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1. Executive Summary i(q/
1.1 Background and Objectives j

iFlorida Power Corporation (FPC), Nuclear Operations has been active in the area of <

probabilistic risk (or safety) assessment since 1984 when work was begun on a Level 1 ;

probabilistic safety assessment (PSA) for the Crystal River 3 (CR-3) nuclear unit. The !

CR-3 PSA (Reference 1-1) was completed in July 1987. and submitted to the NRC in !
September 1987. The NRC reviewed the CR-3 PSA and published the review in

|
NUREG/CR-5245 (Reference 1-2).

In November 1988, the NRC issued Generic Letter 88-20 (Reference 1-3), requesting _ !
that all nuclear utilities perform a Level 2 PSA for each of their nuclear units. The '

requested analysis was called an Individual Plant Examination (IPE). The IPE was to
address intemal events and the one "extemal" event of intemal flooding. Analyses of i

other extemal events, such as seismic, fire, high winds, and extemal floods were not
requested. Following the guidance set forth in the generic letter and NUREG-1335 |

(Reference 1-4), the CR-3 PSA staff added a Level 2 (containment) analysis and an !
intemal flooding analysis to the CR-3 Level 1 PSA to fulfill the generic letter request
and bring the CR-3 PSA up to the IPE specifications. The CR-3 IPE was submitted to I

~ the NRC in March 1993. |

In June 1991, the NRC issued Supplement 4 to Generic Letter 88-20 (Reference 1-5), a
request that each nuclear utility add an extemal events analysis to their existing IPE. I

O This analysis would be known as an Individual Plant Examination of Extemal Events
;

(IPEEE). At that time, FPC reviewed its susceptibility to the extemal events specified in
- Supplement 4 and decided that fire was the only extemal event which merited the
quantitative analysis requested. FPC committed to submitting a fire risk analysis as the
.CR-3 IPEEE by June 30, 1996. A fire PSA was performed for Crystal River 3, is
documented herein, and was submitted in June 1996 as the CR-3 IPEEE. During the
latter stages of the fire risk analysis, however, FPC decided it would be prudent to also
perform a quantitative analysis of high winds, extemal floods, and transportation and
nearby facility accidents, as described in Supplement 4 and NUREG-1407 (Reference
1-6). These analyses were performed following the June 1996 submittal of the IPEEE
with the intention of publishing them as a revision to the IPEEE for submittal in March
1997 (Reference 1-7). This document is that revision.

In June 1992, NRC issued Information Notice 92-01: Failure of Thermo-Lag 330 Fire
Barrier to Maintain Cabling in Wide Cable Trays and Small Conduits Free from Fire
Damage (Reference 1-8). The net result of this information notice and the ensuing
communications between NRC and the industry was that the Thermo-Lag material
provided only a fraction of its claimed fire protection. Tests were run on the material to
determine just how much protection Thermo-Lag provided. The tests showed that the
one-hour Thermo-Lag provided about 20 minutes of protection, and the three-hour
Thermo-Lag provided about one hour of protection. These test durations were used in j
the fire modeling for the fire PSA in this submittal.

O i
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1.2 Plant Familiarizationq
V

The Crystal River Station is located on the Gulf of Mexico, in the township of Crystal
River, Florida.' It is approximately 7.5 miles northwest of Crystal River, and 70 miles
north of Tampa.

The nuclear steam supply system (NSSS) consists of a pressurized-water reactor and a
two-loop reactor coolant system (RCS). This system was supplied by the Babcock and
Wilcox Company. The generating unit has a licensed core design output of 2544
megawatts thermal with a corresponding not dependable capability electncal rating of
821 megawatts electric with the reactor at rated power.

The reactor coolant system is comprised of the reactor vessel, two vertical
once-through steam generators, four shaft-sealed reactor coolant pumps, an
electncally-heated pressurizer, and interconnected piping. The system is housed within
the reactor building (or containment), a seismic Category I reinforced concrete structure
with a 3/8-inch carbon steel liner.

Heat produced in the reactor is converted to electrical energy by the steam and power
conversion system. A turbine-generator system converts the thermal energy of steam
produced in the steam generators into mechanical shaft power and then into electrical
energy. The unit's turbine-generator consists of one high-pressure double-flow cylinder
and two low-pressure double-flow cylinders driving a direct-coupled generator at 1800
rpm. The turbine is operated in a closed feedwater cycle which condenses the steam

O and retums the heated feedwater to the steam generators. Heat rejected in the main
condenser is removed by the circulating water system. The Gulf of Mexico serves as
the normal ultimate heat sink for Crystal River 3.

1.3 Overall Methodology

The IPEEE fire analysis was performed using the fire PRA methodology developed by
EPRI for the Fire Probabilistic Risk Assessment (Fire PRA) project. The methodology is
described in detail in Section 4.0. For the analysis of the potential hazards associated
with high winds, extemal flooding, and transportation and nearby facility accidents, a
comparison of the plant design and site characteristics to the criteria and guidance
summarized in NUREG-1407 (Reference 1-6) and NUREG/CR-5042 (Reference 1-9)
was made. In many cases, it was possible to screen out the hazards without more
detailed analysis. Where events could not be screened readily, a more detailed
assessment was performed.

1.4 Summary of Major Findings

The ' major finding of the IPEEE fire risk analysis is that, despite the reducec'
effectiveness of the installed Thermo-Lag protection, the core damage frequency due
to intemal fires is comparable to that of many other nuclear units, and tho' total core
damage frequency for CR-3, from both intemal and extemal events, still falls below the

O dNRC safety goal of 1x10 per year. The core damage frequency due to fires for the

2



|

g current plant configuration,' assuming 20 minutes of protection for the one-hour
|

Thermo-Lag and one hour of protection for the three-hour Thermo-Lag, is 4.2x10 per j4

4year. The core damage frequency from all events is 5.2x10 per year. A pie chart i
showing the relative contnbution of the different initiating events is shown in Figure i

1.4-1.

There were two transient fire ignition sources which were significant contributors to the i

total core damaga risk due to fire. These sources were in a specific location in their {
respective fire zones. Measures will be taken to forbid the placement of transient fire i

sources in these two locations, and these ignition sources will be removed from the fire
PSA model.

The majority of the core damage risk due to fire for CR-3 is associated with fires
occurring in fire zones within the control complex. Table 1.4-1 lists the fire zones which
have a core damage frequency due to fire of greater than 1x10* per year, along with
the control room and cable spreading room.

The remainder of the extemal events (high winds, floods, and transportation and
nearby facility accidents) were found to have minimal impact on the overall risk of core
damage at CR-3. Using a bounding analysis to assess the impact of tomadoes at
CR-3, the core damage frequency contribution was calculated to be 9.2x10* per year.
The core damage frequency associated with high winds other than tomadoes was
calculated at 1.6x10* per year. Application of the appropriate standard for evaluation
of the hazards associated with extemal flooding resulted in an estimate of the annual

O occurrence frequency of the probable maximum hurricane (PMH) coincident with the.
10% exceedance high tide orders of magnitude below the acceptance criterion of 10-6
per year. Thus, there are no vulnerabilities at Crystal River 3 due to extemal flooding.
Outside of the potential for inducing a loss of offsite power, which is addressed in the
intemal events analysis, no other specific vulnerabilities to lightning strikes at CR-3
were found. The frequency of an circraft striking a category I building at the CR-3 site
was calculated to be 1.8x10'7 per year using the applicable standard, effectively
screening this threat. A review of nearby marine, highway, and rail traffic found their

!

potential contribution to a core damage accident to be negligible. Facilities close to the ;

plant were also examined for their potential to impact the risk of core damage and were !
found not to pose a hazard. The core damage frequencies calculated for the extemal j
events other than fire were not added to the overall core damage frequency due to the |
bounding nature of the calculations and their relatively low frequencies, i

,

O
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Table 1.4-1-
>

Fire Zone Core Damage Frequencies !
'~
,

<
,

t

Zone Description CDF. |
CC-108-106 BATTERY CHARGER ROOM 3A 1.49E-05

CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 7.31E-06
'

!
! "C-108-107 - 4160V ES SWITCHGEAR BUS ROOM 3B 6.79E-06-

1
-

,

i CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 3.79E-06
'

,

! CC-108-105 BATTERY CHARGER ROOM 38 2.72E-06
.

; CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM ? 66E-06 |
CC-124-111 CRD & COMMUNICATION EQUIP ROOM iBE-06 !

CC-108109 INVERTER ROOM 38 1.45E-06 I;.

j CC-145-118B CONTROL ROOM 5.7E-07 !
.

CC-134-118A CABLE SPREADING ROOM 9.9E-08)
i

b

O
.

!
:
!
!

!

O
|
,

4
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q Examination Description2.

.J
2.1 Introduction

The CR-3 IPEEE submittal consists of an intemal fire risk analysis using fire PRA i

methodology. An analysis of high winds, extemal floods, and transportation and
nearby facility accidents is also included. The seismic analysis is considered to be i

addressed by USl A-46 (see Section 3). I
:

2.2 Conformance with Generic Letter j

The CR-3 IPEEE was performed in a manner conforming with Generic Letter 88-20,
Supplement 4.

;

3. Seismic Analysis

An IPEEE seismic analysis was not performed A quantitative probabilistic analysis of
seismic events at CR-3 was not performed due to its anticipated minor contribution to I
the overall coro damage frequency, and the fact that FPC's resolution of USl A-46, I

Seismic Qualification of Equipment in Operating Plants, is considered to be sufficient to
address the seismic aspects of the IPEEE. See Reference 3-1.O 2(> ;

3.1 References
i

3-1 Letter from FPC to NRC, " Verification of Seismic Adequacy of Mechanical and |
lElectrical Equipment in Operating Reactors, Unresolved Safety issue (USI)

A-46, Generic Letter 87-02," 3F1295-18,12/31/95.

\ '

7



!

I .

|

! I
i 1

| 4. Internal Fires Analysis )
4.0 Methodology Section

The IPEEE internal fire analysis was performed using fire PSA methodology,
| specifically that developed by EPRI for the Fire Probabilistic Risk Assessment (PRA)

project. A fire PSA develops and quantifies fire damage sequences. The fire PSA
methodology used for the CR-3 IPEEE employs NUREG/CR-2300 (Reference 4-1) for

|
the basic framework; however, fire modeling techniques, data, and technical bases are
drawn from more recent sources. For example, the method uses the fire models

,

| described in the Fire-Induced Vulnerability Evaluation (FIVE) (References 4-2,3) to
i calculate temperature profiles in the fire zones. For data, this method draws upon not

only FIVE, but data sources in NUREG/CR-4840 (Reference 4-4) and
NUREG/CR-2815 (Reference 4-5), and insights from both Sandia's and EPRI's fire
research programs. The methodology, as applied at CR-3, proceeded as follows.

Information was gathered which would be required or helpful for the evaluation. This
information consisted of existing fire studies and related databases. Additional
information was gathered by performing several plant walkdowns. All of the fire zones
in the plant, except those in the reactor building, were walked down to identify or verify
potential ignition sources (including transient sources), tha targets for the ignition
sources (cable trays, conduits, and intervening combustibles), *he types of suppression
available, and the general fire-related characteristics of the fire zone. Based on this
information, an early screening evaluation was completed using the conservative

(] assumption that any fire would develop a hot gas layer (HGL), and all targets in the
V zone would be damaged. If a zone screened, no additional evaluation was needed for |

that zone. Additional walkdowns were made for the unscreened fire zones in order to
define the ignition source / target models and evaluate the possibility for a fire in the
zone. Detailed fire modeling was then oerformed for each ignition source to determine

,

the propagation of damage, the heat release rates, the potential for formation of a hot
gas layer, and the time to damage of cables and fire barriers. All of this information
was necessary in order to supply the CR-3 core damage risk model with the likelihood
of a fire initiating event and the impact of each potential fire on the systems and
components designed to mitigate an accident.

The walkdowns and fire modeling described above provided the fire ignition frequency
information and the targets damaged for each ignition source. Additional information
was needed to relate this damage to the plant components which are disabled by the
fire, and ultimately to the CR-3 core damage risk model. Because the targets identified
were conduits and trays carrying cables, not systems and components, a link between
the target trays and conduits, and the compments modeled in the CR-3 fault tree was
established. A relational database was created linking trays and conduits in each fire
zone to circuits, circuits to the components which they support, and the components to
the basic events in the fault tree model. In addition, the database defined the fire
protection ratings of the cable trays and conduits within each zone. With this database,
the information obtained by the fire modeling was translated to a set of initiating events
(fires), each with its own set of PSA basic events to De set to TRUE, i.e., failed, in the
CR 3 core damage risk fault tree model.g

b
1

:



1

n The CR-3 fire risk fault tree model was constructed from the intemai events CR 3 core

() damage fault tree model used for the CR-3 PSA. For the fire analysis, all LOCA
sequences (other than transient-induced LOCAs) were removed from the standard
CR-3 PSA fault tree model. Allinitiating events were also removed, as the fire was now |
the initiating event. In addition, human error events were modified to reflect the conflict, '

time constraints, and spatial barriers associated with a fire.

The first quantification was a zone screening calculation. The conservative assumption I

was made that all components in a particular zone were destroyed given a fire in that
zone. Credit for Thermo-Lag was given only if automatic suppression was available in ;

the zone. No credit for manual suppression was given. No consideration was given to I
the possibility that a hot gas layer might not be formed. Given these assumptions, the |
relational database was used in conjunction with the fire risk fault tree model to obtain

'

core damage frequencies for each fire zone. Those zones with a core damage
4frequency less than 1x10 per year were screened. Only the unscreened zones were

evaluated in more detail.

This next level of detail in the quantification entailed identification of the individual
ignition sources and their targets for each of the unscreened zones. Prior to the final
source quantification, all of the possible scenarios for each ignition source were ;

identified. The factorc of interest in the scenario development were automatic and !
manual suppression success or failure and the associated timing, the time required for
hot gas layer formation, and the protection time provided by any Thermo-Lag present.
From the scenario definitions, a set of scenario frequencies and their appropthte

(] conditional core damage probability (CCDP) types was developed. Using the CR-3 fire i

V core damage risk fault tree model and the relational database, the CCDPs were !

calculated for each ignition source, combined with the scenario frequencies to give the |
individual ignition source core damage frequencies.

Control room and cable spreading room fires were evaluated separately due to the
!

possibility of evacuation to the remote shutdown panelin the event of a fire.

Multi-compartment scenarios were evaluated. Multi-compartment scenarios address
the effects on plant safety should a fire propagate beyond a single location. If the fire
is severe enough and if fire protection systems or personnel fail, the fire or its products ;

of combustion may reach another compartment. While this is unlikely, the potentially |

high consequences of damaging additional shutdown equipment may yield notable risk.

The sum of the individual ignition source core damage frequencies, the control room
and cable spreading room core damage frequencies, and the multi-compartment fire
core damage frequency constituted the total core damage frequency due to fire at
CR-3.

Besides the traditional fire analysis, a special set of issues that have been raised by
NRC's Research Branch were evaluated. These issues, called the Fire Risk Scoping
Study (FRSS) issues, were analyzed using an approach developed for FIVE.

Each of the tasks described above is discussed in detailin the report.fm
> 3
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4.1 Fire Modeling |

4.1.1 Description -

The objective of fire modeling is to determine if equipment damage can occur, and if )
so, when. Equipment damage is caused by excessive thermal exposure. Modeling will |

help determine the temperatures to which safe shutdown equipment in the fire zone will i

be exposed as the result of a fire in the fire zone. The ability to detect and suppress -
the fire before the safe shutdown equipment is damaged is determined in Section 4.2.

Convective and/or radiative heating from a fire causes thermal loads. The amount of
heat transferred depends on the type of fire and its proximity to equipment as Well as
the overall geometry of the fire zone. The type of fire depends on the energy of the
ignition source and whether other combustibles ignite and add more energy.
Determining whether other combustibles ignite is similar to determining whether
equipment is damaged, only the damage criteria is now based on the thermal loads
necessary to cause ignition.

If equipment or combustibles are close to the fire, they may be damaged or ignited. If
equipment is not close, it may still be damaged if the entire fire zone heats up. A layer
of hot gas will build up above the fire. The equipment immersed in that layer can be
damaged. The temperature of the layer will depend on the amount of energy released
by the fire. Generally, the total energy released by the ignition source is insufficient to
cause damage. Therefore another combustible such as cable must be ignited to
generate a hot gas layer with sufficient energy to damage targets at a location which is
at some distance from the ignition source fire.

To identify and model specific scenarios in each fire zone, the following three steps
were used- i

!

Scoping Evaluation=

I i

| Screening Walkdowns.

|
Detailed Fire Modeling.

in the scoping evaluation phase of fire modeling, the following was determined: |

the types of ignition sources and their potential energy release,e

the types of equipment present as targets and their corresponding damage criteria,e

and
| - the potential for other combustibles to ignite, especially those with high heat contente

(e.g., cable, stored anti-contamination clothing, and flammable liquids).

.

i O
i
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The screening walkdowns were used to:-w
I \

identify fixed ignition sources that cannot propagate because of their design or.

because there are no nearby targets or intervening combustibles, and screen them
from further analysis,
collect data for scenarios from unscreened fixed ignition sources to use in detailede

fire modeling, and
determine damaging locations for transient ignition sources, je

l

The detailed fire modeling step involved realistic (rather than screening) calculations of !,

individual scenarios. Fire growth to beyond the closest target was modeled and
evaluated, including the potential for generating a hot gas layer sufficient to damage all
or most of the targets in the fire zone. The impact of protective features was evaluated.
More precise evaluations of heat release rates and damage criteria were used when
appropriate. Finally, a time-to-damage evaluation was performed. The time to damage
is used in suppression modeling. The analysis of transient ignition sources was also
done in the detailed modeling step. j

.

4.1.2 Scoping Evaluation.
1

The principal objective of the scoping evaluation was to collect and evaluate the
information on which to base the screening of fixed ignition sources during the

(] walkdown. Ignition sources were screened if they were incapable either of damaging ;

V any target or igniting an intervening combustible.

Some fire zones did not contain fixed ignition sources or sources which could
propagate. These zones were temporarily screened until it was time to evaluate
transient ignition sources.

The first step in this evaluation was to summarize information from all fire zones. The
information was used to pre-calculate "no-damage" heights and radii. That is, a slightly
conservative fire modeling calculation was performed to predict the maximum distances
at which damage can occur. An ignition source can be screened if all targets are
beyond this height or have at least the calculated horizontal separation. This
information was recorded on walkdown sheets for each zone.

To detennine these no-damage distances, two important plant-specific inputs were
required:

the potential energy released from the various ignition sources, and.

the damage criteria of the various safe shutdown equipment i.e. " targets.".

Evaluate ignition Sources. In this step, information on the fire zones, and the results
of tests sponsored by the industry or the NRC, was summarized and used to obtain a
heat release rate and total heat content for each ignition source type.

()
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|Qg Fixed Ignition Sources. The first activity in this evaluation was to summarize the types |
'

| of fixed ignition sources in the fire zones. This process was performed by reviewing the
' generic types of sources selected in the FIVE methodology and adopting the

appropriate items. Ignition frequency worksheets for each fire zone were then
generated listing the different source types. Representative ignition sources were ;

included in the evaluation forms. These included: electrical cabinets, small pumps with
berms or other means of confining an oil spill, transformers, and anti-contamination

,

clothing (PCs). No attempt was made to screen oil bearing equipment during the j
walkdown if there was no means of confining the spill. '

Transient Ignition Sources. Transient ignition sources are welding activities, tobacco 1

smoking, extension cord use, space heater use, and the heating of lubrication fluid or !
grease. Smoking is prohibited within the confines of the walls of the power plant and is
therefore not further considered as a transient ignition source. Welding activities are I

'rigidly controlled by administrative procedure and always requires a fire watch and
special preparation of the area in which the work will be performed. Welding is the i
leading cause of fires cataloged in the Fire Events Database (FEDB, Reference 4-6). i

Heating of lubricating compounds has caused a problem at CR-3, although a minor |

one. This is now procedurally controlled. Space heater use is not significant at CR-3 i

due to the generally mild climate of the region and natural heatup of enclosed spaces
within the power plant. The use of extension cords is less rigorously controlled and !

was accounted for in the consideration of transient ignition sources as was welding and !
heating of oils or greases. |

{dT lt must be noted that a transient source by itself cannot generate a propagating fire. A
'

transient fuel package must be associated with the transient ignition source. It was j

necessary for the analyst to determine just what a fuel package was most likely to ;
contain. After review of plant procedures, and interviews with craft and supervisory
personnel, a package was selected from the FIVE implementation Guide, Appendix E, i
Table E-4, included herein, to represent the typical CR-3 maintenance refuse package. 1

Heat Release Rates (HRRs). Once the types of ignition sources were known, heat
release rates were determined. Electrical cabinets were evaluated as desenbed in ;

Appendix H. Other influential characteristics were whether or not they were vented and
the amount of combustibles contained. Amounts of contained oil and the contents of
the transient fuel package were factors considered for other types of ignition sources.
The HRR for each type of ignition source is listed in Appendix E, Table E-1, Part 1.
The specific HRRs selected for use in this IPEEE are presented in Table 4.1-1.

There are numerous transformers in the plant which generate large amounts of heat
and hold a significant place in the list of fire starters in power plants. All transformers
inside CR-3 plant structures, e.g., switchgear rooms, are dry-type transformers. That is,
they do not contain oil. Dry transformer fires generate lower heat release rates than
fires in oil-filled transformers. Therefore, all transformer fires were assigned a heat
release rate commensurate with testing performed by Sandia National Labs and listed
in Appendix E, Table E-1, Part 1.

!
U
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:

I

Table 4.1-1e
Selected Heat Release Rates j

Ignition Source from Fire Source Type Characteristic Selected Values :

FEDB Combustibles- j
Electrical Cabinets Qualified Cable in Qualified Cable 65 BTU /s

vertical cabinets |

Pumps (large) Motor Motor Windings 65 BTU /s |
*

I

I

|- Pumps (large) Lube Oil Oil 135 BTU /s-ft" !
|
| t

! !
;
'

! Pumps (small) Motor and Oil Motor Windings and 270 BTU /s
! Lube Oil

.

I

| .

| Transformers Oil Transformer Oil 135 BTU /s-ft' ,

! I
i !

F Main Turbine Oil System Oil Lube Oil 135 BTU /s-ft" j
! ;

i I

Electrical Motors Motor Motor Windings 65 BTU /s !
,

|

! .

Transient Transient Fuel- 2.5 gal Polyethylene 32 BTU /s !
Package - bucket,1 liter

Maintenance Refuse polyethylene bottle,16 >

oz kimwipes,1 qt |

acetone

l-

!

|
'

!
t

O li
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Selecting Final Heat Release Rates for Pumps and Motors. Two types of fires can

(n] ignite from a pump or motor fire. They are motor winding fires and oil / grease fires.

For motors, a conservative bound, namely the electrical cabinet heat release rate for
qualified cable, was used. Oil fire heat release rates vary depending on the size of the
spill. An unconfined oil spill gives incredible HRRs (based on FIVE Table 2E). The
probability of these larger (unconfined) spills was established using insights from the
FEDB. Oil pool size was based on confining design features (e.g., berms or drip pans),
or other factors (e.g., observable oilloss from the component or on the floor).

The amount of oil in small pumps was also considered. Of the pump ignition sources,
the majority were small pumps. A pump was identified as a "small pump" if its motor
was smaller than 25 horsepower. The resultant fire from one of these ignition sources
was considered to be a composite of the motor windings and oil which leaked from the
bearings, reservoir, etc. It was possible to show that fires in many of these pumps
would not damage targets even if all the oil in them was ignited. In actuality, the
majority of small pumps contained less than two gallons of oil in any one reservoir.

Using cable qualification, oil content, and construction characteristics and materials
allowed general heat release rates to be developed and used in the walkdown.

Selected Parameters

Heat Content. Representative total Btu was estimated based on fire duration |

p (15-minute fire for cabinets) or amount of combustibles (e.g., cable in the cabinet or i

V lube oil in the pump).

Damage Criteria. Information on damage criteria for nuclear plant components has .

|been difficult to obtain. In its letter approving FIVE, NRC acknowledged this fact. NRC
allows documented engineering judgment when data is unavailable. It also requested
evaluations of the appropriateness of results from new testing and analysis. Recent
testing and analysis generally confirms FlVE's temperature criteria for qualified cable
are conservative. For other components, limited test data and references from past fire
PRAs are available to guide engineering judgment. Appendix F describes available
data on damage critena. 1

I
Generally, a simple approach was appropriate for representing the diverse types of
equipment present in unscreened fire zones. The analyst performed two basic tasks. )
The first task was to determine whether qualified or unqualified cable had been used in !
the plant. It was determined that the amount of cab!s which was not qualified in ;

accordance with IEEE 383 standards was insignificant. Therefore all cable was
evaluated as " qualified" and assigned a heat release rate (HRR) commensurate with i

that classification and the cable type.

FIVE's recommended damage criteria generally seem consistent with recent test and
I analytical evaluations:

! 700*F and 1 Btu /s/ft for qualified cable2
.

2' 450 F and 0.5 Btu /s/ft for unqualified cable..g
; 4
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|

|

The second task was to determine if solid-state equipment wa.s present in any of the ,

fire zones. This equipment could failif fire zone temp *eratures reached 150 F or if they
were exposed to incident heat fluxes of 0.19 Btu /s/ft Because of the lower damage

| criteria, it was important to be aware of the potential for damage to solid-state devices
! in a fire zone before the walkdown was performed.

:

| This simple approach is based on typical characteristics of nuclear power plants. First, -

the targets are usually cable. Second, other equipment in the fire zone (such as
pumps) are usually not in the hot gas layer. That layer does not descend below the fire <

;

! source which produces the heat to create the HGL, typically elevated cable trays. If a
unique condition does exist (e.g., an elevated component in the HGL), the analyst must

,
*

perform a detailed analysis for that fire zone. |
,

One such unique condition is the presence of liquid combustibles. The volatility of the
fuel may result in extremely intense fires of very short duration. Another consideration
is the mobility of the fuel / fire. Each of these conditions requires special consideration in
the detailed analysis of a fire zone.

.

Combustible / Flammable Liquids ;

I
Oil Fires - Presence of a high energy ignition source is needed to ignite damaging |
quantities of oil. The FEDB shows that ignition of oil occurs almost entirely during |

p/ welding and grinding, when a fire watch is in effect. Of the 46 non-welding transient
t fires in the FEDB, only three involved oil and one involved grease. None of these fires

resulted from a spill (i.e., a pool fire). The oil fires involved a blanket soaked in oil,
wood scaffolding catching on fire because it was soaked in oil, and smoking (no
flames) as the result of heating a 55-gallon oil drum. When modeling activities that
require a continuous fire watch or equivalent presence by trained plant personnel (e.g.,
welding and grinding), presence of the fire watch was credited.

'

Other Flammabie Liquids - Other liquids such as acetone, etc. do not pose a spill-type
hazard if handled in safety containers. If spilled in limited quantities, these liquids tend
to bum off too quickly to cause any damage. The operating experience also shows
that only two of the 46 non-welding fires involved flammable liquids. Both occurred
while cleaning electrical motors and not as the result of a spill. Flammable liquids of
less than one quart were not modeled because the standard maintenance refuse
package (Appendix E, Table E-4, SNL test # 3) is modeled, and acetone is already j

present in the package.

Preparation for the Walkdown. Preparation for the walkdown is the last step in the
scoping evaluation. Scoping calculations using fire modeling tools are performed to |

calculate "no-damage" heights and radii for ignition sources based on the generic
source types and target damage criteria.

~
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.

1 !

;O 4.1.3 Screening Walkdown :

L '

j The walkdown had several objectives. Primarily, the walkdown was performed to count i
' and locate ignition sources and to identify the targets associated with each source, in
| addition, the walkdown performance provided firsthand knowledge of the physical .

L chara.-teristics of the source and targets such as position in the room, height, length,
I~ width, relationship to other equipment, and construction characteristics . One of the |
| construction details which was important was whether or not the cabinet was vented. If ,

'it had vents, were they open holes in the face, side, or top of the cabinet, or were they,

attached conduit? If they were conduits, were they short lengths of conduit or long,

i lengths? Were they plugged with fire penetration packing material or open, located
4 high on the cabinet, low on the cabinet, or both? Other conditions were noted such as-

;. the presence of fire barrier wrap material or armored flexible conduit which may prevent

4 ignition of cables.
!

| During the walkdown, specific conditions were identified which prevented ignition
sources from being capable of propagating a fire. Some electrical cabinets were fully'

) enclosed or had all openings packed with fire seal material thus making them incapable
i of igniting other combustibles. These were eliminated from further cor, sideration. The

_ details of the enclosures were most easily identified in the field and were recorded on2

; the Walkdown Ignition Source Screening Form B (Appendix G).
J

i Ignition sources with no targets overhead, with targets above the damage height and
i more than the damage radius to the side, or ignition sources separated from targets by

] a non-combustible shield were also screened. If the _ ceiling was lower than the
E- pre-ca!culated damage height, consideration was given to targets in the ceiling jet such
j that distance from source to the ceiling plus target offset was less than the damage
: height._ Damage to such a target could not be precluded without further fire modeling

. and it was not screened out at this point. Also, cable inside conduit cannot be ignited
j unless the conduit is breached.
i

[ The non-propagating fixed ignition sources, identified at the end of this step, did not
; require detailed fire modeling and were closed out at that point. However, before these

components were eliminated as fire risk sources, it was important to verify that fire
i damage to the ignition source itself was not risk-significant. In particular, this concem

r,eeded to be carefully evaluated for components such as switchgear and MCCs.

L The following is the guidance used to ensure that loss of the ignition source alone did
; not result in a risk-significant fire-induced sequence.
1

! i

Check if loss of the ignition source is modeled (as an accident initiator or equipment j..

failure) in the intemal events PSA (IPE). If the data used for equipment j4

*

unavailability is based on historical events such that it includes fire, then the intemal
events PSA (IPE) already includes the fire-induced less of the ignition source and,

j- no further evaluation will be needed. If not, perform the following checks.
i

f if loss of the ignition source does not result in a reactor trip (automatic or manual)e

4 and there is not a loss of equipment which was used in the CCDP model, screen
the ignition source.

. .

: 10
|
'
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i 4.1.4 Documentation

O'

- Various forms were developed to assist in data collection, presentation and calculation.
These forms are described below and are presented in Appendix G of this document.'

;

j e' Walkdown Ignition Source Screening Form A was used as the input information
link for zone-specific information and generic ignition source information. It is the2

'
source of information required to perform the calculations for damage heights and

: damage radii for the typical sources and plume conditions.
!

i Walkdown Ignition Source Screening Form B displays the calculated data on.

j damage heights and damage radius for typical sources using the FIVE fire models
;. (Reference 4-2). Form B was also used to simplify and document all sources in the
' zone and to facilitate screening of the non-damaging sources. _ The form does not
i include a radiation-induced ignition radius. This distance is similar to the damage
j radius.
!

! Walkdown Ignition Source Screening Forms C-1 through C-27 calculated the.

damage heights and radii for each generic source type based on the particular
; dimensional characteristics of the fire zone.

! Form' S, Scenario information Sheet, was used to document unscreened.

i scenarios for detailed fire modeling. The documentation identifies the ignition
! source, the height to the target or intervening combustible,-and the raceway
i O identification number. Passive fire protection features that would prevent ignition of
; the target combustible or limit flame propagation were also documented. Examples
! are fire breaks,' solid-bottom trays, tray covers, mastic coatings, and fire wraps.

| Other passive plant features that would prevent ignition could include HVAC ducts,
i partitions, and unvented cabinets. Flammable liquids stored in listed flammable
} liquid storage lockers were not considered combustibles. . Active fire protection
j features that could prevent cr limit ignition of combustibles were identified on the
; forms. These included detectors and/or sprinklers in proximity to the combustible.*

! The Scenario Information Sheet was used for each scenario.
| |

. - Forms H and H-1, Calculation of Time to Damage / ignition by HGL, were used
for 700*F and 1000 F calculations, respectively. Each sheet is identical to the other
with the exception that the reference temperatures differ as does the resultant
OnetN from Table 7E of the FIVE methodology manual. The calculation performed
by this sheet is for determining the amount of time required to generate a hot gas

' layer given the particular input values associated with a particular ignition source
and its associated intervening combustibles.

Drawings To effectively present the specific geometric arrangements of ignition.

sources to targets required the generation of drawings. Drawings were made for
each propagating source and its respective targets. Drawings were often done
from various perspectives depending on the needs of the situation. For instance,
" frontal" drawings were prepared to exhibit the source construction characteristics
and dimensions, target heights, and vertical relationships (Appendix B drawingsO D-1, D-2, and D-3). In some cases, there existed the need to present an overhead

17
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view to adequately portray the positioning of overhead targets in relationship to the 1

o] sources in a room (Example D-4). Drawings were also used to provide mobile(
' visual references for the analyst of complex or abnormal configurations of

Thermo-Lag o cable trays (Example D-5, and D-6). During the analysis of transient I
ignition sources / combustibles, drawings were used to show the probable locations |
for fuel packages to be left in a zone. From that information, each location's
associated targets could be determined and an evaluation of the potentialimpact of j

a transient combustible fire could be performed (Example D-7). In special cases i

such as the Main Control Room (MCR) evaluation, it was beneficial to make floor j

plan drawings showing the placement of all sources in the MCR (D-8 and D-9). |

4.1.5 Detailed Fire Modeling |

Detailed fire modeling involved an evaluation of fixed and transient ignition sources,
heat release rates, damage criteria, and spatial relationship of sources and targets. !
Finally, the analyst performed specific fire modeling calculations of individual scenarios, |
and determined times to damage and/or ignition.

Fixed Ignition Sources. After identifying the types of fixed sources present in a room,
the appropriate HRR was selected. Drawings were prepared of the source giving
dimensions of the source, vent locations, and target locations in relative position and

,

distances. Electrical cabinets were evaluated for potential spread of fire to adjacent '

cabinets based on the guidance provided in Appendix H. The source HRR and total

("} heat released were used to determine if the source alone released enough energy to
V damage nearby targets or if there were nearby combustibles which would be ignited

and further impact circuits in the area. Any target not in either the plume of the ignition
source fire, the ceiling jet of the ignition source fire, within restricted distance of plume
centerline, or in the hot gas layer (HGL) if one was generated, was not considered to I

be damaged by that source. Examples of the drawings created are presented in
Appendix B.

Transient ignition Sources. The fire PRA method for transient ignition sources is
based on insights from the FEDB, fire modeling, and typical plant administrative
controls. The FEDB indicates that transient ignition sources ignite transient
combustibles.

The FEDB further indicates that fixed ignition sources are unlikely to ignite transient
combustibles. Class A materials would have to be stored within one to three feet of a
fixed ignition source. (This calculation uses a range of heat release rates for typical

2fixed ignition sources and an ignition heat flux of 1.8 Btu /sec/ft for trash and other
types of Class A combustibles.) Hence, the evaluation of transient combustibles
becomes part of the evaluation of transient ignition sources. The transient ignition
sources evaluated included principally welding, but also other sources such as
extension cords, heaters, etc.

