior with the two-stage
Bayesian methodology discussed earlier, distributions were derived for the frequencies of
turbme building floods occurring during shutdown only, during operation only, and during

5-1 r,ckard. Lowe and carrick. ine
NPSNH1N000B OS20E8

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



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

.

f

-?

*i,
:? ' Table' 5-1 (Page'1 of 3). , Main Characteristics of Flood Frequency Distributions;..
x

~j. Operation Shutdown . Operation or
5th 95th-

Median 'Meany System Only -' Only. . Shutdown . p p,

Il.sd/op)N.sd)(I .op) - t lI: F, -

f Auxiliary Building .2 Small - .1.33E-04 2.12E-03 1.89E 02 6.70E-03

2 Medium 2.51E-05 4 42E-04 5.54E-03 1.80E-03
.,

2 Large . 2.51E-05 4.42E-04 5.54E-03 1.80E-03
4

2 Small. 2.39E-04 - 5.16E-03 4.84E-02 1.70E-02 !

. 70E-02- 2 Medium 2.39E-04 5.16E-03 4.84E-02 1

2 Large 2.49E-04 4.62E-03 ' 3.76E-02 1.33E-02

i- .

5.14E-02 2.32E-022 Small 2.62E-03 1.27E-02 - 1

2 Medium ' 6.65E-04 5.75E-03 3.13E-02 1.28E-02 !

I
2 Large 9.14E-05 ' 1.65E-03 1.67E-02 3.52E-03

.

2

) ?
|

Turbine Building 2 Small 1.36E-04 2.12E-03 1.84E-02 6.38E-03'3 ;

|. (excluding circulating '2 Medium 1.36E-04 2.12E-03 1.84E-02 6.38E-03 ;

!- water and service water 2 Large 4.71E-05 8.99E-04 9.45E-03 3.1 TE-03

j systems)

!

2 S m all i.92E-04 3.15E-03 2.85E-02 9.83E-03

J 2 Medium 1.92E-04 3.15E-03 2.85E-02 9.83E-03

! 2 Large 3.81 E-05 8.04E-04 - 1.10E-02 3.41E-03

l ?
i %

2 Small 1.51E-04 2.61E-03 2.60E-02 8.63E413
! "4
! 2 Medium 1.56E-04 1.93E-03 1.36E-02 5.07E-03

,-

i E 2 Large 1.00E-04 1.47E-03 1.14E-02 , 4.10E-03
1. .*

Exponential notation is indicated in abbreviated form: e.g 1.33E-04 = 1.33x10*.!' { Note:

i .. $
a
F

i
i

i
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Table 5-1 (Page 2 of 3). Main Characteristics of Flood Frequency Distributions

j Operation Shutdown Operation or
5th 95th

y System Only Only Shutdown Median Meanp p
Il . satop) .d.so)( A . op)8 i l1

k Turbine Building 2 Small 1.36E-04 2.12E-03 1.84E-02 6.38E-03
(including service water 2 Medium 1.36E-04 2.12E-03 1.84E-02 6.38E-03
and circulating water 2 Large 4.71E-05 8.99E-04 9.45E-03 3.17E-03
systems) 2 Extra 1.32E-05 1.95E-04 2.57E-03 8.61 E-04

Large

2 Smati 1.92E-04 3.15E-03 2.85E-02 9.15E-03'

2 Medium 1.92E-04 3.15E-03 2.85E-02 9.15E-03
2 Large 3.81E-05 8.04E-04 1.10E-02 3.41 E-03

2 Extra 1.72E-05 2.66E-04 4.31E-03 1.37E-03
Large

9"
u 2Smalt 2.92E-04 4.76E-03 4.84 E-02 1.58E-02

2 Medium 2.34E-04 3.32E-03 2.04E-02 922E-03
2 Large 2.08E-04 2.48E-03 1.72E-02 627E-03
2 Extra 1.64 E-05 3.23E-04 3.94E-03 1.32E-Oi
Large

#Note: Exponential notation is indicated in abbreviated form: e.g.,1.33E-04 = 1.3:1x10 .

n
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5
E Table 5-1 (Page 3 of 3). Main Characteristics of Flood Frequency Distributions

Operation Shutdown Operation or 5th 95th
y System Only Only Shutdown Median Meanp p ,;g

(I . sotop) [fl . edI(2 . op) Ii18

h Circulating Water 2 Small 1.53E-05 195E-04 2.57E-03 8.44E-04

2 Medium 1.53E-05 1.95E-04 2.57E-03 8.44E-04

2 Large 1.53E-05 1.95E-04 2.57E-03 8.44E-04

2 Small 1.91E-05 2.66E-04 4.31E-03 1.37E-03

2 Medium 1.91E-05 2.66E-04 4.31E-03 1.37E-03

2 Large 1.91E-05 2.66E-04 4.31E-03 1.37E-03
.

2 S m all 1.90E-04 2.45E-03 1.80E-02 6.30E-03

2 Medium 1.90E-04 2.45E-03 1.80E-02 6.30E-03

2 Large 1.34E-04 1.91E-03 1.58E-02 5.37E-03 ,
'

Extra large 3.49E-05 6.30E-04 6.64E-03 2.21E-03
w
L

Service Water 2 Small 1.53E-05 1.95E-04 2.57E-03 8.44E-04

2 Medium 11i3E-05 1.95E-04 2.57E-03 8.44E-04

2 Large 1.53E-05 1.95E-04 2.57E-03 8.44E-04

2 Small 3.64E-05 8.19E-04 1.12E-02 3.57E-03

2 Medium 3.64E-05 8.19E-04 1.12E-C2 3.57E-03
;

2 Large 1.90E 05 2.49E-04 4.31E-03 1.39E-03
1

? '

E 2 Small 3.03E-04 4.50E-03 3.86E-02 1.26E-02

2 Medium 1.40E-04 160E 03 2.92E-02 9.23E-03"

h Large 1.97E-04 2.68E-03 1.92E-02 7.02E-03

Exponential notation is indicatr d in abbreviated form: e.g.1.33E-04 = 1.33x10*."g Note:
o

%

N i

:
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%
".2 Table 5-2 (Page 1 of 2). Main Characteristics of Total Flood Frequency Distributions
1

IE Total Operation Total Shutdown 5th 95th
Median MeanSistemo

fl .sd + I .solop) Percentile Percentile(2.op + I sd/op)$ i Ii I

$ Auxiliary Building 2 Small 5.41E-03 2.11E-02 8.03E-02 3.05E-02

3 2 Medium 1.43E-03 8.54E-03 4.90E-02 1.50E-02*

2 Large 4.47E-04 3.38E-03 2.40E-02 7.52E-03

2 Small 6.82E-03 2.68E-02 1.05E-01 4.03E-02

2 Medium 3.46E-03 1.70E-02 9.07E-02 2.98E-02

2 Large 1.45E-03 9.69E-03 5.56E-02 1.89E-02

i

Turbine Building 2 Small 1.22E-03 7.84E-03 4.98E-02 1.47E-02

(excluding circulating 2 Medium 1.17E-03 6.16E-03 3.30E-02 1.12E-02

water an1 service water 2 Large 6.19E-04 3.85E-03 2.11E-02 7.14E-03

systems)
*
* 2 Sma!I 1.51E-03 9.81E-03 5.57E-02 1.88E-02

2 Medium 1.40E-03 8.30E-03 5.22E-02 1.53E-02
" 2 Large 5.80E-04 3.93E-G3 2.29E-02 7.60E-03

Turbino Building 2 Small 1.74E-03 1.13E-02 8.62E-02 2.23E-02

(including circulating 2 Medium 1.48E-03 8.81E-03 5.28E-02 1.5EE-02

water and service water 1 Large 9.1E-04 5.3E-03 2.9E-02 9.62E-03

systems) 2 Extra large 1.4E-04 9.3E-04 8.0E-03 2.25E-03

? |
2Smatt 2.10E-03 1.36E-02 8.11E-02 2.49E-02"

"g
2 Medium 1.84E-03 1.06E-02 5.45E-02 1.84E-02

.-

| 2 Large 8.7E-04 5.3E-03 3.1 E-02 9.66E-03

2 Extra 1.5E-04 1.2E-03 8.4E-03 2.66E-03
g

Large"
o

Note: Exponential notation is indicated in abbreviated form: e.g. 5.41E-03 = 5.41xt0-03

K
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E.. Table 5-2-(Page 2 of 2). Main Characteristics of Total Flood frequency Distributions
. ,

:

E Total Operation , Total Shutdown ' Sth 95th
s . .g System ' Median Mean~

- II sd + I sd/op) - . Percentile Percentile.-(I.op+I.mslop)o
I tt I8

$ Circulating Water ' 2 Small 4.98E-04 3.49E-03 2.32E-02 7.17E-03
'

' 2 Medium . 4.98E-04 . 3.49E-03 2.32E-02 7.17E-03*
g

2 Large 3.79E-04 3.15E-03 2.30E-02 ~ 6.24E-03

Extra large 1.92E-04 1.35E-03 9.63E-03 3.05E-03'
;

. 2 Smail . 5.35E-04 3.95E-03 2.30E-02 7.57E-03'

f2 Medium 5.35E-04 . 3.95E-03 2.30E-02 - 7.57E-03
2 Large 4.32E-04 3.28E-03 2.09E-02 6.64E-03

;

|
Extra Large . 2.21E-04 1.57E-03 1.12E-02 ' 3.46E-03

;
' Service Water 2 Sma!! 7.67E-04 6.79E-03 4.85E-02 1.3GE-02

2 Medium 3.96E-04 3.91E-03 4.53E-02 1.02E-02

.' - 9' 2 Large - 5.20E-04 - 3.92E-03 2.94E-02 7.08E-03
m

2 S m all 1,08E-03 8.36E-03 5.13E-0:2 1.64E-02
'

2 Medium 7.2'iE-04 5.93E-03 4.73E-02 1.29E-02

i 2 Large 5.75E-04 4.69E-03 2.93E-02 8.44E-03
;

Note: Exponential notation is indicated in abbreviated form: e g. 4.98E-04 = 4.98 x 10-".
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both shutdown and operation. The main characteristics of the resulting distributions for each
size category are shown in Table 51.

Summing the relevant distributions from Table 5-1 gives total turbine building (bod
frequencies for shutdown (shutdown only plus shutdown / operation) and also for operation .

(operation-only plus shutdown! operation). These are summarized in Table 5 2 and are
shown graphically in Figure 12. Based on these results, large floods are somewhat less
likely to occur than small floods. However, there appears to be very little difference between
the frequencies of floods during shutdown and during operation. This is because the
frequencies for shutdown only and operation only floods are quite similar (as shown in
Table 51) and,in any case, are dominated by the frequency of floods that could have
occurred at either time.

5.3 CIRCULATING WATER SYSTEM FLOOD FREQUENCY
,

As shown in Figure 31. no circulating water floods were judged to be applicabte only during
operation or only during shutdown; six were judged to be potentially applicable during either
operation or shutdown. The prior distribution used for circulati;,g water system floods was

|
the same as that for auxiliary building floods. Using this prior distribution with the two-stage

,

Bayesian methodology, the distributions shown in Table 51 were derived for the frequencies
of circulating water floods occurring during shutdown only, during operation only, and during
either shutdown or operation. As shown in that table. the frequency of operation-only floods
is almost the same as that of shutdown-only floods. This is because the distributions for
these frequer'cles were not based on any observed floods. Therefore, there was little reason
to expect the frequency of shutdown only floods to be significantly different from the
frequency of operation-only floods. The only factor tending to result in a lower flood
freq Jency during periods of operation is the larp-r amount of flood-free expertence accrued
to date.

Summing the relevant distributions from Table 5-1 gives total circulating water system flood
frequencies for shutdown (shutdown-only plus shutdown / operation), and for operation
(operation only plus shutdown / operation) as shown in Table 5-2 and Figure 13. Figure 13
shows that the frequency of circulating water floods during shutdown is virtually equal to the
frequency during periods of plant operation, the total frequency is dominated by events that
could have ocr'Jrred during either operation or shutdown. In addition, based on the results in
Figure 13, there is no apparent difference between the frequency of all floods and the
frequency of at least medium sized floods. However, this is caused by the lack of small
circulating water floods in the data base. The results shown in Figure 1-3 should not ce
taken to imply that there is no difference in frequency between c|| circulating water floods
and those of at least medium size.

5A SERVICE WATER SYSTEM FLOOD FREQUENCY

Figure 3-1 shows that there were 13 service water floods that could has e occurred during
either operation or shutdown and 1 in the shutdown-only category. No operation-only service
water floods were observed. The prior used for service water system floods was the same as
that for the other three flood locations. Using this prior distribution, the distributions shown
in Table 5-1 were dei ved for the frequencies of service water floods occurring during

5-7 p,ckard Lowe and Garrick inc
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shutdown only, during operation only, and during both shutdown and operation. As shown in
that table, the frequency of shutdown only floods appears to be shghtly higher than the
frequency of floods that can only occur during periods of operation, However, the
distributions for these frequencies were based on only one shutdown flood and no
operation only floods. The uncertainty about these frequencies is therefore quite broad, and
additional information could well have led to substantia'ly different results.

Sun ting the distributions from Table 5-1 gives total service water system flood frequencies
for shutdown and operation as summarized in Table 5-2 and shown in Figure 14. Based on
these results, the frequency of service water floods during shutdown is only slightly higher
than the frequency during plant operation. The vast majority of service water floods in the j

data base could have occurred during either operation or shutdown. I

l

I
5,5 CONCLUSloNS

1

Figure 51 shows the mean frequencies of all sizes of floods for the four locations analyzed in |
this study; the auxiliary building, the turbine building, the circulating water system, and the '

service water system. Based on these results, the circulating water system seems to be the |

least likely to cause floot's with mean frequencies less than 10 2 per year even for small |
floods. The frequencies of floods in the auxiliary building and the turbine building and floods
caused by the service water system are all roughly comparable; however, the auxiliary
building does have a somewhat higher frequency for small floods in particular.

For most of the locations and flood sizes analyzed here, the flood frequency appears to be
nearly the same regardless of whether the plant is in operation or in shutdown. In particular,
for the circulating water system, virtually no difference in frequency was observed (only
about 6%). For the turbine building and the service water system, the frequency of floods
during shutdown is slightly higher than during normal operation, but only by about 20% to
40%, and the difference diminishes for large floods.

Only for the auxiliary building was the flood frequency during shutdown consister'lly larger
than during operation; in fact, for medium sized or larger auxiliary building floods, the
difference is actually a factor of 2 or more. It is unclear whether this reflects a larger number
of shutdown activities that can cause floods in the auxiliary building than in other areas of the
plant or whether there were simply more data available to estimate the frequency of auxiliary
building floods. However, the evidence in Figure 3-1 shows that the number of
shutdown only aunihary building floods was actually greater than the number of
operation-only floods, even though the total shutdoy n time accrued to date was less than half
of the total operation time. This suggests that the observed inc case in the frequency of
auxiliary building floods during plant shutdown is probably accurate.

Another interesting result of this analysis is that the difference in mean frequency between
the largest and the smallest floods in any given location was not very large-a factor of less
than 2 for the service water system and 2 to 2.5 for most other locations, reaching a
maximum of 4 for auxiliary building floods during periods of plant operation. At first, this
might seem counter intuitive; rrost people would probably expect at least an order of
magnitude difference in frequency between the smal'est and largest floods in a given
location. In evaluating these results, however, it should be borne in mind that small floods
are the most likely to be underreported, so the difference may be greater than is indicated by

NFSNH1N0005 052388 5-8 Pickard Lowe and Garrick inc
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APPENDIX A. STRUCTURE'OF THE PLANT DESCRIPTIVE DATA BASE FILE ;

:
'

The data base file PLNTDESC.0BF contains general descriptive information about nearly all'

BWH and PWR nuclear power plants in the United States. The structure of that file is
-

presented in the following two tables Table A 1 shows the var!ous fields contained in the
'

file, and T.sble A 2 describes the type of information stored in each field.:

Most of the data contained in the file were obtained from several fire date base files
-

' developed by Sandia National Laboratories (Reference A 1).. However, some data values-

- have been changed, and service factor (i.e., availability) data have been added. All of the j

changes and additions were based on the "NRC Gray Books"(Reference w2).
t

REFERENCES

. A-1. Wheelis, W. T.," User's Guide for a Personal Computer Based Nuclear Power Plant Fire ;

Data Base." Sandia National Laboratories, NUREG/CR 45BS, SANOB6-0300, August ..!

