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ABSTRACT
'

Fire suppression systems in nuclear power plants have experienced
actuations of their fire suppression systems under conditions for which '

they were not intended to actuate. These inadvertent actuations have
often damaged nearby plant equipment. The goal of this study was to
review the past occurrences of such events and their impact on plant
safety systems, and to perform a scoping analysis of the potential risk
impacts of such events on plant safety.*

From the review of past events, it was found that the frequency of such
actuations is on the order of 0.12 events per reactor year. It was also

found that 53% of such events damaged related plant equipment. Further,
it was found that water systems are most likely to cause equipment

-

damage in inadvertant actuations, with CO2 being the second leadin5
Finally, a wide variety of important plant safety and supportcause.

systems were found to have been affected.

Ten different scenarios leading to inadvertent actuation of fire
protection systems due to a variety of causes were identified. A -

scoping quantification of these ten scenarios was performed on a
prototypical PWR. The results of this quantification showed that some
scenarios could result in core damage frequency incremental increases on
the order of 10 5 to 10 4 per reactor year, and dose increments of 58 to
821 man REM / year could result depending on the assumptions made. A

cost / benefit analysis was performed which showed that possible.
modifications to prevent such inadvertent actuations would be cost.
#fective from a risk averted viewpoint.?

,
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1.

EXECUTIVE SUMMARY |

In recent years, fire suppression systems in nuclear power plants have |

actuated at times and under conditions for which they were not intended |

;
,.

to actuate, often affecting and even damaging adjacent plant equipment. j

To quantify this issue, a scoping study was performed which involved, '

(a) a review of pertinent Licensee Event Reports and (b) a scoping- !

quantification of such potential scenarios at a prototypical commercial
nuclear power plan +..,

over_200 Licensee Event Reports were reviewed toIn the first part, This
obtain data on the circumstances of recent inadvertent actuations.
review found that 75 inadvertent FSS actuations occurred between April

^

1980 and June 1988. The resulting frequency of inadvertent FSSFor those sevenactuations is about 0.12 events per reactor-year.
events uhich resulted in the actuation of multiple suppression systems,

Tne causes of most ofL uit was difficult to identify a recurring cause.
the 75 actuations were errors by plant personnel. It is significant

that 53% of the inadvertent actuations damaged or in some other way
4

Indeed, thirteen of theaffected the operation of other plant systems.
inadvertent actuations- 17% of the total -affected other plant systems

The most common
to the extent that a reactor transient resulted.

j- failure mode of the affected equipment, especially of the safety related
equipment, was electrical shorting caused by FSS water reaching

i

inadequately protected components.

In the scoping quantification portion of the study, ten different causa't
mechanisms were identified which could result in inadvertent fireA set of criteria were developed forsuppression system actuations. These
identifying such accident scenarios leading to core damage.
criteria can be applied to a PRA vital area analysis for any particular
plant in question to identify those accident sequences and cutsets which
would ?ead to core damage (assuming the inadvertent FSS actuation
damages critical equipment in the fire area affected).

I'

Finally, the critoria developed were applied to a prototypical
Inasmuch as these scenarios arecommercial pressurized water reactor.

plant-specific in regard to plant layout and types of fire suppressionit was necessary to select an actual plant for thesystems present, The Surry commercial nuclear powerquantification of the scenarios.
plant layout and fire suppression systems configuration were used
because a detailed Fire PRA and supporting analyses were available as
part of the NRC-sponsored NUREG 1150 program. However, no plant specific
data analysis was performed, and no detailed analysis of the propagation
of smoke within each room was performed to take into account the actual

and no plant specific evaluation of thelocation of critical equipment, All of thesenumber and type of fire barriers in each zone was made. Hence, thefactors significantly affect the quantitative results.
results presented here should be viewed as being " reasonable" but not
applicable directly to the Surry plant.

-. __ . . - - _. ._ .
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For each accident sequence identified, values for the various parcmeters
involved were chosen, and an estimate of the potential impact to coreAlthough effort
damage and risk to inadvertent FSS actuation was made.
was made to use data based estimates from existing data bases where
available, simplifying assumptions on the conservative side were

.

required in noted areas due to lack of data and in order to maintain
schedules and funding constraints.

Using the complete set of accident sequences developed in the NUREG 1150
fire analysis for Surry, a full set of scenarios based on inadvertentThe results showedfire suppression system activations were analyzed.
that certain scenarios could lead to increases in core damage frequency

These increases were shown toin the 10 5 to 10 4 per year range.
represent increments of offsite dose of 58 to 821 man REM / year depending
on the assumptions made. Using estimates of costs of retrofits, simple
cost / benefit measures were calculated which tended to indicate that the
various plant modifications proposed would be cost effective from a
risk-averted viewpoint.

,

I

|
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1.0 INTRODUCTION

i? In recent years, fire suppression systems (FSS) in nuclear power plants
have actuated at times and under conditions for which they were not
intended to actuate. Since these fire suppression systems (FSS) are
located near the critical equipment they are designed to protect, these

'

' inadvertent actuations have often affected and even caused damage to
adjacent plant equipment. On some occasions, the damage hs.s been to
safety related equipment, that is, ' equipment required to ensure the
capability to safely shut down the plant. On other occasions, the '

damage has been to equipment required for the normal operation of the
plant, and, therefore, the reactor has had to be shut down. As a
consequence, the inadvertent actuation of fire suppression systems
represents a potentially important safety issue requiring further study.

In the recently completed Fire Risk Scoping Study [1], the inadvertent
actuation of fire suppression systems in commercial U.S. nuclear power
plants was briefly reviewed. Seventy one events resulting in submission
of a licensee Event Report (LER) were identified during the period from
4/1/80 to 7/14/87. The average frequency of occurrence of these
inadvertent actuation events was found to be approximately 10 per year. ,

The Fire Risk Scoping Study was limited in scope and did not attempt to
quantify the attendant contribution to core damage frequency (CDF)
resulting from the inadvertent actuation of FSSs, primarily because the
impact of inadvertent suppression system actuations was found to be very

.

plant specific. However, it was concluded that such events could
,

significantly impact the risk at a specific plant only if multiple
safety systems could be affected by the inadvertent suppressions systemI

| actuation event.

In this work the potential safety significance of single and multiple
inadvertent FSS actuations is assessed. This includes a more complete
review of operational experiences involving such inadvertent FSS
actuation, and a quantitative assessment of the attendant contribution
to core damage frequency (CDF) for a prototypical PWR plant.

There are four main potential causes of inadvertent actuation of fire
suppression systems, as shown on Tabic 1. For the general cases of

|; Random and Seismic-Induced actuations, several potential root causes are
also shown.j'

L
|

|

|
1
|

|-

|

|

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



,

_
.. - - - .-. .

"

:
i

b A 14

;

,

'
,

,- ,

| Table 1
i

?

'sotential Causes of Inadvertent FSS Actuation .

Y

,

, ,

A. Random causes' *

9

r

Human Error i

b Steam Pipe Break
,

Break of FSS Itself.

B. Actuation induced by fire in adjacent area and smoke spread

C. Seismic
..

Dust actuating smoke detectors ,

;

1 Failure of FSS (e.g., failure of wet pipes, sprinkler
-

heads, anchorage of CO2 tanks, etc.) .

Actuation caused by relay chatter

I- D. Fire external to plant (smoke via ventilation system)l

,

.

The objective of this study was to provide a probabilistic basis on ,

which'to evaluate the potential affect on core damage frequency and' risk
j. due to spurious suppression system actuations. This objective was
| accomplished by first reviewing a comprehensive listing of eventsl'

The' involving inadvertent fire suppression system actuations.
| inadvertent actuations were then categorized in order to draw some
j . useful conclusions about the causes and effects of these actuations."

Finally, a scoping quantification of the potential impacts of such
events was performed both in terms of incremental increase in core
damage frequency and in terms of incremental increase in risk for the| scenarios identified. Finally, a simple cost / benefit analysis was

,performed.

4
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2.0 REVIEW OF FIRE SUPPRESSION SYSTEM ACTUATION EVENTE

An evaluation cf past inadvertent FSS actuations for generic insights |
This review was conducted with the following goals in |was performed.

mind:

a) Identify which events were accounted for in the Fire Risk
)

!

Scoping Study, and which events are different.

b) Determine which types of FSSs were invcived in the events.
,

c) Categorize common cause initiators resulting in FSS actuation,

d) Identify when redundant trains of safety equipment were
affected.

e) Determine how plant layout influenced the event. i

f) . Identify which events resulted in multiple.FSS actuations. ,

Identify which events resulted in or were caused by.a plant-g)
transient or a fire in another location f.nside the plant.

h) Identify specific equipment which is vulnerable to inadvertent
FSS actuations.

1) Identify any human interactions data showing an effect on
operator performance resulting from FSS actuations.

2.1 Review Procedure :

The primary source of information for this study was a search of the
-

(LER) data base which resulted in a list of 127Licensee Event Report
abstracts involving the actuation or operation of' fire suppression
systems at nuclear power plants. The original LERs were submitted to
the Nuclear Regulatory Commission (NRC) by individual nuclear power
plants in the United States to report events that affected the safe|

Since an LER is required only if safe plantoperation of the plant.
operation is actually or potentially affected, it is possible that non-The listedsafety related inadvertent actuations were not reported.
events occurred during the period from April 1980 through June 1988.

One other source [1] provided information on one event that involved the
The additionalinadvertent actuation of a fire suppression system.

L event was an inadvertent deluge actuation at the Hatch plant in NovemberH

of 1982.

An additional source reviewed was a list of LERs dealing with actual
These were examined in order to verify that the reported firefires.

events did not result in inadvertent actuation of additional

| 5
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This list isuppression systems beyond those required by the fire event.
Iof actual fire events consisted of 108 LER's for events occurring

between February 1980 and June 1988 obtained from the Oak Ridge National !

Laboratory LER data base. From this review of actual fire events, no !

such inadvertent actuations were found.

To cate5orize the inadvertent actuations, the list of inadvertent |'

actuation events was reviewed with certain questions in mind. The major
Iquestion was what, if any, safety related frontline or support systems

were affected by the actuation. This question was further broken down
into identifyin5 the specific equipment affected, and the failure mode
of that equipment. Another item of interest was whether the actuation
was related to a plant transient, either immediately before or after the
actuation. Other items of interest were the cause of the' actuation, the
FSS component that initiated the actuation, and how many suppression
systems actuated. In addition, the date of the incident, the type of
nuclear plant involved, and the power level at the time of the incident |

were noted. To assist in the review, these questions were arranged into
the checklist shown in Figure 1. Sheets summarizing each event reviewed
are included as Appendix A.

L The LER abstracts varied greatly in the amount of detail they provided.
Some abstracts included great detail about the cause of the inadvertent
actuation and the failure mode of the affected systems. On the other a

hand, oth6rs stated only that a suppression system had actuated, without
describing the possible cause of tha actuation. For this reason, many

of the actuations are categorized as having an unknown cause. ,

2.2 Results of Review of Events

After reviewing the list of possible events, it was determined that 75 :
i.

of the events fit the definition of an inadvertent actuation of a fire r
b

suppression system, namely, the actuation of a fire suppression system
in a room without the presence of a fire requiring the suppression ,

Most of these events involved the application of the firesystem.!
suppression agent in the designed manner, i. e., from the sprinkler head

| or from the Halon nozzles, but at the wrong time. Some of these events "
| involved the leaking of a suppression syste;n. For example, water
|
' leaking from a deluge valve or pipe was relatively common. Fifty-two

events from the ori inal list of 127 we.: excluded from consideration as
s

5 '

an inadvertent actuation. Typical reasons for excluding an event were
that the event did not actuate the release of the fire suppression agent
or that the FSS component that initiated actuation f, ailed during a test

I of that specific component.

| This total number of events can be compared to the total number of
!

reactor years to obtain a frequency of occurrence for inadvertent
actuations. Information on the number of nuclear power plant reactor
years is available from the Sandia fire data base [2] . Between

September 30, 1980 and June 3,1988, the number of reactor years in the
United States (including shutdown periods) was about 640. (The shutdown

6 ,

|.
,

|
'
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Figure 1. Sample Checklist j
e

:

i
i

jnadvertent Actutt[on of Fire Superessior; System Checklist
f

,

't.g

Plant: Type:

Date of incident:
!
t

1. 4 power /sode?,

2. Initiator" ,

.

3. How many fire suppre:sion systems actuated? ;
;

:
'

6. Suppression system (s) involved?
' ,

5. Component (s) of fire suppression system
I

which failed / initiated act.uation?
:

| t
>

6. Af fected ares (s) of plant? ;*

,

!

7. Affected plant system (s)?
!
!

'c 8. Affected equipment? ,

!

9. Failure mode? ;

i

In
l 10. Result in a plant transient? >

t

i

11. Result of a plant transient?
i
r

.

12. Result of a fire elsewhers? .

t

|
|
|

l 7

+
i..

.
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times are included because several of the inadvertent actuations
occurred during refueling or other shutdown periods.) Since 74
inadvertent actuations occurred during this time period, the relative
frequency of occurrence is approximately 0.12 inadvertent actuations nor
reactor year.

The events can be subdivided according to the year of occurrence. With
this grouping, the histogram shown in Figure 2 is obtained. Note that
the totals for 1900 and 1988 are only for part of that year, and hence,
are incomplete since the data base did not <ompletely cover those years.
As can be seen, the number of reported actuations peaked at 15 during
the year 1982. The fewest number of events, 5, occurred during 1984, i

If the incomplete data for 1980 and 1988 is omitted, the average number j
of inadvertent actuations in a year is calculated to be about 10.3.

The events can be further classified according to the type of plant at
which they occurred. Of the total of 75 events, 30 occurred at Boiling |

Vater i,eactors (BVRs) and 45 occurred at Pressurized Water Reactors i'
>

(PWRs). Using the Sandia fire data base, one can determine the '

Thefrequency of occurrence for the different types of reactors.
resulting v. umber of inadvertent actuations per reactor year is about |

-

0.14 for BVRs and 0.11 for PWRs. ,

A significant number of the inadvertent actuations happened during
-

normal power operations. Although the power level was not given for 25 |
iof the events, 22 of the events occurred at reported power levels of 806

or higher. Another 22 of the events occurred during refueling, reactor ,

'
startup, or other low power operations, while the remainder occurred at
intermediate power levels. Clearly, an inadvertent FSS actuation can |

'

occur at any time,

When the inadvertent actu:.tions are classified according to the type of .

!suppression system that actuated, it is seen that the majority of the
actuations occurred to water based systems. In 46 cases, th6 actuating

'

system was a water deluge system. An additional 17 reports listed the i

actuation of other types of water based systems, for a total of 63 [
1

events being the actuation of a water based system. A carbon dioxide
!(CO ) system actuated in 9 of the events, and a Halon system actuated in29 events also. No attempt was made to determine the reletive frequency

of actuation on a per.systen year basis for the different types of
suppression systems. (This would require a detailed survey of all
plants to determine the number of operating years for each type of fire

-

suppression system). HowcVer, one previous study (3) found that high '

pressure CO2 systems actuated most often on a per systes. year basis.
!(The number of high pressure CO2 actuations had a relatively high ;

frequency because there are typically less automatic CO2 systems than
deluge systems installed in any given nuclear power plant). In general, '

it would provide a better picture of the risk due to inadvertent
actuations if such system specific occurrence frequencies were
available.

i

8
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The numbers above total to more than 75 because some of the events led ]
to the actuation of more than one suppression system. Specifically, !

four of the events, all at Three Mile Island, were the actuation of a !

deluge system and a Halon system in the Air Intake Tunnel at the same
time. (The causes were lightning twice, welding, and an unknown cause.)

|During one event at Surry in December of.1986, all three types of
systems were actuated after a feedwater pipe broke..the sprinklers i

first, and then the CO2 and Halon systems. In addition, there were two |

cases in which the deluge systems in several different plant areas were
'

i

actuated simultaneously. (The causes were personnel error during a
control panel test and an unknown cause.)

When the inadvertent actuations are analyzed for an initiating cause,
the most common initiator is found to be human error. In 20 cases, the

cause was simply personnel error: not following proper procedures,
;

miscommunication, bumping switches, or other mistakes. In this report, !

this type of error is distinguished from the more subtle error of a ;

!mistake in or omission from a documented test or maintenance procedure.
This latter type of error resulted in 11 actuations during the |

'

performance of a test or maintenance procedure. Steam, dust, and high
humidity levels reportedly caused 8 of the inadvertent actuations, :

i
although the detector sensitivity certainly contributed to these

!
actuations. In 7 cases, leaking deluge system pipes and valves damaged

t

other equipment and are therefore counted as inadvertent actuations.
Three actuations were caused by pressure spikes in the air or water

>Two inadvertent actuations were the result of improperlysystem.
conducted welding activity. 1.ightning was blamed for two of the .

tactuations. Vet fire detectors also caused two actuations, as did !

failed suppression system relays. Smoke from a heater caused one
actuation, and other equipment failures caused 4 actuations. The
initiating cause was unknown or not reported for 13 of the 75 ,

inadvertent actuations. These eeuses are shown in the bar graph in j

Figure 3.

In addition to the initiating cause, each actuation was also
:characterized by the fire suppression system component that initiated

the actuation. For example, if plant personnel inadvertently shorted
the FSS control circuitry during a maintenance activity, the initiating
cause would be personnel error and the initiating component would be the [

auppression syrten control circuits. The totals are shown in Figure 4 ,

iInIn 22 casts, the valves in the FSS were the initiating component. '

another 19 of the events, a fire detector actuated the suppression
A problem with the TSS control circuitry initiated 5 of thesystem.

actuations. In 4 cases, the suppression system actuation switch was the
Three times an FSS pipe broke or leaked, and ,

initiating component. '

three times problems with the air pressure regulator used by the
suppression system started the actuation. Once, the failure of an air

;

'

For 18 of thecompressor used by a deluge system initiated an event. i

inadvertent actuations, the initiating component was unknown or not
reported.

10

t

I
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The initiation of three of the inadvertent actuations occurred while a
reactor or turbine trip was in process. In all three cases, an

equipment problem during the course of the trip allowed steam to escape. |
{This escaping steam then actuated a nearby fire suppression system.
IIncluded here is the event at Surry in December 1986, where, during a

reactor and turbine trip a feedwater pipe broke, releasing steam in the |

P ant turbine building. The hot steam then actuated over 60 sprinkler |
l

heads in the buildins.

A significant result of this review is the finding that more than 40 of
the 75 inadvertent actuations damaged or impaired some other system in j

!

the plant. Thus, if damage to SBGT charcoal filters is included, 53% of
the events resulted in damage to plant systems. The most commonly
affected safety system, as shown in Table 2, was the electric power

In 8 cases, an inadvsrtent actuation caused the loss e,f pe;.wer :
system. i

to some of the plant electrical busses. For example, an insdur t ent
jdeluge actuation at Palisades in 1987 resulted in the loss of all

offsite p?ver, thereby forcing an automatic reactor trip. The acond
'

most commonly affected system was the plant ventilation. Examples here )

include two cases in which the release of carbon dioxide contaminated i

the air in an entire building. The third moat commonly affected system t

was the Standby Cas Treatment System ($BCT). In several instances, !

Tour ileaking deluge valves saturated the charcoal filters in the $50T. !

actuations rendered the High Pressure Coolant Injection System (HPCI)
inoperable, and four inadvertent actuations caused damage to other fire i

suppression system components. As can be seen from the table, other i
i

affected systems included the Core Spray System, the Reactor Protection!

System (RPS), the diesel generators, the Reactor Coolant System (RCS),
and the Control Rod Drives (CRD). Clearly, inadvertent actuations of ,

fire suppression systems have affected a variety of important plant |
1

safety systems.

Within each of these affected systems, the particular equipment that |
| suffered damage was identified. The piece of equipment that was damaged ,

most often was a charcoal filter / charcoal bed. Usually, the saturation !,

j of the charcoal filters by deluge watet made the filters inoperabla
:

f- necessitating their replacement. As Table 3 shows, charcoal ,

filters / beds were damaged 13 times. More serious damage occurred during |

7 events when electrical control panels were shorted by the suppression '
,

These shorted panels controlled such systems as the Rectorsystem. i
Coolant System, the HPCI, and the CRD. In four events a power

transformer was shorted out by water from the suppression system, end in :
ifour other events a power transformer was inadvertently tripped ofi line

as a result of the suppression system actuation. Other affected
equipment included pumps, the plant computer, aond an RPS motor generator
set,

'ther In conjunction with the analysis of the affected plant equipment,
particular failure mode of that equipment was also determined. The;

|

.
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Table 2 )
|

Systems Affected By inadvertent .!

Fire Suppression System Actuations
:

OccurrencesAffected systeu ,

.

,

8 |Electric power
7Ventilation

>

6Standby gan treatment system
4

HPCI
4other fire protection systems

'
2Core spray system
2 {Steam line valves
2Diesel generator
1Reactor pressurt:er
1Reactor protection system
1Reactor coolant system
1 i ,

Plant computer !

1Control rod drive
1Main turbine i

1Emergency equipment cooling
1Hydrogen recombirier ,

|1Teedvater pump
1Instrunnent air system .

1Communications
1Access control
1Emergency air cleanup system
1 fEmergency air supply system
1Standby filter unit

!Note: For 35 events, no system was reported affected

14
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i Table 3

i
,

''' Equipment Affected By inadvertent ,

Fire Suppression System Actuations
!

',l

>

Affected Equipment (with failure mode) Occurrences
|-

';-
!

13 |Charcoal filters / beds (vetting of charcoal)
7Control panels (water induced chort)'

I4
Transformers (water induced short)

4 r

Transformers (PSS induced trip signal)
4

Sensors / detectors (water induced short)
2 |Punps (water induced short) t

2 ;Air su3 ply (CO2 or halon c ontamination)
f1Plant computer (TSS induced trip signal)

1 |Motor generator set (water induced short)
1 i

Load centers (water induced short)
fIInstrument air syst*. (water contamination)

1HPCI oil (water cor,tamination)
1 ;Diesel exhaust damper valve (water contamination)

Door access card res.ders (water induced short) 1 |
1

.

Exhaust filter (wetting of filter) ,

1Radio repeater (CO2 caused ice bui'.Jup)
1Fire retardant barrier (water damage)
1HPCI equipment (unspecified)

i
__,

For 35 events, no equipeent was reportedly affectedNote:

.

'

|
,

6

|

|
|

| 15
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I
investigation found that the most common failure mode was electrical ;

shorting caused by water from the suppression system. As seen from
Figure 5, electrical aborting caused equipment failure during 18 of the
inadvertent actuations. In 14 cases, a chatcoal filter or bed was
wetted to the extent that it was inoperable. The third most common
failure mode was a FSS generated trip signal. For example, when the
deluse inadvertently actuated over Common Service Station Transformer
(CSST) D at $6quoyah in June 1986, the FSS contTol circuits electrically
isolated both CSST C and D to preclude any transformer shorting.
Although neither transformer actually failed, they were reasoved from
service by the inadvertent actuation. This type of TSS generated trip
s1 nsi ',solated plant equipment during 4 of the actuations. Other ,

&failure modes were contamination, water damage to a fire retardent i

berrier, and impairment of electrical equipment caused by the ice 1
I

Onorated by excessive carbon dioxide release.

The seriousness of the equipment dama5ed or affected is further
indicated by the number of inadvertent actuations which resulted in a
plant transient. Indeed, 13 of the 75 inadvertent actuations led |

directly to a reactor trip or plant shutdown. This number represents
17% of the total number of inadvertent actuations. The sequence of ,

events in four of these cases was that water from an inadvertently
actuated sprinkler system near the plant startup transformer either j

shorted or tripped off line the transformer. The loss of this |
;

transformer then resulted in the loss of electrical power to critical
busses, forcing the operators to shut down the reactor. During four
other events, suppression s. stem water entered a control panel or ,v
switchgear cabinet and shorted the electrical circuitry so that

-

|
erroneous control signals were sent to critical equipment. The

resulting misconfiguration forced the operators to trip the reactor, ,

j The fact that these similar chains of events happened at more than one :

plant points out the potential for them to recur in the future. Indeed,
,

! depending on which circuits might be shorted, it is eat s to hypothesize r

|
-

how this last chain of events t.ould have led to a very serious accident.
i

2.3 General Conclusions From Review of Events
|

.
In summary, the operett.ng experience with nuclear power plants has shown "

that approximately 10 inadvercent fire suppression systen actuationsI

occur each year in the U. S. This avera5e is based on the finding that
75 inadvertent actuations occurred betveen April 1980 and June 1988.
When this number is compa:'ed to the number of reactors operating in the
D. S., the frequancy of inadvertent FSS actuations is calculated to be
about 0.12 events per reactor year.,

1

A water based FSS was involved in most of the inadvertent actuations..
;

044. During five events, more than one type of FSS actuated, and three
events involved the actuation of TSS in more than one plant area. For

these multiple TSS actuations, it was difficult to identify a rer.urring
cause.

16
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Figure 5. Failure Mode of Equipment Affected
'by Inadvertent Actuations
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These errors fThe cause of most of the actuetions was human error.
ranged from misunderstandings by personnel, to bumping of the switches,

|

i

to inaccuracies in test procedures. In all, all of the inadvertent

actuations occurred as a result of human error. Unforeseen operatin6 !
|environments.. steam, dust, and lightning caused another 134 of the
iactuations. Actual failures of TSS components caused only 184 of the
!inadvertent actuations.

It is significant that $14 of the inadvertent actuations 'tamaged or in f.

As seensome other way affected the operation of other plant systems.
-

'

on Table 2, in many cases, the affected systems were safety systems '

required for the safe opere. tion or shutdown of the plant. Typical
|affected systems were the plant electric power, the Standby Cas
!Treatmont system, the HPCI, the core spray system, and othwr fire

Thirteen of the inadvertent actuation events (17%protection systems. |of the total) caused a reactor transient event.
i

The way in which these systems were affected was by the interaction of
the FSS with nearby equipment. The affected plant equipment was most ,

'Theoften charcoal filters, control panels, transformers, and sensors.
particular failure mode of the affected equipment, especially for the

,

safety related equipment, was most of ten electrical shorting caused by .

FSS water reaching components with inadequate insulation. Another :

icommon failure mode was con'. amination resulting because water, CO2, or
Halon spread te areas it was not intended to. Vetting of charcoal !

filters, although a common occurrence, generally did not cause a
-

significant impact on the safe operation of the plant. .i

|
t

t

,

i

.
,

b

W

6

|
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3.0 METHODOLOGY FOR EVAIEATION OF POTENTIAL ACCIDENT |

SCENARIOS CAUSED BY INADVERTENT FS$ ACTUATION. |
i
'

The safety significance of inadvertent actuations of TSSs is highly [

iplant specific, depending on such factors as the plant layout and arount
and types of automatic suppression systems. Furthermore, the i

!significance of the inadvertent actuation of any particular TSS is
highly dependent on the systems inter dependencies as determined by the
logic models ( event trees and fault trees ) as well as potentially
important random or test /saintenance unavailabilities. Thus to
rigorously avslyze the impact sf such events, one must make use of the |

'

models and logic developed in a PRA for the plant in question. A

methodology for accomplishing this was developed as part of this ;

project. This methodo*,ogy is based on use of a " vital area analysis" ;
'

which is an important part of the fire probabilistic risk assessment
methodology developed by Sandia National Laboratories for the US NRC. ;

The methodology is general, and can be applied to any plant for which a s

detailed PRA and vital area analysis are available. {
,

3.1 Vital Area Analysis

The basic tools of any PRA are the event trees and fault trees which |

describe the plant's response to any off normal condition (initiating i

event) which requires the plant to be shutdown. The event tree ;

enumerates the possible end states which result (i.e., successful ;

shutdown, core damage, or core vulnerable) dependine,on the success or !
;

failuro of the safety systems required to mitigate the off normal '!
condition. ,

The occurrence of a significant fire in a nuclear power plant results in i

a plant transient caused by the operator either esanually shutting down
the plant or the plant automatically tripping as a result of the fire

l itself. Under some circumstances, fires can occur at some plants which,

cause a loss of offsite power transient in which the plant is
automatically scrammed. Thus, for those inadvertent actuations caused ,

by a fire or by random failures in the FSS, a general plant transient |

event tree should be used to quantify the effect of inadvertent FS$ |
I

I actuations. ,

By contrast, when a seismic event occurs, the loss of offsite power :

(1hSP) is highly likely due to failure of ceramic insulators in the
switchyard. In this case, the IASP transient tree must be used.

'

I

As examples, Figures 6 and 7 present the general transient event tree
and the LOSP .ransient event tree for the Surry nuc'. ear power plant, a

Westinghouse PWR (Reference 4). Each of the (non-success) branches on
this tree represent a potential accident scenario. The success or
failste of t.he required safety systems (shown scross the top) is '

determined by fault trees, vhich are downward 'sranching trees which
logically identify all possible combinations of component failures (due
to any cause) which lead to the failure of the safety system in
question.

|

|
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- These logic models are combined using toolean algebra (as embodied, for )
example, in the SETS computer code, Reference 5) is give an expression i

for each accident scenario (accident sequence) in terms of combinations j
of component failures. These combinations of basic c.omponent failures i

are called *cutsets'. A typical accident seques.ce has the general form

Acc = C1 + C2*C3 + C *C5*C6 + ....... |4

)!where the Ci are cospoaent failures. Note taat this is a Boolean logic
equation in which the *+' denotes the logical union operator and the **" i

denotes the Icgical intersection operator. (It is not until h.ter that |
the equation is converted into en algebraic equation for ,

quantification.) Tha occurrence of she failure events in any one cutset
results in the occurrence of the accident seouence. Once numerical ;

values for the basic component failure events are determined (from some ;

data base) the frequency of the accident sequence can be found using the !,

!laws of probebility to evaluate the cutsets and the union of the
cutsets. (The existence of correlation between the basic component
failure eve.its aust also be considered in this process.) The final |
result is a numerical value for the frequency of each accident sequence,
and the frequency of core damage is determined frca the sum of the
accident sequence frequencies, j

In a vital area analysis, the same process is used, except that the goal
is to determine which areas in the plant are vital in the sense that if ,

'some or all components in a single area or combination of xreas were
failed due to some cause (i.e., a fire, flood, etc.) then core damage |

would result. This is accomplished by mapping each susceptible {
component (and its associated cables) cccurring on the fault tree, to

!the area in which they resioe, and using the laws of Boolean logic to
obtain logic expressions for the accident sequences in terms of *he i

locations (hereafter referred to as fire zones) and random failure
events. The general form for each accident sequence is

,

Acc = Zone 1 + Zone 2* Zone 3 + Zone 4*Randon 1 + .....

- where Zone 1, Zsne 2, etc., are the locations and Randu:. 1 Randon 2, ,

etc. , deno':e rand 6m failures or test / maintenance unavailabilities. This '

!form of the accident sequences is obtained using the Boolean mapping
option in the SETS code in conjunction with tables relating each
component to its location. As part of the solution proesss, namerical
screening is Serformed so that only probabilistically significant
cutsets are retained. The value of the numerical cutoff is specified by
the analyst, and is chosen to be consistent with the remainder of the
PRA for the plant in question.

This form of the s.ccident sequence can be used to perform a quantitative
assessment of the impact of an inadvertent FSS activation in any
particular area, including the concurrent unavailability of ec,aipment
located in other arear due to rendom causes. In addition, this f'rs of

the equation yields

22
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qualitative insights d'rectly useful to the plant operator, as those
aress which are single point vulnerabilities are identified directly.
This can be used as a basis for reviewing the critical equipment in
those areas for vulnerability to any hazard 6 which might conceivably be
postulated in that area.

In the following sections, criteria are given fer utilizing these very
general accident sequence vital area equation.: to evaluate the potential
risk arising from inadvertent actuation of a plant's fire supprossion
systems Lader a quite general set of root cause scenarios.

3.2 Ceneric Inadvertent FS$ Actuation Scenarios

Based on the review of past experiences and walkdowns of a number of :

plants, ten generic root cause scanarios were identified, as shown in
Table 5. Three root causes are due to inaduirtent FSS actuations caused
by a fire in another area. Three are due to such actuations resulting ,

'

from purely random causes. Three are due to seismic causes, and
finally, one is due to the occurrence of a fire outside the plant. In -

ithe following, the various root causes of inadvertent FSS actuation are
described and the specific tasks and information required to evaluate '

them are briefly discussed:

1. Fire induced FSS actuation . F11_ggent induced damare. Based
on the vital area analysis e,d an Appendix R review, one would i

identify areas where smoke spread could cause inadvertent
actuation given a fire, and conservatively estimate the impact !

of the TSS agent on equipment in the adjacent room and add a '

'

cutset to the appropriate accident sequence and requantify the
sequence.

2. Fire. induced FSS actuation recovery crevention. The plant's t

PRA is reviewed for risk.significant recovery actions on !

equipment not damaged by fire. Then, th.. various fire areas |
!are examined for those from which smoke could spread and
Iprevent the recovery action hypothesired. If any such-

combinations are found, the accident sequence is requantified
with the probability of nonrecovery equal to, unity.

'

3. Fire. induced FSS actuation access.orevention. For each
critical fire area identified in the fire PRA where manual '

| *

.

fire suppression was idetitified as the means of miti& sting the
fire, access to the fira area would be identified via the'

Appendix R submittal. An estimate of the delay caused by the
iinadvertent TSS actuation would be used to change the

L probability of suppression used in the original PRA at.d the
effect requar,tified.e

t

&
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TABLE 5
,

i
,

Potential Root Cause Scenarios Resulting from (
Inadvertent TSS Actuation i

,

i
'

I

1. Fire induced TSS actuation and damage. due to fire in an
j

adjacent area. t

2. Fire induced TSS ar.tuation (due to fire in an adjacent area)
'

preventing randon failure recovery actions.
,

!:
'

3. Fire-induced TSS actuation (due to fire in an adjacent area)
|preventing access for aanval fire suppression.

4 Randon TSS actuation caused by human error.
t

5. Randon TSS actuation caused by steam pipe break.

6. Randon TSS actuation caused by randos failures of TSS
components.

7. Seismic inadvertent TSS actuations resulting from dust.
triggered TSS.

8. Seismic inadvar+ ant TSS actuations caused by TSS relay chatter.

9. Seismic inadvertent TSS actuations resulting from seismic-
caused failures of TSS. .

>

10. Fire's externai to plant causing inadvertent TSS actuations.
.

4

i

I
.

k

!
!

I

,
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h
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4. Randon FSS actuation . human errer. Quantification rtquires
identification of personnel options for actuating the TS$ from |
both the control and remote locations and to identify possible
multiple Fss actuations. The accident sequence cutsets are
analyted to determine if equipment damage by the FSS agent
could Iced to core damage. Then, those cuts.ts requiring a
single FSS actuation are quantified by using an estimate of the j

frequency of inadvertent FSS actuations cause by random human 1

For those cutsets requiring mu'4tiple FSS actuations, a |error.
fire in one of the areas is assumed, and a conservative |

estimate of the probability of human error actuation of |
)suppression systems in other areas is appited.
i

$. Randon FSS Actuation . steam nice break. Again, quantification
of this scenario requires an existing vital area analysis in !

conjunction with the knowledge of the presence of high j

temperature steam or water pipes in the zones. A conservative
'

estimate of the pipe failure frequency and the potential for
causing inadverteat fire suppression system actuations has to
be made. A conservative estimate of the probability of steam |
reaching adjacent rooms and causing FSS actuations is also ;

'

applied.
:

6. Random inadvertent r$S actuation . random failures of rSS. In i

this scenario, inadvertent actuation of the TSS is caused by |

purely random failures of the F.<S itself, such as a pipe break ,

in a deluge system, or a failure in an FSS control circuit. [

Frequencies for such events must be obtained from the |
historical data base of such events for different types of j

systems. Using these frequencies and a conservative estimate ;

of the FSS agent's effect on nearby equipment, the accident :

sequences are requentified. [
t

7. Seissie inadvertent FSS actuation dust. Those fire areas .

utilizing smoke / particulate detectors are identified. Then I

dust is assumed to cause TSS .ctuation in the fire zone.
Vulnerable equipment in the fire zone is iden >fied and assumed
failed. These failures are added to the seismic sequences and j

requantified. ,

!

8. Seismic inadvertent FSS actuation ._relav chg11tI. Relay i

chatter is assumed to cause actuation of all fire suppression |

systems having automatic actuation circuitry. Conservative I
'

assumptions are made as to the effect of the inadvertent,

suppression system actuation on functionality of the equipment. !
'

These failures are added to the seismic sequences and
requentified.
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9. seisnie inad.ertent rss actuation,- seisnie failures. This |
cause is highly plant specific and it requires one or more |,

plant. visits in order to assess the potential vulnerability of i

the plant's FSS components to seismic events. However, the j
vital area equations can again be used directly to assess the ,

ispect of such events.

10. External fire caused inadvertent rss actuation. An estimate of |

frequency of external fires based on generic data must be made. |

Fire sones potentially affected by an external fire are |

identified. Any potential accident svguences are identified
[and, if non negligible, the sequences are requentified.
i

;
To identify the critical areas, criteria were developed for each root

|cause scenario which enable the analyst to determine which areas are '

potentially subject to each root cause of inadvertent FSS actuation,
igiven the general vital area analysis accident sequence equations. These '

criteria are si.own on Table 6. This step is performed manually, and '

requires a review of plant systems, plant layouts, and the Appendix R
submittal for the plant in light of the Task 1 results. This review must
consider wuch factors ae: ;

t

a) the presence of automatic suppression systems,
:

b) physical and electrical separation of redundant
trains, i

.

c) susceptibility to seismic events,
|

d) propagation of combustion products (generated r.ither
inside or outside the plant) through the
ventilation system,

e) possible water and steam ingress into vulnerable
requipment i

f) single random actuations of TSSs,
g) multiple actuations of FSSs.
h) type of fire detectors.

Since all of the desired information may not be readily available, some ;

plant input may have te be solicited.
.

,

3.3 Quantification

Quantification of the probability of these scenarios requires
determination of the following:

,

t
I;

4
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Table 6 '|

\
Inadvertent Fire Suppression System :

Actuation Root Cause Scenarios |

:
,

!

R2pt Cause 1 Fire. induced FSS Actuation Due To Smoke $ Dread ;
1

Event Sequence: Fire in Roon A; Smoke travels and actuates f
Suppression oysten in Room B; Suppression system |
damages critical equipment in Room B ;

\
'

Cutset criteria: At least one Fire Zone having a Fire Suppression
System (manual or automatic) and smoke detectors; |

no more than one Fire Zone without FSS c*ad smoke
detectors; reasonable access for smoke to enter j

iRoom B from Room A
!

Root Cause 2 Fite-induced FSS Actuation Preventine Recovery

Event Sequence: Fire in Room A; Smoke travels and actuates ;

Suppression systen in Room B; Suppression system ;

prevents risk.significant recovery action from !

being performed in Room B j

Cutset Criteria: This is a cutset involving a fire zone in |

conjunction with one or more rardon failures. A !
'

recovery action (for a random failure) is in a
fire zone with a fire suppression system and ;

potential connectivity to the fire zone ,

pos'.' Mated to experience a fire, j

|
.
'

Root Cause 1__EjIg. induced FSS Actuation Preventing Fire fighting
Access

,

,

Event Sequence: Fire in Room A; Smoke travels and actuates FSS in *

Room B; Supp.4ss. ton system prevents access to ,

Room A for a mual fire fighting i

Cutset Criteria: A Fire Zone accessible through only one other |
Fire Zone having a Fire Suppression System
(manual or automatic) ar.d smoke detectors; only
one Fire Zone without FSS; manual fira fighting
in Roon A must be significant in reducing CDF. ;

,

,
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Table 6 (Cont'd)

L
Epot cause 4 FSS Actuation Caused By Human Errnr-

Event Sequence: Operator (in Control Room or locally) erroneously
actuates FSS in room or rooms without fire
(possibly because of a detector alarm);
Suppression system damages critical equipment in
affected Fire Zones .

Cutset Criteria: All Fire Zones in cutset have Suppression Systems
capable of bein5 actuated from one control panel
(in the Control Room or locally)

Root Cause 5 FSS Actuation Caused By Pice Break

Event Sequence: Failure of steam / hot water pipe releases steam
which actuates (automatically or manually) nearby
Fire Suppression System; FSS then damages nearby
critical equipment

Cutset Criteria: Two types of cutsets are si nificant here.5
First, a cutset involving a fire zone which
contains both an FSS and a steam pipe. Second, a

zone with an FSS which is adjacent to another
fire zone containing a steam source, with a
potential for steam spread between the zones.

Root Cause 6 FSS Actuation Caused By Random Failures In FSS

Event Sequence: Failure of Fire Suppression System component
,

causes actuation of FSS in Fire Zone; FSS then
'

f
damages nearby equipment.

Cutset Criteria: All Fire Zones in cutset have FSS (manual or
,

automatic); no Fire Zones without TSS; if more
I

than one Fire Zone in cutset, possible common
cause failure for multiple actuations,

l

|
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Table 6 (Cont'd) {
!

Root Cause 7 Dust Trineered FSS Actuations In Geismic Events !

_,

Event Sequence: Seismic event stirs up dust which actuates [
automatic FSS usin5 dust. sensitive detectors; FSS |

then damages nearby equipment

!
Cutset Criteria: All Fire Zonsa in cutset have an automatic FSS

triggered by dust. sensitive (photo electric or i

ionization) detectors; no Fire Zones without FSS. ,

f

Root Cause 8 Relav Chatter FSS Actuations In Seismic Events

Event Sequsnce: Seismic event causes relay chatter in vulnerable
FSS control circuits; FSS actuates and damages
nearby equipment ;

r

cutset criteria: All Fire zones in cutset have a FSS (manual or
iautomatic) that has relays in control circuitry;

no Fire zones without FSS j

Root Cause 9 FSS Actuations Due To Seismic Failures Of FSS f

Event Sequence: Seismic event causes failure of FSS components; i

Suppression agent is released and damages nearby -

equipment ;

Cutset Criteria: All Fire Zones in cutset have a FSS (manual or
automatic); no Fire Zones without FSS

!

Root cause 10 External Plane Firas Causine FSS Actuations

Event Sequence: Fire outside the plant generates smoke; Smoke is
drawn into plant ventilation system; smoke
actuates detectors and FSS in rooms serviced by

'

outside ventilation; FSS damages plant equipment

Cutset criteria: All Fire Zones have a FSS (manual or automatic) !

and smoke detectors; all Fire Zones receive ,

unfiltered outside ventilation; no Fire Zones t

without FSS

L
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a) Irequency of fires in tones (*oOt Causes 1,2,3) ;

b) Trequency of human error of commission (koot cause 4) ;

c) Probability of barrier failure (for smoke spread) i

d) Probability of TSS actuation damaging equipment i

e) Probability of additional random failures, if required
f) Probability of non recovery, if required !
g) Probability of TSS random failure (Root Cause 6) i

;h) Frequency of steam pipe break (Root cause 5)
i) Frequency of fires external to the plant (Root cause 10)

:

The specific equations used to quantify each root cause setnario are
given on Table 7, Parameter values used to perform the scoping ,

quantifications are described below, f
I

3.4 Ceneric Scoping Quantification Data ;

The purpose of this study was to provide a scoping quantification of the
potential impact on risk of inadvertent actuations of fire suppression i

systems. In general, in such a study, values chosen for the various i

parameters involved should be best. estimate values based on data. In
this study, no plant specific data analysis was performed. Howevar, in
some cases, historical data were used to estimate numerical values.
Where no data was available, conservative numerical values were i
estimated based on the authors' collective judgement, as noted below, j

3.4.1 Fire occurrence Trequencies {
A data base of fire occurrence frequencies was developed in Reference 2 '

for a variety of prototypical nuclear power plant buildings (e.g.,
'auxiliary building, turbine building, emergency switchgear rooms, diesel

generater rooms, etc.) based on the history of significant fires in i

commercial nuclear power plants as contained in the US NRC Licensee
Event Reports. These generic frequencies (per year) were used in this ,

study. Specif'ic moan values are:
,

Auxiliary Building 6.4 E.2 per Rx. year !
*

i
Turtine Building 3.2 E.2 per Rx. year

i

Diesel Generator Building 2.3 E.2 per Rx. year r

Emergency Switchgear Room 3.0 E.3 per Rx. year
.

Cable Spreading Room 2.7 E 3 per Rx. year

Battery Room 3.0 E 3 per Rx. year '

Control Room 4.4 E.3 per Rx. year
!