Plant administrative controls apply to both transient ignition sources and transient
n combustibles. The evaluation to determine ignition frequency considered the impact of

plant administrative controls on transient ignition sources in a particular fire zone. In

18



this step, the analyst evaluates the impact of administrative controls on transientp)
( combustibles.
v

Administrative controls at CR-3 significantly reduce the risk that large amounts of
transient combustibles can become involved in a fire area containing safe shutdown
equipment. However, it is not practical to control transient combustibles so that all
damage can be prevented. Procedures typically allow transient combustibles in
specified quantities and those quantities, if ignited, are large enough to damage ;

overhead targets. Based on interview results, procedural allowances, and plant I
practices the analyst determined what the constituents of a transient fuel bundle was |

likely to be at CR-3. This provided the basis for selection of spatial criteria, HRR, and
total heat content for a transient fuel p,ackage fire. The more damaging criteria and
specifics of the packages presented in Appendix E Table E-4 as the SNL Nowlen TEST l
#3 and #4 were selected as representative of the most probable transient fuel package i

at CR-3.

In this analysis, consideration was given not only to plant procedures but also to plant
practices, such as where trash bags are typically stored, which fire zones, and where in
the fire zones. The evaluation identified not only where combustibles are stored, but in
what quantities and with what compensatory actions, if any.

The following describes the initial evaluation portion of the transient ignition source
analysis. The evaluation involved a review of procedures, combustible loading
calculations, and interviews with plant personnel..

r,

Procedure Review. Applicable plant procedures, including housekeeping procedures,
were reviewed, to identify limits that apply to various storage conditions:

designated storage devices, e.g., liquids stored in approved containers and storage.

of ordinary combustibles in enclosed metal containers,
limits on types of combustibles,.

limits on quantities, e.g., no liquid combustibles in excess of five gallons,e

the compensatory measures (e.g., fire watch or not left unattended), if any, thate

apply to various storage conditions, and
the inspections that would or might uncover violations and the frequency of such.

inspections.

The probability of a violation of storage restrictions is generally a few percent or less.
FIVE provides a screening value of ten percent for exposed combustibles if the plant
fire protection program (applicable to the fire zone) includes features similar to the
following:

flammable and combustible liquids are stored in approved containers,.

storage of ordinary combustibles or 'NRP clothing in enclosed metal cabinets ore

metal containers with fusible link actuated covers or with FM-approved
self-extinguishing lids, and
all exposed transient combustibles used by plant personnel while working in the firee

Q' zone are removed upon completion of the work unless otherwise approved.
L.J
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7- Heat release rates for transients. The FEDB indicates that transient ignition sources(3 (i.e., welding and other sources such as cigarettes, extension cord, heaters, open)" flames, over-heating or hot pipes) ignite transient combustibles while fixed ignition
sources do not. This finding is also supported by fire modeling results. Consequently,
presence of both a transient ignition source and transient combustibles is needed for a
transient fire. Based on these findings, the following guidance for modeling transient
fires was used.

It is important to note that liquid combustible fires occur mostly when people are
present. Plant housekeeping requires that personnel attempt to clean up a spill before !

it spreads. These plant practices reduce the chance for creation of critical spills leading !
to pool fires. It is unrealistic to assume that the only factor affecting the size of an 7pil!

!

is the thickness (i.e., viscosity) of the fuel. Liquid combustible / flammable spills are
deemed credible and ignitable without the presence of trained personnel, only in the
case of a pump losing some or all of its contained oil. In such a case, the amount of oil
credited was the amount contained in the largeat single reservoir of the pump. The

2heat release rate for oil and acetone are 135 and 100 Btu /s/ft respectively (FIVE).

Operating experience indicates that solid fuels can be ignited by high energy transient
sources other than we' ding. Heat release rate for trash, maintenance refuse, paper,
wood, and protective clothing is provided in Appendix E. This data was used, together I

with plant-specific quantities, to estimate heat release rates.

Transient ignition source walkdown. The use of extension cables is permitted
/] throughout the plant including safety-related equipment areas. Therefore, the first core

/ damage frequency calculation was done with a generic transient source fre,quency as a
factor. Subsequently, all fire zones with a core damage frequency of 1x10 per year or
greater were walked down to locate likely storage areas for transient fuel packages
because it takes both an ignition source and a transient fuel package to yield a fire.
Each location was recorded and special note made of limitations, specific to that
location. Typically, special notes consisted of area available for transients, height to
targets, and/or the presence of walkways and doorways. It was assumed that exposed
combustibles within five feet of each other were part of the same storage area since it
is possible that exposed transient combustibles within that distance will propagate and
involve both packages.

For other than designated storage areas, targets such as cable trays which were lower
than the damage height were identified. The damage height was calculated for the fire
zone during the scoping evaluation. It was documented on the Ignition Source
Screening Form.

|

!
I

f\'
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;

Table 4.1-2 |
'

Summary of CR-3 Transient Combustible Controls

O
Definitions

Compensatory Measures - Actions taken to minimize the possibility or consequences
of a fire. Such actions may include but are not limited to:

Posting of fire watches.

Increasing fire suppression capabilities.
,

Removal of combustible material from the area ~

e

Removal of ignition sources.

Safety-Relatea Areas - Those areas containing equipment essential to the safe :
'

shutdown of the plant or have importance to safety (i.e., Auxiliary Building, F.mergency
Diesel Generator Building, Intermediate Building, Reactor Building and all areas of the
Control Complex above the 95' elevation). |

Transient Combustibles
!

a. Materials, liquids, or gases located at the job site or bulk storage area in the plant i
but not installed as part of the plant nor any of its systems. ;

b. Combustibles are not considered transient while being transported or when stored I
in UL-listed or FM-approved storage cabinets. ]

HLF - Heat Loss Factor. - The EPRI Fire PRA methodology recommends using, and
CR-3 adopted the use of, 0.94 as a heat loss factor if times > 5 minutes where the

_

whole fire zone is filled with HGL. However, smaller values (0.85) were considered
appropriate for exposure fire scenarios away from a wall and quickly developing hot
gas layers (e.g., large flammable liquid pool fires). i

O
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, Table 4.1-2 (cont.)
Summary of CR-3 Transient Combustible Controls

!,

Policies Based on Procedures

General Control of Combustibles |
Waste, debris, rags, oil spills, and other excess material must be collected, i*

removed from the job. site, and disposed of properly. As a minimum, this must be . ,i
done upon the completion of each job. !

. Combustible liquids that must be kept in the area must be in UL-listed or !.

FM-approved Flammable Liquids Storage Cabinet or otherwise approved by the fire !

protection supervisor. ,

Flammable Liquid Storage Cabinets are not to be used for long-term storage of i.

combustibles (i.e. > 30 days) . |
Non-fire-retardant wood is not to be used.. ;

- The _ quantity of transient combustibles allowed in a specific fire zone without ie

imposing compensatory measures is specified by the Fire Hazard Analysis.
. ]

Rags must be removed from the work area at the completion of the job or at the. ,

end of each shift, whichever is sooner. !,

The following materials may not be stored in areas containing safety-related .f
equipment:

O Charcoal
HEPA Filters
Rosin
Wood
Cardboard
Explosives
Compressed Gases

Debris and waste resulting from work activities shall be removed from plant areas at.

the end of each work activity or at the end of each shift, whichever is sooner.
Caps or plugs shall normally be secured in-place on empty or full containers of.-

liquid combustibbs/flammables when not in use.
. The use of wood in the plant must be minimized. Only flame-retardant wood should

be used.
Combustible / flammable liquids shall not be used nor placed near heat, open flame,.

or other sources of ignition.
Transient combustibles must be removed from within 35 feet of welding operations..

Smoking shall not be permitted within plant areas..

Compensatory Measures for Ignition Sources or Combustibles
. Welding shall be performed only in the presence of a fire watch.

inspections

O.
Plant housekeeping inspections are performed weekly. je

Transient combustible inspections are perforrned monthly. !.

|
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Cable Ignition in Horizontal Trays. The EPRI Fire PRA methodology recommends a.

piloted cable ignition temperature of 932*F based on a wide variety of sources including
' a FMRC test summary (NUREG/CR-4840 Reference 4-4) and the Fire Protection

Handbook. The same value is recommended for both qualified and non-qualified';

cable. Sources indicate a wider range of findings for the time to ignition.,

;

1 NUREG/CR-4527 (Reference 4-7), in its discussion of cabinet fire tests (as well'as
- other tests described in NUREG/CR-3656), states:

" Direct flame impingement for ten minutes is necessary to ignite and
propagate a fire in qualified cable."

.

In a description of earlier tests, NUREG/CR-5384 (Reference 4-8) reports that the time
to ignition was five minutes in tests of both qualified, uncoated cable and cable trays. It
also reports that the time to open flaming was one minute for unquclified cable.

Finally, FMRC has found ignition times varying from one to seven minutes for qualified
cable at heat fluxes between two and four times the heat flux FlVE indicates is
necessary to cause damage (22 and 43 kW/m2),

in conclusion, the ignition time for qualified cable varies from five to ten minutes for
situations typical of nuclear plant fires. A time of five minutes was adopted for initial
calculations.

p Propagation of Fires in Horizontal Cable Tray Stacks. Final fire modeling requires
d the analyst to determine time to damage and ignition for each tray, and heat release

rate for cable tray stacks. However, fire modeling tools are limited in this regard. First,
FIVE does not offer any related fire modeling capability. Next, COMPBRN is extremely
conservative (see FRSS criticisms and NSAC-181 insights) and difficult to use (e.g., the
non-communication matrix). Fortunately, experimental evidence from Sandia's fire test
program can be used to guide the analysis. ;

)

The experimental evidence is documented in NUREG/CR-5384. The trays at CR.3 and
the trays in the experiments met RG 1.75 minimum separation:

8" horizontal,10.5" vertical for same train, and.

5' vertical for redundant train..

The cables were IEEE 383-74 qualified. During the experiment, the lower tray was
ignited after five minutes of exposure to a 40 Btu /sec HRR from two propane bumers. ,

I. The following times were reported:

'

First tray at sustained buming 0 minutes |

Second and third trays involved 5 minutes
Fourth tray involved 10 minutes
Sixth tray involved 18 minutes
Eighth tray 22 minutes

O
|
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- Thede' times were adopted for CR-3 modeling purposes due to extreme similarity of
CR-3 cable to the tested cable. The EPRI fire modeling solution bases ignition timing

,

and heat release on experiments, assumes damage based on worst case plume, and |bases init!al ignition on ignition source HRR. The process of fire propagation within a 1

stack of cable trays is depicted and explained in Appendix 1.

Time-to-Damage Calculations Time to damage is a necessary term for calculating
- suppression reliability. Suppression systems may take time to actuate, but more
importantly manual response takes time to be effective. The time to damage is an
uncertain term subject to many.of the limitations of fire modeling, e.g., the ability to
roodel fire barriers. Two times were considered. The first consideration was given to

- those targets in the plume and within a distance from the source which resulted in the
plume having sufficient energy to expose the target to damaging temperatures. . A'

iultra-conservative position was taken on such a scenario in that we elected to consider
all such targets immediately damaged. That is, at the time the fire begins, the target
loses its functionality.

The second time considered was the time required to develop a hot gas layer (HGL) of
sufficient temperature to expose the cables, fire barrier material, or other. equipment to
damaging temperatures. Determination of the HGL generation time was performed as
described in Appendix 1.

For cables, the time to damage is a strong function of the peak temperature. Appendix ;

F provides data for determining the time to damage based on peak temperature. While ]
this time factor was not initially accounted for in the analysis, it could be used in a moreO

'

detailed analysis if necessary.

Cable ignition also takes time after ignition temperature is reached. Propagation of a ' j

fire from cable tray to stacked cable tray as described in Appendix I after ignition also !

can take a significant amount of time. Both types of times were described in the )
Iprevious section. For coated cables and cable trays with barriers, time to damage

information is presented in Appendix J.

Significant time is required to generate hot gas layers with temperatures high enough
to cause damage. Forms H and H-1 were used to facilitate the calculation of the time
to generate hot gas layers of 700 and 1000 F respectively. A conservative assumption
is made initially that as soon as the HGL is generated, damage occurs to circuits with
that specific damage criteria. This identified time is conservative in that although it is
called the TTD, TTD actually exceeds this value by the amount of time it takes after
reaching 700 or 1000 F for the circuit to fail.

In addition to damage being prevented after fire fighters reach the scene and begin
their attack, damage is also prevented if the fire duration is less than the time to
damage. That is, the ignition source fire may not last long enough to cause damage.

. The following fire durations were used for calculations in the modeling process:

O
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O Fire Source Duration
; 'd Vertical electrical cabinets '

; Unqualified cable - doors closed 30-40 mins
Unqualified cable doors open 15-20 mins*

Qualified cable 15-30 mins .

4 Transients (paper, plastic)
! FIVE trash bag 2-3 mins @ > 300

Btu /sec

j SNL trash and maintenance refuse up to 60 mins
Transients (flammable liquid)

j Oil / acetone seconds to minutes
1

:

|
4

i

:

,

Oi

i V
i

;
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Example problem. The example area is an electrical room in an auxiliary building.
/ \ The total floor area of the area is 900 ft* and the ceiling height is 20 ft. The physical
O boundaries of the fire compartment are three-hour rated concrete walls, floor, and

ceiling, with fire-rated fire doors, dampers, and penetration seals.

In this scenario, a cabinet fire is postulated to propagate to the open trays above. The
target for the scenario is a conduit near the ceiling as shown in Figure 4.1-1. The
conduit is approximately 18.5 feet above the floor. The fixed ignition sources for this
scenario is an electrical cabinet SK01A/B. Per walkdowns, the cabinet is four feet wide
and 7.5 feet tall and is within two feet of the wall. There are three cable trays directlyi

above the cabinet. Cable fill in the bottom two is approximately 50%. The calculations

,

performed to support the walkdowns determined that the cable trays could be ignited
and bum. The tcp tray has a solid bottom and top and will not bum.'

| Based on the geometry described in the figure the target is actually in the hot gas layer
(2 feet from the plume region and at the bottom edge of the ceiling jet) yet is
conservatively evaluated as though it was located in the ceiling jet region of the fire ]
model. The model predicts the fire exposure at the conduit. Scenario-specific !

<

|combustible buming characteristics (heat release rates) are from the table in Appendix
E.

1

Side View Front View |

1 I

l '-6" N2046'-b Target conduits |

+O+ 0"andjunction
boxes

~

5 '-5"
35' : 35'n '-n" . (

"
closed cable tray :i i

, 5" , ' '-
' '

s
-

open cable trays ,
__ -* | | w

" l'-5" \1 |/-

;I I -- 1r-
-

2 '-9" ( 4 '-0" ,' I

u
' -

1

electrical cabinet
7 '-6" SK01A/BSK01A/B

g2026'-y
+w

Figure 4.1-1. Fixed Scenario
i

;
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i The fol!owing is a summary of the specific input values used to determine the
time-temperature exposure to the target conduit:

Cabinet:

Heat Release Rate (HRR) = 65 Btu /sn

i Heat Content (Qtot) = 65 Btu /s * (60s/ min) * 15 min = 58,500 Btu
Fire Duration = Otot/HRR = 15 min

Cable travs:
,

HRR = Unit HRR * Surface Area of Tray involved
2

- Unit HRR = 0.45 + HRR ench scale = 0.45 * 41.85 = 19 Btu /s/ ftb

$ Area of involved tray = (2*4 ft + 2*(1.5 ft tan 35 deg.))*(2 ft) = 20.2 ft
2

2 2
HRR = 20.2 ft * 19 Btu /s/ft = 384 Btu /s

,

,

Qw= Length of tray involved * weight cable insulation per unit length * percent cable
fill * heat content * percent bumed

Unit weight of cable insulation = 1.0 lb/in width * ft length of tray
70% of total cable mass bums
Otot = 10.1 ft * 1.0 lb/(in width * ft length of tray) * 24 in tray width * 50 % * 12,000

Btu /lb * 70% = 1,020,000 Btu

Fire Duration = Qw/HRR = 1.02M Btu / [(384 Btu /s)/(60 s/ min)) = 45 min
-

Combustible HRR (Btu /s) .Qim(Stu)- Fire Duration (min)
Panel 65 58,500 15
Cable trays 384 1,020,000 45

The specific input values are show below. The data on the left represents the heat
release rate from the buming materials at specific time steps in the scenario. In this
scenario, the cabinet and cable trays are assumed to be buming. The virtual surface of
the fire is taken to be at the bottom cable tray of the stack.

The cabinet and the cable are assumed to start buming at time = 0. This is a
simplifying (and conservative) assumption. The heat release rate (HRR) of 449 Btu /s
represents the sum of 65 Btu /s for the cabinet and 384 Btu /s for the cable. The cabinet
burns for 15 minutes, when it has bumed all the Stus available, leaving the cable to
bum until it is entirely consumed at time = 45 minutes.

The right side of the data 'steet is primarily geometric data required for the FIVE fire
modeling equations.

O
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<

Time Step HRR to Target HRR to Room Area 900
(Btuls) HGL-'

0 449 449 Ceiling Height 20
5 449 449 Target Height 18.5

'

10 449 449 Fire Height 10.25
! 15 449 449 Target in Plume? (Y or N) N

i 20 384 384 Target Distance from Plume 2
30 384 384 Enclosure Width 14

|- 45 384 384 Max. Ambient Temperature 104 |

| 50 0 0 Fire Location Factor 2 |
60 0 0 Estimated Heat Loss Fraction 0.94 ),

; 120 0 0
,

| 180 0 0 )
:

'

1

i
e

The location-specific temperature-time history for components in the plume and in the
hot gas layer are both shown in Figure 4.1-2. Using a 700*F damage criteria, exposed
targets in the plume will be damaged almost immediately while exposed targets in the
hot gas layer will be damaged at about 40 minutes.

The figure also includes the ASTM E-119 temperature exposure for reference
'

purposes. The figure indicates the significant difference in margin between realistic
exposures and those assumed in the Appendix R compliance process. )

I

r
i
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<

Figure 4.1-2
1

Time-Temperature Profile
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4.1.5 Summary
O,

The results of months of planning, performing scoping studies, performing walkdowns,
making source and target identifications, identifying the spatial relationships between j

sources and targets, measurement data collection, fire brigade drill time data collection, i

drawing preparation, calculation ' performance, verification of data, calculation )
verification, source screening, detailed analysis of special configurations, determination

]
of a " time to damage", and documentation of all the above, culminates in the production '

of data which is representative of the probability and severity of fire damage for each
source and fire zone. This data is then used in the quantification of core damage .i

probability as detailed in Section 4.5 of this document.
P
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4.2 Fire Detection and Suppression

The detection and suppression analysis addresses the probability that the fire is
. detected and suppressed before it reaches its maximum damage potential. Automatic
and manual suppression are both considered. The probability of successful
suppression is a strong function of the time available for suppression. The key times
for the fire risk analysis are the time to formation of a hot gas layer, the time for the fire
to reach the temperature at which the Thermo-Lag begins to bum, and the time the
Thermo-Lag lasts once this temperature is reached.

4.2.1 Automatic Suppression

Each of the CR-3 fire zones was examined to determine if automatic suppression was
available, the type of automatic suppression, and if the automatic suppression was

. designed for full-zone coverage. The probabilities for failure of automatic suppression
were taken from NSAC-179L (Reference 4-6), an evaluation of automatic suppression
system data for application to nuclear plants. The data indicates the following reliability
values:

' System Type . Unavailability of
System

Wet-Pipe Sprinkler 0.02
m
( Pre-action Sprinkler 0.05

Deluge Sprinkler 0.05

CO2 0.04

Halon 0.05

These values, also used in FIVE, provide realistic estimates of system unreliability.
However, the estimates do not include:

maintenance contributions to unavailability,.
,

.. credit for manual actuation of the system, j
dependent failures, or |.

plant-specific data. |.

Maintenance contributions were not considerad because of the compensatory
measures taken if the automatic suppression system or a portion thereof is taken out of j
service. If the system cannot be reconfigured operable while the maintenance is |

ongoing, then a fire watch is posted. This was assumed to be equivalent to full j
availability of automatic suppression. ,

!
Credit for manual actuation is important because many failures of automatic |
suppression systems are recoverable. Specifically, the most likely causes are detection

!
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failure and valves left closed in the suppressant delivery system, e.g., the fire main, f
j 'g. Roughly . two-thirds of automatic suppression system failures are recoverable. |
| Recovery can be credited if it can be shown that manual action can occur before '

! damage. This recovery action is one of the reasons why the first responder in the ;

brigade is important. No credit was taken for manual actuation of automatic |
suppression. |;

| |

| Dependencies in automatic suppression systems can be very important. Loss of offsite
power and other plant conditions may make the fire water system less reliable, thereby

j increasing the system unreliability. The only potential dependency of importance is a ;

loss of offsite power, and, considering the existence of two redundant diesel-driven fire !

| service water pumps, this dependency was judged to be negligible.
I 1

The fact that the reliability figures used for automatic suppression did not include |

| plant-specific data is considered to be of little significance. The data evaluation in
NSAC-179L included a number of sources, some of which contained thousands of '

| events. Hence, it is unlikely that plant-specific data would vary dramatically from the
|- generic values used.

The non-suppression probabilities used for. automatic suppression in the CR-3 fire
;

| zones are shown in Table 4.2-1. !

i
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Table 4.2-1 |

CR-3 Fire Z:ne Aut:m; tic Suppreri:n i

Zone Description Automatic Suppression NSP TL-1hr TL-3hr ;
/ \ AB-119-12 HOT MACHINE SHOP None 1 No No i

'
# AB 11MA NORTH HALLWAY Wet-Pipe Spnnkler-dual level 0 02 Yes No

AB-119 68 STAIRWELL AREA Wet-Pipe Spnnkter 0.02 No No

AB-119 6C SPENT FUEL COOLANT PUMP None 1 No No |
ROOM

AB-119-6E EAST HALLWAY Wet-Pipe Spnnkler-duallevel 0 02 Yes No

AB-119-6F MAKE-UP & PURIF DEMIN. & None 1 No No
FILTERS

AB-119-6G HALLWAY None 1 No No

AB-119-6H SEAL RETURN COOLERS & None 1 No No
MAKE-UP TANK |

AB-119-6J CENTRAL HALLWAY Wet-Pipe Spnnkler 0 02 Yes Yes

AB 119-6K DECONTAMINATION ROOM Wet-Pipe Spnnkler 0.02 No No

AB-119-6L RADIOACTIVE WASTE PRESS Wet-Pipe Spnnkler 0.02 No No
ROOM

AB-119-6M WASTE DRUMMING AREA None 1 No No

AB-119-6N DEBORATING DEMINERAllZER None i No No
ROOM

AB-119-6P DEMINERAltZER ROOM None 1 No No )
'

AB-119-60 HALLWAY None 1 No No

AB-119-6R MAKE-UP & PURIF. PME-FILTER None 1 No No
ROOM

AB-119-6S HALLWAY None 1 No No

AB-119 6T PURIFICATION FILTERS & None 1 No No |
RESIN TRAPS l

AB-119 6V STAIRWELL AREA None 1 No No ]
'

AB-119-7A EMERGENCY DIESEL Pre-Action Spnnkler 0.05 Yes No

GENERATOR CONTROL ROOM
3B

AB-119-78 EMERGENCY DIESEL Pre-Action Spnnkler 0 05 No No |
GENERATOR ROOM 3B '

i AB-119-8A EMERGENCY DIESEL Pre-Action Spnnkler 0.05 No No

Q GENERATOR CONTROL ROOF 1
3A

AB-11MB EMERGENCY DIESEL Pre-Action Spnnkler 0.05 No No
GENERATOR ROOM 3A

A B-138-6W CONDUlT/ PIPE CHASE None 1 No No
'

AB-143-6AA CHEMICAL MIXING AND None 1 No No

CENTRAL APEA |

AB-14%AB PENETRATION AREA None 1 No No

AB-143-6AC MAIN EXHAUST FILTER ROOM Fixed Water Spray-in filter housing 1 No No
only

AB-143-6X STAIRWELL AND SPENT FUEL None 1 No No

COOLER ROOM
AB-143-6Y SPENT FUEL COOLER ROOM None 1 No No

A B-143-6Z EAST HALLWAY None 1 No No

AE-162-6AD FUEL HANDLING FLOOR None 1 No No

AB 75-10 TENDON GALLERY None i No No

AB-75 4 DECAY HEAT PIT 3B None i No No

AB-75-5 DECAY HEAT PIT 3A None 1 No No j

A B-95-2 ELEVATOR None 1 No No I

A B-95-3AA MAKE UP PUMP ROOM 3B Wet-Pipe Spnnkler 0 02 No No

AB-95-3B NORTH HALLWAY & NUCLEAR Wet-Pipe Spnnkler- dual levei 0.02 Yes No |

SAMPLE ROOM )
A B-95-3C WEST HALLWAY Wet-Pipe Spnnkler 0 02 Yes Yes |

AB-95-3D HALLWAY None 1 Yes Yes_

AB-95-3E MAKE-UP PUMP ROOM 3A Wet-Pipe Spnnkler 0 02 No No !

A B-95-3F MAKE-UP PUMP ROOM 3C None i No No

AB-95-3G CENTRAL HALLWAY Wei-Pipe Spnnkler 0 02 Yes Yes

AB-95-3H NEUTRAltZER ROOM None 1 No No

AB-95-3J EAST HALLWAY Wet-Pipe Spnnkter 0 02 No No

AB-DS-3K MISC. RAD WASTE ROOMS & None 1 Yes Yes

-) HALLWAY

C/ A B-95-3L WASTE EVAPORATOR None i No No



Tcble 4.2-1 (cent.)
CR-3 Fire Z:n2 Aut:matic Suppre:sinn

Zone Description Automatic Suppression NSP TL-t hr TL-3hr
l' . AB-953M WASTE EVAPORATOR ROOM None 1 No No |

kh AB-95-3N REACTOR COOLANT None 1 No *o.
EVAPORATOR ROOM

AB-95-3P WASTE & RECYCLE PUMP None 1 No No -

ROOMS |
AB-953Q CONCENTRATE TANK ROOM None 1 No No

AB-953R WASTE GAS ROOMS None 1 No No ;
AB-95-3S WASTE GAS DECAY TANK None 1 No No |

ROOM i

AB-953 r REACTOR COOLANT BLEED None 1 No No
TANK ROOM ;

AB-953U DECANT AND SLURRY PUMP None 1 No No |

ROOM
_

AB-95-3V SPENT RESIN STORAGE TANK None 1 No No
'

ROOM
AB-95-3W WASTE TRANSFER PUMP None 1 Yes Yes

ROOMS
A B-95-3X NUCLEAR SERVICE BOOSTER Wet-Pipe Sr.inE 0.02 Yes Yes

PUMP ROOM
AB-95-3Y RCP SEAL INJECTION FILTER None 1 Yes No

ROOM ( TRIANGLE ROOM)
AB-953Z RWSW PUMP ROOM Wet-Pipe Sonnkler 0 02 Yes No

CC-108-102 HALLWAY AND REMOTE None 1 No Yes
SHUTDOWN ROOM

CC-108-103 PLANT BATTERY ROOM 38 None 1 No Yes i

,

CC-108-104 PLANT BATTERY ROOM 3A None i No Yes i

CC-108-105 BATTERY CHARGER ROOM 3B None 1 No Yes |

CC-108-106 BATTERY CHARGER ROOM 3A None 1 No Yes

CC-108-107 4160V ES SWITCHGEAR BUS None 1 No Yes
ROOM 3B

CC-108-108 4160V ES SWITCHGEAR BUS None 1 No Yes
,

/ ROOM 3A,

k CC-108-109 INVERTER ROOM 3B None 1 No Yes i

CC-108-110 INVERTER ROOM 3A None 1 No Yes I

CC-124-111 CRD & COMMUNICATION Wet-Pipe Spnnkler 0.02 Yes Yes
EQUIP ROOM j

CC-124-112 EFIC ROOM "A" None 1 No Yes

CC-124-113 EFIC ROOM "C" None i No No

CC-124-114 eFIC ROOM "O" None 1 No Yes

CC-124-115 EFIC ROOM "B" None 1 No Yes

CC-1?'a 16 480V ES SWITCHGEAR BUS None 1 No Yes
ROOM 3B

2C-124-117 480V ES SWITCHGEAR BUS None 1 No No
ROOM 3A

_CC-134-118A CABLE SPREADING ROOM Total Flooding Halon Room 0 05 No No

CC-145-118B CONTROL ROOM None 1 No No

CC-145-119 OPERATORS AREA None i No No

CC-164121 A HVAC EQUIPMENT ROOM None 1 No No

CC-164-121 B HVAC EMERGENCY EQUIP 3B Fixed Water Spray-in filter housing 1 No No
only

CC-164-121C HVAC EMERGENCY EQUIP 3A Fixed Water Spray-in filter housing i No No
only

CC-164121 D HVAC MAINTENANCE SHOP None 1 No No

CC-95100 ELEVATOR None 1 No No

CC-95101 A HEALTH PH'YSICS/ CHEM AREA Pre-Action Spnnkler 0 05 Yes No

CC 95101B CHEMISTRY LAB Pre-Action Spnnkler 0 05 No No

CC-95101 C COUNTROOM Pre-Action Sprinkler 0 05 ,fg No

CC-95122 STAIRWELL None 1 No No

FH-119-1 FIRE SERVICE PUMP HOUSE Wet-Pipe Spnnkler 0 02 No No

IB-119-201 A INDUSTRIAL COOLER ROOM Wet-Pipe Spnnkler 00? Yes No

IB-119 2018 PERSONNEL ACCESS AREA Wet-Pipe Spnnkler 0 02 Yes No

18-95-2008 MOTOR DRIVEN EFW PUMP Wet Pipe Spnnkler 0.02 Yes No
/,,m\ ROOM
k IB-95200C TURB. EFW PUMP. PENET. Wet Pipe Sonnkler 0 02 Yes Yes

34



Tabla 4.2-1 (cent.)
CR-3 Fire Zone Automatic Suppression

{} Zone Deecript6on Automat 6c Suppression NSP TL-1hr TL-3hr
AREA, FAN ROOM

RB-119-302 REACTOR BUILDING None 1 Yes No
MEZZANINE FLOOR

RB-160-303 REFUELING FLOOR None 1 No No
RB-95-300 REACTOR & PRIMARY SYSTEM None 1 No No

COMPARTMENT
RB-95-301 AREA OUTSIDE REACTOR None 1 Yes No

COMPARTMENT
TB-119 400E TURBINE BLDG MEZZANINE Wet-pipe Spnnkler 0.02 No No

FLOOR
TB-119401C UNIT AUXILIARY Deluge System 0.05 No No

TRANSFORMER AREA
TB-119-401 D BACKUP ES TRANSFORMER Delige System 0.05 No No

AREA
TB-119 403 4160V SWITCHGEAR ROOM None 1 No No

TB-119-405A COLD MACHINE SHOP None No No*

TB-119-405B INSTRUMENT CALIBRATION None 1 No No i

LABORATORY '

TB-119-410A START UP TRANSFORMER Deluge System 0.05 No No
AREA

TB-119-410B MAIN TRANSFORMER AREA Deluge System 0.05 No No

TB-145-400F TURBINE BUILDING Local Fixed CO2 Auto & Manual 0.04 No No
OPERATING FLOOR Pull Stations

TB-95-400A TURBINE BUILDING BASEMENT Wet-Pipe Spnnkler 0.02 No No
FLOOR

TB-95-4000 RAD CHEM STORAGE AREA Wet-pipe Spnnkler 0 02 No No

TB-95-400C SECONDARY SAMPLE ROOM None 1 No No

TB-95-400D INSTRUMENT ROOM None 1 No No

TB-95-401 480V SWITCHGEAR ROOM None 1 No No
TB-95-402 NON 1E BATTERY CHARGER Wet-pipe Spnnkler 0.02 No No

ROOMg TB-95402A NON 1E BATTERY ROOM Wet-pipe Spnnkler 0 02 No No

|r
1

35

i

j



O 4.2.2 Manual Suppression
b

If automatic suppression is unsuccessful, then, depending on the individual fire !
characteristics, there may be time for manual suppression to limit the fire damage by
either preventing hot gas layer formation, terminating the fire before protected circuits |
are lost, or preventing the fire from sprading to another compartment. For use in the
CR-3 fire risk quantification, manual suppression time-reliability curves were used to
determine the probability of failure of manual suppression. j

Manual Suppression Time-Reliability Curves

in the EPRI Fire PRA methodology, the probability of manual suppression is based on
fire events data from the EPRI FEDB as interpreted in NSAC-179L (Reference 4-9).
The FEDB-based probabilities are applied based upon what is buming. Suppression
curves for the ignition source are used unless another combustible (e.g., cable)
becomes involved. Then, cable fire suppressicn is assumed to be the limiting factor I

once cable is ignited.

Manual suppression curves are available for the following ignition sources:
.

Electrical cabinets (Figure 4.2-1) |.

Pumps (Figure 4.2-2).

Transients caused by welding (Figure 4.2-3).

Transients caused by other ignition sources (Figure 4.2-4).

(p) Cable fires (Table 4.2-2).
v

The fire durations in Table 4.2-2 plot as a straight line on a semi-log plot of probability
versus time. The resulting equation for probability of suppression versus time is:

Psc (to) = 0.44 log (to) + 0.12 where to 5100 minutes

The equation calculates Pso (to) for to 5100 minutes. A plot of the equation is given in
Figure 4.2-5. For to > 100 minutes, a Pso (to) of 0.01 is used. The equation is
particularly interesting in that it implies that quick response to a cable tray fire may allow i

the fire to be suppressed quickly by portable extinguishers. More severe fires require |

more than portable extinguishers and will take longer to suppress.
l

Since credit was taken for manual suppression in the prevention of hot gas layer
formation and not for prevention of an ignition source becoming a propagating fire, only |

'

the suppression table and equation for manual suppression of cable fires was used.

|

|'
o i

\-

i
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Table 4.2-2p
g Cable Fire Suppression Data

|

Date Fire Duration Suppression Time Means of Extinguishment |
~

3/9/68 1:45 NA* Portable extinguishers ineffective,
fire department used outside hose

i

streams ;

11/2/87 0:50 0:30 Portable extinguishers ineffective, |
hose streams used

'

7/16/72 0:30 NA Self-extinguished after two trays |
bumed five feet

11/27/84 0:15 NA Portable extinguishers j

2/1/81 0:10 0:10 Portable extinguishers ;

6/9/77 0:10 NA No damage, no cable replacement
required

,

9/7/83 0:02 0:02 Portable extinguishers !

9/18/82 0:02 0:02 Portable extinguishers
I

* NA 2 Not Available -

1

|

O i

!

!

|

|

|

|

|

40

:

-



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

L

! 4.3 Fault Tree Model
,

The CR-3 fire core damage risk fault tree model was created from the CR-3 PSA<

intemal events fault tree model. All of the transient and transient-induced LOCA
sequences were linked together to form a fire risk fault tree model with one core
damage top event. Allinitiating events were removed from the fault tree since fire was ;

now the only initiating event being considered. New offsite power basic events were t

'added to the model to maintain the offsite power dependency lost due to the removal of
the loss of offsite power initiating event.

Because post-accident human actions may be precluded by a fire or made less reliable
due to the stress induced t'y it, all post-accident human error events are set to
appropFate screening values Table 4.3-1). In some cases, such as the first ten basics

events in Table 4.3-1, the probability was set to 1.0, For those basic events which
,

involved actions outside the control room which had to be performed within the first !

three hours of the fire initiating event, a screening probability of failure was used which
was assumed to be the ten-minute point on the basic event's time-reliability curve
(TRC), The path, expressed as a list of fire zones, that the operator would have to take
in order to accomplish the human action was also determined. if the fire sequence
involved a fire in any of the listed zones, the human action was disallowed, i.e., no
credit for the action was given. If the human action involved operator actions in the
control room only, then no such path was necessary. If the human action was not
required until three or more hours had passed since the initiating fire, it was assumed
that the fire was either extinguished or had burnt itself out; therefore, no screening
value was used, no path set, and the failure probability was left unchanged.