-.1986;.
p

A 2. U.S. Nuclear Regulatory Commission, " Licensed Operating Reactors: Status Summary
.

.

Report," NUREG 0020. Vol. 2. No.11, November 1978: Vol. 3. No. 4. April 1979, and
.

.- Vol.11, No. 7. July 1987.
.
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Table A i. Structure of Plant Descriptive Data
Base

Field Field Name' Type Width
-

1 PLANTIDNUM Character 4

2 PLANT _ UNIT Character 24

3 STATE _ TOWN Character 20

4 CAPACITY Character 10

6 UNITATSITE Numeric 1

:;,
''

: 6 UTILITYPRN Character 60

7 REACTORTYP Character 8

8 REACTORSUP Character 23

9 OL_l$ SUED date 8

10 INIT, CRIT da'e 6

11 COMM_OFER date 8

12 DECOM_DATE date 8

13 SRVC FACTR Numeric 4

14 TEXT 1 Character 65

15 TEXT 2 Character 65

16 TEXT 3 Character 65

Number of Date Records: 140
Date of Last Update: February 12,1968.

' Fields ate described in Tabte A 2.

,

A2 Pickard, Lowe and Garrick. Inc.
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Table A 2. Field Descriptions for Plant Descriptive Data

Field Description

i PLANTIDNUM. Each unit of each plant was assigned an arbitrary plant
identification nuinber. These numbers were initially assigned sequentially in the

[
same alpha numeric order as the unit-numbered plants.

2 PLANT _ UNIT. This identifies each entry by the official plant name and its unit
numbet (if any).

3 STATE,, TOWN. Tnis specifies the location of the plant, by state and the nearest
town or city.

4 CAPACITY. This gives the nel MWe power output of the plant.

5 UNITATSITE. This specifies the total number of units that are located at the site.

} 6 UTIL!TYPRN. This identifies the principal utility that operates the plant / unit.

? ItE ACTORTYP. This indicates what the reactor type is: FWR, BWR, LWBR. or
H7GR

8 REACTORStfP. This identifies the reactor supplier.
_

9 OL_lSSUED. This indicates the date on which NRC granted the operating
license.

10 INIT_ CRIT. This indicates the date on which initial criticality officially occurred.

11 COMM_OPER. This indicates the date on which NRC granted the license to
begin commercial operation.

12 DECOM DATE. This marks flee dsite on which the plant was officially
decommissioned.

13 SRVC_FACTR. This is the cumulative service factor, which is the total oce:ating
time divided by the total time since the beginning of commercial operation.

14 TEXT 1. This is the first of three fields provided for comments about an individual
plant or about the plants as a whole. These fields were used to identify data
sources used other than the NPE deta.

15 TEXT 2. This is 'he second of the three comrnent fields.

16 TEXT 3. This is the last of the three comment fields.

NPSNH1N0010 04158 B A3 Pie a d. Lowe and Garrick. Inc
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4 APPENDIX B. STRUCTURE OF THE FLOOD DATA BASE FILE ,

,

' All of the flood data were collected into a t'ngle file named FLOOD.DBF, which was created I
f- via dBASE Ill. The data were obtained from Nuclear Power Experience (NPE). The structure

of the file is described in Table B 1 and Table B 2. Table B 1 shows the various fields- |

contained in the file, and Table B 2 describes the type of information stored in each field.
_

Finally Tablej B 3 explains the system and subsystem codes used by NPE. which are stored ;

in field 28 (SYSTM_ code) of the data base file, j
.
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1able B 1. Structure of the Flood Data Base

Field . Tbid Name' Type width - i

i INCIDNTNUM Character 4

2 PLANTIDNUM Character 4

3. TOTUNTAFCT Numeric 1

4 INCL _EXCL Character i
5 - FLOOD,D ATE Date 8

6 END_DATE Date 8

7 STATUS _BEF Character 40

8 INITL_f40DE . Character. 1 |~
9 STATUS _ AFT Character 40

10 POWR, REDUC Character 10

11 OUTAG_ TIME Character 10

12 F LOOD_LOCN Character 40 ,

13 AUX _ BLDG Character 1 ,

'

14 CONTAINMNT Character 1

15 CONT ROL_RM Character i ;

16 COOLG TOWR Character 1
'

17 DIESL_liLOG Character 1

18 EXTERNAL Character 1
,

19 PUMP _ HOUSE Character i
20 - RADWASTBLD Character . 1

21 SCREEN _ HSE Character i

22 TURBN BLOG ' Character 1
~

23 -YARD- Character 1

24- FLOOD _VOL Numeric 7

25 FLOOD _ RATE Numeric 7

26 F LOOD_ TIME Numeric 5

27 FLOOD CAUS Charceter 40 |
'

28 SYSTM_ CODE Numeric 4

29 WATR,,SOURC Character 20

30 SRC_CAPCTY Numeric 7

31- DETECTMETH Character 40 3

'32. FLOOD _ TERM Character 40

33 SAFSYSAFCT Character 40

! 34 -REDSYSAFCT' Character 40

35 F LOOD_B ARR Character 40

36 CORECTACTN Character 40

37 COMMENTS . Character 40

3B REFERENEFR CharaMer fin

Number of Data Records: 179
,

Date of Last Update: February 5,1986'

'Fleids are described in Table B 2.

| j

|-

L
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Table B 2 (Page 1 of 3). Field Descriptions for Plant Descriptive Data

Field Description

i INCIDNTNUM. Each individual flood included in the data base is assigned a )
Unique incident nurier. These numbers serve a a quick means of identifying )

flood incidents.

2 PLANTIDNUM. This number identifies the specific plant and unit involvedin a
specific flood incident according to the identifying number essigned that

particular plant and unit in the plant descriptive file PLNTDESC.DBF. (,

3 TOTUNTAFCT. This indicates the total number of units affected by the flood

.t INCL _EXCL. The letter *l* signifies that the incident is to be included in the
analysis; the letter "E" signifies that the incident is to be excluded from the
analysis.

5 FLOOD _DATE. This is the date on which the flood occurred (started).

6 END_DATE. This is the date on which the flood ended. |

7 STATUS _BEF. This identifies the operational status of the plant immediately
before it'e flood-construction, shutdown (hot, cold, or refueling), or running (with
power level if indicated in the data source).

8 INITL_ MODE. This is a single letter that identifies the initial operating status of
the plant-an abbreviation of the description given in field 7. The letters have the
followirig meaning:

P--Running at Power*

C-Cold Shutdown*

H-Hot Shutdown*

R- Refueling*

l-initial Construction*

S--Startup (very low power)*

T-Low Power Physics Testing*

i

9 STATUS _ AFT. This indicates the status after the flood occurred - for example,
continued power operation, shutdown, etc.

l
! 10 POWR_RDEUC. This indicates the amount (in MWe) by which the power had to

be reduced as a direct consequence of the flood, if known.

11 OUTAG_ TIME. This is the amount of power operating time (in hours, days,
weeks, etc.) lost as a direct consequence of the flood, if known.

12 FLOOD _LOCN. This describes the location of the flood,

l

I

.
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Table B 2 (Page 2 of 3). Field Descriptions for Plant Descriptive Data
_

Field Description

13 AUX, BLDG If the auxiliary building was flooded, then a single letter is entered
in this field to indicate the size of the flood in the building:

S-Small*

M-Medium+

L-Large+

X-Extra Large*

This same classification scheme applies to fields 14 to 23.

14 CONTAINMNT. This is for identifying the sizes of floods that occur in the
containment building.

15 CONTROL _RM. This is for identifying the sizes of floods that occur in the control
room. _

16 COOLG_TOWR. This is for identifying the sizes of floods that occur in the
cooling towers.

_

17 DIESL_ BLDG. This is for identifying the sizes of floods that occur in the diesci
generator building.

18 EXTERNAL. This is for identifying the sizes of floods that occur externally to the
facility buildings.

19 PUMP _ HOUSE. This is for identifying the sizes of floods that occur in the pump
house,

__

20 RADWASTBLD. This is for identifying the sizes of floods that occur in the
radwaste building.

21 SCREEN _ HSE. This is for identifying the sizes of floods that occur in the screen
house.

22 TURBN_ BLDG. This is for identifying the sizes of floods that occur in the turbine
building.

23 YARD. This is for identifying the sizes of floods that occur in the yard.

24 FLOOD _VOL This is the total volume of the flood waters in gallons.

25 FL9OD_ RATE. This is the rate at which flooding occurred in gallons per minute.

26 FLOOD _ TIME. This is the totat of the flooding in minutes.

27 FLOOD _CAUS. This field describes the overall cause of the flood,

1

I

|
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Table B 2 (Page 3- of 3). Field Descriptions for Plant Descriptive Data

Field Description

28 SYSTM_ CODE. This is a numeric representation of the NPE system code. The i

NPE references given in field 38 are of the following fort 4: NPE
BWR 2 Nil.F.80-309. For example, the BWR 2 part of 3e **ence simply
identifies the plant as a BWR (which can be determined tium the plant i

descriptivt data). The 80-309 part simply identifies a page number and a i
specific incident in the NPE data book. The Vll.F part is the NPE system code, !

which is described IriTable B 3. .

|

The numeric code for this NPE system code would be 7.6. The 7 comes from the
Roman numeral Vil, and the 6 comes from the F-the sixth letter of the alphabet, j

29 WATR_SOURC. This identifies the source of the flood waters. q

30' SRC_CAPCTY. This indicates the quantity of water contained in the source in
_ gallons.

31 DETECTMETil. This briefly identhies the method by which the flood was 4

discovered or detected. {

32 FLOOD _ TERM. This indicales the method used to terminate the flood.

-33 ~ SAFSYSAFCT. This identifies the safety system (s) whose operation was (were)
adversely affected by the flood water.

'

34 _REDSYSAFCT. This identifies the redundant system (s)-other than safety
'
,

systems-whose operation was (were) adversely affected by the flood water.
'

35- FLOOD _BAR. This indicates what barriers (if any) existed to thwart the spread of
the flood waters to other areas of the plant or otherwise limit the severity of the
adverse effects of the flood water. |

'36 CORECTACTN. This indicates what corrective actions were taken after the
ioccurrence of the flood to try to prevent the recurrence of such floods in the

future.

37 COMMENTS. This simply presents any additional pertinent comments that apply
'

to the flood incident, ,

38 REFERENCES. This gived any and all portinent references that describe the
flood incident. All references are in the NPE data books. The NPE system
' identification codes are given in Table B-3.

.,

i
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1 Table B 3 (Page 1 of 5). NPE System Identification Codes. ;
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Table Be3 (Page 2 of 5), NPE System identification Codes
.
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Table S 3 (Page 3 of 5). NPC System Identification Codes
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tee n. des este seeleet linea, welde, f attiago

C. SILIEF 4 84F871 tolvtl
leeledes selety/ relief welue (Stes) (ieeled tog ,reensless Stos), peser operated relie f eenne
(70ev e)

9. ITIAM CtsttAfots (84e)
leeledes SC ehell. internal tenses. sepeert plates, sesales, eenet- ble=deve lius. telese

8. Pt158V41214
leeledes pet.cevicer shell, tenereal koetere, menese, eseelee, pese.eessee estaat tema (Pit), PoeV
blut unwe. enseteese tee,eestere desseters (Efte), meesteld weine

f. taisttLLAAt0E1
heelesee eddatseest RCS leep * elves set secesisted with abeee setegories

fl. ft'tSINC CTCL2 $1871n3
A. TUL81rt

leeledes asia terbine. 37 eed LP sylieders, iseledies sectose, rotere, esef de blades, buriego
eau see eestrel vs.ne deene and senseees i es. lobe ein systee

B. C1staATCt
snese gesetetet eyetee imeledes roter, stater, esattet, brushee, beeriese, aeste, weltage regolater,
semen tee, seemeteset. esedsess, generseet seelsea, eeen eat opeteen

C. Coaste3883
enene seeeeeeer ineledes Lebes, taf flee, essees peop, air ejester, bet =stl. stelle, veter besee

3. $TLAJL
lestedee terbine bypese sad sensopherie esees deep eelves. 80Va. este stese irelatie venne
(nSive), eenstete sepsvetos/resessere (It314), este e see Isee (stSki p6paea

1. CosDieSeit 6 FEE 0 EATER
IMlweee seedettete/Deteter, feedvetet (FW) sed ese FW peeps, seedessete eterese teet (CET),
deesseretteer stetes, LP eed EP beaters, seeMistee volese and papseg

f. CitCVVTles Wetta
leeledes satees streetwees, esteese, seelist towere, dsesherge gases sea semele, esseensted peepe
eed venees

C. B.18CELLAN10VS
testedes bester desia eyetee

Til. 5ArtTr 8ttTrn.1 .

A. SNtt:tsCY Cost Cn0LlwC (ECCS)
leeledes seleep sepetioa (SI) espes beed sejecties (tal) systees, 88 esseeulatore, beree tejutsee
test (SIT)

8. CortfalsmErf tit 38dt! $U7,821810e
leeleaes entelemene sprey, see seedeweve, seelsewletin opver, sheeseen additsee testa

C. Corf almstrT ATMctratta Cockled
Iseleses eeetenesset f e4 seal unite (CFCUs) seateinemet ole see steelettee

---- mn

NPSNHI N0010 041488 B-8 Picka d. Lowe and Garrick inc
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.

. u sa slee vetees,-s

. esnv.i :.s. o. n
m s,sions . .

p. It -

S.- esiffalintir! ISOLAT10e -
P- - - Beeledes seural sostatenses feelettes vetoed (Cive) (for eseelfts CITE aos appropriate sees 6es)

8. N16Clu.aAIE0Vs -
Realeses inte eyeteme', aestatemet Sg entist. Posse 6 resse6&oetsi seeerits opetees, reeplessere

.

'

?!!!. AUI11148f $1875m8 i

A. C00LaJrf 90LUMt, pWtlFICAtlos, CMa3 CAL, $4sttimC j
toeledes ehesiseen and solese seetsel opetee (CVC8), thergies pes,s poet.eestdees esoplies erstes i

(P418), tevas ee&d etere6e 88ek I AA8Tle beroe resytle etesse leadown lines and eeleos
8. AUtiL1AST C00LleC

' neeledes resideal tete posseen (ass), eesposest eeeltog eeter, seee6e, estee (SV) een seencial see
eeelies went opetees, p mpo, SAs, med esseeketed valves eed 96 pies I

C. N15CELLAMI'J8 j
lea nedes RC5 dreine, seetoin'eust seep estees

!it, lofftstte1AT10e 4 CONTLE (14C) .
a. IrmtAs le5180Mtefafite , .

|

let for sesete severes fles useitering. 6ealedies'oestes and interendiese eeoge ensene |

($ Ape & ltMal, eewet tents seentete, teleted esp &t(sete eed ned6eatete
B. BLACTot FRJTSC180s 8t$Tts (675)

14C let esavel er este reseter trip sheeeel sett, lee, Leeloding RCS leep tesisteese seeperatees
- detestete (R.Ge), seettet trap tesetete (STiel, p.eeeethset pressese & tegl teseseit tete. SC level -

transesstere and Fw flee trasseatters. leanedes setsestated steseseet vatteet essee (ATW83
bestlate.