Reactor Building 1.8 E.2 per Rx.ye.r

30
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Table 7 ,

Equations Used in Quantification of -

Inadvertent FSS Actuation Core Damage Sequences |
;

i

Definitions:
,

phen - frequency of cutset core damage
P(dam) - probability of FSS damaging critical equipment *

P(BF) - probability of fire barrier fail.ure
P(rand) - probability of other randes failures that contribute

,

to core daarge ,

P(nr) - probability of non recovery, if applicable
P(LOSP) - probability of seismic loss of offsite power

ROOT CAUSE 1:
,

pIcm - frequency (fire in adjacent areas) * P(BF) * P(dam)
,

* P(rand)*P(nr) |

L/ i

or, if the cutset contains two fire zones, ;"

!

h$en-frequency (fireinareawithoutFSS)*P(BF)* j

P(dam) * P(rand)*P(n ) |

ROOT CAUSE 2: j
,

ghem-frequency (fireinareaincutset)*P(BF)*
P(rand)*P(nr) 4,

;

ROOT CAU1a 3r ,

pk:a-frequency (fireinareaincutset)*P(BF)* ;

P(non suppression of fire damage)*P(rand)*P(nr)

ROOT CAUSE 4:
,

ykca = [ frequency (human error FSS actuation)/ number ofSurry fire zones with FSS) * P(dam) *
P(rand)*P(nt)

or, if the cutset contains two fire zones,
,

fem =[ frequency (fireinfirstarea)*P(humanerroractuation of FSS in second aras) * P(damage in
second area) + frequency (fire in second area) *
P(human error actuation of FSS in first area) *
P(damage in first arca)) * P(rand)*P(nr)

31
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ROOT CAUSE 5:.

ghes - frequency (steam pipe break in area 17 or 31) *probability (barrier failure to steam) * P(dam) * ,

t

P(rand)*P(nr)

ROOT CAUSE 6:

ghen=[ frequency (actuationfailureofeachtypeofI
,

FSS)/ number of each type of Ff,S at Surry) * j
' Number (each type of FSS in area) * P(dam) *

P(rand)*P(nr)
1

ROOT CAUSE 7:

ghem-P(LOSP)*P(FSSactuatesinzoneduetodust)*P(dam)

ROOT CAUSE 8: |

f
Q>ca-P(LOSP)*P(TSSfailuresinzone)*P(dam) ,

ROOT CAUSE 9:
;

ghem-P(LDSP)*P(relaychatterFSSactuation)*P(dam) >

,

ROOT CAUSE 10:
;
,

For fire areas served by unfiltered, outside air:
>

'

fem-frequency (largefiresnearplant)*P(smokoblowing toward plant) * P(dam) * P(rand)*P(nr) ,

,

>

b

,
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Note that for the generic buildings, it is often necessary to ratio the
overall building fire occurrence frequency down to reflect the fact thatE >

fires in only a small subset of the building can cause the postulated
damage. This is called ' partitioning * and is based on both analyst
judgement and sensitivity calculations using a fire growth computer
code.

3.4.2 Effect of FSS Actuation on Equipment

Very little data exist on the effects of the FSS agents on various types
of equipment. The LER review described earlier yielded the following
insights:

a) 1 of 9 CO2 reported actuations caused some
equipment damage

b) 0 of 9 Halon reported actuations caused
equipment damage

c) 40% of deluge reported actuations caused some
equipment damage

Based on this limited set of observations, the probability of damage to
active electro mechanical equipment and to cables (and their associated
electrical penetrations, eersinal blocks, etc.) was taken as 0.1 per
exposure. This is clearly conservative for Halon systems, and probably a
bit non conservative for deluge systems, although the latter will be
highly dependent on the effectiveness of the equipment qualification
testing program implemented at the plant.

.

The reason for applying the same probability to both CO2 and Halen
systems is that they both involve the release of pressurized gas. The
one case of equipment damage from CO2 was due to the cold temperature
resulting from release of excessive amounts of gas and not the type of

|
gas. Indeed, if it can be shown for a particular plant that such an
'overdump* is impossible, the probability of damage from CO2 or Halon,

can be lowered significantly,'

Note that in estimating the conditional probability of failure ofo

equipment exposed to the FS$ agent, one must take into account the t:ype'

| of nystem involved. For example, inadvertent actuation of a CO2 or
| Halon system in a diesel generator room often requires the room to be

sealed off (which is accomplished automatically), so that the necessaryi

! concentrationa of fire suppression agent can be obtained. Without room
| ventilation, diesel failures due to room temperature increases (which

j result from diesel operation) are likely. In this case, the conditional

I probability of damage should be taken as 1.0, instead of using the value
of 0.1 described above.

1
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3.4.3 Parabebility of Barrier Failure

A generic probability of failure of e fire barrier between two fire ,

zones was taken from the values uard for the NUREC.1150 fire PRAs |

(Reference 6). 'this value was assumed to be 0.1 for all fire zones.

The basis for this assumption is as follows. From past NRC 1&E
Inspector reports (Reference 6), typical values for failure rates for !

barriers are as shown below: ]

Rarrier Tyne Failure Rate

5Fire doors and curtains 7.4E.3
Ventilation and fire dampers 2.7E.3 |

Fire walls and Penetrations 1.2E.3 )
i

These barrier failure probabilities could be multiplied by the number of |
'

each type of barrier and then summed to give the probability of barrier
failure and smoke spread for any particular fire zone. However, this
requires a plant specific examination of each fire zone to determine the
number and type of barriers present, which was beyond the scope of this ;

study, Based en our experience in past plant visits, a reasonable
-

number of such barriers (on average) is 10 per fire zone. Thus the i

value of 0.1 per demand was selected for a Seneric barrier failure rate. ;

The same failure rate was assumed to apply to barrier failure in the
'

tpresence of either smoke or steam,

3.4.4 Inadvertent FSS Actuation Due To Human Error of Commission [

Very little data exists on this possible root cause. Based on the 1.ER ;

search described above, a value of 0.06 per reactor year was chosen. |

This value should be divided by the number of fire suppression systems r
!installed at a particular plant to obtain a system specific frequency.
i

3.4.5 Randon Tailure and Human Error Values j

The random failure rates and the human error probabilities must be taken
from the plant specific PRA for the plant under consideration. Random |

failure rates are very much dependent on the operating history of |
'

component failures at the plant in question, while human error
probabilities are very such dependent on the layout of the plant systems
involved in the human recovery action postulated. Thus, in general, the |
values developed for the original PRA should be used for the random and ;

human error events occurring in the vital area analysis cutsets, f

Modifications to the human error probabilities should be made in the r

case of recovery actions which must be performed in a fire zone in which
-

either a fire has occurred or in which significant heat or smoke are
present. Such recovery actions are usually denoted as "high stress
actions * and procedures are available to develop modifying factors to
reflect high stress situations, as for example in Reference 7.

34
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For the study reported here , all human actions were taken directly f rom
the original internal events PRA with the exception of (a) recovery from

-
the remote shutdown panel and (b) cross connection of the Unit 2 HPI
system given that a fire has occurred in an area where a local tecovery-

action must be performed. Numerical values for all recovery actions are
given for each cutset in Appendix B.

,

3.4.6 Inadvertent FSS Act.uation Due to Random Failurt of FSS
. Again, very little data exists on the frequency of this occurrence and

the 1.EP teview described earlier was used to calculate this frequency.3

Since it was assumed that the FSS failure rate is dependent on the type
5 of st.ppression i,ystem, different n equencies were calculated for each of

.

the dif ferent systems.

] On a per reactor year basis, the frequencies chosen were 0.025 for water
based systems (deluge, sprinklers, water curtain, etc.), 0.0077 for CO .2*

and 0.0019 for Halon.

3.4.7 Random Steam Pipe Break

Limited data exist on the frequency of steam and hot water pipe break.
' . .

generic value of 0.003 breaks per reactor-year (as used in otherA

t.tudies, eg. , Reference 8, 9 ) was chosen. 'Ihis value is based on all
high pressure piping in a plant, and for a plant-specific study could be
ratioed down to only that piping whose failure could affect one of the
FSS systems. (This was not done for this study, which represrP ; a
source of conservatism).

3.4.8 Frequency of External Fires

Since tFis value is highly dependent on the topography, vegetation, and
climate near the plant, no attempt was made to pick a generic value.

3.5 Quantification of Seismic FS3 Actuations

As aenticaed above, the seismic sequences which sust be considered aire
those with offsite power assumed to be lost as shown on Figure 7. Once

the vital area analysis has been performed for the 1DSP sequences, one
can quantify them in a similar fashion as was done for the random and
fire-in^tced FSS actuation scenarios. The one significant difference is
that the accident sequences so evaluated are conditional on the plant
site seismic hazard curve, so that the accident sequence conditional
frequencies must be integrated over the hazard curve (Reference 10)
using the equatien

:

-

P(Acc)*f (pgsid(pga)F(Acc) - h

35
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where
1

- t
F(Acc) - total frequency of accident sequence due to the !

weighted probability of all aarthquake levels, j
t

!

P(Acc) - conditional accident sequence frequency

f (p5a) - density function for the seismic hazard curveh as a function of peak ground acceleration (pga)
4

In computing the conditional frequencies of accident frequencies
" resulting from inadvertent actuation in the fire zones in the vital area
,.

<

analysis equations, one must take into account the root cause being 1

considered.

3.5.1 FSS Actuation.By Dust Raised In A Seismic Event

This root cause should or.ly be considered for those fire zones in which

L'
the FSS is automatically actuated by smoke detectors, and hence would.

possibly be actuated by dust raised during a seismic event. If included,
I the conditional probability of inadvertent FSS actuation given a seismicI -

( event should be taken as 1.0. If more than one fire zone is being
considered for this root cause, then the inadvertent actuations should

|. be considered as fully correlated, ie., all FSSs should be assumed to beI

actuated simultaneously in each affected fire zone.
;

3.5.2 FSS Actuatio- me To Seismically Induced Failures In The FSS
,

For inadvertent FSS actuat*-as brought about by seismic failfres of the
various components of the . tystems, it is,in general, necessary to

H

L " walk down" each FSS during a visit to the plant, and identify the
I various componente in the system. Then a system fragility function can

be developed from the failure levels for the individual components 1

,

themselves. Trocedures for developing such seismic fragility functions -

|

are described in Reference 11. In addition, since the typical

components in a FSS are pipes, valves, nozzles, solenoids, electric'

motor pumps and electrical enntrol cabinets, it may sometimes be
! pt :ible to usa Suneri: fragility functions for these components as

cox.ained in Reference 11. This must be done witt. cau*. ion, however, for
components in the generic data base referenced are typically seismically
qualified, while seismic gaalification has not been required for FSS
components in the past (with the exception of water standpipes in rooms
co .taining safety equipment). In particular, socket welded pipe joints
and threaded pipe joints are not used in safety grade piping, while such .

joints are typically used in fire protection pipes.
.

-
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A crude alternate approach (used in this study) is to use a log normal ;
'

', ;
fragility function specified to have a median acceleration at failure
equal to twice the safe shutdown earthquake (SSE) level for the plant

|

l
,

site. This is based on the author's experience in walking down a number
>

''

of these systems, and for most FSSs, should be conservative. The two ;
uncertainty parameters for this log normal fragility distribution can be
taken as Beta r = 0.3 and Beta u - 0.3 in the notation of Reference

<

11. The local response.should be the peak ground acceleration amplified
by 20% to allow for some structural amplification, and the correspondin6
uncertainty parameters can be taken as Beta r - 0.35 and Beta u - 0.25
which are appropriate for uncertainties in ampitfied floo; zero period,

acceleration (Reference 61 This approach should only be used in cases
(such as this study) where time and budgetary constraints prevent ~

!

.,

developing defensible fragility functions for the FSSs involved.
Note that the plant under consideration had an SSE equal to 0.15g, and '

thus the median fragility value was taken as 0.30g.

Finally, one must take into account the different types of syste.as
involved. For example, in Halon or CO2 systems, a failure of piping
which delivers the FSS agent to the fire zone von 1d not cau:e *

inadvertent actuation inasmuch as the agent has not been released. By
contrast for certain types of sprinkler systems, the pipes are full of
water at all times, and hence, failure would result in release of water,

I

on equipment below.

3.5.3 FSS Actuation Due To Seismically Induced Relay Chatter
,

'

For relay chatter induced FSS actuations, the fragility function for
generic relay chatter from Reference 11 can be used. This fragility,

L

curve (as a function of local floor acceleration) has a median
acceleration at failure of 4.0g (spectral acceleration in 5-10Hz range) e

'

with uncertainty parameterr Seta r - 0.48 and Beta u - 0.75. In this
'

case, one must determine which of the TSS systems will be activated due
to relay chatter, which requires identification of the vulnerable relays
used.tn the FSS control circuits and an evaluation of the control

| circuits themselves for " locking logic". Inasmuch as relay chatter isE

j- expe~ ed to occur at relatively low seismic shaking levels and to occur
in all control circuits at the same time, in evaluating the accident
sequences, one should assume all FSS actuations are fully correlated,

.

and occur ras tismaeously given that relay chatter has occurred.
P

Of course, this assumes that the circuitry is such that momentary
chatter will activate the FSS system (i.e., there are locking circuits
involved). No study of the circuitry of typical control systems for the

UntilFSSs of the plant under consideration was made in this project.
this is done, the above assumption (that momentary chatter will actuare

p gli suppression systems) must be made r< e these 2 coping quantifiestic e .

I

This assumption is reasonable frem the cimepcint that
'-

n

,

o
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earthquakes are known to cause many types of relays to chatter, and due
to the common.cause nature of the ground shaking associated with
earthquakes. However, this assumption may be unduly pessimistic because |

not all FSS control circuits may be actuated by momentary chatter, j

!

3.6 Summary

A methodology has been developed which can be applied to any plant for
,

which a vital area analysis is available. If such a vital area analysis
is not available, one can be developed in a fairly straightforward
manner provided a systems analysis of the plant (as embo<.tisd in event
trees and fault trees) has been completed. Censric values for the
various failure rates needed have been estimated. However, for any
specific plant, much improved estimates of many of the parameters could
be obtained. A continuing need exists for actual data on the effect of
FSS agents on different types of equipment (both with and without the
presence of a fire ), for barrier failure rates in the presence of smoke
and steam, and for identification of typical seismic vulnerabilities of
fire suppression system components.

,

P
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4.0 APPLICATION TO A PROTOTYPICAL PWR POWER PLANT t..t

4.1- Introduction
,

The goal of Phase II of this study was to quantify the attendant
contribution to core damage frequency (CDF) and risk resulting from !
inadvertent F8S actuations for specific nuclear power plart sceident '

scenarios. Currently, the quantification process has been applied to a
.

prototypical PWR, Inasmuch as the scenarios are plant specific in |
regard to plant layout and types of fire suppression systems present, it
was necessary to select an actual plant for the quantification of the
scenarios. The physical layout and fire suppression systems ,

configuration for the Surry PWR nuclear power p'lant were used because a
detailed fire PRA and supporting analyses wars available as part of the
NRC sponsored NUREG 1150 program (Reference 6). However, no plant-
specific data analysis was performed, and no detailed analysis of the
propagation of smoke within each room was performed to take into account

,the actual location of critical equipment in the room, and no plant. "

*specific evaluation of the number and type of fire barriers in each zone
was made. All of these factors significantly affect the quantitative
results. Hence the results presented here should be viewed as being
" reasonable" but not directly applicable to the Surry plant. This
chapter describes the results of the scoping quantification analyses.

For these analyses, the configuration of equipment and fire suppression
systems (FSS) at the Surry plant were reviewed. The potential root
causes of inadvertent FSS actuations that could lead to core damage were
identified. Based on the ktowledge of the Surry FSS configuration, an
initial scoping quantification of potential core damage sequences was ;

L performed.
4

'

!

4.2 Procedure' '

The initial phase of the analysis consisted of reviewing the Surry plant
L - configuretion. This was accomplished primarily by reviewing the Surry
i Appendix R submittal (Reference 12). From this submittal, information

was obtained on the overall plar.t layout, on the individual Surry fire
areas, on the particular types of FSS and fire detectors installed, and,

l- on the critical equipment required for safe shutdown. This information
was used to determine those critical aress of interest for further
study. A listing cf all fire areas which resulted from the vital area

| analysis . given in Table 8. Only nine critical fire zones havingt

I' automatic or manually actuated fire systems were identified. (This does
L not include manually-operated CO2 bottles or water hose reels ). These

nine zones are:

1

|

|

|
1
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Table 8 !

f. ,
I

' '
Fire Zones And Designators, ,

i

,

':

;

FIRE AREA RAMEl. . FIRE AREA NUMBER
!

Fire Arsa 1. Unit 1 Cable Vault and Tunne1

Unit E Cable Vault and TunnelFire Area !!
{. Unit 1 Emergency Switchgear
!- Fire Area !!'

Room

Unit E Emergency Switchgear
' Fire Area 4 :

'

Room

Fire Area !! Control Room
.

Emergency Diesel Generator RoomFire Area A
#1

Emergency Diesel Generator RoomFire Area 7 ,

WE

Emergency Diesel Generator RoomFire Area e
0:4

Fire Area 15 Unit 1 Reactor Containment
i

Unit E Reactor ContainmentFire Area 16
Auxiliary BuildingFire Area 17
Unit 1 Safeguardt AreaFire Area 19
Unit E Safeguards AreaFire Area 20
Turbine BuildingFire Area 31
Mechanical Equipment Room #3Fire Area 45
Charging Pump Service WaterFire Area 54 Pump Room

l '4

1

|j
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|-

;

'

1,

a

p ;
,

Cable Vault /Tunne? (FA 1,FA 2) |
'

.

#

Emergency Switchgear Rooms (FA 3, FA 4)

Diesel Generator Rooms (FA 6, FA 7, FA 8) ;

Auxiliary Auilding (FA 17)
,

Turbine Building (FA 31)

These zones are listed in Table 9 along with the type of FSS, type of
detectors, FSS actuation scheme, and critical equipacnt in the fire

Figures 8 through 14 illustrate these critical fire zones. >zone.

In several instances, the Appendix R information had to be supplemented
by phone calls to plant personnel. Details on the locations of the '

|
equipment were obtained from tables generated as part of the NUREG 1150
Surry Fire PRA. Study (Reference 6). The information in the Appendix'R

| submittal was also used to determine the penetrations into each of the
critical fire areas. Table 10 lists these fire areas and the doors and
cables that connect them to other fire areas.

An additional document utilized was the Internal Events FRA for the'

P Surry plant (Reference 4). The internal events report provided
additional information on the Surry safe shutdown equipment and system

'models. This report also described safety significant recovery actions
L from random failures. These recovery actions were then analyzed for the
L possibility that inadvertent FSS actuations could prevent them from

being performed (See Cause 2 below). The Fire PRA provided
probabilities of fires in the different areas, probabilities of fire
area barrier failures, and estimated times to damage of critical ,

L equipment from fires in the different areas.

| One subject that information could not be obtained on was the Surry *

ventilation system. Particular questions on this subject concerned-the
possible paths that smoke could travel from one tire area to another and

| from outside the plant structure into enclosed fire areas.
Conversations with VEPCO personnel indicated that answering these

L
| questiens would involve extensive engineering review of plant
|

construction drawings. Consequently, consideration of smoke travel ,

through the Surry ventilation system was not pursued at this time.
1'

4.2.1 General Transients Caused By Fires Or Random Failures
L

L, Using the sequences and cutsets obtat..d from the vital area analysis
for the Surry plant performed rt pr c' the NUREG 1150 fire PRA
(Reference 6), the various r2 ; . ; ; to enre damage were,

developed. Based on the ori.' . sat f.'. PRA, twelve general
.4.- 1erec 'e general transient eventL transient sequences had to

L

l'
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1
,

Tcble 9

SURRY FIRE SUPPRESSION SYSTEMS -)
AND SAFE SHUTROWN EQUIPMENT BY FIRE SONE )3

SUPPRESSION SYSTEMFIRE SONE ;

1

Automat,ic CO2 activated by 5 Heat Detectors )TIRE AREA 1 (with a backup manual actuation switch in'

(Unit 1 Cable Emergency Switchgear Roo.); 1

)

Vault and Tunnel) Manually actuated Deluge (manual actuation
involves turning valve. handle) and manually )actuated dry-pipe sprinkler system (having '

fusible links in sprinkler heads); also 8.o
ionisation-type smoke detectors ,

,

SAFE SNUTDOWN EQUIPMENT

Numerous cables for power, control, and
instrumentationo

L Motor Control CentersCables for Charging Pumps (Nos. 1A, 1B, 1C)'

'

Cables for Charging Pamp Cooling Water Pumps
(Nos. 2A, 23)

Cables for Component cooling Water Pumps
(Nos. LA, 15)

Cables for AFW Pumps (Nos. 2, 3A, 3B)
Cables for containment fyray Pumps (Nos. 1A, 1B)
Cables for Low Pressure Safety Injection Punps

>

(Nos. LA, 18)
Cables for Inside and outside Spray Recirculation ,

Pumps (Nos. LA, 18, 2A, 23) !

Cebles for Residual Heat Removal Pumps
(Nes. iA, IC)

AC Power Circuit Breakers (Nos. FE9BJ, FE98X) 7

SUPPRESSION SYSTEM
TIRE AREA 2 Automatic CO2 activated by 6 Hett Detectors(Unit 2 Cable (with a backup manual actuation switch in'r ult and Tunnel)a Emergcncy Switchgear Room);

Manually actuated Deluge (manual actuation
involves turning valve handle) and manually
actuated dry-pipe sprinkler system (having a

fusible links in sprinkler heads); also 8
ionization-type smoke detectors

,

SAFE SHUTDOWN EQUIPMENT

Cables and controls for AFW Cross Connect
Valve to Unit 1

Numerous Cables for power, control, and
instrumentation'

Motor control Center =
'

s__.
' -

Halon system manually actuated eithez
FIRE AREA 3

42
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;

locolly or frca central room panol f 2 r
,

'#t' h ,

,s - (Unit l' coorg:ncy 10 lenisctien-typ3 cacks datoctors |~ 108,
(Halon supply is 10 gas bottics d3 signed0<Switchgear R203)

,

to empty all their contents) .

?

SAFS SHUTDOWN EQUIPMENTI t '

, i

CablesCables and Controls for Charging Punps
(Nos. 1A, it, 1C)

Cables and controls for Charging Pump Cooling
3

|

Water Pumps (Nos. 2A, 28)
Cables and controls for Component Cooling Water

Pumps-(Nos. 1A, it) 3

Cables and controls for Charging Pump Service|

E, Water Pumps (Nos. 10A, 108) :

L Cables and controls for AFW Pumps "

(Nos. 2, 3A, 35) -

Cables and controls for Containment spray Pumps
,

I

(Nos. 1A, it)L -

Cables and Controls for Low Pressure SafetyL
Injection Pumps (Nos. 1A, 15)|:

L cables'and Controls for Inside and outside Spray
'

,

2B)Recirculation Pumps (Nos. lA, 18, 2A,y

i Cables and Controls'for Residual Heat RemovalPumps (Nos. 1A, 18)
Numerous Switchgear & Relay Racka for safep

shutdown equipment
Unit 1 Auxiliary Shutdown Panel
Several Vital AC and DC Power Busses and

associated Circuit Breakers
Vital DC to AC Inverters and Rectifiers !

(#1-III, UPS-1, UPS-2)i

[ Several vital AC Transformers'

Vital AC Buss feeders from Diesel Generators
DC Battery output and charger circuits'

Emergency Communications System (repeater)
r
l,

L :'

Halon system manually actuated eitheri

' IRE AREA 4 locally or from control ~ room panel (2;L (Unit 2 Emergency also, 12 ionization-type smoke detectors |Switchgear Room) (Halon supply is 10 gas bottles designedL to empty all their contents)
SAFE SHUTDOWN EQUIPMENT

,

!

Cables and Controls for AFW Cross ConnectValve to Unit 1
Numerous Switchgear & Relay Racks for Unit 2

safe shutdown equipment
Unit 2 Auxiliary shutdcwn Panel

'

Cables
Emergency Communications System (repeater)

43
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M:nually octuated low-proccuro CO2 cystcm ;

FIRELAPEA 6
(actuation switches are outside Socr and

;

,

-(Energoney Diesel in Control Room on panel (2);Conerator Ra 01) also, 2 heat detectors )

SATE SHUTDOWN EQUIPMENT

Diesel Generator il I

Related Switchgear & HCC Cabinets

, Manually actuated low-pressure CO2 systemn ,

FIRE AREA 8 '(actuation switches are outside door a:1d(Emergency Diesel
Cenerator Ra (3) ,2in Control Room on both panels'il and 2);.

;also, 2 heat detectors

SAFE SHUTDOWN EQUIPMENT
3

Diesel Generator #3 '

Related Switchgear & MCC Cabinets
L
l-

.

3 charcoal ventilation. filters at 45 ft'TIRI AREA 17 level, 2 of which have manually actuated(Auxiliary
Building) low pressure CO2 systems (switches are '

next to' filters ar;d in control Room on i

panel f2), and.1 of which has a manually '

. actur.ted deluge (switch is next to filter);
all 3 charcoal filter banks have heatdetectors and the building has 38 ceiling-
mounted ionization-type smoke detectors
and 7 duct-mounted smoke detectors-

SAFE SHUTDOWN EQUIPMENT
,

6 Charging Pumps (Nos.1A,1B,1C, plus Unit 2) ,

'

4 Charging Pump-Component Cooling Water Pumps
(Nos. 2A & 25 plus Unit 2)

4 Component Cooling Water Pumps
(Nos. LA & 15 plus Un 2) ,

Associated Cables & Valves for above pumps (esp.
MOVs 1115B,1115C,1115D,1115E,1350,1867C,1867D)

Cables for indications at the Remote Monitoring
Panel

Piping for charging pump service waterVentilation for Auxiliary Eldg (Charcoal Filters)
Emergency Communications System (repeater)
Boric Acid Transfer Pump (CH2A

Heat detector-actuated deluge system nearT AREA 31 lube oil components; automatic sprinklers(Turbine in several areas including the corridorsBuilding) outside the Control Room and the Emergency
Switchgear Rooms; autonatic CO2 systems

<

44
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|Octuatcd b;/ nuat d;tcctors in Narmtl '

Switchg0ar gr.ons, cablo Sprsoding rosa 3,
Cnd g0noral turbina croot cloo, covoral ,

ionisation-type smeke detectors |
,

+.

1I 1

SAFE SKUTDOWN gQUIPMENT ;

[
d cables for. Charging Pump service Water Pumps i

'

f (Nos. 10A, 103) . ,''' ~ ' '

!? Piping for charging pump wervice water system
Cables and Controls for AFW Motor Driven Pur.ps

(Nos. 3A, 35)
Cables and Controls for Containment Spray Pumps '

(No. LA) *' ables and controls for Low Pressure safety
Injection Pump (No. LA).-

Cables and Controls for Outside Spray
Recirculation Pump (No. 7%)

Cables and Controls for Residual Heat Removal-
Pump (No. LA)

Several Main Steam valves (solenoid operated) |
'

Circulating's service Water actor-operated valves
-

L Auxiliary steam' system
Motor Operated Valves on the inlet and outlet of

each condenser
Remote Monitoring Panels
Emergency Communications System (repeater)

.

b

.

?

.

I

f| .
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'i Table.10 ;'

i.

.' ( Plant Fire Area Penetration

>

''

FIRE AREA FENETRATION CONNECTED AREAS .

i

FA-1 Doors FA-3, FA-17
i

(Unit ~1 Cable' '

Vault and Tunnel) Cabres FA 2, FA-3, FA-5, FA-17, FA-19,
<

i

:
,

FA-2 ..

. Doors FA-4, FA-17
(Unit 2 Cable
Vault and Tunnel) Cables FA-1, FA-4, FA-5, FA-17, FA-20,

''<

.t
'
.

>

FA-3 .

Doors FA-1, FA-4

(Unit 1 Emerg.-

Switchgear Room) Cables FA-1, FA-5, FA-4, FA-31

s

.FA-4 Doors FA-2, FA 3, FA-5, FA-33, FA-45
(Unit 2 Emerg.
Switchgear: Room) Cable:; FA-2, FA-3 FA-5, FA-31

|
|

r

FA-6 . Doors FA-31, Outside

| (Diesel Generator
L Room (1) Cables FA-7, FA-31

FA-8 Doors FA-31, Outside
<

.(Diesel Generator
Room'f3) Cables FA-7, FA-31 ,

FA-17 Doors FA-1, FA-2, FA-31, outside
(Auxiliary
Building) Cables FA-1, FA-2

L

i. FA-31 Doors FA-4, FA-5, FA-6, FA-8, FA-12,
- FA-17, FA-54, outside(Turbine

Building)
Cables FA-3, FA-4, FA-5, FA-6, FA-7,

FA-8, FA-C5, FA-46, FA-47

'
o 53'
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tree from which these are taken was shown in Figure 6. No possibility of
a LOSP transient or LOCA caused directly by the fire itself or random
causes alone was considered to be credible. Table 11 summarices the
transient sequences analyzed.

Sequences 1, 2, 3, 28, and 3B are transients due to either a manual or
' - automatic SCRAM in which both the auxilisry feedwater system and the

capabili*y to perform the " feed and bleed" operatien are failed (due to
a combination of failures arising from the FSS system sctuation and
random failures) which thus leads to a core darare situation since no
primary system heat removal io possible.

Sequences 4 and 6 are small LOCA's caused either by failures of the
reactor coolant pump seals or by failure of the pressurizer safety
relief valves (PORVs) to reclose, resulting in loss of primary coolant
inventory. In these sequences, the high pressure injection system is
also failed, which leads to a core damage situation.

L Sequences 7., 4B, 5B 6B, and 7B are also small LOCA's as described
above, but here the HP1 is successful while there ers failures of the |

low pressure injection and recirculation systems which lead to (late)
core dkmage.

! These sequences were analyzed for their apriicability to the inadvertent
FSS actuation root cause scenarios as described in Chapter 3.0. The

L criteria used were listed in Table 6. These criteria were applied to
i

each cutset in the vital area analysis core damage sequences which were
developed in the fire PRA performed as part of the NUREG 1150 program.
In this process, many cutsets and several sequences were screened out

|

|: from further consideration.

|
The sequences and cutsuts that remained were grouped according to the

|
ten root causes described above. These sequences and cutsets are listed
in Appendix B and are discussed in Section 4.2.3. Note that root cause

L

7 was eliminated from further consideration since the plant under
L consideration does not use any smoke detectors to actuate its automatic
L
j' suppression systems.

4.2.2 LOSP Transients Due To Seismic Events

The transient event tree associated with loss of offsite power used for
this study is given in Figure 7. A total of six sequeness leading to
core damage are given on this tree, and these sequences are listed onE

Table 12. Sequen:e Il 1 is a seal LOCA which arises due to simultaneous
fallere of the HPI (0 ) and the CCW (W) systema. Since early injection3
cooling is failed (D1), a core damage situation results. Sequence T1 3
is a loss of offsite power transient in which the AFWS system has
failad, early injection and high pressure recirculation have succeeded, I

but low pressure recirculation (H2) han failed. Thus, this is a late
Sequence T 4 is similar except that, in this1core damage sequence.

54
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TABLE 11

.

General Transient Accident Sequer.ces Analyzed

T *D3*LdI*MSequence 1 3
,

i
T3*3,*;*M*D2' Sequence 2 3,

'
,,

T *D3*L*M*D *PSequence 3 3 2

Sequence 4 T3*D3*W*D1 (Seal LOCA)

Sequence 6 T3*Q*D1 (Stuck open
relisi valve)

Sequence 7 ' T3*Q*D'1*L*P1
' * "

.

--

Sequence 2B T3*D3*L*M*D2*P*H1

T *D'3*L*M*D'2*P*H2
'

Sequence 3B 3

'
T *Q*D1*L*Pl*H1Sequence 48 3 ,

- .-
,

T3*Qf D *L*Pl*H2L Sequence 5B i
i L

--

T *Q*Di*L*H1Sequence 65 3
,

K Sequence 78 T3*Di*L*H2
1

!

-

|

L

|
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TABLE 11 (Cont'd) ;

,

t

Safety .ystems Nomenclaturet

w-

C Containment spray system (CSS)

Da Hi5h pressure injection (HPI)
D - Same as HPI
D High pressure injection for sesi cooling

3 ,

D3 - Accumulators (ACC)
De Low pressure injection (LPI)

T3 ' Inside spray recirculation (ISR)
T Outside-spray recirculation-(OSR)

2

H lew pressure recirculation (LPR.LH) ,

2

H Low pressure recirculation (LTR.HH)
2

L Auxiliary feedwater system (ATWS) .

:

M Hain feedwater (PCS) ;

OD Operator depressurization (OD) ,

P Block valves and PCRV system (one valve required) (PPS2)
2

P . Block valves and PORV system (both valves required) (PPSI) ,

, V Cocponent cooling water system (CCW)
1

l

1
*

l
1.
1

!

,

L
i',

|', 56
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n TABLE 12 |-

i

less of Off Site Power Transient Sequences

i

T1-1-T1*II*5*I*Di*D3*V
,

,

T1-3 - T1*I,*5*L*F2*Y*E *H2 t
l"

1

T 4 - T *E*4*L*E *E*H11 1 2

'

T - 5 - T *E*6*L*E *P1 1 2

T1-6 - 71*li*h*L*D2

o

t

I

1

57
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failure of the high pressure recirculation system (H1) has ':

case,
Sequence T1 5 snd sequence T .6 are both early core damage1occurred.

scenarios in which the AFWS has failed and the capability to perfor's
feed and bleed has also been compromised. In the first case, both the i

PORVs or associated block valves have failed while, in the second case, |

the HPI system itself has failed. In both cases, no emergency core
cooling is available and hence, an early core damage situation exists.

Since no vital area analysis had been >erformed for the IASP sequences
,

Thein the original PRA, one was performed as part of this study.
resulting accident sequences expressed in terms of fire zones and random
failures are discussed in Section 4.2.3. In this process it was found '

that sequences T 3 and T1 5 were negligible. The remaining three1
sequences were quantified for root causes 8 and 9 as described in
Chapter 4.2.3.

.

4.2.3 Quantification

4.2.3.1 Quantification of Random and Fire Induend Actuation Scenarios~

Scoping quantification of the accident sequence frequencies was
performed using the equations presented on Table 7 and discussed in :

5

Chapter 3.0 . Table 13 summerizes the fire frequencies used for each
area. Table 14 summarizes the fire frequencies for several of the fire
areas containing FSS systems due to fires occurring in any of the
adjacent fire areas which could potentially cause it,sdvertent FSS ;

actuation due to barrier failure. For this r: coping study of a
prototypical WR, partitioning' of the fire frequencies for the larger

;

fire areas'was not performed, since this is a highly plant specific ',

The exact equations and specific values used for each sequencei,
aspect.p' and each cutset are listed in tables given in Appendix B for each root
cause, accident sequence, and each fire zone.

To illustrate the the format used in these tables, consider the entry,

Root Cause 1. Fire Zone 1 which is repeated here from ;
for Sequence 4

(,
l' Appendix B .

.

1 1.0000e+00 FR2-1 +
P(fire in 5 or 17)= 6.83e-Ces
P(fire next to 1 but not in 5 or 17)=2.33e-02:e (0.1) e (0.1) e (0.26)3 +FREQUENCY = C(6.93e-02)

[(2.33e-02) e (0.1) e (0.1) e (4.4e-02)3 a 1.90e-04

The first line gives the SETS code cutset index ( 1 ) followed by the
screening value of the cutset (1.00e+00), and then the cutset itself
( FRZ-1 ). This indicates that the cutset is a single, ie., inadvertant

58
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Table 13

I
|Fire Frequencies Corresponding For Plant Fire Areas
l

,

I

F_1RE FREQUENCYFIRE AREA

1

E.68 E-03
Cable Vault and' Tunnel -

(Fire areas 1 and E)
2.97 E-03i

Emergency Switchgear Rooml-

(Fire areas 3 and 4) i

i;i- 4.40 E-03
Control' Room

| (Fire area 5) 7

| E.31 E-02
>

Emergency Diesel Generator Room;.

( (Fire areas 6, 7, and 8)
'

L 1 77 E-02
Reactor Building f

(Fire areas 15 ano 16)
6.38 E-02

Auxiliary Building
(Fire area 17) I

1.77 E-02
Safeguards Area

(Fire areas 19 and 20)'

p 3.21 E-02
Turbine Building

(Fire area 31)
3.71 E-03

Mechanical Equipment Room #3
(Fire area 45)

3.71 E-03
Charging Pump Service Water Pump

Room (Fire area 54)
|~

1 /

o

E

59
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Table 14 i

5

Fire Frequencies in Adjacent Areas

'
.

t

FIRE AREA OF INTEREST
FA-1 FA-E FA-3

,

ADJACENT FA-2 E.69E-03 FA-1 E.6BE-03 FA-1 E.6BE-03 I

AREAS FA-3 E.97E-03 FA-4 E.97E-03 FA-4 E.97E-03

FA-5 4.40E-03 FA-5 4.40E-03 FA-5 4.40E-03'

FA-17 6.39E-02 FA-17 6.39E-02 FA-31 3.21E-02

FA-19 1.77E-02 FA-RO 1.77E-02

97I5E 65 97I5526E 5!EI5 6E

FIRE AREA DF INTEREST
FA-4 FA-17 FA-31

ADJACENT FA-2 E.6BE-03 FA-1 E.6BE-03 FA-3 2.97E-03

AREAS FA-3 E.97E-OJ FA-2 E.6BE-03 FA-4 E.97E-03

FA-5 '4.40E-03 FA-31 3.21E-OE FA-5 4.40E-03
FA-6 E.31E-02.

FA-31 3.21E-02 FA-7 2.31E-02
L FA-45 3.71E-03o

FA-B E.31E-02
________

4.59E-02 3.75E-02 FA-12 E.97E-03____. __

FA-17 6.39E-02
.

FA-45 3.71E-03
i FA-54 3.71E-03

| I!54226I

f FIRE AREA 0F INTEREST
|~ FA-6 FA-Bt

l.
ADJACENT FA-7 2.31E-02 FA-7 2.31E-02

! AREAS FA-31 3.21E-02 FA-31 3.21E-02

5:5is:65 5:ssi 65

60
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actuation of the FSS in fire zone 1 would, in and of itself, cause' core
damage if all equipment in the' sone is failed. The following lines then ;

quantify the cutset. Lines 2 and 3 give the frequency cf fires in
zones-connected to zone 1 ( sones 2, 3, 5, 17, 19) taken from Table 10.
The fire frequencies are taken directly from Table 13. Zones 5 and 17-,

are treated separately from the other interconnected zenes because a
e 'high stress factor' was applied to the> recovery as described below andf

in Section 3.4.5. Line 4 uses the appropriate equation for Root Cause 1
from Table 7 to quantify the cutset. This is: ,

i

f cm - frequency (fire in any adjacent area)*P(barrier failure)

* P(damage)*P(random)*P(recovery) ,

In this case there is no randas failure in the cutset since the cutset
is a single. Probability of barrier failure and of the conditional
probability of equipment damage are both taken as 0.1 as described in
Sections 3.4.2 and 3.4.3. The probtbility of recovery associated with
fires in zones 5 and 17 is 0.26 which incorporates a high stress factor
as obtained from the original PRA. The probability of recovery
associated with fires in zones 2, 3, and 19 is 4.4E 2, again taken from
the original PRA. Thus lines 4 and 5 S ve the final result of 1.88E.4i

for the frequency of this particular cutset arising due to Root Cause 1.
~

As a second example, consider Sequence 3. Root Cause 5, Fire zone 4
I which is also reproduced from Appendix B below.

-
..

| 1.2000e-02 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-FT1535X + STEAM IN 31
1.2000e-02 FR2-4 * PPS-MOV-FC1536X e PPS-MOV-FT1536X + STEM. IN 31

f 1.0000e-03 FR2-4 * PPS-SOV-FT1456X + STEAM IN 31

l' 1.0000e-03 FR2-4 * PPS-SOV-FT1455CX + STEAM IN 31
6.0000e-04 FRZ-4 * PPS-CCF-FT15356X * PPS-MOV-FC1536X + STEAM IN 31
6.0000e-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC1535X + STEA". IN 31
9.0000e-05 FR2-4 * DCP-BDC-STBUS1AX + STEAM IN 31
9.0000e-05 FR2-4 * DCP-BDC-STBUS1BX + STEAM IN 31
7.0000e-05 FRC-4 * PPS-CCF-FTPORVX + STEAM IN 31
E.7000e-05 FR2-4 * ACP-BAC-ST4KV13X * PPS-MOV-FC1536X + STEAM IN 31
E.7000e-05 FR2-4 * ACP-BAC-ST1J1X * PPS-MOV-FC1536X + STEAM IN 31

l' E.7000e-05 FR2-4 * ACP-BAC-ST-1H1EX * PPS-MOV-FC1535X + STEAM IN 31
+ STEAM IN 31E.7000e-05 FR2-4 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X

E.7000e-05 FR2-4 * ACP-BAC-ST-131EX * PPS-MOV-FC1536X + STEAM IN 31

|' E.7000e-05 FR2-4 * ACP-BAC-ST1H1X * PPS-MOV-FC1535X + STEAM IN 31,

h 1.2000e-05 FR2-4 * PPS-MOV-FC1536X * PPS-MOV-PG1536X + STEAM IN 31
1.2000e-05 FRZ-4 * ACP-TFM-NO1H1X * PPS-MOV-FC1535X + STEAM IN 31

L 1.2000e-05 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-PG1535X + STEAM IA 31
1 1.2000e-05 FRZ-4 * ACP-TFM-NO131X * PPS-MOV-FC1536X + STEAM IN 31

~E3E60'2 5e0
FREQUENCY = (0.003) * (0.1) * (0.1) * (2.766e-02) * M = 3.32e-09
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Here there are 19 cutsats involving fire zone 4 in conjunction with one '
or more random failures which lead to core damage. In this case, the

equation for Root cause 5 from table 7 is used:
,

{phem-frequency (steampipebreak)*P(barrierfailure)
*P(equipment damage)*P(random failures)

.

I
where the pipe break frequency is given in Section 3.4.7 as 0.003, the
barrier failure and conditional equipment damage probabilities are both
taken as 0.1 as given in Sections 3.4.2 and 3.4.3, and the probability'

of random failures is the sum of all the random failures shown, as taken
from the original PRA. Finally, note that the term "M" was appended to
each cutset. This represents failure of the Power Conversion System
(PCS) and is required for this sequence as shown on Table 11. Since, in

the original PRA, no Boolean expression was developed for the PCS, the
failure of the PCS was treated as a constant and not included
specifically in the vital area analysis. Hence it had to be manually
added at this stage. Numerically, the value of M from the original PRA ,

was 4.0E 3. Thus the last line gives the frequency of core damage due
to Root cause 5, accident sequence 3, fire zone 4 as 3.32E 9 per year.

.

4.2.3.2 Quantification of Seismically induced FSS Actuations

As mentioned earlier, a vital area analysis for LOSP sequences did not
previously exist for the plant under consideration, so one had to be
performed for this study. This was performed using the SETS computer
code as described in Reference 5 using the same methods and basic plant
systems models as were used in the original PRA. The five sequences
analysed were shown on Table 12, and the vital area analysis showed that
sequences T 3 and T 5 were negligible.1 1

The remaining three conditional accident sequences which resulted from-

the vital area analysis for Root Cause 8 are :

T1-1-P(LOSP)*Ed*P(equipment rut m)

*{FZ17+FZ31*P(72)
T -4 - P(IDSP)*E*D*P(equipment damage)1

*(FZ4*P(73)+FZ2*P(73)]
T -6 - P(LOSP)*E*h*P(equipment damage)*F2-41

62
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.The sequences which resulted from the vital area analysis for Root Cause'

9 are:

T1-1 - P(LOSP)*K*Q*P(equipment damage)

*(FZ17+FZ31*P(72))
T1-4 - P(IDSP)*E*4*P(equipment damage)

*(FZ4*P(73)+FZ-2*P(73)) ;'"

T 6 = P(1DSP)*E*$*P(equipment damage)
1

*(FZ1+FZ3+FZ4*FZ17
+ FZ 4*FZ 31 + FZ 31*P(74)

+FZ31*P(75)+FZ-31*P(76))
.

These sequences are simpler than those for random or fire-induced
inadvertent FSS actuations because, since loss of offsite is assumed
given in these sequences, considerably fewer failures are required to.

cause core damage.

The terms R and Q denote success of the reactor protection system and
successful opening of the PORVs, and were taken as 1.0 consistent with
the original PRA. P(LOSP) is the probability of loss of offsite power
at any given peak ground acceleration level. The fragility for this
event was taken from the original PRA.

The terms P(72) and P(73) denote human errors in failing to recover the
'Both of these eventslow pressure recirculation and AC power system.

were set to 1.0 since no credit was taken for human recovery actions
after the earthquake. The terms P(74), P(75), and P(76) are random
failures of the turbine driven auxiliary feedwater pump (failure to run,
failure to start, and maintenance unavailibility, respectively). The |

corresponding numerical values are 0.120, 0.011, and 0.010 as taken from
the original PRA.