,

|

|
|

!

I

O
O |
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Tc bl3 4.3-1
CR-3 Fire PSA Human Error Screening Values

n\ Basic Event Description Probability CR Fire Screening Comrnents|
( Value

ASTE3ABY Fail to transfer power to ES MCC 3AB. 0.1 Out 1 Set path.
ASTVB1AY Fall to transfer power to VBDP-3 using VBXS-1 A. 0.1 Out 1 Set path
ASTVB18Y Fail to transfer power to VBDP-4 using VBXS-1 B, 01 Out 1 set path.
ASTVB1CY Fail to transfer power to VBDP-5 using VBXS-1 C. 0.1 Out 1 Set path.
ASTVB1DY Fail to transfer power to VBDP-6 using VBXS-1 D. 0.1 Out 1 Set path
ASTVB1EY Fall to transfer power to VBDP-7 using VBXS-1 E. 0.1 Out 1 Set path.
ASTVB3AY Fail to transfer power to VBDP-8 using VBXS-3A. 01 Out i Set path.
ASTVB38Y Fail to transfer power to VBDP-10 using VBXS-38. 0.1 Out 1 Set path.
ASTVB3CY Fail to transfer power to VBDP-9 using VBXS-3C. 01 Out 1 Set path.

ASTVB3DY Fail to transfer power to VBDP-11 using VBXS-3D. 0.1 Out 1 Set path

BFDWBH Failure to provide flow to OTSG-B. PSA assumes 0.0001 CR 0.163
main steam / feed hne break is in OTSG-A.

*

DBCSPREY Failure to switch in spare battery charger in 8 hours. 0001 Out 0001 >3 hrs
HOO130M Failure to go to recirculation early or isolate open line to 0.0582 CR 0.238

sump (30 min ).
HOO24H Failure to switch power source to MUP-1 B (>4 hrs ) 0 001 Out 0001 33 hrs
HOO43H Failure to start RWP-2A (3 hrs ). 0001 Out 0 001 33 hrs
HOO630M Failure to close relevant MU pump recirculation valve 0.0155 Out 0.163 Set path.

(30 min ).
HOO93H Failure to ahan MUP-1 A cooling to DHCCC-A (3 hrs ) 0 001 Out 0001 33 hrs.
HO1050M Failure to switch MUP-1 B power source (50 min ). 00155 Out 0163 set path.
HO113H Failure to align MUP-1C cooling to NSCCC (3 hrs ). 0 001 Out 0001 >3 hrs.

HO1530M Failure to align MUP-1 A/1 B via MUV-62 to BWST and 0.0155 CR 0.163
start (30 min.)

HOPINJAY Failure to switch power source to MUV-23/24 (30 min ) 0 001 Out 0.163 Set path
HOPINJBY Failure to switch power source to MUV-25/26 (30 min ) 0 001 Out 0.163 Set path.

HPMRCPTY Failure to inp RCPs (no seal injection or cooling) in 30 0.01 CR 0.163
min )

JSECAIRY Failure to switch to backup air for Aux Bldg dampers 0.00187 Out 0.163 Set path.

(A) (30 min.).
V JXVCHPBY Failure to open CHP-1 B isolation valves (30 min ). 000187 Out 0163 Set path.

LlDLPMlY Failure to isolate failed DH train (30 min ). 00001 CR 00001 >3 hrs (HPR)
LOO 130M Failure to accomplish DHR crosstie (30 min ). 00155 CR 00155 33 hrs (HPR)
LOO 23H Failure to accomplish DHR crosstie (3 hrs ). 0001 CR 0001 33 hrs (HPR)
PAFWH Failure to start AFW (15 min ) 0 0158 Both 00425 Set path.

PRECMFWY Failure to recover MFW (>3 hrs ) 0 001 CR 0001 >3 hrs.
PTK0AFV0f Failure to switch AFW suction source (>10 hrs ) 0 001 Out 0001 >3 hrs
OHUCONTY Failure to manually maintain OTSG ievel control 0002 CR O.163
QPMEFW1Z Failure to restart EFP-1 after control reestablished. 0001 CR 0.163
OTKEFT2Y Fallure to switch EFW suction source f>10 nrs ) 0 001 Out 0001 >3 hrs.
OTKEFT2Z Failure to resDond to EFT-2 low level alarms. 0001 CR 0 001 >3 hrs.
OTPEFW2Z Failure to restart EFP-2 after control reestabhshed 0 001 CR 0.163
RSVRC10Y Failure to reciose PORV after HPl cooling. 0001 CR 0001 >3 hrs
RSVRC10Z Failure to open PORV for HPI cooling 0001 CR 00425
SPMSWPAY Failure to start SWP 1 A manually (>3 hrs ) 0 001 CR 0 001 >3 hrs.
SPMSWPBY Failure to start SWP.18 manuaHy (>3 hrs ) 0 001 CR 0001 >3 hrs
XHPR12H Failure to ao to high pressure recirculation D12 hrs ) 0 001 CR 0001 >3 hrs

!
U
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4.4 Datac
i

The goal of the data effort was to provide sufficient data to support the preparation of
inputs for the fire quantification. This included data to determine the appropriate
ignition frequencies, and to allow the determination of plant damage, or unavailable
equipment, due to fires for individual ignition sources. The data had to be applicable to
a variety of scenarios involving the formation of hot gas layers, automatic and manual
suppression availability, and the existence of Thermo-Lag fire protection. This effort
was approached from two directions. First, each of the applicable basic events used in
the CR-3 fault tree was related to a specific CR-3 component as defined in the CR-3

,

Configuration Management Information System (CMlS) database, and the circuits i

necessary for component operability were identified. Next, fire sources, targets, and I
the affected circuits were identified for each fire zone. Finally, the applicable fire :
damage was related to the CR-3 core damage fault tree.

Much of the plant information needed to perform the fire analysis was contained in
,

existing documents and databases at CR-3. This information was in various formats
and at various levels of detail. Information which was not previously documented was
obtained by performing plant drawing reviews and walkdowns,

in order to manage the extensive amount of information, the data was compiled into a
relational database using Microsoft Access. This database was an integral part of the !
fire core damage risk quantification described in Section 4.5 of this document. Table
4.4-1 is a summary description of this data. Details of all of the data tables used in the ;

G fire analysis are contained in Appendix A. !

U |
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Table 4.4-1-

( CR-3 Fire PSA Base Data Summary

Table Name Description Field Descriptions
lGNF_ GENERIC Generic source ignition Generic ignition sources

frequency data. Generic plant locations
Generic ignition frequencies
Severity factors
Total sources at CR-3

CIRCUlT Circuit description and routing. Circuits
Routing through trays and
conduits -

CIRTAG Circuit to tag relationships. Circuits
Dependent components

CONDCIR Conduit-to-circuit relationships. Circuits
Conduits

CONDZONE Conduit routing and Conduit
Thermo-Lag protection. Fire zones

T-L Protection
TRAYCIR Tray to circuit relatioriships. Cable tray

Coordinates
Circuits at coordinates

TRAYZONE Tray routing and Thermo-Lag Cable tray
protection. Coordinates

(o) Fire zone at coordinates
"'

T-L protection at coordinates
Coordinate location data

ZONE Fire Zone data Fire zone
Generic plant location
Detection available
Automatic suppression

'

Auto non-suppression probability
Manual suppression available
T-L requirements

BETAG Basic event to component Basic event name
relationships. Module name

Component ID
TAG Component data Component ID

Component type
Fire zone

SOURCE Ignition source data. Component ID
Source type
Fire zone
HGL times

SOURCE _ TARGET Ignition source-Fire Target Component ID
relationships. Tray and conduit targets

O
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|

!

p 4.4.1 Fire Zones
d !

The CR-3 Appendix R Fire Study (Reference 4-10) was used as a basis for defining fire l
zones. A fire zone is a well-defined, enclosed room, not necessarily having fire !
barriers. Fire zones are bounded by non-combustible barriers where heat and products ;

of combustion from a fire within the enclosure will be substantially confined. Fire j

barriers may have open equipment hatches, ladder ways, doorways, or unsealed q

penetrations.
]

Containment fires were excluded for evaluation because of the infrequent number of
fires in containment at power, the finding by previous fire PSAs that such fires were not
risk-significant, and the low likelihood that a fire in containment could affect redundant
trains. i

l

Each zone was assigned a " zone type" which could be related to a FEDB (Reference
4-6) location classification to allow ignition frequency determination as described in
Section 4.4.3. The fire zone information is contained in the ZONE database table.
Table 4.4 2 lists each of the CR-3 fire zones and the corresponding " zone type"
classification.

4.4.2 Fire ignition Sources

in general, the ignition sources at CR-3 were identified using the methods described in
!Appendix C. This approach is identical to the EPRI FIVE methodology.

Two separate walkdovens were conducted to identify the ignition sources. The first
walkdown was primarily concerned with counting the ignition sources in each fire zone. ;

In order to use these counts to calculate ignition frequencies, the sources were ;

sub-totaled by the generic source types and locations as described in the FEDB
(Peference 4-6). The walkdown team consisted of two fire protection engineers. The
results of this walkdown are documented in the IGNF_ GENERIC database table and
are shown in Table 4.4-2. A second, more detailed, walkdown was conducted by a
PSA Engineer, proficient in fire modeling, to identify those sources which have the
potential to propagate and cause damage external to the source itself. As before, each
source was related to a generic source type. In addition to documenting information on
the source itself, a list of potential damage targets were identified for each source.
These targets consisted of cable trays, conduits, and/or intervening combustibles
located near the ignition source. The information gathered in this walkdown formed the
basis for the fire modeling analysis described earlier in Section 4.1.

In order to account for transient ignition sources, each zone was assigned one or more
transient sources identified as "TRANS-###-x," where "###" represents the appropriate
zone and "x"is used to distinguish between multiple transient sources in a given zone.

The results of this effort are documented in the SOURCE and SOURCE _ TAR 9ET
database tables.

O
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:

1

Table 4.4-2( '
4

s CR-3 Ignition Source Types and Locations j
-

! IGNITION SOURCE TYPE ZONE CLASSIFICATION FEDB L JCATION CR4 SOURCE COUNT I

BY FEDS LOCATION '

AIR COMPRESSOR AUX. BLDG PLANT 14
AIR COMPRESSOR DIESEL GENERATOR ROOM PLANT

_,
14

" AIR COMPRESSOR TURBINE BLDG PLANT
,

14

BATTERY BATTERY ROOM BATTERY ROOM
,

3

BATTERY CHARGER CONTROL COMPLEX PLANT 9;
BATTERY CHARGER TURBINE BLDG PLANT 9,

| DIESEL GENERATOR DIESEL GENERATOR ROOM DIESEL GENERATOR ROOM 2
DRYER AUX. OLDG PLANT 2

; ELECTRICAL CABINET AUX. BLDG AUX. BLOG 848

] ELECTRICAL CABINET CONTROL COMPLEX AUX. BLDG 848

ELECTRICAL CABINET CONTROL ROOM AUX. BLDG 848
ELECTRICAL CABINET DIESEL GENERATOR ROOM DIESEL GENERATOR ROOM 4

$ ELECTRICAL CABINET INTERMEDIATE BLDG AUX. BLDG 848
,

ELECTRICAL CABINET SWITCHGEAR ROOM SWITCHGEAR ROOM 250
,

t ELECTRICAL CABINET TURBINE BLDG TURBINE BLDG 275
FIRE SERVICE PUMP AUX. BLDG PLANT 26<

! FIRE SERVICE PUMP CONTROL COMPLEX PMNT 26

, FIRE SERVICE PUMP INTERMEDIATE BLDG PLANT 26
f FIRE SERVICE PUMP TURBINE BLDG PLANT 26
i MAIN FEEDWATER PUMP TURBINE BLDG TURBINE BLDG 2

OTHER PUMP AUX. BLDG AUX. BLDG 73 ;

j OTHER PUMP INTERMEDIATE BLDG AUX. BLDG 73

OTHER PUMP TURBINE BLDG TURBINE BLDG 26*

TRANSIENT AUX. BLDG PLANT 112;
( TRANSIENT BATTERY ROOM PLANT 112

TRANSIENT CONTROL COMPLEX HANT 112

TRANSIENT CONTROL ROOM PLANT 112

TRANSIENT DIESEL GENERATOR ROOM PLANT 112

TRANSIENT FIRE SERVICE BLDG PLANT 112 ;'

TRANSIENT INTERMEDIATE BLDG PLANT 112 )
TRANSIENT SWITCHGEAR ROOM PLANT 112

#

TRANSIENT TURBINE BLDG PLANT 112
- VENTILATION SUBSYSTEM AUX. BLDG PLANT 41 1

VENTILATION SUBSYSTEM CONTROL COMPLEX PLANT 414

VENTILATION SUBSYSTEM INTERMEDIATE BLDG PLANT 41

VENTILATION SUBSYSTEM SWITCHGEAR ROOM PLANT 41

VENTILATION SUBSYSTEM TURBINE BLDG PLANT 41

TRANSFORMER AUX. BLDG PLANT 66

TRANSFORMER CONTROL COMPLEX PLANT 66
TRANSFORMER INTERMEDIATE BLDG PLANT 66
TRANSFORMER SWITCHGEAR ROOM PLANT 66
TRANSFORMER TURBINE BLDG PLANT 66

O
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4

4.4.3 Fire ignition Source Frequencies

The plant fire frequencies were generated by using the generic fire frequencies
developed in the FEDB (Reference 4-6) and listed in Table 4.4-3. Database table
IGNF_ GENERIC relates the FEDB information to the CR-3 zone classifications and
ignition source types described above.'

; The generic fire frequencies were modified for use in the fire PSA by applying severity
'

factors to certain types of ignition sources. The severity factors were used to account
for the number of non-propagating fires counted in the Fire Events Database (FEDB).
Most severity factors are in the range of 0.1. The ignition frequencies given in the EPRI,

| Fire Events Database are derived from fires recorded at U.S. nuclear power plants
between 1965 and 1988. These fires range from very minor (smell, no fire observed4

with no effect) to those which cause considerable damage. Fire modeling, both in the
FIVE and Fire PRA methodologies, presumes a fully developed fire with peak heat
release rate at the inception of the fire. Obviously not all incipient fires become
fully-developed as is demonstrated by the fire events database. A detailed evaluation
of the operating experience used to generate the fire ignition frequencies was done to
develop fire saverity factors for key ignition sources. A fire severity factor is defined as
the fraction of the incipient fires that result in a fully-developeo fire. The approach used
to derive these fire severity factors is documented in Appendix D.

O
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;

Table 4.4-3 |q
V FEDB Generic Ignition Sources and Frequencies by Applicable Plant Location

5Maat(mention Sis a >Firelenition Source Types reses , as ses aFlen Frequency
Auxiliary. Building (PWR) Electrical cabinets 1,9x10-2 I

Pumps 1.9x10-2

Diesel Generator Room Diesel generators 2.6x10-2 j

Electncal cabinets 2.4x104
Switchgear Room Electncal cabinets 1.5x10-2

Battery Room Battenes 3.2x104
Control Room Electrical cabinets 9.5x104 l
Cable Spreading Room Electncel cabinets 3.2x104

Intake Structure ' Electncal cabinets 2.4x104
Fire Pumps 4.0x104
Others 3.2x104

Turbine Building T/G Excitor 4.0x104
T/G Oil 1.3x10-2

T/G Hydrogen 5.5x104
Electrical cabinets 1.3x10-2

~

Other pumps 6.3x10-3 |

Main feedwater pumps 4.0x10-3

Boiler 1.6x104

Radwaste Area Miscellaneous components 8.7x104

Transformer' Yard Yard transformers (propagating to Turbine 4.0x10-3 ;

Building) !

Yard transformers (LOSP) 1.6x104

Yard transformers (Others) 1.5x10-2
|

Plant-Wide Fire protection panels 2.4x104 |
|Components

RPS MG sets 5.5x104
Non-qualified cable run 6.3x104
Junction box / splice in non-qualified cable 1.6x10-3 !

Junction box in qualified cable 1.6x10-3

Transformers 7.9x104
Battery Chargers 4.0x104
Off-gas /H Recombiner(BWR) 8.6x10-22
Hydrogen Tanks 3.2x104
Misc. Hydrogen Fires 3.2x104
Gas Turbines 3.1x10-2
Air Compressors 4.7x104
Ventilation Subsystems 9.5x104
Elevator motors 6.3x104
Dryers 8.7x104
Transients 1.3x104
Cable fires caused by welding 5.1x104
Transient fires caused by welding and cutting 3.1x10-2

\
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With the exception of transients, the individual source ignition frequencies were
calculated by dividing the generic fire frequency by the corresponding number of
ignition sources at CR-3 and applying the severity factor.

IGF = ( IGF,.n.n./ SOURCES,.at,m.t n ) * ( SEVERITY FACTOR )

The transient source ignition frequencies calculations were more complicated. First,
administrative controls (Al-2210 and CP-118) do not permit welding and cutting
activities during power operation without extensive review and preparation. This
includes surveys to assure combustible materials are removed or protected, and fire
watches implemented during the work. Therefore, a severity factor of 0.1 was applied
to the welding contribution to the total transient ignition frequency. An additional.

weighting factor of six was applied to all other transient sources to account for the use
of extension cords and potential overheating of transient combustibles. For several
zones, more than one location for transient combustibles was postulated. For these
zones, the ignition frequency was divided equally among the locations.

Therefore:

4 4IGF, n.woin, = ( IGF,.n.newo,n, ) * ( SEVERITY FACTOR ) = 3.1x10 * 0.1 = 3.1x10

IGF, n. ,. = ( IGF,.n.nc un. * WElGHTING FACTOR ) = 1.3x104 * 6 = 7.8x104

If welding is allowed in the zone, then:

IGFan. e. = ( ( IGF,.n.wo,n, + IGF, n. ) /# ZONES ) / # LOCATIONS,on.

4 4 4= ( ( 3.1x10 + 7.8x10 ) /112 ) / # LOCATIONS, = 9.73x10 / # LOCATIONS,on.
Without welding:

( IGF,on. / # ZONES ) / # LOCATIONS, n.IGFan. . =

4 4= { 7.8x10 /112 ) / # LOCATIONS,on. = ( 6.96x10 ) / # LOCATIONS,on.

The results of this calculation for each source is contained in the database query
IGNF_ SOURCE.

The zone ignition frequoncies were calculated by summing the ignition frequencies for
each individual ign;t ource within the zone. These results are contained in the
database query IGNF_uoNE and listed in Table 4.4-4.

A
b
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Tcbb 4.4-4
Fire Zsne igniti:n Frequsnci:s,

I . Zone Description - Ignition
; Frequency

AB-119-12 HOT MACHINE SHOP 9.73E-05s

AB-1194A NORTH HALLWAY 9.73E-05
AB-11948 STAIRWELL AREA 1.16E-04

,

AB 119-6C SPENT FUEL COOLANT PUMP ROOM 9.73E-05
AB-119-6E EAST HALLWAY 1.73E-04
AB-119-6F MAKE-UP & PURIF. DEMIN. & FILTERS 9.73E-05
AB-119-6G HALLWAY 9.73E45'

AB-119-6H SEAL RETURN COOLERS & MAKE-UP TANK 9.73E-05
AB-119-6J CENTRAL HALLWAY 2.36E-04
AB-119-6K DECONTAMINATION ROOM 1.02E-04
AB-119-6L RADIOACTIVE WASTE PRESS ROOM 9.73E-05
AB-119-6M WASTE DRUMMING AREA 9.73E-05-

AB-119-6N DEBORATING DEMINERALIZER ROOM 9.73E-05
AB-119-6P DEMINERALIZER ROOM 9.73E-05

i- AB-119-6Q HALLWAY 1.23E-04
AB-119-6R MAKE-UP & PURIF. PRE-FILTER ROOM 9.73E-05,

AB-119-6S HALLWAY 9.73E-05
AB-119-6T PURIFICATION FILTERS & RESIN TRAPS 9.73E-05

2 AB-119-6V STAIRWELL AREA 9.73E-05
AB-119-7A - EMERGENCY DIESEL GENERATOR CONTROL ROOM 3B 1.73E-04
AB-119-7B EMERGENCY DIESEL GENERATOR ROOM 3B - 5.30E-03a

2 AB-119-8A EMERGENCY DIESEL GENERATOR CONTROL ROOM 3A 1.02E-04
AB-119-88 EMERGENCY DIESEL GENERATOR ROOM 3A 5.30E-03<

AB-138-6W CONDUlT/ PIPE CHASE 9.73E-05
AB-143-6AA CHEMICAL MIXING AND CENTRAL AREA 1.85E-04
AB-143-6AB PENETRATION AREA 1.15E-04

O- AB-143-6AC MAIN EXHAUST FILTER ROOM 1.15E-04
AB-143-6X STAIRWELL AND SPENT FUEL COOLER ROOM 9.73E-05
AB-143-6Y SPENT FUEL COOLER ROOM 9.73E-05

,

; AB-143-6Z EAST HALLWAY 9.73E-05
3 A B-162-6AD FUEL HANDLING FLOOR 1.44E-04

AB-75-10 TENDON GALLERY 2.01 E-04i

d

AB-75-4 DECAY HEAT PIT 3B 2.01 E-04
AB-75-5 DECAY HEAT PIT 3A 2.01 E-04
AB-95-2 ELEVATOR 9.73E-05

'

AB-95-3AA MAKE-UP PUMP ROOM 3B 1.49E-04
AB-95-3B NORTH HALLWAY & NUCLEAR SAMPLE ROOM 1.99E-04
AB-95-3C - WEST HALLWAY 1.06E-04
AB-95-3D HALLWAY 9.73E-05
AB-95-3E MAKE-UP PUMP ROOM 3A 1.49E-04
AB-95-3F MAKE-UP PUMP ROOM 3C 1.49E-04
AB-95-3G CENTRAL HALLWAY 3.27E-04
AB-95-3H NEUTRAllZER ROOM 1.49E-04
AB-95-3J EAST HALLWAY 9.73E-05
AB-95-3K MISC. RAD WASTE ROOMS & HALLWAY 9.73E-05
AB-95-3L WASTE EVAPORATOR 2.01 E-04

_ ,

AB-95-3M WASTE EVAPORATOR ROOM 9.73E-05
AB-95-3N REACTOR COOLANT EVAPORATOR ROOM 9.73E-05
AB-95-3P WASTE & RECYCLE PUMP ROOMS 3 06E-04
AB-95-3Q CONCENTRATE TANK ROOM 9.73E-05
AB-95-3R WASTE GAS ROOMS 2.18E-04

|AB-95-3S WASTE GAS DECAY TANK ROOM 9.73E-05
AB-95-3T REACTOR COOLANT BLEED TANK ROOM 9.73E-05 '

AB-95-3U DECANT AND SLURRY PUMP ROOM 9.73E-05;
\ AB-95-3V SPENT RESIN STORAGE TANK ROOM 9.73E-05

.
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Tcble 4.4-4 (c:nt.)
Fire Z:ne igniti:n Frequinci:s

L Zone > Description Ignitiong
j Frequency

- AB-95-3W WASTE TRANSFER PUMP ROOMS 2.53E-04 l

AB-95-3X NUCLEAR SERVICE BOOSTER PUMP ROOM 2.53E-04
AB-95-3Y RCP SEAL INJECTION FILTER ROOM ( TRIANGLE ROOM) 1.02E-04
AB-95-3Z RWSW PUMP ROOM 3.24E-044

CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 1.20E-04
CC-108-103 PLANT BATTERY ROOM 3B 9.73E-05
CC-108-104 PLANT BATTERY ROOM 3A 9.73E-05 |
CC-108-105 BATTERY CHARGER ROOM 3B 4.03E-04
CC-108-106 BATTERY CHARGER ROOM 3A 3.68E-04
CC-108-107 4160V ES SWITCHGEAR BUS ROOM 38 2.27E-04
CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.60E-04
CC-108-109 INVERTER ROOM 3B 2.14 E-04
CC-108-110 INVERTER ROOM 3A 1.90E-04
CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.06E-04
CC-124-112 EFIC ROOM "A" 1.23E-04

'

CC-124-113 EFIC ROOM "C" 1.15E-04
CC-124-114 EFIC ROOM "D" 1.23E-04*

CC-124-115 EFIC ROOM "B" 1.47E-04-

CC-124-116 480V ES SWITCHGEAR BUS ROOM 3B 1.90E-04
I CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 2.04E-04

CC-134-118A CABLE SPREADING ROOM 9.73E-05*

CC-145-118B CONTROL ROOM 1.24E-04
CC-145-119 OPERATORS AREA 9.73E-05-

CC-164-121 A HVAC EQUIPMENT ROOM 9.73E-05

] CC-164-121 B HVAC EMERGENCY EQUIP 3B 9.73E-05
CC-164-121C HVAC EMERGENCY EQUIP 3A 9.73E-057

d : CC-164-121D HVAC MAINTENANCE SHOP 9.73E-05
| CC-95-100 ELEVATOR 9.73E-05

CC-95-101 A HEALTH PHYSICS / CHEM AREA 9.73E-05
CC-95-1018 CHEMISTRY LAB 9.73E-05

'

CC-95-101C COUNTROOM 9.73E-05 !,

'CC-95-122 STAIRWELL 9.73E-05
FH-119-1 FIRE SERVICE PUMP HOUSE 9.73E-05,

' IB-119-201 A INDUSTRIAL COOLER ROOM 2.62E-04 |

IB-119-201B PERSONNEL ACCESS AREA 1.20E-04g

j 18-95-2008 MOTOR DRIVEN EFW PUMP ROOM 9.73E-05
IB-95-200C TURB. EFW PUMP, PENET. AREA, FAN ROOM 1.34E-04
TB-119-400E TURBINE BLDG MEZZANINE FLOOR 6.15E-04

1 TB-119-401C UNIT AUXILIARY TRANSFORMER AREA 9.73E-05
TB-119-401D BACKUP ES TRANSFORMER AREA 9.73E-05

' TB-119-403 4160V SWITCHGEAR ROOM 4.07E-04
TB-119-405A COLD MACHINE SHOP 1.47E-04
TB-119-405B INSTRUMENT CALIBRATION LABORATORY 9.73E-05

i. TB-119-410A START UP TRANSFORMER AREA 9.73E-05
TB-119-410B MAIN TRANSFORMER AREA 9.73E-05

: TB-145-400F TURBINE BUILDING OPERATING FL.OOR 9.73E-05
TB-95-400A TURBINE BUILDING BASEMENT FLOOR 6.73E-04
TB-95-400B RAD CHEM STORAGE AREA 9.73E-05

' TB-95-400C SECONDARY SAMPLE ROOM 1.16E-04
TB-95-400D INSTRUMENT ROOM 9.73E-05

.| TB-95-401 480V SWITCHGEAR ROOM 4.50E-04
TB-95-402 NON 1E BATTERY CHARGER ROOM 4.11 E-04
TB-95-402A NON 1E BATTERY ROOM 5.24E-04

Og4
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n 4.4.4 Plant Equipment and Components !

'd
Identification of plant equipment and components relevant to the CR-3 fire PSA was
determined from two sources. Components which were identified as ignition sources
were documented in the SOURCE table, which includes the necessary location j

information for relating fire damage as developed in the walkdown. Components which i

are modeled as basic events in the CR-3 fault tree are documented in the BETAG and
TAG database tables. Location information in the TAG table for these components was
developed by reviewing the Configuration Management Information System (CMIS) and<

plant drawings. BETAG links the fault tree basic events to component tag numbers. |

For some basic event types in the fault tree model, equipment tag numbers are not
applicable. Typically, these basic events include test and maintenance unavailabilities,
pre- and post-accider.t human errors, and common-cause failures. Maintenance
unavailability events and pre-accident human errors occur oefore the fire, and therefore
no tag number is needed for these basic events. |

|

|

4.4.5 Electrical Circuits i

i

Each of the components modeled in the CR-3 fault tree has the potential to affect core |
damage risk if it is rendered inoperable due to a fire. This can be due to actual 1

equipment damage, or the damage of the electrical circuits which provide power or
control to the equipment.

|

(") Relevant electrical circuits for many of the components were available in the Appendix |
V R Fire Study (Reference 4-10). Circuits for the remainder of the components were l

identified by FPC electrical engineering staff, via review of plant drawings. The |

engineers were instructed not to distinguish between " hot shorts" and " bum-throughs." |

Either failure mode was to be included in the database as a failure of the relevant I

component. All circuits included in the database are assumed to cause equipment
unavailability if they are damaged. This is a conservative assumption since many
circuits will not cause the component to fail to perform its intended function, e.g., loss of
power to a normally-open motor-operated valve whose failure mode was " transfer
closed." All of these circuit-to-tag relationships are documented in the CIRTAG Access
table.

!
l

4.4.6 Circuit Routing
I

The electrical engineering department at CR-3 uses a computerized application to ;

perform cable tray loading analysis. The application is called CKS and includes
detailed cable tray and circuit routing information. The electrical engineering group
correlated the physicallocation coordinates of the cable trays to plant fire zones. This
data is documented in the TRAYZONE table of the fire database. The CKS data also
identifies all of the circuits at all coordinates of the trays. This is documented in
database table TRAYCIR. Using these tables, it is possible to identify all circuits which !

are routed through a cable tray in any fire zone. |

p
IQ)'
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For circuits which are contained in conduits, a different appr'oach was used. The CKSn
( ) data provides individual circuit routing information in terms of the trays and conduits
" through which the circuits are routed. This data was included in the database in the

CIRCUlT table. Using this data, the conduits were identified which contained circuits
which could affect components modeled in the CR-3 fault tree (CONDCIR database
table). Zone routing for these conduits was performed manually by members of the
CR-3 electrical engineering department. The results of this effort are documented in
the CONDZONE database table. By using both of these tables, it is possible to identify
all relevant circuits which are routed through a conduit in any fire zone.

Section 4.5 discusses the procedures used to identify all of the circuits applicable to
,

whole zone or individual ignition source fires.

4.4.7 Thermo-Lag

During the initial Appendix R project at CR-3, many circuits were protected by using a
fire wrap know as Thermo-Lag. Subsequent testing has shown Thermo-Lag to be less
effective than originally reported by the manufacturer, and FPC is currently
re-evaluating its extensive use of this material. For the purposes of the IPEEE, the
Appendix-R-installed Thermo-Lag configurations are being analyzed using conservative
values for their effectiveness. For the Thermo-Lag configurations designed to protect
the circuits for one hour, a protection time of 20 minutes was assumed. For the
Thermo-Lag configurations designed to protect the circuits for three hours, a protection

(7 time of one hour was assumed. These conservative protection times were based on
b generic worst-case tests of the Thermo-Lag material. At CR-3, for most of the

Thermo-Lag installations, the thickness of the application was greater than standard,
the joints were pre- and post-buttered, and extra trowel-grade material was applied.
Therefore, the aboreviated protection times assumed for the Thermo-Lag installed at
CR-3 are even more conservative than they would be for a standard application.

The circuits which are protected with Thermo-Lag are identified in the CR-3 Appendix R
Fire Study (ZONECIRfha database table). This information has been added to the
conduit and tray routing information and is documented in the TRAYZONE and
CONDZONE database tables.

O
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4.5 Quantification of Fire Risk7m

4.5.1 Description

The quantification process for the CR-3 fire risk analysis was progressive. First, before
the actual quantification began, the quantification tools and data were used to conduct
a data verification. Much effort was involved in assembling all of the data contained in
the Access relational database. The records numbered in the hundreds of thousands.
As discussed in Section 4.4, some of the data was directly transferable from other
pre-existing databases which required little or no modification. The majority, however,
required considerable effort to either modify or update to reflect plant changes since
their last use, and some had to be generated from scratch. This being the case,
verification of the databases before their use in quantifying core damage risk due to fire
was necessary. Verification was done at the " zone" level of quantification. l

Verification of the databases consisted of an iterative technique using the FRANC |
quantification code. FRANC (Fire Risk Analysis Code, Reference 4-11) was developed
by SAIC as a part of EPRI's Risk and Reliability Workstation project. FRANC's primary
function is to quantify the various plant fire scenarios. FRANC was used to determine
the availability of Appendix R safe shutdown trains using files generated from queries
of the relational database tables described in Section 4.4. Using FRANC with full credit i

given for Thermo-Lag protection, reflecting the assumptions of the Appendix R Fire |
Study, the status of the shutdown trains, as calculated by FRANC, should reproduce !
the safe shutdown status described in the Appendix R Fire Study. Differences in the

O results were traced back to determine if their source was due to an error in the
b database, credit for manual actions not modeled in the PSA model, or conservatisms in

the PSA model. After many iterations and database modifications, the FRANC results
for the fire zones reflected the Appendix R analysis, with the exception of some
differences due to lack of credit for manual actions or model conservatism. This
verification was an extensive process, with the net result being a relational database
capable of generating reliable and meaningful fire risk results.

The first quantification was, like the data verification, at the " zone" level. Core damage
frequencies due to fire were calculated for each fire zone. Those zones with a core

4damage frequency less than 1x10 per year were screened. Details of these
calculations are discussed in Section 4.5.4.

The next, and final, set of calculations was performed at the " source" level. Ignition
sources residing in the unscreened zones were quantified to determine their conditional
core damage probabilities (CCDPs). Multiple scenarios were developed for each
ignition source calculation to take into account all possible suppression sequences.
Severity factors and ignition frequencies were factored in to calculate the core damage j
frequency associated with each ignition source. Details of these calculations are "

discussed in Section 4.5.5.

Control room and cable spreading room fires were treated separately in order to
properly take into account the effect of control room evacuation and manning of the

fm remote shutdown panel. Details of these calculations are discussed in Section 4.5.6.
I i
v

]
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Finally, fire risk associated witf1 multi-compartment fires was evaluated. Details of

(m) these calculations are discussed in Section 4.5.7.
,-

1
m

4.5.2 FRANC Input Preparation

in order for FRANC to perform the CCDP calculations, the relevant data must be
provided in the propec format. FRANC inputs consist of a combination of Access and
dBASE database tables. Table 4.5-1 lists the data tables which were developed to
provide the fire damage-to-component relationships to FRANC.

i

Table 4.5-1
Data Tables Created for FRANC

Database Table Description Origin
~

ZONEA.DBF Zone - Unavailable Components. ACCESS quenes (francZONEA_#)
relationships (HGL. no Thermo-Lag credit).

ZONEB.DBF Zone - Unavailable Components. ACCESS quenes (francZONEB_#)
relationships (HGL. with TL credited).

SOURCEA.DBF Ignition Source - Unavailable Components, ACCESS quenes
relationships (no HGL, no Thermo-Lag (francSOURCEA_#)
credit).