C. - REACTOR CONTROL
leelveen the totestated seeseen eyetee (ICS), seial flw eseisste, saatten est peeltaessag eed

. ether ved eed sete peristmenee enesteeses med seettel 164 |

9. Tvtalet CTCLE - . . . .

14C for eeneel et eete. terties talp eteneel esteeties and sett 'oe, genereset oed FV seeteel.
Lesledaos sleette*6pereelas emettel (teCJ, estressee eed ease pretes, gonwoorse TV and see Fw flee

. a=4 ICS (levn
8. SAFETY S137845

'

lee 4edes 16C fet etteetien et easetemet eere seelies efeteos 44CCl), eesireered ulet? featuraeto
(85F1. salas easte protutsee opetse (ISPSI, lave erstees, eseteiseest preuere ovestesesea eed

% 6eelet&ee, and maae stese 6eelettee.- av1T lawl. TCIS. TC14 betone seentee, testeineest own, novel.
SWif level, stese Itse 4p, RPf len t, 44W SG nent 4 (les, een eiere see eeneter

F. tt0 CESS ST571as
l&C tot ' presses stevetet, SCP pressere seen sensing' CVCS task level, heet tensieg seetrole..

;- essvevister len t. CFCU seresse vetor (Edl flee, pu senceuwese
C. SLACTOR COOLANT C0eT24

14C ser RC$ flee, setteeties nooitete, pressetteet level (46v)
8. RISCCLIANt0U4

14C for sentaiseest sempling & meestering, gesetel sees todistles esensteeses.144 site losess
theroeseeples (T/Cs). oJ erstee eelne and leese parte menuet

R. ML EANDLIWS taCILITIts 4 ST8 Tins
testedes reester esottve relesting eseet, feel tracef er speces, opeet feel peel, eed teste, see feel-

steesse, ereau eed I A4:seg destees, seele end f 6esoree, see eseeensted let

31. EttCTRICAL SYSTtMS
A. EMEEC1NCT P0ett -

..

este. seester (NC) sete, sed- las tedes betteries, diesel geostaters (DCs), bettest ehergers e

esseensted 14C
5 eTKit ELICTitCAL

81eettssel distenbetion systees leelede besee, breeters, seversets, trenfernete. astee eestrel
seetete inCCen. avisengeste p+ sed ef f eite dastraneties laean, and seessasted let

III. - LIqu!D RADe43Tt SYSTtM
lealedes nageid eed sel&4 eedoeste seehe, eveperatore, filters, genees, steeneet droios, pipses. 6

assesse%d !&C

tilli CA$tsul 44D.4375 SYSTtN (ets $4)
- leanedes messe gee procesases, see buildieg ges treateest, meste geo desey seek (WCPT), seepteseet,
' 33 tesee6:eet, 16Lters, etest enestote, seeeeneted 16C

.18vi SUlkatoCS 4 CouTAlerENT s

A. - Fl#CTRAf tpel

testedes anglects, betebes, eenvete, eteettieel med pipe penetratiees, dise deste, esels, gestete to
..tesesseeest eed eneas pleet bes446ege

4. RISCELLAMEQU$
Imeledes heeslag, weetiletlee med alt tenditioning firVAC), five dessets, ehereest eteetters,

. e.einement ,w.ge ovatorens esine end snes perse seeieitee utne

.

- e - e.e e sol er
c
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u si sies ..is
Seassel late SP'.
FV1 Spete.s
p. Il

tv. R18CEM0e'5 ST87tMS
3.al.dee ple.s a tt syste.e. e bbers. pipe and bellding .epperta, s tedinessee .sete meessa16e seg
erste% to.eest vol .perat.e peette.s, eiptete diosa s.d vessee beestbang appeestee

r!. ertaAf tenAL Ptonttus
A T33ttflCI 883PECTl0e (Ill)

1.eledes .peest s.nel ps.nle.s .e!.i.g fr eskedeled tile
S. SEPVELIB4

teeledes e.eeste e4 ett.ee .seerving dev6 3 isistal feel need. reteellas or seest feel heedling
C. ul5C1LL&40U$ ..

su l .. .,ee. e e nee s ..d , i. sne seu es.g. . , te.: syene.e.

es,e. .u, ame.e a .i. . ...en.a. 1 es.nle al.it.:
..i . .e ,. n .e . . i t..

annumers

- . - - s.1 :>
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APPENDIX F

STADIC4 UNCERTAINTY MODEL'

F.1 FORTRAN Coding For Uncertainty Analysis of Core
Damage Frequency (Plant Damage States)

F.2 FORTRAN Coding For Uncertainty Analysis of +*

Accident Initiation Times For Release Categories

F.3 Input Distributions Used in Uncertainty Analysis
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- F.I'' -- FORTRAN. CODING--FOR UNCERTAINTY ANALYSIS OF CORE
DA%iAGE FREQUENCY (PLANT DAMAGE STATE)
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Sheet 1 of if

'

.

SUBROUTINE SAMPLE (X Y)
C
C SAMFLE routine ;o Plant Dansoe States. tasad on 19 MAY66 results.
C TINAL MODEL USED TOR SHUTDOWN STUDY MAY 1986
C

DIMENSION X(2003.Y(150)
C
Casessasses CODE BLOCK 1. Uncovery Times ensemasses

C
C ASSICN VARIABLES TOR TIME TO RHR INITIATIONC ( X(1) through X(12) are the time le the 12 Procedure Tree: )
C

TA!sX(131
TBl*X(14)
TCisX(15)
EM sX(23)
XL sX(24)

C
C THESE STATEMENTS COMPUTE TOTAL DURATIONS OT TYPE A CUTACES
C

TA1SSrTAl+X(1)
TA6SSrTAISS+X(2)

C
C THESE. STATEMENTS COMPUTE RANDOM INITIATION TIME! IN TYPE A CUTACES
C

TAls:TAl+X(1)sXt22)
TA6SsTA1SS+X(21sX(22)

C
C THESE STATEMENTS COMPUTE TIMES TO CORE UNCOVERY TOR AX AND AW CONDITIONS
C

TA1WsTA15+TCUWCTA15.EM)
TAEWtTA65+TCUW(TA65.EM)

C
! C-THESE STATEMENTS COMPUTE TOTAL DURATIONS OT TYPE B OUTACES

C
TBISSsTBl+Xt3)
TBBSS*TBISS+X(4)
TB5SSsTB2SS+X(5)

.TB655 TB5SS+XC6)
C
C THESE STATEMENTS COMPUTE' RANDOM INITIATION TIMES FOR TYPE B OUTACES
C

| .TB15aTBl+X(31sX(22)
TB25=TBISS+X(4)*X(22)
TB55 TB25$+X(S)sX(22)

!-~ TB6SsTBSSS+X(61sX(22)-
C
C THERE STATEMENTS COMPUTE CORE UNCOVERY TIMES FOR BX AND BW CONDITIONS
C'

TB1W:TB1S+TCUW(TB15.EM)
TB2XsTB2S+T12X(TB25.XL.EM)
TB5W TB5S+TCUW(TB55.EM)
TB6WTB65+TCUW(TEES.EM)

.

!
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. C: THESE : 5TATEMENTS: COMPUTE TOTAL DUR ATIONS OF TYPE C OUTACES-

C'
.

.

TC155 TCl+X(7)
!TC255sTC1554X(6)

TC355sTC255+Xtt)'
TC655*TC3SS+X(10)'

LTC555sTC455+X(11) l
'-TC655aTC555+Xt12): . i

'C
C:THESE STA72MENTS COMPUTE RANDOM INITIATION. TIMES FOR TYPE.C.OUTACESI"

;C' ,,

'TC15sTCl+X(?)*Xt221-
TC25aTC155+Xte)*X(22)

'

- .TC35TC255+X(9)*X(22) .

'TC45 TC355+X(10)*X(22). |

-TC55sTC455+X(!!)*Xt22)-~ >

TCE5sTC555+X(12)*X(22) . ;
C
C THESE-STATEMENTS COMPUTE 1 CORE UNCOVERY TIMES TOR TYPE CX AND CW CONDITIONS
C-

'TCIW=TC15+TCUWCTC15.EM)
.TC2WsTC25+TCVW(TC25.EM)-
TC3X TC)$+T12X(TC35 XL.EM)
.TC3WsTC35+TCUW(TC35.EM)-
TC4XsTC45+T12XtTC45.XL.EM)
TC5WsTC55+TCUW(TCSS.EM)- ;

TC6WsTC65+TCUW(TC65.EM)
'C-

'

';

Ca********* ENDSOF CODE BLOCK:1-.**s******a ;

. |C. . .

shutdown' Times A. TractionsCammassanse.~ CODE BLOCK 2. * * * eassses-

C
C COMPUTE HOUR 5 SHUTDOWN PER YEAR'(s l'"5HUTDOWN YEAR") : TSD.c '

1 C ANNUAL" TRACTION CT' YEAR SHUTDOWN-(TSD). AND
CiHOURS PE8l YEAR.IN.W.LX, 4 Y_(TW.TX.TY)

EC . .

TA * Xt25).<

TB 8 X(26)
7

TC s X(27)1
;TSD s-FA*(X(1)+X02')) * T9s(Xt3)+X(4)+X(5) X(6)) -+

-

'

- 1 TC8(X(7)*X(8)+Xt9)+Xt10f+X(11)+X(12))
=TSD * TSD/(TSD +'6336;0).

.
..

TW- : TA*(X(1)+X(23)s* T88(X(3)+Xf5)+X(63).+ -g,
1. TC8(X(7)+X(8)+X(!!)+X(123)

n TX:* TB*X(4) + - TCaX(10).
i .TY ' s , TC8 X ( 9 )-

6

| -

~:C[TRXIAND.TRW ARE:THE~ TRACTION OT SHUTDOWN TIME _IN X-AND W
' C --

|1
|', Cf

4 TRX-'s TX/TSD
,TRW s TW/TSD,

.c,

| C*****ansas END OT' CODE BLOCK 2-**********
1 :->

||
L
,

i- ,

| -

. _

"'''T $ mSrc- w v'mg -
s C, -i 'Si---.- -4 y - - . - >1 +* - *-
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. C '= * e = = = = = = = ' CODE BLoeK 3. It initietors'=======**a -

C-
_ C COMPUTE NOW-PROCEDURAL :lN1TI ATINC. EVENT FREQUENCIE5

C.l. FIREflNITIATORF-
fi C

- --- T I R AU X - - X ( 3 8 ) _

*

FTBSD- -Xt39): -

-- T S C R -- c1X(40) ,

'TTNL . s .' X ( 4 3 )- ,

01T0 - a X t 4 21-- d
: s Xt43): THS1

TPIA - :-X(4411
FP1AS: a X(4 5 3 ' .

;.

027C' s X(46). -' *
? ,. 7

.FTBCS s,X(47)

r.*C AX - a TSD s FRX 8.TIRAUX.* FSCR '

> - F50AW' -s (TRW/TRX)-"'r3CAX-
TPABX- s.FSD 8 TRX 8. .F I R AUX * TPIA 8 FPIAS 8 0270.
TFABW. -- *-(FRW/TRX) *mfPABX
TETCX - s.FSD*TRXarlRAUX8TTNL*0tTC8rH6- -

C .. \

'C' 2. LOSS OT PCC INIT1ATORSi
*

:C.
FFR- a Xt48)

'2MONSD s_Xt49). ],
'rM1XL - X(50)_

*
-FM1W s X(34)--

.ZBFCWR * X(51)' -

t

2BPCF3 8 ) X(5:0 _

,

:: X(53):FPA.,

JFPC: ~ s X( 5 4 3-
-

.rM2W: X ( 5 $')-
'BB. *c X ( 5 6 ).
PCCOA-.: A(7 7) -

' C--.

FMIXPJ.4 10.5 m TM1X
FM1WP ;- *'O.5 * TMsW

'
C.

.FLPCAX s ( TP R * TX ) e ( 2 3 puos. ry: x p. T PR '2MONBD) + 2 BPCWP s T P R * 2McNE D-
. .

.rLPCAW-*:(TPRs7w}s(ZIPMOS+TM1WP+TPRs2MGNBD)+2BPCWRarPR82MONED
+ 24 0mggeFM1WP + FM2W-FPCC1B.* PCC2A

2.08BB*rM1XP-FPCC2b.s.PCC2A +
..

LC.
.C- 3. LOSS OF.SW '!NITlWTORS
C-

2BPSWR JX(58)-
TOPICT s'X(59)=
TCTA' cscX(60)

' FLSWAX :=(FPR_s TX s (23puos 4 rg xp . rpR s 2MGNBD)
1. = . + ZBP5WR * ~rPR 8~ZMONBD) s-(FOPICT + FCTA + TMIXP)

C .FL5WAW:s-(FPR *.1V-8 (2IPMOS *-FM1WP +=FPR * ZMONBD)
;l :+-2BPSWR 8 FPR a gucygp) s'(TOPICT +'TCTA + FMlWP)-

C
C 4. LOSP INITIATOR.
C

TLOSPP * XC61)-
FLOSPV s X(62) . ,

TLOSP" s-(TSD * TLOSFP-+'TLOSPV) * FRX
FLOSPW-s-(FRW/TRX)'8 TLOSPX

,
C

. , SE!SMIC .-INITIATOR.
.-

b C 5.
C:

SSBOW = X(235) * TSD * TRW
'55BCX- : X(136) * TSD s FRX
SLLW s X(137).* FSD * FRW

i

t' * f " - t y * --- -- + * * - - < ' - - ' - -"-
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JC ;61-INITIATOR-L5-'
' '

' C -: _ .

X ( 13 6.)
.

...
,

LOPIC5's
; .NRICS s-X(13911 . .

'

,

* FC.* OPICS *-NRICS-X L t..
R? (C,

'

;

C -7. INITIATOR LS
,

3 C -- '- , ,

XLSCV * X ( 15 2 )'
:XLSTR *10,67

h! -XL5NR:-:-X(153)
'EVNTLS s 0.5'8.XLSCV'8 TW 8 XLSTR's XLgNR.

TC
~ C=easassans END OF CODE BLOCK-3 eassoassee .

.

C' ,
,,

. .

. Tree Inntaators **sessanse- Ceanessenne copr BLOCK 1 4, Procedure
-- .

C:Comeute Frecuencies of Precedure Tree Endstates
C (W1A. W6A. W3N4 W5N. X3N. X4N. X5N, X6N. W3C3
C COMPUTE RHR-5YSTEM SPLIT >rRACTIONS (TOP EVENT.PM)~-

;c

. Cs ! - WIA-
-C:

. . .
..

XNCl. X(64)- f

XNCL *=Xf65)-
'

- XLlHW1 s Xt66) .,

,

X L l HW2 . s.-.X ( 6 7 L
'

XLIOP1.s X(66)
:XLINRI-afX(69) _,

XLINR2Ha'Xt10)
CCIOP3 s'X(71):
CCIOP2Js Xt72) -

'PUMhl e X(733' ,

'PUHW2 -s X(74)
PUOPl.-* X(75)

g .-X LMOP 1 * X(76)
:XLMOP2 s-X(??)
-XLMNRI.a;y(78)-
TL1' sJX(79)*

c
!: .X150P1 * X(80)' 'iXISOP2.: X(61) -

C
; X Li t - s -L 4; 0 * XL IOP l * X L I NR I . +~ X L IOP l * X L I NR 2 +. X L l HW1

XLlHW25.08XLIOPtshLINK2I XL12 * 3.08XLIOPlsXLINRl ++'

.C'
CCIOP2'CCl's.CC10P1 +

C'
PUI *;3,0mpvopg . pugwg

.

PU2 s 3.capuops.. PUHW2
i

> - :C
XLMS s '' t XLMOP I +-(X(5)*XLMOP23/24.0 )*XLMNR1
JXLM6 s,(XLMOP1 +:.(X(ll)*XLMOP23/24,0 )wXLMNRI

- C-.
' -

;"
XIS! r XISOPl*XISOP2

C
4 W1ATAl *-FA*XNCI

WIATA6.s-TAa(XI5! +.XLII)
TL1)|' W1ATB513: TBagCC1.+-PUI +.YLM5 +

WIATB6 m TBaX153
p -WIATCl~s FC8XNc3

XLM6)WIATCS TC8(CCI + TLI.+ PU2 +
-W1ATC6.s TCs (XI S! '+: XLf2)
:WIA WlATA!+W1ATA6+WIATBS+WIATB6+W1ATCl+WlATC5+W1ATC6+0.00139*

a

r,, m. , ... , , - , , . . - - - - _ - . . , . -. -_ _
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C0. W6A
C

RV1PT s X 62)
RV!B X(63)
RV10P3 -X(84)

C
RV1PT*RV1PTaRvlop3 RV1PTaRV1BsRV10P3RV1 : +

1

'C
W6ATA1 = FAsRV1
W6ATS1 : Tyagy:

-W6ATC1 * PCsRV1
W6A a W6ATA1+W6ATBl+W6ATC1

-C
C 3. W3N
C

SALPT1 * X(85)
SAoP1 : X(f6)
SAOPZ XC87)
SANR1 X(46)
SAOP3 X(89)
SANR2 : X(90)
SANR3 s XtS1)
SALPT2 : X(92)
SALPS- * X(93)
CT10P1 X(54)
CT10P2 s X(55)
CT10P3 : X(96)
CTINR2 : X(97)
CTINR3 : X(Se)
TV10P1 X(99)
TV10PZ s X(ICC)
ZlTRLR * X(101)
XLMOP3 = X(102)
'LMNR2 * X(103)
XLMNR3 s X(204)

C
SAs a SALPT1 * X(1)

SALPT1sXt?)SA3 s 2 Os(SAOPl*SANR2) +

i SA4 *-2.0a(SAop3.SAOP2)*SANR1 SALPT1*X(7)+

SALPT2sX(8)SA6 : (Xte)/24;01sSAOP3*SANR2 +

SAO s SALPBsX(11)
SAE SALPPsX(2)
SAH s SALPBaXC12)

C
CT10P3*CTINR3CT! CTIOP3 CT10P2=CTINR2 ++

TV1 = TV10P18TVIOP2
XIO2 * ZlTRLRaX(6)
XLM2 _3.0*XLMOP3*XLMNR3

C
W3NTA! TA*SA1

I W3NTA6 : TAsSAE
W3NT01 FCa(SA3 CT) m SA4)+

XLM2)W3NTC2 FCs(TV1 + SAS + XIO2 +
|
i W3h4CS = FC* SAC

W3NTA1+W3NTA6+W3NiC1+W3NTC2+W3NTC5+0.00035W3N s

.