I

The term P(equipment damage) is the conditional probability of damage to
critical equipment given inadvertent actuation of the FSSs. As

discussed in Section 3.4.2, the value of 0.1 was used for all types of
i equipment and all types of FSSs.

The terms FZ 1, FZ-2, FZ-3, FZ 4, FZ-17, and FZ 31 are the conditional
probabilities of actuation of the FSSs in those particular fire zones.
Depending on the root cause being considered, they were

,

|
|

63 |

. -.. . . - - - . . . - - . - - - - . - - . . . - . . - - - - . --



*

.

iV

assigned either the fragility for relay chatter (root cause 8) or for
*

seismically induced failure of the FSS itself as discussed in Section' ,

3 . 5 .-i-

The expressions for the accident sequences above are a function of peak
ground acceleration, and hence must finally be integrated over the ,

Note that-hazard curve for the plant site as discussed in Section 3.5.
in evaluating these accident sequences, the seismically induced
actuations of the FSSs were. assumed to be fully correlated as described

.

in Section 3.5, and hence the contributions of the different fire zones '

to each accident sequence are not independent and are not additive.
Hence in presenting the final results, the contributions due to the
individual fire zones cannot be explicitly separated as was done for the
random and fire induced actuation cases. However, from the structure of
the accident sequences above it can be seen that each of these fire
zones centribute nearly equally.

4.3 Results of Scoping Quantification

The results of the' scoping quantification for the fire and randomh 21.failure induced root causes are presented in Tables 15 throud

4.3.1 Root Cause 1 Fire induced FSS Actuation Due To Smoke Spread |

An increment of core damage frequency of 2.2 E ?/Rx year was estimated
,

for this root cause. Almost all of this contribution was due to sequence
4 which is a seal LOCA due to simultaneous failure of the HPI and CCW
systems, which simultaneously causes the seal LOCA and fail early
emergency coolant injection. The main contributing fire zones are the.n theseUnit 1 cable vault / tunnel and the emergency switchgear roctn. ,

'

areas, there is sufficient equipment which (if failed) results in
failure of both the HPI and the CCW systems.

I
4.3.2 Root Cause 2 Fire induced FSS Actuation Preventing Recovery

J| For this root cause, an increment in core damage frequency ofIn this case, it ir sequence 1 which is'

2.6 E 6/Rx year was computed.
the major contributor, due to the high fire frequency in the Turbine

This number represents a conservative scoping value, |
building (FZ-31). '

since the probability of non recovery of the random failures was taken
!L as 1.0 in all cases. |'

4.3.3 Root Cause 3 Fire induced FSS Actuation Preventing Fire fighting
Access

This root cause of inadvertent fire suppression actuation was found not
I

to be applicable to this PWR, it was found that those fires occurring in

i
1.
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p Table 15 c

\

Frequencies for FSS Root Cause 1 ,

;

FIFE CONE
3 4 6 E 17 i TOTALS

SEOUENOEI 1 2
__________._____.______________________

l_________
1 1.29E-06 <

________|__________________9 1 28E-06 i,

1 |- 3.19E-0 I

| 4.35E-09 -

l 1.45E-09 iE.90E-09E i
1

1 1.52E-07
3- | 1.01E-07 5.0BE-09 i

I 1.65E-07 1 2.16E-04
4 1 1.BBE-04 E.91E-05 4

1 1.8BE-10 l 6.71C-0B
6 1 4.5BE-08 E.11E-08 I

1 E.E7E-11 >

i 9.59E-12
;7 1 1.91E-11

_____________________________|11.5EE-07
_________

________t.____________________________5.0BE-08
E-D 'l 1.01E-07 I

iI
13-B- 1 1 6 eBE-08| E.30E-Oe *

4-B I 4.59E-09 I

i C.63E-11
I 3.EBE-11

'O-B 1 6.55E-11 i
lI
I6-B l
lI
i7-B i

------------------
I --------------------------------1.65E-07 1 E.18E-04--------l----------------07 E.91E-05 1.41E-06TOTALS I 1.BBE-04 E.54E-

,

t

b
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Table 16 '
,

| :
i

.

S,
Frequencies for FSS Root Cause 2!

.

L. .

i' FIRE 20tJE
.

SE90ENCEI 1 2 3 4 31 45 54 i TOTALS |r.
,

.... ...t......___ ....._____ ..____.. __... _____________________i.._______j.

1 I; 9.33E-10 1.03E-09 1.82E-06 3.82E-10 1 1.82E-OoL
i

I 1 1.79E-09
2 i S.47E-10 9.39E-10 i

I i 6.26E-OB
3 1 2.97E-00 3.29E-OB

1

1 5.76E-07 2.99E-OB 6.66E-09 I 6.73E-074 1 I
I 3.39E-11 1 3.39E-11

6 1 1

I l 1.18E-11
7 I 5.60E-12 6.21E-12

___..~ . ___...__ __. ..___.... .__________ ..______.. __ . --...__i._______.I 6.26E-08
2-L i 2.97E-08 3.29E-OO i ,

I I

3-E I I

i I 2.ESE-OB
4-B 1 1.3kE-09 1.49E-OB

I
l 1 4.04E-11

5-B 1 1.92E-11 2.12E-11
I

.

I i
6-B l i

I I

7-B |
________i_. ____________________..._______

________ ..______ --________--__
B.E7E-OS 2.40E-06 9.69E-CB c.70E-OB i E.6EE-OhTOTALS I 7.46E-OB
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Table 17 |

l

Frequencies for FSS Root Cause 4

! !

i
J

FIRE ZONE
i.s

f' EEO. I 1 2 3 4 6 0 17 i TOTALS
i_____________________________ _________

|_________________________________09 I E.7BE-094 ______

b 1 I 1.39E-09 1.39E- '
i

'l 1 E.53E-09,

~ E' i 1.26E-09 1.26E-09-
|,

' 1

3' l- 4.43E-OE 4.44E-08 9.EGE-11 i G 87E-OB
1

l
4 11.76E-05 1.76E-05 2.03E-OB 2.03E-OS 1.76E-071 3.54E-05

I
I

O le.OCE-Oe E.OOE-OB 2.31E-11 E.31E-11 E.OOE-101 4.OEE-08
|

1 1 1.67E-11
7 i B.36E-12 0.3bE-12___________________________g_________

______g___________________________________E 9.ECE-11 1 8.E7E-OS
O-B i 4.43E-OB 4.44E-O

I
I I

3-B 1 I
| i 4.01E-08

4-B 1 2.OCE-09 2.OOE-OB
,

I

I 1 5.7EE-11
5-P 1 2.86E-11 E.86E-11

1

I I

O-B l i
I I

'7-B I i
I ___________________;_________

______|___________________________________________OB 2.05E-08 1.76E-071 3.57E-0570T A'_E l ! . 76E-05 1.11 E-07 1.76E-05 1.11E-07 E.04E-

1

I
i
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Table 18

b
Frequencies for FSS Root cause 5'

,

,

,

SEQUENCEI 1 2 3 4 6 8 17 i TOTALSFIRE 20NE
g._...._...

______ .].. ...--_-_____.. ______ .._____ .....______.--_....-.. ___.1 2.OBE-10
1 1 1.04E-10 1.04E-10 !

1 1 90E-10
I

E l- 9.4BE-11 9.49E-11 I

| 6.64E-09'

3.32E-09 5.20E-13 5.20E-13-I i
3 1 3.32E-09 3.30E-05 *

I 1.32E-10 1.32E-10 3.OCE-06.II
14 1 3.OOE-05 1 1.65E-09 :

I 1.50E-13 1.50E-13 1.50E-10 I
6' IE1.50E-09 1 1.25E-12

I 6.27E-13 ________...._i. ...___6.27E-137 l'
_.._____g-._____ ....________ ___.- . .________....____3.32E-09 5.POE-13 5.20E-13

1 6.64E-09'

3.32E-09 I
E-B i *

I
I i

3-B 'l 1 3.OOE-09'
I 1.50E-09 i1.50E-094-B l 1 4.29E-12
I

2.15E-12 2.15E-12 I
5-B 1 i

I
i

6-B l
I

I
1

7-B I 1___....__;

...._.--i___________.--_...__.-_.-_________._______________________
i I 3.30E-05:

B.35E-09 1.33E-10 1.33E-10 3.OOE-06
TOTAL I 3.OOE-05 8.34E-09

,

68

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



n .- .

k :
-

,
<

>p. ;

Y
+-

p .... ,o ,

o
%

i

j -,e

Table 19
.

!

Frequencies for FSS Root Cause 6 i

e

:

FIT.E 20NE
SEQUENCEI 1 2 3 4 6 8 17 i TOTALS

-

_..__ -_3. ...__.._. ______.... .__________. _...________...-- ._i_.._____.1.91E-091

1- 1 1.74E-09 1.67E-10
i

I 1 1.73E-09
E I 1.5SE-09 1.52E-10

I
I I 6.06E-CB

3 1 5.53E-08 5.31E-09
i

I 2.20E-07 I 2.43E-05
4 1 2.20E-05 2.11E-06 i s

I 2.50E-10 1 2.77E-08
& I 2.50E-00 2.40E.09

'l

I 1 1.15E-11
7 1 1.05E-11 1.00E-12

________g._____.__....________________ ..____-..._______. ______-3-____....
I 6.06,E-OB

2-B i 5.53E-08 5.31E-09 l
|- I

-

3-B 1 1

1 I 2.74E-OB
4-B l 2.50E-09 2.40E-09

1

i 1 3.92E-11
5-B l 3.5BE-11 3.43E-12

I

I i
6-B t i

i i

7-B i i

_..____.g___.._____________________ __......--__. _____-_-______.g_________i ,

2.20E-07 I 2.45E-05
2.20E-05 1.39E-07 2.11E-06 1.33E-00TOTAL I

,
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Table 20'

, :c .

Frequencies For Root Cause 8
g.

Accident Seouence Freauencv(cer veatl
i
,

T -1 3.3E 6
1|-

T4 3.3E 6
1

.

T6 1.8E 6! 1
-

Total 8.4E 6

-
.

Table 21

Frequencies For Root Cause 9

Accident SeoVfDgg Frecuencv(ver year)

t

71-1 2.1E 5

T4 2.1E 5
1

T -6 2.4E 5
1

Total 6.6E 5

,

1

|

:

l

|
|
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u areas from which smoke spread could activate the FSS in adjacent areas <

were fires which damaged the critical equipment in a time too quick for
manual response and suppression to be effective (as shown in the
original fire PRA). Hence this root cause was not quantified. ;

4.3.4 Root Cause 4 FSS Actuation Caused By Human Error

s

Here, an increment in core damage frequency of 3.6 E 5/Rx year was.
computed. The dominant contributor was sequence 4 for the same reasons
as given in section 4.3.1, failure of equipment in the Unit 1 cable
vault / tunnel and emergency switchgear rooms. Note that the switchgear ,

rooms utilize Halon only, so the contribution due to this fire zone is ,

quite conservative. However, the Halon a nd CO2 systems were assumed to
have equal damage potential as they are both commonly used in similar
applications at different plants.

4.3.5 Root Cause 5 FSS Actuation Caused By Pipe Break

The increment in core damage frequency for this root cause was estimated
as 3.3 E 5. It again arises primarily due to inadvertent FSS actuations
in the cable vault / tunnel giving rise to sequence 4 as described above. |

Here, these inadvertent actuations are caused by steam line breaks in r

the auxiliary building. All other sequences and fire zones are
negligible contributors to core damage frequency.

4.3.6 Root Cause 6 FSS Actuation Caused By Random Failures In FSS

The increment in core damage frequency for this root cause was estimated
as 2.5 E-5. It again arises primarily due to inadvertent FSS actuations
in the cable vault / tunnel giving rise to sequence 4 as described above.

|

All other sequences and fire zones are negligible.

4.3.7 Root Cause 7 Dust-Triggered FSS Actuations in Seismic Events

As noted earlier, the plant under consideration does not utilize
automatic fire suppression systems which could be automatically actuated
by dust raised during a seismic event. (Certain fire zones do have i

either ionization or smoke detectors, but they are not used to activate >

any of the automatic fire suppression systems). Hence, this root cause
could not be quantified for the plant under consideration.

4.3.8 Root cause 8 Relay Chatter PSS Actu6tions in Seismic Events

The risk increment associated with this root cause was found to be
8.4 E-6 per Rx. year as shown on Table 20. Each of the three sequences

contributed roughly equally, since each accident sequence involved fire
areas containing automatic FSS systems which entered into the equations
as (effsetively) single events.
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4.3.9 Root Cause 9 'FSS Actuations Due To Seismic Failures Of FSS

The core dama8e increment associated with this root cause was found to
be 6.6 E-5 per Rx-year as shown on Table 21. Again, each of the three
non negli ible accident sequences contributed roughly equally. This5
core damage' increment was computed based on an assumed frar,ility for the,

various FSS systems having'a median failure level of 0.30g, which is
twice the SSE for the plant under consideration. Due to the nature of
the components of a typical fire suppression system (pipes, valves,
small pressurized tanks and actuation controls) it is expected that this
is a conservative estimate of the failure level of a typical FSS system.
Howev.sr, such systems are not (in general) seismically qualified (except

L fire water standpipes inside the plant), and without a detailed
|evaluation of the specific system configurations, it is not possible to

refine this assumption.

4.3.10 Root Cause 10 External Plant Firts Causing FSS Actuations

As noted earlier, in the timespan and within the resources available, it
was not possible to identify the various paths that smoke from a fire
external to the plant could follow into the plant, nor was it possible
to-identify the connectivity of the ventilation systems within the
plant. Discussions with plant personnel indicated that approximately one
hundred plant drawings would have to be obtained and studied to resolve
questions raised for this root cause.

It should be noted, however, that this PWR site does have a fairly thick
l

wooded area in close proximity to the reactor buildings, and that
external' fires are a real possibility. Only those FSSs activated by
smoke detectors would be of concern, since it is not likely that room
temperatures would be raised sufficiently by an off site fire toi

activate heat detectors. A number of manually activated FSSs are
L

alarmed with smoke detectors, which could be set off by an outside fire
L and cause the operators to activate the FSS system. Hence, inadvertent

actuation due to offsite fires is a non ne&ligible possibility.

4.4 Summary

As described above, of the ten root cause scenarios postulated to lead
to core damage resulting from inadvertent actuation of the prototypical

j; power plant's fire suppression systems, two were found not to be
, applicable to the plant (FSS actuation preventing manual fire fighting
| and FSS actuation due to dust raised in a seismic event) and one could|

not be analysed (smoke entering the plant from an outside fire) because
the accessibility of the various fire zones via the plant ventilation
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systems could not be identified without a major review of plant
drawings. ,

The seven remaining root cause scenarios led to a total increment in
core damage frequency of 3,9E 4 per reactor year. The dominant

,

contributor to this total was Root Cause 1 which was due to smoke'' ".

spreading into either the Unit 1 cable vault / tunnel or Emergency
Swithgear rooms from fires in surrounding rooms. These scenarios
contributed 2.3E 4.to the total. Root Cause 2 (FSS actuation preventing-
access for manual ~ recovery actions) contributed only 2.6E 6 to the total
and thus was only a minor contributor at this plant. Core damage due to
FSS actuations due to (a) human errors. (b) steam pipe break, and (c)
random FSS failures each contributed approximacely 3E 5 to the total and

-thus were relatively significant contributors. Finally, of the two'

seismic'causes analysed, FSS actuation due to relay chatter was a very
significant contributor (6.6E 5) to the total, while FSS actuations due
to seismically-induced failures of the FSS system itself contributed
only 8.4E-6 to the total.

.

1
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1

!
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5.0 SENSITIVITY STUDIES
,

The above results represent a base case analysis that uses the parameter
y,

values presented in section 3.4. As discussed there, several of the
Inparameter values are thought to be conservative estimates.

|particular, the values taken for the probability of equipment damage
from the. FSS actuation and for the probability of barrier failure were |

chosen on the conservative side due to lack of data. This section
describes sensitivity studies in which three of the more uncertain

+

estimates are varied (ie., the probability of Halon damage to equipment,
the probability of FSS dama&e to cables, and the probability of barrier *

failure). Table 22 summarizes the results of these studies.
Descriptions of each sensitivity study are presented below.

5.1 Sensitivity Study 1 - Decrease in Equipment Damage from Halon
,

For the base case analysis, an inadvertent Halon system actuation was
assumed to have a conditional probability of 0.1 of damaging nearby
equipment. Nevertheless, as discussed in section 3.4.2 above, the
detailed LER review found no reports of an inadvertent Halon release
damaging plant equipment.

Moreover, the damage mechanism involved in the one reported case of CO2-
induced damage (i.e., an "overdump" of CO2) is not plausible at the PWR
plant under study because their Halon system uses a limited number of

Hence, it can be argued that the possibility ofgas cylinders. thisequipment. damage from a Halon system actuation should be ignored at
plant.

Consequently, for this sensitivity study, the probability of an
inadvertent Halon system actuation damaging plant equipment was taken to

All other numerical values were kept the same as in the basebe zero.
case. The accident sequence cutsets were requantified to determine a new
value of the increment in core damage frequency. Since the only Halon
systems at the plant under study are in the two emergency switchgear
rooms, only the cutsets involving these rooms changed in value.

The requantified contributions to the core damage frequency are given on
Tables 23-28. The reason that the total for Root Cause 5 did not change
(and that only minor changes occurred in the totals for Root Causes 1
and 6) is that the major contributing fire zone for these root causes is
the Unit 1 cable vault / tunnel. The cable vault / tunnel is not affectedThe results also showby changes in the Halon damageability estimate.
that sequence 4 is still the major contributing accident sequence for
these root causes.
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Table 22 Summary of Sensitivity Results
In Terms of Core Damage Frequency

Assumntion

Root Base No Halon Reduced'CO2 Barrier All

Cause Case Damare Damare To Cable Failure .01 Combined

1. 2.18E 4 1.88E 4 4.85E 5 2.18E-5 1.90E 6

2. 2.65E 6 2.62E 6 2.62E 6 2.62E 7 2.62E 7

3. Not applicable to plant under consideration.

4. 3.57E 5 1.79E 5 1.97E 5 6.00E 6 1.99E 6

5. 3.30E-5 3.3E-5 6.01E 6 3.57E-5 3.30E 6

6. 2.45E 5 2.24E 5 4.56E 6 2.45E-5 2.44E 6

7. N/A N/A N/A N/A N/A

8. 8.3E-6 5.06E 6 6.96E 6 N/A 3.48E 6

9. 6.5E-5 5.21E 5 6.47E-5 N/A 2.60E-5 ,

10. Could not be calculated for plant under consideration.
'

3.9E 5Total 3.9E 4

i

,
I

l

l

|
.
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Table 23 l

|

Frequencies for FSS Root Cause 1 ,

:

Assuming No Halon' Damage

FIRE ZONE

SEQUENCEI 1 2- 3 4 6 B 17 i TOTALS

________|__________. ________________.. _____________...________..i...______1 3.19E-09
1 |- 3.19E-09 0.00E+00

1

1 1 2.90E-09
'E I 2.90E-09 0.00E+00 .

I
I 1 1.01E-07

'3 i 1.01E-07 'O.00E+00
1

1 1.65E-071 1.BBE-04
4 1 1.BBE-04 0.00E+00

1

I 1.BBE-101 4.60E-08
6 1 4.5BE-0B 0.00E+004

I

l' 1 1.91E-11
7 1 1.91E-11 0.00E+00 i.....___.

___... _i_______.__.._____________________._______________ .._____ 1 1.01E-07
2-B- | 1.01E-07 0.00E+00

I

i 1

3-B- -l I

i 1 4.59E-08
4-B l 4.59E-09 0.00E+00

I ,

I 1 6.55E-11
5-B i 6.55E-11 0.00E+00

I

l |

6-8 I I

l I

7-B I ___________. -_..___-___--_-_-_...-------. ,
,

_____

..i_________________________00 0.00E+00 1.65E-071 1.BBE-04
TOTALS I 1.BBE-04 2.54E-07 0.00E+
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.c o ,

'S / .:

&

,

!

Frequencies for FSS Root Cause 4

Assuming No Halon Damage,
,

;

FIRE 2ONE
CEO. 1. 1 2 3 4 6 8 17 i TOTALS ;

_____

._____________________________________________________________ ___39E-09______

1 1 1.39E-09 0.00E+00 11.
I

I

2 l' 1.26E-09 0.00E+00 11 26E-09
|

*

I

3 1 4.43E-08 0.00E+00 1.03E-10 14.44E-08
i

1

4 11.76E-05- 0.00E+00 2.03E-CB 2.03E-09 1.76E-07tl.7BE-05
I

l
6 IE.00E-08- 0.00E+00 2.31E-11 2.31E-11 2.00E-1012.02E-08

i
I

7 I 8.36E-12 0.00E+00 18.36E-12
g________

______|______________________________________________________________14.44E-08
2-B ' 1 4.43E-09 0.00E+00 1.03E-10

i
i

I
3-B 'l

I
i

4-B l- 2.00E-08 0.00E+00 12.00E-08.

i
I

5-B 1 2.86E-11 0.00E+00 12.86E-11
i

I
1

6-B 1
I

I
1

7-B i _|________
___.__|_____________________________________________________________0711.79E-05-TOTALSli.76E-05 1.11E-07 0.00E+00 0.00E+00 2.04E-08 2.06E-OB 1.76E-

77 ,
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Table 25

t-

Frequencies for FSS Root cause 5

Assuming No Halon Damage

FIRE 20NE
CEDUENCEI 1 2 3 4 6 8 17 i TOTALS-

|_________ ._________________..__________..________________g_________
________

1 1 1.04E-10- 0.00E+00 1 1.04E-10
., i

I

2 I 9.4BE-11 0.00E+00 1 9.4BE-11"

I ,

1

'3 1 3.3EE-09 0.00E+00 0.00E+00 0.00E+00 1 3.32E-09 1

i
I

4 13.00E-05 1.32E-10 1.32E-10 3.00E-061 3.30E-05. '

I
I

6 11.50E-09 1.50E-13 1.50E-13 1.50E-101 1.65E-09
t

I

7 1 6.27E-13 0.00E+00 1 6.27E-13
_________|_________

g_________________________________________________0_____...

2-B~ l 3.32E-09 0.00E+00 0.00E+00 0.00E+0 1 3.32E-09 -

i, ,

1
I

3-B I
i

I

4-B I 1.50E-09 0.00E+00 1 1.50E-09
1

1

5-B l 2.15E-12- 0.00E+00 1 2.15E-12>

l
I

I
L 6-B 1

Il i
i- 7-B l

._________________________.......__________________________|__________ ..____

TOTALS 13.00E-05 9.34E-09 0.00E+00 1.32E-10 1.32E-10 3.00E-061 3.30E-05

1
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Table 26

~

,

Frequencies for FSS Root cause 6

Assuming No Halon Damage
s

FIRE 2ONE

CEDUENCEI 1 2- 3 4 6 B 17 i TOTALS

________i_____'________________________0.00E+00
__________________________i_________

1 1.74E-09
1 1 1.74E-09 I

I 1 1.59E-09
E l' 1.5BE-09 0.00E+00

1

I 1 5.53E-0B
3 1 5.53E-00 0.00E+00

|
I 2.20E-071 2.22E-05*

4 1 2.20E-05 0.00E+00
1

1 2.50E-101 2.53E-08 |
6 i 2.50E-0B 0.00E+00

|
1 1 1.05E-11

7 1 1.05E-11 0.00E+00
__________________________ -________

________i_____________________________0.00E+00 1 5.53E-08
2-B i 5.53F-08 |

l- |

3-B l I
I 1 2.50E-08

4-B I 2.50E-08 0.00E+00
I

!
I 1 3.5DE-11

5-B l 3.5BE-11 0.00E+00
is

I 1

6-B i I
i 1

7-B I _______________________________i_________
________1________________________E+00 0.00E+00 2.20E-071 2.24E-05

TOTALS I 2.20E-05 1.39E-07 0.00

,
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Table 27
9
F -

Frequencies For Root Cause 8(" ,
,

i, Assuming No Halon Damage'

v ,

i'
.

Accident fequence Freauency,(per year)
..

r-

g T1 1 3.3E 6

T1 4 1.8E 6

T .6 0.01

!. Total 5.1E 6
t. -

I.
I'

Table 28

Frequencies For Root Cause 9
Assuming No Halon Damage+

Accident Seouence freqVfDgy(per year)

T1 2.1E 51

T -4 1.5E 51

T6 1.5E 51

Total 5.1E 5

1

cs

J

,
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5.2 Sensitivity Study 2 Decrease in Cable Damage from FSS Agents

In the base case analysis, an inadvertent FSS actuation was assumed to j

damale all active electro mechanical equipment and cables with equal ,

probability .

Cable damage is assumed to occur due to inadequate seals for the cables
and.the possibility of erroneous signals bein5 Senerated in cables ,

exposed to an overdump of CO2. Although this has happened once in the |

past, it seems to be an unlikely event. The probability of FSS damage
to cables was treated as a sensitivity issue. In this sensitivity ;'

>

study, the probability of FSS damage to cables was lowered from 0.1 to 1

'

0.01.

For the plant under study, this reduced probability affects only the two
cable vault /tur,nel areas. The reason is that all of the other fire

-|areas contain (primarily) active electro mechanical equipment for which
the probability of damage was kept as 0.1. The two cable vault / tunnels

'

' (fire zones 1.and 2) contain mostly cables with a few motor control
Consequently, this sensitivity study was calculated assuming acenters.

prehability of equipment damage from FSS actuation of 0.01 for fire
zones 1 and 2, with all other zones remaining the same as in the base
case.

The results of this study are summarized in tables 29 34. As in [

sensitivity study 1, the values for root cause 2 do not change and, ,

therefore, are not repeated. The totals calculated for each root cause
are seen to be generally much lower than those calculated for the first
sensitivity study because the contribution from the Unit 1 cable
vault / tunnel has been'substantially decreased. When compared to the
base case, the Unit 1 emergency switchgear room now assumes more
importance in root causes 1, 4, and 6, and the auxiliary building
becomes more important to root cause 5. Note, however, that accident
sequence 4 remains the dominant sequence.

5.3 Sensitivity Study 3 - Decrease in Barrier Failure Probability

For the base case quantification, the probability of failure of the
barriers between two fire areas was taken to be 0.1. Since the
probability of barrier failure to smoke or steam may be much less than
the probability of barrier failure to fire, and since there may be only
a few barriers per fire zone, the actual barrier failure probability may
be less than 0.1. Hence, for this third sensitivity study, the barrier
failure probability was taken to be 0.01 for all fire areas.

The requentified increments in core damage frequency are presented in
tables 35 37. Since root causes 4 and 6 do not depend on barrier
failures, their values do not change in this case. For root causes 1
and 2, all of the values decrease an order of magnitude. This result is
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I Table 29
.

Frequencies for FSS Root cause 1 ;

With Reduced Damage in 71tZ 1 and 2
'

.

,

f

,

FIRE 20NE
SEQUENCEI 1 2 3 4 6 9 17 i TOTALS ,

_.__....q_.....__ ...______...._....._............__.......--___._|..... _..

1 1 3.19E-10 1.2BE-06 1 1.28E-06 '

1 I

E 1 2.90E-10 1.45E-09 | 1.74E-09
1 l

3 1 1.01E-09 5.08E-08 I 6.09E-08
I I

4 l-1.BBE-05. 2.91E-05 1.65E-071 4.71E-05 .

I I

6 'l 4.59E-09 2.11E-08 1.BBE-101 2.59E-08
1 1

7 1 1.91E-12 9.59E-12 1 1.15E-11
... .... _ .__________ ..________..__ .__.... .. .. ____......... |....__ ..

2-B 1 1.01E-08 5.00E-08 I 6.09E-08
I I

3-B' I I

I I

4-B l 4.59E-09 2.30E-08 1 2.76E-08 .

I l

5-B l 6.55E-12 3.29E-11 1 3.94E-11

1
I

6-B l' l
Ii
I7-9 I

___.._. g_____. ...______________________ .___..____ _.-- ____--_____.--____
TOTALS 1 1.BBE-05 2.54E-09 2.81E-05 1.41E-06 1.65E-071 4.85E-05

;
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Table 30
|
|

Frequencies for FSS Root Cause 4 |
Vith Reduced Damage in 71tZ.1 and 2 J

|

|

!' FIRE 20NE '

SEQ. I 1 2 3 4 6 8 17 i TOTALS
|. ___.....___... ___..______........................ ____..... g........

_.....

1 1 1.39E-10 1.39E-09 11.53E-09
I

I

2 I 1.26E-10 1.26E-09 11.39E-09
1

1

3 1 4.43E-09 4.44E-09 9.20E-11 14.89E-00
1

1

4 11.76E-06 1.76E-05 2.03E-09 2.03E-08 1.76E-071.1.96E-05 '
I

I

6 12.00E-09 2.00E-08 2.31E-11 2.31E-11 2.00E-1012.22E-09-
I

1

7' I S.36E-13 8.36E-12 19.20E-12
...______. _________________.. ..........____.__________...___g........

......

2-8 1 4.43E-09 4.44E-08 9.20E-11 14.89E-09'
I

I
I

3-8 I
i

I

4-B 1 2.00E-09 2.00E-08 12.20E-08
1

1

5-B l 2.86E-12 2.86E-11 13.15E-11
I

1
I

6-B 1
I

I
i

7-9 I
_ . .... ____... .,...._- . ..... ......__... .....____.... .g______..

.... _

TOTALSll.76E-06 1.11E-08 1.76E-05 1.11E-07 2.04E-06 2.05E-09 1.76E-0711.97E-05

,

6
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< ,, Table 31 ;

Frequencies for FSS Root Cause 5 |
,-

With Reduced Damage in FRZ 1 and 2 |
1

FIRE ZONE*
*

SEQUENCEl 1 2 3 4 6 8 17 i TOTALS
'

........| .......... ___.... _ ..... ......_....................___|_........
1 1.14E-10 :

1 1 1 04E-11 1.04E-10 l :
I 1 1.04E-10

2 1 9.48E-12 9.4BE-11
I

1

3 1 3.32E-10 3.32E-09 5.20E-13 5.20E-13 1 3.65E-09
l

I 1.3EE-10 1.32E-10 3.00E-061 6.00E-06
;

4 13.00E-06 I
I 1.50E-13 1.50E-13 1.50E-101 3.00E-10

'

6 11.50E-10 1

1 1 6.90E-13
7 1 6.27E-14 6.27E-13 ,

.. ...__q__ .________ .___. ____.. .. .... . ..__. __ .._...___....g.........

2-B I 3.32E-10 3.32E-09 5.20E-13 5.20E-13 1 3.65E-09
I

I i
3-B l 1

i | 1.65E-09
4-B 1 1.50E-10 1.50E-09

-| (
| 1 2.36E-12

5-B 1 2.15E-13 2.15E-12
I

I I

6-B 1 1

I I
7-8 i

. _____.g._________________. _______ .._____.--____________________|._____...
TOTALS 13.00E-06 8.34E-10 B.35E-09 1.33E-10 1.33E-10 3.00E-061 6.01E-06

,

I

|

1.

i

!

|

84"
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Table 32 >

1 jt

Frequencies for FSS Root Cause 6
With Reduced Dama5e in F1tZ.1 and 2 |

i

,

i
i

FIRE ZONE ;

SEQUENCEI 1 2 3 4 6 8 17 i TOTALS
'

g
.______.....__...__..___.___..................__..____.g.____.___ ,

1 1 1.74E-10 1.67E-10 l 3.41E-10 |
________ '

1
t

2 1 1.58E-10 1.52E-10 1 3.10E-10
I

l
3 1 5.53E-09 5.31E-09 1 1.0BE-08 ;

1
I

4 1 2.20E-06' 2.11E-06 2.20E-071 4.53E-06.
I r

I

6 1 2.50E-09 2.40E-09 E.50E-101 5.15E-09
I i

~l

7 I 1.05E-12 1.00E-12 1 2.05E-12 :

___..... -_-_-_____________ ______ ____________________________i.________

E-B l 5.53E-09 5.31E-09 1 1.09E-08
i

I
1

3-B 1
|

I '

4-3 1 2.50E-09 2.40E-09 1 4.91E-09
l

I

5-B 1 3.5BE-12 3.43E-12 1 7.01E-12
1

1
I

6-3 I
I

I
1

7-B 1

________q ..._______.__________
________...._____________________q.________ .

TOTALS I 2.20E-06 1.39E-08 2.11E-06 1.33E-08 2.20E-071 4.56E-06

l

.

,

I

l
'85
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Table 33
;

3

!Frequencies For Root Cause 8
ti With Reduced Damage in MLZ 1 and 2 i

! Accident Seouence Frecuencv(ner year) |

,, ;

'

3.3E 6T 1-1

T -4 1.9E 6 :
1 !

'
1.8E 6T1 6

Total 7.0E 6 .

,

'
.

t

i
'

Table 34

Frequencies For Root Cause 9 -

With Reduced Damage in FRZ 1 and 2 ,

,

k

Accident Sequence Frecuenev(per year)
|

2.1E 5
T1 1

1.5E 5
T1 4

2.0E 5T6'

1

Total 5.6E 5

:

>
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M Table 35 jrss
3 i

Frequencies for F$$ Root Cause 1 |
:With Reduced Barrier Ta11ure Probability t

,
.

!
!

| *

i

SEQUENCEl 1 2 3 4 6 5 17 i TOTALS I
' FIRE 2ONEo

,

.........i................... .....................................i.........1 29E-07 !
.

1

L 1 1 3.19E-10 1.29E-07 i ;

I 1 4.35E-10 ;

2 1 E.90E-10 1.45E-10 i :
I

1 1 1.52E-OS
3 1 1.01E-08 5.0SE-09 -

I

I 1.65E-081 2.16E-05
4 I 1.09E-05 2.81E-06 I !

I 1.89E-111 6.71E-09 .j
6 I 4.59E-09 2.11E-09 l

i 1 2.97E-12
7 l 1.91E-12 9.59E-13 *

........|.........................................................q.........1 1.52E-08
2-9 1 1.01E-09 5.00E-09 ,

i ,

:
I g

3-5 i I '

i I 6.89E-09
4-3 I 4.59E-09 2.30E-09

I i

I 1 9.G3E-12 j

5-3 1 6.55E-12 3.29E-12 i

i I

6-3 I I

I 1
,

,

........ ..................................................... .............1.65E-0BI 2.18E-05 |
7-5 1

1.99E-05 2.54E-08 2.81E-06 1 41E-07TOTALS I
r

,

b

!

,
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:Table 36.

;

,

Frequencies for l'S$ Root Cause 2 {

With Reduced Barrier Failure Probability |
,

h

I
!

I

!
,

FIRE 2ONE (where fire occurs) |
*

SEQUENCEI 1 2 3 4 31 45 54 i TOTALS
........ .........................................................g.........

I

1 1 9.33E-11 1.03E-10 1.02E-07 3.82E-111 1.92E-07
I (I

2 1 3.47E-11 9.39E-11 1 1.79E-10 f

1 ;# 1 I

3 1 2.97E-09 3.29E-09 I 6.26E-09
I i

I

4 1 5.76E-08 1.19E-11 6.66E-091 6.43E-09 i
'

Ii
6 1 3.39E-12 1 3.39E-12 i

I il
7 I 5.60E-13 6.21E-13 1 1 18E-12 ;

!

........|.........................................................g.........
R-3 1 2.97E-09 3.29E-09 I 6.26E-09 ;

i |I
I |a-a |
I i

1

4-9 1 1.34E-09 1.49E-09 1 2.83E-09 '

I ,

I '

5-3 1 1.92E-12 2.12E-12 1 4.04E-12
I

I
,

i !6-s i
i !

I
i |7-3 I

t........,...................................................................

TOTALS I 7.46E-09 8.27E-09 2.40E-07 6.71E-09 6.70E-091 2.62E-07 ;

!

;

!
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Table 37 j

:

I

Frequencies for FS$ Root cause 5
With Reduced Barrier Failure Probability |

[
;

i

!

SEQUENCEI 1 2 3 4 & B 17 i TOTALS !FIRE ZONE
.

......._i..... ..... ................___...........................i._
__.._

f1 2.0BE-11
1 1 1.04E-11 1.04E-11

I

1 1 1.90E-11 i

E I 9.4BE-12 9.4BE-18 l i

I 6.64E-10 fi 3.3EE-10 5.20E-15 5.20E-15 I }3 1 3.32E-10
i 1.32E-12 1.3EE-12 3.00E-041 6.00E-06 i

4 13.00E-06 I |

i 1.50E-15 1.50E-15 1.50E-101 3.00E-10 f
!6 11.50E-10 I

l 1 1.25E-13
7 1 6.27E-14 6.27E-14

...__.. |.....__...................................................
...__....

I 6.64E-103.32E-to 5.20E-15 5.20E-152-3 8 3.32E-10 I i
i 1 .

L3-B 4 I
f

I 1 3.00E-10
4-3 1 1.50E-10 1.50E-10

L
j

I 1 4.29E-13 !
5-B l 2.15E-13 2.15E-13 i t

I i !

6-B i I I
-

i |

7-9 I 1........g............__........................._.................. -........

6.00E-06B.34E-10 1.33E-12 1.33E-12 3.00E-061TOTALS 13.00E-06 B.34E-10

,

e

:

,

b

,
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due to all of the cutsets for these root causes requiring the failure of

one barrier between two zones. The total increment for root cause 5
decreases from 3.3E.5 to 6.0E.6. The decrease for this root cause is

,
~ less than an order of magnitude because it includes cutsets involving

the auxiliary building that do not depend on barrier failures.

As in the base case, accident sequence 4 and the cable vault / tunnel are
important to root cause 1, and sequence 1 and the turbine building are
important to root cause 2. For root cause 5. however, the auxiliary
building becomes more of a contributor than it was in the base case.

5.4 Sensitivity Scudy 4 Combination of studies 1, 2, and 3

For this final sensitivity study, all the changes mentioned in the three
previous studies were incorporated simultaneously. Specifically, the

FSS was presumed not to damage equipment in fire zones 3 and 4, the
probability of FSS damage in fire senes 1 and 2 was taken to be 0.01,
and the probability of barrier failure was assumed to be 0.01. The
accident sequence cutsets were then requentified with all other values
being kept the same as in the base case. Hence, this sensitivity study
represents the most optimistic analysis..and the most optimistic
results..in this report.

The resulting increments in core damage frequency are summarized in
Tables 38 44 For root cause 1, the total increment has decreased from
2.2E.4 in the base case to 1.9E.6. Accident sequence 4 and fire zone 1
remain the major contributors as in the base case.

For root cause 2, the total increment decreases from 2.6E.6 to 2.6E.7,
reflecting the order of magnitude change in the barrier failure i

'

probability. Sequence 1 and the turbine building are still the major
contributors.

The total increment for root cause 4 decreases from 3.6E.5 in the base ;

case to 2.0E.6 here. Sequence 4 and the cable vault / tunnel remain as
the dominant contributors. :

The total increment for root cause 5 decreases by an order of magnitude .

tfrom the base case, going from 3.3E.5 to 3.3E.6. The dominant sequence
is still sequence 4, but the main contributing area is now the auxiliary

| building sis.ce it is unaffected by any of the changed assumptions.

For root cause 6, the total increment decreases from 2.5E.5 to 2.4E.6.
Sequence 4 and the cable vault / tunnel remain as the dominant

:contributors for this root cause.
'

i

{
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Table 38 !

;

,

;

;

Frequencies for F$$ Root Cause 1 |

Combined sensitivity study |
,

i ;

!
|
t

7
' F1RE RONE

SEQUENCEl 1 2 3 4 6 3 17 i TOTALS
'

........|.........................................................|......... !1 3.19E-11
1 1 3.19E-11 0.00E+00

I i

I i R.90E-11 |

E I 2.90E-11 0.00E+00 1i
i 1 1.01E-09 |'

3- 1 1.01E-09 0.00E+00 :I
t 1.65E-081 1.90E-06 |

4 1 1.89E-06 0.00E+00 l ,

, 1 98E-111 4.77E-10 |

6 I 4.55E-10 0.00E*00 !t '

I 1 1.91E-13 i

7 1 1.91E-13 0.00E+00 ;

........i......................................................... .........1.01E-09i1

R-5 1 1.01E-09 0.00E+00 !i
I I '(

I ;3-8 I '

'
i 1 4.59E-10.

4-3 1 4.59E-10 0.00E+00 '
| 1 4 55E-13 ;

5-3 1 6.55E-13 0.00E+00
I

I I

6-3 i I ;

I I |

7-9 I
.

........|....................................................................1.90E-06 '
1 65E-001

TOTALS 1 1.98E-06 E.54E-09 0.00E+00 0.00E+00 I

i

,

i

t

| .

|
'

,

-,
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Table 39' i

i

Frquencies for TSS Root cause 2 i

lCombined sensitivity Study
!

! !
t
'

i

; i
?
;,

FIRE 2DNE (whure fire occurs)r

SEQUENCEI 1 2 3 4 31 45 54 i TOTALS r

.... ... .........................................................i.........
ji

)

i 1 1 9.33E-11 1.03E-10 1.SEE-07 3.BRE-111 1.SEE-07 ;

I
I 1 1.79E-10 |

2 1 S.4'/E-11 9.39E-11
1 ;

| I 6.26E-09 |

3 1 2.97E-09 3.29E-09
I |

4
'

5.76E-08 1.19E-11 6.66E-091 6.43E-OS4 1 I i

3.39E-12 1 3.39E-12 [I

6 1 1
-

l 1 1.18E-12 |
7 1 5.60E-13 6.21E-13 |

........
.........................................................g.........

1 6.26E-09 !
2-B I 2.97E-09 3.29E-09

I i
1 i t

i3-3 i i
I 1 2.83E-09 i

4-B 1 1.34E-09 1.49E-09 l i
1 1 4.04E-12 |

5-B 1 1.92E-12 2.12E-12
| ;

I| I
6-3 I I f

I | |
7-9 I ;........ ...................................................................

TOTALS I 7.46E-09 B.27E-09 2.40E-07 6.71E-09 6.70E-091 2.62E-07 !
i,

b

.

!
,
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Table 40
Frequencies for TS$ Root Cause 4

Combined Sensitivity Study
r

!
!

!

!

FIRE ZDNE

SEG.I 1 2 3 4 6 9 17 i TOTALS :

|...................... ........
......i......................................... 11.39E-10 ;

1 1 1.39E-10 0.00E+00 I |

I 11.26E-10 |

2 1 1 26E-10. 0.00E+00 1
,

'

3 1 4.43E-09 0.00E+00 1.03E-10 14.53E-09I
l |

i
I 2.03E-09 E.03E-08 1.76E-0711.98E-06

6 11.76E-06 0.00E+00 i :
i

2.31E-11 2.315-11 2.00E-1012.25E-09i
6 It.00E-09 0.00E+00 I |

i 19.36E-13 |
7 i S.36E-13 0.00E+00

.... .................t........ ;

......,t......................................... 1 03E-10 14.53E-09 i

I IR-B I 4.43E-09 0.00E+00
i i |

3-3 I i |
112.00E-091

4-3 1 2.00E-09 0.00E+00 I ;
'

I 12.86E-12
5-5 1 2.86E-10 0.00E+00 l ;

I i :
'

i'6-8 I
1 I t

<

...... ............................................................ .|........7-9 I

TOTALS 11.76E-06 1.11C-00 0.00E+00 0.00E+00 R.04E-09 E.06E-0B 1.76E-0711.99E-06i

,

!

t

t

I

t
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Table 41 |
|

Frequencies for FS$ Root Cause 5 i
Combined Seusitivity Study |

|

i
i
!
;

FIRE ZONE i

SEDUENCEI 1 2 3 4 6 8 17 i TOTALS |
........|..........................................................g......... .

1 4 1.04E-12 0.00E+00 1 1.04E-12
I I !

E I 9.4BE-13 0.00E+00 1 9.4BE-13 !
I i ;

3 1 3.32E-11 0.00E+00 0.00E+00 0.00E+00 1 3.32E-11 i

! l !

O 13.00E-07 1.32E-12 1.32E-12 3.00E-061 3.30E-06 ;

1 I '

6 11.50E-11 1.50E-15 1.50E-15 1.50E-101 1.65E-10 [
t I

7 I 6.27E-15 0.00E+00 1 6.27E-15 :
!........|.............................................___ .. __....q.........

E-B I 3.32E-11 0.00E+00 0.00E+00 0.00E+00 1 3.3EE-11
1 1

3-B I I ,

I i !
'

4-B 1 1.50E-11 0.00E+00 1 1.50E-11
| |

5-B 1 2.15E-14 0.00E+00 1 2.15E-14
1 1 ,

f0-8 I |

I I

7-5 1 1

........g............. _.............. ___...................... .. ....._ .. .