SOURCEB.DBF Ignition Source - Unavailable Components, ACCESS queries
relationships (no HGL, with Thermo-Lag (francSOURCEB_#)-

; j credited).
L' SOURCEC.DBF Ignition Source - Unavailable Component, ACCESS queries

relationships (HGL, with Thermo-Lag credited (francSOURCEC_#) |except at source).
TAGBE.DBF Component - Basic Event relationship. ACCESS queries (francBETAG_0)
ZONESCENARIOS ACCESS table listing each specific Zone ACCESS queries

scenario to be evaluated by FRANC. (franc 20NESCANARIOS_#)
SOURCESCENARIOS ACCESS table listing each specific ignition ACCESS queries

Source scenario to be evaluated by FRANC. (francSOURCESCANARIOS_#) |

The ZONESCENARIOS and SOURCESCENARIOS tables are used by FRANC to
define the specific inputs and record the results of the zone and source quantifications,
respectively. Detailed information about the Access queries which created these tables
can be found in Appendix A. The use of these databases in the quantifications is
discussed below.

Zone Scenarios

Two scenarios were evaluated for each zone. Scenario A assumes a hot gas layer
(HGL) forms within the zone which damages all equipment and circuits in that zone. In
order to define the appropriate list of unavailable equipment, a series of Access queries
was developed. These queries identify the cable trays and conduits which are routed

g through the zone, the circuits contained in the trays and conduits, and the components j

b
,

l
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! which could be disabled due to the circuits failing. The resulting . ble, ZONEA.DBF,.

j_ relates all of the relevant components which could fail to the zone in question.
,

[ Scenario B assumes 'a. hot gas layer (HGL) forms within the zone damaging all . -

| equipment and circuits in that zone, except those protected by Thermo-Lag. Queries '
similar to those described above for Scenario 'A' were used, except that cable trays and

;- conduits protected by_ Thermo-Lag ' were not included. The ' resulting table,
'

ZONEB.DBF, relates all of the relevant components which could fail to the zone in-
question.

'TAGBE.DBF was used to relate the component tag numbera tc their respective basic
- events in the fire core damage risk fault tree model.

Source Scenarios
!'

Three scenarios were evaluated for each ignition source identified for the zones which
i passed the initial screening. Scenario A assumes that all of the targets (cable trays
: and conduits) identified by the fire modeling for that source are damaged. In order to
; define the appropriate list of unavailable equipment, a series of Access queries were

developed. The queries identify the circuits contained in the identified trays and
~

'

; conduits, and the components which could be disabled due to the circuits failing. The
resulting table, SOURCEA.DBF, relates all of the relevant components which could fail3

! . to the ignition source in question.

Scenario B assumes that all of the targets (cable trays and conduits) identified by the
,

fire modeling for that source are damaged except those protected by.Thermo-Lag. )
| Qucries similar to those described above for Scenario A were'used, except that cable i

| trays and conduits protected by Thermo-Lag were not included.. The resulting table, |
'' SOURCEB.DBF, relates all of the relevant, unprotected components which could fail to

the ignition source in question. |
|

<

! Scenario C is more complicated. This scenario assumes that all of the targets 1

identified for the ignition source are damaged, and a hot gas layer forms within the i

i zone, which damages the remaining unorotected circuits. This scenario is applied for
special cases where manual suppression successfully stops the fire before the

j protected circuits in the zone, which are not directly in the plume, are destroyed. In ;

order to define the appropriate list of unavailable equipment, queries were developed tos

combine the SOURCEA and ZONEB tables. The resulting table, SOURCEC.DBF,>

relates all of the relevant components which could fail to the ignition source in question.

TAGBE.DBF was used to relate the component tag numbers to their respective bar.ic i

; even'ts in the fire core damage risk fault tree model,
i i

4.5.3 CCDP Calculations
4

Using FRANC, the input tables described above were processed to calculate a>

g conditional core damage probability (CCDP) for each zone and source scenario

:
56
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i

f described above. The calculational process begins by setting the relevant basic events
'

in the fault tree to TRUE (i.e., failed) and solving the fault tree using CAFTA to generate
a list of cutsets (sequences) which could cause a core damage accident. The cutsets
are then recovered automatically using a set of rules developed earlier based on CR-3
procedures and experience. The process also evaluates each zone in case the
recovery action would be hindered by the fire, and blocks the recovery if necessary.
The blocked recoveries are listed in Table 4.5-2. The recovered cutsets are then
summed to provide the scenario CCDP. It should be noted that additional recoveries
may be possible, if a manual cutset review is performed. This step was not performed
at this time due to the plant modifications pending resolution of the Thermo-Lag
concems at FPC.

The CCDPs calculated by FRANC for use in the CDF calculations of fire risk were
classified as one of following types, based on the extent of the damage:

Name- Description
ZoneA CCDP for all targets in the zone, no credit for Thermo-Lag.
ZoneB CCDP for all targets in the zone, credit for Thermo-Lag.
SourceA CCDP for all targets of the ignition source, no credit for Thermo-Lag.
SourceB CCDP for all targets of the ignition source, credit for Thermo-Lag.
SourceC CCDP for all targets of the ignition source, no credit for Thermo-Lag;

plus all targets in the zone, credit for Thermo-Lag.

O
;

!
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p ' 4.5.4 initial Screening i
.

(,

Combining the zone CCDPs with the ignition frequencies and automatic fire*

suppression probabilities as documented in Sections 4.4 and 4.2, core damage
3

frequencies for each fire zone scenario were calculated as follows, where automatic '

suppression was assumed failed for scenario 'A' and successful for scenario 'B':

CDFron..c.norioa = IGFron. * NSP.wo,on. * CCDP,on..c.norio A

|

CDFron..c.n.e s = IGF,on. * ( 1 - NSP wo ron.) * CCDP,on..c.norio e
,

The representative CDFs from both scenarios were then totaled for each zone to give
4zone CDF. If a fire zone had a CDF of less than 1x10 per year, it was screened from

further consideration. This is consistent with FIVE (Reference 4-2) and the NEl Severe
Accident issue Closure Guidelines (Reference 4-12). Table 4.5-3 lists the unscreened;

zones.

i

Table 4.5-3,

Zone Results (Initial Screening)

Zone Description -CDF
CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.06E-04
CC-108-105 BATTERY CHARGER ROOM 3B 4.62E-04
CC-108-106 BATTERY CHARGER ROOM 3A 3.69E-04

,

CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.91 E-04 :

CC-108-109 INVERTER ROOM 3B 2.14E-04 |,

CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 1.45E-04 |
CC-108-103 PLANT BATTERY ROOM 3B 9.98E-05 |
AB-95-3G CENTRAL HALLWAY 6.93E-05 j
CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 6.40E-05 l

AB-95-3Z RWSW PUMP ROOM 5.32E-05
CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 4.86E-05 j

i AB-95-3K MISC. RAD WASTE ROOMS & HALLWAY 1.60E-05
'

AB-95-3B NORTH HALLWAY & NUCLEAR SAMPLE ROOM 1.25E-05
IB-95-200C TURB. EFW PUMP. PENET. AREA, FAN ROOM 1.10E-05
TB-119-400E TURBINE BLDG MEZZANINE FLOOR 4.98E-064

CC-108-104 PLANT BATTERY ROOM 3A 3.64E-06 '

1B-119-201B PERSONNEL ACCESS AREA 2.55E-06
CC-124-116 480V ES SWITCHGEAR BUS ROOM 3B 2.25E-06
,TB-95-400A TURBINE BUILDING BASEMENT FLOOR 1.50E-06

.

O-
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;

(^ 4.5.5 Final Quantification
< N

For the final quantification, source CDFs were calculated taking into account the,

'

severity of the fire, the effectiveness of Thermo-Lag, and the use of both automatic and
manual suppression.

,

Because of the added complexities due to timing issues involving HGL formation,
manual suppression, and Thermo-Lag effectiveness, a separate application was
developed to query the relevant data for each source, assess the applicable scenarios,
calculate the manual suppression probabilities, and apply the appropriate CCDPs.

Using this application, five possible cases were evaluated for each ignition source as
follows:

,

CDF FormulationnCaseIDJ Description >

AUTO Automatic suppression successful. IGF * ( 1 - AUTOn., ) * CCDP,
HGL Automatic suppression fails and manual IGF * AUTOn., * MANUAL i * CCDP,%

suppression succeeds before HGL
formation.

TL Automatic suppression fails and manual IGF * AUTOn., * MANUALu * CCDP,
suppression succeeds before TL damage.

TLZ Automatic suppression fails and manual IGF * AUTOn., * MANUAla * CCDP.
.

suppression succeeds after HGL
' n formation but prior to TL damage due to

V the HGL.,

NONE Automatic and manual suppression fails. IGF * AUTOn.o * MANUALn , * CCDP,

For automatic suppression, the success and failure probabilities were taken from Table
4.2-1. For manual suppression, the equation given in Section 4.2.2 was used. The
total manual suppression success probability was divided into three segments called
MANUALu, MANUAL i, and MANUAle, which represent the appropriate probability for%
the conditions described for each case. The probability of non-suppression is
MANUALn.p, where:

= 1 - ( MANUAL , + MANUALu + MANUALuz )MANUALn., %

If a case was not applicable, such as no HGL or TL for a particular source, then a ,

Imanual suppression probability of zero was used for the applicable cases.

In order to evaluate each case, the applicable times for HGL formation, TL damage,
and TLZ damage (HGL+TL) were identified. Next, a timeline was developed to
sequence these events in order to determine the appropriate CCDPs and manual
suppression probabilities. Four generic timelines are shown in Table 4.5-4 which
demonstrate the manual suppression and CCDP determination methodology. Table
4.5-5 lists all of the possible scenarios for each case in table format. Table 4.5-5 uses
a slightly different terminology for the relevant times than Table 4.5-4. As an aid to
understanding the relationship between the times used in the two tables, the following i

equations are given:
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4

L

tsot tsotroo=

j tru: tHoucoo + tit=
.

i
The results of the CDF calculations for each case are documented in the database

,

table CDF_20/60 in the Access database. The final CDF for each source is calculated !
by summing the five cases (database query CDF_BySource). The corresponding zone I

-

CDFs are calculated by summing the source CDFs by zone (database query |
'

CDF_ByZone). !
i

} Table 4.5-6 is a tabulation of the results by ignition source. Table 4.5-7 is a tabulation |

j -- of the results by zone. |
i

)}
The total core damage frequency due to internal fires at CR-3 in these zones is
4.18x10'' per year. !

!
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Table 4.5-4O Generic Manual Suppression Timelines

. . . . -

1. No HGL:

. Event t,an trL
i |

CCDP SourceB SourceA

MANUAlti = Probability @ tTL
MANUALhgl =0
MANUAltiz =0

,

2. No T-L:

Event t,,n tsat
| I

CCDP SourceA ZoneA

MANUALw = Probability @ tsat
MANUALn =0
MANUALn, =0'

3. T-L Damaged Prior to HGL Development: ;

i
Event t,,o trt tsat titz |

1 | | |
CCDP SourceB SourceA SourceC ZoneA ;

MANUALu = (Probability @ trt
MANUALngi = (Probability @ tsot)-(Probability @ t )it

MANUALu = (Probability @ titz) - (Probability @ tsot)- (Probability @ trt)
1

4. HGL Develops Prior to T-L Damage:

Event t.,n tsat trt tru
| I i |

CCDP SourceB ZoneB SourceC ZoneA

MANUALv = (Probability @ tsot)
MANUALo = (Probability @ trt)-(Probability @ tsot)
MANUALu, = (Probability @ tru) - (Probability @ tit) - (Probability @ tsot)
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Table 4.5-5
Ignition Source Quantification Scenarios

Applicable . Automatic HGL' TL in the t /I Manual Suppression CCDPrt nam

CaseID Suppression Potential ' Zone? Relationship Time ( t )
AUTO Yes NA No NA NA SourceA

AUTO Yes NA Yes NA NA SoumeB

HGL No Yes No t,1 = 0 t<t SourceAiratm

HGL No Yes Yes t,t < t t sI<t SourceAyy. rt uota

HGL No Yes Yes t 2 t,,oto t<t SourceB
rt uot.

TL No No Yes I,fot, = 0 t < I,1 SourceB

I<I SourceBTL. No Yes Yes trt < Irrat m rt

TL No Yes- Yes t 2 ' nam l 5I<f ZoneB
it iiata rt

SourceCI SI<lnauan +Irr _TLZ No Yes Yes trt < frian nam
.

TLZ No Yes Yes I,t 2t t 5i<luotime +I SourceCirata rt rt

NONE No No No I,fot = t,t = 0 All SourceA

NONE No Yes No tit =0 t 2 t,,atu ZoneB

NONE No No Yes 132 = 0 t2t SourceArt

ZoneAI2tricuam +IrtNONE No Yes Yes t,t < fnata

NONE No Yes Yes I,t 2 t,,m , t2tyou + t ZoneArt

.

!t= time at which manual suppression is successful.
t,t = survival time of Thermo-Lag protection. If there is no Thermo-Lag in the zone, t,t = 0.

tyot y = time of hot gas layer formation. If no hot gas is formed by the ignition source, tuotu = 0.
tyy ,,,, = time at which hot gas layer reaches 1000*F formation. i

-

.
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,

Tcble 4.5-6 )

CR-3 Fire PSA Results by ignition Source l
|

Source Zone Description CDF
I

DPBC-1E CC-108-106 BATTERY CHARGER ROOM 3A 8.68E-06
DPBC-1A CC-108-106 BATTERY CHARGER ROOM 3A 5.31 E-06

TRANS-108-A CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.29E-06 i

AHF-69 CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 1.90E-06 )
AHF-71 CC-108-105 BATTERY CHARGER ROOM 3B 1.40E-06 I
MTSW-3F CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 9.67E-07 :

TRANS-117-C CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 9.49E-07 !

DPBC-1C CC-108-106 BATTERY CHARGER ROOM 3A 8.94E-07 j
'MTSW-2E R2 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 38 8.48E-07

MTSW-2E R5 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 8.31 E-07
MTSW-2E R6 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 8.31 E-07

MTSW-2E R4 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 8.30E-07
MTSW-2E R3 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 8.27E-07
MTSW-2E R7 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 8.18E-07 |
REMOTE SHUTDOWN PNL CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 7.64E-07 ]
DPDP-1B CC-108-105 BATTERY CHARGER ROOM 3B 6.40E-07 {

'

'

MTSW-2D R4 CC-108-108 416CV ES SWITCHGEAR BUS ROOM 3A 5.70E-07
MTSW-2C R7 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 4.87E-07
MTSW-2C R3 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 4.87E-07
MTSW-2C R6 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 4.69E-07 |

VBIT-1D CC-108-109 INVERTER ROOM 3B 4.40E-07 |
MTSW-3F R3 CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 4.25E-07
MTSW-3F R1 CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 4.25E-07
MTSW-3F R2 CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 4.25E-07
AHDP-12 CC-108-105 BATTERY CHARGER ROOM 38 4.09E-07
DPDP-5A CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 3.54E-07
MTSW-2D R3 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 3.31 E-07

O MTSW-2F R5 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 3.28E-07
'

MTSW-2F R1 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 3.28E-07 !

VBTR-3E - CC-108-109 INVERTER ROOM 3B 3.24E-07
MTSW-2C R4 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 3.00E-07
VBIT-1B CC-108-109 INVERTER ROOM 3B 2 99E-07
RSD RLY A CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.73E-07
MTSW-2E R1 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 2.73E-07
MTSW-2D R1 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.65E-07
MTSW-2D R2 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.65E-07 :

RSD RLY A1 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.64E-07
MTSW-2C R1 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A _ 2.56E-07
DPDP-BA CC 108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.48E-07
DPDP-8C CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 2.42E-07
MTSW-2F R4 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 2.33E-07
MTSW-2F R2 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 2.04E-07
MTSW-2D R7 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.02E-07
MTSW-2D R6 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.02E-07
MTSW-2D RS CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 2.02E-07
MTSW-2C R2 CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 1.86E-07
MTSW-2F R3 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 38 1.57E-07
DPBC-1B CC-108-105 BATTERY CHARGER ROOM 38 1.35E-07
DPBC-1D CC-108-105 BATTERY CHARGER ROOM 38 1.35E-07
VBTR-2E CC-108-109 INVERTER ROOM 38 1.23E-07
VBTR-3B CC-108-109 , INVERTER ROOM 3B 1.20E-07

( RSD RLY B CC-108-107 4160V ES SWITCHGEAR BUS ROOM 38 1.17E-07
DRRD3-1 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08
DRRD3-5 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08

iO DRRD3-4 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08
DRRD3-6 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08
DRRD3-2 CC-124111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08
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|

Tcble 4.5-6 (c:nt.) |

CR-3 Fire PSA R2sults by igniti:n S:urca
1

! Source Zone Description CDF
b DRRD3-3 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.75E-08 ,

|V MTSW-2F R6 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 5.73E-08
'

MTSW-2F R7 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 5.73E-08 i

)DRRD3-8 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRDSL CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08 '

DRRD4-8 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD4-7 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD4-6 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD4-5 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD4-1 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08 |

DRRD4-3 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08 |

DRRD4-2 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD5R CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08

| DRRD3-7 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
DRRD4-4 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 5.72E-08
MTSW-3G CC-124-116 480V ES SWITCHGEAR BUS ROOM 3B 4.90E-08
VBXS-1 B CC-108-109 INVERTER ROOM 3B 4 81E-08
VBXS-3B CC-108-109 INVERTER ROOM 38 4 60E-08
VBXS-3D CC-108-109 INVERTER ROOM 3B 4.58E-08
DPDP-1 A CC-108-106 BATTERY CHARGER ROOM 3A 4.50E-08
TRANS-116-C CC-124-116 480V ES SWITCHGEAR BUS ROOM 38 4.14E-08
DRRD7-88 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
CRDM GROUP POWER CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
SUPPLY CAB
DRRD8A CC-124-111 CRD & COMMUN! CATION EQUIP ROOM 3 92E-08
DRRD7-6A CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
DRRD7-8A CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08

h DRRD7-78 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08 )
\ DRRD7-7A CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08

DRRD7-6B CC-124-111 CRD & COMMUNICATION EQUlP ROOM 3.92E-08
DRRD6A CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
DRRD6B CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3. 92E-08
DRRD7-5A CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3 92E-08
DRRD7-5B CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
DRRD88 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 3.92E-08
MTMC-3 R6 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R5 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R9 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R4 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R7 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R1 AB-95-3G CENTRAL HALLWAY 2 57E-08
MTMC-3 R3 AB-95-3G CENTRAL HALLWAY 2. 57E-08
MTMC-3 R2 AB-95-3G CENTRAL HALLWAY 2. 57E-08
MTMC-3 R14 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R13 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R12 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R11 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R10 AB-95-3G CENTRAL HALLWAY 2.57E-08
MTMC-3 R8 AB-95-3G CENTRAL HALLWAY 2.57E-08
RSD RLY B1 CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 2 34E-08
MTSW-3G R1 CC-124-116 480V ES SW;TCHGEAR BUS ROOM 38 2.19E-08

| MTSW-3G R2 CC-124-116 480V ES SWITCHGEAR BUS ROOM 3B 2.19E-08
MTSW-3G R3 CC-124-116 480V ES SWITCHGEAR BUS ROOM 38 219E-08'

RSD AUX B RLY CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 2.14 E-08
,

O DPDP-80 CC-124-116 480V ES SWITCHGEAR BUS ROOM 38 1.95E-08
j RR3 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 1. 53E-08

DRRD2-3 CC-124-111 CRD & COMMUNICATION EQUIP ROOM 1.31 E-08
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Table 4.5-7 |

CR-3 Fire PSA Results by Zone (Final) ,

Zone Description CDF - |

CC-108-106 BATTERY CHARGER ROOM 3A 1.49E-05 |
CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 7.31 E-06 i

CC-108-107 4160V ES SWITCHGEAR BUS ROOM 3B 6.79E-06

|CC-124117 480V ES SWITCHGEAR BUS ROOM 3A 3.79E-06
CC-108-105 BATTERY CHARGER ROOM 3B 2.72E-06 '

CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 2.66E-06
CC-124-111 CRD & COMMUNICATION EQUIP ROOM 1.58E-06
CC-108-109 INVERTER ROOM 38 1.45E-06
AB-95-3G CENTRAL HALLWAY 3.86E-07
CC-124-116 480V ES SWITCHGEAR BUS ROOM 3B 1.76E-07
AB-95-3B NORTH HALLWAY & NUCLEAR SAMPLE ROOM 7.98E-09
TB-119-400E TURBINE BLDG MEZZANINE FLOOR 4.96E-11
TB-95-400A TURBINE BUILDING BASEMENT FLOOR 4.84E-11
AB-95-3Z RWSW PUMP ROOM 4.21E-11
IB-95-200C TURB. EFW PUMP, PENET. AREA, FAN ROOM 1.07E-11
AB-119-6A NORTH HALLWAY 1.05E-11

O

|

|
,

e

[
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|

4.5.6 Control Room and Cable Spreading Room Fires
;

i
;

Introduction

The CR-3 control room is at elevation 145 of the control complex. The control room
has a floor area of 3,308 ft* and a total ceiling height of 15 ft. An intervening false )
ceiling at 9.75 ft has a 5.25 ft high air space above it before reaching the true ceiling at

( elevation 160. The false ceiling has sufficient openings to allow smoke to pass into the i

L upper air space. The control room is part of fire zone CC-145-1188. It is protected j
| from the effects of fires in other locations by three-hour fire barriers.
t t

|- The analysis of the control room differs from other portions of fire propagation analysis. |
' Fire propagation analysis typically addresses damage to overhead cables from a |

. plume, ceiling jet, or room heatup by a hot gas layer. Control rooms typically however j

have cable enclosed in cabinets. Additionally, the people manning the controls are j
important " targets."

;

in control room fire analysis, fires begin in electrical cabinets and their effects on
controls within the cabinet and in adjacent cabinets need to be evaluated. People j,

manning controls must see them, so smoke rather than temperature in the hot gas 1

layer is evaluated to determine if and when evacuation could occur.

i Just as the nature of the evaluations are different, the tools to perfom1 them are also
different. Practical fire models that exist do not have the capability to predict fire growth j
within a cabinet or descending smoke layers in a room. However, a reasonable body {
of evidence is available in the Sandia cabinet fire tests (NUREG/CR-4527, Reference !

| 4-11) and in EPRI's Fire Events Database (NSAC-178L, Reference 4-6) to characterize
the likelihoods that cabinet controls are damaged and smoke obscures control panels.

| While fire modeling is different, the analysis of the CR-3 control room nevertheless f
| followed a pracess similar to the rest of the fire PSA. Boundaries for fire spread in j
! icabinets and the equipment within those boundaries were identified. Core damage

probabilities and . ignition frequencies were estimated. Cabinet core damage
L frequencies were calculated for the most significant cabinets. Finally, smoke effects

were analyzed for their potential to cause evacuation of the control room.'

Both the deterministic and probabilistic insights from the analysis indicate that the CR-3 I

control room fire risk is low. The probabilistic results, conservatively calculated at
#9.3x10 per year, reflect the effectiveness of the CR-3 control room fire response and ,

the redundant means for safely shutting down the plant in the event of a panel fire. i

The results reflect the quality of the plant's control room fire procedures, v'hich allow full -

use of plant equipment and do not require isolation of offsite power. They also reflect
,

the plant's remote shutdown capability, i.e., two redundant trains. The most important !

cabinets are those which cause a sustained loss of offsite power. !

,
,

i

|O i
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Assumptions

The major assumptions in the control room analysis are:
~

Main control board fires disable the entire panel section if they became fully,*

developed.
"

Suppression prior to loss of a cabinet function was considered only as part of the.

electrical panel fire. severity evaluation, i.e., probability of fire becoming fully
developed.

Evacuation of the control room was assumed to occur at the time smoke visibly*

obscures the panels.

The time for evacuation assumed a response similar to representative Sandia.

National Laboratories (SNL) cabinet fire tests.

Each MCB panel section and control / instrumentation cabinet was assumed to*

contain sufficient cable or combustible loading so that enough smoke would be
generated to cause control room evacuation.

Human detection was credited to be as effective as an in-cabinet smoke detector.*

' Operators would switch HVAC from recirculation to smoke evacuation mode in the.

event of a control room fire.

Analysis Overview

The analysis of the control room is based upon two levels of fire severity. In the most
severe case, a fire can develop and fail to be suppressed for a long time. In this case,
smoke can accumulate in the control room until a layer begins to descend and become
dense enough to obscure the main control board. These scenarios will be referred to as
" evacuation scenarios." As described below, fires in the CR-3 control room causing
evacuation are an insignificant source of risk.

Fires less severe than this extreme case can also be significant. While the fire is
suppressed before evacuation becomes necessary, it has nevertheless damaged the
controls of one (or sometimes more) cabinets, and safe shutdown capability has been
compromised. Operators are assumed to attempt to shutdown the plant using the
remaining capability available from the control room. if that capability fails, e.g.,
equipment fails to operate, operators are assumed to use the remote shutdown
capability. These scenarios will be referred to as " critical cabinet scenarios."

The first part of the analysis of these scenarios, identifying the boundaries for fire
spread in cabinets and the equ|pment within those boundaries, involved four steps:

Step 1 - Evaluate the plant capability available for responding to control room fires.
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Step 2 - Select the critical cabinets, i.e., those most likely to dominate control room I

fire risk.

Step 3 - Identify the safe shutdown capability remaining after the loss of a single !
; section of the Main Control Board (MCB).

Step 4 - Determine the logical boundaries for the spread of fires initiated in a panel ;

; in the MCB (or panel section). I

The evaluation involved visual examination of the entire MCB. Intemal cabinet
boundaries were evaluated to determine the probability of fire spread among cabinet
sections. Also, radiative damage was considered for nearby panel sections and, if
appropriate, associated solid state components. Completing these steps determined
the equipment affected and the design and procedural capability for remote shutdown
attematives.

The second effort included three steps to evaluate core damage probabilities for the
entire panel section, ignition frequencies for critical panel sections, and the probability
of severe fire development.

Step 5 - Calculate the conditional core damage probability (CCDP) for the necessary
MCB panel sections.

Step 6 - Determine the ignition frequency for each critical panel section.

3 i(g Step 7 - Evaluate probability of severe fire development.
!

The evaluation involved visual examination of ignition source loadings to develop panel
specific ignition frequencies, and use of the IPE fire accident sequence model to
calculate probability of core damage from, for example, a sustained loss of offsite
power.

Fire effects also were analyzed for their potential to cause more widespre:ad damage,
e.g., smoke causing evacuation of the control room and damage to cornponents in
adjacent cabinets. This analysis included three steps:

Step 8 - Determine the probability of suppression failure prior to control room
evacuation.

Step 9 - Calculate the conditional probability of core damage (CCDP) for the control
room evacuation cases.

Step 10 - Evaluate fire effects on adjacent cabinets

Lastly, the analysis calculated, compiled, and evaluated the final results.

O
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Control Room,s
,

'o The following describes how each of these steps was performed to determine the l
contribution of control room fire risk from evacuation and critical cabinet scenarios. I

Step 1 - Evaluate the plant capability available for responding to control room fires.

CR-3 has considerable capability for responding to control room fires. Two trains of |
'

equipment are available and isolable from the effects of a control room fire. The AFW
pump can also be operated from outside the control room. Additionally, CR-3 control |
room fire procedures are well designed for the dominant accident types found in this |
study. The key attributes of these procedures are that they: 1) do not require operators |
to isolate offsite power unless the fire affects it,2) explicitly state that remote capability I
can be used in conjunction with the control room, and 3) provide a clear and easy
interface with the EOPs

.

|

Consequently, the procedures allow safe shutdown to be performed based on the j
equipment that is available. For example, not isolating offsite power allows shutdown j

without relying on the emergency diesel generators which are typically the weak point |

as *ar as safe shutdown reliability is concemed. These attributes were also a ;

significant factor in determining that the operators would reliably use both in-control I
room and remote shutdown capability. 1

Step 2 - Select the critical cabinets, i.e., those most likely to dominate control room !
'

n fire risk due to critica! cabinet scenarios.

h
Based on the design and operation of the CR-3 control room for fires and the results of !

other control room analyses performed in the EPRI fire PRA and FIVE test applications,
cabinets without the following attributes were assumed to be the critical cabinets. I

I

Given the failure of all equipment in the cabinet, there are two safe shutdown trains |.

available, and )
Ifailure of the cabinet does not result in a specialinitiator, e.g., loss of offsite power.e

A safe shutdown train is reliable provided no other conditions exist which degrade the
reliability of the path, e.g., loss of offsite power. A reliable path (e.g., one to three
percent unavailability) implies that the CCDP for two paths available is between 1x10' I
and 1x10" Typical panel fire frequencies of 1x10" imply an insignificant contribution |
to total control room CDF. |

An evaluation performed by FPC engineers indicated that:
I
'

only the main control board (MCB) contains controls for redundant trains of safee

shutdown equipment, and
offsite power controls are contained in only two portions of the MCB, namely the.

Electrical Distribution Panel and the Electrical Plant Relay Panel.

CR-3's remote shutdown capability and control room fire procedures ensure that for any,m,

cabinet fire affecting only a single safe shutdown train, another train will be available
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I

i
- from the control room. Should that train fail to operate, the fire-damaged train can be
: controlled locally while operators monitor plant response in the control room. If only

,

one train is available in the control room, redundant means of safe shutdown are still j

! typically available, e.g., EFW, AFW, feed and bleed, with associated redundant support ;

.ystem trains. Consequently, the MCB was the focus of further analysis.

i Step 3 - jdentify the safe shutdown capability remaining after the loss of a single
; section of the Main Control Board.

The following evaluates the safe shutdown capability remaining assuming complete
loss of a front panel section of the MCB and the Electrical Plant Relay Panel portion of

| the back panel. The remainder of the back panel (five sections), the adjacent Radiation 1

IMonitoring Panel, and the ten intamal panels did not contain controls for either
i

redundant trains or offsite power.

L
The front panel sections with potential consequences were:

3

i

j Engineered Safeguards Panel A
i Engineered Safeguards Panel B
j RCS Volume Control Panel
| Reactor Control Panel

Secondary Plant Control Panel
,

[ Electrical Distribution Panel
' Electrical Plant Relay Panel .

The following identifies the decay heat removal capability and associated support
systems available assuming a fire damages all equipment on the MCB panel section. It,_

describes the potential impact on RCS integrity (i.e., fire-induced LOCAs). Finally, the
discussion concludes whether two safe shutdown paths are available and whether
offsite power is affected. Conclusions for additional analyses are then stated.

|- i
A

.

I Enaineered Safeauards Panel A
3

) Decay Heat Removal Support Systems Available
Available for DHR Path '

j' MUP-1C with DHP-1B SWP-18,1C, and all RWPs !
; except RWP-1 and 2A |
j EFP-1 SWP-18,1C |

'

EFP-2 none needed - self-cooled j

MFW j

AFW |

RCS integrity / makeup safety function is not needed. LOCAs are not possible because i
the pressurizer vent valves on the panel are de-energized. All power supports are
available. 1

O
,
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i

1

No further analysis is needed for ES Panel A because controls for at least two

[ shutdown paths and offsite power are available from other sections of the MCB.
i

:
J

,_

Enaineered Safeauards Panel B
j

Decay Heat Removal Support Systems Available
i Available for DHR Path

MUP-1 A with DHP-1 A DCP-1 A with RWP-3A.

*

MUP-1B with DHP-1 A RWP-2A with SWP-1 A
- EFP-1 SWP-18,1Ci

| EFP-2 none needed - self-cooled
I- MFW

AFW

RCS integrity / makeup safety function is not needed. LOCAs are not possible because
their are no energized boundary valves on the panel. All power supports are available.

No further analysis is needed for ES Panel B because controls for at least two
shutdown paths and offsite power are available from other sections of the MCB.

RCS Volume Control Panel

O
Decay Heat Removal Support Systems Available
'Available for DHR Path
MUP-1 A with DHP-1 A DCP-1 A with RWP-3A
MUP-1B with DHP-1A RWP-2A with SWP-1A
MUP-1C with DHP-1B SWP-1B,.1C and all RWPs

except RWP-1 and 2A

MFW and AFW were assumed failed because of the possibility of spurious actuations
causing EFIC to isolate the steam generators. Two trains of RCS integrity / makeup
safety function are available. All power supports are available.

No further analysis is needed for the RCS volume control panel because controls for at
least two shutdown paths and offsite power are available from other sections of the
MCB.

O
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Reactor Control Panelf

Decay Heat Removal Support Systems Available
Available - for DHR Path
MUP-1 A with DHP-1 A DCP-1 A with RWP-3A
MUP-1B with DHP-1 A RWP-2A with SWP 1 A
MUP-1C with DHP-1B SWP-1B & 1C and all RWPs

except RWP-2A and RWP-1
EFP-1 SWP 1B & 1C
EFP-2 none needed - self-cooled

MUPs would need to pump against the pressurizer SRVs since the PORVs are not
available. RCS integrity / makeup might be required since spurious PORV opening plus
fire induced block valve failure could occur. However, two makeup and two decay heat
removal paths are still available. All power supports are available.

No further analysis is needed for the reactor control panel because controls for at least
two shutdown paths and offsite power are available from other sections of the MCB.

Secondary Plant Control Panel

Decay Heat Removal Support Systems Available
Available for DHR Path(
MUP-1 A with DHP-1 A DCP-1A with RWP-3A
MUP-1B with DHP-1A RWP-2A with SWP-1A
MUP-1C with DHP-1B SWP-18,1C, and all RWPs

except RWP-1 and 2A

MFW and ADW was assumed failed because of the possibility of EFIC isolating the
steam generators if spurious steam dump actuations occurred. Two trains of RCS
integrity / makeup are available. LOCAs are not possible because there are no
energized boundary valves on the panel. All power supports are available.

No further analysis is needed for the secondary control panel because controls for at
least two shutdown paths and offsite power are available from other sections of the
MCB.

Electrical Distribution Panel

There is no direct effect on decay heat removal or RCS integrity after a fire in this
panel. The fire does cause a loss of offsite power in which the operators must locally
actuate both diesel generators. Application of power from the diesel generators is a
dead bus transfer. Offsite power may be recoverable.

|
|
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The conditional core damage frequency (CCDP) for this case was calculated to be
3.24x10'*. The CCDP calculation took no credit for recovery of offsite power. CR-3 is

.

|

L d designed to cope with the ' effects of a station blackout for four hours, made possible
'

. . through the use of battery power and steam generator cooling using the turbine-driven,

i emergency feedwater pump, EFP-2. Therefore, there is ample time for the operators to
: manually actuate the_ diesel generators. This action is proceduralized (AP-990).
'

Applying the time-reliability curves used in the CR-3 IPE to the action of manually
actuating the diesel generators, even when considering the action to involve conflict
due to the fire, the probability falls below the administrative floor for recovery actions of >,

' 1x10'*. With no credit taken for recovery of offsite power, the CCDP is 3.24x10' ; the
| hardware portion is 2.24x10''. In addition to the operators failing to actuate the diesel

generators, there is the overall probability that the operators fail to evacuate the control
room and proceed successfully to hot shutdown using the remote shutdown panel. For'

} the control room evacuation case, the CCDP reflects the capability of the two trains on
the remote shutdown panel. The conditional probabilit
shutdown panel operation was calculated to be 9.78x10'y of core damage for remote

;
. This CCDP represents what;

; in essence is failures of two redundant trains or crew failure to successfully bring the
plant to hot shutdown and maintain it. For the human error analysis, the dynamic

j human error curve from the time-reliability curves (TRCs) used in the CR-3 IPE for.
t " rule-based / conflict" was used. For the relevant time, the worst case was used:
' station blackout with EFP-2 failure, leaving the operators 50 minutes for recovery,
i Assuming ten minutes for performance of any recovery, the 40-minute number for the
I- relevant TRC is 9.78x10''.
.