I

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



.. . . . .. . . . . -. -

||d ' Sheet'6~of 16-
P

VJ f

,

C-4. W5N~ !'

C-
'

.. FRH1R- LX(26) '

- C
RMI '- FRH1R*X(1)

:RM2Rs.FRHIRsX(3)~_
'

RM3 8 TRHIRsX(?).
RM4 s.TRHIR*X(4)

-RMS s .. FRH 1 R * X ( 6 3 -
. RM 6 ': s TRh1RsX(9);

RM1fu.FRHIR*X(10)'
RMs s-TRHIR8X(S)
RM9 s FRHIR*X(11)

'RMA-* FRH1RsX(21'
RMB a FRHIR*X(12)

'C
W 5 NT A 17. 3 FAsRM1

'W5F'A6 8 .TA*RMA
W5NTB 5 . s.. T g s RMg
W5NTCt * FC*RW3-

1W5NTC2: 8 TCsRM5
WS NTC 5 ---'s rC8 RM 9

-W5NTC6 8-TCaRMB-
.W5NLa'W5NTAl*W5NTA6+W5NTB5+W5NTC1+W5NTC2+W5NTC5+V5NTC6+

=11 ~0.00006
C'
- C 5...X3Ns
C<

DR10P1 s X(105).-
DRINRt.s. X(106)
. R T10P 1 siX(107)
RFINRI a .- X ( 10 0 )
DM1' a X(109)

C-
S A8' x (X(10)/24.0)*SAOP3*SANR3 SALPT2*Xfl0)+

1SA9 : ( X ( 101/ 2 4 '. 0 ) s 5 AOP 3 * S ANR 2 SALPT28X(10)+

SA5.8
C'_

:(X(4)/24.0)*SAOP3sSANR3 +-SALPT2aX(4)

:-:X101.s ZITRLR*X(4)
DRI.:'DR10PisDR1NR1

-RF1 * R T10P t s R F INR 1-
XLM3-* 3." XLMOP38XLMNR2

'

C--

X3NTB2 tbs ((1 0-RM4)s(SA5 + XIO1 DRI))+

. .X3NTC4 * FCs(1.0-RM7)st(1,0.DM3}ssAs . DMiaSA9 + RT1 + XLM3)
X3N u -- X 3 NT B 2 + X3NTC4 0.00046+

.C
- C - 6. . X4 N. : X5N. and - X 6N
' C-

X ( 1 '10 ) ~'CD10P1 :
CD10PP = X(111)
-CD10P2 ::X(112)

B R 1;. * X(113)
C-

CD t . : CD10Pl*(CD10PF.+ CD10F2)--
C.

'X.tNTC4L -FC8(1.0-RM7)*(CD1 +-(1.0-DM1)sSA8 SBR 11
: X4N18.X4NTC4.+ 0,000049

C |

'X5NTB2"e TBspM4 i

X5NTC4 s FCsRM7'
'X5N'* X5NTB2-+ X5NTC4 +-0;0C07 ':

-

o
|

-- , - . - _ . -. . _ - _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ -
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X6NTC4 8 TCskM'sER1
X6N s.'X6NTC4 +-0.0000C29

C:.
-

1 C7 W3C-
C;

CT2A: s X(176) -

' iCT29.,s'X(1773
CT2C- s1X(178)-

C:
'CT28) s CT2CCT2 s c. ( CT 2 A +

5AA SALPB 8;X(53-

-W3CTB5 : TB * SAA's TL1
y. _ W3CTCS a FC * .EAC a (TL) + CT2 SCC 1)..

*

-

'' W3CR . 0.000000052
W 3 C -- - : W3CTB5 + W3CTC5 + W3CR

C
Casassasens END .OT: CODE: BLOCK 4 essassanas

' C '-

Cassenesses CODE. BLOCK 5 Trontline Tree Operator Events OR AND og sessnessas-
.C'

'

C- . COMPUTE' SPLIT-TRACTIONS FOR OR AND'OL
C' ,

-B = X(63)
-C-
.C COMPUTE-TIME AVAILABLE TOR OR1 ACTION.'rOR EVENTS IN'EACH PROC TREE.-s
-C (TIME:TROM-100% PWR TO COPE. DAMAGE).--(TIME'FROM 100% PWR-TO START OF EVENT.

1.5 FOR TIME TO IN!TIATE ACTIONC- -

'C. .

:TRWA1 s TA3W ~ TA15. '1 5'
*

-TRWA6":-TA6W --TA65 - 1.5
'TRWB1 s -: T B 1W ''TBIS--:1J5'-

TRWB5's?TB5W - T B 5 5 -. -- 1.5-
.. T RWB 6 : TB$W-- TB65 - 1: 5
T RWC 1. . TC1W --TCtS 1.5-
.TRWC2 s TC2W,- TC25 - 1.5
'TRWC);s.TC3W - TC35'- 1.5

-TRWC5 * TC 5'# ~~TCSS -'1.5
'

.TRWC61s_TC6W - TC65.- 1.5-

C
C COMPUTEi.OP,11 TOR W. CASES

.

C:
'0 .15 :cXMD s-

ORIAl :: SWAIN (TRWA1.5)*XMD.

ORIA6 *-5 WAIN (TRWA6.B)*XMD-
OR151 =_3 WAIN (TRWBl.B38XMD

.OR1BS s SWAIN (TRWB5.B)*XMD:
SWAIN (TRWB6.B)*XMDORIB6 :

ORIC1-s SWAIN (TRWCl.8):XMD
ORIC2 = SWAIN (TRWC2.B18XMD
ORIC3 SWAIN (TRWC3.8)sxMD. .

ORICS s. SWAIN (TRWC5'.8):XMD
;ORIC6 s-5 WAIN (TRWC6.B)*XMD-

,. ': C -
'# ~

-C COMPUTE OR2-TOR X'. CASES
.C

TB25--'l.0'TRXBt's T22X -

.TRXC4 =-TC4X - TC45 - 1.0
C

L . LOR 2B2 * SWA1N(TRXB2.B)
OR2C4 SWAIN (TRXC4.B)

.

:.

, ,, . - - - - . . m , , , - , , _ _ - _ - _ - - . _ _ _ _ _ _ _ _ _ _ _ _ _
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Sheet B cf:16
'

L
'

.
' -

1

'

.

. . . .

?~ .-C: COMPUTE OR3; TOR X. CASES- ,

- ; C ,. -
.

'

,

.TR382fs TB2X --TB2S '0;667
.

TR3C4.s: TC4Xn- TC4SL- 0.667
OR332.s SWAIN (TR382.B)-

- OR3C4-a SWAIN (TR3C4TB)
. . .

-

.C'
C COMPUTE:OR4ITOR'X' CASES-

C-
tTR4B2- TB2X;- T825 -1-;2$ i s'

l.25 -1TR4C4 *>TC4Xi-'TC45 -

.OR4B2 s 2.0.e,5 WAIN (TR452.B)~
-OR4C4' : 2JO s '' SWA I N(TR 4C4. B )

'

!C
.C. COMPUTE'OR$ TOR-X CASES:
C;

.TR5B2's TB2X:- TB25;-'3.0
TC4S:- 1.CTR5C4~s TC4X-

-

OR5BZ-al$-0z a' SWAIN (TR5B2;B)
: OR 5Cs' s 5.0-8 SWAIN (TR$C4.B)

-~ C

C. COMPUTE. TIMES FOR 01, ACTl'N
^C.

=TRLA3-* TRWAl + 1., 0-

!TRLA6 : TRWA6 +-!.-C
|:.TR L B 1; * TRWB 1 : + 1 1. 0 -
-TRLES.s1TRWB51 ' 1. 0-

sTRLB6 s?TRWB6 1.0+

. TR LCl ? r T RWCI ' + - l . C. ,

TRLCS=s:TRWCS~'+ 1.0
TRLC6's TRWC6 + : 1 '. 0

, . c ..

C COMPUTE-OLtJTOR DITTERENT PROCEDURE TREES-
=C)

' . ,

- OL1 A l e-:s SWA IN(TR L A1. 8 ),

OL I A 6 -' a : SWAIN (TALA6.B)
OLIB1 :: - SWA I N (TR L B l . 8 ):*

: OL 1 B S s :: SWA I N(TR LB S . B L*

-OL18 6 : 's) SWAIN (TRLB6.B)
-OLICI. ;SW7IN(TRLCl~B).

OLIC5: s . SWA I N ( TR LC5 ^. 8 ) -
.CLIC6 sESWAIN(TRLC6.8)

,

C- i:
'

.

'C COMPUTE-OL2" TOR. TREE:C3 .

'C-
_

,

TRYC31 TC3X - TC35 - 0.5
'OL2C3's SWAIN (TRYC3.5).a 2.0

[10

i

f.
i 4

f .:
'

.

1

-_ . - . - __ _ - - -, -- - , . . .. -- __. __~
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* .Caesa****** CODEt BLOCK 6. ' P l a n t ' Mo d e lf-S p l e t Fractions ******ssa.
Ci
.C Top.Eient1RR:--
.; c ;

ZIPMOS s--X(291'
2BPDHS X(303'-
2BPDHR's>Xt31) .

- FOP li -s: X(323: ;
FOP 2. :'s:Xt33);

I --- Z l VMOD -- s L X ( 3 5 )
FNR 's X(36)

' ' *
,

~
, -FNRP 'atX(37)

FRHtPM *"FM1W.t

FOPIRI'm'(FOPl+ FOP 2)*FNR
-FOP 2RI =J(FOPl+ FOP 2)*FNRP-
FRH15: ' s=ZIPMOS'+ ZIVMOD "

. F R HCC S ii s FRHIS*2BPDHS
FRHCCR mi ( 3. 3 6 /.3 J 8 9 ) s r RH I R * 2 B PDMR . *

L- = LRR4- --TRHIS'+ FOP 2R1'+ FRHIR*24.0s

i-. ,RR2's'PR4 '-+ FRHIPM -
-RRY.s.RR4-

~

'RR8=s-FRH15:+-.FRH1Rs24/C:
'

FRH!R*24.0)*RR4 + FRHCCSRR A' s -_ ( F RH 15 : + ' FOP IR I FRHCCR*24.0* +

.- C

LC. Top Event 1LC_
C>

~ XLCol - s-Xf114)
--X LCO 2 ; :'X(115)

s X LCN R. ..* X(116)-
XLCoct=s'X(1173'" "

XLCORT: s.XC118)
-

: X LCOST-~ s - X ( ! 19 ) --
XLCRW . 's X ( ! 2 0 3'.
XLCOPC~s X(121)-
;XLCFDI.*-X(122)
XLCFD2':.X(123)-
XLCOFD s- X(12 4 ):

... X LCS L H e- s ' .X ( 12 51
" XLCSIB!*'X(128) , .

XLCM1Xia X(1273-'

! X LCPV: ; s-X(128).
XLCPVB : X(129)

!XLCFW2 : X(1303-+
XLCFW5.-s X(131)-t

.

XLCSFP-s-X(132)'
XLCAOV.* X(133).

': C -.

-XLCNR2'* X(134)-

X LCL L L1- * X(149)-
XLCSA a.X(1501-
XLCHA a X(151)

C
XLCIFB * 2.0aXLCO:s(XLCNR+XLCO2) + XLCOCr*XLCORT + XLCRW8XLCOBT

:- X LC2 F B - a : 10. 0 8 X LCo t * ( X LCNR + X LCO2 ) XLCOPC + XLCRW+

XLCFD31= 'XLCOFD-+-XLCSLH -XLCSIB*FMIX- +

, . BLD11 - * XLCPVsXLCPV +cXLCPV8XLCPVBx

i :
|.

'

u - +

f
1.
| '.

,"

I

i

~y 4 ,- - , --,n ~L, ,,v.. , ~ .



Sheet 10 of l'

BLD1XLCTDIXLC) : XLCITE +*

BLD1XLCTD2XLC3 : 'XLCITB ++

BLD1XLCFD3XLC2 XLCITB ++

XLC4. * XLC2TB-
2.0sXLCAOV) XLCNR2XLC6 (XLCTW2 +

XLCSA + XLCHA TM1WXLCA : XLCLLL ++

XLCC * XLCA
C
C Top Events CA and CB wath Recovery
C

EPR18 = X(140) ,

DCAB24 a X(174)
DCA24 s X(175)

C
DCA24CAZ s DCAB24 +

CA2CBD-s DCAB24
C
C Top Events PA and PB
C

PCCIA : X(141)
PCC2B : Xt!42)

C
2.caggarg1Wp ry2WPB3 : PCC2B .+

PBA a TPCC1B
PBC s TPCC2B

TM2W)PA1PBB * PCCIA + 2.0sPCC2As(2.CmBBsTM1WP +

FM2W2;0sBBsTM1WP'PB1 : PCC2A + +

PA1PBB2.08IBsTM1WPPA1 : PCC2A ++

PB2 s PCCZA-+ 2.0*BBsTMIXP
- C
C Top Eventt WA. WB
C'

SWABP : X(143)
SWAP Xf144)

-SWA = X(145)
$WAA a X(146)
SWCTA X(147)
SWOP 1 = X(148)

- C. ~

(SWA TM1WP TOPICT)2.0sSWAAsTM1WP) = (TCTAWAl' s + + *

TM2W) = (TCTA+TM1WP-TOPICT)2.0sSWAAsTM1WP'- '. s (SWA + +

TM1XP TOPICT)2.0sSWAAsTMIXP) a (TCTAWBC = (SWA + ++

WA3BC = SWABP + 2.0sSWAP8FM2W
WA4BI s SWABP
WA4 s SWAPB +' SWAP

C
C Top events 0C1. IR1. and ODI
C-

OC10P1 : X(154)
' OC10P2 : X(ISS)

OC1NR * X(156)
OCIVC1 X(157)

OCIVC1OC1 s OC10P1 + OClOP2sOCINR +

XIROP1 : X(158)
X1RHW1 : X(159)
XlR1 s XIROP1 XIRHW1-

OD1 : X(173)
r

9
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C--Top Events SP and EH:.
'CJ >-

SPOP3 : X(160)~ ;

' SPNRE~ *TX(14IK. <
,-y -

5 POUT 1: - X ( l 6 2 )" -:
'

SPOUTPJs'X(1630 . . + 2.0* SPOUT
#

SPl s:SPOPle5PNR ,

iGP2 s'5POPtsSPNR *'2.085POUTPm
%| C

EHr! : X(164)--
1

EHT2 -s X(1653- '

' EHr3 " X(166)
-

E H Z I PM -- s X(1671- .

' EHZlVA~s;Xtl68).
!

,

- EHOP!: s - .X ( 16 9 )!
EMNR s.X(170)
EHOP2''s X(171)

= EHOPEH a:X(172)
.C

EHOPEH1-i s- 0. 0 5
.. - EHPNRHW a-. 0. 0 015 -
f . EHPNR il:- s EHOPEHi s EHNR- + - EH PNRHW

EHTTO- *-(EHT!sEHT2*EHT3)/TW--

' EMPNR s sEHOPEHsEHNR + EHPNRHW.
. EHHW2 s 0 4 4 - s :- EH Z I V A -.