TOTALS 13.00E-07 8.34E-11 0.00E+00 1.32E-12 1.32E-12 3.00E-061 3.30E-06

i

I

;

,
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Table 42

l

Frequencies for FS$ Root Cause 6 |
ICombined Sensitivity Study
t

i
t

.

F1RE ZONE
SEQUENCEI 1 2 3 4 6 8 17 1 TOTALS i

........i........................ ... .....___....... ..... ......l. ..... . |

1 1 1.74E-10 0.00E+00 1 1 74E-10 .

ti
I

2 1 1.58E-10 0.00E+00 1 1.5BE-10 -

I i

1 '

3 4 5.53E-09 0.00E+00 1 5.53E-09
I j

I
4 1 2.20E-06 0.00E+00 2.20E-071 2.42E-06 ;

I
I

6 1 2.50E-09 0.00E+00 2.50E-101 2.75E-09 !

i j*

l
7 1 1.05E-12 0.00E+00 1 1.05E-12

--.___..i___...................-....__ ........__ .... . --_......| ..___ .. ,

2-B I 5.53E-09 0.00E+00 1 5.53E-09 ,

I :
i *

1
3-B 1 '

I
I

4-B 1 2.50E-09 0.00E+00 1 2.50E-09
I ,

I

5-B 1 3.5BE-12 0.00E+00 1 3.58E-12 '

i ,

I
I

6-9 'I
l !

I
I

7-3 I
.--.__...g-_...._____ . ___.-___.------------------____.________.--|_.--._ -- -

TOTALS I 2.20E-06 1.39E-08 0.00E+00 0.00E+00 2.20E-071 2.44E-06 ,

!
1

i

)

I

1
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I- Table 43

Frequencies For Root Cause 8
Combined Sensitivity Study

'

l
i

Fraauenevfmer vaariAccident Beauanea

3.3E.6
f, 7 +11

1.8E.7. y ,4

i 0.0
T1 6

'
Total 3.5E.6

>

)

i

Table 44

Frequencies For Root Cause 9
Combined Sensitivity Study

Frecuencylper year)Accident Seouence

l. 2.1E.5
T1 1

1.5E.6
T1.~ 4

3.4E.6
T1 6

Total 2.6E.5
L

:
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The not result of this most optimistic analysis is to decrease the
increments in core damage frequency about an order of sagnitude, with

'the exception of root cause I which decreases about two orders of
magnitude . In addition, while root cause 1 was the dominant root cause r

in the base case, now root causes 1, 4, 5, and 6 all have about the same !

total increment in core damage frequency.

5.5 Summary

The requentified contributions to core damage frequency are summarised !
on Table 22. As can be seen from this table, the impact of assuming no
Halon damage to equipment was relatively minor for all root causes.
(Note that the totals for Root Cause 2 did not change in any of the -

'sensitivity studies sines this root cause involves access prevention and
not TSS damage.) The impact of reducing the conditional probability of ,

,

CO2 damage to cables was more significant, reducing some of the root '

!cause sequence totals by an order of magnitude. Similarly, the impact
ef reducing the probability of barrier failure was up to an order of
magnitude for some of the root cause totals.

Comparing the base care total incremental increase in core damage
frequency due to inadvertent TS$ actuations (3.9E.4 /Rx.yr) to the total !

for the combined sensitivity study case (3.9E.5 /Rx.yr) shows an order
of magnitude decrease oserall. Additional data for the uncertain
parameters varied in thsse studies will be required to understand the !i

true incremental increase in core damage frequency due to inadvertent
t

TSS actuations,
t

|

[
.

I i

i

a

e

97

. _ _ _ __. . _ _ - - - _ . - - -. . . . - .



f

i
, j

!' [
'

i

;

6.0 COST /SENEr!T AS$ElisMENT ;

|In order to make a preliminary assessment of the cost effettiveness !

(from a risk. averted viewpoint) of possible changes to the plant which |

would reduce or eliminate the risk increment due to inadvertent |actuations of the fire suppression systems, the core damage frequency j
increments computed in sections 4.0 and 5.0 were converted to off. site. i
dose, possible plant modifications were identified (and their costs j
estimated), and a staple cost / benefit analysis was performed,

i

t

One measure of the benefit achieved in retrofitting a modification to a
power plant (and which results in a decrease in public exposure due to

-

i

an accident) is the Dollar.to Man REM Averted Ratio (DPR) as describedIt can be computed including or excluding on site :

in Reference 13.
Including the onsite costs tends to make the benefit greater. ,

!costs. one can neglect the on. site costs, and conpute thisAs a first cut,
ratio based only on off. site exposure. Thus, the ratio

j
i

Cost of Modification
|Off. site man. REM averted

~

is used as the cost / benefit sensure in this study.
'

In figuring the cost of sodifications, in general, one should include [costs due to replacement power during downtine, and costs associated ;In fig.tring thewith any additional future maintenance required.
averted dose, one should, in general include dose experienced during

For this preliminary estinate, it is assumed f

the sodification process. !that the modifications will be performed during a routine outage with tFurther, it is assumed that no addednegligible additional exposure. Thus the DFR
maintenance costs will result due to the modifications.

'

cost / benefit ratio will be computed based only on the averted offsite
man. REM dose and the estimated cost of the modification. '

.

6.1 Offsite Dose Calculations
i

To convert the calculated core damage frequencies to offsite dose, a '

simple containment failure event tree (as was used in the WASH.1400
,

study, Reference 8) was used. The methodology used here is exactly the '

same as was used in the NRC sponsored Adaquacy of Decay Heat. Removal
studies for Unresolved Safety Issue A.45 as reported in Reference 13.
The generic pWR containment event tree (CET) is shown in Figure 15.
Three containment functions are shown on this tree:

;

Z - Overpressure prevention function .

C = Radiation removal function using sprays
2

;

T'- Radiation removal function using spray ,

!

1 recirculation
I
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The tree shows six Snd states depending on the success or failure of the
three functions above. Success or failure of the overptessure
protection function is plant specific, but is a function of the status
of the fan coolers, the containment spray pumps, and the containment i

|spray recirculation punps, depending on the success criteria for these
-

systems for the specific plant under consideration. (Note that not all |

PWR plants hava all three of these systems).

For the plant under consideration in this study, it was not necessary to
determine the success criteria exactly, since for the fire zones under
consideraton, only two end states are possible. ZC2 in which all

!

iconteinment systems fail, and ZC2r' in which none of the containment'..

systems are failed. This follows from the fact that the cabling for all |

containment systems runs from the containment through the Safeguards
!

,

area, control / vault tunnel and the Electrical Switchgear room and also '

(for control) to the control room. The only important fire zone found '

in this study that does not have cabling for the containment systemsHence all cutsets for the |running through it is the Auxiliary building. !above fire zones except the Auxiliary building are assumed to fail all '

containment systems because of damage to the cabling. Cutsets involving

actuation of the TSS in the Aun111ary building are assumed to fail none ;

Thus only the 'all fail" and the 'no fail" -

of the containment systems.

branches on the containment event tree need be considered. (This is a i

very plant specific result and is not to be expected in general).

This containment tree is used as follows. First, all cutsets in all ;

;

sequences are mapped to one of the end state branches of the tree (in
this case, the "all fai1* or the 'no fail" branches). From this, the i

!

frequencies of the different CET end state branches can be computed.t I

These end states and their corresponding frequencier are then mapped to|

one of seven release categories (each release category corresponding to
,

a specific containment failure mode with its own timing and mode of
release of fission products as described in Reference 8). This mappingi

is performed with the split fractions and release category assignments
shown on Table 45. Note that, for each CET branch shown on the left
hand column of this table, the sum of the split fractions (shown |

j horizontally to the right) equals to 1.0. Under each split fraction
'

shown is the release category corresponding to that release fraction.
| Thus the frequency for each CET and state branch is split up and
I L

|
assigned to a specific release category.

,

Finally, the frequencies of each release category are multiplied by a
source term factor to obtain the offsite dose due to that containment

The source term factors were derived from more detailedfailure mode. a

1
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Table 45 ;

i
>

FWR Accident Sequence To
i

Release Category Mapping

!
t

:
i

.

f

containment Failure Mode with iContain- Special
ment Conditions Probability and Belease Category

c |Systems S Y.6, &g
Sequence Core Welt a

i

IE-4 2E-3 1.4E-2 1.8E-1 2.5E-1 -

! gg 9, 1 5 3 5 7 |
2'

1E-4 2E-3 1.4E-2 1.8E-1 2.5E-1 ,

I" 1 5 3 4 6

!C F'
2 LE-4 2E-3 1.4E-2 1.8E-1 2.5E-1

# 1 4 2 3 6

1E-4 2E-3 1.4E-2 1.tE-1 2.5E-1
fC 1 4 2 3 6 [

2
IE-4 2E-3 1.4E-2 1.8E-1 2.5E-1

20 P, 1 5 3 5 7 ;

2
IE-4 2E-3 1.4E-2 1.8E-1 2.5E-1

l gg 1 5 1 4 6 ;

:26 F'2 1E-4 2E-3 1.4E-2 1.8E-1 2.6E-1
; I'" 1 4 2 3 6 -

1E-4 2E-3 1.4E-2 1.8E-1 2.5E-1
IC 1 4 2 3 6

2

* The exact definition of the containment sequence varies for;.

the PWRs depending upon the system success criteria. See

Appendix 3, tetetences 11 thecugh 14.

EM E early core melt LM i late core melt.1

|

1

l

|
1

1 101
|

|
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| studies of containment failure and release and are used as generic
!- estimates for a ' typical * PWR as described in Reference 13. The source
; term factors used are shown below:,

|I Release Catemory Source Tarn ,

|

1 6.6E+5 !

l
2 7.5E+5 ),

l
3 6.2E+5 ;

i !
4 2.7E+5 J

5 1.0E+5
:

! 6 2.2E+4

7 1.7E+3

;

Table 46 summarizes the dose (in terms of man REM / year) for the base
,

case and each of the sensitivity studies. It can be seen that the |
offsite population dose varied from a maximum of 821 man REH/ year for

,

the base case down to 58 man. REM / year for the most optimistic of the !

sensitivity studies. These four sets of results are used to estimate '

cost / benefit measures below.
:

6.2 Potential Plant Modifications
,

Based on the dominant contributors to the increment in plant risk due to '
,

inadvertent actuation of the FSS systems, a number of potential plant
modification were identified which could reduce (or eliminate) part of
this risk increment. Five potential modifications were considered as
shown on Table 47. Cost estimates for each of these modifications were
based on Reference 14 and personal communication with plant fire
protection personnel and commercial fire protection engineers. These ;

cost escinates should be considered as rough estimates only, ac such '

costs are very plant specific.
|
'

A. To replace the CO2 system in the cable vault / tunnel with a
Halon system. This is based on the fact that damage to cables i

in the cable vault / tunnel was 6 ten to be a significant
e

contributor in the base case. If we assume that Halon has
significantly less potential of damaging cables given an ;

inadvertent actuation, then a significant risk reduction would
,

result. Estimated cost of this modification is in the $50 100K
range.

L

|
,

|
,
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Table 46
Summary of Base Caso and Sensitivity Study Results ,

c
J

I in Terms of Risk (man REM / year)

Root- Base No Halon Reduced'CO2 Barrier All ;

t Cause- Case Damage Damage To Cable Failure = 0.01 Cortbined j
,'

1
i

1. 496,0 430.0 109.0 49.6 4.3 !

2. 3.4 3.4 3.4 0.3 0.3
;

1

3. N/A N/A N/A N/A N/A ;
'

,

I 4. 81.1 40.6 44.8 81.0 4.3
,

J

5. 72.4 72.4 10.7 10.7 4.5 '
,

;

6. 55.6 50.7 10.2 55.6 5.3

'

7. N/A N/A N/A N/A N/A
!

8. 10.8 6.5 9.0 N/A 4.5

9. 102.0 81.6 98.5 N/A 34.9

10. N/A N/A N/A N/A N/A ,

TOTAL 021.3 685.2 285.6 197.2 58.1

i

,

!

.

4

P

t
'

t

{
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Table 47 |

| Possible Modifications & Costs |

F :
!
4

A. Replace CO2 w/Halon system-

Area affected . FZ1 Control Vault / Tunnel ;

Root cause Scenario affected all :
tCost $50 to $100K
i

B. Re. route one train of HPI & CCW Systems i

Areas affected . FZ1, 3 [

Root Cause Scenario affected . all j

Cost . ;

Thru adjacert area - $ 5 10K '
Thru non adjacent area - $10 50K

C. Replace CO2/Halon Control Circuits [
w/ Supervised printed circuit board contrrl circuits j

Area affected . TZ1, FZ3

Root cause scenario affected RC8 !

Cost . $1CK por system

D. Divide Fire Area by Physical Barrier Between Trains ;

!

Areas affected FZ3
Root cause scanarios affected all I
Cost . $100K (very approximate estimate) |

t

E. Implement 24 hr Fire Vatch in FZ.), FZ.3 f

Cost - $640k/ year [

;

I

:

,

104
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B. Re. route one train of cables from the Unit 1 cable vault / tunnel |
and emergency avitchgear rooms to the corresponding Unit 2 ,

rooms, which by virtue of the layout of this particular plant !

is a viable option according to plant personnel. This would :

prevent simultaneous failure of the HPI and CCW systems whose |
cables currently are in the same areas (although separated as !

required by Appendix R). This would reduce the impact of |

inadvertant FSS actuations on all root cause scenarios !
'

considered. The estimated cost of this modification is in the
$5 50K range depending on how the cables were to be re routed |
(other factors could play a role in where the re. routing would i

be). j

C. Replace the CO2 and Halon systess control circuits with printed
te.ircuit boards to avoid relay thatter problems. This is already

being done at a number of plants due to other considerations. ,

The estimated cost is about $10K per system. j

D Erect physical barrier botveen trains of safety systems to |

prevent simultaneous failures due to pSS actuations in the :

Emergency Switchgear room. This would reduce the contributien ;

:of all scenarios, but would be very expensive. A very rough
estimate would be $100K. This was not quantified from a [
cost / benefit viewpoint because of the anticipated cost and the |

fact that, at this plant, the same risk reduction could be j

obtained with option A, all other things being equal. .

.

E. An option which is always available is to post a permanent fire ,

watch in crucial areas, in this case, the cable vault / tunnel
and the Emergency Switchgear rooms. Using reasonable salary ;

estinates and overhead rates, this option would cost at least
'

$640K per year. Given this cost and the fact that it would !

have to be implement,d in both units, this option was not ,

further considered. r

.

It should be noted that the plant modifications identified above are i

likely to be those considered at any plant, with only the associated
#

costs being significantly different.
,

|

|
,

|
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6.3 Cost /Senefit Results I
! Using the risk estinotes for the base case and the sensitivity studies ,

fres Table 46 and the cost estimates from Table 47, one can calculate i

the DPR ratio described earlier. Table 48 presents these ratios for the
three most likely modifications (per plant year). Assuming a remaining |

| plart life of 20 years, one has the following cost / benefit ratio values: ;
'

|
i

Modification A 4.6 to 9.2 dollars / san REM l
r

| Modification 5 0.3 to 3.0 dollars / man REN
!

Modification C 231 dollars / san REN !
i

[
These cost / benefit ratios are all sasil relative to the $1000/ san REM
averted guideline which is often used as a reasonable criteria for
cost / benefit effectiveness. This vould imply that all these
sodifications are cort. effective from a risk. averted viewpoint.

,

I

!

t

i

i
t

i

6

+

t

6

i
.
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I Table 48
L

Value/fepact Results>

I
:

Modification A Replace CO2 with Halon in CV/T.

Risk = 821.3 285.6 - 535.7 man REM /yr
,

Cost - $50K to $100K
!

'l&luit - $93.3/ man REM /yr to $186.7/ san. REM /yr
Impact

Modification & Re, route one train of affected system

Risk - 821.3 58.1 - 763.2 man REM /yr

cost - $5.$50K

Ealut - $6.5/ san. REM /yr to $65/ man. REM /yr

Impact

Modification C Replace Relays v/Non chattering circuits

Risk - 10.8 0.0 - 10.8 man REM /yr

cost $10K x 5 systems - $50K

$4629.6/ man REM /yrValue - 112E -

Impact 10.8

|

L

l
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|' 7.0 SUMMARY AND CONCLUSIONS
,

| A number of general insights into the potential problems associated with
inadvettent actuations of fire suppression systems have been obtained.'

The review of the LER data base substantiated the observation that such
events tend to occur with a relatively high frequency of 0.12 per
reactor year, and thus can be expected at some time in the life of anyi

particular plant. In 786 of the events inadvertant actuation of water
systems was involved, while CO2 and Halon actuations each accounted for
11% of the events. It was found that inadvertant actuations resulted in
damage to other nearby plant equipment in 60% of the events, for those
inadvertant actuation events involving dasege to other components, 844
were due to water systems, with the remainder due to CO2 systems. No
event in which Halon damaged other equipment was found, although in
principle, this is possible. In particular, cables were found to be
vulnerable primarily to water, while damage to cables due to CO2 was
found in only one event.

Ten different root causes of inadvertent TSS actuations were identified,
due to either random events, fire events, seismic events, or fires
external to the plant boundary. The accident sequences which could
result from these 10 root causes of in.edvertent FS$ actuations were
found to be either general transients (with the PCS initially available)
or transients associated with seismically induced loss of offsite power,
For the PWR examined, some of these transients led to loss of coolant
inventory inside containment through reactor coolant punp seal LOCAs or
stuck open PORVs.

The inpact of these 10 root causes of inadvertant TSS actuation was
evaluated for a prototypical PVR plant. The vital area analysis
performed for the plant showed that there were a relatively large number
of fire zones (both as singles and in conjunction with random failure
eventa), for which inadvertent TSS actuation could lead to core damage.
This observation is significant in a generic sense, for it would lead
one to believe that a similarly large number of critical areas would be
found at any plant. The same observation applies both to seismically-
induced FSS actuations as well as fire and random failure induced
actuations.

The scoping quantification showed that certain inadvertent actuation
scenarios could result in incremental increases in core damage frequency
in the range of 10 5 to 10 4 per year based on the the parameter values
used in this study. This was shown to correspond to incremental
increases in offsite dose of 58 to 821 man REM / year. A simple
cost / benefit calculation showed that the fixes proposed to reduce (or
prevent) such inadvertant actuations would be cost effective from a
risk averted viewpoint.

Based on the assumptions made in this scoping study relative to the
effects of TSS agents on equipment, the core damage frequencies were
found to be relatively high. Unfortunately, little or no data exists on

109
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the effects of the F$$ agents on different types of cables or active
j

electro sechanical equipment, so it is not currently possible to further |j

|
refine these assumptions. While the assumption that the effects of |

Halen on equipment are similar to those of CO2 is not consistent with
the limited data reviewed in the LER data base, from a generic viewpoint ]

iauch an assumption must be nada until actual data show otherwise,
|[

In the same vein, little or no data owist on the probability of breach !
'

of fire barriers in the presence of smoke or steam, yet the spread of I
smoke is potentially an important cause of inadvertant FSS actuation. )
Clearly, additional effort to develop such data is warranted if further '

(more refined) studies are to be made. i

;One additional generic insight obtained has to do with diesel generator
rooms which use either CO2 or Halon for fire suppression. In order to i

uaintain the required concentration of suppressant in the room, it is ;

necessary to seal off the room given FSS actuation. It is generally /

thought that this can result in overheating of the diesels themselves.
-

If there is a fire in the room, the philosophy is that it is more i

|important to suppress the fire than to worry about the potential
vainerability of the emergency diesel generator overheating due to loss |

'

of room cooling. However, when there is an inadvertent actuation, the '

diesel is needlassly incapacitated. If an inadvertant actuation were to
occur in several diesel rooms simultaneously, a potentially significant
common cause failure of the diesels could occur.

;

:

f
,

>
P

!

!

,

!
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Inadvertent Actuation of Fire suppression system Checklist ;

!

Plant: NbT(.H i Type &W( |

Date of incidenttjf 3 A .

;.

1. 4 power / mode? Ae fu e It bj
d de di d a t,y s 4.m !'

toir pus 6m' ' i n
2. Initiator? Dropi^

l

3. How many fire suppression systems actuated? d. ,

t

4. Suppression system (s) involved? D e f u y er

5. Component (s) of fire suppression system
which failed / initiated actuation? Mr f f Ict' h e de r4 ' e, +' Sythem

6. Affected area (s) of plant? 7,
i

7. Affected plant system (s)? 7,

8. Affected equipment? 9,

9. Failure node? -

10. Result in a plant transient? T. 3

7
11. Result of a plant transient? -

,
'

No [
s

12. Result of a fire elsewhere?
t
t

%

6

qp.

,

te m a i v p i1 o + L. A h/. rep A pveuver:
,

uocpecM eJTwc deep u + a ahl on
gyc+, m .
Ae lu.g e val ve ,

|
l

|

113
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Inadvertent Actuation of Fire Suppression System Checklist ,

Types bVlk |ON CbbPlants |Date of incident: 9- Y- ? O
1. 4 power / mode? 99 %

i
2. Initiator? Fenerni error

I
/

3. How many fire suppression systems actuated?

4. Suppression system (s) involved? Wafer Spray f
5. Component (s) of fire suppression system j''

*

which failed / initiated actuation? !

' ' .6. Affected area (s) of plant?
-

:

/ [IO #Cfy7. Affected plant system (s)? Cere f

8. Affacted equipment? 6r-r Jer buw[? f

9. Failure mode? g,i , a 4 , ,*, c.C [*o ..p IA d er ' ' / lr e r a
!

10. Result in a plant transient? Ne !

11. Result of a plant transienty /J - |

12. Result of a fire elsewhere? /Ir
|
!

f
8

:'

pe r t a v v. e |0ch kp Ncw \v c) f r o f.+ t {l|| n i r e v. o * c e

py oc e A wo t i% he < + r , A ly u+ivaca e iv , !
-

' r. - L v !Lpo4e cRon cyeew eve r crre e p r ., y r-

p p F t. , we.f+k Leech y y.uwp wirirq Oc6t|c
y '

w .4 :. o c +iya+c ci nJ speciOeA.n r. Iw w sy h|
|

I

114

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



a
p.

d
y

1

Inadvertent Actuation of Fire Suppression System Checklist
..

AWR fPlant: ' OYSTER. CREEK Type:

Date.of incident: 6 I2-Ff
1. 4 power / mode? /00 %

2. Initiator? $ta m hem $ c.com Ddcharpe Volu e .

,

A
3. How many fire suppression systems actuated?

4. Suppression system (s) involved? bpluj e ,

5. Component (s) of fire suppression system
which failed / initiated actuation? ]

6. Affected area (s) of plant? k c a t fo r buI!)' 9 II b C V d+' b H '

7. Affecte.d plant system (s)? Moee

Affected e pipment? h r M8.

9. Failure mode? b c s' e
>

10. Result in a plant transient? No ,

Result t'f a plant transient? Ye i11.

Noa fire elsewhere?12. Resul? '

.

9 m
I

g

idsc.k..ry e volume s, J/d not do| te . Es to p r.otcraw

L sham Grou & u.wisolate d s c ro m d&dag e volu y /

[ 4 c+v a +e d Me. deluge syck m a+ e e ra c+or
Subseque a tl , e. c.leuu pL ball &3 sl'elevah . y

L
syde u iso 64to g volve 4 tiej +o opu er c o v..mu/

L becaute ih breake r h.J &dgeJ ,(I+ is r e4 < l , r

F whe k e % c h luy e eavecc) W k< n he r +<;p)4b-Wwna uto) fe c e vgM a mal pr oc od a v et
re ,_ c + o v c6 blown .

115
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Inadvertent Actuation of Fire Suppression System Checklist

D bb R Type 8 W [,
Plant:
Date of' incidents f g . p3 p j

1. % power / mode? foo yo

2. Initiator? Hl h huaARy[ duct ia H PC T ree*.
'

$

.How many fire suppression systems actuated? /
3.

4. Suppression system (s) involved? DeIu9e

5. Component (s) of fire suppression system
which failed / initiated actuation? Ter | r a ! d v. Mehetev

,

i

6. Affected area (s) of plant? N P CI roow -

7. Affected plant system (s)? HFCI 57ctew
"4

8. Affected equipment?

9. Failure mode? % key in H9(1 oil Sow plo

10. Result in a plant transient? h)O
'

11. Result of a plant transient? do'"

12. Result of a fire elsewhere? /d o
4

,e

L

novmal o p erahion hhh to w e.e r + r o t h .Du.rN 3 j

J kvid Aih ab c) v s+ pav+hles \n HPcI rom
'

y
se+s of4 io<dze!-dr d e fe c fc e ; u.&u + i q (,V e

'

-

delu g e cy cte wt . WaA er was fourolir au HFG'

g oil cample , so Re Hgk P< essure Coo 6+-
de.t f av ed lno h|e .

'

Ih} ec k I oM6ysktw
'

(c.nak w\y,%e avh-le preu u r fu %pe rasp %
was

/round h be inoperable loeco.use oC a brokuwas

wire.)
113
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Inadvertent Actuation of Fire Suppression System Checklist
.

NWkobc ON A TypePlants
Date of incident: 4- - 9 - T *7 ;

-

1. 4 power / mode? O '$

2. Initiator? Cow 4ractor be r80"M'! Mf of f

3. How many fire suppression systems actuated? I

4. Suppression system (s) involved? No. I e A

' 5. Component (s) of fire suppression system
which failed / initiated actuation? 7,

E ' 'i+ ' # 8emE le chi c6. Affected area (s) of plant? AadIa y T
7. Affacted plant system (s)? Neee

' s. Affacted equipment? M r- '' "

9. Failure mode? N/A
10; Result in a plant transient? Ne

L
11. Result of a plant transient? / b1

12. Result of a fire elsewhere? /.I O

lov$fechcf fPfLOVVe$ tno)\itoYheehl ochuo d *'b
"

y
Hn Ior %e wpp a n ', o n ey 4ew in o a Al&> v v

equi Y"#c\c c + rica l equipwent room . & darf F
dovd amo yed eI+koup k 4he % % v. tyw a .c y

-h w p o r axi ly d ep e re. b I e .wu

117
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Inadvertent Actuation of Fire Suppression System checklist |

MNNb EWkType:Plant
Date _ of incidents || ( 4. . F |

ysoys100td1.- % power / mode? 7, (Re t %d ;

2. Initiator? he rbann * ( tff0f
'

3. -How many fire suppression systems actuated? Sev.nI
l'%.brifeep(Defuge iE>fie4. Suppression system (s) involved?

u 5. Component (s) of fire suppression systen
'which failed / initiated actuation? g 4,.,)c|vfu'ife,. fe i.eler:Id Vab(f.-

Affected area (s) of plant? (eve.f al ( Mtf 2 001''\6. '

6+n 1Affected plant system (s)? Roxw Pro 6 Hon Sych %*/ .
Nod bv'ive Ly t + e rt.

,

c.kb ssiM ear (dTre+ |Affacted. equipment? R Ps Mehr 6-+ re ra4n 1 +j|-
8.

3

Failure mode? Try c4 Mi McAer bnera erj % h < i,kt<+ed Cto (Iv< 4 +.i.l
9.

.

10. Result in a plant transient? Ye s

( 11. Result of a plant transient? No

12. Result of a fire elsewhere? Mo
,

hur te Shesh on bahe||ife $tgffen k vjoy ke r s''

j

o.c4 s' va+. he control c 'n uih. 6
L (nad v e r tently

I ne ws. bee spvay sole voib w.lve o.e+ur% <s, a dur % g

he spriwk.le r s.ystems in seve ral pluf areoc.

J %e wde r eak<eb. he ec>a h ol rob M oe

sw&k ear c,Wn,&jc..us'q be coa b | voJs3

4. be Msalig n,J h we fully wi%A ro ux pes % .
The wa4ev a.l so Mpped one Re.ae b e fede &
5ysk e no%<3enecabor

s +. Ope <m%vs

maual\y h 5pec) He readov, j
l

118
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Inadvertent Actuation of Fire Suppression System Checklist |'

l

bvW kObEN 3 TypesPlants
Date of incidents ) J - 3 p - g, |

1. 4 power / mode? 6tArfu p j

2. Initiator? bijh Nedb 8 Ak Nu )'
'

3. How many fire suppression systems actuated? /
'

4. suppression system (s) involved? Delv g A

5. Component (s) of fire suppression sys, tem
which failed / initiated actuation? 3,e gg y ,*, , g ,4 , .4 , ,. . H P(I ,

**
6. Affacted area (s) of plant? Nf'(1 koom

7. Affected plant system (s)? H/p Pressure 6tod rajedien s ch;y

Unspec' tend HPc ety@ac +
8. .Affected equipment?

9. Failure mode? W o.ke ( 1omaje 4o HPG
10.-Result in a plant transient? Yet

No11. Result of a plant transient?

12. Result of a fire elsewhere? No

L

|
.

(ori24iox-4 pe Qre defedo<,xMdel aw '

L 4wpuA.n 6 49CI voow 7

The Ae 4-e cA o r +kex a d u.a.4ea A yp c room

de lu 3e . The d.el up bSel aupeciMJ HPcr
beus.u.se. 4 poor s.klell443equipme a+ fu +ke roo m

L al sea. ling Grom Me wee r s p ray. The Hi3'h
I'so f fe/Pretsv.re C.oela a4- L fe d s w syp h a wa r.

nwA Re ue we s ku flown.

119
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Inadvertent Actuation of Fire Suppression System Checklist'

i

Plant: PALt$ ACES rype: Pv)R
Date of incident: f- 2 9. - $ 7

,

1. 4 power / mode? 40*ve

2. Initiator? $+eam r u.f M E cub ed by fersonnelcreer,
3. How many fire suppression systems actuated? I

4. Suppression system (s) involved? Wahr Sp rime rs-

5. Cor.ponent(s) of fire suppression system g pg( '

,

which failed / initiated actuation? *
,

fee a+ # I I"
6. Affected area (s) of' plant? kre o ea ar

7. Affected plant system (s)? NeMe

8. Affacted' equipment? Meec

9. Failure mode? /)exe
*

b ' CAMS' *' " h10. Result in a plant transient? be W Yuf u ff
11. Result of a plant transient? No

NO12. Result of a fire elsewhere?

|

\.

M oldew o a c e personnel erra dl c le s.s Mainy

Fecolwate r Pu w.p Tu r bi ne Driv er Ex ho u t -!- Volv9
i cbite Dr|m's Onv preuv re Pr c +e ch! auuk

3
Dice. +o r up+v r e. The escopig h,'gh +e wpero 4v ro

L stee m actva+e.c. loco ) Wre pr e+etWe e cprGilere,
o era + ort he t ini&+e l se.r a m , Appue v4ly;p a n+p

e pipng a+ J o w a ycl ky sprMle r s ,L
wo

|

120
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!Inadvertent Actuation of Fire Suppression System Checklist *

,

Plants Type PVJ kIb
Date of incident: 7,,9,p7
1. ' % power / mode? 9f +t,

2. Initiator? E!E reo at Ma'ivh we ac, Pro c. eel a re |
3. How many fire suppression systems actuated? 1.

,

4. suppression system (s) involved? \JJo+er Deluye

5.. Component (s) of fire suppression system 7
'

which failed / initiated actuation?

6. Affected area (s) of plant? Transfor w.er o.cea

s yc4w7. Affected plant system (s)? klec4'rIt e#r

'

Af f acted equipaent? l-l, l*f;l* ? b < e i .* f TVns'' e>vw<rs8.

9. Failure mods? yJn 4cc , 4 y,i .$ :A c. e w k i< r + o q < c u r.) t-;. t ro r -
'

'

C ,r v, e r . Pretec +ive o l o y t. t'r e e trip Lwo A y:T *, % r 13 T a,e oAg 4 . c .-re10. Result in a plant transient? ye 3
11. Result of a plant transient? ide

12. Result of a fire elsewhere? /do

Sha,f btA { hy' A M E-ho ( vv.e r ,f.
D e Iu} e Sysb w or

iv.as c e < + e s+ \y ae&vo % d J.nir y mo,e % n o .*'

I woe
ne l- a sb r+up +ronc m, r w or.Wa+c v +-he w prou nl.s

DJs growed acTu.o be s relays whick 4 hen hip'

Ot breoNerS hor ~ Se l~ I, I-C., u 0 l- 3 Shar43f

frors4 er w.e rs, %e re by co usiny a l ess 6.Q g%. t;6-

The re a ch r ' woc b v. manully tripped .y ov>c r.
1
i

|

| 121
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Inadvertent Actuation of Fire Suppression System Checklist

Plants b kD M #c N Type: bWk
Date of incident: f- 3 - T (o -

1. 4 power / mode? C) *7.

2. Initiator? N e4- spe c's Gied h

3. How many' fire suppression systems actuated? Mof spec' iec/d'

beluje4. Suppression system (s) involveo?

Component (s) of fire suppression system gO4
5[8Lthied

5. ,,

which failed / initiated actuation?
of plant? ' by y wen o r ea.6. Affacted area (s)

b"S aeere8 (J a4 E*durdl
7. Affected plant system (s)? Tws.,trueeMobioMj j

S t a ! e* f 1 3 b l't d 0 ' " ' d " )8. Affected equipment? hey weO Ye Sturt
t WIp.y tscy teel &3 N.p tj Core S uf

9. Failure mode? Woker Cherheh Sw'| l e k eov.haets Ger.1er5j
.theo acb*vate 4 EitF,

10. Result in a plant transient? N6
,

11. Result of a plant transient? No

-12. Result of a fire elsewhere? 6

e \ e tfft cok C kot t in Ne bt kOA I- 3 -TC.y * '

ca. n i
,

drywell prescure sevsort ca u. se d o. G a. l te hi kj
pretture sfpd h be ge re n+ed , The e,ws , of

he Aerk ma.s m e h % <e is %e sevsort L-ce w.oa

unspectMicpurieut 4-ire f. prey a c + a a.+ / e w d k.f di3
eo.clfer Tb Gula hc3 k possure s'iaalachnhj

S
.

sevevaA e wpe e red sde+y Geo.bres. inclu &y dl
t Ate se.\ g e nero. hrs ge mer3e vcy eidpmea+ cooliry

'

wo}e v puw p,awA & core spay 'mjec.+a v voie
opewiaq . E% ce +he reacto r was t.ha+ Jew a; +he impact
wo.e w of se ci ous,6+ %wo yl6 otc.o nb m's na+ea wo.+e e

dic) spill @+o +he lowg 9d ( ff] (f" ' [f _



_ _- - _ .-. -- -

MlI {

!

,

Inadvertent Actuation of Fire Suppression System Checklist ;'

;

FwkRO8)N50M 2. .rype:Plants
Date of incident y || g g

1. 4 power / mode? I

2. Initiator? Oe r h e a.f th) o'Ir i48.5^ IfA"6 OfMf

How many fire suppression systems actuated? /3.
'

4. Suppression system (s) involved? De }u3 e

Component (s) . of fire suppression system ( Herif Jc+o r er i
, , -

5.
which failed / initiated hetuation? 7, ./

6. Affacted area (s) of plant? % & Tr e e f.-( w me r k/ea

7. . Affected plant system (s)? 6|e c fri t Ibwe v

Affected equipment? Stn Tro645 bf n'e F b C '"4 Ye I ( " k ' *Y'

8.
*

9. Failure mode? Werer sprayinj iw4 o o pen elec+rt<ol en),; ret,l

10. Result in a plant transient? Ye 5
11. Result of a plant transient? Nt>~

12. Result of a fire elsewhere? Mo

'

He o u y f a t f G. a t b. b.eket.hiUE QovJe f CV y p ?vq
'

c m 3 , break.c M p A+ res a l+. A ir lots of

youw r +o Me c colin 3 hs on Morn Tr.n Gw r
c , NNhne W Malt Tc*rsfo< me r ( cowbl
c hine + vas open for h vWe d oc Mp.ge
vnain hewsformer Aelu3e sy 3+ y a c +v 44,J ,

4ke W et gergr L dDelu g e wder e w+e r &3
e

Nce sgads whM caused o. +u rbin e orJ
L

re a c.fo r trio. The 4r n s fo m er 4eweera b a|

wat evo r too c when & de(uye o r 4 v o-l c J .

123

__ _. . . _ . _ . _ . . - . . _ _ _ - - . _ . _ _ _ . - ~ . _ . . _ _ _ ___ - . .. _ . _ _ . _ . _ _ . . . .
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Inadvertent Actuation of Fire suppression System checklist'

$ ALE M i g. , pyj R- ;

Plant
|Date of incidents ||-g-EQ.,

1. % power / mode? Rebieb ,

S pu r*i ou s - an kno wn2. Initiator?

StV8 f AI" ck flu 9' 5/'b3. How many fire suppression systems actuated? ,

4. Suppression systea(s) involved? De lu3e

5. component (s) of fire suppression system
appayev3 eaure,

which failed / initiated actuation? No

i 6. Affected area (s) of plant? p ,) Mat)l @ uil d ir.g Agg'ili,,y @g||)[ q .
' '

7. Affected plant system (s)? g g g

8. Affected equipment? (har t e a( $ g' \ 4,q

MeWng CM Mik+eV&9. Failure mode?
10. Result in a plant transient? de

|
11. Result of a plant transient? No ,

No12. Result of a fire elsewhere?

i

oppaent reason, se verd deluge sy c w s.L For no .

y damag e was 4hea.ctua+e d +e mpora ril y . The cai
L

we 463 e4 ceveral c ha rce,( 4/+e n in &
ve vd ila+ 'on 3y.t+em,

1

|

|
1

|

124
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' Inadvertent Actuation of Fire Suppression System Checklist

plant NbN BONS 1
'

Typet 8\M k
Date of incidents q , 3 9 g *;z ,

,

1. 4 power / mode? 7

dakwown - spud ous2. Initiator?
,

How many fire suppression systems actuated? . | -

3.

Wd 9E"*4. Suppression system (s) involved? N"5f 8 C N d

5.. Component (s) of fire suppression system ,, ,, 7

a c f u o. '~ 8 f '' e"~

which failed / initiated actuation? c,7*gyiou,
s s \ <sc

,

L ,g c e v I f y c ~* *~ s e s
o .

"

6. Affected area (s) of plant?
b e e m l'7i' r r k o' ()'i' 4

/
7. Affected plant system (s)? g,,,
8. Affected equipment? /3m c

9. Failure mode? M#nt
.

10. Result in a plant transient? ble
'

11. Result of a plant transient? /3r

12. Result of a fire elsewhere? /de-

!
i

i

l

Spwfou s o, cb eh'e 4 ok bwppmden 96.lve iv re tow,' In y'

L bia.ilJ to3, Sp r&kler wo+ev d coial +o . floor c v y p

Od w'ixed w'sdh to d ioo c-hioc vla.4e r , c.o.u shy S u wp

| +o o ae dlow . A sme.|| guaalffy of ouer4Iousivy wa-Ee r

| esca pc d bu'ildiry orovjk s4o r m ) <a N sy de w .
No e quipw.e a4 dmugek.

'

|

|
|

4

| 125
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Inadvertent Actuation of Fire Suppression System Checklist

Plant: 6 11 N Y 2. Type: fM
Date of incident: ; g 9, g(,,
-1. % power / mode? f oo *y,

6scaf vg 64*a m[Vla.fe r?2. Initiator?

How many fire suppression systems actuated? i. ( InibiMI \3. y

4. Suppression system (s) involved? 5 p rinkle rs
'

L 5. Component (s) of fire suppression system
which failed / initiated actuation? Sk,ft 'yco'ih iw five protecfr

* '
on ;

| caw 4roI fsect |
6. Affected area (s) ofplag? .g ,. ggg gt ,

7. Affected plant system (s)? E**rjev ey LThf pa r Ecew s '
,

(_02 suppve r.. io r tysfe wj alow f.upprect'ioe. cychwjH

fhreff, els Ses CO., e sd Heleej hab to Regeah; A''O *
*

rai2=r =ad h ,. a s ,a c,i w er,,.. m cc , a s ef u a er 4*-
10. Result in a plant transient? Ye t, ~ O nR 1 w;e t.ekuflowv neyA.loy i

'7 'I11. Result of a plant transient? Ye t --Colb< 55 e W
,

12. Result of a fire elsewhere? No

FeA y se c.et A. om < rea c4.< hip ,2 moir 4,e olu,o te r ;

ellsew r up+ared j rele e sk de aw 4.wJ wahr in4e ne forbe
'

y

lu'i|Jin3. This w*b r der +ed out de securny cer) reaJert be
'

all b piad and edere A a 6're pro +<c+ren cen&vol par.el
'

Aroof,owoper e.endu~i+; choi+ivig 4,ever o.1 c''irc uih ord aAa44,.3
m sprinkle e heads. ne sp 'nkler wa.kr leake) ~ n+.

Re cette.1 pane \s 6r Me Cable Tray b us C o suppret: Torn

syche avd Sor He bergercy Q hkgear b us Hafen

suppe esdo t cy<.h.7 c heding e o44rol c'irto'ih o a) a ciu dig
He Co , a4J hioa Eschqe cychws. %e u. ir (0 2

. supply bak was ewfied , CDs.ad Haloa lea ke) into Me cedrol

W"b! ? ?'bbEN.'"h W'*'
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Inadvertent Actuation of Fire Suppression System Checklist

G.ALHoiAO i rype: PWRPlants . ,

Date of incident: 7.(.q7

1. 't power / mode? /OO *L

2. Initiator? Inad.e p4-e Te s 4- roce ure

How many fire suppression systems actuated? .I3.

hi ehr74. . Suppression system (s) involved? f
5. Component (s) of fire suppression system Dir4 m - {, ,

which failed / initiated actuation? (k ec k W |ves in+c r fa c.iv.
IWdra- |
,

|

g ,.
pe 'syc4em cielalrypib <<ku e e n'

e ni gw ty c+e m 16. Affected area (s) of plant? g g.
7. Affected plant system (s)? g4rmegt Air e g+e w.j bi e s el 6 e n+ rofe r f

'

i
8. Affected' squipment? Q'es..\ 6-e w e v d et Edo u c4 D.,p, e

9. Failure mode? N'J de.(- b or ne ra t Mue c.a used air (low pilot volve ho > !

'Nek..

1o.. mesuit in a piant er.nsient? No
11. Result of a plant transient? h o

- 12. Result of a fire elsewhere? bo I

d u.r'm y o. ter+ of 4-he dieteI ye v.evda e !
'

On t - I. - 9 7

pip.fu+< we &p r o+e. diow.
sy 4.4 ew.; wafer e r +e r e d6;edry

0ie sydeu 4<ow He FPS. Thene
fo reig n * * fe ri ^I P r "* " + ' *j dome'

cau se woc

of Me c h e c.k. a be s iw%ch6 r befeer Me
u r,, . . . ..or w e

IWD C./ ske M S. R b te {U.f h
'

YO "-23 " T 7 lr* % Apt %j

kYorn Oth CodAWindl0K
.

f and reis n e, V.autep d. KC ;

air flou> pilof Valve fev Oe dieGel je.vte ra.4 or #tt

L e v.b a ust dam pe r to s+ick. T M cosed He

9e.sec&or 4o ou a <k ed am b ~4, +a 4-a all, e h u %< .

"Anedensve kIow Aown o4 %e ins +<omed dr
'

per 4 emed ,+cyctew. C' * " * +h**E"'wes u
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j. Inadvertent-Actuation of Fire Suppression System Checklist

9I b bkI b- 'fYpe BW RPlant:
Date of incident: 2 -py- ? 3

; 1. 4 power / mode? 3
a

2. Initiator? I nc of ( ec.4 t Ethe.II A bi0 K fO!t Meid US !* -
'

o

3. How many fire suppression systems actuated? /

O, lu ge4. Suppression system (s) involved?

5. Component (s) of fire suppression system Jeh'y
which failed / initiated actuation? Qeroid V volve mtbn Nek w r e g .

,
'

,

6. Affected area (s) of plant? ?

7. Affected plant system (s)? $ h edby b a t. If F E * ( 6* I b " * (S Gy

8. Affocted equipment? CkareooI N Nef' ir b f Y 5b M' i

9. Failure mode? \N e ++ivi3 J ( he r c c el Wu '-
'

1 -10. Result in a plant transient? be
i

11. Result of a plant transient? 13o

12. Result of a fire elsewhere? No
1

[ h Co f (e C.h thbko. & 10M ch SQ f 6get g)& \lf in !- | u } 4
sychem u sulted k waer l ee kiv.3 wf o SSTsi

choned fil+ers..'

!,
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Inadvertent Actuation of Fire Suppression System Checklist
.

SOW b 3 6WkType. Plant:
Date of' incident: /- / 4 - T Q.
1. 4 power / mode? 7,

2. Initiator? Persew^el hung ceds 5 fray valveon

3. How many fire suppression systems actuated? A

6 pe MM e r4. Suppression system (s) involved?