! The probability that offsite power is recovered within four hours and 50 minutes (even
' after a station blackout and EFP-2 failure, it takes 50 minutes before enough coolant

has been lost that recovery of offsite power will not prevent core damage) is 0.062. Ifv

j credit is taken for recovery of offsite power, the CCDP is (3.24x10'')(0.062) = 2.0x10".

| If no credit is taken for recovery of offsite power, the CCDP is 9.78x10'' + 3.24x10'' =
*

1.3x10-2 ,

1

! Electrical Plant Relav Panel
!.

; The operators must locally actuate both diesels after a fire in this panel. Application of
; power from the diesel generators is a dead bus transfer. Offsite power might be
: recoverable after EFP-2 fails on loss of control (four hours). The conditional core ;

damage probability for a fire in this panel is identical to that for the electrical distribution i
'

panel discussed above,1.3x10 2. No recovery of offsite poweris credited.

Step 4 - Determine the logical boundaries for the spread of fires initiated in a panel in
the MCB (or panel section).

For the Main Control Board, an attempt was made to see if the board could be
sectionalized. The MCB is large, and open at the top. Hot gases will not accumulate
inside it, but rather will flow to the false ceiling area and above it. Sandia cabinet fire
test insights (see Appendix H) indicate it is reasonable to assume that a fire would take

f i
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2 time to spread from one end of the panel to another. Partitions, or even cabinet i

j sections sometimes can not only delay fire spread from one section to the next but
; block the " view" of radiative heat transfer. j

Figure 4.5-1 illustrates the layout of the Main Control Board. The MCB is comprised
' primarily of front and back panel sections. A few intemal panels, many of them

;

containing banks of relays, are between the front and back sections. The panels for-

4 which fire damage is important are those seven listed in the previous step. They are on ;

the front of the board except for the Electrical Plant Relay Panel, which is on the back. ;

Except for the intomal ES cable trays marked in the figure, cables enter each section j
from below. On the front panel, each section is separated from other sections by a side
panel which contains a large heat sink of cables. The likely points of ignition, switches
and other electrical connections, are on the face of the panels. ;

!

Determining the possibility that fire scenarios may involve multiple MCB panel sections )
in the .CR-3 control room requires the analysis of three different types of fire i
propagation scenarios: i

fire in an ES panel or the RCS Volume Control panel damaging the intemal ES.

cable trays, ]
-

. - fire in a front panel causing damage to a back panel or vice-versa, and
'

fire in an intemal relay panel affecting one or more front and back panels..
i

The above analysis was performed assuming the following data for heat release rates I

. and damage criteria. Heat release rates were based on the Sandia cabinet fire tests

O and insights as summarized in Appendix E of the Fire PRA Implementation Guide.
- Damage criteria were based on the sources documented in Appendix F.

Heat release rates for intemal relay panels:
65 Btu /sec for relay cabinet (representative of one qualified cable bundle, e.g., on.

end of a relay rack)
270 Btu /sec for a large fire involving more than one bundle (representative of fully.

involved fire in benchboard cabinet with qualified cable)

The latter release is considered a high heat release rate that will take time to develop
when the panel is the likely source of ignition.

Damage criteria for components on front or back panels:
1 Btu /sec/ft* for typical equipment and cablese

20.19 Btu /sec/ft for solid-state equipment.

in the case of the intemal ES cable trays, it was judged that the fire would have to
propagate from the likely source of ignition on the panel to the cables on the divider.
The trays run over the panel dividers but not the panals. The time for such a fire to
~ develop was judged to be comparable to the time to evacuation, i.e., the time at which
the function of the circuits becomes irrelevant. The time to circuit failure would be
expected to be delayed even if the fire started in the panel divider because the trays
are metal boxes which were judged to provide protection similar to a shielded cable
tray.

!
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A similar conclusion was reached for panel fires damaging other panels. In this case,!

| [ some components in the exposed panel might be subject to heat radiation damage,
,

: particularly solid-state components. A walkdown of the MCB internals indicated that ;

3' components in critical cabinets, both solid-state and other types, were separated ,

sufficiently that a high heat release rate would be required to cause damage. Again,
i

'

the time for such a fire'to develop was judged to be comparable to the time to |
'

evacuation, i.e., the time at which the function of the circuits becomes irrelevant.

The conclusion of this step was that the MCB fire scenarios did not need to consider
multiple panel sections of the MCB. By the time multiple panel sections were damaged,
the control room would probably already have been evacuated. |

|

Step 5 - Calculate the conditional probability of core damage (CCDP) for the |
'necessary MCB panel sections and for control room evacuation cases.

The conditional probability of core damage for the Electrical Distribution Panel and the $

4Electrical Plant Relay Panel was calculated to be 3.24x10 . This CCDP represents a |
long-term loss of offsite power requiring manual actuation of the diesels. If control

4room evacuation is necessary, the CCDP is 1.3x10 . '-

,

1

Step 6 - Determine the ignition frequency for each critical cabinet.

4The fire ignition frequency for the control room is 9.5x10 /yr, which essentially is the

O frequency of electrical cabinet fires. The eleven electrical cabinet fires in the EPRI Fire 1
Events Database (FEDB) can be categorized as initiated by the following sources:

Ignition Source . # of Fires
Relays 6
Circuit cards 3
Omer 2 -

Cabinets have a wide range of relays and circuit cards. The following categorization
was used:

Relay / circuit card Fraction of Representative Representative # of j

loading loading # of Relays Circuit Cards |
None 0 or < 0.1 0 0 l

Light load ~1/3 of nominal 7 20
Moderate load -nominal 20 60

Heavy load ~3 times 60 180
nominal

I

O :
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l'
j For' the CR-3 cabinets of concem, the MCB sections were examined during a
,

walkdown. The loadings of each cabinet were used to develop an ignition source factor
i and corresponding cabinet ignition frequency.
|

] The ignition frequency factor is the number of applicable events divided by eleven total
; events. For heavy and light loads, the number of applicable events is multiplied and

divided by three, respectively. For "none," no events are counted. All cases have a.

} minimum of two events corresponding to the other category. In the event data, other
j includes the causes " pinched cable" and " unknown."
g.

i The ignition frequency for a cabinet is divided over 85 cabinets in the control room.
j. The number of cabinets includes the 23 sections or intemal panels of the MCB and 62
j. other cabinet sections. The ignition frequency becomes:
1

f,a = [(9.5x10' /y)/(85)](ignfac)
d

; = (1.12x10 /y)(ignfac)

| The FEDB indicates that the majority of control fires are not severe. Since such a fire
i can fail multiple components, this analysis assumes that a full loss of offsite power will

{' ' occur for any severe fires.
i

j The results for each unscreened cabinet are summarized below,

j MCB Section - Relay / Circuit . lgnition Electrical Severe Cabinet Fire
j . Card Loading . Frequency- - Cabinet - Ignition Frequency
d Factor- . Severity (f.e
i ~ Ignfac) Factor(
} Electrical Distribution none/none 0.182 0.2 4.1x10*/yr
i Panel

Electrical Plant Relay heavy / light 1.91 0.2 4.3x10*/yr
'

Panel
e

.

!' Step 7 - Evaluate probability of severe fire development.

;. The probability of severe fire development is included in the previous table. The value
; used is described in more detail in Appendix D. |
j=

| Step 8 - Determine the probability of suppression failure prior to control room

{ evacuation.

The probability of non-suppression of a control room electrical cabinet fire as a function |

i of time was obtained by using a model to interpret the control room fire durations in the ;

EPRI Fire Events Database. All but one of the control room fires were in electrical- );

i cabinets. The other fire was a small kitchen fire with a five-minute duration. Fire' |
j durations for five electrical cabinet fires are contained in the' database, including one at
4 - one-half minute, one at one minute, two at two minutes and one at five minutes.

! The model used to interpret the data was EPRl's Human Cognitive Reliability (HCR)

-[
correlation for interpreting measured operator action times in the control room (see

4
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EPRI NP-6560L "HRA Approach Using Measurement for IPE," Reference 4-13). The
O model fits the event times (e.g., fire durations), to a log-normal curve to estimate theb probability for non-action for times greater than that observed.

Distributions were fit to four sets of data as shown in Figure 4.5-2. The recommended -
curve eliminates the five-minute duration fire which was not in an electrical cabinet.
This fire is not deemed appropriate for an electrical cabinet fire suppression model. A

,

data set including the other fire was used for the upper bound estimate. A third data l

set was the basis for the lower bound estimate. It uses the best-estimate case but
adds another fire at one minute. Adding this event accounts for the fire in the database
with a suppression time of one minute, but with no specified duration, its duration was
postulated as one minute based on a review of its event description and the other short
duration fires.

The fifteen-minute time for this scenario represents the time necessary for smoke from
an electrically-initiated cabinet fire to obscure the control board. The probability of

4non-suppression at this time has a best estimate of 3.4x10 , an upper bound of
44.3x10 and a lower bound of 8.9x10".

The probability of cabinet' fire non-suppression before the need for control room
4evacuation is 3.4x10 . This value assumes detection at or prior to the time that visible

smoke appears in the cabinet. It also assumes 15 minutes from the time of detection to
the time of smoke obscuration of the control panels. Besides detection time, this time
is also dependent on plant-specific factors such as room volume and room ventilation.
The SNL test facility had a room volume of 48,000 ft' and ventilation rates ranging from
one to ten room changes per hour. The CR-3 control room has a room volume of
between 32,000 and 50,000 ft' depending on whether the area above the false ceiling
is counted. The control room HVAC has a room ventilation rate of about seven room
changes per volume when in smoke ejection mode. Hence, the CR-3 control room
geometry and_HVAC is reasonably represented by.the SNL test facility, and the test
results can be used directly. Regarding detection, the CR 3 control room does not
have in-cabinet detectors. Automatic detection is located on the false ceiling. This
analysis assumes that human detection is equivalent.to or better than . automatic j
detection. .j

i
i

O !
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,- m Step 9 - Calculate the conditional probability of core damage (CCDP) for the control

v) room evacuation cases.(

For the control room evacuation case, the CCDP reflects the capability of the two trains
on the remote shutdown panel. The conditional probability of core damage for remote
shutdown panel operation was calculated to be 9.78x10'' This CCDP represents what
in essence is failures of two redundant trains or crew failure to successfully bring the
plant to hot shutdown and maintain it when one or more safe shutdown trains is

#available. The hardware portion of this CCDP is 1.61x10 , and is the CCDP for CR-3
given a loss of main feedwater. If a loss of offsite power accompanied by a loss of
auto-initiation of the diesel generators, then the hardware portion of the CCDP is
3.24x10'' For the control room evacuation calculation, this CCDP was used instead of
the less conservative loss of main feedwater CCDP. The remote shutdown panel
possesses considerable control over the functions needed to achieve and maintain a
safe hot shutdown. There are, however, some human challenges associated with any
evacuation scenario: the need for increased local, manual operator actions, the stress
of operating from a backup control station, the complications associated with the
evacuation, and the stress of the fire itself. For the human error analysis, the dynamic
human error curve from the time-reliability curves (TRCs) used in the CR-3 IPE for
rule-based / conflict was used. For the relevant time, the worst case was used: station
blackout with EFP-2 failure, leaving the operators 50 minutes for recovery. Assuming
ten minutes for performance of any recovery, the 40-minute number for the relevant
TRC is 9.78x10' . For the control room analysis, this probability was used for the
overall probability of the operating crew failing to accomplish a successful evacuation

(N and successful transition to hot shutdown from the remote shutdown panel. It is very() conservative since only a very small percentage of the control room fire cutsets will
involve a station blackout with immediate failure of EFP-2. Combining the human and"

hardware CCDPs yields a total control room evacuation CCDP of 1.3x10-2

Step 10- Evaluate fire effects on adjacent cabinets.

For the MCB, fires affecting more than one panel section were specifically evaluated
'

and discussed in Step 4. Fires damaging adjacent cabinets outside the MCB were not
considered a significant contributor to risk. First, such fires would need to be fully
developed. The time to full development is very similar to the time predicted for
evacuation as based on the Sandia cabinet tests. Therefore, the probability of
non-suppression before damage to adjacent cabinets is also low, e.g., the probability of
non-suppression at 15 minutes is 3.4x10' Since the consequences of damage are
bounded by the control room evacuation case, no analysis was deemed necessary.

,

Results

The control room fire core damage frequency for CR-3 is a combination of the results
from the " evacuation scenario" and the " critical cabinet scenario." The evacuation
scenario contribution is:

(9.5x10' /yr)(3.4x10' )(1.3x10 2)CDFmc =

#() 4.2x10 /yr=

L.
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The critical cabinet scenario contribution is:

4 4CDF%= (4.3x10 /yr)(3.24x10 ) + (Electric Distribution Panel contribution)
4 4

1 (4.1x10 /yr)(3.24x10 ) (Electric Power Relay Panel contribution)
!

1.5x10''/yr ;| =

i .

The total core damage frequency for the CR-3 control room is the sum of CDF and
CDFe, or 5.7x10'' per year. The low CDF reflects the quality of the plant's control i

,

: room fire procedures as well as the plant's remote shutdown capability, specifically the ;

|ability to monitor and control the use of two redundant safe shutdown paths. The low -

j

] ' CDF also reflects the CR-3 plant design whose multiple means of attaining plant i

shutdown make it particularly difficult for a fire to spread to important components in . ;
4

multiple divisions. The conditional core damage probabilities indicate the strength of-

'

the above two factors.;

, ,

I
.

1 Caole Spreading Room
,

4 h

*

Fires in the cable spreading room are treated in a somewhat similar manner as the ;

;
- control room fires. The difference is that loss of control is caused by direct fire damage -|
to cable rather than smoke obscuration, and that there are no fixed ignition sources in3

,

the cable spreading room, only a transient fire source. 1

A simplified approach was taken for the cable spreading room because of the low risk
i involved. A sensitivity study was performed to show one possible outcome of a more
i detailed analysis. The difficulty of.a detailed analysis of the cable spreading room is
; that it involves a large amount of work to identify cable targets. As was indicated by the j

j control room analysis, a significant amount of controls must be' failed to cause j

evacuation due to loss of control. However, to be sure that those controls are not
'

'

'

affected quickly by a transient source, cables in trays must be identified and evaluated.

| Since the cable trays in the room are close to the floor, a normal transient fuel package |

| will damage one or more trays virtually in every location. In effect, the analysis could
: involve identifying a large number of fire scenarios and a time-consuming evaluation of
j each. As an altemative, the risk presented assumes loss of control for every fully
4 developed transient fire, while a sensitivity study shows the risk assuming that the
i fraction of fires causing loss of control is similar to another PWR.
i

'

The transient fire ignition frequency for a fully-developed fire in the cable spreading*

, - room is 9.73x10?/yr. The' CCDP associated with this scenario is 1.3x10'*. Therefore,
! the total core damage frequency for a fire in the cable spreading room is:

~

!

CDF + CDFm,] CDF , =

CDF ~ (9.73x10 /yr)(1.3x10'')4=4

4
i 1.26x10 /yr=

CDFm, = 0 (assumed)

,
,
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)

4CDF., 1.26x10 /yr +0=
41.26x10 /yr=

Since this calculation assumes a loss of offsite power, loss of auto-initation of the !

diesel generators, and control room evacuation for any fire in the cable spreading i
4room, the CDF., of 1.26x10 /yr is considered a bounding value. j

;. :

,

The sensitivity study presumes that only a small fraction of the cable spreading room ' |
; floor area can result in a transient fire quickly causing loss of control. The Seabrook ;

fire PRA found that less than 3% of the floor area could cause such damage. In ja

' addition to this scenario, other transient fires could cause loss of control if the fire , i

spread significantly or if a hot gas layer occurred. Operation of the halon system would ;
'prevent such damage. Therefore,- the sensitivity study considers the loss of control to

be the sum of two scenarios, direct damage and hot gas layer.
( .

! The probability of non-suppression for the halon system in the cable spreading room is
0.05. Therefore, the frequency of a hot gas layer in the cable spreading room is
(9.73x10 /yr)(5x102) = 4.9x10 /yr. The frequency of a transient fire causing loss of4 4'

4 4control, but with no resulting hot gas layer is (9.73x10 /yr)(0.03)(1-0.05) = 2.8x10 /yr.*

For the non-evacuation scenarios, the CCDP is assumed to be that for the control room
'

station blackout scenario but without the human errors associated with an evacuation,
3.24x10 . For the hot gas layer scenarios, the control room CCDP of 1.3x102,,,4

assumed.'

The results of the sensitivity study are:

-

1

CDF , CDF., + CDFoome=-

i

(9.73x10 /yr)(5x10 2)(1.3x10 2)4
; CDF.e =

4#

.= 6.3x10 /yr

CDFnom = (9.73x10 /yr)(0.03)(1-0.05)(1.3x10'')4

43.6x10 /yr=

4 4CDFe, 6.3x10 /yr +3.6x10 /yr=
49.9x10 /yr=

This CDF ,is much more likely to be representative of the actual CR-3 cable spreading
room core damage frequency than the bounding value calculated previously.

Ov
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4.5.7 Multi-Compartment Fires

O The risk of a multi-compartment scenario is generally associated with the risk of hot
gases spreading from one compartment to another. Propagation is unlikely because
compartment boundaries are generally not combustible, and combustibles, like cable
trays, are generally sealed when they cross compartment boundaries.

The following steps were performed for each unscreened fire zone:

1. Fire zones capable of producing a damaging hot gas layer (HGL) with a frequency
4of greater than 1x10 per year were identified.

2. All applicable multi-compartment fire scenarios, i.e., adjacent zones, were identified.

3. Barrier failure probabilities were calculated.
44. Multi-compartment scenarios with combined frequencies of less than 1x10 per

year were screened.

5. Unscreened multi-compartment scenarios were examined in more detail.

Hot gases cannot spread from one compartment to another if no hot gas layer (HGL)
forms in the exposing compartment. In the first step, fire modeling identifies which fire

4zones have a HGL frequency of greater than 1x10 per year. For CR-3, these fire
zones are listed in Table 4.5-8.

Table 4.5-8
dCR-3 Fire Zones with HGL Frequency > 1x10 lyr

Zone Description . HGL Ignition
Frequency

CC-108-106 BATTERY CHARGER ROOM 3A 1.07E-04
CC-108-108 4160V ES SWITCHGEAR BUS ROOM 3A 4.02E-05
CC-124-117 480V ES SWITCHGEAR BUS ROOM 3A 3.17E-05
CC-124-116 480V ES SWITCHGEAR BUS ROOM 38 2.89E-05
CC-108-107 4160V ES SWITCHGEAR BUS ROOM 38 2.34E-05
CC-108-109 INVERTER ROOM 3B 1.42E-05
CC-108-105 BATTERY CHARGER ROOM 38 1.00E-05
CC-108-102 HALLWAY AND REMOTE SHUTDOWN ROOM 9.14E-06
CC-124-111 CRD & COMMUNICATION EQUIP ROOM 1.58E-06

4For each compartment with an HGL frequency of greater than 1x10 per year, the
compartments adjacent to, above, and below the exposing compartment were
identified. These compartments were examined to screen out those which could not
support a hot gas layer. Walkdowns of the unscreened exposed compartments were
performed to determine the number and types of fire barriers between the exposing
and exposed compartments.

84
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Barrier failure probabilities were calculated for each " exposing compartment - exposed !
compartment" combination. The types and number of each type of barrier were

- determined for each combination, and these were summed to determine a total barrier
failure probaLlity. The data for the barrier type failure probabilities were taken from
NUREG/CR-4840, shown in Table 4.5-9.

Table 4.5-9
Fire Barrier Failure Probabilities

Barrier Type Description . . Barrier Failure
Probability / Demand

1 Fire, security, and water tight doors - 7.4x10*.

2 Fire and ventilation dampers 2.7x10"
3 Penetration seals, fire walls 1.2x10"

I
.

i

The barrier ' failure probabilities for each " exposing ' compartment ' exposed-

compartment" combination were multiplied by the relevant exposing compartment HGL 4

frequencies obtained from the fire modeling to determine the multi-compartment fire |
frequency for each. The results of this step are shown in Table 4.5-10. |

!

The only exposing compartment with multi-compartment fire frequencies greater than
41x10 per year was CC-108-106. The total multi-compartment fire frequency for all of

4the CC-108-106 combinations is 4.40x10 per year.
'

]

The results for CC-108-106 were further examined to determine the impact on plant
equipment. That is, what is the impact on the CCDP of a barrier failure. Of the four
scenarios, two involve hot gases spreading to rooms with "A" train equipment, two
involve rooms with "B" train equipment. CC-108-106 includes unprotected "A" train
equipment and Thermo-Lag wrapped "B" train equipment, the failure of both resulting in )
a CCDP of 1.0.

'

]

For the two scenarios involving "A" train exposed compartments, the generation of a
hot ' gas layer causes no .more damage .than a hot gas layer in the exposing i

compartment. For the two scenarios involving "B" train exposed compartments, the !
generation of a hot gas layer damages circuits that are protected by Thermo-Lag in |
CC-108-106. Hence, failure of the barrier is functionally similar to failure of the wrap. -|
The impact on risk from the barrier failure depends on whether suppression is more |
likely before the wrap fails or more likely before the "B" train circuit fails when the j

. barrier has failed and exposed it to the spread of hot gases. |
l
'

The compartments connected to CC-108-106 are much larger. Therefore, a hot gas
layer occurs much later in both compartments than it does in CC-108-106 alone. Times
to a 700*F hot gas layer are approximately 70 to 90 minutes versus 25 minutes. Since 1

the wrap is presumed to last roughly'60 minutes (for three-hour Thermo-Lag) more than i

the time to hot gas layer development (25 minutes in CC-108-106 alone), the time to |

circuit failure is similar regardless of whether the barrier fails. For this reason, the I

barrier has little impact on risk. Consequently, multi-compartment fire risk at CR-3 is

O insignificant. I

i
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Table 4.5-10
Multi-Compartment Fire Frequencies

O
5d Exposing HGL Exposed Above/ Total Total Total Effectue Effectue Effectwo Componne Compartment

Zone Frequency Zone Below Type 1 Type 2 Type 3 Type 1 Type 2 Type 3 Barner Fire
Exposing Bamers Bamers Bamers Bamers Barners Bamers Failure Frequency

Zone Probablity (IGF*CBFP)
(A/B) (CBFP)

' CC-108-102 914E 06 CC-108107 1 1 1 1.20E-03 1 10E-08
914E 06 CC-108-105 1 1 1 1.20E-03 1.10E-08
914E 06 CC-108-103 1 1 1 1.20E-03 1.10E-08
914E-06 CC-124-111 A 1 1 1.20E-03 1 10E-08

Total 4 39E-08

CC-108105 914E 06 CC-108-108 1 1 1.20E-03 1.10E48
914E-06 CC-108-102 1 1 1 120E-03 110E 08
914E46 CC-108-106 1 1 1 1 1 3 90E-03 3 57E-08
9.14E-06 CC-108-103 1 i 1 1 1 3 90E-03 3 57E-08
914E-06 CC-108-106 1 1 1 1 3 90E-03 3 57E-08
914E-06 CC-124114 A 1 1 1.20E-03 1 10E-08
914E 06 CC-124-115 A i 1 1.20E-03 1 10E-08

,
Total 151E-07 |

CC-108-106 107E-04 CC-108-104 1 1 1 1 1 8 60E-03 9 23E 07
107E-04 CC-108-109 1 1 1 1 1 1.13E 02 121 E-06
1.07E 04 CC-108110 1 1 1 1 1 1 1.13E-02 121E-06
1.07E44 CC-108-105 1 1 1 1 1 8 60E-03 9 23E-07
107E 04 CC-124-111 A 1 1 1.20E 03 129E-07*

Total 4 40E-06

CC-108107 2 34E-05 CC 108-102 1 1 1 1 1 3.90E-03 913E-08
2.34E-05 CC-108-108 1 1 1 1 120E 03 2 81E-08
2.34E-05 CC-124-111 A 1 1 1.20E-03 2 81E-08

Total 147E-07

CC-108-108 4 02E-05 CC-108-107 1 1 1 1.20E 03 4 83E-08

[]3 4 02E-05 CC-108-109 1 1 1 1.20E-03 4 83E-08
4 02E-05 CC-108-105 1 1 1.20E-03 4 83E-08'M 4 02E 05 CC-124-111 A i 1 1.20E-03 4 83E 08
4 02E 05 CC-124117 A 1 1 120E 03 4 83E-08

Total 2 41E-07

CC-108-109 142E 05 CC-108-110 1 1 1 1 8 60E-03 1.22E-07
142E-05 CC-108-106 1 1 1 1 8 60E-03 1.22E-07
142E 05 CC-108-108 1 1 1 1 8 60E-03 1.22E-07
1.42E-05 CC-124-111 A 1 1 120E43 170E-08

Total 3 83E-07

CC-124-111 158E-06 CC-124-112 1 1 1.20E-03 189E-09
158E 06 CC-124-113 1 1 1.20E-03 189E-09
158E-06 CC-124-114 1 1 1 120E-03 189E 09
158E-06 CC-124-115 1 1 1 1.20E 03 189E-09
158E-06 CC-124116 1 2 1 2 1 6 60E 03 104E-08
158E-06 CC-124-117 1 2 1 2 1 6 60E 03 104E-08
1.58E-06 CC-134-118A A 2 2 1 6 60E-03 104E-08

Total 3 88E-08

CC-124-116 2 89E-05 CC-124-117 1 1 120E 03 3 47E-08
2.89E-05 CC-124-111 1 2 1 2 1 6 60E-03 191 E-07
2 89E 05 CC 134-118A A 1 1 120E-03 3 47E-08

Total 2 60E-07

|
CC-124117 317E 05 CC-124-116 1 1 120E-03 3 81E-08

317E-05 CC-124-111 1 2 1 2 1 6 60E-03 2 09E-07 j
317E-05 CC-134-118A A 1 1 120E-03 3 81E-08

|Total 2 86E-07 i

V)
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4.6 Analysis of Containment Performance

in Chapter 4 of NUREG-1407, it states, "For purposes of an IPEEE, a Level 1
probabilistic risk assessment (PRA) is considered acceptable to identify potential
intemal fire vulnerabilities at nuclear power plants." In Section 4.1.5. Perform
Containment Analysis, it states, " Perform containment analysis if containment failure
modes differ significantly from those found in the IPE intemal events evaluation." In
response to this guidance, the CR-3 fire zones with the largest contribution to the
overall fire core damage risk, i.e., those listed in Table 4.5-4, were examined to see if
any might border on the containment, thereby possibly causing a bum-through of an
electrical penetration, a seat on a containment hatch, or some other containment

4penetration. Since all of the fire zones with a CDF of greater than 1x10 per year are
located in the control complex, none are adjacent to the containment. Therefore, any
f:re, which could possibly cause a containment integrity failure would not be in a zone in
which there was a significant potential for core damage due to the fire.

! 4.7 Treatment of Fire Risk Scoping Study issues

Sandla Fire Risk Scoping Evaluation

Background

Sandia National Laboratories, as part of their Fire Protection Research Project, under-
took two tasks in what is now referred to as the Fire Risk Scoping Study:

1. Review and update the perspective of fire risk in light of the information developed
through the Fire Protection Research Project.

2. Identify and perform initialinvestigations of any potential unaddressed issues of fire
risk.<

Sandia reviewed four previously completed fire PSAs. The PSA risk scenarios were
requantified using the data and information from the Fire Protection Research Project !
. s a basis and included plant modifications made in response to implementations of'

Appendix R requirements at the plants under study. In performing this second task,
Sandia developed a list of issues which they felt represented potential contributors to

'

fire risks that had not been adequately addressed in previous risk assessments.
Sandia concluded from these reassessments that fire may represent a dominant
contributor to plant core damage risk and that these six issues should be addressed in ,

future risk assessments.
,

i
The draft Sandia report was made available to several plant designers, fire
researchers, industry representatives, fire protection consultants and regulators. They
were asked to review the report and to ensure that, as far as practical, the list of
unaddressed issues was complete. The most important industry response, provided to j

Sandia by the Edison Electric Institute Fire Protection Committee, was that "these
issues are unaddressed by the selected method of risk evaluation and do not

p (necessarily) represent unaddressed risk issues for nuclear plants . this document is

t] a report on the inadequacy of current risk assessment and research methodology for

; 87

3



fire. There is no basis presented to inGcate that regulatory requirements or

V) implemented levels of fire protection are inadequate."(

Sandia/NRC Fire Risk Scoping Study Issues. The NRC staff has requested that the
following six issues be addressed in any future fire evaluation methodology:

1. Seismic / Fire Interactions
2. Fire Barrier Qualifications
3. Manual Fire fighting Effectiveness
4. Total Environment Equipment Survival
5. Control Systems Interactions
6. Improved Analytical Codes

The six issues are discussed individually below.

Issue 1 - Seismic / Fire Interactions. This issue involves three concems: (1)
seismically-induced fires, (2) seismic actuation of fire suppression systems, and (3)
seismic degradation of fire suppression systems. The nuclear industry feels that these
types of events would not significantly contribute to an increase in extemal event
core-damage frequency. In CR-3's case, the fact that central Florida is a region of
extremely low seismicity strengthens this argument. In the EPRI Project Report,
"Probabilistic Seismic Hazard Evaluation for Crystal River Nuclear Generating Plant,"
Project RP 101-53, April 1989 (Reference 4-14), the frequency associated with the 0.1g

4SSE earthquake was calculated to be 1.6x10 per year. This frequency, by itself, is so
low that any consideration at all given to the probability of all of the other events which

[ ,) would have to occur in order to result in a core damage accident renders the threat of
b' seismic / fire interactions relatively insignificant. Additional issue-specific insights are

given below.

1. Selsm/cally-Induced Fires. A recent survey of over 100 plant and industrial
facilities after 18 major earthquakes indicates that earthquakes generally do not
cause fires in such facilities (EPRI-NP 6989, " Survey of Earthquake-Induced
Fires in Electrical Power and Industrial Facilities," Reference 4-15).

2. Seismic Actuation of Fire Suppression Systems. The effects of inadvertent
suppression system actuation have been previously considered as part of the
intemal flooding design analysis.

3. Selsmic Degradation of Fire Suppression Systems. A report investigating
this subject, " Performance of Fire Protection Systems Under Post-Earthquake
Conditions"(Reference 4-16), concluded that fire suppression systems installed
in accordance with nationally-recognized codes and standards generally provide
an adequate level of support for piping under seismic conditions. At CR-3, all
piping for the Appendix R sprinkler system is seismically supported.

Issue 2 - Fire Barrier Qualifications. This issue is concemed with determining and
quantifying the effectiveness of fire barriers to contain a fire. The NRC staff's main
concem seems to De with regard to the installation and maintenance of penetrations
through fire barriers that are protected by fire dampers, fire doors and fire-rated7

/ penetration seal assemblies. However, rated fire barriers should be accepted as beingVj
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;

effective if plants demonstrate their fire barriers and associated barrier components are
being adequately designed, inspected, tested and maintained. At CR-3, all fire barrier
penetrations are inspected every 18 months per procedure SP-407, " Fire Barrier
Penetration Seals."

The nuclear industry believes that properly designed and installed fire barriers are
adequate to contain the types of fires expected in nuclear power plants and that |

rigorous surveillance, testing, and maintenance of fire barrier components (i.e., fire !

doors, fire dampers and penetration seal assemblies) provide an acceptable basis for
demonstrating a high level of reliability of barrier effectiveness. Any potential instal-
lation problems with fire damper operations and fire penetration seal assemblies of
concern to the NRC should be considered compliance issues.

Item 11 of the Sandia Fire Risk Scoping Study Evaluation (Table 4.7-1) provides a
number of attributes of an acceptable fire barrier program. These attributes are
addressed below.

|

|

11. FIRE BARRIER QUALIFICATIONS I

Fire Barriers
I1. Fire barriers and components such as fire dampers, fire penetration seals, and fire

doors for fire barners considered in the FIVE Methodology are included in the plant
surveillance program.

The penetration fire barriers are a passive element in the facility fire protection
program and are subject to periodic inspection.

Fire Doors

2. A fire door inspection and maintenance program.

Safety-related area access fire doors and those fire doors in rated fire walls required
to assure safe shutdown are surveyed under SP-805A, "AnnualInspection of Plant
Fire Doors." Each of the fire doors listed in SP-805A is venfied to be functional by
an inspection on an annual basis. Also included in SP-805A are drawings showing
the location of each fire door. Inspection criteria included in SP-805A meets the
guidelines providedin NFPA 80,1983.

Penetration Seal Assemblies

3. A penetration sealinspection and surveillance program.

Verification of the physical condition of a penetration sealis needed in order to
ensure that the seal functions as an approved fire barrier. Fire banier penetration
seals separating plant fire areas orproviding separation to assure safe shutdown is -

achieved in the event of a fire are verified to be functional by a visual check of 10%
of the seals at least once per eighteen 18 months. SP-407, " Fire Barrier
Penetration Seals," addresses the requirements for the eighteen (18) month
surveillance inspection. SP-407 identifies physical conditions that are considered

|
unacceptable and, as such, would require a seal to be considered inoperable. .

O l
!
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-

;

; 4. Fire barrier penetration seals have been installed and maintained to address
concems such as those identified in NRC Information Notice No. 88-04. j;

Procedure MP-805, " Sealing - of Penetrations," addresses the installation and.

i documentation instructions for the vanous penetration seal assemblies. Also ,

; included in MP 805 are acceptance criteria andlimitations for the penetration seals |
as well as qualifications of the installers.

i Fire Damoers

) 5. An inspection and maintenance program for fire dampers.
J

Fire dampers are inspected annually in accordance with Procedure SP-607, " Fire 'j
Damper Inspection." 10% of the 6te damper inventory is selectively drop-tested (-

y each inspection cycle except for 6te dampers in the Cable Spreading Room which
am functionally tested (ETL activation and damper drop) at least once each ;

eighteen months in accordance with SP-501B, "Halon System Functional Check." |
'

SP-501B venties actuation of automatic fire dampers associated with the Halon . j
System. |.

! 6. Damper installations address concems such as those identified in NRC Information ' l
." Notice No. 89-52, " Potential Fire Damper Operational Problems," dated June 8,

1989 and NRC Information Notice No. 83-69, " improperly Installed Fire Dampers at
+ Nuclear Power Plants," dated October 21,1983.

I6ted m T o da pers wh ch di no t tests a eptance cn e a
were modi 6ed. IN 83-69 reported an incident which occurred at CR-3. The,p.& impropeny installed fire dampers were replaced and installed property.

4

i

i lasue 3 - Manual Fire Fighting Effectiveness. Item 111 of the Sandia Fire Risk Scoping
i Evaluation (Table 4.7-1) provides a number of attributes of an acceptable fire brigade -

training and preparedness program. A discussion of CR-3's fire brigade training
' - program and preparedness program and how it accomplishes these desired attributes
; is given below.
;

;

I
Ill. MANUAL FIREFIGHTING EFFECTIVENESS ||

|
Reportina Fires j

'
1. Appropriate plant personnel knowledgeable in the use of portable fire extinguishers.

. Plant personnel receive training on the use of portable fire extinguishers in fire
'~ bngade training, fire watch training, and/or genteral employee training, depending on
'

theirrole in responding to a Gre.
.

|O
.
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!

.

i
-

i ' 2. Portable extinguishers located throughout the plant. !