'

EHPL2; -EHHW2-+ EHOP2*EHNR
EMPL4 "s'EHHW2'

- E H P L 7 '. ' * EHNY2f*.EHOPl*EHNR-

-

C-
- .EH1' s' EH)'TOs EHPNR i e + EMPL7-<

'EH2: : s'- EMP L 2 -
EH5 1: EHTTO + . EMP * 2.

EH6 s ENTTO.
,EH7 * EHTTOsEMPNR +'EHPL7

._C .
Cassansanas-END Or CODE BLOCK 6 assoasseam-

-C--

C.s s a a m a s s a -- CODE :B LOCK 7. Core Melt Sequences-samammasas

, |G _- _ C :
X5NTC4*OR2C4-"CMI e X5NTB2mOR2B2 +

|: - CM 2 -- s-X3NTB2sOR382.+-X3NTC4aOR3C4 ,

CM3- = EVNTLS a.XLCC
CM4- $$50W'
CM S -- WlA a oc! m XlR1 a XLCA

, .

,

C -.
- .CM6- -s: X6N's XLCl

*

CM7 s X5N a RR4 a XLCl
.CM8 ~ s'EVNTLS * P B A '-
-- CM S a WIA.s-PBA * OCl s.XIRI .

CM10 *-SSBOX
C-

CMilAl a'W5NTAl a ORIA!
CM11A6's W5NTA6 s.ORIA6

TCMilB5 * W5NTBS * ORIB5s

LCMitCI s W5NTCt * ORICI
-CMilCZ:* W5NTC2 a ORIC2
;CMllC5-s~ W5NTC5.s OR I C 5 '

CMilC6 a W5NTC6 a ORIC6
CMllR- s.0.00066.8 ORIA!

CMI1A1*CMI1A6*CMIIB5+CMIICI*CMIICZ+CM1ICS+CMIIC6+CMI1R| CMII e

-C- Note t ha t- r emo irde r of W5N frequency is eesigned to Tree Al
(; -.

2

_m_ . . - . _ _ , ., . -
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CA2CPD 8 ' OR $B2CM12B2 : FLOSPX 8
CM12C4 s'FLOSPX-* CA2CBD.* OR5C4-

-

.CM12 -: CM12B2:+ CM12C4
C

. CM13' s X4N sf0R3C4
:C-'

pu CM1482 *LTLPCAX * (- TB8X(43/TX ) s'OR252
CM14C4 sirLPCAX * ( FCsX(101/TX ) a OR2C4- ,

CM14 8 CM14B2-+ CM14C4'

C ~

CMi$ s FLOSPX a-WA451 *-XLC4 ,

C
CM15B2 -FLOSPX * ( F B * X ( 4 ) / T X -. ) a C42 e OR2B2 .

CM16C4 : TLOSPX * ( FC8X(IC)/TX ) e CA2 * OR2C4 ,

CM16 .* CM16B2 + CMI6C4 ,

C'
'CM17 . a . CM l | * SF2

C' Note below that CM17: ss.NOT counted in the CM total since
LC- 6t.as included-an. sequence CM1.'

C
,

in - CM16- :=CM2 *'5P2
C --Note below-that CM16 is-NOT. counted in the CM' total since'

'C- at is-included in. sequence CM2.
C

CM1982 : TSCAX * ( -| F B 8 X ( 4 ) / T X ) = OR2B2
CM19C4 a TSCAX 8 ( TCaX(103/TX ) 8 OR2C4
CM19 s'CM1982 + CM19C4

.C-
CM20 's SLLW

C|
CM21A1 ::W3NTA1 * ORIA1'
CM21A6 W3NTA6 * OPIA 6

. .CM21C1 W3NTC1 = ORIC1
CM21C2La W3NTC2-a OR1C2
CM21CS W3NTCS * ORIC5-
CM21R 0.00035 8 ORIA1

CM21R~CM21 :: .. CM21 A 1 + CM21A6-+ CM21C1 + CM21C2 + CM21CF +

C Ncte--thit' remainder.cf X3N frequency is essagned to Tree A1 '

-C
'CM22 =.TPABX a.XLC4

:C
CM23.. = X6N-* OR4C4'-

C,
CM24' -e W1A * PA!PBS * OC1

CM25 s'FLPCAX * RRY: 8 XLC2
C

CM26 TLOSPX * CA2 * RRY * XLC2
'C-

..
CM27 .s TSCAX a RRY a XLC2

_

C
~

XLC3CM28 .= X5N a PBC-*
:C'

CM29 . : FLPCAW * PB1 a XLC8
'C .

CM30 sEVNTLS a _WBA.
:C-

CM31 s TETCX a XLC2
-: C-

CM32 -: WAA : WBA a OC1 * XlR1
C-

CM33. : TSCAW = PB! = XLC8

.

r +r , -
- r w
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C
CMI'+ CMS *CMl0+:CM- _.-s . CM 1 T + CM 2 +CM3 *CM4 + CMS +CM6 +CM7 +

15 CM11+CM)2+CM13+CM14+CM15+CM16 +CM19+CM20+
1 CM21+CM22*CM23+CM24+CM25+CM26+CM27+CM28+CM29+CM30+

.1- CW31+CM32*CM33

g .

CMTL 's CM/0;90$93
g_-

C*

[ IC Sequences for-PDS R2D-

>C
R2D1. .s CM 1 --

'

R 2 0 2 - - s . CM 2g
'R2D3 CM3''

-R2D4- s| CMS _
.R2D$. s CM6

% R2D6 s - CM 7

' RID 7 s-CM6
*

R2D8- : . CMS *

' RED 9 =s'CM10~
+

-R2D10 ::CM122
R2D11-s.CM13.

:R2D12 s Od14 -
R Z D 134- s - CM 11

~

.

R 2D 14.. *. CM16 -
R2D15 = CM19
.R2D16 * CM20'

,

R 2 D 17 -- CM22
R2D- R2D1+ R2D2+ R2D3+ R2D4+.R2D5+z

1' ' RED 6+ R2D7+ R2D8+ R2D9+.R2D10+
1 R2D11+R2D12+R2D13+R2D14+R2D15+
1 .R2D16+R2D17
R2DT sir 2D/0.91085| g_.

-C
_.C--Sequences foriPDS R2P'
C *

R2P1 s CM1 a-SP2
R2F2 s CM2 8 SP2
R2P3- * CM3 -SP2-
R2P4 s'CM5 * SP2-
A2PS- u CM6 s -- S P 2
REP 6: s CM7 s SP2
R2P7 : CMS * SP2

'R2P8 s'CM9;*-SP2-

R2P9 s.CM10 * SP2
-R2P10 n CMig s SP2
R2P11 : 'CW13: 8.SP2-

-R2P12: CM14.s SP2
R2P13::n CM15 a SP2-

|R2P14'-s CM16 8- SP2-
R2P15 a CM19.a-5P2

~R2P16 = CM20 *~SP2,
1 -R2P17 ::CM22 2 SP2. '

'R2P4+ REPS +R2P s R2Pl+ R2P2+ R2P3+
1: R2P64 R2P7+ REP 8+ R2P9+ R2P10+
1 R2P11+R2P12+R2P13+R2P14+R2P15+

*
1~ R2P16+R2P17
=R2PT a R2P/0.91306

|

*

|
,

y y .- - ,. 4a% . - * - - - sm , ..___m ___.____m
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'- C Sequences'forrPD52REN-

& + i CI '

R2H1 .a--CM3:* EH$
'

R2H2 . s CMS * EMS-
-R2H3 -s CM i ~ a EH2 -

4-' R2H4. * CM2 8.EH2- -

-

CM8"*'EH5-R2H5 's '
~R2H6 ^s-CW9 s*EH5
R 2H 7.: CM20 *-EH6! .

R2HB' s'CM6 8- EH2 #

.R 2H a ..R 2H1 +- R 2H2 + ' R 2H 3 +1 R 2H4 +' R 2H5 +3 .

R2H6+'t417+ .R2H6 ,8

. sER2H/0.89748R2HT -
C,

' Cf5ecuences for'PDS R6D.
CL

R6DI o s 044
,

s CM i l -_R6D2
.. R 6 D 3 erCM!!
R6D4' s CM24
=R6D5';s CM29 ,

R6D6",stFSCAW a FBI-8.XLC8
, .A

_

_

j f:' - R6D7A6 *LWl'ATA6 *-Ol'hJ * OCl
K6D7B51L WIATBS'sL4 .85'' Oct*

4

.R6D7B6-s WIATW6's OL186-s'OC1
'R6D7C1'? W1ATC1: 8DOLICira.OCt
LR6D7C5 'WIATC5 n OLICS *=Oct-- ,

- R 6D7C6 -zs WIATC6 s OLIC6 a-Oct
R 6D 7 P. 0.00139 * OLiAl *-OC1
R6D7 * R6D7Al+R6D7A6+R6D785+R6D7B6+

.

1T R6D7Cl+R6D7C5+R6D7C6+R6D7R
'C- . Note thet.temninder of W1A frequency is assigned to Tree A1. ',

: C-
W6ATA180 RIAL +W6ATBlaORIBl+W6ATCimORIC1|R6DB

:

' C
-.R 6D 9 '- Es CM11'*.PBA-

,

'C
i R6D10A1 s.FLPCAW *.(' FA*X(1)/TW') * ORIA1.

'

R6D10A6': .-TLPCAW. *-'t TAsX(2)/TW 1 8 OR I A6'
R6D1081': FLPCAW-at('.rB8Xt3)/TW .) ' * OR I B I'-

R6D1055 * TLPCAW * (#rBax(S)/TW-) s.ORIBS
-R6D1086 FLFCAW 8 .:( T B s X t 6 3 /TW i ) a-ORIB6
R6D10C1's FLPCAw a.(.reex(7}f7w )-*-OR1Cl-.

c 1R 6D a t;C 2 s.TLPCAW~*L( TCnX(8)/TW 3 * OR1C2.

R6D10C5 a TLPCAw sh(.TCay(133/TW-3 aRORICS-

0 R6D10C6 s FLPCAW * -('FCsX(12)/TW ) i ORIC6
.R6D10 s-R6Dt0A1+R6D10A6+R6D10Bl+ rod 1085*R6D1056+*

1" 'P6D10C1+R6D10C2+R6D10C5+R6D10C8
'C. . . .

'

R6D11.s-FLOSPw a WA3BC * XLC8
'V

~C '
R6D12: .s.FSCAw aT(R6D10/FLPCAW)

.

y
: C. . -

| .

R6D13 a WIA * WA3 PB1 * OC1
K .. .C

^
" R 6 D.- is RCD 1+R6D2+R6D3+R6D4+R6D5+R6D5+

1 -1- R6D7+ RED 8+R6D9+R6DIC+R6D11+R6D12+R6D13
LR6DT s.-R6D/0.91047

,

*
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T- ? C3: 3 e q u e ri c e s . f o r PDS;-R6P

- C -c_.
:W ~ ER 6 P I ' ! s CM4 : 8' SP2-' ' '

.

'"? R6P2. s . CM 1 1 D; * ; S P 1 '-

e....

- c''
- R6P25 : CM24 a SPt -

1R6P4fis..CM21 n: SPI "'''
'

-R$P3 s'A607:s.gp2'
3

@ .C'. O
W;- . -RsPsi?s CM29 * ~5 P 1'J

1R6P7- s.R6D6 8 .- S P ) -'

R6PS 'R6D13 s'5PZ- j-

. C- -

R6P,s R6Pl+'R6P2+ REP 3+ A6P4+ R6PJ+4
'

. 1. _R6P6 .R6P7+ R6Pt,

4-- R6PT *-R6P/0.89456
_c;
. C. -

,

CtSequences for'PDS:R6H.
C.

|R6H1- a'CW4-s-EH6-

.

R6H2 - s. CM 2 4 : * EH5
:R6H3' s R6D7~* EH5

R6H4: :CM11-*.EH1-*

- 'R6HS s1K6D11''8 EH8-
~

,R6H6:-*,R6Di3-s-EHS
.: c

. R 6 H :' is R6Hf+R6H2+R6H3+R6H4+R6H5+R6H6
..

R6HT's#R6H/0_89715 ''

*:0 '/C: 7

.C. CORE. MELT'TREOUENCY.ATEPOWER- I

aFCMPR'* X(119). '

Y(1) s R2PT
.Y(2)--R2HT-'-

~

Y(3)-=-R6PT
; Y(4 L s' R6HT~

'. Y ( 5 ) : a CMT
>Yt6: si: TCM P R-

. Y ( 17 4: = .CMT +1-FCMPR.
CE

fRETURN.
E N D ---

'

C -- .

'

b, C**maassammLPART.OF' CODE-BLOCK 1:sammasassa
C

FUNCTION TCUWCTIN.EM).
C THIS-SUBPROGRAM COMPUTES CORE UNCCVERY' TIMES FOR W CASES

'TD1sTAN/24;0
TSCs6.43sTD sso.,3cg' >

' '#

u_ ;TD8s(TIN +T503/24.0-
# ' I T(TD 2.CE ; 14. 0 3 -- COTO '10 -

M - 4 TCUWsTfd'+ 7'9 -0.06sTD2 .1.5/TD2- .
' '

=- 0070 ' 2 0 -
'

10 3 TCUWs T50 :. + -'3. 4 s TD2 s 0. 2 6 -
20 C0NTINUE:

*

TCUW (1.0+EM>sTCUW-1 .

RETURN-
END

*
_ _

m

ud

Me- -- - t v w -t r F . - w
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4

FUNCTION T12X(TIN.XL.EM)
C TH15 $UBPROGRAM COMPUTES CORE UNCOVERY TIMES FOR X CASES

TDsTIN/24.0
IT(XL.EO.l 0) COTO 10

.T12Xs3.64sTDsso.309 -

COTO 20
10 T12Xs2.33sTDs80.309
20 CONTINUE

T12Xa(1.0+EM)sT12X
RETURN
END

C
Cassssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssa
CasssssssssssssssssssssssssPART OF CODE BLOCK Sas8sssssssssssssssssssssssssas
C

TUNCTION SWA1N(T.B)
TM = 60.0 T

C.715 8 ALOC(TM) )SWAIN s 1EXP( B -

RETURN
END

Casanssansassessssssssssssssssssusesssaassssssssssssssssssssssssssaessssssses

-

9

9

- - - _ - - - _ _ - _ . . _ _ - - - _ _ _ __ _ _ _ _ _
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F.2 ' FORTRAN CODING FOR UNCERTAINTY ANALYSIS OF
ACCIDENT-INITIATION TIMES FOR RELEASE-CATEGORIES

.

k

'

.
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| SUBROUTINE-SAMPNE(kY).>> ,
' :; DIMENSION X( 2 00 ),Y( 150 ):'" ..

C1-
'

/C AS$2GN-VARIABLE 5' TOR TIME-TO RNR INITIATION
~

+

C_:(7X(1)?through--X(12)-are .the.timelin the 12 Procedure Treesif
.

.

p- - LC :- c . . - :. J
.

TAI-Xt13)_'~

.TBI=X(14). '

~

-t TCI=X( 15 ) c->

: EM_ = X t 2 3 ) .s.

.

1XL"=X(24).< +

C:
C THESE' STATEMENTS Ca9PUTE TOTAL' DURATIONS.0F TYPE A OQTAGES
Ce < = -

*

TA188= TAI +X(1)
;-TA6SS=TA1SS+X(21'

. . :
-

C' ..
.- . '

'

- C ;THESE STATEMENTS COMPUTE - RANDOM TIMES TO INITIATION IN TYPE A OUTAGES''

_->f
/ :C

,TA15=TA!+X(11*Xt22) . ?
TA65=TA1SS*Xt2)*X(22)

C-
'

C THE5R STATEMENTS COMPUTE TIMES TO CORE UNCOVERY TOR AX AND AW CONDITIONS
r

'C
-'

:| T A1W= TA15 + TCUW( TAl $ , EM )
- = TA6 W= T A6 5 + TCUw( TA 6 s , E M )

C:
'C' THESE STATEMENTS COMPUTE TOTAL . DURATIONS OF TYPE B OUTAGE 5

W -C .. - _ i

'

TB155=TBI+Xt3) .
TB2SS=TB1SS+X(4)

JTB555=TB2SS+Xt5t:
TB655=TB555+Xt6)

-C
C THESE! STATEMENT $ r COMPUTE' KAND0MaTIME$ TO INITI ATION TOR TYPE B OUTAGES _

-C'
=TB15=TBI+Xt3)*X(22}D
TB2$=TB1SS*Xt4)*X(22)
TB55=TB255+X(5)*Xt22);
TB65=TB555+X-(6)*Xt22)

'. C
:C.THESE STATEMENTS. COMPUTE CORE UNCOVEPY TIMES.FOR BX.AND BW CONDITIONS.