5. component (s) of fire suppression system
which failed / initiated actuation? t=&J ( 7 r ., 7 'jo .u-

6. Affacted area (s) of plant? 9
'

i a re a

7. Affected plant system (s)? $geke defe c4/or

8. Affected equipment? Smoke dete<for
'9. Failure mode? % ter in s w el:e d.c heder

10. Result'in a plant' transient? No
11.-Result of a plant transient? /d o

h- 12. Result of a fire elsewhere? M e,

ble Sffey Vaf ve;fe.rt,onnef bung LochG on

c.usiny La).verf ut a dv e h'oa of Me weer
spr y. The wder readed a smoke d.e+e ch

L wMch h fah.el au n cia +e d . The kleey
darm co a ld have ma ticed any rea.!alomt few
e+ker smde d e +e c6 r t .

129
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Inadvertent Actuation of Fire Suppression System Checklist ,

'

,

CcoPER 9: gwA
Plant
Date of incident: 4.fy.p

1. 4 power / mode? ~/O %

2. Initiator? n h r ha m er cawse d by 6 proper 5+4d ap o4 4 e pawp,;
I

3. How many fire suppression systems actuated?

4. Suppression system (s) involved? N Eer de IMj e

5. Component (s) of fire suppression system
deluge vo l ve c ,QLwhich failed / initiated actuation? (|,ppees or

6. Affected area (s) of plant? ?

7. Atfected plant system (s)? Swj by (.rnc TreS4 me ,d $ y g he g,

8. Affected equipment? (harcoal Alfer t ,

C k Af C co I E *IEer.t\ nee 4kg t69. Failure mode?
F

10. Result in a plant transient? Yes
11. Result of a plant transient? No

12. Result of a fire elsewhere? Do

Eull doze r che ore ct df f iv e bydrwi; a v.+ o w d 'c d ly
Fa're paupt were ska4 df

Go r h'r, $ R<e puw p s .

un4tl he h yd r a r+ leak wa is olo+e) an) + hen

re pre ss u ri 2 e Oc sysfen?.were retf arfe d 40

Sucicien res+o r Ny of N ele c+<ie Ge pmp
gewenfed a sys4e m e 4-g r howw.ey. The wo.+< r

kameser opssed 4ke were cloppers on Me su.+oua+ie

9aJues. 6y +ke 6+ov.)hy (.ms Tves 4 we <.+ele \ ag e
b c i e w. . The 2eluge w e 4+c d 4h e darco,/

y
9i lte rs con f i H-e r troinc , $ ' ce de $GT$-

et

woc inope rome; Oe reactor wa.s p ) o c ecl ir

. . .- C.of dS ku.4 2 cwM .- . - - . - . - . _ . . . - --.. 30. . . _ . - . - . - . . . _ _ . . . _ . . - - . . - . . - - .1
-



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

1

/
1

|

|

Inadvertent Actuation of Fire Suppression System Checklist'

s ,

Plant: C k.%TAl- RWER '3 Typ.: pWR
| Date of incident: 4 g. go 3

1. 4 power / mode? o *-ts ,

2. Initiator? Pettonei Error
3. How many fire suppression systems actuated? 1

be/uje4. Suppression system (s) involved? ,

5. Component (s) of fire suppression system
which failed / initiated actuation? ?,

,.

l

t
~

6. Affected area (s) of plant? ; .,

7. Affected plant system (s)? Auv'ilh ( y b u'Id try V e r h % L '.w 4,i.:.,, - .
'

8. Affected equipment?- E d aut,4 F il+e. c ( AH F L - 9 A) {

'J)eOt6g ef Filbr.c*

9. Failure mode?

10. Result in a plant transient? I)c
11. Result of a plant transient? No

12.. Result of a fire elsewhere? Id o
i

hi/c s e r Vlc.eNil e a.Ne vagh[w fo re.S e k a pave}
'

a(arm personnel iud ve v fe nfly oc.tvafectj

the Give cA.e(vye syste m. The de1v ge w,. 4+e ,1'

one +r o s' n o4 %e du yi h'a ry h vile % y e &[ lo.-

4&v. e v. k a v e+ Gil+e r s, re p wkny rey a ce w e ..+,

.

131 1
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Inadvertent Actuation of Fire Suppression System Checklist-

Plant: R AMcW o S Ec.o type: PW R '

Date of incident: 4 gf g 7 .

1. 4 power / mode? 0% (6hrt-Af)
2. - Initiator? Te e,4- of C %. S/SN M

3. How many fire suppressica systems actuated? 1 <

' '

4. Suppression system (s) involved? Cav|0 o a DloX de

5. Component (s) of fire suppression system
which failed / initiated actuation? 3

6. Affacted area (s) of plant? [dge{ eor $erVice EleeM icoI h,ul|)ir,
''

7. : Affected plant system (s)? dove
<

8. Affacted equ,ipment? Id ov, e

9. Failure mode? M / A, ;

Result in a plant transient? b e10.

11. Result of a plant transient? fd o

12. Result of a fire elsewhere? Mo

het,k" Oh Oe Co V b ov b 't o|t N o letle,an
Yo \\ om's 3 o.

syc+cn. in & bdeu 6vhe E ler. M d k v&p
s everd uncow+ rolled c.ubor a i o x i d e d & c h o r c r.

'

oce.orreJ. The c.4e s e of &e un confrol e J
au y a# ,,.1 . n. - e e -

M porar,\y a h a nh aed > bd equip me n t wasno

dawoged.

132
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f. Inadvertent Actuation of Fire Suppression System Checklist-

i

Plant: C.OO V. 1 Typ.: Pwi R ;

Date of incident: J |g 73

1. 4 power / mode? ^ NoryAa{ ops (1007o
'

,
,

2. Initiator?' bpv([o u i -- unknow" t
'

How many fire suppression systems actuated? I3.

L 4. Suppression system (s) involved? (_arbon bt o x ''M e
'

5. Component (s) of fire suppression system
i which failed / initiated actuation? 7

6. Affected area (s) of plant? h* f f A uy,' / t y v7 ca h /e vo s /h
7. Affected plant system (s)? None

,

8. Affected equipment? NoaP

9. Failure mode? N/A ;

10. Result in a plant transient? N6
.

11. Result of a plant transient? Mo
|

| 12. Result of a fire elsewhere? M e

|

Tke cavhen kro vide ty s e u 1p an'e u tlyl

& rs c ko e h e a in ++e u n i+ t a vy's h'o ry colle vaal+. -

To sFop 4Le Atce.kogyisold/oa e4 he CO 4 e k. from +ke e ^+I'52
|

| sysb was required u.ntil Me local isol & vahe wos
l oco.+e d . ,4 re a$or for +ke spurious a c+v a+io n n

t3 ve w.

I
133 |
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Inadvertent Actuation of Fire supprossion System Checklist.

bNkPlant:- COOK I Types
Date of incident: 7 9 .-I 9 - 9 5-

'
1. 4 power / mode? 90*7o

clurinj Co, s b L+2. Initiator? Pusoa ~ ( Eur

3. How many fire suppression systems actuated? L

4. suppression system (s) involved? CO#

5. Component (s) of fire suppression system p

which failed / initiated actuation? '

6. Affected area (s) of plant? Av<ili.<y 8v',I/'b
7.' Affected. plant system (s)? p;w wa,4c.h re gulre d o+ C ~5 Leval#

2

oS Aviliary hv'lo iv a be.d +c k+ tuc[end8(
'

0. Affected equipment? f3ege J

9. Failure mode? [\)ene
Result'in a plant transient? No10.

Result of a plant transient? No11.

12. Result of a fire elsewhere? kl o

f a d c a c h w N e x id e %c\
%d ne) .+es+ oN +he

me ac.c M ea4 ,llypro +ec.4for sye4ew; +ke sy s+e m
d /cc l. o . g e l , jcu-.+u d e d sack u d carbow d ie xid e wu

'

Mo egmed woe da m3ed , bd a Wre wdc k

retuir e A Gov ano 4-ke r re Asow a+ Re 57s leveI1

e4 +ke av.ti lla ry bvilling kal +o be suspev&o)
a nd %e av was cleae d .

134
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Inadvertent Actuation of Fire Suppression System Checklist ;

,

bO$7 yyp,, pWg ,

Plant: ,

Date of incident jj 9 gg
[

1. % power / mode? 7
.

b (o $ a.v M de hec.ho r
2. Initiator? W a.te r in y

3. How many fire suppression systems actuated? d

4. Suppression system (s) involved? C0s ;

5. - Component (s) of fire suppression system
p p, }, f u, jefec,lwhich failed / initiated actuation? oy cy

6. Affected area (s) of plant? Audliary G Ele Voute ;

7. Affected plant system (s)? Nove

Affected equipment? Non e ;
8.

9. Failure mode? O/A
10. Result in a plant transient? No
11. Result of a plant transient? No

12. Result of a fire elsewhere? N o

LAn k n 0 W hWaMer fro vA aA
'

ea.4e r e d P ro lo <- de &ec+o r o.nJ couteso. ysource
e. +a l t e fire a n n u.n cia + ie n . Car bon d.i ex icl e wo b'''

inalver4av4|y cUs c kar 3 e J
i v,4 o N adioy
' '

calate va.u.l t. Do etepmea+ we c do ,e a 3 c-J, b d
a. l , < <+ aleo icela?e1is ola+,'os &% e<<oneoas

ore r a.l o v us in & zo re .
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iInadvertent Actuation of Fire Suppression System Checklist |

1
,

PWRCDO K % Type:Plant
Date of incident: |-/T -T.,5

1. 4 power / mode? No(m al of t
Initiator? ids +e r s'w Py ra I a r r^ de+e cto r

2.

1!!ow many fire ruppression systems actuated?3. ,

Suppression system (s) involved? f O,
4. t

5. Component (s) of fire suppression system
which failed / initiated actuation? Pyralore.- c} r d et I,-

6. Affected area (s) of plant? bg [|ihy y '( a k !* \/4 u lf

Il?vr
7. Affected plant system (s)?

8. Affected equipment? devf
9. Failure mode? /)/ /-

OC10. Result in a plant transient?
h .- ,

11. Result of a plant transient?
be12. Result of a fire elsewhere?

"4 o .b o.w. o as

b n le ie d f o " 3 7.Alco a af e
The walcr saux c.e - uns pecW(el - wa r. rediecfc/
4-o d r a'i n .a

.
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Inadvertent Actuation of Fire Suppression System Checklist'

0%K M Typet b%IS |
Plant |
Date of incident: 9 g gg

1. 4 power /sode? O%.

2. Initiator? Laak y VA( Ve 4
,

1
3. How many fire suppression systems actuated?

4. Suppression system (s) involved? 6pdd kle r S/S Ye *

5. Component (s) of fire suppression systemLeak.i v. 3S[f t "ki ' b'f^di
..

'"

which failed / initiated actuation?

6. Affacted area (s) of plant? l

Affected plant system (s)?3 Fil+e r Cp+ c te s
7.

C hu c. c a f ad5o r b e r58. Affected equipment?

N e NIM]
ch C. k o v c c a !

9. Failure mode?
NO10. Result in a plant transient?

11. Result of a plant transient? fd o

12. Result of a fire elsewhere? [d o

.
On t o w-b E A 9 l nt f t.c.$ l o v. ; Ch.oVC.OOI obsorhef'

Goam) +o be web. Tr'e uvre -ba.sk s wue
lea kin 3 cprinkle v E c o. L.e4 Me wa.f c v wat

'

o.nd le a. k (ny it.nlake a v4Iw : ,

| [The 9'lhe es were lhS i A GRF, u.4 t 1. M R Fj

od u ni t '2 H\l- A ES- Q
'

L

| -
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Inadvertent Actuation of Fire Suppression System Checklist"

PWRPlants TE 2 ryp.:
-

Date of incident: 6 - | . 4 p.

1. 4 power / mode? 7, '

'

L )*g + n t n}h2. Initiator?

3. How many fire suppression systems actuated? Q.

N Alea j beIuge4. suppression system (s) involved?

5. Component (s) of fire suppression system l I e e ,' : 4,rlwhich failed / initiated actuation? g |tro vic Ird I s,g
,

6. Affected area (s) of plant? Aa L +ake Tu ~ I
7. Affected plant system (s)? hone

8. Affected equipment? Mone '

9. Failure mode? [0e ge i.

10. Result'in a plant transient? Ne'

! 11.Resultofaplanttransient?he
12. Result of a fire elsewhere? No

hhwg*n}+ecforDpode Kh
S ek ok+ a r, u b(aVI0 fey fl hh

'

c)

c). e wMc h te.+u a+e d Me A;e I doke ;fi<e-

% s e l ha.\o v. s,ye+eu. he.uw o4 ne k& v.
^

.

cyc+e u + hew u.h'vo.4 e el +he o(v ole lu 3e cy b
awl +<ipped ne supply aal e d auc+ fe rt. for 4

oux % ry buildie u. A f uel ka noll /ng badM . Thej
olel uge ae+(va % u s fas + ripe were sle siped ey %1

L in4e rlodt . I+ w o s o Aoys bebe & haw
re 4 u r n e A + o se<vice.s. y s h e u m o z.

:
|

138
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Inadvertent Actuation of Fire. Suppression System Checklist'
*

,

I PWkPlant: Type:

Date'of incident: 4-29-%2

1. % power / mode? 3
,

,

' 2. Initiator? Li htwg

3. How.many fire suppression systems actuated? %

4. . Suppression system (s) involved?. Halo * ; J e lug e

~ 5. Component (s) of fire suppression system
which failed / initiated actuation? (JI f vo va'o k] |i M- ja4 4 l ., ,. c

3

6. Affegted area (3) ofJlant? 1

h k T v. h k e Tv.u.el
7. Affected plant system (s)? Ne ne

Af fected . equipment? No ne' 8.

9. Failure mode? NeKe
Result in a plant transient? No10.

NO11. Result of a plant transient?

ND12. Result of a fire elsewhere?
.

44 , e xce pt boler ty c h w. e v+ of a, vh .#Swe- as

br lo Joy s.

IJA , The a.cb.a.S a s de s c.r t bed la # + 4 ; 4 6 4 7;
'

j

E hby tIlSo.v s le4- lig +%d +S w e-r e, cdl cau.seci

debchors. PhA-he r were , he ba.J ex perience
w % %ese d.ebe.krs causea pIaaF persene \

disable %ese de t, e h r ch khvRoun y na

ce v e ra l o c co.tibw. re peded la " c ro, o *Joc j

$l .
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Inadvertent Actuation of Fire Suppression System Checklist i

Plant: -
DI " Type: PvJ 9

Date of incidents g_|g g 3-

1. 4 power / mode? 3

Q)e d heak tredej2. Initiator?

3. How many fire suppression systems actuated? I
.

Deluge4. Suppression system (s) involved?

5. Component (s) of fire suppression system
which failed / initiated actuation? pgze n Meluge ps,fe4

6. 'Affected area (s) of plant? Air L+4ke Tu ael
7. Affected plant system (s)? g gl o g $y stem

8. Affected equipment? H al o g Syste m Ned brfedcr !-
9. Failure mode? Q ,&geye ,g sa[ w,9 y a e ) 9 yje y vj$cy
10. Result in a plant transient? tJe

11. Result'of a plant transient?jde

12. Result of a fire elsewhere? No
.

Cu 2 - l & -n , ro u& e incyc+ieu d isco ve re ct s+a rJ Aj

| wahr.m ne Ghor of 4he AIv Ir+oke T6e I . The ;

hi h wafer le Ee I was due h fr ee ce -iwbce J le a h :.
3

m %e d.e luge sy dew. , The delup 4roze lcu ne
e4 r tied heo4- +vacig er Me Ael qe pipes.a

Also j two alrms % ind.tca4 , h e br3k su.+ p leveI

6 o il e d h an o a c ioh, o Hov5m3/or 2 ho lo a

sysk e w hea.+- cle+ec4 ors +o be zu L we vy L
:

I
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Inadvertent' Actuation of Fire Suppression System Checklist i
)

. Plant: TM1 2. Type: PW R j

Date of incident: *3393 |

1.. 4 power / mode? 1

2. Initiator? kkwo w n' ;

3. How many fire suppression systems actuated? 7

4. Suppression system (s) involved? Nalen b e Iwg ej

5.' Component (s) of fire suppression system
which failed / initiated actuation? U akrown

Affected area (s) Laelof plant?6.
Air Iw h ke

i

7. Affected plant system (s)? y ,

8 '. Affected equipment? hoge '

9. Failure-mode? %one
10. Result in a. plant transient? No
11. Result of a plant transient? N O

12. Result of a fire elaewhere? Id0

k reosow d'oy-o(khouj$n'M Io( bo 41 4f#
j j

Oc bu ahlO M r ould n cY |o e J e te v vaine J . N lor'

sydew v.vr ou \\ do \ e 4er %Jep,

141
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Ina'dvertent Actuation of Fire Suppression System Checklist

Plant: TMI 1 Typet- PWk
Date of incidentt' g ,,,g3
:1. % power / mode? ?

%)elding a.cYlvify
'

2. Initiator?
7How many fire suppression systems actuated?3.

4. Suppression system (s)' involved? Ho.lo a y delu3e

5. Component (s) of fire suppression systemLLl4rovlole d li'3 + d.ete e.-| o rh
which failed / initiated actuation?

6. Affected area (s)'of plant? A,*r "E rf o k.c Tu rnI

7. Affected plant system (s)? pege

Affected equipment? Nout~

8.

9. Failure mode? None
:10. Result in a plant transient? h)u'

f

11. Result of a plant transient?I)c?

' 12. Result of a fire elsewhere? b o

|

4ke AIe Ivh k.e TLue l\})cIdiLg ac.fi u d y
'

r)e at

u ltra.vi ol et light +'re de +e c.+ or , |
'

! 4.elue.+es er.

: T h d.ekee.4cr M4(e.+es ka loa syche.w. d.ickavge

whic.k her + crge rs. +ke J.e. l u.y e sys+e m ul

Mp.s +ke supply 4aj exkaust feas for
1

%e k ilc u y b u.n d. d a.vJ Le I hadlau hi.lk '

y"

vet &H.W sys+e- s ,y TbhaIe r sys+e < wo c

doyc af4ev +k G
ou.4. o? u t v i c. e Gor 14

eve n+ . This euc vA k sha ln r +o %,4 s, .,)
47.'
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Inadvertent Actuution of Fire Suppression System Checklist

8WR |HArc.H i rype:plant:
Date of incident: 4 7.g|r

{i1. 4 power / mode? ]
2. Initiator? Tes,f ffoCe ufe

3. How many fire suppression systems actuated? b i

beluja4. suppression system (s) involved?
t

5. Component (s) of fire suppre'ssion system
V a. I Ve octua4edwhich failed / initiated actuation? {)elu g e

+

9

g , ( ,'gO gg y 'f ;6. Affacted area (s) of plant?

7. Affected plant systen(s)? /dere f'
8. Affacted ectuipment? A)rpe j

9. Failure mode? k)[A
10.Resultinaplanttransient?fde' !

11. Result of a plant transient? bc
No f12. nesult of a fire elsewhere?

.

I

s

f

p .p A w. kbcetu"'I>A !cy a e d +o yme.swre
kes.el b e pump overchvA darm wa. rece wed ;

ad ne p w p es. +urne d oCG, S Aca Ae +ec1 |

@ ll o p a, A Me sy s +e m depreuvdutw kse was

causiny he a.c+ u -Roa o f A coe M b u;e r "C '' '

y
delup wive, s o. . . .A , A pmp ms

re.shrbd and & delu3e al ve e s re s.e +.

.

'
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Inadvertent Actuation of Fire Suppression System Checklist

N ATC N k TypePlant:
Date of incidents g.jy ,g y
1. 4 power /sode7 |oo *7,

2. Initiator? ie.re o n a e | error

How many fire suppression systems actuated? i3.

4. suppression system (s) involved? h e lu e e

5. Componer.t (s) of fire suppression system
I',.g .r v ia.e a r E Vh'a r '/o'velwhich failed / initiated actuation?

6. Affected area (s) of plant? do6+rol koe m p, .th e hmves
y ...

7. Affacted plant system (s)? MPCf L o w - L e * S e + S * M krl''e I u lV 0; '''y

Cedrel 8c'ce HVAC

Af f acted equipment? Aut.3..t M t+e n1..r w t 44-c v 'TWp Syci e e Fa nel, HV A <8.

Ck < t e
9. Failure mode?VJah r t hc.r k d cirt u't+A i"b M bov'!jWfM*I

'''' # #'
10. Result in a plant transient?

11. Result of a plant transier.t? /Je~

12. Result of a fire elsewhere? /30

kersoAAek drag e d an OVerhend Cro ae b ee lt, o g

lktkrurA,ed Wo.ker tugly Verd VAfVe j da * aj i 4heen

in +4.~ pipe o.c6 fed Me My* 04value . The lots of v e s,s.u r-

De eeu, ke rHVM.I " A" ke (dC +e r rale.co n+ rol
be A"4.bavcoa.k b |ferC dvdWa 600. .

Men kocked up N he vedile t ron J acf4 be m t+ 4

p.3y4 drew. % Me a+ of o. c.en4yol roo w ve v.4 o d . 4.n

Awalo c3 ha e=iner Trip hs fe" P""* l %
vw&c r e.devcd Ae pre I +o coue 4Ae "A" Love le w

kcitef %e + o A u c,p e r , h ca .G + sof e47
.& H PC.T +cip to\e v.oi) ho nw poun \y eae < fee,

a.w cl to c a.u te f he G'ilu.ve of a.n ATT5 power .tupply.
Since ne. LLs SRV was htle.) opea, ne reoc4 o r

- w m.v u . | l v smammad, au
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Inadvertent Actuation of Fire suppression System Checklist

8WRHATCH 1. rypePlant
Date of incident: 6 g 7 pf

1. 4 power / mode? 6 4 '70

2. Initiator? be r606"e l error

3. Now many fire suppression systems actuated? 1

4. Suppression system (s) involved? Celuj e

5. Component (s) of fire suppression system ([ g4 e4 gle (q. va\ve
which failed / initiated actuation? g4pb chMerwhisuh

Valse

6. Affected area (s) of plant? /

7. Affected plant system (s)? A " ge d *3 " 4 ((, o V, l + Eutges#

'i7.rc4o v -e r "ic " Re.c4.< Re c irc. -
'

Affacted equipment? s4 ar+vC Puwe t
s.

uta+,'e
9. Failure mode?Wehr a ud se b- r ea d 'fo u.|+ hip M fre v $ r w N

'

I 10. Result in a plant transient? y ,g
1 11. Rer, ult of a plant transient? )J e

12. Result of a fire elsewhere? NC

$ or key clot.ec. Oc VWev3 Va.lVc ( d.e lvj e. valv e M/a p.h r ejw

c.h a.u b e r vaa.hr supply "va.|4 tAad.ve ek a+(7 e.h&g
ave r +he i t " 5 + v + v y + r a. w d o v ra v .he d,elu g e

phat,e -to-y,u ad. b l+ whichThe. wde.< c.au se.s

+ vip s. ne bro u4eme r . The +ri p res. u. I+ 5 iv.
'

a 1.s . o? power +. W p aw+ " A " . r ). * 8 "l
'

s

C ont e gue r+1 , +k e 'h" a ul4u,o Vo t+ buc u t. . 7
"E" re a c &or ve c ire Wo.+4n puwpc lose Powee

'

o. A M. Oe p|oad is E. c / o W m f M .
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Inadvertent Actuation of Fire suppression system checklist |

8WRH ATC H i. rypePlant:
Date of incidenti g , || . g (, j

' 1. 4 power / mode? 9 >y , Qe $g,|,y'

2. Initiator? Eahre in delu3e. Valve Sea.Y

3. How many fire suppression systems actuated? d. .

!' 4. Suppression system (s) involved? Deju3e
!

,

5. Component (s) of fire suppression system ,
l which failed / initiated actuation? Leak.snj cat Iwje VA f #

6. Affected area (s) of plant? .

f dem ;7. Affected plant systen(s)? % gJh ks Treci4 me ri y

8. Affacted equipment? iA Chu con ( Ah.e r b e v :.

S / b o n ' On%If4-fthj c9. Failure mode?

10. Result in a plant transient? No f

11.Resultofaplanttransient?ldo
12. Result of a fire elsewhere? bo

,

t

,

W W

^

vae 4- Me c. k . noo l a cl se r ben in 4Le 1. A

S+aadby %s T~<eq+ uev4 L e fe w . The ledyy
repla c e d o r. /l- 24 - f r ba+Mevalve w e.s j

936 f c.korc.oal W ac MoY AoNe el u v 4i l '3- ll- P 6 ,

t

!

l

.

f
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Inadvertent Actuation of Fire suppression system checklist j

H ATC H i BWR I.rype:Plant
fDate of incidentt /g.g,g7

f1. 4 power / mode? g o ,.7,

iAT.**+e A0 6te i

2. Initiator? } '{ g Toper
3. How many fire suppression systems actuated? 1 |

4. suppression system (s) involved? belag e
'

5. Component (s) of fire suppression system
which failed / initiated actuation? t.e ding OeorAnce p Ou etd o rf a7Vg'

-

6. Affected area (s) of plant? 7

7. Affected plant system (s)? q+on dby (. rot. Trea4me d byckat |

8. Affacted equipment? Corboa Fi l+e r s j

\N c May oG Filters9. Failure mode?

10. Result in a plat:t transient? No ,

11. Result of a p?. ant transient? Mo |
t

12. Result of a fire elsewhere? |d o ,

.

% *W

1eakaj clemm bou d 7 v4e hd ne cuW :

6hc ir. 56.) by /n s Tre ohme r4 S c+e w " A "y ;
Wl6 tra it ,

f

147
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Innov.rt.nt actuation of rire suppression system cheex11st-

plant: SH OREH A M type: 6WR |
Date of incident: 9 9 g4 |
1. 4 power / mode? O *F . !

#82. Initiator? L proper m ainf ewa ece pfD''

3. Now many fire suppression systems actuated? A. I

4. Suppression system (s) involved? C Op !

5. Component (s) of fire suppression system |
which fmiled/ initiated actuation? (_ O , Me c c y ( e v.4 c -| Vs lw)i ;

c o f* Se le tt* < C ed re l Vo lve
6. Affected area (s) plant? g g g g g.,

7. Affected plant system (s)? '

Nose -

!Affected equipment? g8.

i9. Failure mode? g
10. Result in a plant transient? IY D

11. Result of a plant transient? /de !

12. Result of a fire elsewhere? l)r

:

Ynpepu ns s4eso ce pretec)v<e tetvl+e1 '<. |
*

+ he i e et o? pown += +he ca < Le r d Jo M - |

| vu t+e r c e revol valve . Th rawder cedv ol
I vdve op t e d. , a d m i%'nj c.cbow Ja xid e. 4e

+he s eie c+e e c.o r+ro l valve Gor +he noruo.1 ,

swifck ea.v voou. Th selec+o r cea +<o| v a.Iv e w o t3

c li 3 +ly be ea.u s e e4 +wo cue vu v>e J.o e J'h; epea
s l ,' Ilwd| m +o &ke val ue c e a , T k i s.

*

c e le ote c) gh+ op v iv y snu k.'Ic u h e v. ). < bx',<\ e- 4e he ide, bke

| s w'i f ck e o.< roow., The con +vol
b d diny % |heur

n < .1
''

3
| n orw.nl swde k e a r rocu v> ae euu uaed9 ..

! 148
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Inadvertent Actuation of Fire suppression system checklist |

|

ink fPlants bfQdOYAN i Type
Date of incident: 4 29 f6 {

|1. 4 power / mode? 0 *c,

2. Initiator? (Acisb re Glor fed relay ten 4ac45

3. How many fire suppression systems actuated? $.

4. Suppression system (s) involved? d aft ( sp(Sy
5. Component (s) of fire suppression system

whichfailed/initiatedactuation?gwff,n pressure re( Ay falle/ j,
#

6. Affected area (s) of plant? g ,gg y agg

7. Affected plant systen(s)? Elee3vireI b uste c j

( 6 4 *e g G e r d u T re ,. d e,f g, m (,J g 18. Affected equipment? (, met

9. Failure mode? bt,e s, d.*k Mok k(k hu.h VJert OIikkel
j

10. Result in a plant transient? NO '0% f
11. Result of a plant transient? N o

12. Result of a fire elsewhere? D

i

| Meit.br e sherbel ne, cord a c.t 5 on a Mic.(ocd M
,

| w'khla he sukkea pressure reiry ou common
;

6, wo a se r v ke hansGormer ( c ssrYb',' The
'

I

cherf achde d 4-he fs*ve su ( sychw
whic.k sy re y ed cssT 'b" wi % ppt e ss o nwde r. The ,

69pte 5sie a a.che.b + ripped G55T "C "a nd " 0 "

off l& . he +r.asie ab under velhge e4pe<icaced

as the bucces by were c.arry ing shN+ed +o

a.no+her C6ST c.aas e d 4ke ouhw*M sforGy
'

| of ne d.t4seI $ ere rders. . T he 3eter hrs wer e

s40 ppd add no ey(pu.erf damp oce ored.seen
149
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! Inadvertent Actuation of Fire Suppression System Checklist'

6w R. !ARROLD ryp.:plant:

Date of incidenti g,,g 97
f1. 4 power /sode? 7

l e sky VAIVe ,2. Initiator?

3. Now many fire suppression systems actuated? I |
t

4. suppression system (s) involved? De laje
'

i
5. component (s) of fire suppression system,

which f ailed / initiated actuation? Le akiayd. de Iuj 'e
V8Ive o '' d I

p\v 33 e d.e s
6. Affected area (s) of plant? 3 ,

,

7. Affected plant system (s)? $4d(7 Get Trea+wa d
$ t h e.,

|7
' #

S. Affacted equipment? CL ocoa| be d is " h tvEi6 j
!

Tallure mode? yje+4irg e4 e korces |*

9.

10, Result in a plant transient? ide i

11. Result of a plant transient? /d>

0012. Result of a fire elsewhere?
!
,

Dute3 N c 4ny , +ke *A" chorconi b ed. & !i,,

i a e> r. f w o r. foun) te b e i$b rJ Ly 64c Trea r

le e.kinj d e lug, vo b e
'

wet. The c. u t wat o.

p lug e J d.e lu g e drain line .| in c o wlin o% vM-k a .

1

150
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Inadvertent Actuation of Fire Suppression System Checklist',

plant ARNOLO ryp.: Bva R
oat. of incident: 3.g . g3
1. 4 power / mode? 7,

va_Ie2. Initiator? (enhy
:

Now many fire suppression systems actuated? 33.

De luye4. suppression system (s) involved?

5. Component (s) of fire suppression system
which failed / initiated actuation? Leak.in$ Melup valve

6. Affected area (s) of plant? I

7. Affected plant system (s)? 5+sedby /m b leyed $gYrw,
8. Affacted equipment? Chaeero OfM

9. Failure mode? VJ r 4f IHj Ob ' b 8 6' ( C o I

10. Result in a plant transient? /do

11. Result of a plant transient? /da

12. Result of a fire elsewhere? Op

I; u r i . , nc p e e_r ie g
. . ,,

ne "gh " e.A a rco l bed in ne $+o r) by 6-a s

S s+ew was %.J legaded bTre a+m e n4 y y,

| le o. k.ing w o.+ e r fvo m +he delap sy c b,
con + rib d e d b dire <.M Me| Tk. Jrain line
c key-coal beel.

y y
i wa)-e r inio He

(5 7. .'Is r b "4 s')

151
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! Inadvertent Actuation of Fire suppression system checklist j

!

Plants bkNOLO Typet bWR |
Date of incidents ||.g3 . g4

,

'

1. 4 power / mode? Sl *7,
'

2. Initiatort Slow l e a k 'in pressurited se asiag head- r'

3. How many fire suppression systems actuated? 1. [

4. Suppression system (s) involved? D el ug e. {
5. Component (s) of fire suppression system, ;.

which failed / initiated actuation? L e. kin g p r e tsu r i r ed te v.4 in j
,

he. Aer; Cloged Jp te t.: ure r e):' lo + ce '

6. Affected area (s) of plant?.,

Af fected plant system (s)? No A.vt+d ela c.Y/IC o ! DU W f'

7.

8. Affected equipment? $4 av 4-u p 7~r a nt Yor m e r ;

9. Failure mode? \bjafe y ehorte d t>u.M 4 r a ettforW e /

10. Result in a plant transient? Yes f
11. Result of a plant transient? Id t '

12. Result of a fire elsewhere? No
,

,

pre u urihed ce v c ig 6.b rA clow ic o k. in a

sveroaads's3 %e t+ aAu p +m e% r u e < ec upied.

wi% begw warAl clo g aj +ke p res.s v.rei

r.3 u.lo br le= Ai 43+o n hea. der c4a se) ne'

delu3e sy sfe w ove.r %e s+, <+m p+ro u f er ro r
4o oc+u. &e. Tb deluge +ker cauced a

s6r+ k Me shr&up +rorsb ruer so R o+ +ke

+ro tt.4 or me r +rippe d . This trip re su.lfe d in

he loss e4 Me now-d +a.\ e \ e cf rico l b v c t e .g

o. + u % +<|p , asa a rene% c secam ,
152
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Inadvertent Actuation of Fire Suppression System Checklist
.

bbOL D Types bNk |Plants
Date of incidents jo-lf. 94 (

r

1. 4 power / mode? it 4,

2. Initiator? Inc o r re c.f Tes,f Proc.ecl.are f
,

3. How meny fire suppression systems actuated? d.

4. suppression system (s) involved? O e 1 u.3 e |p
1

5. Component (s) of fire suppression system
p e ,, Aslage ( 5 3144,'3 r, y3 |v e,which failed / initiated actuation?

>

p

6. Affacted area (s) of plant? C or. trol 8vDd t H
*

7. Affected plant system (s)? b+6* J by Filte r UMs ,

8. Affected equipment? b nVloa! Dd fL

8Nin 3 o f ckarcoa(9. Failure moda? 4

10. Result in a plant transient? /Jo

11. Result of a plant transient? No

12. Result of a fire elsewhere? No
f

The deluje- syshm 4 or %e % ndby
M~lter LA .ets was h ome M .fcov %e men

.

Aelu3e. 5 y s +-e m -Go r &e d. As pu4 of &
| heb, 4he delay isolaHow ve.l v e s were

c.o m a a. n d e ctepe w . The 4 c.+ proceduce em%Ji

a s+e p k e. loa He isolaron utlvec .
he delu3e Sys4 ewCoas.guedl ;

whe a woc
y

sy ro.y e ) uji44Me SFu.'s wererecorrec+=J j
bon SFU't,

wa.4 e r ; cidabliaj
'

.

153
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Inadvertent Actuation of Fire Suppression System Checklist
'

Plant: FIrz.P/ W W Type: 6WR |

Date of incident f-p g pg

1. 4 power / mode? /00 '7 e ;

F,.#1h T s+ Pr <.e du re ;
2. Initiator?

How many fire suppression systems actuated? i3.

4. suppression system (s) involved? Wlo.te r Spray |

5. Component (s) of fire suppression system ;

which failed / initiated actuation? 7, |

6. Affected arers(s) of plant? 3

7. Affected plant system (s)? HPcf ; M ir Ste m Lir e Dr,;n |
'

s. Affected equipment? BoWry M.+ ,e C,4+rol C.thr Wlve brede r;
j ,

9. Failure mode? W ,4er caused 4rt'p c4 hrecke rs Oa4 cer.h el va|ves!
10. Result in a plant transient? ND

Result of a plant transient? N O11.

12. Result of a fire elsewhere? NO
,

Ducr'o3o kes+ oG hke ma.+ e.c sp ray ;s'<epro 4ee.+,*ov

some o4 4ke wa4er d rain ed e a+e o.s ycke w.,
ba4+e ry motor con +roi c. cater and in +o 6 v(lu
breakee carc les , Th b breakers +rippe),
re ade einy +-ke H13' h P<e s su re Gola .4 Lj e+d y (H PG)
t. team supply v4)ve and he main sfeam line'

|

drair odbearA (solab va.lve inoper ble . The'

m.ait s&eam \iae d.nia vdve did nof presea4 a

so.f e +y (ccue ) t v.+ Me HPCI valve cauce J w
H PcI sy c +,m +o be u.au sa We . .

154
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Inadvertent Actuation of Fire Suppression System Checklist

Plant: F IT2.f ATMCK rype: $VJR j
Date of incident |9-p3 i % )

1. 4 power / mode? S?L*7. j
t

2. Initiator? Crack in pif e coufke
*

How many fire suppression systems actuated? 1.3.

4. Suppression syston(s) involved? N AN Sf */
:

|' 5. Component (s) of fire suppression system
l, Fi te Cvr+.,in,

| which failed / initiated actuation? p,py (e ofinj6x ,

6. Affacted area (s) of plant? 3 ;'

Affected plant system (s)? H Pcr; Pc rs, Me vi4e, ce <+ee dre,r v lve,7.

Affected equipment? baffei y h64er (estye) (ev,h.r 08.

W hr sk h circ $ked reultoY he M enkdorj -

Hf<_f + ECIS MA net- 4 I
9. Failure mode?

10. Result in a plant transient? Ne '

11. Result of a plant transient? N0
,

12. Result of a fire elsewhere? NO

,

A +c ci- \ ae cou phi ow %e f ir e car +oia "i

ya.nfield crac k.ed . j&h e le k 6 from +he v o e F.3
reo.c hec) ne b ++ery m.o+.r c o w+v o l ce w4e r #*4

we+fing +wo rows of breaker cdicles '

and causinj x r esic +or In +he b r e ake r 4e mein
s&e a w. L'ne ot rain va.lve less of powe mowt+or b
foil, The ya.\9es eodcolle A by %e breakers :'

remai ned ope ra ble un+ll 4-h e BM(.c was A - ev uji? J
'

bc r e p air f. . be-e te rpiwy +he BMCC cev w J ?'-

Hijk Pressee Ge lar4 Infec+ ion ad %e Fnuny'

("ea biw e a+ Itoldion Sych w +o be h ype ro A ly
inn o- ro kl e . 155
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Inadvertent Actuation of Fire Suppression System Checklist
.

M tLLSTOME 2. PWR'
w ei

,

Plant:
Date of incident: 10 - 1 T P |

1. 4 power / mode? 7,

(c. I mut; we uh2. Initiator? Pu so meI e.v ro r

3. How many fire suppression systems actuated? i.
t

4. Suppression system (s) involved? %|ow

5. Component (s) of fire suppression system
which failed / initiated actuation? gg 44,*, n bog p|| 'rg/lp

6. Affected area (s) of plant? Ce der room -

7. Affected plant system (s)? ,

8. Affected equipment? Pi a+ com pu+ er

9. Failure mode? Au&om.&rc skaaown 24r I, a l e ac -fu 4 /o .'

10. Result in a plant transient? No ,

11. Result of a plant transient? M o

12. Result of a fire elsewhere? No
,

: ;

Werker httyedcs kre tha oK kW
COW C4c 04

pll hawale. win some cess 6c+iew mat u kl;i

roow. k a. \os sydew.a.aa a4-t n 3 Skg c.owpa4s<
The ka\ow ac+ u aWo r au.+ o w.ak i cJ ly skadewr
he plow + cow p u+e r ,

,

|
|

!
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Inadvertent Actuation of Fire Suppressior. System Checklist ,'!

G
!
'

TROJAN pwjg2
f

,

! ,
Plants
Date of incident: 7. g.gg t

'

i
1. 4 power / mode? }

;

We.ldthj2. Initiator?
;

IHow many fire suppression systems actuated?
,

3. '

IDE uje >4. Suppression system (s) involved?
i

b 5. Component (s) of fire suppression system 7,
which failed / initiated actuation?

i

Af fected area (s) of plant? ',6.-

N df03*^ kecO N U'r/ 3
7. Affected plant system (s)? h

8. Affected equipment? 8 train c.ontrol pow e r Yv8 ^ CW * e v

9. Failure mode? Vlet.te e C ker + c e es {te 4 rec N M w*r ;

'10. Result in a plant transient? Ne ,

fe11. Result of a plant transient?

12. Result of a fire elsewhere? fdo ,

:

de fuje c7 e mMc . I r. a.d(V t c1CRded Ne d' '

tre
,

T b A.e l u g a wo +e c skor+ ci r c v'Med'
'

ia e) ve c+ea+ p\
.

+c a t Gov w.e < +o %Me e.ov.4 c o pwe <!
.

L dro3en ce c Wne r 8 % ; re sul+tng iny

3 inope ea ble .%e B +ro'' n ree om\olac r he c.omi .

|

157
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:
Inadvertent Actuation of Fire Suppression System Checklist '

l-

PWR |FAR. LEY 1. wiPlants
Date of incident: 4 }o g) ;

; i

1. 4 power / mode? ?
I

2. 2nitiator? L pcop e r me,integ. gce @evsowne l tr (o*

3. How many fire suppression systems actuated? d.

4. Suppression systea(s) involved? D el wye|'

5. Component (s) of fire supprussion system *which failed / initiated actuation? pggf g'u4 e6 J,ju g, g g , ,,
|

6. Affacted area (s) of plant? {,, | ,' Tmv M |
'

7. Affected plant system (s)? g,g
8. Affacted equipment? fj, g p

Id[/s9. Failure mode?

10. Result in a plant transient? No
,

11. Result of a plant transient? /),

12. Result of a fire elsewhere? Id b

L i

i

1mproper md544eAdlMCe (ESCAI+5 [M o.-|oLS 04

be Coeli n howef $$ hefus** * *

pressure tWav

syetew. s,e v.s m3 l hes . Asa. res & ; tke de lu}.
'

sy s&e m u% + e ct . m oat 6.ps e + vm +oy ,

he upr o.r1 \y lo w e ,- Ske wa.M \ eve I (n he delap
bks be. low 4e tetu ke men + .-

|

|'

,
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Inadvertent Actuation of Fire suppression System Checklist !

|

.rype: PWR |TRO J AtdPlant:

3,,9.gy |Date of incident:

1. 4 power / mode? /c 0 7, ,

2.' Initiator? 6r ok.t n fee dwa.fe e pt f e

3. Now many fire suppression systems actuated? I j

0eIuye4. suppression system (s) involved?

5. Component (s) of fire suppression system
which failed / initiated actuation? }

.

6. Affacted area (s) of plant? g 4, bv',|)in
7. Affected plant system (s)? /d e .1 e !

'

8. Affactedequipment?/de6e j

9. Failure mode? h ,O n e |

10. Result in a plant transient? No
11. Result of a plant transient? Yo c ;

12. Result of a fire elsewhere? No ,

!

from o +u.rbine frip ;The pre ss ure surge
' '

rap +ued e roded se c.+ i o n c4Ae hea.+eran
,

drain dicchavge pfpin3. The escapig 3ro F !
'

sw n-wak< m, y + v <e u.% +e d +he Gre '
'

deu in 4ke +urhine L vi ldi y .
'

'

h!a g e sy
Tb 5+e a, m Ja,ury,J se c e nhy

;

plo n+ etu@ ment in W oren owJ injureJ cre

Th c a.u s. e. of +ke re o c +o r + rig woc
-

penon .
f ur bine + rip in'itia4e d beco.ute of a

''

o

spacious main +u b i n e beoefg hij k vib eddr. ''

in d ico4,6 n . -
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Inadvertant Actuation of Fire suppression System checklist j
i

FAfLLEY i p, pw R j

|.
plant:
Date of incident: / p l - g| .

'

1. 4 power / mode? 7, |
g

Ie rt,e A * e ( e J r a f duck hdy2. Initiator?
I f3. How many fire suppression systems actuated?

deluy e4. suppression system (s) involved?

5. Component (s) of fire suppression system
which failed / initiated actuation? 7; gF eeg ulater in air pretture ,

sy r+e w
-

p& 3

Q (M)
h>wey

6. Affected area (s) of plant?
t

7. Affected plant system (s)? 4 y

8. Affected equipment? More .;

9. Failure mode? N/A
10. Result in a plant transient? N0
11. Result of a plant transient? tJe

12. Result of a fire elsewhere? NO |

[mfrofer fet(bvwssce o& o. belage Sy She w. j e:Y :

u air pv est u r T zo% ,7ch |
pr e ted.u.re ce su.Ik J. in

+ezh ce3al:+oc a.llowing he deluge sy s+e w a;r i

xe w e +o ole <_ r ea t e , The de cresceJ oir 4

4 i

c4.103
owe r ge delu.yo.llo w e J e kep r e u.u_r e

'

h ehuf e . The o nl Ap cf wat
sp+fe m y

e va p ou ry d rop k Ae de Ivy e sys % whe r-s

suppl . ( sak + %)y
,

160
t
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Inadvertent Actuation of Fire suppression system checklist |

P1 ant Type
!