'Portable Hre extinguishers are located throughout the site area to provide . ,apient:

Bro Mghting capabilities. Fire extinguishers at CR-3 are any one of the following
types:

i

ABC Dry Chemical (includes portable hand and two portable wheeled 150-Ib ;*

extinguishers)

Purple K-2 portable wheeled 300-Ib extinguishers |
'

*

* Carbon Dioxide

Halon 1211*
-

4

'

3. A plant procedure for reporting fires in the plant. )

. EM-201, ' Duties of an Individual Who Discovers an Emergency" defines the actions
,

i to be taken by an individual who discovers a fire emergency. This procedure is
| teviewed as a part of General Employee Training. |
. :

j.. 4. A plant communication system that includes contact to the control room.

| The PAX plant-dedicated phone system can be used to report any emergency to
i the control room by dialing 311. Operators always cany radios. Regular phones
t ' are also available in the ot&ce spaces within the plant.

; Fire Bricade

1. A fire brigade made up of at least five trained people on each shift?i
; A
|. Q A Shift Fire Brigade team of at least five members is maintained onsite at CR-3 at
j. all times.

! 2. The brigade leader and at least two other brigade members on each brigade shift
| are knowledgeable in plant systems and operations?

| The brigade leader is normally the assistant nuclear shift supervisor or the chief
; nuclear operator. At least one of the other members is an operator, and one or
; more of the remainder of the members is knowledgeable in plant systems and

operations..

3. Each brigade member receives an annual review of physical condition to evaluate j

his ability to perform fire fighting activities. !.

, 4

Fire Brigade members are required to be physically fit and adequately trained |
before they may serve on the brigade. Physical exams are conducted annually.

4. Minimum equipment provided fp- the brigade includes the following:.

a. Personal protective equipment such as SCBA, tumout coats, boots, gloves
,

~

i and hard hats. |
2

: b, Emergency communications equipment.
e _

; c.- Portable lights.

I d. Portable ventilation equipment.

e. Portable extinguishers.

91
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|
Equipment is provided for Fire Brigade use in responding to fire emergencies. Fire

( ) brigade equipment is selected and maintained utilizing guidance included in NFPAt

"' 600-1986 (formedy NFPA 27) and OSHA Standards 29 CFR 1910 Subpart L. The
Senior Nuclear Fire Protection Specialist ensures that this equipment is readily
accessible to Fire Brigade members by determining the specific plant areas in which
equipment should be stored in order to support the Pre-Fire Plan strategies.
Lockers containing the appropriate equipment are located in these areas.
Equipment essential to the function of the Fire Brigade is not shared with other
organizations at CR-3.

Fire Brigade equipmentincludes:

Tumout Gear*

Respiratory Protection Equipment*

HiRise Packs*

Communications Equipment*

Foam Carts*

Fire Carts*

Wheeled Portable Fire Extinguishers*

Tumout Gear

Fire Brigade tumout gear meets the requirements of OSHA Title 29, Subpart L,

() Section 1910.155. Tumout gearis located in equipment lockers in the plant area
G and consists of, but is not limited to:

Helmet with attached shield*

Short boots |*

Coat with inside liner attached*

Bunkerpants with linerattached*

Gloves }*

Hood*

Tumout gearis available in sufficient quantity to support Fire Brigade response to a
fire. An inventory and inspection of the tumout gear is performed by SP-804,
" Surveillance of Plant Fire Brigade Equipment," to assure acceptable quantity and
condition of the tumout gear. SP-804 also identifies the location of the tumout gear
equipment lockers,

Personal Alert Safety System

Each member involved in rescue, fire suppression, or other hazardous duties is
provided with a Personal Alert Safety System device in the hazardous area per
NFPA 1500, Standard on Fire Department Occupational Safety and Health
Program

!

,/3
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Respiratory Protection Equipment
7

() Breathing apparatus used at CR-3 are Self-Contained Breathing Apparatus (SCBA)
positive pressure units as required by OSHA Title 29, Subpart L, Section 1910.156,
and B.T.P.9.5-1 Appendix A. There are at least ten SCBA units dedicated for Fire
Bdgade members to use in the event of a fire emergency. There are also a
minimum of eleven (11) full back-up cylinders. The Senior Nuclear Fire Protection
Specialist designates the appropriate location for t|'e ten (10) required SCBA units.
Specific locations are identified in SP-804, ' Surveillance of Plant Fire Brigade
Equipment." SCBAs with extru air cylinders are located on fire carts and brought to
the fire scene during the initial response. SCBAs and spare cylinders are filled from
an on-site air compressor / cascade system. Weekly inventory inspection of SCBAs
is required and performed by SP-804, " Surveillance of Plant Fire Brigade
Equipment." The SCBAs are functionally tested monthly. Maintenance, functional
test, and repair requirements and frequencies are controlled and performed by
procedure HPP502, "RespiratorInspection and Maintenance."

HiRise Packs

H! rise packs consist of a pack with at least 50 feet of fire hose with a nozzle packed
inside. One pack is designated for use in the event of a fire inside the Reactor
Building. Otherpacks, located on the fire carts, are available to provide extra hose
in the event an extension or replacement hose is necessary while fighting a fire.

Communications Equipment

,- Four portable radios dedicated for Fire Brigade use are located in the Fire Brigade

Q} equipment room orin the possession of Shift Fire Brigade Team Members during
theirshift. The radios are inventoried and checked forproper operation on a weekly

''

basis. This surveillance is performed in accordance with SP-804, " Surveillance of
Plant Fire Brigade Equipmunt."

AdditionalEquipment

Hose and selected fire fighting tools, including two deluge guns each capable of
delivering 2000 gpm, are located in hydrant houses throughout the protected area.
Also, fire carts, foam carts, and wheeled portable fire extinguishers are located
within the power block.

Fire Briaade Trainino

5. Brigade members receive an initial classroom instruction program consisting of the
following:

a. Review of the plant fire fighting plan and identification of each individual's
responsibilities. .

b. Identification of typical fire hazards and associated types of fires that may
occur in the plant.

c. Identification of the location of fire fighting equipment and familiarization with
the layout of the plant, including access and egress routes.

im

U
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d. The proper use of available fire fighting equipment and the correct method
of fighting each type of fire. The types of fires covered include fires in

- energized electrical equipment, fires in cables and cable trays and fires
involving flammable and combustible liquids and gases.

e. The proper use of communication, lighting, ventilation and emergency
breathing equipment.-

f. Fighting fires inside buildings and confined spaces.

g. Review of fire fighting strategies and procedures.

The minimum initial training requirements for a Fire Brigade Member are:

Completion of General Employee and Respirator Training.*

Thirty-two (32) hours of classroom instruction in 6te Mghting fundamentals.*

Twenty four (24) hours of Hands-On-Training.*

Participation in a plant Sie protection familiarization walk through and an initial*

6te drill.

Self-Contained Breathing Apparatus Training.*

Topics discussed in the Fire Brigade initial training program include, but are not
limited to:

* Fire Science and Behavior

O Fire Hose and Hose Handling*

Fundamentals of Fire Extinguishment*

Portable Extinguishers*

* Ventilation

Salvage and Overhaul*

Emergency Lighting*

* Search and Rescue

Fire Detection and Suppression Systems*

Hazardous Materials*

Pre-6te Planning*

Practice

6. Fire brigade members receive hands-on structural fire fighting training at least once
- per year to provide experience in actual fire extinguishment and the use of
emergency breathing apparatus.

Fire' brigade members receive hands-on structural 6te hghting training annually
using FPC's own ' bum" building.
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(j Drills

7. Fire brigade drills are performed in the plant so that each fire brigade shift can
practice as a team.

Each fire brigade shift is allowed to practice as a team during the drills.

8. Drills performed at regular intervals for each shift fire brigade.

Fire dnlis are held quarteny for each operating shift.

9. At least one unannounced fire drill for each shift fire brigade performed per year.

At least one drill peryear for each shift is unannounced.

10. At least one drill per year performed on the "back-shift."

At least one dnllperyearis performed on the 'back-shift."

11. Drills pre-planned to establish training objectives and critiqued to determine how
well the training objectives have been met? ;

Drills are pre-planned and cntiqued to establish that the training objectives have
been met. ,

l
Al-2205, ' Administration of CR-3 Fire Bngade Organization," establishes the fire dnll i

program at CR-3. Included in this procedure is a discussion of the purpose,
scheduling, type (announced versus unannounced), evaluation and documentation
of fire drills.

O
C) 12. At least once every three years, an unannounced drill is performed for and critiqued

by qualified individuals independent of the licensee's staff.

At three-year intervals, a dnII is reviewed by a qualified outside fire protection
consultant.

13. Pre-fire plans are developed for safety-related areas of the plant (as a minimum).

See response to 14.

14.The pre-fire plans are updated and used as part of the brigade training.

Pre-fire plans provide tactical and strategy guidelines and information for combating
fires in all areas of the CR-3 plant. The Pre-fire plans are stano alone documents
and are updated penodically as conditions warrant. The Pre-fire plans contain, but
may not be limited to the following subjects:

Identification of majorin-situ combustibles in each fire zone.*

Fire extinguishment best suited for the fires associated with the combustible*

loading in that zone and theirlocations.

Ventilation, access and command posts.*

Access and egress toutes involving locked doors*

Designation of plant systems that should % managed to reduce the damage*

potential dunng a local fire; location of local and remote controls for such
management

J
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Designation of vital heat-sensitive system components that should be kept cool*(
( while fighting a localfire

Critical equipment which are particularly hazardous combustible sources and*
:

should be kept cool

Identification of radiological and toxic hazards in fire zones*

Ventilation system operation that assures desired plant pressure distribution*

when the ventilation flow is modified for fire containment or smoke clearing
operations.

Administration of the pre-fire plans is directed by Site Nuclear Services as detailed \
in AMI-06, ' Preparation and Control of the CR-3 Pre-Fire Plans." \

15. Fire brigade equipment is maintained.

Each portable extinguisher is inspected monthly by SP-800, Monthly Fire j

Extinguisher Inspection, to determine that the extinguisher is available and |
operable. All portable extinguishers have an annual maintenance inspection per |
Florida State Rules and Standards to provide assurance that they will operate '

effectively and safely. This inspection, performed by SP-800A, Annual Fire
ExtinguisherInspection, includes a thorough examination and any necessary repair,

|

recharging, and/orreplacement. |

Records

16. Records are provided for each fire brigade member demonstrating the minimum

p, level of training and refresher training has been provided. .]
,O Training records are maintained to assure that each member received the proper

training.

Issue 4 - Total Environment Equipment Survival. The NRC staff has expressed
three major concems regarding this issue:

1. The potential for adverse effects on plant equipment caused by combustion
products released from the fire causing damage, and possible loss of safe i

shutdown functions. |
2. The spurious or inadvertent actuation of fire suppression systems resulting in the

'

loss of safe shutdown functions.
3. Operator effectiveness in performing manual safe shutdown actions and potential

misdirected suppression effects in smoke-filled environme,'ts.

With regard to item 1 above, there have not been enough studies performed with
respect to non-thermal fire effects on industrial plant equipment to adequately quantify
the potential problems and identify solutions each utility should consider for those
problems. The FIVE methodology does not currently allow for an evaluation of
non-thermal environmental effects of smoke on equipment. However, the detrimental
short-term effects of smoke on equipment are not believed to be significant.

O With regard to item 2, NRC staff is currently investigating this concem in Generic
V Safety issue (GSI) 57, " Effects of Fire Protection Systems Actuation on Safety-Related
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IEquipment." Industry investigation of 75 LERs cited in the Draft NUREG/CR-5432
prepared by Sandia National Laboratories as instances of inadvertent actuations found
only 13 involved damage to safety-related equipment. Of these 13 events, none
involved a situation where the redundant equipment was lost, much less loss of safe
shutdown capability. Furthermore, all of the automatic suppression systems in the ,

CR-3 fire zones which use water as the extinguishing agent are actuated by~ heat from |
the fire and will not spuriously actuate from smoke or combustion products.

!To assist the operator in the performance of safe shutdown manual actions should
he/she have to pass through or perform manual actions in plant areas where fire or j
smoke may be present, portable lights and SCBAs are readily available. j

CR-3 procedures AP-880, " Fire Protection," AP-990, " Shutdown from Outside Control i
Room," and OP-880, " Fire Service System" all provide guidance to the operator in the i

event of a fire. Given a fire in a particular location, these procedures will inform the J

operator of what safe shutdown equipment may be unavailable, what safe shutdown
equipment may require manual operation, and what safe shutdown equipment should
be unaffected.

Issue 5 - Control Systems Interactions. The intent of this issue is to verify the ability
to achieve safe shutdown from either the control room or remote shutdown panel
cannot be threatened by a single fire. The primary concem is for plants which do not
have independent " remote" control or monitoring circuits. The NRC staff would like to
verify that one fire would not disable control room control of these circuits because they
were split off from the control room feeder circuit and not run separately outside the
control room fire area. 1

At CR-3, the remote shutdown panel serves as the independent control station at which
the operators perform safe shutdown procedures given a fire in the control room. The
control and monitoring circuits that serve the remote shutdown panel are independent
from those of the control room. Activation of the remote shutdown panel isolates the
circuits from the control room, and transfers control to the remote shutdown panel.

Issue 6 - /mproved Analyt/ cal Codes. This issue involved questions regarding the ,

adequacy of available fire models for use in IPEEE analyses for fire extemal events.

After a number of discussions between nuclear industry representatives and the NRC |

Staff regarding this issue, the NRC agreed that the COMPBRN tile fire modeling
program as developed by UCLA and including modifications recommended by Sandia
National Laboratory is adequate for analytical fire modeling and requires no further
modification for application in IPE of extemal events..

The fire modeling techniques incorporated in Phase 11 of this FIVE methodology are
derived from the same basic correlations used in COMPBRN llte.

O
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Tcbla 4.7-1
Attribut23 cf Ad;qunta Fire Prot:ction Program from Sandia FRSS*

SANDIA FIRE RISK SCOPING STUDY EVALUATION

ATTRIBU'.5S OF ADEQUATE FIRE PROTECTION PROGRAM

,

l. SEISMIC / FIRE INTERACTIONS

Seismic / Fire Interactions

1. Seismically-induced Fires:;

As part of the seismic assessment walkdown, venfy that hydrogen or other flammable gas or liquid storage vessels in areas wth.

seismic safe shutdown or safety 4 elated equipment are not subject to leakage under seismic conditions in accordance wth the
requrements of EPRI NP 6041 and 'Genenc implementation Procedure' (GIP). Examples would be improperty-anchored hydrogen,

or oxygen bottles, hydrogen tanks used for pnmary coolant chemisty control, etc.,

2. Seismic Actuabon of F' e Suppression Systems:r

i As part of the seismic assessment, venfy that the desgn of water suppression systems considers the effects, if appropnate, of
j inadvertent suppression system actuabon and discharge on that equipment credted as part of the seismic safe shutdown path in a

margns assessment that was not previously reviewed relabve to the intamal flooding analysis or concems such as those discussed
,

in E Informabon notice 83-41.4

3. Seismic Degradation of Fre Suppression Systems

As part of the seismic assessment walkdown, vanfy fire suppression systems have been structurally installed in accordance wth
good industrial practice and reviewed for seismic considerations such that suppression system piping and components mil not fall
and damage safe shutdown path components nor is it likely that leaking or cascadng of ttm suppressant will result.*

II. FIRE BARRIER QUALIFICATIONS

D Fire Bamers i,

i |
1. Fire bemers and components such as fire dampers, fire penetrabon seals and fre doors for fire bamers considered in the FIVE :

Methodology are included in the plant surveillance program.

Fire Doors

2. A fire door inspecton and maintenance program.

; Penetration Seal Assemblies

; 3. A penetrabon seal inspecton and surveillance prograrn

4. Fire bamer penetration seals have been installed and maintained to address concerns such as those identfied in NRC Informabon

| Nobce No. 88 04.

F' e Damoersr

5. An inspecton and maintenance program for fire dampers

6. Damper installabons address concerns such as those identfied in NRC Informabon Nobce No. 89-52, "Potental Fire Damper
Operabonal Problems,' dated June 8,1989 and NRC Informabon Nobce No. 83-69, *1mproperty Installed Fire Dampers at Nuclear
Power Plants " dated October 21,1983.
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Tcbla 4.7-1 (c:nt.),

; Attributa cf Adrqunta Fira Prat:cticn Prcgrcm frem Sindin FRSS

o
' k./

SANDIA FIRE RISK SCOPING STUDY EVALUATION
f

5

ATTRIBUTES OF ADEQUATE FIRE PROTECTION PROGRAM

lil MANUAL FIREFIGHTING EFFECTIVENESS

Reporbna Fires

1. Appropriate plant personnel knowledgeable in the use of portable fire exbnguishers.

2. Portable extinguishers located throughout the plant.

3. A plant procedure for reporbng fres in the plant.

4. A plant communicabon system that includes contact to the control room.

Fire Bnade

i 1. A fire brigade made up of at least 5 trained people on each shift?

2. The bngade leader and at least two other brigade mwnbers on each bngade shift are knowledgeable in plant systems and
operations?

3. Each brigade member receives an annual review of physical condibon to evaluate his ability to perform fire fighbng activities.

4. Mirwnum equpnent provided for the bngade includes the folloung:

a. Personal protechve equpnent such as SCBA, tumout coats, boots, gloves and hard hats.

O b. Emergency communicabons equipmento
] c. Portable lights.
1

d. Portable venblation equpnent

e. Portable extnguishers.

Fire Bnoede Trainino
*

5. Brigade members receive an inibal classroom instruchon program consisbng of the folloung:

] a. Review of the plant fire fightng plan and identfication of each individual's responsibilities.

b. Identficabon of typical fire hazards and associated types of fires that may occur in the plant.

] c. Identficabon of the locabon of fire fighbng equpnent and familiarcation with the layout of the plant, including access and
egress routes.

d. The proper use of available fre fighbng equpnent and the correct method of fighbng each type of fire. The types of fires

covered should include fires in energized electrical equipment, fires in cables and cable trays and fires involving
flammable and combustible liquids and gases.

e. The proper use of communicabon, lightng, venblation and emergency breathing equpnent.

f. Fightng fres inside buildings and confined spaces.

j g. Review of fre fighbng strategies and procedures.
.

(

4

.
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Attributa cf Ad:quita Fira Prct:cti:n Program from Sandia FRSS |

|3

SANDIA FIRE RISK SCOPING STUDY EVALUATION

ATTRIBUTES OF ADEQUATE FIRE PROTECTION PROGRAM

Practice

6. Fra bngade members receive hands on structural fre fightng training at least once per year to provide expenence in actual fre
extnguishment and the use of emergency breathing apparatus.

E0!!!

7. Fire bngade drills are performed in the plant so that each fre bngade shift can practice as a team.

8. Dnlis performed at regular intervals for each shift fre brigade.

9. At least one unannounced fre dnll for each shift fre brigade performed per year.

10. At least one drill per year performed on a "back shift' for each shift fre brigade.

11, Drills pre-planned to establish training objectives and entiqued to determine how well the training objectives have been met?

12. At least once every three years, an unannounced drill is performed for and entiqued by qualifad individuals independent of the
licensee's staff. j

13. Pre-fra plans are developed for safety 4 elated areas of the plant (as a minimum). |

14. The pre-fre plans are updated and used as part of the bngade training.

O 15. Fire bngade equipment is maintained.
\

Records

16. Records are provided for each fre brigade rnember demonstrating the mintnum level of training and refresher training has been
provided.

;

IV. TOTAL ENVIRONMENT EQUIPMENT SURVIVAL

Potential Adverse Effects on Plant Eouipment by Combustion Products

1. The FIVE methodology does not currently provide for an evaluabon of non-ttermal environmental effects of smoke on equipment

(see Secton 4.2.2).

2. However, be aware of and sensitve to potental impact of smoke and products of combuston on human performance in safe
shutdown operations in applicaton of FIVE.

Sounous or inadvertent Fire Suporession Activation

1. Venfy that the design of fre suppression systems considers the effects, if appropnate, of inadvertent, suppression system actuaton |
and discharge on equipment credited for safe shutdown for concerns such as those discussed in NRC I&E Inforrnaton Notice 8341. I

Operator Action Effectiveness

1. There are safe shutdown procedures identfying the steps for planned shutdown when necessary in the event of a fre.

2. Operators receive training on these procedures. ,

!

|
|

I
! n

| b
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Tebla 4.7-1 (cent.)
Attributes of Adequate Fire Protection Program from Sandia FRSS

O .

i

SANDIA FIRE-RISK SCOPING STUDY EVALUATION
,

i

ATTRIBUTES OF ADEQUATE FIRE PROTECTION PROGRAM ,

,

!

Operator Action Effectiveness (Continuech {

3. If in performance of these procedures operators are expected to pass through or perform manual actions in areas that may contain -

fire or smoke, suitable SCBA equipment and other protective equipment are available for operators to perform their function. {
V. CONTRO8_ SYSTEMS INTERACTIONS

'
1. Safe shutdown crcuits are pnysically independent of, or can be isolated from, the control room for a fire in the control room fire area.

,

i

.

:
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5. Assessment of High Winds, External Flooding, and Other Hazards

U A systematic review was made of potential hazards associated with high winds, |
extemal flooding, and other sources (such as transportation accidents) that could '

conceivably affect the safety of Crystal River 3. For each of these general areas, a
comparison of the plant design and site characteristics to the criteria and guidance
summarized in NUREG-1407 (Reference 5-1) and NUREG/CR-5042 (Reference 5-2)
was made. In many cases, it was possible to screen out the hazards without more
detailed analysis. Where events could not be screened readily, a more detailed
assessment was performed.

5.1 High Winds

Crystal River 3 is located adjacent to the Florida coast of the Gulf of Mexico. Itis !
subject to potential hurricanes traveling inland from the Gulf or across Florida from the i
Atlantic Ocean. Tornadoes also occur with a relatively high frequency in the area.
Tomadoes tend to produce higher wind loadings than do hurricanes, and are therefore l
more limiting with respect to the design of the structures housing equipment important !
to safety.

With the exceptions primarily of the offsite power supply to the plant (the switchyard
and lines feeding it) and the power conversion system, for which most components are
located in the turbine building, all of the systems credited in the IPE with respect to
preventing core damage are located in category I structures. With two exceptions, theph category I structures are designed to the following criteria (Reference 5-3):

A tangential wind velocity of 300 mph;.

An extemal pressure drop of 3 psig;.

Missiles equivalent to the following:.

A utility pole 35 ft long,14 inches in diameter, weighing 50 lb/ft*, and i
-

traveling at 150 mph

A one-ton automobile traveling at 150 mph-

- A 4-inch by 12-inch by 12-ft long wooden plank traveling end-on at 300
mph

A 10-ft section of 3-inch schedule 40 pipe, traveling at 100 mph.-

The two exceptions are the roof of the auxiliary building and the emergency feedwater
(EFW) tank enclosure. The auxiliary building roof has a steel support structure that is
designed to withstand seismic loads, but that is not designed to serve as a barrier
against tomado missiles. The EFW tank enclosure was the result of a modification
made well after the original plant design, and it meets current design criteria. This
includes the capacity to withstand a maximum wind speed of 360 mph and a somewhat
different missile spectrum.
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Because of the use of older design criteria for some of the critical structures, the
!

's,

potential for failure due to high winds cannot be screened out without further
evaluation. To investigate the potential for vulnerabilities further, bounding quantitative,

analyses were performed for wind hazards.

5.1.1 Tornado Winds.

4
.

A boundir)g quantitative evaluation was made of the potential for damage due to
tomado winds to threaten core cooling. This evaluation consisted of the following

'

steps:

1. Estimating the hazard from available historical data,

2. Characterizing the fragility of important plant structures and systems, and
i

3. Combining the hazard and fragility to estimate the frequency of damage to '

the important plant structures.
;

!

l

The results from step 3 do not necessarily imply a frequency of core damage. If the !
frequency is acceptably low, however, no further effort is needed to conclude that there |

1 are no severe-accident vulnerabilities that need to be considered with regard to tomado j
winds.-

%) ''

Tornado Wind Hazard
i

The approach used to characterize the tomado wind hazard is consistent with that
outlined in NUREG/CR-3058 (Reference 5-4). A raw data base of tomado occurrences 1

in Florida was obtained from the Storm Prediction Center for the yearL1950 through |
1995 (Reference 5-5). This data base was used to develop a frequency-intensity ,

relationship for tomadoes. |

The occurrences in this data base were first sorted by county so that occurrences in
,

! west central Florida (the region in which Crystal River 3 is located) could be identified.
! The data set was then sorted to identify the number of occurrences in each F-scale
; category. These intensity categories and the number of occurrences in each over the
'

46-year experience base are as follows:
,

i

|

4

4
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' 9 F-Scalej LWind. Speeds (mph)) s; Occurrences e

FO 40- 72 381

F1 73 - 112 215

F2 113-157 80

F3 158-206 5
'

F4 207-260 3

F5 261 - 318 0'

,

Unknown - 34

Total reported - 718
(1950-1995)

It is desirable to adjust the numbers of tomadoes in this data base to account for
tomadoes that may have gone unreported for a variety of reasons. Figure 5 of

; NUREG/CR-3058 indicates the estimated number of unreported tomadoes in each 1* x
'

1* square in the lower 48 states for the 30-year period 1950 through 1979 (Reference

(V 54). For the squares corresponding roughly to the counties of west central Florida'
4

included in the data base, there was a total of 129 unreported tomadoes. Reporting of
tomadoes has generally improved over more recent years, due both to substantially
increased population density in the region and to more careful tracking of storms. To,

help ensure that the tomado frequency is not underestimated, however, this value was
extrapolated over the full period of 1950 through 1995, for an. effective number of
unreported tomadoes of 198.

_

.
_

The additional 232 tomadoes (34 for which no F-scale was indicated in the data base,,

plus an estimated 198 unreported tomadoes) were then distributed among the F-scale
categories. To do this, the cumulative number of reported tomadoes exceeding the

,

lower wind-speed value in each F-scale category was subjected to a regression
.\analysis. The regression analysis yielded the following relationship for number of

tomadoes, N, exceeding wind speed v:

N = 3213 * 10" (basic data set)

This equation was used to determine the fraction of expected tomadoes in each
intensity category, including category F5 (for which no tomadoes were specifically
reported). The 232 additional tomadoes were then distributed among the categories
according to these fractions. A second regression analysis was then made of the
resulting effective number of tomadoes. The regression based on the adjusted data

p obtained the following relationship between tomado occurrences and wind speed:

h
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N = 6740 * 10 """ (adjusted data set)#
,,

-

The number of reported tomadoes, the adjusted number taking into account unreported,

tomadoes and those for which F-scale was not reported, and the results of the second <

set of regression analyses are illustrated in Figure 5-1. Note that tomadoes in excess'

; of intensity F5 are deemed to be incredible (Reference E-6).
1

As a sensitivity, the regression analysis was also made by separating the data into two
wind-speed regimes (consistent with the approach used in NUREG/CR-3058). This
effectively reflected a knee in the distribution. This analysis appeared to provide a
somewhat better fit to the adjusted data set. The projected number of tomadoes at

; higher wind speeds, however, was smaller than that obtained using the single
regression above. Because there was very limited data for high intensity tomadoes, it
was decided to use the results of the single regression analysis that produced more
conservative results.

1 The curve in Figure 5-1 can be used to estimate the occurrence rates of tomadoes as a
function of intensity in the area covered by the data set (i.e., in west central Florida).

! To determine the hazard presented to Crystal River 3, it is necessary to calculate the
'

ratio of the path area for tomadoes to the total area covered by the data set (i.e., using
the point strike model).

1E+4~;

+ Cumulative Reported Tornadoes

| 1E+3 g a Cumulatwe Adjusted Tornadoes

.E Regression on Adjusted
. Occurrences

.-

o

f1E+1 ,,

! '
c

y1E+0-
o

E 1 E-1 8

z

j 1E-2
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Figure 5-1. Occurrence-intensity Relationship for Tornadoes
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Although an average path area is sometimes used for tomadoes of any intensity
/~~
O]' (Reference 5-7), the data indicate that path area is correlated with tomado intensity.

Because path lengths and widths were not reported for a substantial portion of the data
set, the evaluation of path area was expanded to include all tomadoes that occurred in

i

Florida over the 46-year period. A summary of the data on path lengths is provided
below,

s _ ._
%ngkNMaximum1 iMedidWiO} } Average Pathi i

< [F-Scalen 3 Wind Speeds (mph)! |[ Speed (mph)? TArea (mi')}
~

FO 40- 72 56 0.0133

F1 73-112 92.5 0.075

F2 113-157 135 0.353

F3 158-206 182 0.853

F4 207-260 233.5 7.66

F5 261 - 318 289.5 55.0* |

*There were no tornadoes of intensity FS reported in the data base. This value is from
NUREG/CR-3058, for a different region of the country.

/O
V

As noted above, there were no tomadoes of intensity F5 reported for this period in
Florida. The average path area for intensity FS was taken from an assessment for a
different region of the country in NUREG/CR-3058. Because the average areas for F4

2tomadoes are similar (7.66 m for the Florida tomadoes vs. 6.56 mi* from the
NUREG/CR-3058 assessment), this would seem to be a reasonable approximation.

Based on this data set, a regression analysis was also performed to establish a
relationship between tomado path area and intensity. The average path areas were
assumed to represent observations at the median wind speed in each intensity
category. The regression analysis of this data produced the following relationship:

Apam = 0.00245 * 10* *'

| The total area for the counties comprising west central Florida was calculated to be
211,789 mi . The frequency of a strike at any point can therefore be calculated as

follows:

,

|
'
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'

|

Apath(V) N(v)
}* *

A,g T.

| where F(v) = frequency of exceeding windspeed v

N(v) = expected number of tomadoes exceeding windspeed v

7 = length of observation period for data (46 years)
l

!

The data for path area and tomado occurrences were combined using the expression
above to develop the hazard curve for tomado winds that can be used for the Crystal

|- River site. This curve is shown in Figure 5-2. Note that the curve is relatively flat over
'

the range of wind speeds considered (i.e., the frequency of tomado strike for wind
speeds in excess of 50 mph is less than 5 times that for wind speeds exceeding 300
mph). This is because of the competing effects of decreasing exceedance frequency
and increasing path area as a function of wind speed.

. 1

Effects of Tornado Winds

A bounding assessment of the fragility of the plant to tomado winds was performed.
The safety-related systems relied upon to preserve core cooling are located within
category I structures designed for a wind speed of 300 mph (or greater). Other

_ systems that were also credited in the IPE are located in structures that are designed to i
lower standards than are the category I structures. Offsite power would also be '

affected at a lower wind speed. These considerations were taken into account by
making two sets of calculations:

The conditional probability of core damage was calculated for a case in.
,

which offsite power was lost, with no recovery of offsite power assumed
within 24 hr. This probability was combined with the total frequency of
tomadoes of intensity F1 or greater (i.e., wind speed in excess of 73 mph).

The conditional probability of core damage was assumed to be unity for |.

tornadoes of sufficient intensity to exceed the capacity of the category I '

structures.

I a
!

| 109



._ ._~ _ _ _ _ . . _ __ _ __ _ _ _ . _ _ _ _ . .m_. . . _ _ . _ .. _

| I

I
;

;

3.0E-5

'Q. '

j 2.5E-5
]

| $
| t 1

2.0E-5 -
t u

5
,

h$1.5E-5-
si -
o

i 1 -

h 1.0E-5 -
w

. 15
>

h 5.0E-6 -
.

[
u.

0.0E+0

0 50 100 150 200 250 300 350

Wind Speed (mph) *

g Figure 5-2. Hazard Curve for Tornado Strike Frequency

(")
,

|
For the first of these cases, the integrated core-damage model from the IPE was
evaluated to obtain the conditional probability of core damage. This was estimated to
be 1.4x10'*. The exceedance frequency for site strikes corresponding to F1 tornadoes

.

is 2.1x10'"/yr. The bounding core-damage frequency for this case is_ therefore as
follows:

, I
l

i

i

CDF; = F(v 2 F1)* CCDP,
)

! = (2. Ir10 /yr)(0.0014) )
4

!

| = 2.9x10" /yr I

For the second case, it was necessary to develop a characterization of the fragility of
category I structures to tornado winds. The characterization suggested by the PRA

| Procedures Guide (Reference 5-8) was adapted for this purpose. The mean fragility as
a function of tornado intensity was estimated using the following expression:

19v

110

1,.

,



. .

/=@

where $ = standard Gaussian cumulative distribution

c = median windspeed capacity of structure

Ou = composite logarithmic standard deviation of
randordness

.

The PRA Procedures Guide suggests estimating the median capacity as 1.5 times the
design wind speed, and suggests a value for A, of 0.25. Incorporating these
parameters, together with the design value of 300 mph, into the expression above
yielded the relationship below for the probability of failure as a function of wind speed.
The corresponding fragility curve is shown in Figure 5-3.
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Figure 5-3. Fragility of Category I Structures for Wind Loadings |
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The hazard for exceedance frequency of a tomado strike (Figure 5-2) was then
integrated with the fragility to produce an estimate of the overall frequency of damage

V- 4sustained to category I structures at the site. This was estimated to be 6.3 x 10 /yr.
The total frequency estimated for core damage resulting from tomado winds is
therefore as summarized below. The analysis appears to confirm that tomado winds
do not pose a significant hazard to Crystal River 3.

4Tomado-induced sustained loss of offsite power, with 2.9x10 /yr
failure of core cooling
Core damage due to tornado-induced failure of 6.3x10* lyr
category I structures
To'tal core-damage frequency due to tomado winds 9.2x10'' /yr

Tornado Missiles

in addition to the potential for damage to occur as a direct result of the wind pressures
created by tomadoes, there is the possibility that a tomado may entrain items that could
become missiles that might strike the plant.

As discussed above, all of the safety-related systems are located in category i
O structures that are designed to withstand a spectrum of tomado missiles comparable toO that required by current design standards. Included in this level of protection are the

borated water storage tank (BWST) and the tank supplying suction to the EFW system.
The only exception to this design basis is the roof system for the auxiliary building,
which is not designed for tomado missiles. This does not present a significant potential
to pose a vulnerability to severe accidents for several reasons:

The roof constitutes a relatively small exposure area, and would be.

susceptible only to missiles with a significant downward velocity component.

The auxiliary building, along with the other category I structures (except for.

the intake structure), is located on top of a berm approximately 20 ft above
the normal site grade. This tends to limit the number of missiles that could

.*attain sufficient altitude to threaten the roof of the auxiliary building.

Even substantial damage to the auxiliary bui! ding would not ensure core.

damage. For example, the EFW pumps are located in the intermediate
building, and their suction supply is in a separate, protected structure, so
that at least one means of core cooling should remain available.

Tomado missiles have only rarely been found to pose a significant threat to.

nuclear power plants. On these occasions, there have been significant
systems that are vulnerable to potential damage from missiles.

Therefore, it is judged that tomado missiles do not pose a significant vulnerability for

]n Crystal River 3.
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5.1.2 Non-Tornado Winds
/~~'g
t ,

v' As noted above, tomado winds present the most significant threat of damage to
category I structures. It is necessary, however, to consider the potential for less severe
but more frequent occurrences of straight winds to cause damage. There is a,

negligible chance that straight winds could damage category I structures directly. It
. was noted, however, that there is a tall stack for the adjacent fossil-fired Unit 1. If the i

! stack were to fall in the proper direction, it is conceivable that it could damage a portion
of Crystal River 3.,

An earlier assessment was made of the potential for the stack to affect core cooling for ;
Crystal River 3 as a consequence of a hurricane (Reference 5-9). In that assessment,
it was concluded that, among category I structures, only the enclosure for the EFW
storage tank was both within range of the stack and potentially vulnerable to damage.
This assessment made several conservative assumptions, including that the stack

; remained intact as it was falling (it would be much more likely that, as the stack fell out
of plumb, it would collapse on itself).