,

+

S

.

C -- .

.TB1W TB1S+TCUW(TB15,EM).-*

i TB2X=TB25+T12X(TB25.XL,EMI-t
.

;TB5W=TB55+7CUW(TB55,EMI,
ETB6W=TB65+TCUW(TB65,EM)

C:
,

FC-THESE STATEMENTS. COMPUTE-~ TOTAL' DURATIONS OF TYPE C OUTAGES.'

-C-- , .

~

. TCISS=TCI+X t ? )--
:TC253=TC155+X(8F
TC355=TC2SS+Xt9) '

: TC455=TC 35S+X(10 )
;TC555=TC455+X(11)
4TC6SS=TC5ss+X(12)

':C
'C THE5E STATEMENTS. COMPUTE RANDOM. TIMES TO INITIATION TOR TYPE C OUTAGES
Cl

J-TC15=TCI+X(7)*X(22):
TC2S=TCISS+Xt8)*X(22).

1TC3S=TC2SS+Xt9)*X(22)-.

.TC45=TC3SS+X(10)*X(22)1,.
. -TC5$=TC455+X(11)*X(22) .- j,

: TC65=TCSSS+X(12 )*X( 22 ) -
'C;

'

~

~

0;

*
*

?

4 7 w w.w- - - * m_ mv-r
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4J^ C THESE'STATEMENTSJCOMPUTE' CORE UNC0VERY. TIMES FOR TYPE CX AND.CW CONDITIONS
,C

TC1W.TC1S+TCUW(TC15,EM)-
TC2W=TC2S+TCUWITC25.EMD

iTC3X=TC3S+712X(TC35.XL.EM)
* - O; ~ cTC3W=TC35+TCUW(TC35,EM)-

t <

TC4XeTC4S+T12X(TC48,KL,EM)3
?7C5W.TC5s+TCUW(TC55.EM)-"

: TC6W TC68+TCUW(TC65,EM)
-C'.
C Output:timet. stem'1004: Power to accident-initiation for each tree.

..

C"
Y(1) TAls'=

TA63-- 3Yt2) = ,

Yt3)~= TBis
Y(4),= TB2S . ,

Yt5) = TB55. ~|
s" -Y(6) = 78653

Y(7) = TCIS?
Yt8)J. TC25.

* Yl9)= -TC35- ,

Y(10) =_TC45
Y(11) = TC55
Y(12) = TC65'

.C'
|C Cutput: times from 100% Power to core damage.-for.each tree.

,

,

C
-C (Note that for time.to core damage.-Tree C3 ic assumed to be-.a X-case)

>
' Ct .

TA1WY(13) -
.

.

-Y(14) =.-TA6W+-

'TB1WY(15) =

.TB2X--- Y(16) *

-- Y t 17 ) -:TB5W
Yt18) =.TB6W-
Yt191 =-TClw
Y(20) -"TC2W-
Yt211 =-TC3X-
Y(220 =4TC4X--
Yl:3)'= TC5W
.Yt24):= TC6W

C-
1C THESE STATEMENTS CALCULATE * TIME AVAILABLE FOR ACTION" FOR EACH TREE.-C (E= JTime-to Core Uncovery):- _(Time to accident initiation) I <

C-
TAAA1 = TA1W IA15
TAAA6/= TA6W-- TA65,

.TAAB1 = TB1W .TB15-
TAAB2 ='TB2X - 7825-
TAAB5T= TB5W:- TB5s-
TAAB6 = TB6W'- TB6S

,

- TAAC1 ='TC1W - TC15-
TAAC2 = TC2W --TC25
TAAC3 = TC3X - TC35 -'

TAAC4 = TC4X: ,TC45
TAACS - TC5W-- TC55.-
7AAC6 = TC6W - TC65

.C:C Output " time available for action" for each tree.
'C''

~

, , - Y(25) = TAAA1
o Y(261-= TAAA6

1 Y( 2 7 ) -'*- TAAB1
.Y(28) - TAAB2
Y(29) = TAAB 5 -*

TAAB6Y(30)' a, -

>

\

a,---



'

1

b

Y(311 = TAACI
I Yt32) = TAAC2

Y(33) = TAAC3
Y(34) = TAAC4
Y(35) = TAACS
Yt361 = T AAC6

C'
C Calculate PD5 time to accident inititiation.
C
C 1r(X(16).EQ.1.0)R2DAI=TA15
C

.Ir(X(17).EQ.1.0)R2PAI = TAl5
Ir(Xt17).EQ.2.0)R2PAI = TA6s
Ir(X(17).EC.3.0)R2PAI = TB15
Ir(X(17).EQ.4.0)R2PAI = TB25
Il(X(17).ZO.S.0lR2PAI = 7855
Ir(X(17).EQ.10.0)R2PAI = TC45
Ir(X(17).EC.11.0)R2PAI = TCSS
Ir(X(17).EQ.12.0)R2PAI = TC65

C
Ir(X(18).EO.1.0)R2HAI = TAl$

+ TAG 5tr(X(18).EQ.2.0)R2HAI
Ir(X(18).EQ.3.0)R2HAI = TBl$
Ir(X(18).EO.4.0)R2HAI =.TS2$
Ir(X(18).EQ.5.0)R2HAI = TB5s
Ir(X(18).EO.10.0)R2HAI = TC45
IF(X(18).EO.11.0)R2HAI = TC55
Ir(X(18).EC.12.0)R2HAI = TC65

C
C Ir(X(19).EQ.1.0)RECAI = TAls
C

Ir(X(20).EO.1.0)R6PAI = TA15
Ir(X(20).EQ.2.0)R6PA1 - TA55
Ir(X(20).EC.3.0)R6PAI = TBl$
Ir(X(20).EQ.5.0)p6PAI = Ts5S
Ir(X(20).EO.7.0)R6PAI = TCIS
Ir(X(20).EQ.8.0)R6PAI = TC25
Ir(X(20).EQ.11.0)R6PAI - TCSS
Ir(X(20).EO.12.0)R6PAI = TC65

C
IF(X(21).EQ.1.0)R6HAI = TAls

.Ir(Xt21).EQ.2.0)R6HAI = TA6$
-Ir(X(21).EQ.3.0)R6HAI - T815
Ir(X(21).EQ.5.0)P6HAI - TB5s
Ir(X(21).EO.11.0)P6HAI = TC55
Ir(X(21).EQ.12.0)R6MAI = TC65

CC Output " tire to accident initiation" for four plant damage states.
.

-C
-Y(37) = R2PAI'

_Y(32' = R2HAI'
Yt39) = R6PAI
Yn40) = R6HAI

C
C Calculate PDS time tS core damage.
C
C Ir(X(16).EQ.1.0)R2DCD=TA1W
C-

Ir(X(17).EQ.1.0)R2PCD = TA1W
1r(X(17).EQ.2.0)R2PCD = TA6W
Ir(X(17).EQ.3.0)R2PCD = TB1W
Ir(X(17).EQ.4.0)R2PCD = TB2X.

Ir(X(17).EO.S.0)R2PCD = TB5W
ITIX(17).EO.10.0)R2PCD = TC4X
Ir(X(17).EQ.11.0)R2PCD = TC5W
Ir(X(17).EO.12.0)R2PCD = TC6W
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-SUBROUTINE SAM'PLE(X,Y)'
DIMENSION Xt200).Y(150)>_

~

Cu
~ .C-ASSIGN VARIABLES FOR TIME TO RHR' INITIATION: .

TC:1.X(1P through X(12) are.the time _in the-12 Procedure Trees), ,
_

: C -h

.e , TAI.X(13):
~ s

* ' 4

LTBI=X(14))" *

TCI=X(15 L'

~EM =X(23)
'XL =X(24)

,

C THESE STATEMENTS-COMPUTE TOTAL DURATIONS OF TYPE A OUTAGES
*

:

C1
'TA183= TAI +X(1); a

'TA6SS=TA1SS+X(2)
' .C

::C THESE-.3TATEMENTS COMPUTE RANDOM TIMES TO INITIATION-IN TYPE A OUTAGES ,

C
TA1S=TA!+X(1)*Xt22)

. . . TA6 S = T A1 S S + X ( 2 ) * X ( 21-) .
'

C'
C THESE STATEMENTS COMPUTE TIMES'TO. CORE UNCOVERY.rDR AX AND AW CONDITIONS
C

LTA1W=TA1S+TCUWITA15,EM)1
..

TA6W TA65+TCUW(TA63,EM)-
. C ..
C,THESE-STATEMENTS COMPUTE TOTAL' DURATIONS OF-TYPE B OUTAGES
C-

TB155=TBI+Xt3).
.TB2SS=TBISS+X(4)
.78553 7825S+X(5)
LTB685=TB5SS+Xt6) ,

-. C

C-THESE STATEMENTS COMPUTE RANDOM TIMES'TO INITIATION FOR TYPE B CUTAGES
7~ C :

TBIS=TBI+X(3)*X(22).
-- TB2 S =TB13 S+ X( 4 ) * X ( 2 2 ) !-
-TB55=TB2SS+X(5)*Xt22)
;TB65=TB5$$+X(6)*X(22)

C-
C THESE STATEMENT $'COMPUTC f Pt UNCOVERY TIMES FOR BX AND BW-CC1DITIONS'

:- C
TB1W TB15+TCUWITB15.EM..
- TB X=TB2S+T12X(TB25,XL,EM)
TB5W.TsaS+TCUW(TB55,EMI-

-

rTB6W=TB65+TCVW(TB65,EM)
C---

C-THESE STATEMENTS COMPUTE-TOTAL' DURATIONS OF TYPE'C OUTAGES- 1

-. C ;,

.TCISS=TCI+X(7)
,>t

,

TC23S=TCISS+X(8): .

,TC3SS-TC2S$+X(9)J-

^TC455=TC3SS4X(10)'
LTC585=TC4SS+X(11)
-TC6SS TCSSS+X(12)

'

C- . . , - .

'C..THESE' STATEMENTS COMPUTE-RANDOM TIMES TO INITIATION FOR TYPE C OUTAGESa

C
'TCIS=TCIAX(7)*X(121--+

TC23=TC1SS+X(8)*X(22)
TC35=TC2SS+X(S)*X(22)*

, _.
TC4S=TC3S$+X(10)*X(22)

'TCSS=TC4SS+Xt11)*X(22)
.TC65=TCSSS+X(12)*X(22).

~

C:> <
,

,

J

$

-

d e ga- m aru , u-.s- t 7 -- yM r-y- - - 9
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'C THESE STATEMENTS COMPUTE CORE UNC0VERY TIMES FOR TYPE.CX AND CW CONDITION $'
' C+ - -

!TC1W=TC1S*TCUWITCIS.EM)
Eh TC2W.TC2S+TCUW(TC25 EM)

TC3X=TC3S+T12x(TC35,xL.EM)
'TC3W-TC35+TCUWITC35,EM)

* TC4x=TC4S+T12X(TC43.XL,EM)-
TC5W=TC55+TCUWITC55,EM)-

. .
'TC6W=TC68+TCUWITC68,EM)

C"
C. Output times ~from 2001 Power to accident initiation'for each tree.

_

?C.
'Y(1) =:TAl$-/(2)~= TA65
Y(3) = Tals

~

,

Ytd) = TB2S,

.Y(5) a TB5s
Y(6):= TB65-
Yt7) = TC15

:Y(8) =.TC25
~

Y(9) = TC35
Y(20) =-TC4S
Y(11) * TC55 >

Y(121'= TC6S
C
C. output: times--.from 1004 Power to core damage,for each tree.
C.
CJ{ Note that-for' time to core damage. Tree C3 is assumed.to be a X-case)

;- C_
o Yt13) = TAlw'

Y(14) = TA6W
, ,

Y(15) = TB1W
Y(16) .TB2x.

'Y(17) TB5W=

Y(18';= TB6W.
~ Y (19 ) -'= :TC1W .

;7 Y(20) = TC2w.

Y(21)-= TC3x-
Yt22) TC4X=3

... Y t 23 ) . =' TC5W :-

:Y(241'= TC6W-*

.C: .

C THESE' STAT.EMENTS CALCULATE * TIME AVAILABLE FOR ACTION':r0R EACH TREE,
' C (c.= .-(Time. to: Core Uncove ry)"- (Time to accident initiation) ]-

_C [
TAAAl'=-TA1W - TAIS-

-TAAA6.= TA6W - TA68-'

TAAB1>= TalW --TBIS-
TAAB2 =.TB2x - TB25

.TAAB5 =_'TB5W - TB55
'TAAB6 = TB6W - TB65
.TAAC1-s TClw - TC151
'TAA02 ='TC2W --TC25'
.TAAC3 = TC3X.- TC3s
TAAC4 = TC4X - TC45
TAACS =~TC5W~~=; CSS
TAAC6'= TC6W - TC65

. c .-
.

:C-... ,uc'" time available for action" for each tree.
Ci

-Yt25)'- TAAAl'
.?Y(26) * TAAA6-: .

Y( 27 ) = = TAAB1
-Y(28)-. TAAB2-..

Y(29)'=:TAAB5
-Y(30) = TAAB6

E

6 e- , . - . .
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Y(31) = TAAC1
'Y(32) = TAAC2-
Y(33) = TAAC3
Yt34) = TAAC4.
Y(35)'= TAAC5
Y(36) = TAAC6

C
C Calculate PDS time to accident inititiation.
C

-C Ir(X(16).EQ.1.0)R2DAI=TA15
C

Ir(X(17).EO.1.0)R2PAI = TAls
Ir(X(11).EQ.2.0)R2PAI = TA65
Ir(X(17).EO.3.0)R2PAI = Tels
Ir(X(11).EO.4.0)R2PAI = T82S
Ir(X(17).EQ.5.0)R2PAI = 785S
Ir(X(17).EQ.10.0)R2PAI = TC4$
Ir(X(17).EO.11.0)R2PAI = TC55
Ir(X(17).EQ.12.0lR2PAI = TC65

C
Ir(X(18).EQ.1.0)R2 HAT = TAls
Ir(Xt18).EO.2.0)R2HAI = TA63
Ir(X(18).EO 3.0)R2HAI = TBl$
IrtX(18).EQ.4.0)R2HAI = 782$ *Ir(X(18).EO.S.0)R2HAI - TB5s
Ir(X(18).EO.10.0)P2HAI = TC45

'Ir(X(18).EQ.11.0)R2HAI = TCSS
Ir(X(18).EQ.12.0)r.2HAI = TC63

C-
C Ir(Xt19).EQ.1.0)R6DAI =.TAls
C

Ir(X(20).EQ.1.0)R6PA! = TA15
~Ir(X(20).EO.2.0)R6PAI = TA65
Ir(X(20).EQ.3.0)R6PAI = TPi$
tr(X(20).EO.S.0)R6PAZ = Tb55-
Ir(X(20).EO.7,0)R6PAI = TCis
Ir(X(20).EQ.8.0)R6PAI = TC25
Ir(X(20).EO.11.0)R6PAI = 'C55
Ir(X(20).EQ.12.0)R6PAI = TC6s

C
Ir(X(21).EO.1.0)R6HAI = TAIS
Ir(X(21).EO.2.0)R6HAI = TA65
Ir(X(21).EO.3.0)R6HAI = TB15
Ir(X(21).EO.5.0)P6HAI = TB5$
Ir(Xf21).EO.11.0)R6HAI = TCSS
Ir(X(21).EQ.12.0)R6HAI = TC6$

C .