Date of incident: /C - 2$ - T|
1. 4 power / mode? 3 :

2. Initiator? l)w defer m s ed - 5f* M *"5 |
..

~

i

How many fire suppression systems actuated? d.
3.

4. Suppression system (s) involved? Delu3e
,

5. component (s) of fire suppression system
which failed / initiated actuation? W clderelaed

6. Affected area (s) of plant? Go 1,'r +ower LA |

7. Affected plant system (s)? %p q

8. Affacted equipment? N ene

9. Failure mode? M/A f
10. Result in a plar.t transient? Ne

:

11. Result of a plant transient? N o |

12. Result of a fire elsewhere? No !

)

.

he Coo | t k"ODef {h t $u} e Cf G he m Lpv ric y \y ,

ocduAked. ND c. owc |u.tI9e rea so a 4ev be
|

6.Lku a.hs e s t.ov|) bt heherw,ive), he oghy
ife mpo r 4, y h op in ne deluyen'epack wds a

supp y. (s|m,'l,r +,*e9.ose3)sy 6 tem w.4e e I

:

5

I

i

'

161
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' Inadvertent Actuation of Fire suppression System Checklist f
i

FARLEY d- Pv) R |w eiplant:
fDate of incident: $-|0 - M I

1. % power / mode? ,
,

2. Initiator? Paeseae( ervor darkj maik+enaw'' |
d- |3. How many fire suppression systems actuated?

4. Suppression system (s) involved? [)cluye
I

Component (s) of fire suppression system
l ist, delu e ok '5.

which f ailed / initiated actuation? R.ep aterfres.t.ur17o+ie.g.SyCO*
,

,

!

Affected area (s) of plant? g ,|,'nb 4,g y g6.

7. Affected plant system (s)? fj,g ,

8. Affected equipment? /dere
'

9. Failure mode? N /A ,

10. Result in a plant transient? IYo
11. Result of a plant transient? Oc [

!

12. Result of a fire elsewhere? /d 0 i

|

e

Q [$ 8I Ydh N e U O.N (I 6. DN8 f f e $,h M [ & C

d< ep 'in ne d e lv.ge air p re 55 u r iz.Rer. tyb.,

Ae coehk +o w r iATus. Jrer a c+uaf-ed
ib pact we.3 +emporo<y |de luge , The orI o.7 he delvy |lowe.rik of Ae wa.4e r (ever in

j
fo r k s. (siw'lav to " e 2, t s, H )'

su yly

162
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Inadvertent Actuation of Fire suppression Systen Checklist

L 1 M E R.t C K. L rype: t$vj ft |plant

Date of incident: 4 j0 gf |
*

,

1. L power / mode? 3% )
2. Initiator? frc;ture spn k,e iA r,w'ifchin .from F.a A -6 na e |

*

3. Now many fire suppression systems actuated? A |
4. Suppression system (s) involved? Ndon ;

5. Component (s) of fire suppression system -

which failed / initiated actuation? /f4gf [)cs4e c 4ec !

of plant? [ ag't| tar y E ni rrent b y' !
'

6. Affected area (s)
R**Aff.ct.dplantsyst.m(s)?gg,yj;""'52.

s. Aff.et.d .guipa.nt? ;-

d Failure mode? N }on tn C u.ip W e Stk bo m [ o r t e d N c2 lie lak[ed'

he .

o fhe Main (.A 6tfro ( bom Vea4ile Mo*.
10. Result in a plant transient? No

11. Result of a plant transient? O

12. Result of a fire elsewhere? 00

N al nte na ne.e werker& Rg( Ad e nf{e 6 a.kl y fripped d 'r. e
' '

o.u v'i l t'o r y e gulp m e n+ supply Gan " A ". W h e v.reom
4ke. s6cl by euppl y -Fo r ''e ' a a4 o u + i ca lly s arf ed,l-

o. pressure spike wM c k se4- ofcif gewer +e.d
on oveAy se a c i+ 6;e hea+ de+e ch . The Leaf
de+e cAor %e a a c+v a+e A & ho.1 o r Jd ch < roe

v
(Who be e.uji|[o / e { gip pre g.h roc m, $ g's

dis e kar3 e forcd +Le isolaNo g f & w. ./.,
'

a

y e v.4s1a 4 les syc &e u,to<4co\ r o o w.
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Inadvertent Actuation of Fire suppression system Checklist

PWRPlant: SAM 000FRE a ryp.:
Date of incidents g. | 4 ( 2
1. 4 power / mode? o% (FuelL..Ji,y
2. Initiator? he r t ti ue } e r r o r dMg mai@uc e
3. How many fire suppression systems actuated? 1,

Oe f u 3 e4. Suppression system (s) involved?

5. Component (s) of fire suppression systen ;

, g e /,, f . *w y, l., , j
*

which failed / initiated actuation? L,(v ,.

'

6. Affacted area (s) of plant? ( ,64 roI kooen
'

Af fected plant system (s)? (ov4-re | koom bM' Y 9 t' V 'y A i r
'

7.
< \ r e v v y l y t +o w, i

:s. Affectod equipment? C hare g l p ; | 4,,, s

W e + + i .4 )
el eLovtcal I*fII^^"f/ $/ ##

j
'

9. Failure mode?

10. Result in a plant transient? /)f f

/J .11. Result of a plant transient?

12. Result of a fire elsewhtre? /J o !
!

L, v t i ,.3 ir + he.4ier e4 delune five I r, h e M e
''

Ac hIvy iuh mop.e r s k ov cvv tcye h v.,, |s e. v

volv e Whic h ; c ir c e the loc.ol clelvye volve [
'

t , o. <) <t | ce o J y beer frippeJ opn, ac4vo4eJ.-

He Aelage sus < He coabyel roow ew*ryv y
av deovup zyc+e m e.k c o a.\ 41 \ % n , ne ;

so+v v ah A ekavcoal M+ era eszuived re p Iat e ws n+. ?

!

|

164
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Inadvertent Actuation of Fire Suppression System Checklist

MN N S Typet bMPlants
Date of incident: 3 3, E 'A

1. 4 power / mode? ',

d.urinj m * ' d' ^ ^ ^ ' '
'

; 2. Initiator? Pe n o ue l < roc

3. Now many fire suppression systems actuated? d.

4. suppression systea(s) involved? Wah r spray
5. Component (s) of fire suppression system

S rar /t+* * b\oc L UIV'F
Swhich failed / initiated actuation?

6. Affacted area (s) of plant? C.able r i t. e r she4+
*

7. Affected plant system (s)?

a. Affected equipment? C. b l e +co. 7 five re brJ a a+ bu<ici

9. Failure mode? Wo f e e d aW A3e ho b"f fif f M E# "' A

20. Result in a plant transient? Nr
11. Result of a plant transient? Nf

b612. Result of a fire elsewhere?

i
i

!

TOC. .t Ck u t' F )f r 50% ft@ | |Mk A (k /A CA 4 e60.6Ce

rJ<.uwAercfeeA r.pu y cp fe m blo c k va.l v e
,

6+ =+u s and bepr mo(n+.n wce e,n a vro na I |,

swH-ik va hile. 4-ke blocIc el ve vae s4;# '

;

oper. As o. < e s a + , n e c cM. cau skJ+
y u4vo4 d. |iao dv e rte d l

'
l w e.+e r cp r y wat e

l Twe w a.h r J o +a3,d +ke c ble + ray Gwe

r ehrJ ar+ bu A er m a.+e r ia l .

165 |
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Inadvertent Actuttien of Fire Suppression System Checklist

SMJ C MO F k,E 2 p, PWRPlantt
Date of incidents g- $ - 8 9
1. 4 power / mode? 3-

Q d newa spu5eos (P W N ! 8I N2. Initiator?

3. How many fire suppression systems actuated? A

4. suppression system (s) involved? OeI*$e
5. component (s) of fire suppression system

which failed / initiated actuation? Delage m aual ae.tvoter
,

6. Affected area (s) of plant? ]
7. Affected plant system (s)? Nog ,

8. Affected equipment? Dode

9. Failure mode? Ikb
10. Result in a plant transient? |do

11. Result of a plant transient? (dc

12. Result of & fire elsewhere? be

v r.Me.hg e mid e d fe at e g Mong Ak ac.f unflog'

for- t,,o w.e j

de| age Vo!Ve occ uf f e) j t h a.d V e s' Ye a f l
'

o a. y
4 e+4 + iny 4. delu g e sy s +e w , The #ede d a,w

is ro+ cpeciGed , hb e torpw d was d. w. y d >

1

|
'

!

{
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Inadvertent Actuation of Fire suppression system Checklist i

i
'

Plantt bO O 7 Typ.: PsuR ;

Date of incidents pg.f7 ,g3 |

1. 4 power / mode? M,de i f
2. Initiator? (Aelcwo wn - Ef M/ tous ;

How rsny fire suppression systems actuated? I f3.
I

4, suppression system (s) involved? D e.lg 3e

5. component (s) of fire suppression system |

which failed / initiated actuation? g ,. k v. e w v. !
.

6. Affected area (s) of plant? g y ,} $4gj SrW Co b|, Riter kre

7. Affected plant systen(s)? g,g e f
f

8. Affected equipment? /de r.c

9. Failure mode? N/A j

10. Result in a plant transient? 00 |

11. Result of a plant transient? b6 {

b012. Result of a fire elsewhere?
'

,

k

tk co'decov,+vol builMThe clel u3, 'm W
o.c4v o+.J .y

nor
|

No a.u c e ;spu riou s. lyrise.c ores

| Goc t-ke o.e+a a % n uald hs Le4erw,'ae l a.ad
no o he r e tu rgme d wo.c affec+ed.

.

I'

167 !
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Inadvertent Actuation of Fire Suppression System Checklist
i

plantI hk b SOI' 7 Typet kWk
|Date of incidents (,.|(,, g 4

1. 4 power / node? 1004o !

WI' "'4
2. Initiator? Le,a k ehg fed vaIv* M

3. How many fire suppression systems actuated? I !

4. Suppression system (s) involved? ? (Fibe *oI4 |
:

5. Component (s) of fire suppression system -

Rup+ured M o Meir pipt.

>

which failed / initiated actuation?
6. Affacted area (s) of plant? Mg if J. <j gV $d,tekyg, y (g g,

7. Affected plant system (s)? /) ore ;

8. Affected equipment? /d e ne

9. Failure mode? N/A
10. Result in a plant transient? |)o
11. Result of a plant transient? |de

12. Result of a fire elsewhere? f0
;;

l.
t

'

t
,

Du r s*w)pret,ture 4e.e.,fiaj of a new se e. f'i o v

d fire reai n ptps'ny fhe hyd resf a.fic 4es4 :
*

'

b o a n el o r y v a.| V e s, l e a k. e h p r e t !., u r i z k y Ne
edt're f&e main above ne norma.| o?ero4lavJ
WeEtura. b w e.a k e r a cl. se di o n c4 O e M 'r e'

ma[n broke; f looj a ne bti 4 KV

S w i f e. k e a.v' f o o r^ . No e guip med clam a g ej
3

olde r han I-he (i e hr eo k; is- de s. c. r ' b'e d .fi

'

168
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Inadvertent Actuation of Fire suppression System checklist {
1
!'

pwR :5AN 6830FRE 3 .ryp.: 'Plant:
Date of incident 7. - 9.f - f J

1, 4 power / mode? Mode f

2. Initiator? (inIm wM - 8f M ou8
IHow many fire suppression systems actuated?3.

4. Suppression system (s) involved? % der s p re./
A

5. Component (s) of fire suppression system (Awbowa (Fice debebt ,U
,

which failed / initiated actuatien?

6. Affected area (s) of plant? C o.bl e brt! Sec4e5a /0 6

7. Affected plant system (s)? Mene g,y, cy,,) 4 , g e (g j ,,
y

n otion de s c r'ihe d
8. Affacted equipment? /dere panel co

-

'

in **)7,)
9. Failure mode? /j/A -

Result in a plant transient? M o10.

11. Result of a plant transient? N o
bo,

12. Result of a fire elsewhere?
,

i

in cotole +wnel tec#oaT he le luy e sp ray
a. c.+ v a bed . The cauce is.lo spu.<Aus.ly

udnewn; o.l%vy k ons+r u c_% o. c+ M+7 /n'

probably w a s a. c.o n +n%+cr , I+& area.

days h res+oce +ke ac.fua+,'ry+ook. to

-fRe cle 4.c+o r .

169
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Inadvertent Actuation of Fire suppression System Checklist
e

Plant: 5AH odoFR E 3 Type NR |
Date of incidents g . 2 2 - T, s .

I

1. % power / mode? M.A r |

2. Initiator? Il.e kn e w n - c p u r s'e u s ,

3. How many fire suppression systems actuated? 1. -|

Spettk\er j4. suppression systea(s) involved?
'

5. Component (s) of fire suppression systenQ aknevJn ( M Fe de 4ceter h rwhich failed / initiated actuation?
6. Affected arta(s) of plant? Diege\ Gereva4or <t f e o, [

7. Affected plant system (s)? N owe
.

8. Affected equipment? 19eae [

9. Failure mode? /d/A
10. Result in a plant transient? No

11. Result of a plant transient? do f
12. Result of a fire elsewhere? 00 ;

i

!

mer %e d k s e l g e n e v skor (~6 -c= t.| ;T%. c.,p r i sk.le v

s p v n'ou e Iy a c.ku n.+ e d . 10 o ee a t, o s Goe 4ke |
c+ u ei. a c ou.l) be h &e r w'me / . T+ +o o k. 3 |

dayc 4o re. c,+or e 4ke 5,'re d.e he+or . [
'
,

|

| i

t

t

170
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Iliadvertent Actuation of Fire Suppression System Checklist
n .

Plants. SAM OMOPRE 3 pwg :
77p,,

i Date of incident: 3 g 93,

1. 4 power / mode? Meele f
2. Initiator? Ijn kno w n -s p u r io u s ,

'

3. How many fire suppression systems actuated? I

befuge4. suppression system (s) involved?

5. Component (s) of fire suppression system
which failed / initiated actuation? (J ,kgow n @ ire defee+<h

6. Affected area (s) of plant? (on-froI builded'bcable riser lSo
e le v & ,o n

7. Affected plant system (s)? peg

8. Affected eqairment? None
|

Failure mode? A)/A-9.

.10. Result in a plant transient? Me

11. Result of a plant transient? Do

12. Result of a fire elsewhere? Mo
-

L
1
L

T% delsy spray la coa %I balid y a ble risee

so' e le va+4 n s p urious a c.4 v o 4 d . Al. reocoa

6 he acta Fo x could be GourJ. r+ was

so Aay s befor e & o cco c.a4e) -fpe 2,4ec4ce:

|: vae re re +oreej +o se r vic e.
|

|~

;
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Inadvertent Actuation of Fire Suppression System Checklist !
!
,

Plantt GA N Od okRE 3 Type: EWA
i

Date of incident: 4 4 . g .,
i

1. % power / mode? Mode f
*

2. Initiator? (A n |<. ke w n - t f u r i o u s

3.. How many fire suppression systems actuated? I
k

4. suppression system (s) involved?. h e lu y e 5groy'

(F.*l.1Jelebrtb5. Component (s) of' fire suppression system
which. failed / initiated actuation? w4,yg

6. Affected area (r) of Met? Raj p 4e bu'iISsv7 c N fn qs!Inry.
.s

7. . Affected plant systeng., Ne ee-

Affacted equipment? N eVPS.

9. Failure mode? N[A
10. Result in a plant transient? Ne

11. Result of a plant transient? No

12. Result of a fire elsewhere? Me

1 i

|

Tb Ge sproy ep. +c . h4 proh c4: +he
raJ waefe buileling cab lo go lie ry 5 p u rio vc Iy

|

fee % e actun4(et! a c.f u a t e d . No co u ce

L co u tel ke -Fourd, The a s s o ci o +e el fire
'

-

fe<de4ec+ ors w e re ouf of se rvde -

I'? days.
!

.

..

,
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Inadvertent Actuation of Fire Suppression System Checklist
|

j
6AN ONOFAE 3 Types. P w g

IPlant:
Date of incident: 7-27- 23

j

1. 4 power / mode? b de 4
M dn++ a#ce acW+ y

2. Initiator?

How many fire suppression systems actuated? d.7.

4. suppression system (s) involved? DeIv.ge- ;

5. Component (s) of fire suppression system
which failed / initiated actuation? Roual ocf ua4 * v frIf laver

6. Affacted area (s) of plant? * d e, y, c (T h)
4 ,

Affected plant system (s)? /de v. e17.

8. Affected equipment? /deee

9. Failure mode? id/A
10. Result in a plant transient? [d e.

11. Result of a plant transient? [.)e
,

^

: b*12. Result of a fire elsewhere?

we,kcc o u () . y + ~
DucIn3

cok\e + <o y < lea ky,o
Lelage na n u a. l ac%btoe + v (p

*

y palle c)a Il a
o e + v o +ed. % elevey, TMs iudvev+ea+ly

| deluge sy e+e m im 2cve C2.

173

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



, . . _ _ _ . _ _ . . . _ . . _ _ _ _ _ .._ _

;fi\0k .

Inadvertent Actuation of Fire suppression system checklist

Plant: NCCrVLIkE i Type:. 9 VJ k )
Late of incident: 7 4 -((

1. 4 power / mode? 3

2. Initiator? fertonnek 4.YYo r

How many fire suppression systems actuated? b3.

4. Suppression system (s) involved? Nede n
'

5. Component ('s) of fire suppression system -

which failed / initiated actuation? pg 6 Mcn cwJM
Affected area (s) of plant? Turbine dra'ver aWih kry Oeeb+c e*

6.

fuwp nero.
7. Affected plant system (s)? No M

Affected equipment? NO MP8.

9. Failure mode? O e F1 P

10. Result in a plant transient? No
O11. Result of a plant transient?

12.' Result of a fire elsewhere? O '

L
|

wis c e mva a vu'c afd n owd a efickinj pushbu.4+on i

cause Re detAa rge| cwi4d combined b
cyhaderF e4 % ka \e n sy s+e m reserae

probeMay he +w b (ne d r Ne v, aviu14vy
feel o w p - p.

.
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L Inadvertent Actuation of Fire Suppression System Checklist
a. .

r; 4 .'. : . W ATERFOR.b 3 rype: 9 VJR
* ne of incidents g g tf?

1. - 4 power / mode? /0 0 +7e

2. Initiator? $+e o, A le ok i

!

3. Now many fire suppression systems actuated? i

4. suppression systan(s) involved? he[u 3 e
'

5. Component (s) of fire suppression system
which failed / initiated actuation? ]

6. Affected area (s) of plant? Fe e,L w ah r P-p o re&
7. Affected plant system (s)? .

8. Affected equipment? Men Fee d uu h r Pu wp'I

9. ' Failure mode? \Nater
10. Result in a plant transient? [c;
11. Result of a plant transient? IJe

.

12. Result of a fire elsewhere? | des

k the m \ e ak Gro m %e s u c h'e n 41o n e
~

~

e-

&p u m p '' 6 " acho.+e dMe udn fe ectwofe e
c+\y aL a He p u wi .& A.e lu3 e ey c+e n

L The delu3e wafer sproyed er ad %+o
Se pu m p co n ho I co L'ne+ cou Ing 4he puwp

L fo h p. The pu p hip re s.ul te J iv, a

rapd screo.se ivt pre sto r cze r pre ssu re
end coaseque a+)y a veo.c4er Frip.

175
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: Inadvertent Actuation of Fire Suppression System Checklist

181 ant: S\1$@6HhNh)b i Type: 8%Ik
Date of incident: .p.fg gg
1. 4 power / mode? 1

Clwvas7 pt.rsowne!2. Initiator?

3. How many fire suppression systems actuated? L

be.Iuje4. Suppression systea(s) involved? .

|:: 5. Component ('s) of fire suppression system
which failed / initiated actuation? He af se M,i n T t e r w c : s' Ti el

,,,

i;

6. Affected area (s) of plant? 3
'

7. Affected plant system (s)? ? g g p ,,, , og rd.,s Ur Sofety ;

8. Affe'cted equipment? c.RE o ACf M C. homo l ed fed " A *

9. Failure mode? \)la45[ C c.ho / (eo le

Result in a plant transient? b e10.
|

.
11. Result of a plant transient? N o

f 12.' Result of a fire elsewhere? bo

b to A Cbf Mr.b~o R %f o C ker h u m p J a. de. )a3 e.cyth,
he a se as,ig +ke<me- swN.h , d"A " Mrn

uf wo&y Me

oleluge o v e. r Me C R E o A<.s (

chanoal be) , Tb " A " trai, was ino per,Me.
repla.e e LunHl bke e.kau.I was

176
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Inadvertent Actuation of Fire Suppression System Checklist

Pvd R.Su.M MIE R 1. Type:Plant
Date of incident: q gg g g

1. % power / mode? Me, Ae 1.

2. Initiator? Eress u# e su.rje du.ving ft(e pump fetY
* '

3. How many fire suppression systems actuated? I-

,

4. Suppression systan(s) involved? belug e
'

5. Component (s) of fire suppressicn system .

which failed / initiated actuation? h ,g,,j, yn{qe ope ne d / grigj
""

6. Affected area (s) of plant? )*
Affected plant system (s)? [v g||iar7 b u'ilcli n Venh'|o4io'v Exkod' '

7.

8. Affe'cted equipment? Che (4 oA k 4 i'l4C Y bIeVUW b

9. Failure mode? \h)( N t v 9 0 bharCCAS'

10. Result in a plant transient? NO
O11. Result of a plant transient?

D~

12. Result of a fire elsewhere? -

he d oh hke d.u./. k k [a 07b u s |h [v'.
Vfin} o.

!
o. pre s.su re surge auseJcpthkie r syste m,

by ctor+up of Me e lec+<ic f c< e 3 a $o +ripp j ,
'

Lela y uo.\ve. Tkis a.&uakee. Weopov. o.

over %e aux; h'acy hv'tL'a7AeQedarCoo.\ ya+e wu k a o stOl+e r ple n u m 'B ',' w e ++rtj
s

-M e c hevc oal .

177 ;
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Inadvertent Actuation of Fire Suppression System Checklist |
l

Plants \Nbb bb 2. Typet bW k. J'

3 p | . g 4. (ejs o 4 -l T a e d + ' "J.7) !Date of incidentt

1. 4 power / mode? /'/,(Skr+up)
2. Initiator? Pre s,sure bntledd [M bre W N V Gy d W. j

3. How many fire suppression systems actuated? (
btIugt

-4. Suppression systan(s) involved?
.

Component (s) of fire suppression system5.
which failed / initiated actuation? Sdth Deluge Wlve

6. Affected area (s) 'of plant?

7. Affected plant system (s)? $4.g j by (.r e c T ( c a d w e r f- ( y : ' c w,
'

Affacted equipmenti C.horc.c3al M h ( in 2 Trab
pc .

9. Failure mode? Ne (-od v re ( C h e.r t o n k b E t kE o be y * rs ble,)

10. Result in a plant transient? c

11. Result of a plant transient? NO
'

612. Result of a fire elsewhere?

h6 Narce o c.c. a * *,. th e L h M' L' $ 'M " I4 * "'

4 - 97- P4 vgo.fe v- wos heund in Oe
j

$fn O y (pa r,,, Tre e.k'vne nk $yste +- fra'in . De ebe-

L code b +ke d.elw3e sydem which at 61dved h hm been a< bel
!

by prat.m b.4 eat h & d. lye waer spw. b each occ.wog , a,_
o. vt a.| y 2 e J.;o. n d M ec.ea.l tex.1- c.o.a ni d a r was-

C.k o r e o o I w o.s. Sou a d he be shIlohevahle<

.

|
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Inadvertent Actuation of Fire Suppression System Checklist

. Plants Whh$$ R Type: 6W k
,

Date of incidents q | g4
'

1. 4 power /sode? f.6'7.
2. Initiator? $b m.\uk
3. How many fire suppression systems actuated? h

Dey Pipes4. Suppression systen(s) involved?1 Deluj e R
j

5. Component (s) of. fire suppression system
which failed / initiated actuation? 3 [ fr eb abl keM- Mehr.hv r.)y

b u'I bij(kob'er bv'il/ljbl"!6. Affected area (s) of plant? Turhir e b v.t rabo r
(., e r c v c fr < b u(leli*j j %4e y

'

F i

7. Af fected plant system (s)?

8. Affacted equipment? M. ne

9. Failure mode? h 0 tf
Ne10. Result in a plant transient?

Nf'11. Result of a plant transient?

D12. Result of a fire elsewhere?

A chw teek in %e briae ge n ra4e r b vN i.sy
'

odaah d %e del u.3e sy de w. nearby. The lea k
oiv &n'ere J N pr e - a.cBr. yal ve s. ir +wo

buildin. h y pipe sych mc.hei
A c a <3ermbr-. sal + of he Aelu3e achudibt he Lhsel
fire pup ux.s sfarted . Rue enu.b. b.h r, +he
% pump houble o.laru 4.anuweided. The deluy'

.secur ,J , ba+ ,ad dry pipe sysFems were

sker Fl the ce a 4+e r, a five oio em in W'

y

wa4e r ft) Wab'or buill/ny wen 4 eM. T+ +u r n e d

od A4 h de'ese\ 9Je pu.mp coolad valve had
b beek (mmh Ocb

@uM @ a.am.m maadlr. uvs179 en Se 50 a e u
- _ .. u _ _ _u . . a . -
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Inadvertent Actuation of Fire suppression System checklist

8WRGR.Ah)0 (rU Lf: d. 'rype:~ Plant: :

Date'of incident: 7_ ;g - g 'A

1. 4 power / mode? 7"

* 2. Initiator? Fa.dty relay
iHow many fire suppression systems actuated?3.

4. Suppression system (s) involved? (*(bon bl* * ' *

5. Component (s) of fire suppression system keloP,

which failed / initiated actuation? $ u.p er vit,ory ,

Affected area (s) of plant? Aun b'a<y BuiM /*j6.

Affected plant system (s)? b u.f. b u't d E*j N E A + '1 * b '' "*

7.

|- 8. Affacted equipment? Idene '

9. Failure mode? (Og c e4+ miaa.4e1 vJhole ou. bdiW e'ef
'

10. Result in a plant transient? NDL

11. Result of a plant transient? N o
D12. Result of a fire elsewhere?

1~

ki(e in R Spf e ECI0W C/ 6he,M Lu.ferV5Sorg
'

k h C.u k by

relay ac+ua+.A ne co2 aicc k<<p syth '4'

L

4he Lc3euy core Co.h'$ Sydem Peneb fita -

rc e in ne o.uWary buill'n3 L*nce Re room

dM na have prope r v enfin) ; he Oh'

& \ ec.ke d
p ressu.re buil+ up and blew opea.
Acer . Tws c ei e.se A co2 ink ne rect-of

-Me bJ\diay j f.< ak.3 eva.cu drox of Me udele'

av111 Gry bsIelMy,
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Inadvertent Actuation of Fire Suppression Systein Checklist ;

Plants W MSTOM '3 rype: pWR
Date of. incident: gg,p
1. 4 power / mode? /00 %

2. Initiator? [vic o r r e r.h Yerf proceJu.ve
( 3. How many fire suppression systems actuated? i

'

4. suppression system (s) involved? goy
5. Component (s) of fire suppression system

which failed / initiated actuation? pg , J,4c,4 4,. 7 . . g. on|
6. Affected area (s) of plant? Eoc4 M C C /R e.J C e , + ,- e I c r e d

7. Affected plant system (s)? Nov e

8. .Affected equipment?' Noye

N[/v9. Failure mode?

10. Result in a plant transient? ho

11. Result of a plant transient? he
12. Result of a fire elsewhere? hb

bRY $wg o.keEh oh hhe moh u fet i4 M ' e'g.og,

N tre d.e +e ek h v. sy s +e w. pasele > he carbov'

JioxUe syete w ia Re eae+ M cc/ kcJ
'

ia o J u e et e ni y a.c+v a+e o" .ceafvo I a v e a was

T M s. o.chh woc due b +ke emissie a
Gow He tec+ proced u re o4' 4ke p ro pe r .

rese+ e4e p s. The aRe eto J av e a he J fe
Le e va e v a +e el .

.
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Inadvertent Actuation of Fire Suppression Systaa Checklist

PWR
Plant: VO6-TLE { rype: '

Date of incident: 44 ,, 9 g
;

1. 4 power /isode? j o o *-f,

2. Initiator? $mo ke hr e w. eIec.fric duct hea.fcy

3. How many fire suppression systems actuated? i

@ r '-d 'u hry P'pe &4. Suppression system (s) involved?

l 5. Component (s) of fire suppression system Leaky , ,

| which failed / initiated actuation? PreAcklen VA\VC
* *k ' - I '," * /-

$ f t* dd[Hj6. Affected area (s) of plant? Lippe y (o hle f
f0m"l

Ce n+rol room
7. Affected plant system (s)?

8. Affected equipment? p, pa g ,[5 in tenfre) ren m

9. Failure mode? $ bey- [g p |e c hfe c( pae c |s
10. Result in a plant transient? N e
11. Result of a plant transient? IJ o

12. Result of a fire elsewhere? Ne

Suoke Grove el ec fric Juct hea.4e r o.c + v.a. fe Jo.r

cmoke Me.cfors . The. spr it kle< hea J s diJ re+

-fro rt We pre a c4 c.a valveacb ee , bd woke.r e,n

leo.koM Wes in+. he u.p p er ca le sp readire
ronw arJ o4+. Me c.on+<o l reem cellig , 5 'Te

he cow 4ro| room ceilfg wa.s ref edequ.afely

w(+e c +ipt , water seeped inb h e co r +rel

f ocu o.ad en4ered so vue procens parelt .
u nct we s pu rku.cT6 waker in A panels co

cekahka of r e o.cho r coolo& sys+e w e qu , p wd.

Con +vol roo m personnet pro *F y ' '~r'dd M*H

. - \ 1 . . . L. - < Ec_a as Aks . . - _ _ _ _
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Inadvertent Actuation of Fire Suppression System Checklist
t

bR. A 10 W 00 0 d, PWR9
. . . Plants

Date of incidents q-p3-g7 ,

1. % power / mode? '3f Yo
'

2. Initiator? Me.IntentAce proce dures

How many fire suppression systems actuated? L3.

4. Suppression system (s) involved? Delu.ge

5. Component (s) of fire suppression system
which failed / initiated actuation? De|u3e Mb valve

-6. Affected area (s) of plant? Traetle ' # ' f *Ve n

' Affected. plant system (s)? Elecfric buctes
7.

8. Affected equipment? W i4- 4.dxtllery hontfo m ers'
'

'' b C'" (FIA

cetute d Cl h(af e/~b-l ransfom er s /Failure mode? blu3r o d v ol *en9. 4o tso
*

10. Result in a plant transient? Yeg r e a c_4. c 4.r (pj

11. Result of a plant transient? de

12. Result of a fire elsewhere? No

r e iws +a llin +keM o inbe .ar c e per son n e t sne<e

hand le o. bransker me r deluge a.l ar m eshen

% 0e , bince h deluge sysb hak ud bee n\.

(d.blabh be$o re he ma\ wfe aance Wof k wh g hhej
duend Oe VdVe demj N-wof heri [nd verkenkly

ui+oc.tua.4eA &e deluge sys+e w over a

oudliary tra e sfo rw.c r . The cle(uS e ac+ua& Tea
-Men activa +ed %e eip+y-s/r locked relay; elec -

+ntal) isola +fn3 bon u ru ou xil /ory +ro vc4erw e n .

rus waco, ta & +ur w wg a.
re.a.cfo r tr ip ,

183
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Inadvertent Actuation of Fire Suppression System Checklist"
,

WEBWO i Typ.: BWR !
Plant: '

Date of incident: | .7_ g,
1. - 4 power / mode? '3*7, (Stad u p)

2. Initiator? (6AShfu.dten W8 rke r'

,

,

,

How many fire suppression systems actuated? b3.

4. Suppression system (s) involved? Naktr ( u Nat n
' '

|- 5. Component (s) of fire suppression system
which failed / initiated actuation? $ \ p o'g 1 ac.4 N a Q v :wi4c k

,

I ' ,

,.

6. Affected area (s) of plant? 7,

blecI'fIC PO**#
7. Affected plant system (s)?

p.MeterGeaWGenM>% ;,
^

8. Affacted equipment? ,

Failure mode? Mfer Chor4ed boa) (evtfer9.

10. Result in a plant transient? Yc?
11. Result of a plant transient? No

No -

12. Result of a fire elsewhere?

L k consfr vch t'on weyke.r h ug hf a, Wde y curkdm

.so\e weid ctcM a+i.m swi+c.L wa.s, door 1,4ch awel'
;

inacLver4e a4ly a.ctaded 4 wder c u r+ai n .
The w eer vet ido fwo woorby mo+.r cw4rol

cede e s , +hrog h a. fI,o r pue+ra4-49 aal 'ido
loo.A ceder os %e floor be(ow. The wder ;a

cauced a short (a 4-k e Ioad ceder f and 4he I

sker+ We neA op o. tra nsf orm er. Tb bu r n+

bat 4eme r Wr +n'pped h break.er fee 4'ya
%+ load center and 4wo dher load cer6ec.
The loss e4 N ee h a. . (ood ce d ers cause) 4.

reoc4ac +r@. 284
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' Inadvertent Actuation of Fire Suppression System Checklist |

1
,

MW EkUND d. Type: O W k-L Plants '

Date of incident: p | 9,,, p 4
1. 4 power / mode? 7 3 *y,

(d n spec.ib' eel l 1
'2. Initiator?

I.
3. How many fire suppression systems actuated?

4. Suppression system (s) involved? De lag e
J

5. Component (s) of fire suppression system I

which failed / initiated actuation? ]

6. Affected area (s) of plant? MaIe Tur|ctveb.u'ildn'Hj
'

7. Affected plant system (s)? man'M TI^ I b 3 d#

Affected equipment? Tdrb[ne beari ej VibfAb H 68hECf8.

9.. Failure mode? \hlettey in 2.MtOf Cob |e CeMMech&

i 10. Result in a plant transient? Ye 5

11. Result of a plant transient? N e

12. Result of a fire elsewhere? No

L

ino) verb r&) 4.c+vn hai The delv$e t y s+e m wat

ne mo'i n 4vrtoiwe b ee. ring s . A b e u+ 7over

houss. l a 4-e r , wate r R h+ haJ accumalated

3 bescing+eaa Galsepro be
c ble4 bra +i.w# '

I fa ne
gerera hiy k

vi bra +sv,c.o rne c +o r .

L s ful . This sig no.1 caused Me cl os v e e of

he 4 u rb re e 34op valves ovJ a reoc4ce'

scra m.
i
,

185
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Inadvertent Actuation of Fire Suppression System Checklist j

r 1

bWkPlant: b k d bN bY b Type:

-Date of incidents q.pp.gf ;

/*L(5FarfupI
,

h 1. 4 power / mode?
'

2. Initiator? bEdy d.d, { u 3 e s,y 5 he m

How many fire suppression systems actuated? i,3.

4. Suppression system (s) involved?' he lu 3 e

5. Component (s) of' fire suppression system Nanc| hull $hof ton
,

,

which f ailed / initiated actuation? - Leak yl'

6. Affacted area (s) of plant? $4n.rta p Yrant oyWe r affA

Elec+<ic power
'7. Affected plant system (s)? ,

b4 ov4up 'ffon5kof Mr) bodbVol kcJ Oriv,8. Affected equipment?

Failure mode? [hMt.rleek hr lpp ej thorfuf bo a forw e r
'

- 9.
1 10.. Result in a plant transient? Ye S ,

11. Result of a plant transient? N6
O13. Result of a fire elsewhere?

' be|uge SyGb w. Wadef |ca ke d lAfo Oe cle |vge
'

syc&em hanJ pu.Il shkot fo r ne shAup
+vancfo r me r. Tb 4r wsf e r m.c i,Aev lock c/c ui+

inb pr ehd +E led <.43eas a. del uge. ac+u a Ho t

and Mpped o46 Re c6 r+ up +ran s6 me r . Cert e p. af-i

le d +o Me c on+rol rod J rive udors\yj power was
o.d Fke cea.e% wo s me u d Mpped .y

186
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b' . Inadvertent Actuation of Fire Suppression System Checklist
c

Plant PAL.O \1EttE 1 rype: PWk

at Date of incident:. 4 ,j p g gg, y 4 . p.g g g,) i

1. 4 power / mode? y o o e7,'

(lao.ntm3 atfiv*tYy
'

2. Initiator?

How many fire suppression systems actuated? d.3.

4. Suppression system (s) involved? deluje
'

of fire suppression systeml

5. Component (s)
which failed / initiated actuation? Deluge Valve

7 I"j " f'bAf f acted area (s) of plant? T r de "B" Le w fr et cu ( * Ca046.

b ""
7. Affected plant system (s)? 7 -

,

8. Affected equipment? }

'9. Failure mode? ]
10. Result in a plant transient? No

,

- 11. Result of a plant transient? No

12. Result of a fire elsewhere? ND
'

I

1
|

'Tb + rats " 8 " Lom Prescu <. Sofe4s, rmje. w Pu m p

betwj d.e t o w +a m 'n d ,J o n 4-n-a
[

r** w et.
'

| vj he w he cielug e value began spuriously o.c4vang.A:

a. <ewit per sonne \ ha b ok the sprink\e e sych - va.|ve s

L o ul o f se < vice. anA (rs4 il u4ed aw burly fire

| wo.4c h , Or 4-M-%, the N fLC d. der winel

! 4 hd- ne fire wdc k wa s. n ot bei r.3 cer. A u : 4e/

c4ho< e y,pme & wa s
avoyer l . Apgaeht y, ~

y
a.%ec.hd.

p
187
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i". . TABLE 4-A.
I SEQUENCE CUTSETS FOR SURRY FSE ROOT CAUSE 1

(AFTER SCREENING OUT CUTSETS THAT DON'T HAVE AT LEAST ONE FIRE 2ONE WITH FSS
AND SMOKE DETECTORS AND CUTSETS THAT HAVE MORE THAN ONE FIRE 20NE WITHOUT FSS

b AND GMOKE DETECTORS)

(AFTER SCREENING OUT CUTSETS REQUIRING FSS DAMAGE IN ZONE 31)

(ALSO AFTER SCREENING OUT CUTSETS WITH TWO FIRE 20NES NOT HAVING
A DOOR OR CABLE PENETRATION BETWEEN THEM)i

f
SRY-FIRE-SEQ 1 =

18 7.7000e-04 FR2-2 * CPC-CCF-PG-STRAB +
55 7.OOOOe-05 FR2-2 * HPI-CCF-FRCHABCX +
66 3.0000e-05 FR2-2 * CPC-CCF-FRSWABX

~6I7666EI65 P(fire adjacent to 2)=9.16e-02;
FREDUENCY = (9.16e-02) * (0.1) * (0.1) * (8.70e-04) * M = 3.19e-Ov

___________________

16 7.7000e-04 FR2-4 * CPC-CCF-PG-STRAB +
53 7.OOOOe-05 FR2-4 * HPI-CCF-FRCHABCX +
63 3.OOOOe-05 FR2-4 * CPC-CCF-FRSWABt +

677666EI65 P(fire adjacent to 4)=4.59e-02)
FREQUENCY = (4.59e-02) * (0.1) * (0.1) * (8.70e-04) * M= 1.60e-09

___________________

12 9.6000e-04 FR2-4 * CPC-MDP-FRSW10AX * FR2-45 + FIRE IN 45
20 3.BOOOe-04 FR2-4 * FR2-45 * CPC- STR-PGSTREAX + FIRE IN 65
30 1.BOOOe-04 FR2-4 * FR2-45 * CPC-STR-PGSTR1AX + FIRE IN 45
37 9.OOOOe-05 FR2-4 * ACP-BAC-ST4KV1HX * FR2-45 + FIRE IN L5

-38 9.OOOOe-05 FR2-4 * ACP-BAC-ST1H1X * FR2-45 + FIRE IN 45
43 9.OOOOe-05 FR2-4 * ACP-BAC-ST-1H11X * FR2-45 + FIRE IN 65

60 4.OOOOe-05 FR2-4 * ACP-TFM-NO1H3X * FR2-45 + FIRC IN 45

L I673666E!64 P(fire in 45)=3.71e-03; ,

1 FREQUENCY = (3.71e-03) * (0.1) * (0.1) * (1.83e-03) * M = 2.72e-10
1

________________

2 1.OOOOe+00 FR2-31 * FR2-4 +
| P(fire in 31)=3.21e-02
| FRCQUENCY = '3.21e-02) * (0.1) * (0.1) * M= 1.28e-06.

SRY-FIRE-SEQ 2 =

4 1.5000e-04 FR2-2 * HPI-CCF-FT115CEX +
9 1.5000e-04 FR2-2 * HPI-CCF-FTB67CDX +

10 1.5000e-04 FR2-2 * HPI-CCF-FT115BDX +

13 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV410X +'

14 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV225X +
f
1 21 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV25X +

27 4.OOOOe-05 FR2-2 * HPI-XVM-PGXV24X +

7596665-64 F(fire adjacent to 2)=9.1de-02
~

2.90e-Oc
L FREQUENCY = (9.16e-02) * (0.1) * (0.1) * (7.90e-04) * M =

2 1.5000e-04 FR2-4 * HPI-CCF-FTB67CDX +

- - - - - - . .399_ _ _ _ _ . _ _ _
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i
3 1.5000e-04 FRI-4 * HPI-CCF-FT115BDX +
S 1.5000e-04 FR2-4 * HPI-CCF-FT115CEX + '

4

'

16 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV25X +
|

'

.19 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV41CX +
|

'

23 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV225X +
26 4.OOOOe-05 FR2-4 * HPI-XVM-PGXVE4X &

9796~OvEIv P(fire adjacent to 4)=4.59e-021 |

FREQUENCY = (4.59e-02) * (0.1) * (0.1) * (7.9e-04) * M= 1.45e-09 j
'

1

J

SRY-FIRE-SEQ 3 = ;
'

p 7 1.2OOOe-02 FR2-2 * PPS-MOV-FC1535X * PPS-MOV-FT1535X +
11 1.2OOOe-02 FR2-2 * PPS-MOV-FC1536X * PPS-MOV-FT1536X +"

16 1.0000e-03 FR2-2 * PPS-SOV-FT1455CX +
;

' , . 20 1.OOOOe-03 FR2-2 * PPS-SOV-FT1456X +
'

23 '6.OOOOe-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1536X +
+

27- 6.OOOOe-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1535X + '

30 9.0000e-05 FR2-2 * DCP-BDC-STBUS1BX +
36 9.COOce-05 FR2-2 * DCP-BDC-STBUS1AX +
42 7.OOOOe-05 FR2-2 * PPS-CCF-FTPORVX +

54 2.7000e-05 FR2-2 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +

55 2.7000e-05 FR2-2 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X +
56 2.7000e-05 FR2-2 * ACP-BAC-ST4KV1JX * PPS-MOV-FC1536X +
57 2.7000e-05 FR2-2 * ACP-BAC-ST1J1X * PPS-MOV-FC1536X + .

69 2.7000e-05 FR2-2 * ACP-BAC-ST1H1X * PPS-M3V-FC1535X *
74 2.7000e-05 FR2-2 + ACP-BAC-ST-1J12X + PPS-MDV-FC1536i -
85 1.2OOOe-05 FR2-2 * PPS-MOV-FC1536X * PPS-MOV-PG1536X +

!

'92' 1.2OOOe-05 FR2-2 * ACP-TFM-NO1H1X * PPE-MOV-FC1535X +
94 1.2OOOe-05 FR2-2 * PPS-MOV-FC1535X * PPS-MOV-PG1535X +
95 1.2OOOe-05 FR2-2 * ACP-TFM-NO1J1 X * PPS-MOV-FC1536h --

EIY656E26E P(fire adjacent to 2)=9.16e-C2;

FREOUENCY = (9.16e-02) * (0.1) * (0.1) * (2.766e-02) * M= 1.01e-07 j
!

________________
l 6 1.2OOOe-02 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-FT1535X +
| 10 1.2OOOe-02 FR2-4 * PPS-MOV-FC1536X * PPS-MOV-FT1536X +
| 15 1.OOOOe-03 FR2-4 * PPS-SOV-FT1456X +
l 19 1.OOOOe-03 FR2-4 * PPE-SOV-FT1455CX +

|
22 6.OOOOe-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC1536X +

| 26 6.OOOOe-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC1535X +
| 32 9.OOOOe-05 FR2-4 * DCP-BDC-STBUS1AX +
| 35 9.OOOOe-05 FR2-4** DCP-BDC-STBUS1BX +

40 7. OOOOe-05 FR2-4 * PPS-CCF-FTPORVX +
52 2.7000e-05 FR2-4 * ACP-BAC-ST4KV1JX * PPS-MOV-FC1536X +

ACP-BAC-ST131X * PPS-MOV-FC1536X +53 2.7000a-05 FR2-4 *
65 2.7000e-05 FR2-4 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +

66 2.7000e-05 FR2-4 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X +
..