:

For the IPEEE, this assessment was expanded to consider all non-tomado winds, not,

just those that resulted from a hurricane (although hurricanes would generally produce;

the most severe straight winds). The steps in the assessment were similar in nature to
those performed for tomado winds:-

Historical data were collected and evaluated to generate a characterization.

of the hazard associated with straight winds;O
V The potential for damage to result from the high winds (i.e., the fragility) was.

1

i evaluated probabilistically; and |
>

The hazard and fragility were combined to obtain a bounding estimate of the'
.

frequency of core damage.-

The wind hazard was assessed by assembling data for the period 1955-through 1995.
,

This data set was available electronically from the Storm Prediction Center of the i

National Weather Service (Reference 5-10). This data set included the foi;owing types )
of information for each reported occurrence of winds greater than 50 knots (about 58 '4

mph):

Date and time of occurrence.

Sequential number of the occurrence.

State and county in which the high wind occurred (the data set was for the.

entire U.S.);

Latitude and longitude at which the occurrence was observed: .

National Weather Service office reporting the occurrence.

Number of fatalities and injuries and classificauon of cost of damage-
.

Magnitude of the wind (in knots).

;
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The data sets (data for each year were generally contained in a separate data file)
Q were each sorted by latitude and longitude. To obtain an estimate of the hazard most
U directly relevant to the Crystal River site, events occurring in ten 1* x 1* squares in

|
West Central Florida were extracted. There were a total of 1936 observed occurrences i

of winds in excess of 50 knots in these squares over the 41 years for which data were
available. It was assumed that high wind anywhere within the square in which Crystal '

River 3 is located would also be experienced at the plant. The total frequency of winds 1
in excess of 50 knots at Crystal River was therefore taken to be as follows: '

t

'l936 occurrences 'lsquarefor CR3
- Ftotal = = 4.72 occurrences / yr >

41 years ,g 10 squares total, |(
.

i

It remains to distribute this occurrence rate with respect to the exceedance frequency
, for the spectrum of winds that are of concern. Wind speeds were reported for 536 of
!

the events, allowing a reasonable distribution of the speeds to be made. The highest
! recorded wind speed in the area, however, was 113 mph. Therefore, a regression

analysis was conducted on this data to provide a means for extrapolating beyond this
wind speed. The results (which are represented by the expression that follows) and the

| frequencies based directly on historical data are presented in Figure 5-4.

F(v,,,) = 2226* 10*N*

O
1.E+ 1 i

i

1.E+0 - e Data Set
Exponential Fit

7

p1.E-1 _ _

: s.> x
{1.E-2 'e s

8 'N
~

1.E-3

1.E-4
= N

\

\xo 1.E-5 -
I a

\| 1.E-6

1.E-7

| 50 70 90 110 130 150 170 190

| Wind Speed (mph)

Figure 5-4. Hazard Curve for High Wind Occurrence
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.

P

. The stack is designed for a nominal wind speed of 100 mph. Because the plant is on a
coastal site, applicable standards require a further factor of safety of 1.11, so that the

V design wind speed for the stack is actually 111 mph. A fragility formulation similar to
that applied for the category I structures under tomado loadings was used for the stack.
For the category I structures, the median wind-speed capacity was estimated by
multiplying the design wind speed by a factor of safety of 1.5. Because the stack was
not designed to the same criteria as safety related nuclear structures, it was not clear
that use of this overall factor of safety of 1.5 would be appropriate. To account for this, ,

the median capacity for the stack was estimated as 1.5 times the nominal design speed
of 100 mph, rather than the actual design wind speed of 111 mph. This yields a j
median capacity of 150 mph, rather than 167 mph, as would otherwise be obtained.

;

The corresponding fragility curve is shown in Figure 5-5, and can be expressed as '

follows:
'

;

~1n(v/150)'f,ma=@
.
'
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Figure 5-5. Fragility for Unit 1 Stack Under Wind Loadings

The total frequency of failure of the stack was calculated by combining the hazard
curve in Figure 5-4 with the fragility curve in Figure 5-5. The result was an estimated
failure rate of the stack due to high winds of 8.1 x 10" per year.

Ov
|
|
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Figure 5-6 depicts the relationship between the Unit 1 stack and important structures ,

lthat could conceivably be struck by it if it were to be blown down by high winds. The
category I structures should actually be capable of withstanding impact from the stack if/

it were to fall. As noted above, in the previous assessment, it was assumed that only ;
4

the enclosure for the EFW tank had a reasonable chance of being damaged by the
,

falling stack. Although the enclosure should have capacities similar to the other !
category I structures conceivably within range of the falling stack (including especially
the intermediate building), it is the category I structure nearest the stack. If the tank
were damaged as a result of being struck by the stack at the same time that offsite
power was lost (as might well be the case for these high wind conditions), all feedwater

]could be lost. It is somewhat less likely that the intermediate building would be struck (
by the stack, and also less likely that, given damage to the intermediate building, a
single safety function would be completely lost. Therefore, it is assumed for purposes

i
of this assessment as well that it is the EFW tank enclosure that is of primary concern. |

No information on direction was provided in the data base on wind occurrences. I2

'

Although winds in the vicinity have been observed to originate from all points of the
i compass, they occur with greatest frequency in a generally southwest-to-northeast )
j pattern. The enclosure for the EFW tank is located almost directly due east from the j

stack. Based on the dimensions and relative locations of the stack and the EFW tank
enclosure, the probability that the stack would strike the enclosure if it had an equal
chance of falling in any direction would be 0.02 (Reference 5-9). Since the winds
preferentially blow in a direction more or less toward the tank enclosure, this probability
was adjusted upward. The adjustment was made by assuming that the stack could fall,

i p anywhere in a 90* are that included the EFW tank enclosure, rather than randomly in a

Q full 360* circle. This produced a conditional probability that the stack could strike the
enclosure of 0.08.

.

Given that the stack fell and struck the EFW tank enclosure, it is by no means certain
that the enclosure would be significantly damaged, or that the tank itself would be

,

damaged sufficiently that it could not serve as a source of suction for the EFW pumps.
,

As noted at the beginning of this section, the enclosure is designed to withstand a '

spectrum of tomado missiles. Therefore, the conditional probability of damage to the
enclosure sufficient to affect the availability of the EFW tank was taken to be 0.1.

Thus, the frequency of an event involving loss of the EFW tank enclosure due to
wind-induced toppling of the Unit 1 stack was estimated to be as follows:

1

Funn F.ac * P.ncio.o,. .,oca * Panu.a.o=

(8.1x10")(0.08)(0.1) = 6 5x10 /yr4=

i

The conditional probability of core damage was calculated assuming the following:
,

Failure of the EFW tank due to the stack impact would result in a total loss 1.

of EFW. No credit was given to transferring suction from the EFW tank to
p the condensate storage tank.

b
|
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Offsite power would be lost and could not be restored within 24 hours. No.7'
credit was given to the use of main feedwater or other systems that would
rely on offsite power or for which important components are located in the

-

turbine building.

The probability of core damage based on these conditions was calculated using the
models developed for the IPE. The result was an estimated conditional probability of

42.5x10 . The frequency of core damage due to stack failure under high wind
conditions was therefore calculated to be the following:

" 4 4CDFnio .ine = (6.5x10 /yr)(2.5x10 )n

41.6x10 /yr=

Therefore, straight winds do not represent a significant hazard or the potential for a
vulnerability at Crystal River 3 as well.

O
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n 5.2. External Flooding
i !

Crystal River 3 is located on the Gulf Coast of Florida, between the mouths of the
,

Withlacoochee and Crystal Rivers. Cooling water for the plant is supplied from the Gulf
via an inteke canal, with discharge back through a separate canal. The site is located
in an area that rises gradually and relatively consistently from the Gulf to gently rolling ,

hills about 16 miles to the east. The terrain affords adequate drainage to the Gulf to )
accommodate runoff from precipitation and the potential for river flooding.
Furthermore, plant buildings are located on a berm that is elevated approximately 20 ft
above the local grade.

|

Roof drain systems are designed for precipitation rates up to 6 inches per hr
(Reference 5-11). Precipitation rates greater than this level will cause overflowing of
the eaves, but the building roofs are designed to handle the resulting load (a depth of 3

|

inches on the roof).
'

The potential for the most severe flooding at the site is due to the effects of hurricanes.
Hurricanes can produce abnormally high tides due to winds blowing onshore. This
effect, coupled with run-up of waves produced by the hurricane and sustained
precipitation before the full effect of the winds is realized, produces the flooding level
that establishes the design basis for Crystal River 3. The plant design basis includes |

full protection for all components needed to function to achieve a safe shutdown for the
tides and wave action produced by hurricanes of any intensity up to and including the
probable maximum hurricane (PMH).

!

V Unlike tomadoes, which sometimes develop from severe storms with relatively limited
waming time, hurricanes are generally tracked from their inception, and achieve landfall
with substantial waming time. This affords time to place the plant in a safe condition, if
necessary, before the full effects of the storm are realized. At Crystal River 3, |
operation of the plant is continued until such time as the tidal surge reaches 10 ft above
mean low water (MLW) to e!evation 98 ft (the local grade below the berm surrounding
the plant buildings. At that point, an orderly shutdown of the plant would be initiated.
At that time, there remains the 20-ft margin afforded by the berm.

i

The plant design was generally completed prior to the issuance of the 1975 Standard
Review Plan (Reference 5-12), but the evaluation of the PMH is consistent with or more
restrictive than that which would be required to meet current criteria as specified in
Section 2.4.5 Probable Maximum Surge and Seiche Flooding of the Standard Review
Plan. With regard to defining the design basis flood for a site, the Standard Review
Plan specifies the use of Regulatory Guide 1.59 (Reference 5-13). This, in tum, refers
to ANSI Standard N170-1976, which has been superseded by ANSI /ANS 2.82-1992
(Reference 5-14). In fact, it appears that the current standard (ANSI /ANS 2.82-1992)
drew heavily from the assessments for Crystal River in establishing criteria for
considering hurricane-induced flooding. Comparing the requirements of the current
standard to the evaluations actually performed to define the effects of the PMH yields
the following insights:

The hurricane winds capab!e of producing the maximum surge are defined.

(V) by a variety of parameters, including radius, pressures at the center and
periphery of the storm, its forward translational speed, and its maximum
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,

|

|
,

wind speed. The standard indicates the need to consider different sets of !| m

V) these parameters, because the higher wind speeds of relatively short i
I'

duration may produce more limited flooding than would lower wind speeds |
that would typically be sustained for a longer period of time. Several sets of !

; parameters were used to estimate the surge tide level and the wave run-up
| at the site. The set of parameters that produced the maximum wave run-up

were used in establishing the design basis for the plant. These parameters
|

| included the results of work performed by the U.S. Army's Coastal |

Engineering Research Center (CERC), which served as a consultant to the
Atomic Energy Commission (AEC). The parameters were derived from the
U.S. Weather Bureau's reports HUR 7-97 and 7-97A, which continue to be ;
cited as references for the analysis of PMH in the standard. The specific |
rarameters suggested by the AEC are contained in a report (Reference 1

5-15) that is also cited as a reference in ANSI /ANS 2.82-1992. )
It is necessary to define an initial tide level upon which to superimpose the |.

!hurricane surge. The standard currently calls for using the 10% exceedance
high tide for this purpose. Table 2 of ANS 2.82-1992 infers that this level
would be between 2 and 3 ft above MLW for the Crystal River site. In the j

analysis for Crystal River 3, it was assumed that the hurricane occurred at j
the time of high spring tide of 4.3 ft above MLW, so that the value used is !

more conservative than would currently be required.

The calculation of surge and wave run-up heights requires modeling the.

impact of the terrain between the plant buildings and the Gulf. Variousr

I T analytical methods are acceptable for this portion of the analysis. In the
initial assessment for Crystal River, a combination of analytical and ;

experimental models and data were used to estimate the maximum wave i

height at the site. The AEC suggested somewhat different parameters for |
this calculation, which produced a higher maximum height. The design |

basis reflects the higher level reflected in the AEC calculations.

The calculations indicated that the maximum surge height was estimated to be 121.4 ft ,

MLW. Taking into account wave run-up, the flood height could reach 127 ft. I

Therefore, measures were taken to protect the plant buildings up to a level of 129 ft
MLW. These provisions include the addition of watertight doors that can be used when
needed, permanent barriers in some locations, sealing some penetrations, and raising
the vent lines for the diesel generator fuel tanks. Some of the doors are permanently
installed and need only be closed prior to arrival of the maximum surge. Others must
be mounted when needed. Because of the long warning period available, there is
ample time to take these actions. A review of potential pat'tways into the plant was
also made. For example, high level in the intake canal simultaneous with maintenance
requiring opening of the main condenser could conceivably lead to flooding in the
turbine building. The plant has taken special measures, however, to ensure that the
condenser is properly isolated in the event that high levels are anticipated.

Appendix B of ANSI /ANS 2.82-1992 provides a calculation of the probabilities of the
combined effects for various sources of flooding, including hurricane-induced surges.
The appendix estimates inat the annual occurrence frequency of the PMH coincidentj {o,

) with the 10% exceedance high tide is orders of magnitude below an acceptance
,
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;

;

4criterion of 10 per year. Thus, there are no vulnerabilities at Crystal River 3 due to
flooding associated with the PMH.

.

5.3 Lightning ;

'

The Crystal River site is located in an area in which thunderstorms are relatively
j frequent. Lightning strikes in the switchyard have, in the past, caused partial losses of

,

offsite power to the plant. The configuration of the loads from the switchyard has been |
'

modified so that separate startup transformers supply offsite power to each of the two i

engineered safeguards (ES) buses in the event that normal auxiliary power from the ;

plant generator is not available. This measure will generally prevent a lightning strike
from causing a loss of offsite power to both ES buses. The current assessment in the ;.

IPE adequately accounts for the potential for lightning-induced losses of offsite power.
'

i
'

Lightning strikes have not been the cause of other problems, such as disruptions within
the onsite power distribution system or the generation of spurious control signals. A i

detailed engineering review of the adequacy of provisions for surge protection in the
event of a lightning strike is currently underway (Reference 5-16). Any problems that ;

are uncovered as a result of this review will be addressed as necessary. The plant I

experience, coupled with this review, provide adequate assurance that there will be no
vulnerabilities to lightning strikes.

5.4 Transportation and Other Facilities

A review was made of other sources of external hazards, including the potential for
impact on the plant site of a variety of accidents relating to transportation and to other i

facilities near the site. The nature of the hazard posed by each of these sources is
discussed below. None of the hazards was determined to require more detailed ;

analysis.
.

I
Marine Traffic ]

i

There are no major shipping lanes in the Gulf of Mexico near the plant site, and the
plant is located far enough inland to preclude damage from ship or barge impact,
explosions, or releases of toxic gases. The FSAR noted the potential for future
modification of the Intercoastal Waterway and its connection to the Cross-Florida Barge
Canal relatively near the plant site. Only a small portion of the Cross-Florida Barge
Canal has been constructed, and its use is extremely limited. There are no current
plans for completing the Cross-Florida Barge Canal or making it a part of the 1

intercoastal Waterway. The Intercoastal Waterway retains its original form I

approximately ten miles offshore from the plant site and has minimal marine traffic of
significant size.

I
;

O
.
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Aircraft impact
;

i.v) t

The report NUREG/CR-5042 summarizes acceptance criteria that, if met, are judged to
produce a site with a negligible frequency of accidents due to aircraft impact. These
criteria relate to proximity of the plant site to airports, military training routes, and
federal airways.- :

The closest commercial airport is more than 50 miles from the plant site. This is far |
enough that proximity to the airport is not an issue. There is a small airport servicing I

general aviation about 8 miles from the site. Although detailed records of aircraft
activity are not available, the relevant criterion from NUREG/CR-5042 is that the annual |

2number of operations be less than 500D , where D is the plant-to-airport distance. With !

a value for D of 8 miles, this would set a criterion of 32,000 operations per year. This is |

far in excess of the level of activity judged to apply to the airport. Moreover, the
damage that could be caused by the impact of a small aircraft is limited. Therefore, this
source of hazard can be neglected.

There are no military facilities near the plant site. The nearest military training route is 6 I

miles from the site. Therefore, the acceptance criterion of 5 miles is met.

The centerline of the nearest Federal airway (designated V7-521) is about 3 miles from !
the site. Since the airway encompasses a width of 4 miles on either side of the !

centerline, the plant site falls within the edge of the boundary. j

-( The hazard, in terms of the overall frequency of a crash at the plant site, can be ,

t
. expressed by the following expression (Reference 5-2): ,

t
'

P = C* N +
, >r

a ,

JY>
|
'

where C = inflight crash rato per mile for aircraft using airway
N = number of flights per year along the airway
A = effective area of plr s n square miles, and
W = width of airway in n b ;

An average value of 7.7x10* fatal accidents per year per aircraft mile was reported in i

Table 6.A.2.2 of NUREG/CR-5042 (Reference 5-2). This represents the aircraft !
accident frequency over the period 1978 through 1984, but it reflects the total rate of

i

accidents involving fatalities, including those that occurred during ground operations '

takeoffs, and landings, rather J1an being limited to crashes of aircraft in flight. This was
confirmed by reviewing data contained in a recent report (Reference 5-17). Because
the relevant rate of accidents for high altitude operation far from airports was not readily
available, a bounding crash rate was taken to be 10% of the value from
NUREG/CR-5042. This value (that is,7.7x10" /yr/ mile) was used to infer a value for C
in the equation above. The number of flights using airway V7-521 is approximately 100
per day, or 36,500 per year (Reference 5-18). It should be noted that the plant is

(gj located near one edge of the airway. Pilots attempt to stay close to the centerline, and
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would usually be warned by air traffic controlif they strayed as close as one mile from
(,.,) the edge of the airway. Thus, assuming a uniform density for air traffic across the |

,

airway would tend to be conservative. On the other hand, a flight that was in imminentv

danger of crashing might not necessarily be under sufficient control to be assured of
being centered in the airway.

Assessment of the plant area entails both considering the area of important plant
buildings, as well as estimating a shadow exposure from the descending aircraft. The i

category I buildings (with the exception of the intake structure, which itself presents a )
small target) taken together form a rough square of less than 500 ft on a side.
Because the buildings are located on a berm about 20 ft above local grade, and
because of the generally marsh-like nature of the nearby terrain, impact from
substantial portions of a skidding aircraft would not be likely unless the aircraft struck
the ground very near the site. Direct impact on the plant buildings as the aircraft
approached the ground would also be of concem. Therefore, a shadow length of 0.5

2miles is assumed to apply, for an effective target area of approximately 0.05 m . The
frequency of an aircraft crash that could impact important plant buildings can therefore
be estimated as follows:

# 230.05m/Pa = (7.7xl0*crashesIaircraft-mile)(36,500flightsIyr)
,8miy , !

4=1.8r10 /yr
(3
()

Thus, the hazard posed by aircraft is very small for Crystal River 3.

1

Railway Accidents I

i

The nearest railway line is approximately 9 miles from the site, so that accidents !
involving passing trains need not be considered. The site is served by a spur line; only I

cars consigned to the Crystal River plant are brought onto the site over the spur.
Another spur ties into the Florida Power spur line at a point about 3.5 miles east of the j
site. This second spur services a small dolomite mining and processing facility about 4
miles from the plant. The mine uses relatively small amounts of explosives in its
operations. The amount that could be involved in a railway accident is too small to
affect the Crystal River site.

Hiahway Accidents

The only major highway near the plant site is U.S. Route 19, which passes
approximately 4 miles east of the site. According to NUREG/CR-5042, only major
highways that pass through or near the plant exclusion area and involve a heavy
volume of traffic with hazardous material shipments need be considered in more detail.
This highway is sufficiently far from the plant site and subject to a relatively smallb- - volume of traffic, so that it does not pose a significant hazard to the plant site.

V
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Pipeline Accidents

There are no pipelines passing on or near the plant site, so this source of hazard need
not be considered further.

Other Facilities

The mining operation referred to previously is about 4 miles from the plant site. It uses
explorives up to an amount equivalent to 1000 lb of TNT. This has been evaluated
and determined to be insufficient to have an impact at the Crystal River site. In
addition, there is an oil storage facility approximately 4.3 miles from the plant site. The
facility is no longer in use, however, and its tanks have been emptied.

Some hazardous materials are also used at Crystal River 3 and the four coal-fired units
on site. The potential effects on control room habitability that might result from the
accidental release of ammonia, sulfur dioxide, or chlorine have been investigated. It
was determined that these accidental releases would be insufficient to produce toxic
concentrations that could be inducted into the control complex (Reference 5-18).
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6. Licensee Participation and Internal Review Team
!,- m

t i

6.1 IPEEE Program Organization

The CR-3 IPEEE internal fire risk analysis was performed by Mark W. Averett, David N.
,

Miskiewicz, and Michael R. Casada. The analysis was performed using the EPRI Fire '

PRA methodology. Guidance in the use of this methodology was provided by William
Parkinson, of SAIC. The primary calculational tool, FRANC, was written by Chris
Cragg, SAIC. The analysis of high winds, external floods, and transportation and
nearby facility accidents was performed by Stuart Lewis of Safety and Reliability
Optimization Services, Inc. (SAROS)

6.2 Composition of Independent Review Team |

i

The primary independent review was performed by Stuart Lewis of Safety and )
Reliability Optimization Services, Inc. (SAROS), whose review is given below in Section j
6.3. As a secondary informal review, Tony Raimondo of VECTRA verified that the

;

CR-3 fire analysis model, consisting of the Access files, the FRANC files and the fault
tree model reflected the safe shutdown train availabilities in the Appendix R Fire Study.
Differences in the results were traced back to determine if their source was due to an i

error in the database, credit for manual actions not modeled in the PSA model, or
conservatisms in the PSA model. Any errors were corrected.

,
,

") 6.3 Areas of Review and Major Comments

A review was conducted of the analysis of internal ires at Crystal River 3 (CR-3)
performed for the Individual Plant Examination of Extemal Events (IPEEE, Reference
1). This review focused on the following elements of the assessment:

The overall approach selected, with regard to its ability, when applied properly, to.

identify severe accident vulnerabilities and to provide reasonable characterizations
of risk as may be desired for applications beyond the IPEEE.

The degree of completeness with respect to the areas of the plant subjected to.

qualitative or quantitative analysis.

The appropriateness of any screening criteria used to eliminate zones of apparently.

low risk potential from more detailed analysis, and the applications made of those
criteria.

The manner in which unscreened areas were evaluated with respect to several.

factors, including the following:

- The estimation of initiating frequencies for fires;
- The appropriateness of the sources and targets selected, (to the extent

/ \ that could be determined from available information);b
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|

| - The reasonableness of timing to failure of the target, and of the,

| [C'] corresponding failure probabilities of suppression measures (manual and
automatic).
The assessment of the conditional probability of core damage for the fire-

,

| scenarios.
|

| A probabilistic risk assessment (PRA) of fires was performed to satisfy the IPEEE. The
PRA employed the methods and data developed under the sponsorship of the Electric
Power Research institute (EPRI, Reference 2).

Overall Conclusions
,

4

The fire PRA represents an appropriate approach to assessing the potential for severe
accidents to result from intemal fires. The overall effort required, while still substantial,
is less than would have been required if the methods and data developed for the EPRI
fire PRA procedure and for the Fire-induced Vulnerability Evaluation (FIVE) program
(Reference 3) had not been extensively employed.

The core-damage frequency for fires calculated for CR-3 is significantly higher than that
for intemal events. While there is substantial uncertainty in these results, they appear
to be reasonable, and the specific fire zones that contribute most to the results make
engineering sense. ;

The fire PRA appears to be a reasonably comprehensive analysis, and should have
been more than adequate to allow for the identification of any severe-accidentp)(, vulnerabilities. Most of the comments provided in this report summarize features of the
analysis that contributed most to the results obtained. A few comments regarding
areas that might be re-considered are identified.

Modeling of Fire-Induced Failures

The primary consideration in the study was the possible effect of fires on control and
power circuits. The approach taken and assumptions made were reviewed.

1. One of the most thorough elements of the fire assessment was the development of
an extensive data base to tie circuits in various locations to specific components
modeled in the IPE. A generally conservative assumption was made that any
control or power circuit exposed to a fire in a particular fire zone would cause
unavailability of the associated equipment. It is not clear from the report whether
there was any supplemental investigation and modeling of failures beyond those
considered in the IPE. It is possible that the fire could cause spurious actuations
that were neglected in the IPE because of the dominance of other failure modes.

2. There is some indication that the possibility of a fire that leads to spurious opening
of valves in the pressure boundary for the reactor coolant system was considered,
but the extent to which this was done could not be determined.. It is possible that
hot shorts in some control circuits could lead to opening of the pressurizer
pilot-operated relief valve, the letdown isolation valve, or other paths that could

,

,(G) constitute a small loss-of-coolant accident. These types of failure are usually not
|
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modeled explicitly in PRAs. If this potential was reviewed and ruled out, the review,,

( ) should be documented for the fire analysis.
U

3. With regard to failures of control circuits, no attempt was made to discriminate j
between open circuits and hot shorts. This is conservative, unless a hot short could '

lead to a worse condition than that modeled in the IPE. The probability of a hot
short is typically taken to be smaller than that for an open circuit; this could be taken
into account if a more careful assessment of failure modes is made.

Fire Modeling

Two levels of quantitativo anaiysis were performed. In the first, a screening step, all
equipment in a particular fire zone was assumed to be failed by any fire in the zone.
The conditional probability of core damage was then calculated and combined with the
initiation frequency for the zone. If the resulting core-damage frequency was below
1x10'", the zone was screened from further analysis.

For zones that did not screen using this approach, fire modeling was performed in more
detail. This entailed identifying potential ignition sources and targets. Heat release
rates were calculated and used, together with the geometries of the zone, to determine
whether the fire sources were capable of affecting the targets.

1. Extensive walkdowns of the fire zones were performed to support the fire modeling
A effort. These walkdowns should have been very beneficial to the effort, and
() especially lend substantial credibility to the analysis.

2. The approach to characterizing the severity of the fires and the times to damage
drew heavily on the FIVE models and data. This appears to be a reasonable
approach, and is a more effective use of resources than performing extensive
calculations with a tool such as COMPBRN.

3. The assessment of non-suppression applied data for automatic and manual
suppression compiled by EPRI. It is not clear that there was any effort to review
plant-specific information concerning response times for fire brigades, or to adjust
the manual non-suppression probability for zones in different locations within the
plant. |

!
|

Fire initiation Frequencies i

Initiation frequencies were drawn from the EPRI Fire Events Data Base (Reference 4),
which is the source used for both the EPRI fire PRA approach and FIVE. i

1. The frequencies of various fires appear to be properly distributed among the zones
in the buildings at CR-3. Frequencies associated with transients also seem to
account properly for administrative controls and other measures that limit their
presence.

,
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n 2. The frequencies are appropriately adjusted by severity factors. It does not appear |
4Q that use of the severity factors and non-suppression probabilities in any zones i

resulted in over-counting of reduction factors.

Assessment of Fire Barriers

The manner in which fire barriers were credited in protecting redundant trains of |
equipment for various fire zones was reviewed. |

|

1. Thermo-lag is used in a number of locations at CR-3. The PRA assumed that |
Thermo-lag intended to provide a 1-hr fire barrier would actually provide protection ;

for about 20 min. Similarly, where it was intended to provide 3-hr protection,1 hr of '

actual protection was credited. These assumptions are consistent with j
industry-sponsored testing and assumptions regarding the effectiveness of
Thermo-lag, and are appropriate pending further resolution of the issue.

2. The possibility of multi-compartment fires appears to have been considered in a
reasonably comprehensive manner. The effects of failures of active fire-barrier
elements (such as dampers and fire doors) were considered, and reasonable

|
probabilities of failure were applied. !

i

Quantification of Conditional Probability of Core Damage i

The conditional core-damage probability was calculated by exercising the IPE model,
using the FRANC computer code to facilitate accounting for the fire-induced failures.

,

1. The oasic PRA model appears to have been used largely unchanged from its ;

application for the IPE. As noted earlier, the extent to which other possible failures 1
'

that might not have been modeled for internal sequences in the IPE is not clear.

2. Human interactions incorporated into the PRA models were reviewed with respect
to the general context of fire scenarios. Credit for some types of recovery actions
were removed in other cases, the probabilities of specific events were adjusted to
reflect increased potential for failure. Most human interactions were, however, left
unchanged. This appears to be appropriate.

Fires in the Main Control Room

The potential for core damage to result from fires in the control room was considered
with respect to both the effects of fires in specific control boards, and the possibility that
any control room fire might lead to the need to evacuate the control room. In the latter
case, the options available to the operators to bring the plant to stable hot shutdown
conditions could be more limited. The approach taken is an appropriate means of

,

using available information and modeling techniques in an effective manner with a !

reasonable level of effort.
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| 1. The control room presents a smaller contribution to the frequency of core damage
|g due to intemal fires than is typically found for other nuclear power plants. This

appears to be largely due to the existence of significant capabilities to achieve safer

l shutdown from outside the control room at CR-3. These capabilities resulted in a
relatively small conditional probability of core damage for scenarios in which it was

| necessary to evacuate the control room.
,

2. A screening process was applied to limit the number of cabinets and panels in the
;

control room for which detailed analysis was required. This process reduced the !

scope of the assessment to two sections of the main control board. Although it i

appears to be a reasonable conclusion that these two sections present the most
severe challenges in the control room, there was not sufficient information available

,

to confirm that the combined frequencies of core damage due to fires in other'

sections and cabinets would not contribute at a similar or higher level. Even so,
however, these cabinets should not contribute to the overall core-damage
frequency due to fires, and would not seem to have the potential to constitute
vulnerabilities.

3. The non-suppression probability for fires originating in control boards is based on
the EPRI interpretation of the Sandia tests, as reported in NSAC-181 (Reference 5).
The value obtained reflects an assumption of 15 minutes from the time the fire is
first detected to when the control boards would be sufficiently obscured to cause !
the need to evacuate the control room. In its review of NSAC-181, the NRC
concluded that this interpretation could be optimistic, potentially substantially so

p (Reference 6). A re-examination of the test data, however, indicates that the EPRI
V interpretation is generally reasonable,

it should be noted, however, that it is necessary to be very cautious concerning the
time at which the fire is assumed to be detected. In the Sandia tests, the induced
ignition location was monitored very closely for indications that a fire had initiated.
The time at which there was visual evidence of the fire was generally equivalent to
the time at which in-cabinet fire detection could have detected the presence of the
fire. For cases in which there are no in-cabinet detectors, however (and assuming
that there would not normally be such careful monitoring of the ignition source, as
there was in the test), it is more reasonable to assume a period of at least 3 minutes
from when the fire is detectable in the cabinet, to when it might be detected by the
control room staff (e.g., because of smoke, odor, erratic instrument readings, etc.).
This would infer that a more appropriate time from detection to obscuration would
have been about 12 minutes. Although the difference in non-suppression
probabilities is only on the order of a factor of two for these cases, the estimated
core-damage frequency for the control room can be quite sensitive to this
parameter,

it should also be noted that, while the Sandia tests did not show the time to
obscuration to be very sensitive to ventilation rates in the control room, they did
indicate a significant sensitivity to room volume, if the volume above the false
ceiling were not included in the total room volume, the time to obscuration of ths
control panels might be reduced to about 2/3 the time from the Sandia testing. This
could correspond to a further increase in the probability of non-suppression.
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( ,j Fires in the Cable Spreading Room
,

v

The cable spreading room typically presents a significant challenge in fire risk
assessments due to the large number of potential targets and the variety of geometries
they present. A simplified approach was employed to analyze fires in the cable
spreading room at CR-3.

1. The simplified approach is facilitated by the lack of fixed ignition sources in the
cable spreading room. The frequency of transient-initiated fires in a particular area
is small compared to that for many fixed sources. Because of the relatively low
initiation frequency, it was possible to assume conservatively that all fires would
become fully developed. Even so, the operators could still leave the control room to
actuate and control necessary equipment.

2. A sensitivity study was performed in which the potential that the fire could be
suppressed by the halon system in the room, and that critical damage could still
result even if the fire were suppressed, were evaluated. The quantification for the
sensitivity study is inconsistent with the values presented in the discussion of the
fire scenarios. It appears that the core-damage frequency for the case in which the
control room does not need to be evacuated should have used a conditional
probability of core damage of 0.0032, rather than 0.013. The core-damage
frequency would therefore have been as follows:

4A CDF -c (9.73x10 /yr)(0.03)(1-0.05)(3.24x10')=

9.0x10* /yr() =

46.3x10 /yr + 9.0x10* /yrCDFeu =
47.2x10 /yr=

6.5 Resolution of Peer Review Comments

Responses to the comments from the IPEEE Peer Review (Section 6.4) are given
below.

Modeling of Fire-Induced Failures

1. Following the development of the Access relational database tying fires to the
components and basic events they affected, the impact of fires in each zone on the
Appendix R safe shutdown paths as determined using the CR-3 PSA model was
compared to that in the Appendix R Fire Study. Where there were differences,
changes were made in the PSA model. As a rule, the CR-3 PSA determination of
the availability of the safe shutdown paths tended to be more conservative than that
from the Appendix R Fire Study. In addition, valve failure modes of spuriously
transferring open and spuriously transferring closed were included in the CR-3 PSA

(g) fault tree models.
v
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[V3 2. Failure of the PORV to close following pressure relief and failure of the PORV to
close following HPl cooling are modeled in the CR-3 PSA. Spurious opening of the
PORV due to cable damage was not included; however, the PORV is designed to
fail closed on loss of control power, so that any fire damage to a cable affecting
control power to the PORV will very likely eventually result in PORV closure even if
there is an initial spurious actuation.

3. No response necessary. The effect is to make the model more conservative.

Fire Modeling
i

1. No response necessary.

2. No response necessary.

3. The plant-specific fire brigade response times were reviewed, and generally found i
to be typical of other utilities' participating in the EPRI Fire PSA and FIVE Tailored
Collaboration projects. Credit for suppression was given according to the
guidelines given in the EPRI Fire Risk Analysis Implementation Guide (Ref. 6-2). I

Fire brigade response times considered were the first responder arrival time and the
full brigade arrival time. These times were typically about 1-3 minutes and 8-12 )
minutes respectively. It is difficult to take credit for the first responder suppressing a

,o fire before damage occurs to nearby circuits due to the short times assumed in the |
(j screening analysis, i.e., the time to circuit failure due to plume damage is often j

calculated using the FlVE damage worksheets to be about 1 minute or less. It is '

straightforward, however, to take credit for both the first responders and the full
brigade in the fire scenarios where redundant trains could be affected. These
scenarios involve either Thermo-Lagged and unprotected circuits in the same
plume, or separated circuits damaged by hot gas layers caused by large cable fires.

,

in these scenarios, the fire brigade drill times were always less and often much less )
than the calculated damage time. Hence no zone-specific response times were j
used.