C output " time to accident initiation" for four plant damage states.
C

Yt37) = R2PAI
Y(36) = R2HAI
Y(39) = R6PA1
Yt40) = R6HAI

C
C Calculate PDS time to core damage.
C
C -Ir(X(16).EO.1.0)R2DCD=TA1W
C

Ir(X(17).EQ.1.0)R2PCD = TA1W
.fr(X(17).EO.2.0)R2PCD = TA6W
-Ir(X(17).EQ.3.0)R2PCD = TB1W
Ir(X(17).EQ.4.0)R2PCD = TB2X

* Ir(X(17).EQ.5.0)R2PCD'= TB5W
Ir(X(17).EQ.10.0)R2PCD = TC4X
Tr(X(17).EO.11.0)R2PCD = TC5W
Ir(X(17).EQ.12.0)R2PCD = TC6W.

.
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* SEABPOOK $HUTDOWN STUDY, FINAL $7ADIC4 INPUT FILE fica 19 May 88
$ MAINDAT I N= 17 9, NOVAp = 7,1 max = 3 0 0 0, J max = 10 0 0 0,NTAB LE= 41, I R $ t ED= 212 8 3 4 3 0 5
DBASE F.MORE=f, SEND

$7ABLE NUMPT 3,1NTPOL=0,AB50!$*41.0.222.0.1116sC,
ORDIN=.1,.6,.1, DIST=T, $END TABLE 1, 112e in Al

$ TABLE NUMPT 3,1NTPOL*0,ABSC15 12.0.24.0.36.0,
CRDIN=.1,.8. 1, DIST=T, $END TABLE 2, time in A6

$ TABLE NUMPT=3,1NTPOLeo.ABSC15 6.0.17.0,83.0,
ORDIN=.1,.8. 1, DIST=T, $END TABLE 3, time in B1

STABLE NUMPT=3,1NTPOL=0,ABSCI5=537.0,922.0.1670 ^,
CPDIN=. . 8. 1, DIST=T, 3END TABLT 4, t1pe in B2

$7ABLE NUMPT=3,1NTf0L=0, Ass 01S=30.0,90.0,252.0,
ORDIN=.1, 8,.1, DIST T. SEND TABLE 5, tape in B5

STABLE NUMPT=3.1NTPOL*0,atsC15 12.0,24.0,36.0,
ORDIN*.li.8,.1, DIET *T, SEND TABLE 6, time in B6

STABLE NVMPT=3,IN1 POL 0,AssC25=23.0,46.0.107.0,
ORDid=.1,.8. 1, D1$T=T, SEND TABLE 7, time in C1

STA4LE NUMPT=3,INTPOL=0,A85C15=9.0,49.0<13.0,
OPDIN=.1,.8 1, DIST=T, $ F,ND TABLE 8, time in C2

S T AB LE NUMPT= 3,1 Nit'01 = 0 < AB SC15 =i d . 0,16 0. 0. 2 5 3. 0,
ORDIN=.1,.8,.1, DIST=T, $END TABLE 9, time in C3

,

$ TABLE N'JMPT=1.INTF0la0,ABSC15=740.0,1429.0,2244.0,
ORDIN=.1,.6. 1, DIST=T, SEND TABLE 10, tiee in C4

$ TABLE NUMPl=3,1NTPOL=0,ABSC15=24.0.184.0,430.0
CPDIN=.1,.8. 1, DIST=T, SEND TABLE 11, time in CS

$7ABLE NUMPT 3,3NTf0L 0,AB5CIS=48.0,72.0,96.0,
OPDIN=.1,.6,.1, DIST=T, $END TABLE 12, time in C6

STABLE NUMPT=3,1NTPOL=0,AESC15 18.0,20.0,37.0,
ORDIN*.1,.B. 1, DIST=T, $END TABLE 13 RHR time, A

STABLE NUMPI.3,1NTPOL=0,AtsC15 9.0,18.0,37.0,
CPDIN=.1,.8,.1, D187.T. $END 1ABLE 14 RHR time, B

STAttE NUMPT 3,1NTPOL=0,ABSC15=36.0.54.0,85.0,
ORDIN=.1 8,.1, DIST=T. $END TABLt 1$ PHP tine, C

STABLE NUMPT=4,1NTPOL 0,ABSCIS-3.0.4.0,10.0,11.0,
OPDIN 1062,.15. 102 0418, D157 7, $END TABLE 16, not used

STABLE NUMPT=8,2NTPOL=0,ABSC15=1.0.2.0,3.0,4.0,5.0,10.0,11.0,12.0,
ORDIN=.065 014,.023 229,.021,.579. 064. 005 DIST=T. SEND TBL 17 P2PCD

STABLE NUMPT=8,1NTPOL=0,ABSC15=1.0,2.0,3.0,4.0,5.0.10.0,11.0.12.0,
OPDIN=.227,.049. 078,,123 074 210,.223,.016 DIST=T, $END #18, R2HCD

STABLE NUMP1=B,1NTPOL=0,ABSC!s=1.0,2.0.3.0,5.0,6.0,7.0,11.0,12.0,
OPDIN=.067. 250,.063. 036. 027. 37. 11,.077, DIST=T, SEND TBL 19, not used

STABLE NUMPT=8,1NTPOL.0,ABSC15 1.0.2.0.3.0,5.0,7.0.0.0.11.0.12.0,3
*

ORDIN=.525,.025 168,.029,.017 005. 221,.010 D187 T. SEND TBL 20. P6PCD
$7ABLE NUMPT=6,1NTPOL-0,ABSC15 1.0,2.0,1.0,5.0.11.0.12.0,

OPDIN=.493,.026,.186,.039. 248,.008 DIST=T. $END TBL 21, R6HCD
STABLE NUMPT=2,1NTPOL=0,ABSC15 0.0.1.0,

ORDIN=0.0.1.0,D157=P, SEND TABLE 12, uniform fr. cep.
STABLE NUMPT=3,1NTPOL.0,ABSC15=-0.10.0.0,0.20,

ORDIN=.1,.6,.1, P157=T, $END TABLE 23, EM

$ TABLE NUMPT=2,1NTPOL=0,ABSCIS=1.0,2.0,
ORDIN=.034. 966 DIST=T, $END TABLE 24, XL

STABLE NUMP1=3,1NTPOL*0,ABECIS 1.0.2.8,11.0,
OPDIN=.1,.6,.1, DIST=T, SEND TABLE 25

STABLE NUMPT=3,1NTPOL=0,ABSC15 125,.25,2.4,
ORDIN=.1,.8. 1, DIST=T, SEND TABLE 26

$ TABLE NUMPT=3,1NTPOL=0,ABSC15=.67,.83,1.0,
ORDIN=.1,.8. 1, DIST=T, $END TABLE 27

STABLE NUMPT=3,1NTPOL=0,ABSCIsa.033,.115 165,
ORDIN=.1,.8. 1, DIST=T, $END TABLE 28

$7ABLE NUMPT 3,1NTPOL 0,ABSC15=.1,.3. 5,
OPDIN=.1,.8, 1, DIST=T, $END TABLE 29

$ TABLE NUMPT=3,1NTPOL=0,ABSCIS 0295,.103. 148,
ORDIN=.1,.8,.1, DIST=T, $END TABLE 30

STABLE NUMPT=3,1NTPOL=0,ABSC1s=.0231,.0577. 115,
ORDIN=.1,.8. 1, DIST=T, SEND TABLE 31

STABLE NUMPT=3,1NTPOL-0,ABSC15=.017,.034,.068,

t
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OPDIN=.1,.6. 1, DIST=T, $END TABLE 32
$5ABLt NUMPT= 3,1NTPOL= 0, ABS Cl $= . 0 0 7. 0019, . 000 4 6,

ORDIN=.1,.8,.1, D!$7=T, $END TABLE 33
$7ABLE NUMPT=11,1NTPOL=0,

ABSCl$=.21,.242 209,,135 164,.145,
.126. 105. 081,.048. 02,

O R$1 N a . 0 5 . 1, .1, .1, .1, .1, . 'J , .1, .1, .1 0 5 . DIST=T, SEND TAttt 34

ST AB' E NUMPT= 3, ? JTPOL*0, A2 5Cl $ .17 3 0f 9. 017,
ORDINa 1,.8..). DIST=T, SEND )ABLE 35

$7ABLE NUMPTr) !NTPOL=0,At$C!$=1.0,1.0,0,25,
CRDIN=.1,.8. 1, DIIT*T, $EhD TABLE 36

$TABLl;t)UMPT=3,1NTPOL=0,ABSCIS 1.0,2.0.3.0,
ORDIN=.1,.0,.1, DIST=T, SEND TABLE 37

OTABLE NUMPT=3.1NTPOL 0,ABSCIS=12.0,24.0,36.0,
ORDIN=.1,.8. 1, DIST=T, $END TABLE 38

STABLE NUMPT=20,1NTPOL=0,ABSCi3 1.47E-7,4.07E *.5.16t-7,1,10t-6,
1.33t-6,1.60E=6.J.35E-6,2.65t-6,3.52E-6,5.29C-6,5.4tt-6,
6.15t-6,0.96E-6,1.08t-5,1.41t 5.1.67E-5,1.99E-5,3.57E-5
4.76t-5,9.83E-5,

ORDIN 05,,05. 05. 05. 05,.05. 05,.05,

.05 05. 05. 05,,05. 05. 05.,05. 01 05. 05,.05
DIS'=T, SEND TABLE 39

STABLE NUMPT=20,1NTPOL=0,AL$Cl$=4.9BE-8,1.38E-7,1.76E-7,3.61E-7,
4.43E-1,6.33E-7,7.91E-7,9.10E-7,1,19E-(,1.86E-6,1.97E 6,
2.15E-6,3.28E-6,4.22E-6,1.01E-6,6.45t-6,6.23E-6,1.34E-5
2.12E-5,4.47E-5.

CRDIN=.05. 05. 05. 05. 05, 05. 05,.05,
.05,.05,.05. 05,,05,.05. 05,.C5. 05 05 05,.05.

DIST=T, SEND TABLE 40
$ TABLE NUMPT=20,1HTPOL.0,ABSCIS=4.40E-10,2.29E-9,7.26E-9,1.50E-8,

2.87E-8,4.18E-8,1.66E-8,1,20E-7,1.56E-7,2.38E-7,4.00E-7,
5.20E-7,7.68E-7,9.2(E-7,1.21E-6,1.91E-6,3.0$E-6,5.00E-6
7.66E-6,2.30E-5,

ORDIN=.05,.05 05. 05 05. 05. 05 05,

.05,.05 05,.05,.05. 05. 05,.05. 05. 05. 05. 05.
DIST=T, SEND TABLE il

$1NVAR ITABLE=1,17YPE 5, $END X(1), tire in Al
SINVAR ITABLE=2,17YPE=5, SEND X(2), tare in A6
$1NVAR IT)3LE=3,17YPE=5, SEND Xt3), time in B1
$1NVAR ITABLP=4,17YPE=5, SEND Xt4), time in B2
$1NVAR ITABLE=5,17YPE=5, $END X(5), time in e5
$1NVAP ITABLE=6,17YPE=5, SEND X(6), time in 86
$1NVAR ITABLE=1,17YPE=5, SEND Xti), time in C1
$1NVAR ITABLE=8,1 TYPE =5, SEND X(8), time in C2
SINVAR ITABLE=9 !TYPL=5, SEND X(9), time in C3
$1NVAR ITABLE-10,17YPE=5, SEND X(10), tine in C4
$1NVAR ITABLE=11,17YPE=5, $END X(11), time in C5
$1N/AR ITABLE=12,17YPE= 5, $END X(12), tiet in C6
$1NVAR ITABLE=13.17YPE=5, $END X(13), RHP initiation time. A
$1NVAR ITABLE=14.1 TYPE =5, $END X(14), RHR initiation time, B
$1NVAR ITABLE=15,17YPE=5, SEND X(15), RHR initiation time, C

'$1NVAR ITABLE=16,17YPE=5, $END X(16), binning for R2D
$1NVAR ITABLE=17,17YPE=5, $END X(17), binning for R2P
$1NVAR ITABLE=18,17YPE=5, SEND Xt18), binning for R2H
$1NVAR ITABLE=19,17YPE=5, $END X(19), binning for P6D
$1NVAR ITABLE=20,1 TYPE =5, SEND X(20), binning for P6P
$1NVAR ITABLE=21.1 TYPE =5, $END X(21), binnir.g for R6H
$1NVAR ITABLE=22,17YPE=4, $END X(22), uniform for fraction completed
$1NVAR ITABLE=23,17YPE=5, $END E(2J), EM, T/M acdeling uncertainty
$1NVAR ITABLE=24 ! TYPE =5, $END X(24), XL, level in vessel - X Cond.
$1NVAR ITABLE=25,ITYPE=5, SEND X(25), Prequency of type A outage, FA
$1NVAR ITABLE=26,1 TYPE =$. SEND X(26), Frequency of type B outage, TD

'$1NVAR ITABLE=27,1 TYPE =5, $END X(27), frequency of type C outage, FC
$1NVAR ITYPE=2.PARAM1=2.22E-5,PARAM2=5.*2, $END X(28) TRH1R
$1NVAR ITYPE=2,PARAM1=1.45E-3,PARAM2 5.06, $Edo Xt29) 21PMOS
$1NVAR ITYPE=2 PARAM1=4.74E-2,PARAM2 3.90, $END X(30) EBPDHS
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X(31) ISPDHR$1NVAR ITYPE=2 PARAM1*2.6BE-1,PAPAM2 1.50, SCND
$1NVAR ITYPE*2 PARAM1 3.00E-3,PARAM2 3.00, $tND X(32) top 1
$1NVAR 17YPt=2.PARAM1 1.00E-2.PARAM2 3.00, $END X(33) r0F2X(34) free TABLE 26, FM1W

ITABLE=28,1 TYPE *$, $END$1NVAR$1NVAR ITYPE=2,PARAM1 3.05t-3 PARAM2=3.90, $END Xt35) !!VMOD
$1NVAR ITYPE=2. PAP.AM1=1.5DE-1,fARAM2 5.00, SEND X(36) TNR

ITYPE*2,PARAM1 5.00E-2,PARAM2=$.00, $END X(37) FNRP$1NVAR X(19) PIRAUX$1NVAR ITYPE=2,PARAM1=4.10E-2,PARAM2 5.70, $END
$1NVAR ITYPE=2,PARAM1 1.40E-2.PARRM2=12.3, 16ND Xt39) ITBSD
$1NVAR 17YPE=2.PARAM1=1.75E-1 PARAM2=1.70, $END X(40; P5GR
$1NVAR ITYPE=2,PARAM1*9.30E-3.PARAM2=7.10 $END X(41) FTNL
$1NVAR ITYPE=2.PARAM1 7.70E-2,PARAM2=8.20. SEND X(42) 01TGX|43) from TAPLt 29, THE$!NVAR ITABLE=29,17YPE=5, $END
$1NVAR ITYPE=2,PARAM1 9.30E-3 PARAM2=7.10 $END X(44! FP1A
$1NVAR ITYPE=2.PARAM1=4.30E-2.PARAM2 10.0, $[ND Xf45) PPIAS
$1NVAR ITYPE*2,PARAM1 4.80E-1,PARAM2 2.30, $END X(461 02TG
$1NVAR ITYPE=2,PARAM1=3.00t-2 PARAM2 3.30, $END X(47) PTbG$
b t 'NAR ITYPE=2 PAP.AM1=1.92E-5,PARAM2=$.7C, $END X(48) PPRt
$1NVAR ITYPE=2,PARAM1*2.02E*1,PARAM2=1.50, $LND X(49) ZMGNBD
$1NVAR ITABLE=30,ITYPE=5. SEND X(50) 1 roe TABLt 30, FM1X
$1NVAR 17YPE=2,PARAM1 9.171-3,PARAM2=B.70, $END X(51) EB P CWit
$1NVAR ITYPE=2,PARAM1*1.00E-2 PARAM2 10.0, $END X(52) 2BPCWS
$1NVAR 17YPE=2.PARAM1=4.69E-4,PARAM2 5.70, $END Xt53) FPA'