68 2.7000e-05 FR2-4 * ACP-BAC-ST-1J12X * PPS-MOV-FC1536Y +

73 2.7COOe-05 FR2-4 * ACP-BAC-ST1H1X * PPS-MOV-FC1535X +
E7 1.2OOOe-05 FR2-4 * PPS-MOV-FC1536X * PPS-MOV-PG1536X +

89 1.2COOe-05 FR2-4 * ACP-TFM-NO1H1X * PPS-MOv-FC1535X +
96 1.2OOOe-05 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-PG1535X +

98 1.2OOOe-05 FR2-4 * ACP-TFM-NO131X * PPS-MOV-FC1536A +

~EIi666EI6E P(fire adjacent to 4)=4.59e-02:
M = 5,08e-6EFREOUEN*.Y = (4.59e-02) + (0.1) * (0.1) * (2.766e-02) *

GRY-FIRE-SED 4 =
AM



f~~ L' t' \tUKKY ht:,V \b W 1 d 1'/ , VKN OcY Cm o rc I.Mond;v M;y 10, 1CB7 10 4$t58 cm
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p
S 1 1.0000e+00 FR2-1 +

JP(fire in 5 or 17)= 6.83e-02:
i P(fire next to 1 but not in 5 or 17)=2.33e-02: i

[. ,

C(6.83e-02) * (0.1) * (0.1) * (0.26)] + 4

['C FREQUENCY =
[(2.33e-02) * (0.1) * (0.1) * (4.4e-02)3 = 1.86e-04i,

,E _____________________

j C3' 2 1.0000ev00 FR2-3 +
P(fire in 5)= 4.40e-03: !P(fire next to 3 but not in 5)=3.78e-02

C FREQUENCY = C(4.4e-03) * (0.1) * (0.1) * (0.26)3 + |;
'

[(3.78e-02) * (0.1) * (0.1) * (4.4e-02)3 = 2.01e-05
_____________________

i

C 4. 1.0000e+00 FR2-17.+
P(fire next to 17)=3.75e-02;

FREQUENCY = (3.75e-02) * (0.1) * (0.001) * (4.4e-02) = 1.65e-07|:

G,

SRY-FIRE-SEQ 6 =
C

4 1.0000e+00 FR2-17 +
P(fire next to 17)=3.75e-02:

(0.001) * O = 1.00e-10* (0,1)
C> FREOUENCY =-(3.75e-02) +

______________._______

5 1.0000e+00 FR2-1 +
|

.C P(fire next to 1)=9.16e-02
FREQUENCY = (9.16e-02) * (0.1) * (0.1) * Q = 4.50e-00

_.. __________________

:C' 6- 1.0000e+00 FR2-3 +
P(fire next to 3)=4.21e-02:

(4.21e-02) * (0.1) * (0.1) * O = 2.11e-CBFREQUENCY =

O
SRY-FIRE-SEO7 =

O
0 ~1.8000e-04 FR2-2 * 3 RANDOM EVENTS +

12 1.4400e-04 FR2-2 * 4 RANDOM EVENTS +
C). 10 7.0000e-05 FR2-2 * PPS-CCF-FTPORVX +

24 1.2000e-05 FR2-2 * 3 RANDOM EVENTS +
27 1.2000e-05 FR2-2 * 3 RANDOM EVENTS +

O __________

4.1000E-04 P(fire aojacent to 2)=9.16e-02:

FREQUENCY = (9.16e-02) * (0.1) * (0.1) * (4.18e-04) *O= 1.91e-11

c3 __________________

5 1.8000e-04 FR2-4 * 3 RANDOM EVENTS +
9 1.4400e-04 FR2 -4 * 4 RANDOM EVENTS +

4. 15 7.0000e-05 FR2-4 * PPS-CCF-FTPORVX +
3 RANDOM EVENTS +20 1.2000e-05 FR2-4 *

23 1.2000e-05 FR2-4 * 3 RANDOM EVENTS +
C ___________

4.1000E-04 P(fire adjacent to 4)=4.59e-02:

FREOUENCY = (4.59e-02) * (0.1) * (0.1) * (4.1Ge-04) * O = 9.59e-12
O

SRY-FIRE-SEGE-B =
O

O 1.2000e-02 FR2-2 * 3 RANDOM EVENTS +
12 1.2000e-02 FR2-2 * 3 RANDOM EVENTS +

C 15 1.0000e-03 FR2-2 * LPR-XHE-FCHOTLGX * PPS-SOV-FT1455CW
+

* PPS-SOV-FT1456X +19 1.0000e-03 FR2-2 * LPR-XHE-FOHOTLGX
27 6.0000e-04 FR2-2 * 3 RANDOM EVENTS +

"
,

- - --r -- - -_, . - _ _ _ _
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01. ~4.0000e-04 FRZ-E.o 3 RANDOM EVENTS + ;

t

C9' '9.0000e-05 FRZ-2 * LPR-XHE-FDHOTLGX * DCP-BDC-STBUS1AX +
53f 9.OOOOe-05 DCP-BDC-STBUS1BX * FR2-2 * LPR-XHE-FOHOTLGX + |

* |
57 7.OOOOe-05 FRZ-2 * LPR-XHE-FDHOTLGX * PPS-CCF-FTPORVX

|
78 E.7000e-05 FRZ-2 + 3 RANDOM EVENTS +

I
79 E.7000e-05 FRZ-2 * 3 RANDON EVENTG +

r

90 E.7000e-05 FR2-2 * 3 RANDOM EVENTS +
' 91 - 'E.7000e-05 FR2-2 e 3 RANDOM EVENTS +

j

99 E.7000e-05 FRZ-2 * |B RANOOM EVENTS +
91 2'7000e-05 ,FR2-2 * 3 RANDOM EVENTS +

:105 1.EOOOe-05 FRZ-2 * 3 RANDOM EVENT 6 + ;

109 1'.EOOOe-05' FRZ-2 * 3 RANDOM EVENTS +
,

110 .1.EOOOe-05 FRZ-2 * 3 RANDOM EVENTS +
;

112 1.EOOOe-05 FR2-2 e 3 RANDOM EVENTS +
i

~~5$iE66eE65 P(fire adjacent to 2)=9.16e-02;
FREQUENCY = (9.16e-OE) * (0.1) * (0.1) * (2.766e-02) *M= 1.01e-07

,____________________

7 1.2000e-02 FRZ-4 * 3 RANDOM EVENTS +
11 1.2OOOe-02 FR -4 * 3 RANDOM EVENTS +
14 1.0000e-03 FR2-4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456X +

1B' 1.OOOOe-03 FRZ-4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1455CX +
l 26 6.OOOOe-04 FRZ-4.* 3 RANDOM EVENTS + ,

30 6.OOOOe-04 FR2-4 * 3 RANDOM EVENTS +
50 9.0000e-05 DCP-BDC-STBUS1BX * FRZ-4 * LPR-XHE-FOHOTLGX +

,

|,,,

.52 9.OOOOe-05 FRZ-4 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUS1A>
' *

'

54: 7.OOOOe-05 FRZ-4 *.LPR-XHE-FOHOTLGX * PPS-CCF-FTPCRVX + ,

73 2.7000e-05 FR2-4 * 3 RANDCM EVLNTE +
,

74 E.7000e-OS FRZ-4 * 3 RANDOM EVENTS +
76 2.7000e-05 FR2-4-* 3 RANDOM EVENTS +

,

77 E.7000e-05 FRZ-4 * 3 RANDOM EVENTS +
BS' 2.7000e-05 FR -4 * 2 RANDOM EVEN18 + '

90 2.7000e-05 FR -4 * 3 RANDOM EVENTS +
106 1.2OOOe-05 FR2-4 * 3 RANDOM EVENTS 4
114 1.2OOOe-05 FRZ-4 * 3 RANDOM EVENTS +
115' 1.ECOOe-05 FR2-4 * 3 RANDOM EVENTS +
-116- 1.2OOOe-05 FRZ-4 * 3 RANDOM EVENTS +

~67i656e~65~ P(fire adjacent to 4)=4.59e-02;
~

FREQUENCY = (4.59e-02) * (0.1) * (0.1) * (2.766e-02) * M = 5.OBe-OB

SRY-FIRE-SEQ 3-B =
I

SRY-FIRE-SE04-B =
i

4 1.OOOOe+00 FRZ-2 * LPR-XHE-FOHOTLGX +
P(fire adjacent to 2)=9.16e-02;

FREQUENCY = (9.16e-02) * (0.1) * (0.1) * O = 4.58e-OD
_____________________

7 6.3OOOe-04 FRZ-2 * LPI-CCF-FSSI1ABX +
10 3.OOOOe-04 FRZ-2 * RMT-CCF-FAMSCALX +
13 1.5000e-04 FRZ-2 * LPR-CCF-FT890ADX +

14 1.5000e-04 FRZ-2 * LPR-CCF-FT860ABX 4
18 1.5000e-04 FRZ-2 * LPR-CCF-FTB62ABX +

23 5.OOOOe-05 LPR-CCF-PGSUMPX * FRZ-2 +

1E73663e264 P(fire adjacent to 2)=9.16e-02:
FREQUENCY = (9.16e-02) * (0.1) * (0.1) * (1.43e-03) * O = 6.55e-11

--_____________________

1 1.OOOOe+00 FRZ-4 * LPR-XHE-FOHOTLGX +
''

-.~ . _ . _ . . . _ _ _ ,
._19,2 - - - - -
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( P(firo cdjecont to 4)=4.590-OE;'

L FREQUENCY = (4.59e-OE) * (0.1) * (0.1) * Q = 2.30e-08
L ....___________..... .

5' 6.3OOOe-04 FR2-4 * LPI-CCF-FSSI1APX +'

r
|i < 'B' 3.0000e-04 FR2-4 * RMT-CCF-FAMSCALX +
" 11 1.5000e-04 FR2-4 * LPR-CCF-FTB6EABX +
| 17 1.5000e-04 FR2-4 * LPR-CCF-FT890ABX +
L 19 1.5000e-04~ FR2-4 * LPR-CCF-FT860ABX +
L 24- 5.OOOOe-05 LPR-CCF-PGSUMPX * FR2-4 +
! ___________
" 14.3OOOe-04 P(fire adjacent to 4)=4.59e-02;

FREQUENCY = (4.59e-02) * (0.1) * (0.1) * (1.43e-03) * O = 3.2Be-11
,

!
SRY-FIRE-SEQ 5-B =

4 6.3OOOe-04 FR2-2 * LPI-CCF-FSSI1ABX +
7- 3.OOOOe-04 FR2-2 * RMT-CCF-FAME.sLX +;;

r 10 1.5000e-04 FR2-2 * LPR-CCF-FTB62ABX +
13- 1.5000e-04 FRC-2 * LPR-CCF-FT863ABX +
15 1.5000e-Oh FRI-2 * LPR-CCF-FT860ABX +

* 1E 5.0000e-05 LPR-CCF-PGSUMPX * FR2-2 +

IE~5666e~64 P(fire adjacent to 2)=9.16e-02; y

1

FREQUENCY = (9.16e-02) * (0.1) *-(0.1) * (1.43e-03) * O = e.55e-11
______..... ___.______.

3 6.3OOOe-04 FR -4 * LPI-CCF-FSSI1ABX +
6 3.OOOOe-04 FRC-* * RMT-CCF-FAM5 CALK +

9 '1.5000e-04 FR2-4 * LPR-CCF-FT862ABX +-
12 1.5000e-04 FR2-4 + LPR-COF-FTB60ABX +
14 .1.5000e-04 FRI-4 * LPR-CCF rTO63ABX +
17 5.OOOOe-05 LPR-CCF-PGSUPPX * FRC-4 +

I4 5666$265 P(fire adjacent to 4)=4.59e-02:~

FREQUENCY = (4.59e-02) * (0.1) * (0.1) *-(1.43e-05) * O = 3.28e-11 ]

SRY-FIRE-SEQ 6-B =
|

SRY-FIRE-SEO7-B = ,

I
i

|
| '.

|-

|

!
|
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SEQUENCE CUTSETS FOR SURRY FSS ROOT CAUSE 2 ,

r

(AFTER SCREENING OUT CUTSETS WITHOUT RANDOM FAILURES
OR WITHOUT A FIRE 2ONE OR WITH MORE THAN ONE FIRE CONE)

(AFTER SCREENING OUT CUTSETS WITH FIRE CONES 15, 19, 20)

0.1 M = 4.Oe-03; Q = 5.Oe-05; ;

CSSUMPTIONS: P(barrier failure) =

Fcr Sequence 4, P(non-recovery)=4.4e-02 and ACP-XHE-FOSTEBSY=4.OE-03
'

.

SRY-FIRE-SEQ 1 =

18 7.7000e-04 FR2-2 * CPC-CCF-PG-STRAB +
55 7.0000e-05' FR'-2 *.HPI-CCF-FRCHABCX + '

66 3.OOOOe-05 FR2-2 * CPC-CCF-FRSWABX

5IiUO6e'266 P(fire in 2)=2.60e-03
FREQUENCY = (2.60e-03) * (0.1) * (8.70e-04) * M = 9.33e-10

16 7.7000e-04 FR2-4.* CPC-CCF-PG-STRAB +
53 7.OOOOe-05 FR2-4 * HPI-CCF-FRCHABCX +
63 3.OOOOe-05 FR2-4 * CPC-CCF-FRSWABX +

67iU66e264 P(fire in 4)=2.97e-03
FREQUENCY = (2.97e-03) * (0.1) * (8.70e-04) *M= 1.03e-09

9 1.2OOOe-01 FR2-31 * AFW-TDP-FREP6HRX +
10 1.1000e-02 FR2-31 * AFW-TDP-FSFW2X +
11 1.OOOOe-02 FR2-31 * AFW-TDP-MAFW2X +
33 1.3OOOe-04 FR2-31 * AFW-PSF-FCXCONNX +
34 1.OOOOe-04 AFW-CKV-FTCV142X * FR2-31 +

42 9.OOOOe-05 AFW-CCF-LKSTMPEX * FR2-31 4
59 4.OOOOe-05 FR2-31 * AFW-XVM-PGXV153X +

I!4I36e 6I P(fire in 31)=3.21e-022
FREQUENCY = (3.21e-02) * (0.1) * (1.4136e-01) * M= 1. bee-Oe

32 1.3OOOe-04 AFW-PSF-FCXCONNX * FR2-54 +
35 9.OOOOe-05 AFW-CCF-LKSTMBDX * FR2-54 +
62 3.72OOe-05 AFW-CCF-FSFW3ABX * AFW-TDP-FREP6HRX * FR2-54 +

575756e265 P(fire in 54)= 3.71e-03
FREQUENCY = (3.71e-03) * (0.1) * (2.572e-04) * M = 3.82e-10

,

SRY-FIRE-SEQ 2 =

4 1.5000m-04 FRZ-2 * HPI-CCF-FT115CEX +
9 1.5000e-04 FR2-2 * HPI-CCF-FT867CDX +

10 1.5000e-04 FRZ-2 * HPI-CCF-FT115BDX +
13 1.OOOOe-06 FR2-2 * HPI-CKV-FTCV410X +

14 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV225X +

21 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV25X +
27 4.OOOOe-05 FR2-2 * HPI-XVM-PGXV24X +

779666e264 P(fire in 2)=2.60e-03~

FREQUENCY = (2.68e-03) * (0.1) * (7.90e-04) *M = 8.47e-10

194
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L,

I 2 1.5000s-04 FR2-4 o HPI-CCF-FTB67CDX +
.B 1.5000e-04 FR2-4 * HPI-CCF-FT115BDX + ,

B 1.5000e-04 FR2-4 * HPI-CCF-FT115CEX +
I

16 1.OOOOe-04 * FR2-4 * HP!-CKV-FTCV25X +
19 1.OOOOe-04 'FR2-4 * HPI-CKV-FTCV410X +L

E 23 1.0000e-04 FRZ-4 * HPI-CKV-FTCV225A +
26 4.OOOOe-05 FR2-4 * HPI-XVM-PGXV24X + ,

!

779666e264 P(fire in 4)=2.97e-03
FREQUENCY = (2.97e-03) * (0.1) * (7.90e-04) * M = 9.39e-10

SRY-FIRE-SEQ 3 =

7 1.2OOOe-02 FR2-2 * PPS-MOV-FC1535X * PPS-MOV-FT1535X +
11 '1.2OOOe-02- FR2-2 * PPS-MOV-FC1536X * PPS-MOV-FT1536X +

| 16 1.OOOOe-03 FR2-2 * PPS-SOV-FT1455CX +
20 1.OOOOe-03 FR2-2 * PPS-SOV-FT1456X + i

23 6.0000e-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1536X +
27 6.OOOOe-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1535X +
30 9.OOOOe-05 FR2-2 * DCP-BDC-STBUS1BX +
36 9.0000e-05 FR2-2 * DCP-BDC-STBUS1AX +
42 7.OOOOe-05 FR2-2 * PPS-CCF-FTPORVX +
54 2.7000e-05 FR2-2 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +
55- 2.7000e-05 FR2-2 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X +
56 2.7000e-05 FR2-2 * ACP-BAC-ST4KV1JX * PPS-MOV-FC1S36X +
57 2.7000e-05 FR2-2 * ACP-BAC-ST1J1X * PPS-MOV-FC1536X +
6? 2.7000e-05 FR2-2 * ACP-BAC-ST1H1X * PPS-MOV-FC1535X +
74 2.7000e-05 FR2-2 * ACP-BAC-ST-1312X * PPS-MOV-FC1536Y +
E5 1.2OOOe-05 FRI-2 * PPS-MOV-FC153cx * PPS-MOV-PG153LX +
92 1.2OOOe-05 FR2-2 * ACP-TFM-NO1H1X * PPS-MOV-FC1535) +

94 1.2OOOe-05 FR2-2 * PPS-MOV-FC1535X * PPS-MOV-PG15?5r +
95 1.2OOOe-05 FR2-2 * ACP-TFM-NO1J1X * PPS-MOV-FC1536X +

i

2.7660e-02 P(fire in 2)=2.6Se-03
'' FREQUENCY = (2.60e-03) * (0.1) * (2.766e-02) * M = 2.97e-0E
|

| 6 1.2OOOe-02 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-FT1535X 4
| 10 1.2OOOe-02 FR2-4 * PPS-MOV-FC1536X * PPS-MOV-FT1536Y +

15 1.OOOOe-OS FR2-4 * PPS-SOV-FT1456X +
L 19 1.OOOOe-03 FP2-4 * PPS-SOV-FT1455CX +

22 6.OOOOe-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC153LX 4
26 6.OOOOe-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC1535X 4

L 32 9.OOOOe-05 FR2-4 * DCP-BDC-STBUS1AX +
35 9.OOOOe-05 FP2-4 * DCP-BDC-STBUS1BX +

| 40 7.OOOOe-05 FR2-4 * PPS-CCF-FTPORVX +
52 2.7000e-05 FR2-4 * ACP-BAC-ST4KV1JX * PPS-MOV-FC1536X +

L 53 2.7000e-05 FR2-4 * ACP-BAC-ST131X * PPS-MOV-FC1536X +
L 65 2.7000e-05 FR2-4 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +
L 66 2.7000e-05 FR2-4 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X +'

62 2.7000e-05 FR2-4 * ACP-BAC-ST-1J12X * PPS-MOV-FC1536Y +
73 2.7000e-05 FR2-4 * ACP-BAC-ST1H1X * PPS-MOV-FC1535X +
87 1.2OOOe-05 FR2-4 * PPS-MOV-FC1536X * PPS-MOV-PG1536X +
89 1.2OOOe-05 FR2-4 * ACP-TFM-NO1H1X * PPS-MOV-FC1535X +

96 1.2OOOe-05 FR2-4 * PPS-MOV-FC1535X * PPS-MOV-PG1535) +
98 1.2OOOe-05 FR2-4 * ACP-TFM-NO1J1X * PPS-MOV-FC1536X +

EI?666e26E P(fire in 4)=2.97e-03
FREQUENCY = (2.97e-03) * (0.1) * (2.766e-02) * M= 3.29e-OS
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IERY-FIRI-SED 4 =
,

'6 4.OOOOe-03 ~ FR2-31 * ACP-XHE-FOSTBBSX +
20 4.OOOOe-05 'FRZ-31 * IAS-ADV-PGCC107X +.
20 2.0000e-05 FR2-31 * IAS-ADV-LKCC107X + '

24 2.OOOOe-05 FRZ-31 * CCW-CCF-FRCC1ABX +

476E66e-65 P(fire in 31)=3.21e-02
.

~

FREQUENCY = (3.21e-02) * (0.1) * (4.08e-03) * (4.4e-02) 5.76e-07 '=

7 9.6000e-04 CPC-MDP-FRSW10AX * FR2-45 * ACP-XHE-FOSTBBSX +
9 3.8000e-04 FR2-45 * CPC-STR-PGSTREAX * ACP-XHE-FOSTBBSX +

'

12 1.8000e-04 FR2-45 * CPC-STR-PGSTR1AX * ACP-XHE-FOSTBBSX +
13 9.OOOOe-05 ACP-DAC-ST-1H11X * FR2-45 * ACP-XHE-FOSTBBSX +
14 9.OOOOe-05 ACP-BAC-ST4KV1HX * FR2-45 * ACP-XHE-FOSTBBSX +
15 9.OOOOe-05 ACP-BAC-ST1H1X * FRZ-45 * ACP-XHE-FOSTBBSX + !

19 4.OOOOe-05 ACP-TFM-NO1H1X * FRZ-45 * ACP-XHE-FOSTBBSX +

575566e2 5 P(fire in 45)0 = 3.71e-03
FREQUENCY = (3.71e-03) * (0.1) * (1.83e-03) * (4.Oe-03) * (4.4e-02)

1.19e-10=

3 4.OOOOe-03 FRZ-54 * ACP-XHE-FOSTBBSX +
18 4.OOOOe-05 FRZ-54 * IAS-ADV-PGCC107X +
23 2.OOOOe-05 FR2-54 * CCW-CCF-FRCC1ABX +
25 2.OOOOe-05 FRZ-54 * IAS-ADV-LKCC107X-

4 bbbbe~b3 P(fire in 54)= 3.71e-03
FREQUENCY = (3.71e-03) * (0.1) * (4.OSe-03) * (4.4e-02) 6.66e-OB=

SRY-FIRE-SEQ 6 =

7 9.6000e-04 CPC-MDP-FRSW10AX * FR2-45 +
1 9 3.8000e-04 FRZ-45 * CPC-STR-PGSTREAX +

12 1.8000e-04 FRZ-45 * CPC-STR-PGSTR1AX +
19 9.OOOOe-05 ACP-BAC-ST-1H11X * FRZ-45 +
20 9.OOOOe-05 ACP-BAC-ST4KV1HX * FR2-46 +
21 9.OOOOe-05 ACP-BAC-ST1H1X * FR2-45 + '

24 4.OOOOe-05 ACP-TFM-NO1H1X * FRI-45 +

~575566e~65 P(fire in 45) 3.71e-03=

FREQUENCY = (3.71e-03) * (0.1) * (1.83e-03) * Q = 3.39e-11

i SRY-FIRE-SEQ 7 =
L

8 1.8000e-04 FRZ-2 * 3 RANDOM EVENTS +
12 1.4400e-04 FRZ-2 * 4 RANDOM EVENTS +
18 7.OOOOe-05 FRZ-2 * PPS-CCF-FTPORVX +
24 1.2OOOe-05 FRZ-2 * 3 RANDOM EVENTE +
27 1.2OOOe-05 FRZ-2 * 3 RANDOM EVENTS +

4!IE60eI64 P(fire in 2)=2.68e-03
FREQUENCY = (2.68e-03) * (0.1) * (4.18e-04) * O = 5.60s-12

5 1.8000e-04 FRZ-4 * 3 RANDOM EVENTS +
|

9 1.4400e-04 FRZ-4 * 4 RANDOM EVENTS +
15 7.OOOOe-05 FRZ-4 * PPS-CCF-FTPORVX +
20 1.2OOOe-05 FRZ-4 * 3 RANDOM EVENTS +

| E3 1.2OOOe-05 FRZ-4 * 3 RANDOM EVENTS +
,

b
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4.1900e-04 P(fire'in 4)=2.97e-03 |
FREGUENCY = (2.97e-03) * (0.1) * (4.18e-04) * Q = 6.21e-12 ;

)

SRY-FIRE-SEQ 2-B =
!

2 1.2OOOa-02 FP2-2 * 2 DAN 20M EVENTS +
~

12 1.2OOOe-02 FR2-2 * 3 RANDOM EVENTS +
15 1.OOOOe-03 FR2-2 * LPR-XHE-FOHOTLGX * PPS-SOV-FT14550X +
19 1.OOOOe-03 FR2-2 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456X +
'27 '6.0000e-04 FR2-2 * 3 RANDOM EVENTS +
31 6.OOOOe-04 FR2-2 * 3 RANDOM EVENTS +
49 9.OOOOe-05 FRC-2 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUS1AX: 4"

53 9.OOOOe-05 DCP-BDC-STBUS1BX * FR2-2 * LPR-XHE-FOHOTLGX +
57 7.OOOOe-05 FR2-2 * LPR-XHE-FOHOTLGX * PPS-CCF-FTPORVX +
78 2.7000u-05 FR2-2 * 3 RANDOM EVENTS +
79 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +
GO. 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +
81 2'7000e-05 FR2-2 * 3 RANDOM EVENTS +.

.89 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +
91 2.7000e-05 FR2-2 * 3 RANDOM EVENTG +
105- 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS +
109 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS +
110 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS +
112 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS +

~E~5566e!65 P(fire in 2)=2.68e-03
FREQUENCY = (2.60e-03) * (0.1) * (2.766e-02) * M = 2.97e-08

7 1.2OOOe-02 FR2-4 * 3 RANDOM EVENTS +
11 '1.2OOOe-02 FR2-4 * 3 RANDOM EVENTS +
14 1.OOOOe-03 FR2-4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456X +

'1B 1.0000e-03 FRC-4 * LPR-XHE-FOHOTLGX * PPS- SOV-FT14550X 4
26 6.OOOOe-04 FR2-4 * 3 RANDOM EVENTS +
30 6.OOOOe-04 FR2-4 * 3 RANDOM EVENTS +
50 9.OOOOe-05 DCo-BDC-STBUS1BX * FR2-4 * LPR-XHE-FOHOTLGX +
52 9.OOOOe-05 FR2-4 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUS1A> 4

54 7.OOOOe-05 FR2-4 * LPR-XHE-FOHOTLGX * PPS-CCF-FTPORVX +

73 2.7000e-05 FR2-4 * 3 RANDOM EVENTS +
74 2.7000e-05 FR2-4 * 3 RANDOM EVENTS +
76 2.7000e-05 FR2-4 * 3 RANDOM EVENTS +
77 2.7000e-05 FR2-4 * 3 RANDOM EVENTS + <

EB 2.7000e-05 FR2-4 * 3 RANDOM EVENTS +
90 2.7000e-05 FR2-4 * 3 RANDOM EVENTS +

106 1.EOOOe-05 FR2-4 * 3 RANDOM EVENTS +
114 1.2OOOe-05 FR2-4 * 3 PANDOM EVENTS +
115 1.2OOOe-05 FR2-4 * 3 RANDOM EVENTS +
116 1.2OOOe-05 FR2-4 * 3 RANDOM EVENTS +

~E~5666e 6E P(fire in 4)=2.97e-03I

FREDUENCY = (2.97e-03) * (0.1) * (2.766e-02) * M = 3.29e-OS

SRY-FIRE-SEQ 3-B =

SRY-FIRE-SEQ 4-B =

4 1.OOOOe+00 FR2-2 * LPR-XHE-FOHOTLGX +
P(fire in 2)=2.60e-03

FREQUENCY = (2.68e-03) * (0.1) * (1.Oe+00) * O= 1.34e-OS
197
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a -7 6.3OOOe-04 FRZ-2 * LPI-CCF-FSSI1ABX +
F 10' ,3.0000e-04 FR2-2 * RMT-CCF-FAMSCALX +
I; .13 1.5000e-04 FR2-2 * LPR-CCF-FT890ABX + ,,

14 1.5000e-04- FR2-2 * LPR-CCF-FT860 AUX +
ilB ' 1.5000e-04 FR2-2 * LPR-CCF-FT86EABX + !

23 5.OOOOe-05 LPR-CCF-PGSUMPX * FR2-2 + -

'IIE566e 65 P(fire in 2)=2.68e-03E

FREQUENCY = (2.68e-03) * (0.1) * (1.43e-03) * O = 1.92e-11

1 1.OOOOe+00 FR2-4 * LPR-XHE-FOHOTLGX +
P(fire in 4)=2.97e-03 i

FREQUENCY = (2.97e-03) * (0.1) * (1.Oe+00) * O = 1.49e-08
,

5 6.3OOOe-04 FR2-4 * LPI-CCF-FSSI1ABX +
8' 3.OOOOe-04 FRZ-4 * RMT-CCF-FAMSCALX +

11 1.5000e-04 FR2-4 * LPR-CCF-FT862ABX + t

17' 1.5000e-04 FR2-4 * LPR-CCF-FT890ABX +
19 1.5000e-04 FR2-4 * LPR-CCF-FT860ABX +

!24 5.OOOOe-05- LPR-CCF-PGSUMPX * FR2-4 +

II5566eE65 P(fire in 4)=2.97e-03
FREQUENCY = (2.97e-03) * (0.1) * (1.43e-03) * O = 2.12e-11

SRY-FIRE-SEQ 5-B =

4 6.3OOOe-04 FR2-E * LC1-CCF-F5SI1ABX + '

7 3.OOOOe-04 FR2-2 * RMT-CCF-FAMSCALX +
10 1.5000e-04 FR2-2 * LPR-CCF-FT862A&X +
13 1.5000e-04 FRZ-2 * LPR-CCF-FT863ABX +
15 1.5000e-04 FR2-2 * LPR-CCF-FT860ABX + ,

'

18 5.OOOOe-05 LPR-CCF-PGSUMPX * FR2-2 +

'I~4566E265 P(fire in 2)=2.60e-03
FREQUENCY = (2.68e-03) * (0.1) * (1.43e-03) * O = 1.92e-11

3 6.3OOOe-04 FR2-4 * LPI-CCF-FSSI1ABX +
6 3.OOOOe-04 FR2-4 * RMT-CCF-FAM5 CALX .

8 1.5000e-04 FR2-4 * LPR-CCF-FT862ABX +
12 1.5000e-04 FR2-4 * LPR-CCF-FT860ADX +
14 1.5000e-04 FR2-4 * LPR-CCF-FT863ABY 4
17 5.OOOOe-05 LPR-CCF-PGSUMPX * FR2-4 +

II4566eE65 P(fire in 4)=2.97e-03
FREQUENCY = (2.97c-03) * (0.1) * (1.435-03: * O = 2.12e-11

SRY-FIRE-EEQ6-B =

L SRY-FIRE-SEQ 7-B =

1'
1
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| TABLE 4-D.
|

;SEOUENCE CUTSETS FOR SURRY FSS ROOT CAUSE 4--HUMAN ERROR i
,',

(AFTER SCREENING IN ONLY CUTSETS WITH FIRE CONES i
CAPABLE OF SF,1NG ACTUATED FROM ONE CONTROL PANEL)

i

'

( AFTER SCREENING OUT CL'TEETS REQUIRING FSS DAMAGE IN CONE 31)
j
:

ASSUMPTIONS: P(damage by FSS)=0.1, except in 6 and e where P(demage>=1.0 |
;; anc FRC-17 where P(camage)=0.001;
i

'

from LER data, frequency (human error FSS actuation)=0.06/rt yr;
!

P(buman error given fire)=0.1g,

Therefore, :Surry has 15 fire zones with suppression systems installed.|

NOTE: a fantor of 1/15 (.0667) is included to divide the frequency of FFS r

ac.uation among the 15 areas.
;..............................................................................

SRY-FIRE-SED 1 = !

15 7.7000e-04 FRC-2 * CPC-CCF-PG-STRAB + LOCAL ERROR .

!LOCAL ERROR
55 7.0000e-05 FR -2 * HPI-CCF-FRCHABCX + LOCAL ERROR
66 3.OOOOe-05 FR -E * CPC-CCF-FRSWABX

'

s!'iS05e:6s
FRECUENCY = (0.06) * (0.0667) * (0.1) * (8.70e-04) *M= 1.39e-09 ,

'

i
'

CPC-CcF-Pe-STRAB +~~~~~56- ~9:5555e:5s-~ FR:-4 *

53 7.OOO0e-05 FR -4 * HP!-CCF-FRCHABOX +
63 3.OOOOe-05 FR2-4 * CPC-CCF-FRSWABX +

E!9656;;5E f

FREQUENCY = (0.06) * (0.0667) * (0.1) * (C.70e-0*) * M = 1.34a-vi
.

SRY-FIEE-SEC2 = ,

4 1.5000e-04 FR -E * HPI-CCF-FT115CEK + LOCAL ERROR
LOCAL ERFOA

9 1.5000e-04 FR -2 * HPI-CCF-FTO67CDX +

to 1.50000-04 FR -2 * HF'!-CCF-FT115BDX + LOCAL ERROP

13 1.00003-04 FRC-2 * HFI-CKV-FTCV410X *
LOCAL ER4C;

14 1. OOO Sw-OI) FRC-2 * HPI-CKV-FTCV225X + LOCAL ERROR
LOCAL ERR;R

21 1.0000e-04 FRC-2 * HPI-CKV-FTCV25X +
P.7 4.0000e-03 FR -E * HPI-XVM-PGXV24X + LOCAL ERROR ,

~979660e 65
~

FREQUENCY = (0.06) * (0.0667) * (0.1) * (7.90e-04)
*M= 1.26e-Oc

~~~~~~~E~~~1~5666e~6s~ FR2-4 * HPI-CCF-FTO67CDX +
3 1.5000e-04 FR2-4 * HPI-CCF-FT115BDX +
0 1.5000e-04 FRC-4 * HPI-CCF-FT!!5CEX +

16 1.OOOQe-04 FRC-4 * HPI-CKV-FTCV25) +
19 1.0000e-04 FR - 4 * HPI-CKV-FTCV410) +

HPI-CUV-FTCV22$a +
|
- 23 1.OOO0e-04 FRC-4 *

26 4.OOOOe-05 FRC-4 * HPI-XVM-PGXV24) +

1 ...........

|
7.9000e-04 * M= 1.26e-04

FREQUENCY = (0.06) * (0.0667) * (0.1) * (7.90e-04) '

,

f
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SRY-FIRE-SE03 = ,

+ LOCAL ERROP i

7 1.2000e-08 FRC-2 * PPS-MOV-FC1535X * PPS-MOV-FT1535X
11 1.2OOOe-02 FR -2 * PPS-MOV-FC1536X * PPS-MOV-FT1536X + LOCAL ERROR |

16 1.OOOOe-03 FR -2 * PPS-SOV-FT1455CX + LOCAL ERROR |

20 1.OOOOe-03 FR -2 * PPS-SOV-FT1456X + LOCAL ERROR |I
* PPS-MOV-FC1536Y + LOCm e te'm

23 6.OOOOe-Oh FR -2 * PPS-CCF-FT15356Y
27 6.OOOOe-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1535X * LOCAL ERRGk I

30 9.0000e-05 FR2-2 * DCP-BDC-STBilStBX + LOCAL ERROR

36 9.OOOOe-05 FR2-2 * DCP-BDC-STBUS1AX + LOCAL ERkO6 I

42 7.4000e-05 FR2-2 * PPS-CCF-FTPORVX + LOCAL ERROR
'

54 2.7000e-OS FRO-2 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X + LOCAL ERROR

55 2.7000e-05 FR -2 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1535X * LOCAL ERROR ,'

56 2.7000e-05 FR2-2 * ACP-BAC-ST4KV13 X * PPS-MOV-FC1536X + LOCAL ERROR t'

57 2.7000e-05 FRC-2 * ACP-BAC-ST1J1X * PPS-MOV-FC1536X + LOCAL ERROR
I

69 2.7000e-05 FR2-2 * ACP-BAC-ST1H1F * PPS-MOV-FC1535X + LOCAL ERROR

74 2.7000e-05 FRC-2 * ACP-BAC-ST-1J12X * PPS-MOV-FC1536X + LOCAL ERROR |

85 1.2000e-05 FR2-2 * PPS-MOV-FC1536X * PPS-MOV-PG1536X + LOCAL ERROR t

+ LOCAL ERROR
92 1.2OOOw-05 FR2-2 * ACP-TFM-NO1H1X * PPS-MOV-FC1535X
94 1.2OOOe-05 FR -2 * PPS-MOV-FC153EX * F PS-MOV-F G1535 X - LO;AL ERROR

95 1.2OOOe-05 FR -2 * ACP-TFM-NO1J1X * PPS-MOv-FC1536X + LOCAL ERROR

i!9I 63:6s
FREQUENCY = (0.06) * (0.0667) * (0.1) * (2.766e-02) + M = 4.43e-OE

~~~~5~~~55E666e 6E~~~~FR2-4 * PPS-MOV-FC1535X * PPS-h0V-FT1535X +-F F S-MOV-FT15?L <CFS-MOV-FC' Ele) +
10 1.EO)0e-02 FR w +
15 1.OOOOe-03 FR2-4 * PPS-SOV-FT1456X +
19 1.OOOOe-03 FFC-6 * FFS-SLi-FT1.55;A -

22 6.OOOOe-04 FR -4 * PPS-CCF-FT15356X * PPS-MOV-FC15361 + ,

PPS-CCF-FT15356X * PP2-MOV-FC15357 +
21 6.OOOOe-04 FFO-4 *
32 9.OOOOe-05 FRZ-4 * DCP-BDC-STBUS1AX +

PCP-BDC-STPUE1PA +35 9.OOOOe-05 FR -4 *

40 7.OOOOe-05 FR2-4 * PPS-CCF-FTPORVx +
52 2.?OOOe-05 FR2-4 * ACP-PAC-ST4KV13Y * PPS-MOV-FC1536T +

'

53 2.7000e-05 FR -4 * ACP-BAC-ST1J1X * PPS-MOV-FC1536X +
65 2.7000e-05 FRC-4 * ACP-BAC-ST-1H12X + PPS-MCV-FC1535A

+

ACP-PAC-ST4KV1HX * PPS-MOV-FC15?SX d66 2.7000e-05 FRI-4 * i

63 2.7000e-05 FRC-4 * ACP-BAC-ST-1J12X * PPS-MOV-FC153br
+

| 73 2.7000e-05 FRZ-4 * ACP-BAC-ST1H1X * PPS-MOV-FC1535y *
,

87 1.2OOOe-05 FR -4 * FPS-MOV-FC15LsX * PFS-MOV-PC;536X ,

89 1.2OOOe-05 FR2-4 * ACP-TFM-N01H1X * PPS-MOV-FC1535X +
,

l

96 1.2OOOe-05 FRC-4 * PPS-MOV-FC15CSX * FPS-MCV-PG1535X ,
*

98 1.2OOOe-05 FR2-4 * ACP-TFM-NO1J1X * PPS-MOV-FC153eX +

E!9ss6s:65
FREQUENCY = (0.06) * (0.0667) * (0.1) * (2.766e-02) * M = 4.43e-CE

46~~~I~6666eE65~~~ FR2-4 * LOSPX * FR -B * PPS-MOV-FC1536X +
~~~~

79 2.7000e-05 FR2-4 * FR -8 * OEP-BAC-STFDRDX * PPS-MOV-FC153Er
+

~ Ii666e265 P(fire in 4)=2.97e-03; P(fire in 8)=2.31e-CB
FREQUENCY = C(2.31e-02) * (0.1) * (0.1) + (2.97e-03) * (0.1) + (2.0)3

* (8.7e-05) * M= 1.84e-10
0yj <p..'

SRY-FIRE-SE04 =
pq o

[' \Y> LOCAL ERRDR.

1 1.OOOOe+00 k FR:'-1 /+
1 1.76e-05FREOUTNCY = (0.06) * (0.0667) * (0.1) * (4.4e-02)

=
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~~~~~E~~~I!6666eI66~~~ FRZ-3 +* (0.0667) * (0.1) * (4.4e-02) = 1.76e-05FREQUENCY = (0.06)

~~~~~5~~~I!6666e 66~"~ FR:-17 +
FREQUENCY = (0.06) * (0.0667) * (0.001) * (4.4e-02) = 1.76e-07

~~~~~56~~~676666e!6E~~ LOSPX * FR -6 * FR -C +
P(fire in el = 2.31e-02P(fire in 6) =

FREQUENCY = ((2.31e-02) * (0.1) * (1.0) + (2.31e-02) * (6.1) + ( *. . e i i1

4.07e-06* (2.0e-04) * (4.4e-02) =

SRY-FIRC-SE06 =

4 1.0000e+00 FR:-17 +
FREQUENCY = (0.06) * (0.0667) * (0.001) * Q = 2.0e-10

LOCAL ERROR
~~~~~~5~~~II6666e 66~~ FR:-1 +

FREQUENCY = (0.06) * (0.0617) * (0.1) * O = 2.0e-OS

~~~~~~ ~~~I!6666eI66~~ FRC-3 +6
FREQUENCY = (0.06) * (0.0667) * (0.1) * O = 2.0e-OB

~~~~~~55~~~676666e!65~ LOSPX * FR2-6 * FR -B +P(fire in B) = 2.31e-02P(fire in 6) =

(2.31e-027 * (0.1) * 11.0)3* (0.1) * (1.0) +
FPEObENCY = C(2.31e-02)

* (E.Ce-04) + 0 = 4.cEe-11

SRV-FIRE-SEO7 =
LOCAL ERROR

0 1.0000e-04 FR -2 * 3 RANDOM EVENTS +
12 1.4400e-04 FR -2 * 4 RANDOM EVENTS + LOCAL ERROR

LOCAL ERROR
18 7.0000e-05 FR2-2 * PPS-CCF-FTPORVX +

3 RANDOM EVENTS + LOCAL ERR:R
24 1.2000e-05 FR - +

LOCAL FRROR
E7 1.2000e-05 FR -2 * 3 RANDOM EVENTS +

~57I666~!65 + (0.1) * (4.12e-04) * O = E.36e-1E= (0.06) + (O.C667)FREQUENOV

3 RANDOM EVENTS +--- 5-- i!5666e-6s--- FR:-4 *

9 1.4400e-04 FR:-4 * 4 RANDOM EVENTE +
15 7.0000e-05 FR -4 a PPS-CCF-FTPORVX +

; 20 1.2000e-05 FR:-4 * 3 RANDOM EVENTS +
3 RANDOM EVENTS *L3 1.2000e-05 FRC-4 *'

E!is663:6s
FREQUENCY = (0.06) * (0.0667) * (0.1) * (4.19e-04) * O = 0.36e-12

t
,

SRY-FIRE-SE02-B =
|

LOCAL ERRCP
0 1.2000e-02 FR -2 * 3 RANDOM EVENTS + LOCAL EAROR

! 12 1.2000e-02 FR -2 * 3 RANDOM EVENTS +|

PPS-SOV-FT1455CX + LOCAL ERROR
15 1.0000e-03 FR:-2 * LPR-YHE-FOHOTLGX *

+ LOCAL EEROKPPC-SOV-FT145ty
19 1.0000e-03 FR -2 * LPR-XHE-FOHOTLGX *

LOCAL ERROR
27 6.0000e-04 FR -2 * 3 RANDOM CVENTS + LOCAL ERK;P
31 6.0000e-04 FR:-2 * 3 RANDOM EVENTS + + LO'AL EPROF

FR -2 * LPR-XHE-F040TLGX * DCP-BDC-ST2US1A)49 9.0000e-05 + LOCAL ERRDF
DCP-BDC-STBUS1BX * FRC-2 * LPR-XHE-FOHOTLGA53 9.0000e-05

201



_

Pcg; c*

As\94cPRN
Monday May 15, 1989 C3:13 R3 ca :

;

LOCAL EhE;., !
"

57 <.OGuse-05 FR -2 * LPR-XHE-FDHOTLGX o PPS-C0~-FTr;".1 4

'78 E.7000e-05 FR:-E * 3 RANDOM EVENTS + LOCAL ERROR !
*

79 E.7000e-05 FR:-E * 3 RANDDM EVENTS + LOCAL ERPOR |
"

90 2.7000e-05 FR -E * 3 RANDDM EVENTS + LOCAL ERRORt

C1 E.7000e-05 FR:-R * 3 RANDDM EVENTS + LOCAL ERROR !t
!

LOCAL ERROR
99 E.7000e-05 FR:-2 * 3 RANDOM EVENTS + LOCAL EFROR t

t U1 8.7000e-05 FR -R * 3 RANDDM EVENTS + LOCAL Feron |
1CC 1.EC00c-<5 FR -2 * 3 F ANDOM FNENTS - LOCAL ERROR {
109 1.2000e-05 FR -E * 3 RANDOM EVENTS +

+ LOCAL ERROR |
110 1.P000e-05 FR:-2 * 3 RANDOM EVENTS t

LOCAL ERROR
112 1.ROO0e-05 FR -2 * 3 RANDOM EVENTS +

i

L "i!isI5;;5E
FREQUENCY = (0.06) * (0.0667) * (0.1) * (2.766e-02) * M = 4.43e-OB

~~~i~~~5IE555e!6E~~~~FR -4 * 3 RANDOM EVENTS + i

!! 1.ROOOe-02 FR:-4 * 3 RANDOM EVENTS + '

10 1.0000e-03 FR:-4 * LFR-XHE-FOHOTLGX * PPS-SOV-F r1456X + i

LPR-XHE-FOHOTLGX * PPS-SOV-FT1455CX +;'
19 1.0000e-03 FR:-4 * i

23 6.0000e-04 FR2-4 * 3 RANDOM EVENTS + ,

30 6.OOOOe-04 FR -4 * 3 RANDOM EVENTS +
50 9.OOOOe-05 DCP-BDC-STBUStBX * FFO-4 * LFR-XHE-FOKOTLG)

+ .

1
DCP-BDC-STBUC1Aa +

52 9.OOOOe-05 FR -4 * LPR-XHE-FOH3TLGX *
[

LPR-XHE-FOHOTLGX * FPS-CCF-FTPORVX +59 7.0000e-05 FRI-4 *
3 RANDOM EVENTS +73 2.7000e-05 FR -4 * i

74 2.7000e-05 FR:-4 * 3 RANDOM EVENTS + |
3 RANDOM EVENTS +76 2.7000e-05 FR -4 *
3 RANDOh EVENTS *77 E.7000e-05 FR -4 *

:

BB 2.7000e-05 FR -4 * 3 RANDOM EVENTS 4
3 RANDOM EVENTS +CO 2.7000e-05 FR2-4 +

;

aO6 1.2000e-05 FR -4 * 3 RANDOM EVENTS +
114 1.2000e-05 FRC-4 * 3 RANDOM EVENTS + |
115 1.2000e-05 FR2-4 * 3 RANDOM EVENTS +
116 1.2OOOe-05 FR -4 * 3 RANDOM EVENTE + ,

~5!9~;5s 55
FREQUENCY = (0.06) * (0.0667) * (0.1) * (2.766e-02) * M = 4.43e-OB |

E e 2 OTHEF RANDOM EVENTS +~~~ 5~~~5~O555e 65~~~~LOSPX * FR:-B + FR -4| 6 3 RANDOM EVENTS +99 2.7000e-05 FR -B * FR -4 *

"s!9555e:55 P(rire in 4) 2.97e-03 P(fire in e)=2.31e-Oe
(1.0)3 i

FREQUENCY = C(2.31e-02) * (0.1) * (0.1) + (2.97e-03) * (0.1)
+

* (8.7e-05) * M= 1.84e-10 ,

|

6

,

SRY-FIRE-SE03-B = t

SRY-FIRE-SE04-B = 1

LOCAL ERRDA
4 1.0000e+00 FR2-2 * LPR-XHE-FOHOTLGX 41

FREQUENCY = (0.06) * (0.0667) * (0.1) * O = 2.Oe-08
LOCAL CRROR

~~~~~9~~~5 5566e25s~~~ FR2-2 * LPI-CCF-FSS!!ABX + LOCAL EPPDF
,

'

10 3.OOOOe-04 FR:-2 * RMT-CCF-FAMECALX +

LOCAL ERkCF
13 1.5000e-04 FR:-2 * LPR-CCF-FTB90ABX + LOCAL FA: 0D
14 1.5000e-04 FR:-2 * LPR-CCF-FT860ABX +

LnC4L ER*;r

| 18 1.5000e-04 FR -2 * LPR-CCR-FTB62ABYi *

* FR2-2 * LOCA. EkkO4
23 5.0000e-05 LPR-CCF-PGSUMPX

is!5555s:5s 202
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FRICUEN0Y = (0.06) o (0.0657) o (0.1) *- (1,403-05) oDo E.86e-11 i
'

1. 1.0000e*00 FR2-4 * LPR-XHE-FOHOTLGX + |
'

FREDUENCY = (0.06) * (0.0667) * (0.1) * Q = 2.0s-08
~~~~~~~~ ~~~;I3666e~64 FR2-4 * LP!-CCF-FSS!!ABX +5

.6 3.0000e-04 FR2-4 * RMT-CCF-FAMSCALX + (
11 1.50009-04 FR2-4 * LPR-CCF-FTb6EABX + |

17 1.5000e-04 FR2-4 * LPR-CCF-FT990ABX +
19 1.5000e-04 FR2-4 * LPR-CCF-FTB60A0X + i

24 5.0000e-05 LPR-CCF-PGSUMPX * FR2-) + ,

is!56663:6s i
FREQUENCY = (0.06) * (0.0667) * (0.1) * (1.43e-03) * O = 2.86e-11

,

ISRY-FIRE-SE05-B =
+

4 6.3000e-04 FR2-E * LPI-CCF-FSS11ABX + LOCAL CRROR :

7 2.0000e-04 FR2-E * RMT-CCF-FAMSCALX + LOCAL ERROF: |

10 1.5000e-04 FR2-2 * LPR-CCF-FTB6EABX + LOCAL ERRCR !

13 1.5000e-04 FR -E * LPR-CCF-FT863ADX + L?CA'. ERROR
15 1.5000e-04 FR2-E * LPR-CCF-FTS60ABX + LOCAL ERPCR
10 5.0000e-05 LPR-CCF-PGSUMPX * FR -E + LOCAL ERROR

i

54I5666eE6[
'

FREQUENCY = (0.06) * (0.0667) * (0.1) * (1.43e-03) * O = E.86e-13 ,

,

~~~~~~~~~5~~~676666e!64 FR2-4 * LP!-CCF-FES!!ABX + |

6 3.0000e-04 FH2-4 * RMT-LCF-FAMECALA +

0 1.5000e-04 FR2-4 * LPR-CCF-FTB6EABX + ,

12 1.5000e-04 FR2-4 * LPR-CCF-FTB60AP< +
14 1.5000e-04 FR2-4 * LPR-CCF-FTB63ABX +

17 5.0000e-05 LPR-CCF-PGEUMPX * FR;-k *

14.3000e-0* i

FREQUENCY = (0.06) * (0.0667) * (0.1) * (1.43e-03) * O = E.Cee-11
?

i

[
| SRY-FIRE-SE06-B =

i

SRY-FIRC-SEQ 7-B = ;

i

r

!

|

|

|
|

|
|
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i

! TABLE 4-E.
| SEQUENCE CUTSETS FOR SURRY FSS ROOT CAUSE 5
s

(AFTER SCAEENING IN CUTSETS H4VING FIRE DNES WITH ETEAM'

P1 PES OR ADJACENT TO AREAS WITH STEAM P! PES)

(AFTER SCREENING OUT CUT 3ETS REQUIR!NG FSS DAMAGE IN ZONE 31)

CSSUMPTIONS FOR PROBABILITY SCREENING: P(FSS damagetexcept in 6 or 83)=0.1;
P(FSS damage in 17)=0.001: P(steen pipe breek)=0.OO3(
P(steam penetrates barrier to other area)=0.1

SRY-FIRE-SE01 =

19 7.7000e-04 FR2-2 * CPC-CCF-PG-STRAB + STEAM IN 17
55 7.OOOOe-05 FR2-2 * HPI-CCF-FRCHABCX + STEAM IN 17
66 3.QOQ0e-QE FR -2 * CPC-CCF-FRSWABX STEAM IN 17

6!9666i26~
FREQUENCY = (0.003) * (0.1) * (0.1) * (8.7e-04) * M= 1.04e-10

~~~~~IE~~~973666e!65~~~~FR2-4 * CPC-CCF-PG-STRA9 + STEAM IN S3

53 7.OOOOe-05 FR -4 * HPI-CCF-FRCHALCX + STEAM IN 31

63 3.OOOOe-05 FR -4 * CPC-CCF-FRSWABX + STEAM !N 31

6!i666eE65
FREQUENCY = (0.003) * (0.1) * (0.1) * (8.7e-04) * M= 1.04e-10

SRY-FIRE-SE02 =

4 1.5000e-04 FR2-2 * HPI-CCF-FT115CEX - STEAM IN 1"

9 1.5000e-04 FRC-2 * HPI-CCF-FTB67CDX + STCAM IN 17
to 1.5000e-04 FR2-2 * HPI-CCF-FT115BDX + STEAM IN 17
13 1.OOOOe-04 FR2-2 * HPI-CMV-FTCV410X + STEAM IN 17

14 1.OOOOe-04 FRC-2 * HPI-CKV-FTCV225x + STEAM IN 17

21 1.0000e-04 FRI-2 * HPI-CKV-FTCV25X + STEAM JN 1 ''

27 4.0000e-05 FRZ-2 * HPI-XVM-PGXV24X + STEAM IN 17

~i!9666e265
FREQUENCY = (0.003) * (0.1) * (0.1) * (7.9e-04) * M = 9.4Be-11

~~~~~~~E~~~{~555be!55~~~~FR2-4 * HPI-CCF-FTB67CDX + STEAM IN 31

3 1.5000e-04 FR2-4 * HP!-CCF-FT115BDX + STEAM IN 31

8 1.5000e-04 FR2-4 * HPI-CCF-FT115CEX + STEAM IN 31

16 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV25X + STEAM IN 31

19 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV410X + STEAM IN 31

23 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV225X + STEAM IN 31

26 4.0000e-05 FRI-4 * HPI-XVM-PGXV24X + CTEAM IN 31

~i!9666eI65
FREQUENCY = (0.003) * (0.1) * (0.1) * (7.9e-04) * M = 9.49e-11

SRY-FIRE-SEC3 =

* PPS-MOV-FT1535x + STEAM IN 17
7 1.2OOOe-02 FR2-2 * PPS-MOV-FC1535X

* PPS-MOV-FT1536X 4 STEAM IN 17
11 1.EOOOe-02 FR2-2 * PPS-MOV-FC1536X
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14 1.00000-L3 FR"-E o FF5-SOV-FT1405CX * STEAM IN 17
20 1.0000e-03 FR2-2 * PPS-SOV-FT1456X + * PPS-MOV-FC1536X + STEAM IN 17
23 6.OOOOe-04 FRO-2 * PPS-CCF-FT1S356X

* PPS-MOV-FC1535X + STEa* IN !? |27 6.OOOQe-04 FR2-2 * PPS-CCF-FT15356X
+ STEAM IN 17 .

30 9.OOOOe-05 FR -2 * DCP-BDC-STbUS1BX STEo" t*! 17 |
36 9.O?$0e-05 FR:-2 * DCP-BDC-STBUS1AY +

STEAM IN 17 j

CE 7.OOOOe-05 FR2-2 * PPS-CCF-FTPORVX +
54 E.7000e-05 FR2-2 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +

STEAM IN 17 i

+ STEAM IN 17 |
FR -2 * ACP-bAC-ST4KV1HX * PPS-MOV-FC1535755 2.7000w-05 '

C6 E.7000e-05 FR -2 * ACP-bAC-ST4KV13X * PPS-MOV-FC1536X + STEAM IN 17
+ STEAM IN 17

57 2.7000e-05 FR -2 * ACP-BAC-ST131X * PPS-MOV-FC1536X
FR -2 * ACP-BAC-ST1H1 X * PPS-MOV-FC1535X + STEAM IN 17

60 2.7000e-05 + STEAM IN 17* PPS-MOV-FC1536X
73 2.7000e-05 FR -B * ACP-BAC-ST-!J12X

FRC-2 * PPS-MOV-FC1536X * PPS-MOV-PG1536X +
STEAM IN 17 '

C2 1.2OOOe-05 FR2-2 * ACP-TFM-NO1H1X * PPS-MOV-FC1535X + STEAM IN 17 I95 1.2OOOe-05

FR -2 * PPS-MOV-FC1535X * F PS-MOV-F G1535X 4
STEAM IN 17 I

00 1.2000e-05 STEAM IN 17
C5 1.2OOOe-05 FR -2 * ACP-TFM-NO131X * PPS-MOV-FC153cx + ,

1

~EIiEE3e CEI

FREDUENCY = (0.003) * (0.1) * (0.1) * (2.766e-02) * M = 3.3Re-OS
* PPS-MOV-FT1535X * STEcn : J 31

~~~ ~~~5IE606~I E~~~~FRE2 PPS-M3V-FC1535X6 O 4 *
FFS-MOV-FC153ea e F F E-MOV-FT153eX * STEA' 1: 31

to 1.2OOOe-02 FR -4 * STEAM IN 31
10 1.0000e-03 FRO-4 * PPS-SOV-FT1456X + STEAM IN biPPS-SOV-FT1455CX +FRC-4 *19 1.OOOOe-03 STEAM IN 31

FRC-4 * PPS-CCF-FT15356X * PPS-MOV-FC1536X +22 6.OOOOe-04 * PPS-MOV-FC1535K + STEA* IN 31
23 6.OOOOp-04 FR -4 * PPS-CCF-FT15355X

+ STEAM IN 31DCP-BDC-STBUS1AY '

?E o.COOCe-05 FR2-4 * STEAM IN 31DCP-BDC-STBUS!BX +30 9.OOOOe-05 FR -4 * STEAM I t- 31
40 7.0000e-05 FR -4 * PPS-CCF-FTPORVX + * PPS-MGV-FC1536X + STEAM IN 31
52 E.7000e-05 FR -4 * ACP-BAC-ST4UV1JX* PPS-MOV-FC1536y + STEAM IN 31
C3 2.7000e-05 FR -4 * ACP-BAC-ST1J1X i

* PPS-MOV-FC1535X + STEAM IN 31
65 2.7000e-05 FR -4 * ACP-BAC-ST-1H12X + ETEAM 1N 31* PPS-MOV-FC153DACP-BAC-STAPV1HX66 2.70 Doe-05 FR2-4 *

68 2.7000e-05 FR -4 * ACP-BAC-ST-1J12X * PPS-MOV-FC1536x + STEAM IN 31

ACP-BAC-ST1H1X * PPS-MOV-FC1535X * STEAM IN 31 '

73 2.7000c-05 FR -4 *

PPS-MOV-FC1536X * PPS-MOV-PG1536x + STEAM IN 31
87 1.EOOOe-05 FR2-4 * + STEAM IN 31PPS-MOV-FC1535Y
E9 1.2OOOe-05 FRC-4 * ACP-TFM-NO1H1X *

SiEA' I*, 31* PPE-MOV-PG1535K +
PPS-MOV-FC1535X96 1.2OOQe-05 FR -4 * STEAM !N 31PPE-MOV-FC15367 +

95 1.EOOQe-05 FRC-4 * ACP-TFM-NO1J1X *
_____._____

E.7c60e-OE
FREQUENCY = (0.003) * (0.1) * (0.1) * (2.766e-02) * M = 3.32e-09

STEAF. IN 33
~~iE~~~E!i6e!65~~FRE! ~~~FR2-6 *DEP-BAC-STFDRFX *PPS-MOV-FC1535x +4 STEAM IN 31LOSPX * FR -6 * PPS-MOV-FC1535x +45 6.OOOOe-05 FR -4 *

~s:5665s:65
FREQUENCY = (0.003) * (0.1) * (0.1) * (0.1) * (1.0) * (G.7e-05)

*M

= 1.04e-12

~~~5796e 65~~FRE24~I~FR -B +0EP-BAC-STFDRDX *PPS-MOV-FC1536x +
STEAM IN 31'

E
'

~~i9 ST E A'1 |N 31FR -B + PPS-MOV-FC153e)' +

46 6.OOOOe-05 FRC-4 + LOSPX *
,

| ~57iUO6e!65 (B.?e-05) *MFREQUENCY = (0.003) * (0,1) * (0,1) * (0,1) * (1.0) *'

1.04e-12=

SRY-FIRE-SE04 =
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Q 3.0000e*00 FR -17 o / STEAM IN ;7

FREGUENCY = . (0.003) * (0.001) = 3.00e-06

~~~~~~i~~~I!6666eI66~~~~FR2-1 + / STEAM IN 17'

<

3.OOe-05FREDUENCY = (0.003) * (0.1) * (0.1) =

~~~~~iU~~~676666e265~~~~LD9PX * FR -6 * FR?.-9 + STEAM IN 21
I FREDUENCY = (0.0D3) * (0,1) * (1.0) * (0.1) * (1.0) * (2.0e-04) * (4.6a-02)

= 2.64e-10
|
,.

l- SRY-FIRE-SE06 =
:

| 4 1.0000e+00 FR:-17 * STEAM IN 17
! FREQUENCY = (0.003) * (0.001) * O = 1.5e-10

~~~~~~~6~~~I!6666eI66~~~~FR2-1 + STEAM IN 17
FREQUENCY = (0.003) * (0.1) * (0.8) * O = 1.5e-09

~~~~~~Ii~~~676666e!65~~~~LOSPX * FR2-6 * FR -O + STEAM IN 31'

FREQUENCY = (0.003) * (0.1) * C1.0) * (0.1) * (1.0) * (2.0e-04) * C'
= 5.ve-13

BRY-FIRE-SE07 =

0 1."*10e-04 FR:-2 * 3 RANDOM EVENTS + STEAM IN 17
12 1 4*00e-Q* FBC-2 * * RANDOM EVENTS + ETEAM in 17
16 7.0000e-05 FR2-2 * PPS-CCF-FTPORVX + STEAM IN 17
24 1.2000e-05 FR2-2 * 3 RANDOM EVENTS + ETEA" It 17

27 1.2000e-05 Fr0-2 * 3 RANDOM EVENTS * S1EAM IN 17

~5:i866;264
FREOL ENCY = (0.003) * (0.1) + (0.1) * (4. lee-04) * O = 6.27e-1?

~~~~6~~~i!66665!65~~~~FRE-4 * 3 RANDOM EVENTS + STEAM IN 31

9 1.4400e-04 FR2-4 * 4 RANDOM EVENTS + STEAM IN 31
+ STEAM I t. 3:

15 7.0000e-05 FR:-4 * PPS-CCF-FTPORVY.
20 1.2000e-05 FR2-4 * 3 RANDOM EVENTS + STEAM I t- 21

23 1.2000e-05 FRC-4 * 2 RANDOM EVENTS + STEAM IN 31

~5Ii666eI65
FREQUENCY = (0.003) * (0.1) * (0.1) * (4.18e-04) * O = 6.27e-13

SRY-FIRE-SEDE-6 =

B 1.2000e-02 FR -2 * 3 RANDDM EVENTS + STEAM IM 17

12 1.2000e-02 FR2-2 * 3 RANDOM EVENTS + STEAM IN 17

15 1.000e-03 FR2-2 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1455CX + STEAM IN 17
+ STEAM IN 17

19 1.000e 03 FRC-2 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456X
27 6.0000e-04 FR2-2 * 3 RANDOM EVENTS + STEAM IN 17

31 6.0000e-04 FR2- 2 * 3 RANDDM EVENT S + ETEAM : f. 17

49 9.000e-05 FR2-2 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUSt ux + STEAM IN 17
+ ETEAM IN 17

53 9.000e-05 DCP-BDC-STBUStBX * FR -3 * LFR-XHE-FOHOTLGX
* PPS-CCF-FTPORVX + STEAM IN 17

57 .7.000e-05 FR2-2 * LPR-XHE-FOHOTLGX
70 2.7000e-05 FR2-2 * 3 RANDOM EVENTS + STEAM IN 17

''

79 2.7000e-05 FR2-2 * 3 RANDOM EVENTS + STEAM IN

GO- 2.7000e-05 FR2-2 * 3 RANDOM EVENTS + STEAM IN 17

81 2.7000e-05 FR2-2 * 3 RANDDM EVENTS + STEAM IN 17

89 2.7000e-05 FR2-2 * 3 RANDOM EVENTS + STEAM IN 17
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91 2.70003-00 ra:-2 o 3 RANDOM EVENTS o ETEA" !N 17
105 1.2000e-05 FRI-2 * 3 RANDOM EVENTS + STEAM IN 17 s

109 1.2OOOe-05 FRC-2 + 3 RANDOM EVENTS + STEAM !!/ 17 !

110 1.0000e-05 FR -2 * 3 RANDOM EVENTS + STEAM IN 17 !
'

112 1.2OOOe-05 FR:-2 * 3 RANDDM EVENTS + STEAM Ir 97
,

i!9ss5;:65 ,

'

FREQUENCY = (0.003) * (0.1) * (0,1) * (2.766e-02) * M = 3.3De-09

~~~~i~~~5IE666eI65~~~~FRI-4 * 3 RANDOM EVENTS + STEAM IN 31
11 1.2OOOe-02 FRI-4 * 3 RANDOM EVENTS + STEAM IN 31
14 1.000e-03 FR -4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456X + STEAM IN 31
1B 1.OOOe-03 FRI-4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1455CX + STEAM IN 31
26 6.OOOOe-04 FR -4 * 3 RANDDM EVENTS + STEAM IN 31
30 6.OOOOe-04 FRI-4 * 3 RANDOM EVENTS + STEAM IN 31
50 9.OOOe-05 DCP-BDC-STBUS1BX * FR:-4 LPR-XHE-FOHOTLGX + STEAM IN 31
52 9.OOOe-05 FR:-4 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUS1AX + STEAM IN 31

E T G.M IN :tLPR-XHE-FOHOTLGX * PPS-CCF-FTPORV A -
54 7.OCOe-05 FR -4 *
73 2.7000e-05 FR -4 * 3 RANDOM EVENTS + STEAM IN 31
74 2.7000e-OE FR -4 * 3 RANDOM EVENTS + STEAM IN 3:
76 2.7000e-05 FR -4 * 3 RANDOM EVENTS + STEAM IN 31
77 2.7000e-05 FR -4 * 3 RANDOM EVENTS , STEAM !N 31
EE 2.7000e-OE FR -4 * 3 RANDOM EVENTS + STEAM IN ~1
90 2.7000e-05 FR -4 * 3 RANDOM EVENTS + STEAM IN 31

106 1.2OOOe-05 FRC-4 * 3 RANDOM EVENTS + STEAM IN 31

114 1.2OOOe-05 FR -4 * 3 RANDOM EVENTS + STEAM IN 31

115 1.2OOOe-05 FRC-4 * 3 RANDOM EVENTS + STEAM TN 31
5 RANDOM EVENTS * ETEAM IN 31

att 1.EDOce-05 FR:-4 *

~EIiEE6e265
FREQUENCY = (0.003) * (0.1) * (0.1) * (2.766e-02) * M = 3.32e-09

* FRC-6 * FRI-4 + 2 OTHER RANDOM EVENTS + STEAM IN 31~

~~~5E~~67666e!65~~[65EX
52 2.7COOe-05 FR:-6 * FR -L * 3 RANDOM EVENTS + STEAM IN 31

~5 9666E 6EFREQUENCY = (0.003) * (0.1) * (0.1) +- (0,1) * (1.0) * (0.7c-05) * M
1.04e-12=

* 2 OTHER RANDOM EVENTS + STEAM IN 3165~~67666e2 5~~LU5EE'! rR2-9 * FRC-4
~~~

0
99 2.7000e-05 FR -B * FRI-4 + 3 RANDOM EVENTS + STEAM IN 31

~5!96663:6E
FREQUENCY = (0.003) * (0.1) * (0.1) * (0.t) * (1.0) * (8.7e-05) * M

= 1.04e-12;

SRY-FIRE-SE03-B =

SRY-FIRE-SEO4-B =

+ STEAM IN 174 1.OOOOe+00 FR -2 * LPR-XHE-FOHOTLGX
FREQUENCY = (0.003) * (0.1) * (0.1) * O = 1.5e-09

~~~~~9~~~6I5666e~65~~~~FR -2 * LPI-CCF-FSS11A&X + STEAM IN 17I

10 3.OOOOe-04 FRI-2 * RMT-CCF-FAMSCALX + STEAM IN 17
13 1.5000e-04 FR -2 * LPR-CCF-FT290ABX + STEAM IN 1-

14 1.5000e-04 FR -2 * LPR-CCF-FT860ABX + STEAM IN 17

12 1.5000e-04 FR -2 * LPR-CCF-FT862ABX + STEAM TN 17

23 5.OOOOe-05 LPR-CCF-PGSUMP) * FRC-2 + STEAM IN l'

___________
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1.43OOe-03 !

FREDUENCY = (0.003) * (0.1) * (0.1) * (1.43e-03) * O = 2.15e-12
,

~~~~~I~~~I76666e~66~~~~kR -4 * LPR-XHE-FDHOTLGX + STEAM IN 31
FREQUENCY = (0.003) * (0.1) * to.1) *O= 1.5e-09

~~~~~ ~~~575666e 65~~~~ER -4 * LP!-CCF-FES!1ABX + STEAM IN 31 !5 I

B 3.OOOOe-04 FR -4 * RMT-CCF-FAMECALX * STEAP !N ?!
11 1.5000e-04 FR2-4 * LPR-CCF-FTS62ABX + STEAM IN 31 I

17 1.5000e-04 FR2-4 * LPR-CCF-FTB90ABX + STEAM IN 31
19 1.5000e-04 FR2-4 * LPR-CCF-FTS60ABX + STEAF. IN 31 [

24 5.OOOOe-05 LPR-CCF-PGSUMPX * FR2-4 + STEAM IN 31 i

~i7s566& 65
FREQUENCY = (0.003) * (0.1) * (0.1) * (1.43e-03) * O = 2.15e-12

|
,

SRY-FIRE-SEQ 5-B =

4 6.3OOOe-Oh FRZ-2 * LPI-CCF-FSS!!ABX + STEAM IN 17 ,

7 3.OOOQe-04 FRZ-2 * RMT-CCF-FAMBCALX + STEAM JN 17 !

10 1.5000e-04 FR ~2 * LPR-CCF-FTO6PABY + STEAM IN !? '

13 1.5000e-04 FR -E * LPR-CCF-FT863ABX + STEAM IN 17
15 1.5000e-04 FRI-2 * LPR-CCF-FT860ABX + STEAM IN 17 '

10 5.OOOOe-05 LPR-CCF-PGSUMPX * FR -2 + STEAM JN 1"

~II4566eI65
FREOUENCY = (0.003) * (0.1) * (0.1) * (1.43e-03) * O = 2.15e-12

~~~~~~~~5~~~675666e!65~~ FR -4 * LPI-CCF-FSSI1ABX + STEAM IN 11
6 3.OOOOe-04 FRZ-4 * RMT-CCF-FAMSCALX + STEAM IN 31 !

B 1.5000e-04 FRC-4 * LPR-CCF-FTS6EAE) + ETEAM 'N 01
12 1.5ohoe-04 FR2-4 * LPR-CCF-FT860ABX + STEAM IN 31

+ F'E(* 1.N 31 ::4 1. 5 Yv0e -6; FPC-4 * LFR-COF-FTBt3APX
l 17 5.OOOOe-05 LPR-CCF-PGSUMPX * Fr:-4 + STEAM IN 3; !;

~i!4566e~65
ft.49e-03) * O = 2.15e-2P ir e , 'c y . , (o,3) . 10.1: *rpg;'.iEN v .

|
'

| SRY-FIRE-SECe-E =
t

SRY-F IRE-SEO ?-B = |

t

;

1 i
|
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[ TABLE 4-F.
'

i SEOL'ENCE CUTSETS FOR SURRY FSS ROOT CAUSC 6--FCC F A !LL'"<E
;

(AFTER SCREENING OUT CUTSETE THAT HAVE A FIRE ZONE WI~HOUT FE! '

AND CUTSETS WITH NORE THAN ONE FIRE CONE)
:

(AFTER SCREENING OUT CUTSETS REQUIRING DAMAGE IN ZONE 31) i

ASSUMPTIONS: P(damage by FSS)=0.1 except in FR2-6 L S where P(damegs>=1.0
and FR2-17 where P(damage)=0.OO18 ,

NOTE: From the LER database, the frequency of failure of water FSS's is |

0.025/rx-yr, of carbon dioxide FSS's is 0.OO77/rx-yr, and of helon i

FSS's is 0.OO19/rx-yr. Since Surry has 6 water FSC's, 19 CO2 FEF's, ,

and 4 halon FSS's, the frequency of FSS actuation due to FSS cenporent i

f ailure on e pe- system basis is roughly O.OO42/sys-ye for ioete , i

O.OOO40/sys-yr for CO2, and 0.OOO48/sys-yr for halon. <

Note that fire areas 1, 2, and 17 have multiple systems. For tnrse
areas, the froquency cf failure of each system were suneud t o c t t a t e.
the frequency of FSS failure in the fire area. (For all three, i

frequency = 0.0050.)
'

..............................................................................
:

SRY-FIRE-SE01 =

19 7.7000e-04 FR2-2 * CPC-CCF-PG-STRAB + ,

|55 7.OOOOe-05 FRO-2 + HPI-CCF-FRCHABCX +

66 3.OOOOe-05 FR2-2 * CPC-CCF-FRSWABX

s!9555;;5E
FREQUENCY = (0.005) * (0.1) * (S.70e-04) * M= 1.74e-09

~~~~~IE~~~976665265~~~~FR2-4 * CPC-CCF-PG-STRAB +
53 7.OOOOe-05 FRC-4 * HPI-CCF-FRCHABCX + ,

65 3.OOOOe-05 FR -4 * CPC-CCF-FRSWABX +

's!9555; 5E
(0.00048) * (0.1) * (0.700-O*) *M= 1.67e-1vFREQUENCY =

SRY-FIRE-SE02 =

4 1.50GOe-04 FR2-2 * HPI-CCF-FT115CEX +
9 1.5000e-04 FRO-2 * HPI-CCF-FTB67CDX +

10 1.5000e-04 FRZ-2 * HPI-CCF-FT115BDX +
13 1.0000e-04 FR2-2 * HP!-CKV-FTCV410X +

14 1.OOOOe-04 FR2-2 * HPI-CKV-FTCV225X +
21 1.0000e-04 FR2-2 * HPI-CKV-FTCV25) +
27 4.OOOOe-05 FR -2 * HPI-XVM-PGXVB4X +

"3I9555~25Ee
FREQUENCY = (0.005) * (0,1) * (7.90e-04) * M= 1.56e-4,

~~~~~~~E~~~{!55555!5s~~~~FRZ-4 * HPI-CCF-FTB67CDX +
3 1.5000e-04 FR2-4 * HPI-CCF-FT115BDX +
B 1.5000e-04 FR2-4 * HPI-CCF-FT115CEX +

1e 1.OOOOe-04 FR2-4 * HPI-CKV-FTCV25X +

209
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10 1.00063-04 FP -L o HPI-CKV-FTCV410X +
R3 1.OOOOe-04. FR2-4 * HPI-CKV-FTCV22LX + ;

26 4.OOOOe-05 FR2-4 * HPI-XVM-PGXV24Y + |

'

__. ..____.

7.9000e-04
FREQUENCY = (0.00040) * (0.1) * (7.90e-04) *M= 1.52e-10

:

t

SRY-FIRE-SE03 =
.

7 1.2OOOe-02 FR2-2 * PPS-MOV-FC1535X * PPS-MOV-FT1535X +
i

11 1.2OOOe-02 FR -2 * PPS-MOV-FC1536X * PPS-MOV-FT1536% + ;
16 1.OOOOe-03 FR2-2 * PPS-SOV-FT1455CX + i

EO 1.OOOOe-03 FR2-2 * PPS-SOV-FT1456X +
23 6.0000e-04 FR -2 * PPS-CCF+FT15356X * PPS-MOV-FC1536X +
27 6.OOOOe-04 FR2-2 * PPS-CCF-FT15356X * PPS-MOV-FC1535X +

i

30 9.OOOOe-05 FR2-2 * DCP-BDC-STBUS1BX + '

36 9.OOOOe-05 FR2-2 * DCP-BDC-STDUS1AX +
42 7.0000e-05 FR -2 * PPS-CCF-FTPORVX +
54 2.7000e-05 FR:-2 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +

* PPS-MGV-FC1535s55 2.7000e-05 FRC-2 * ACP-BAC-ST4KV1HX
.

56 2.7000a-05 FR2-2 * ACP-BAC-ET4RV1Jx + PPS-MOV-FC1536K 4
* PPE-MOV-FC1556X57 E.7000c-05 FR2-2 * ACP-BAC-ST1J1X +

* PPS-MOV-FC1535X +
69 2.7000e-05 FAC-2 * ACP-BAC-ST1H1X
74 R.7000e-05 FR -2 * ACP-BAC-ST-1J12X * PPS-MOV-FC1536X +

B5 1.2OOOe-05 FR2-2 * PPS-MOV-FC1536X * PPS-MOV-PG153eX + i

* PPS-MOV-FC1535X +92 1.2OOOe-05 FR2-2 * ACP-TFM-NO1H1X
94 1.2OOOe-05 FRC-2 * PPE-MOV-FC1535X * PPS-MOV-PG1505X +
95 1.2LDOe-05 FR:-2 * ACP-TFM-NO1J1X * PPS-MOV-FC1536X +

E!3sE63:65
(0.005) * (0.1) * (2.766e-02) * M = 5.51e-CEFREQUENCY =

~~~~~~~E~~~i!E555;~5@~~~~FR2-4 * PPS-MOV-FC1535X * PPS-MOV-FT15357 +

10 1.2OOOe-02 FR:-4 * PPE-MOV-FC153ex * PPS-MOV-FT1536X
+

15 1.OOOOe-03 FR:-4 * PPS-SOV-FT1456X +

PPS-SOV-FT1655CX +
19 1.OOOOe-03 FR -4 *
22 6.OOOOe-04 FR2-4 * PPS-CCF-FT15356X * PPS-MOV-FC1536A

*

26 6.OOOOe-04 FR -4 * PPS-CCF-FT15356X * PPS-MOV-FC1535A
*

32 9.0000e-05 FR -4 * DCP-BDC-STBUS1AX +
35 9.OOOOe-05 FFC-4 + DCP-SDC-STBUE1DA +

40 7.0000e-05 FR2-4 * PPS-CCF-FTPORVX +
52 2.7000e-05 FR2-4 * ACP-BAC-ST4KV1JX * PPE-MOV-FC153tX *

PPE-MOv-FC1536X +53 E.7000e-05 FR -4 * ACP-BAC-ST1J1X =

65 2.7000e-05 FR:-4 * ACP-BAC-ST-1H12X * PPS-MOV-FC1535X +
66 2.7000e-05 FR -4 * ACP-BAC-ST4KV1HX * PPS-MOV-FC1575F +

ACP-BAC-ST-1J12X * PPS-MCV-FC1536E +
69 2.7000e-05 FR2-4 *
73 2.7000e-05 FR2-4 * ACP-BAC-ST1H1X * PPS-MOV-FC1535X +

PPS-MOV-FC1536X * F PS-MOV-PG1536X +
E7 1.EOOOc-05 FR2-4 *
99 1.2OOOe-05 FR -4 * ACP-TFM-NO1H1X * PPS-MOV-FC1535X +
96 1.2OOOe-05 FRC-4 * PPE-MOV-FC1535X * PPS-MOV-PG1535X +
99 1.2OOOe-05 FR2-4 * ACP-TFM-NO1J1X * PPS-MOV-FC1536X +

,

~5$3566e26E E.3:u-C:(2.766e-02) * P =(0.00049) + (0.1) *FREQUENCv =

, , . 4 2 p - W/ '
.g

GM4 '

SRY-FIRE-SEO4 =

QV Idy , 5) '] f" (O
'

1 1.OOOOe+00 FR -1 + / .'

FRCCUENCY = (0.005) * (0.1) * (4.4e-02) = 2.20e-05
6

%\(wk Lde | 210
- _



- - - .y.. j
~

Mond y M y 15,'1999 C3:35 OS pa |
,

|
<

_

________________________FR2-3 +2 1.OOOOe+00
2.11e-06 |FREQUENCY = (0.00049) * (0.1) * (4.4e-02) =

~~~~~~6~~~I~6666e~66~~~~FR2-17 + !

2.20e-07FREQUENCY = (0.005) * (0.001) * (4.4e-02) =

1

i

SRY-FIRE-SEG6 = t

,

*
a

4 1.OOOOe+00 FR2-17 +
FREQUENCY = (0.005) * (0.001) * O = 2.5e-10 !

~~~~~~~5~~~II6666e~66~~~~FR2-1 + i
'

FREQUENCY = (0.005) * (0.1) * O = 2.5e-OB
q

_________________________FRZ-3 + ,

6 1.0000e+00 '

FREQUENCY = (0.00048) * (0.1) * O = 2.4e-09
f

r

SRY-FIRE-SEQ 7 =
.

8 1.BOOOe-04 FR2-2 + 3 RANDOM EVENTS +
12 1.4400e-04 FR -2 * 4 RANDOM EVENTS + j

18 7.OOOOe-05 FRZ-2 * PPS-CCF-FTPORVX +
24 1.2OOOe-05 FR -2 * 3 RANDOM EVENTS +
27 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS +

i

s!is66s:6s
FREQUENCY = (0.005) * (0.1) * (4.18e-04) *Oa 1.05e-11

~~~~ I~-4 * 3 RANDOM EVENTS +~~~~5~~~i!6666e!64 F

9 1.4400e-04 FR:-4 + 4 RANDOM EVENTS +
15 7.OOOOe-05 FR:-4 * PPS-CCF-FTPORVX +
20 1.2OOOe-05 FR -4 * 3 RANDOM EVENTS +
23 1.2OOOe 05 FRC-4 * 3 RANDOM EVENTS +

,___________

4.1000e-04 0 = 1.OOe-12l FREQUENCY = (0.00043) * (0.1) * (4.182-04) +

l
i

SRY-FIRE-SE02-B = i

i

| B 1.2OOOe-02 FR2-2 + 3 RANDOM EVENTS +
1 12 1.2OOOe-02 FRZ-2 * 3 RANDOM EVENTS +

* PPS-SOV-FT1455CX +| 15 1.0000e-03 FRC-2 * LPR-XHE-FOHOTLGX
l 19 1.OOOOe-03 FR -2 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1456x + '

27 6.OOOOe-04 FR2-2 * 3 RANDOM EVENTS +
31 6.OOOOe-04 FR2-2 * 3 RANDOM EVENTS +
49 9.OOOOe-05 FR2-2 * LPR-XHE-FOHOTLGX * DCP-BDC-STBUS1AX +
'52 9.OOOOe-05 DCP-PDC-ETBUS1PX * FR2-2 * LPR-XHE-FOHOTLGY +

57 7.OOOOe-05 FRZ-2 * LPR-XHE-FOHOTLGX * PPS-CCC-FTPORVX +
70 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +
79 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +

*

BO 2.7000e-05 FR -2 * 3 RANDOM EVENTE +
B1 2.7000e-05 FR2-2 * 3 RANDOM EVENTS +
89 2.7000e-05 FR -2 * 3 RANDOM EVENTE +

91 2.7000e-05 FRZ-2 * 3 RANDOM EVENTS +
i 105 1.2000e-05 FR -2 * 3 RANDOM EVENTS +

~100 1.2OOOe-05 FR2-2 * 3 RANDOM EVENTS + j

110 1.2000e-05 FRI-2 * 3 RANDOM EVEN~S +

211
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,

112 1.20003-03 FRZ-2 o 3 RANDOM EVENTS o

[ E!9ss6;;65
i FREDUENCY = (0.005) * (0.1) * (2.766e-02) * M = 5.53e-OB
'
i

~~~~i~~~IIEU66e!6E~~~~EE5-4 * 3 RANDCM EVENTS +
11 1.2OOOe-02 FRZ-4 * 3 RANDOM EVENTS +

| 14 1.0000e-03 FR -4 * LPR-XHE-FOHOTLGX + PPE-SOV-FT1456X +
| 18 1.OOO0e-03 FRZ-4 * LPR-XHE-FOHOTLGX * PPS-SOV-FT1455CX +
' 26 6.OOOOe-04 FR -4 * 3 RANDOM EVENTS +

30 6.0000e-04 FR -4 * 3 RANDOM EVENTS +
50 9.0000e-05 DCP-BDC-ST9US1BX * FR -4 * LPR-XHE-FOHCTLGX +p

52 9.0000e-05 FR -4 * LPR-XHE-FDHOTLGX * DCP-BDC-STBUS1AX *
54 7.0000e-05 FR -4 * LPR-XHE-FDHOTLGX * PPS-CCF-FTPORVX +

73 2.7000e-05 FRZ-4 * 3 RANDDM EVENTS +
74 2.7000e-05 FR -4 * 3 RANDDM EVENTS +
76 2.7000e-05 FR -4 * 3 RANDOM EVENTS +
77 2.7000e-05 FR -4 * 3 RANDOM EVENTS *
98 2.7000e-05 FRO-4 * 3 FANDCM EVENTE +
90 2.7000e-05 FR -4 + 3 RANDOM EVENTS +

106 1.2000e-05 FR -4 * 3 RANDDM EVENTE +
L 114 1.2OO0e-05 FR -4 + 3 RANDOP EVE'.TC e

115 1.2OOOe-05 FR:-4 * 3 RANDOM EVENTS +
3 RANDOM EVENTE +'116 1.2000e-05 FR -4 *

E!9sI6s:65
FREOUENCY = (0.00048) * (0.1) * (2.766e-02) * M = *.31e-09

SRY-FIRE-SEOS-E =

SRY-FIRE-SE04-B =

4 1.OOO0e+09 FRO-2 * LFR-XHE-F0HOTLG) *

O = 2.50e-OBFREQUENCY = (Q.005; * (0.1) *

~~~~~3~~~II5666e~OE~~~'ER -2 * LPI-CCF-FSSI1ABX +
10 3.OOO0e-04 FR -2 * RMT-CCF-FAM5CALY +

13 1.5000e-04 FR -2 * LPR-CCF-FT890ABX +
16- 1.5000e-04 FRO-2 * LPR-CCF-FTB60AP), +

18 1.5000e-04 FR -2 * LPR-CCF-FT862ABX +
23 5.OOO0e-05 LPR-CCF-PGSUM*X * FR -2 *

I!E566;;65
FREQUENCY = (0.005) * (0.1) * (1.43e-03) * Q = 3.5Be-11

~~~~~5~~~I!6666e 66~~~~ER -4 * LPR-XHE-FOHOTLGX +
FREQUENCY = (0.00049) * (0.1) * Q = 2.40e-09

|

~~~~ 5-~~s!5666e:64--- ER -4 * tel-CCF-FSS11ABx +
i 8 3.OOOOe-04 FR2-4 * RMT-CCF-FAMSCALX + |

LPR-CCF-FT862AbX +| 11 1.5000e-04 FRC-4 *

| 17 1.5000e-04 FR2-4 * LPR-CCF-FTE90ABX +
! 19 1.5000e-04 FR -4 * LPR-CCF-FTS60ABY 4

| 24 5.0000e-05 LPR-CCF-PGSUMPX * FR -4 +
| ----------

1.4300e-03
(0.00048) * (0.1) * (1.43e-03) +0= 2.45r-12

FREQUENCY =

SRY-F16E-SEOS-B =
- - . -

212
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Mond:y May 15, 1989 C3:35 00 pa

4 6.3000e-04 FR2-2 * LPI-CCF-FSS!!ABX +
7 3.0000e-04 FR2-2 * RMT-CCF-FAMSCALX + ;

1

10 1.5000e-04 FR2-2 * LPC:-CCF-FT862ABX +
13 1.5000e-04 FR2-2 * LPR-CCF-FT863ABX +

!
t

;5 1.5000e-04 FR2-2 * LPR-CCF-FTOLOABX + i

10 5.0000e-05 LPR-CCF-PGSUMPX * FR2-2 + l

!

1.4300e-03
FREQUENCY = (0.005) * (0.1) * (1.43e-03) * O = 3.58e-11 !

!
'

~~~~

~~~~~5~~~5I5666e264 FR2-4 * LPI-CCF-FSS11ABX +
6 3.0000e-04 FR2-4 * RMT-CCF-FAMSCALK +
B 1.5000e-04 FR2-4 * LPR-CCF-FT862ABX +

12 1.5000e-04 FR2-4 * LPR-CCF-FT860ABX +
14 1.5000e-04 FR2-4 * LPR-CCF-FTB63ABX +
17 5.0000e-05 LPR-CCF-FGBUMPX * FR2-4 +

~57E566e 65E

FREDUENCY = (0.00048) * (0.1) * (1.43e-03) * O = 3.43e-12

ERY-FIRE-SED 6-E =

SRY-FIRE-SEQ 7-B =

I

213
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