$1NVAR I TY PE* 2, P ARAM1 = 2. 2 0 E- 4, P ARAM2 = 10. 0, $ END X(54) FPC
$1NVAR ITABLE=31,17YPE=5, $END X($5) from TABLE 31, rM2W
$1NVAR ITYPE=2.PARAM1 2.29E-3 PARAM2=5.10, SEND Xf56) EP
$1NVAR ITYPE.2 PARAM1 6,01E-4, P ARAM2= 4. 4 0, $END X(57) rPCO2A
$1NVAR ITYPE=2 PARAM1=(.97E-2 PARAM2 2.00, SEND X(58) IBP5WP
$1NVAR ITYPE*2,PARAM1=1.00E-3, PAP.AM2=3.00, $END X(19) POPICT
$ 1NV AR ITY P E= 2. P ARAM1= 4. 4 6 E- 2, P ARAM 2 = 1. 9 0, $END Xt60) FCTA
$1NVAR ITYPE=2,PARAM1 7.10E-2,PARAM2 6.4$, SEND X(61) FLo$PP
$1NVAR ITYPE=2, PAP.AM1=1.38E-3 PARAM2 10.0, $END X(62) FLo$PV
$1NVAR ITYPE=1,PARAM1=-6.29,PARAM2=3.42, $END X(63) B (for SWAIN)
SINVAR ITYPE= 2,PARAM1 5.10E-4 PARAM2= 4. 70, $ END X(64) XN01
$1NVAR 17YP E= 2 . P A RAM 1 = 1. 6 0 E- 3 P ARAP 2 = 4 . 7 0, SEND X(65) XNC3
$1NVAR ITYPE= 2 PARAM1 2. 4 0E-4 PARAM2= 4.70, $END X(66) XL1HW1
$1NVAR ITYPE=2,PARAM1 3.10E d.PARAM2=4.70, $END X(67) XL1HW2
$ 1NVAR ITYPE= 2, PARAM1 1. 0 0 E- 3, PARAM2 5. 0 0, $END X(68) XL10P1
$1NVAR 17Y PE= 2. PARAM1 5. 0 0 E-2, PARAM2 = 5. 0 0, S END X(69) XLINR1
$1NVAR ITYPE=2 PARAM1=1.50E-1,PARAM2=5.00, $END X(70) XLINR2
$1NVAR ITYPE=2,PARAM1=1.00E-2 PAPAM2 3.00, $END X(71) CC10P1
$1NVAR ITYPE=2,PARAM1 1.00E-2,PARAM2 5.00, $END X(72) CC10P2
$1NVAR ITYPE=2,PAPAM1=1.50E-3,PARAM2=4.70, SEND X(73) PUHW1
$1NVAR ITYPE=2 PARAM1 2.30E-3,PARAM2=4.70, $END X(74) PUHW2
$1NVAR ITYPE=2.PARAM1=1.00E-3.PARAM2 3.00, $END X(75) PUDP1
$1NVAR ITYPE=2 PARAM1 3.00E-3,PARAM2=3.00, SEND X(761 XLMOP1
$1NVAR ITYPE*2,PARAM1=1.00E-3 PAPAM2-3.00, SEND Xt77) XLMOP:
SINVAR 17YPE=2,PARAM1=1.50E-1 PAPAM2 5.00, $END X(76) XLMNR1
$1NVAR 17YPE=2.PARAM1=1.00E-2,PARAM2 3.00, $END X(79) TL1
$1NVAR ITYPE=2,PARAM1 1.00E-2,PARAM2=3.00, SEND X(80) XISOP1
$1NVAR ITYPE*2,PARAM1 1.50E-1.PARAM2 5.00, $END X(81) X180P2
$1NVAR ITYPE=2,PARAM1=6.40E-2,PARAM2=4.70, $END X(82) Rv1PT
$1NVAR 17YPE=2.PARAM1*2.20E-2 PARAM2=21.8 SEND X(83) RV4B
$1NVAR ITYPE*2,PARAM1=2.80E-2,PARAM2 5.00, $END X(84) RV10P3
$1NVAR 17YPE=2 PARAM1=6.55E-6,PARAM2*4.70, $END X(85) SALPT1
$1NVAR ITYPE*2,PARAM1=1.00E-2,PARAM2=3.00, $END X(86) SAOP1
$1NVAR ITYPE=2,PARAM1=1.00E-1,PARAM2= 5.00, $ END X(87) SAOP2
$1NVAR ITYPE=2ePARAM1=2.00E-1,PARAM2 5.00, SEND X(88) SANR1
$1NVAR ITYPE=2,PARAM1=2.00E-3,PAPAM2 3.00, $END X(89) SAOP3
$1NVAR ITYPE=2,PARAM1-5.00E-2,PARAM2 5.00, $END X(90) SANR2
$1NVAR ITYPE=2 PARAM1=1.40E-1.PARAM2=$.00, SEND X(91) $ANR3
$1NVAR ITYPE=2,PARAM1 6.55E-5,PARAM2 4.70, $END X(92) SALPT2
$1NVAR ITYPE=2,PARAM1=2.00E-7,PARAM2 42.0, $END X(93) SALPB
$1NVAR ITYPE=2.PARAM1=1.00E-2,PARAM2=3.00, SEND X(94) CT10P1
$1NVAR ITYPE=2 PARAM1=5.00E-3,PARAM2=3.00, $END X(95) CT10P2
$1NVAR ITYPE=2, PAP.AM1 4.00E-3,PARAM2=3.00, $END X(96) CT10P3
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$1NVAR ITYPE= 2.PAPAM1= 2.0 0E-1. PAP.AM2 5. 00, $ END X(91) CTINR2
$1NVAR ITYPE=2,PAPAM1=2.00E-1.PARAM2 5.00, SEND X(98) CTINR)
$3NVAR ITYPE=2,PARAM1 5.00E-2,PARAM2 5.00, $END X(99) TV10P1
$1NVAR ITYP E= 2, PARAM1=1. 0 0 E-2.PAPAM2 = 3. 0 0, $ END X(100) TV10P2
c!NVAR ITYPE= 2. P AP AM1=1. 2 4 t-5, P AR AM2 = 3.10, $END X(101) E!1RLR
$.NVAR ITYPE 2.P APAM1 1. 0 0E- 3, PAP AM2 = 3. 00, SEND X(102) XLMOP3
$ 3s VAR ITYPE= 2,P ARAM1=1. 40E-1.P ARAM2 5.00, $END X(103) XLMNR2
$1 N\ AR ITYP E= 2. P APAM1 * 5. 0 0 E-2. P ARAM2 5. 00, SEND Xt104) XLMNR3
$3NVA3 17YPE=2,PARAM1=1.00E 2,PARAM2 3.C', $END X(105) DR10P1
$ trit.D tTYPE=2,PARAM1=1.50E-1 PARAM2=1.00, $END X(106) DRINR1
41NVAR I'YPE*2,PARAM1'1.COE-2,PARAM2 3.00, $END X(107) RF10P1
$1NVAR l' TYPE =2,PARAM1=1.50E-1,PARAM2 5.00, $END X(108) Rr1NR1
$1NVAP * TABLE =32,17YPE=$, SEND X(109) from TABLE 32, DM1

.

51NVAR J TYP E ra 2, P AR AM1 = 1. 0 0 E- 2, P ARAM2 = 3. 0 0, $ f_ND X(110) CD10P1
51NV7A ITYP E= 2, P APAM1 1. 5 0E 1. P A RAM 2 = 5. 00, $ END X(111) CD10PP
$1N,a7 ITYP E= 2, P ARAM1 1,0 0 E-3, PARAM2 = 3. 0 0, S END X(112) CD10P2
$P/ VAR 17YPE 2,PARAM1=1.00E-2 PARAM2=3.00, $END X(113) ER1
',1 NV A R ITYPE=2,Pt. RAM 1=1.00E-3,PARAr2*3.00, $END X(114) XLC01
$1NVAR ITYPE= 2. PAPAM1=1. 4 0E-1,P ARAM2 5. 00, S END X(115) XLCO2
31NVAR ITYPE= 2, P ARAM1 =1. 00 E- 3, P APAM2 = 3. 0 0, $ END X(116) XLCNR
*'NVAR ; f y PE = 2, PARAM1= ? ,0 0 E-2, P ARAM2 = 3. 0 0, $ END X(117) XLC0Cr
$1 avan ITYPE=2 PARAM1 3.00E-2,PARAM2 5.00, $END X(118) XLCOPT
$1hVAR 17YPE= 2, PARAM1=1. 5 0 E-1, PARAM2 = 5. 0 0, $ END X(119) XLCOBT
$1NUAR 17ABLt=33,ITYPE=1, SEND X(120) frem TAELE 33, XLCPW
$1N\ AP ITYPE=2,PARAM1=1.00E-2.PARAM2=3.00, $END X(121) XLCOPC
$1NVu9 !TYP E. 2 PARAM1= 3. 2 0 E-6, P ARAM2 = 5. 0 0, $rND X(122) XLCfD1
$3NVAR .rYtLJ2,PARAM1 3.80E-5,PARAM2 5.00, SEAD X(123) XLCrD2
$1NVAR I TYP E 1, P ARAM1 = 5. 0 0 E- 3 P ARAM2 = 3. 0 0, S t> 0 X(124) XLC0FD
$1NVAR ITYPE=2,PARAM1=1.58E-4,PARAM2=2.90, SEND X(125) XLCSLH
$1NVAP 17YPE=2, PAP,AM1-2.40E-3 PARAM2=f.70, SEND X(126) XLC$12
$1NVAR ITABLE=30,17YPE=5, $END X(127) from TABLE 30, FM1x
$1NVAR ITYPE=2,PARAM1-3.41E-3,PARAM2=3.00, SEND X(128) XLCPV
$1NVAR ITYPE= 2, P APAM1 2. 2 0E-2 P ARAM2 = 21. 8, SEND X(129) XLCPVB
$1NVAR ITYPE 2 PARAM1=3.98E-2.PARAM2=2.70, $END X(150) XLCIW2
$2NVAR ITYPE=2,PARAM1=4.83E-3.PARAM2 2.80. $END X(131) XLCrW5
$1NVAR ITYPE=2.PARAM1=1.22E-2.PARAM2=2.90, SEND X(132) XLC$rP
$1NVAP ITYPE*2,PARAM1=1.17E-3.PARAM2=3.30, SEND X(133) XLCA0V
$1NVAR 17YPE=2.PARAM1=1.20E-2.PARAM2=3.10, SEND X(134) XLCNR2
$1NVAR ITABLE=39,17YPE=5, SEND X(135) from TABLE 39, $$BLw
$1NVAP 14ABLE=40,17YPE=5, $END X(136) from TABLE 40, $$ Box

$1NVAR ITABLE=41,17YPE=5, SEND X(137) free TABLE 41, $LL
$1NVAR I TY P E = 2 , P A RAM 1 = 1. 0 0 E- 2 . P A RAM 2- 3 . 0 0, $END X(138) OP!CS for L5
$1NVAR I TYP E= 2, P ARAM1 = 1. 0 0E-2, P ARAM2 = 3. 0 0, SEND X(139) HRICS for L5
$1NVAR ITYPE=2.PARAM1=1.56E-4,PARAM2 6.80, SEND X(140) GABER for ac pwt rec
$1NVAR ITYPE=2.PARAM1=3.60E-7,PARAM2=16.5, $END X(141) PCC1A
$1NVAP I T Y P E= 2, P ARAM1 6. 6 3 E- 4, PARAM2 = 4. 0 0, SEND X(142) PCC2B
SINVAR ITYPE=2.PARAM1 9.55E-4.PARAM2=2.40, $END X(143) $wABP
$1NVAR ITYPE=2.PARAM1=1.81E-2.PARAM2=1.80, $END X(144) $WAP
$1NVAR ITYPE=2.PARAM1=1.52E-3.PARAM2 5.00, SEND X(145) $wA
$1NVAR ITYPE=2 PARAM1 4.62E-4,PARAM2 5.70, SEND X(146) $wAA
$1NVAR ITYPE=2,PARAM1 4.4BE-2,PARAM2 1.90, $END X(147) $wCTA
$1NVAR ITYPE=2,PARAM1=1.00E*),PARAM2=3.00, $END X(148) $ WOP 1
$1NVAR ITYP E= 2. PARAM1= 8. 2 0E-4, PARAM2 = 3. 8 0, $ END X(149) XLCLLL
$1NVAR ITYPE=2,PARAM1 3.79E-3,PARAM2=3.20, $ENU X(150) XLCSA
$1NVAR ITYPE=2.PARAM1 3.18E-3 PARAM2= 3.6 0, S END X(151) XLCHA
$1NVAR ITYPE=2 PARAM1=3.46E-7,PARAM2 4.10, SEND X(152) XLaCV
$1NVAR ITYPE= 2,P ARAM1-5.0 0E-2,P ARAM2= 5.00, $END X(153) XL$NR
$1NVAR ITYPE=2.PARAM1=1.00E-4,PARAM2=30.0, SEND X(154) OC10P1
$1NVAR ITYPE= 2. PARAM1-5. 0 0E- 4, P ARAM2 =10. 0, $ END X(155) OC10P2
$1NVAR ITYPE=2,PARAM1=5.00E-2,PARAM2=5.00, $END Xt156) OC1NR
$INVAR ITYOE 2- PARAM1-1.7 5E-2, PARAM2 3.00, $P,ND X(157) 001VC1
$INVAR ITYPE=2.PARAM1=3.00E-3,PARAM2 3.00, $END X(158) X1 ROP 1
$1NVAR ITYPE=2 PARAM1 3.10E-3 PARAM2-3.90. $T.ND X(159) X1RHW1
$1NVAR ITYPE=2.PARAM1 2.00E-2.PARAM2=3.00, SEND X(160) $Por!
$1NVAR ITYPE=2,PARAM1 5.00E-2 PARAM2=5.00, $END X(161) $PNR
$2NVAR ITYPE=2.PAPAM1=6.00E-3,PARAM2=3.00, $END X(162) $ POUT
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X(1631 $POUTP$1NVAP ! TYPE =2 PARAM1*1.60E*2 PARAM2 3.00, SEND X(164) trem TABLE 36, EHF1
$1NVAR ITABLE*3f,17YPE*$, $END X(1(b) from TAtLE 37, CHF2
$1NVAR ITABLE=?7,1 TYPE 5, SEND X116fl ftcs TABLE )$, EHF3
$1NVAR ITABLE 38,17YPE=$. $END X(167) EH21PM$!r(VAR ITYPE=2,PARAM1=1.68E-3,PARAM2 6.70, $END
$1NVAR ITYPE=2 PARAM1=9.96E-5,PARAM2 10.0, SEND X(168) EHZ1VAA1169) EHOP1$1NVAR ITYPE=2.PARAM1=2.00E-2.PARAMI.3.00, SEND
$1NVAR ITYPE=2.PARAM1 5.00E*2,PARAM2=5.00, $END .: . *10) EHHRA(171) ENDP2$1NVAR ITYPE=2,PARAM1 5.00E-2.PARAM2=3.00, $[ND
$1NVAR 17YPE=2,PARAM1=1.0DE-1,tARAM2*5.00, $END *(1% ) EHOPEH
$1NVAR 17YPE 2,P ARAM1=6.00E-4,PAPAM2 10.0, S END X(173) CD1
$1NVAR ITYPE=2,PAAAM1=9.20E-3 PARAM2=4.90, SLdD X(174) DGAB24

ITYPE=2,PARAM1=$.80E-2.PAPAM2=4.90, $END X(175) DGA24$1NVARSINVAR 17YPE=2 PARAM1=1.00E*2,PARAM2=3.00, $END X(176) CT2A
$1NVAR ITYPE=2,PARAM1 5.00E-2.PARAM2 5.00, SEND X(177) CT216X(176) CT2ESINVAR 17YPE= 2,PAPAM1.$. 0 0E-2, PARAM2 5. CO, S END,

$1NVAR ITY*E= 2.PAPAM1= 1.9 E-4, PAPAM2= 3,3, S END X(179) PCMPR
'

Yt11: PD$ R2P TOTAL = 1.54-6
$0UTVAR 3 CALC =T NUM91NS=20,$0RT P. $END
Y(2): PDS R2H TOTAL = 5.30-7
FOUTVAR SEND
Yt311 PDS P6P TOTAL = 1.44-7
SOUTVAR SEND
Yt411 PD$ R6H TOTAL = 1.43-7
$0VTVAP SEND
YtSI: $HUTDOWN CM TOTAL = 4.40-5
$0UTVAP EEND
Yt6): PowCP CM TOTAL = 2.47-4
$0UTVAR $END
Yt11: EM TOTAL = 2.90-4
SOUTVAR SEND

.
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