Assessment of Fire Barriers

1. No response necessary.

2. No response necessary.

Quantification of Conditional Probability of Core Damage

1. See response for "Overall Conclusions," first comment.

2. No response necessary.
> 1

_
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P

;

:

Fires in the Main Control Room
,

! 1. The relatively low CCDP for control room evacuation is a direct result of the review
of the controls available to the operator at the remote shutdown panel, which;

i revealed that in most scenarios, the controls necessary for safe shutdown were
'

present on the panel.

2. Not addressed due to low potential for significant contribution to core damage
frequency.4

:
3. No response necessary.

.
,.

!
Fires in the Cable Spreading Room

,

!1. No response necessary.

|
2. The correction to the CDF calculation has been made.

,

;
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n 7. Plant Improvements and Unique Safety Features

(")
Crystal River 3 is currently undergoing a revised Appendix R analysis, initiated by the |
Thermo-Lag issue. As a result of this analysis, some re-routing of circuits and the '

addition of supplemental fire protection will take place. Since this analysis reflects the
current plant configuration, no plant improvements, other than the administrative limits |

to be placed on two of the transient fire storage areas, were or will be made as a result
of this analysis. The fire risk analysis will likely be updated in the future to reflect the
upcoming changes, and any potential improvements indicated by the analysis will be I
considered at that time. |

I

8. Summary and Conclusions '

|In summary, the core damage contribution for fire initiating events at CR-3 is significant; !

however, the total core damage frequency from all events, internal and external, is j
45.2x10 per year, still well below the NRC threshold of 1x10" per year. It is not |

unusual for a nuclear unit's total core damage frequency profile to be dominated by ;
external events, and CR-3 is no exception. |

The CR-3 fire PSA indicated what zones are most critical with regard to fire, specifically
the zones in the control complex (see Table 1.4-1). The fire PSA also showed which

j
zones were of less concem, even taking into account the reduced effectiveness of the

,

Thermo-Lag. The analysis revealed that some of the dominant fire initiating events |n
|V were, in fact, transient sources. A minimum of effort in the designation of the areas in

'

!

the zones where transient storage is permitted will result in a significant reduction in the
core damage risk due to fire. I

At the time the IPEEE fire analysis was performed, final resolution of the issue of
Thermo-Lag and Appendix R compliance at CR-3 hao not occurred. The analysis
documented herein reflects the configuration of the plant prior to Refuel 10, which ;

began February 16, 1996. The analysis assumes that the one-hour and three-hour |
Thermo-Lag wraps effectively protect their circuits for 20 minutes and 60 minutes, |

respectively. Resolution of the Thermo-Lag issue will likely involve circuit re-routing
and supplemental wrapping of selected trays and conduits. Following resolution of
these issues, FPC will evaluate whether it is necessary to revise this report.

In the emergency procedures for fire initiating events, there is zone-specific guidance
relative to actions to be taken in the event of fire. The operator is told which
components he is likely to lose completely, tne components for which he will lose
remote control capability, and which components comprise his safe shutdown path (s).
For those components where remote control is lost, the most vital of these are listed as
candidates for manual operation should they be needed. No credit was taken in the
CR-3 IPEEE fire analysis for any of these manual actions. If necessary, when
Thermo-Lag resolution is complete, the CR-3 fire analysis will be requantified to credit
these manual actions and their impact on fire risk. Until then, the core damage
frequencies given above are likely somewhat conservative due to their exclusion of
credit for these manual actions.

G1
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|
| Hot Gas Layer Timing Study I

1

'
J Protective Features - Coatings and Barriers
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| Appendix A

i Fire ACCESS Database Table and Query Details |
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!
!

;

,

'
:

|
.

K1PRAWCCESS71RE.MDB Thursday, May 18,1996 )
Totde:CDF Sources Page:1

i

!
!

Pronerties r

Date Created: 5/15/9812:38:24 PM Def. Updatable: Yes !
Frozen Columns 3 Last Updated: 5/15/9812:3829 PM |

I Record Count: 1820 I.
| 4

,

i

Columns |
!.

Nome Type Size j

ZONE Ted 30 |

|
SOURCE Ted 40 i

SCEN Ted 50

DAMAGE Ted 50

IGNF - Number (Double) 8 |
.

Yes/No 1| HGL ;

AUTO _NSP Number (Double) 8 |

MANUAL _HGL Number (Double) 8

MANUAL _TL Number (Double) 8

MANUAL _TLZ Number (Double) 8 |

MANUAL _NSP Number (Double) 8 !

TIME _700 Number (Double) 8 i

TIME _1000 Numtxs (Double) 8 I

TIME _TL Number (Double) 8 ;

CCDP Number (Double) 8 |
CDF Number (Double) 8 i

|

,

I

t

I

O'

. - _ . .. . - .-
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I i
5
4

4

i !

i 1

|
j K:PRA%CCESSCAFTA.MDB Wednesday, May 01,1996
j Table: BE Page:1 )
{
]

f. -
:. Cohamns
1

{ Name- Type Size
;
j BE Tout 8

|. NOTE Tout 20

| PRO 8 Number (Double) 8

| DESC Text 80
! MODULE Tout 8
l.

#.g
:.

1
4

1
4
|

t

6..

f-
;
d

i

;

1
.

|
1

w
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K:PRAWCCESS'flRE.MDB Wednesday, May 01,1996
Table: CIRCUlf Page: 1.

Columns

Name Type Stre

CIRCUIT Ted 7

NATURE Ted 10

FROM Ted 60

TO Ted 60

ROUTING Ted 200

50

!

!

1



K;PRA%CCESSCAFTA.MDB Wednesday, May 01,1996
Totne: TAG Page:1

,

Cahamns !

Name . Type Size

TAG Ted 20

DESC Text 50

TYPE Ted 20

SYSTEM Ted 2

SUBSYS Ted 5

LOC Ted 20

ELEV Ted 8 ,

COL / ROW Ted 8 |
LOCDESC. Ted 50 |

ZONE Ted 15

CIRCUlTS Yee/No 1

RRW Number (Double) 8

RAW ' Number (Double) 8

f

;

|
i

!

l

!

l

!

- .- . . . .. . .. .- - - _ - . .- __ ..
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KPRA%CCESSCAFTA.MDB Wednesday, May 01,1996'

Table: MODULE Page:1
*

I .
T

1

Cohamns
'I

6

e' Name Type Size
4

1 MODULE Tout 8
1

4 -NOTE Tent 20
t

j PROB Number (Double) 8

1 DESC Text 60
1'
d
E

e.

S

4
*
*

t

!

: -#
1
t
k
i
h

I

i'

]
Y

s

a

1
i

!
a

A

1

l

i
!

!

1

i

i
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f KPRA%CCESS71RE.MDB Friday, April 26,1996
Table:IGNF GENERIC Pe9e:1

Procerties

Date Created: 3/1496 8.11:18 AM Def. UWa* Yes

Leet Updated: 3/26/961153:15 AM Record Count: 37

Columns

Name Type size

SOURCE TYPE Text 30
ZONE TYPE Text 30

TYPE _FEDB Text 30

(GNF_FEDB Number (Double) 8

COUNT Number (Double) 8

IGNF_CR3 Number (Double) 8

SEVERITY _ FACTOR Number (Double) 8

l
|
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t

K:PRA%CCESS71RE.MDB Friday, April 26,1996 -

Table: CIRCulT Pege:1

r

'
Procenties

Date Created: 6/9/957:32:01 AM Def. Updatebie: Yes

Leet Updated: 4/9/96 3:3215 PM Record Count: 25418
,

Row Height: 645 [

!
,

Cohaims ,

Nome Type Size

CIRCulT Text 7
,

NATURE Ted 10

FROM Ted 60

TO Ted 60

ROUTING Ted 200

i

I

i

G

,

|

1

|

|

|
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,

1

!
i

f
;
:

i
j . K;PRA%CCESS71RE.MDB Friday, AprN 26,1996 i

Table: CIRTAG Page:1 j

. !
' i
! I

t

Pranarties '

( Dete cteeled ~ 6/9/957:33:55 AM Def. UpdatWx Yes {
Last Updated: 4/16/961:20:31 PM Record Count: 3834
Row Height: 1095

!

.

!
i

E9hEIMIE i
;

Name Type Site |
!

CIRCulT Text 7 |
. TAG Text 20 .i

! REF Memo !-
1

: CIRCIR Yes/No 1
|

| bPURIOUS Yes/No 1 .

,

i COMMENTS Memo |*

.h TM 9 !
!

e

i
. ]

| 6
i i

i

i

'>
t

1

.i
I

|
6

|
,

1

E
f

!

l

;

1
J
1

I

I-

!
,

i

d

1

1

.1

Y

t

&

|1

N
.,

b

.

. , , .- . .. .. . .
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1

-

,

j
4

l
f ,

IOPRA%CCESS71RE.MDB Friday, AprH 26,1996
Table: CONDCIR . Page:1

M
. |

Date Created: 69957:34:13 AM - Def. Updatable Yes

Frozen Columns 2 Last Updated: 4/19/96 11:16:45AM
Record Court: 20504

i

I

Cohamns

Name Type Size

CIRCulT Tent 10

CONDUIT Tout 10

i

I
i

i

. . . . - - . .-- - -- , . . - . . , - . , .,
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|

>

K:PRAWCCESS71RE.MDB Friday, Apru 26,1996 )
Table: CONDZONE ~ Page: 1 j

l
!
J

Pronettles
1

Date Created: 3/20/96 2'02:14 PM Def. Updatable: Yes |
Last Updated: 4/22/96 7:54:46 AM Record Count: 2023 )

i

I
i

Columns

Name Type Size ,'
1

CONDUIT Text 150 )
ZONE Text 50 i

PROTECT Text 255 |
Comments Text 50 1

I.

4

)
.

I

1

i

l

i
|

!

i

j

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



K:PRA%CCESSWIRE.MDB Friday, Apri26,1996
TeWe: TRAYCIR Ps9e:1

Pronerties
! Date Created: 3/20/9611:20:30 AM Def, UpdatsNe Yes

Lost Updated: 3/20/961224:13 PM Record Count 373842

Columne

Nome Type Size

TRAY Ted 15

COORD Number (Integer) 2

CIRCulT .Ted 15

Comments Ted 100

' l

)

!

l

!

Uv'v' w wemv WW-
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'

|

|
t
!

!
,

IICPRAWCCESSFIRE.MDB Friday, April 26,1996 j
| Table: TRAYZONE Page:1 I

i

;

fE1MfMBE i

Date Created: Y20rp61:55.08 PM Def. Updatable Yes !

Leet Updated: 3/20t96 4.20:12 PM Record Count: 5440
i

!
>

iColumne
[
i

Nome Type Stre j

TRAY Ted 255 i

ICOORD Number (Single) 4
ZONE Ted 15 i
PROTECT Ted 255 i

X-Column _Une Ted 4 i

X-Dietence feet Number (Integer) 2 !
X-Dietence_ inches Number (Integer) 2 !

Y Column _Une Ted 4 !

Y-Dietence_ Feet Number (Integer) 2 [
Y Datence_ Inches Number (initoger) 2 !

Z-Elevation Number (Single) 4 '

Wdth Number (Single) 4 ;

Depth Number (Single) 4 *

Intersection-1 Number (integer) 2 |
Intersection 2 Number (Integer) 2 '

. Intersechore3 Number (Integer) 2 ,

Henger_ Support-1 Ted 15

Henger_ Support-2 Ted 15
,

*Henger_ Support-3 Ted 15

Coordinate _ Pct _ Area Number (Single) 4- !
Coordinate _ Weight Number (Single) 4 i

Comments Ted . 100 ;

f

f

I
i

!

!

I i

ii

O

! !

! !

.

! *

O |
,.

[

_- _ . . __ _ _ !
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i
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i
r
t

!

l }
,

=

' t

1
i- K;PRAWCCESSCAFTA MO8 - Wedneedey, May 01,1996

Tatde: BETAG page:1

r
i i

| 4

t

l. Columns !

! i
i

i

Nome Type See ;'

i

BE ' Ted 8 i

BEMOD Ted 255
'

BETAG Ted 20 <

i

e de

t

1
i

##

I

,

I

l

l
,

| .

i

i

!

I I

| |
|

,

|

t
4
i

f
,
e

4

6 1i

|

|-
1

, I
i

I

I.,.
.. - _ - _ _ . . _ . _ _ _ .. . __ , , . , _ _ . . _ _ _ _ . _ . _ _ _ _ . .
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i

|
'

t

! r

I

A

|
:

I

| ' KvRA%CCES$flRE.MDB Friday, Apru 26,1996

|~[ Table: ZONE Page:1
,

c

Pronerties |
Dele Created: 11/1495 2:18:36 PM Def. Updatetde Yee

,

Lost Updated: 411/96 7:11:15 AM Record Count: 112 i

!

| Cahamns
,

Name Type Size |
ZONE Test 15

.

;

ZONE. TYPE Text 255 :
DESC Text 80 i

AREA Number (Doutde) 8

LOADING Number (Double) 8

TEMP Number (Doutde) 8
,

DURATION Number (Doutne) 8

CFF Number (Double) 8

| DETECTION Text *20 ;
'AUTO Text 80'

| MANUAL Text 120 I

| HOSE.STA Text 2
;

NSP Number (Doutde) 8

[ TL 1hr Test 255 ,

| TL 3hr Text 255
! ,

P

I

|

>

:

[

|. 1

I

i

t

i

$

! L

!

I
- .-. - . .
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K;PRA%CCESS71RE. MOB Thursday, May 16,1996 |
\ Query:IGNF_ SOURCE Page: 1

l
Properties |
Date Created: 5/10G610:30:08 AM Def. Updatable: Yes |
Last Updated: 5/10G61:4S:22 PM OCBC Timeout 60 |

Record Locks: Ed;*ed Record Retums Records: Yes |
Type: Select ;

|

|
.

1QL
SELECT DISTINCT SOURCE. SOURCE, SOURCE 2ONE, SOURCE. SOURCE _ TYPE, ZONE 2ONE_ TYPE, i

lif(Left$([SOU R C E) [S OU R C E).6)="TRAN S.
" ([1GNF_ GENERIC) [lGNF_FEDB11countSOURC E SperZON E] [SumOfCOUNT])*[lGNF_ GENERIC].[S EVERIT,

_ FACTOR).[lGNF_ GENERIC)[lGNF_CR3)*[lGNF_ GENERIC).[ SEVERITY _ FACTOR]) AS IGNF_ SOURCE
FROM ((SOURCE INNER JOIN ZONE ON SOURCE 2ONE = ZONE 2ONE) INNER JOIN IGNF_ GENERIC ON |

(ZONElONE_ TYPE = IGNF_ GENERIC 20NE_ TYPE) AND (SOURCE. SOURCE _ TYPE = |
|GNF_ GENERIC. SOURCE _ TYPE)) INNER JOIN countSOURCESperZONE ON (SOURCE. SOURCE _ TYPE =
countSOURCESperZONE. SOURCE _ TYPE) AND (SOURCE 2ONE = countSOURCESperZONE2ONE)
ORDER BY SOURCE. SOURCE- '

Columns j

|Name Type Size

SOURCE. SOURCE Text 50

[] ZONE Text 30

(y SOURCE _ TYPE Text 30

ZONE _ TYPE Text 255

IGNF_ SOURCE Number (Double) 8

rs
i I

LJ
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!-
| 1

)|-
! OPRA%CCESS71RE.MDB - Friday, June 07,1996

; - Query: CDF_BySource Page:1 ',.

'

!
, '

l
'

;

Pronerties !

Dale Creoled: 6/3/96 8'47;12 AM Def. Updatable Yes {
Frasen Columns 3 Last Updated: 6/3/96 2:30:26 PM '

l ODBC Timeout 60 Record Locks: Edited Record )
Retums Records: Yes Type: Select )

|

)
:
I

E- 1

SELECT DISTINCTROW [CDF_20/60]. SOURCE, Sum ([CDF_20l60].CDF) AS CDF_ FINAL -|
; -. FROM (CDF_20l60] :

GROUP BYlCDF_20l60). SOURCE ]
ORDER BY Sum ({CDF_20/60].CDF) DESC: j

: columns

Name Type Stae !

.|SOURCE Text 40

CDF_ FINAL Number (Double) 8 {
!

^

.

!

!

.

-

'

1
,

:

i
l

!

\

YC
. ,

'

,, - . . - -

|
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l~
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| :- |

i
'

|

l e

( ,(O
KPRA%CCESS71RE.MDB Friday, June 07,1996 i

|| Ouery CDF_ByZone - page:1

i !

!
!

Eteendias !
Dale Creshed: 5/15/9612:38:46 PM Def. Updatable: Yes i

Frasen Columns 3 Last Updated; _ 6/3/96 2:30:49 PM

ODBC Timeout: 60 Record Locks: Edited Record

Retums Records: Yes- Type: Select
,

i i
Ar

,

1GL i

SELECT DISTINCTROW [CDF_20/60]. ZONE Sum ([CDF_20/60].CDF) AS CDF_ FINAL
FROM [CDF_20/60]
GROUP BY |CDF_20/60]. ZONE
HAVING (((Sum ([CDF_20/60] CDF))>0.000001))

!ORDER BY Sum (ICDF_20/60).CDF) DESC;

!

!
*Columns

Name Type Size

ZONE Text 30

CDF_ FINAL Number (Double) 8

O ,

V :,

t
t
I

!

l

i

r

:

.
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i
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|
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K:PRA%CCESS'flRE.MDB Thursdsy, May 16,1996
Table: francSOURCETAG d ~ Page:1

,

l
,I;.

Pranarties

Date Created: 5/11W9611:0454 AM Def. Updatable Yes

Last Updated: 5/16/9611:04.54 AM Record Count: 5569

Columns'

I
Name Type size

i
i

FREVENT Ted 256'

j TOEVENT Ted 20

|.
TOTYPE Ted 255

SOURCE Ted 50

l

.

l

!

t

I

1

I !

|

i

l
'

\

.

i

!'

l

i

1

4

,'

i
i

!

,, _ ,, _. . _ _ . , . . . . _ _ _ , , , _ _ _ _ .-.
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l
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!
|

,A lOPRA%CCESS71RE.MDB Thursday May16,1996 |

- Query francSOURCETAG_1 A 'Page:1 |
1

?

. M
i |

| Dale Created: 3/25/9610.01:02 AM Def. Updatetne Yes ,

| Last Updeled: 5/16/9610:54:27 AM ODBC Timeout- 60

| ' Record Locks: Edited Record Retums Records: Yes
! ' Type: Mahe.telde

|

!
:
'

|. IGL
'

l SELECT DISTINCT *S"+[ SOURCE _ID] AS FREVENT, CIRTAG. TAG AS TOEVENT,"1" AS TOTYPE,
'

SOURCE. SOURCE INTO tmpSOURCETAG
FROM ((SOURCE _ TARGET INNER JOIN SOURCE ON SOURCE _ TARGET. SOURCE = SOURCE. SOURCE) (
INNER JOIN ((TRAYCIR INNER JOIN CIRTAG ON TRAYCIR. CIRCUIT = CIRTAG. CIRCUIT) INNER JOIN ;

TRAYZONE ON TRAYCIR. TRAY = TRAYZONE. TRAY) ON (TRAYZONE.COORD = TRAYCIR.COORD) AND
(SOURCE _ TARGET. TARGET = TRAYZONE. TRAY) AND (SOURCE 2ONE = TRAYZONE2ONE)) INNER I

JOIN francIONESCENARIOS_ UNSCREENED ON SOURCE 2ONE =
francZONE SC ENARIO S_U N SC R E EN E D 2one
ORDER BY 'S"+[ SOURCE _ID], CIRTAG. TAG;

i

|

|

Query Parameters
t

t ,

Name Type 1

i|IGNF_ ZONE 2ONE Text .

i r 1

|( =l

, i,
!

i

|

|

-

|

|
,

'. !
i |

( |
;

I

|

|
, _ .

i
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l
i

, h- K:PRAWCCESS71RE.MDB Thursd.cy. May 16,1996 -

. Querf francSOURCETAG_2 d Page:1

l

!
l

! Prosarties
Date Created: 3/21/96 3:49:19 PM Def. Updatable. Yesi

!. Last Updated: 5/16/9611:03:55 AM ODBC Timeout 60

. Record Locks: Edlied Record Retums Records: ..Yes
' Type: Append

1{M.t

I INSERT INTO tmpSOURCETAG ( FREVENT, TOEVENT. TOTYPE, SOURCE _ SOURCE )
*

! SELECT DISTINCT"S"+[ SOURCE _ID] AS FREVENT, CIRTAG. TAG AS TOEVENT, *1* AS TOTYPE, |
l SOURCE. SOURCE 1

FROM (((SOURCE _ TARGET INNER JOIN (CONDCIR INNER JOIN CIRTAG ON CONOCIR.CIRCulT =
CIRTAG.CIRCulT) ON SOURCE _ TARGET. TARGET = CONDCIR.CONDUlT) INNER JOIN CONDZONE ON
CONOCIR.CONDUlT = CONDZONE. CONDUIT) INNER JOIN SOURCE ON SOURCE _ TARGET. SOURCE =
SOURCE. SOURCE) INNER JOIN franc 20NESCENARIOS_ UNSCREENED ON SOURCE. ZONE =
francZON E SC EN ARIO S_U N S C R E E N E D. Zone;

.

Querv Parameters

-Name Type

(GNF_ ZONE 2ONE Ted
1

.g
'

i

i

|

'

!

. {

:
,

l-

1

|

,

4

t
-,. .-- _ -
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|. K;PRA%CCESS' EIRE.MDB Thursday, May 16,1996

| Query: frarcSOURCETAG_3 A: Page: I
f

|
Pronarties

,

|- Date Created: 3f29/961:45:45 PM Def. Updatable: Yes ,

[ - Last Updated: 5/16/9611:04.44 AM ODBC Timeout. 60
'

Record Locks: Edited Record Retums Records: Yes'

Type: Make-table

I

|

| .' In
SELECT DISTINCT tmpSOURCETAG.FREVENT, tmpSOURCETAG.TOEVENT, tmpSOURCETAG.TOTYPE,
impSOURCETAG. SOURCE _ SOURCE AS SOURCE INTO francSOURCETAG
FROM tmpSOURCETAG
ORDER BYtmpSOURCETAG. SOURCE _ SOURCE;

i

.

E

l. A |

|

:
|

i

!

!'

I

,

, -

,

-

i

l
i

.

<

|
|

.-.
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I

i '3
K:PRA%CCESSflRE.MDB Thursday, May 16,1996

d Table: francSOURCETAGTL h Page:1 |

!j. .

,

,

4

|
t

Date Creoled: 5/16/9611;f 4:11 AM Def. Updatabie: Yes ;

Last Updated: 5/16/96 11:14:11 AM Record Count: 4856 j
'!

1.,

i +

j Columns
'

Name Type Size

FREVENT Ted 255 ~!
*

{TOEVENT Ted 20

TOTYPE Ted 255 >

SOURCE Ted 50

I

i
f

6

.

I

|
,

1

.

,

1
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|
!

l
,

!

|

{g K:PRAWCCESS71RE.MDB Thursday, May 16,1996 =

Query: francSOURCETAG_TL_1 Page: 1>

I

Procorties j
Date Created: 3/25/9610:32 48 AM Def. Updatable: Yes )
Last Updated: 5/16/9610:25:14 AM ODBC Timeout: 60 |
Record Locks: Edited Record Retums Records: Yes |

{Type: Mal + table -

I

RE !

SELECT DISTINCT *S"+[ SOURCE _ID] AS FREVENT CIRTAG. TAG AS TOEVENT,*1" AS TOTYPE, j
SOURCE. SOURCE INTO tmpSOURCETAGTL i

FROM ((SOURCE _ TARGET INNER JOIN SOURCE ON SOURCE _ TARGET. SOURCE = SOURCE. SOURCE) !

INNER JOIN ((TRAYCIR INNER JOIN CIRTAG ON TRAYCIR. CIRCUIT = ClRTAG.CIRCUlT) INNER JOIN
TRAYZONE ON TRAYCIR. TRAY = TRAYZONE. TRAY) ON (TRAYZONE.COORD = TRAYCIR.COORD) AND
(SOURCE _ TARGET. TARGET = TRAYZONE. TRAY) AND (SOURCE 2ONE = TRAYZONE2ONE)) INNER
JOIN francZONESCENARIOS_ UNSCREENED ON SOURCE 2ONE =
franc 2ON E SC E NAR IO S_U N SC R E EN E D. Zone i

WHERE ((TRAYZONE. PROTECT is Null)) |

ORDER BY CIRTAG. TAG;
,

i

!
Query Parameters

Name Type j

. IGNF_ ZONE 2ONE Text

U l

u
|

|

!
i: ]
i i

l'
l

'l
~

- ._
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!

|

| !

p K1PRA%CCESSflRE.MDB Thursday, May 16,1996
,

6 Overy francSOURCETAG_TL_2 h Page:1

| :

! Pronerties '

| Dele Crested: 3/21/96 3.54:36 PM . Def. Updatable: Yes

Last Updated: 5/16/9611:10.5T AM ODBC Twneout: 60

|
Record Locks: Edited Record Retums Records: Yes

| Type: Append.
,

I'
i

1 ;
I

E I,

INSERT INTO tmpSOURCETAGTL ( FREVENT, TOEVENT, TOTYPE, SOURCE _ SOURCE ) :
SELECT DISTINCT *S"+[ SOURCE _ID] AS FREVENT, CIRTAG. TAG AS TOEVENT,*1" AS TOTYPE,
SOURCE. SOURCE

FROM ((SOURCE _ TARGET INNER JOIN ((CONOCIR INNER JOIN CIRTAG ON CONDCIR. CIRCUIT = ,

CIRTAG.CIRCulT) INNER JOIN CONDZONE ON CONDCIR.CONDUlT = CONDZONE. CONDUIT) ON ;

SOURCE _ TARGET. TARGET = CONOCIR.CONDUlT) INNER JOIN SOURCE ON (SOURCE 2ONE = 1

CONDZONE2ONE) AND (SOURCE _ TARGET. SOURCE = SOURCE. SOURCE)) INNER JOIN
francZONESCENARIOS UNSCREENED ON SOURCE. ZONE =
franrION E S C ENA RIOS_U N S C R E EN E D 2one
WHERE ((CONDZONE. PROTECT is Null));

Query Parameters

'

Name Type |

IGNF_ ZONE 2ONE Text

U

1 !
|

| <

!
i

l
:

4

}

$
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!

!

i p - MPRAWCCESS' EIRE.MDB Thursday, May 16,1996
|\ Query. francSOURCETAG_TL_3 3 Page:1
;

I
,

l-
Pronerties l

Date Created: 3/2W961:55.03 PM Def. Updatable: Yes

, Leet Updated: . 5/1$9611:13.56 AM ODBC Timeout 60 |
'

I Record .ocks: Edned Record Retums Records: Yes .|
I

. Type: Make4ebie

1

l

SE
SELECT DISTINCT tmpSOURCETAGTLFREVENT, tmpSOURCETAGTLTOEVENT,
tmpSOURCETAGTLTOTYPE,impSOURCETAGTLSOURCE_ SOURCE AS SOURCE INTO .

;

francSOURCETAGTL - |

|
FROM tmpSOURCETAGTL i
ORDER BY tmpSOURCETAGTLSOURCE_ SOURCE; |

r

!
|
.

.

,

(i

I
~

!

!

'

,

!

1

|

!

!
,

d [ -

!

l
. . .
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KVRA%CCESS71RE.MDB Thursd y, May 16,1996

| Totne: frencSOURCEZNTLTAG O Page:1
|

|
|
1

Properties

| Date Created: 5/16/9611:19:26 AM Def. UM='=* Yes

Last Updated: 5/16/9611:19:26 AM Record Court 31376 i

,

!

I casumne
|
| Name Type Size ,

I

I FREVENT Text 255
*

l

| TOEVENT Text ' 20
.

! TOTYPE Text 255 !

SOURCE Text 50

|
'

,

i

jI

|

!

i

I
,

1

?

I

1

1

1

i

|

!

l

l i

I I

|

|

!
1

1

1 i

*

4

,

' ,

.

.

,

. , , . - , -
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i

s KPRA%CCESS71RE.MDB Thursday, May 16,1996 ' .:

Query:frar.cSOURf EZNTLTAG_1 C Pa9e:1 |
|
E

I

PfGDeffa1 ]

Date CroaLW 5/16/96 9:37:55 AM Def. Updatable: Yes |
Last UpdateJ: 5/16/96 10:33:47 AM ODBC Timeout: 60 |

| Record *.ocks: Edited Record Retums Records: Yes )
| Type: Make-table
I

l

l 19. i

SELECT DISTINCTROW francSOURCETAG FREVENT, francSOURCETAG.TOEVENT, i
francSOURCETAG.TOTYPE, francSOURCETAG. SOURCE INTO tmpSOURCEZNTLTAG j

|' - FROM francSOURCETAG; I

|
|

l

i

.

LO !
|

|
,

|
!

|

|
r

, -

i

i

k
< i

!
1-

!
,-, ,._



( K:PRA%CCESS' FIRE.MDB - Thursday, May 16,1996

( Ouery: francSOURCEZNTLTAG_2 -h Page:1

|

Properties

| Date Created: 5/16/96 6:57:36 AM Def. Updatabio: Yes

i Last Updated: 5/16/96 10.34:06 AM ODBC Timeout 60

| Record Locks: Edited Record Returns Records: Yes

Type: Append

i

| IE.-

INSERT INTO tmpSOURCEZNTLTAG ( FREVENT, TOEVENT. TOTYPE, SOURCE )
SELECT DISTINCT francSOURCETAG.FREVENT, franc 20NETAGTL.TOEVENT,r

! francZONETAGTLTOTYPE, francSOURCETAG. SOURCE

FROM (frencSOURCETAG INNER JOIN SOURCE ON francSOURCETAG. SOURCE = SOURCE. SOURCE)
INNER JOIN francZONETAGTL ON SOURCE 2ONE = francZONETAGTL.FREVENT;

I

.

!

|

|
i

f

l

|
,

it
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a

g KVRAWCCESS71RE.MDB Thursday, May 16,1996 5

Query. francSOURCEZNTLTAG.3 &
_

Page:1 !
!
t

i

!

| Promarties !
l~

Date Created: 5/16/96 9-41:36 AM Def. Updatable: Yes !
Last Updated: 5/16/96 9.41:36 AM ODBC Timeout. 60 !

'

Record Locks: Edited Record Retums Records: Yes
Type: Make-table

{

| M !
'

SELECT OtSTINCT tmpSOURCEZNTL TAG FREVENT, tmpSOURCEZNTLTAG.TOEVENT,
tmpSOURCEZNTLTAG.TOTYPE,impSOURCEZNTLTAG. SOURCE INTO francSOURCEZNTLTAG ~ '

|

'

FROM tmpSOURCEZNTLTAG; !

!
t

i

e

.ii
.

I
i
t

!

,

O Id |,

;
6

.. ,

I

i
!

l

|
4

|i
'

|
;
i

! -, .. |
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KPRAWCCESS71RE.MOS Thursday, May 16,1996
TatWe: franc 2ONETAG A Page:1
-

Prenarties
..

Date Created: #2tW96 9.05:47 AM - Def. Updatatne: Yes
Last Updated: #2tW96 9:05.47 AM Record Count: 5611

,

|.

Cohamns

Name Type Size

FREVENT Ted 15

TOEVENT Ted 20

TOTYPE Ted 255

i
|

_

,

!
l

!
4

3

I
I

L

l
i

I
L
,

l

l

i
|

- y--- n , - . .1,3 - . ,uw.,-2.- e . .,..a .- . ._.- ,



> _ _ . . _ _ _ , . . - _ . . _ . _ . . . . . . . . _ . - . _ . _ _ . _ . _ . _ _ _ _ _ _ . _ _ . _ _ _ . . . . .
, . . .
.

'.

|
KPRA%CCESS71RE.MDB Thuredey, May 16,1996

' Query frenc2ONETAG_1 A Page:1

i
!

Properties
Dele Created: 3/1996 4:15:23 PM Def. Updatable: Yes

test Updated: 4/26/96 9.00:46 AM ODBC Timeout 60

; Record Locks: Edited Record Returns Records: Yes

.

. Tp: M

.

,

IE *
; SELECT DISTINCT TRAYZONE. ZONE, CIRTAG. TAG INTO tmpZONETAG

FROM (TRAYZONE INNER JOIN TRAYCIR ON (TRAYZONE.COORD = TRAYCIR.COORD) ANDs
4 (TRAYZONE. TRAY = TRAYCIR. TRAY)) INNER JOIN CIRTAG ON TRAYCIR. CIRCUIT = CIRTAG.CIRCUlT
; ORDER BY TRAYZONE. ZONE, CIRTAG. TAG;

i
l

i
.

kt
5

!
!
!

.

O
,

i
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;

i
f K:PRA%CCESSflRE.MDB Thursday, May 16,1996 |

Query francZONETAG_2 h Page: 1
"

.

e

Procerties j
Date Created: 3/MI6 4:15:32 PM Def. Updatable: Yes '

Last Updated: 4/26/96 9:04.16 AM ODBC Trneout: 60

Record Locks: Edited Record Retums Records: Yes !
Type: Append ,

!

1 91.
'INSERTINTOtmpZONETAG(ZONE TAG)

SELECT DISTINCT CONDZONE. ZONE, CIRTAG. TAG

FROM (CONDZONE INNER JOIN CONDCIR ON CONDZONE.CONDUlT * CONOCIR.CONDUlT) INNER ,

JOIN CIRTAG ON CONDCIR. CIRCUIT = CIRTAG.CIRCUlT
ORDER BY CONDZONE. ZONE. CIRTAG. TAG;

'
.

-

.

,

;

,

O
i

]
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K:PRA%CCESS'ElRE.MDB Thursday, May 16,1996 |
Query francZONETAG_3 A Page:1 '

l

Pronerties
Dele Creoled: 3/2646 4M21 PM , Def. Updatable Yes j

Last Updated: 4/26S6 9:05:38 AM ODBC Timeout 60 I

Record Locks: Edited Record Returne Records: Yes
Type: Make-table

1

l
i

iN I

SELECT DISTINCT tmpZONETAG2ONE AS FREVENT,impZONETAG. TAG AS TOEVENT.*1" AS TOTYPE
INTO franc 20NETAG '

FROM tmpZONETAG
ORDER SY tmpZONETAG2ONE, tmpZONETAG. TAG;

O
V

I

|

:
i

!

i

.
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- K:PRA%CCESS71RE.MDB Thursday, May 16,1996 . 1

Table: franc 2ONETAGTL 8 Page:1 l
1

1

Promerties

Date Created: N26/96 8.59.56 AM Def. Updatable: Yes

Last Updated: N26/96 8:59 56 AM Record Count: 4786

Cohamns

Name Type Size

FREVENT Ted 15

-TOEVENT Ted 20
TOTYPE. Ted 255

.

O

l

|

|

|

|
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/ K:PRA%CCESS71RE.MDB . Thursday. May 16,1996

_

Query francZONETAG_TL_1 d Page:1

Pronerties

Date Created: 3/20516 2 22:31 PM Def. Updatable Yes

Leet Updated: 4/26416 8:46:57 AM ODBC Timeout. 60

Record Locks: Edded Record Returns Records: Yes
Type: Make-table

E
SELECT DISTINCT TRAYZONE. ZONE, CIRTAG. TAG INTO tmpZONETAGTL
FROM (TRAYZONE INNER JOIN TRAYCIR ON (TRAYZONE.COORD = TRAYCIR.COORD) AND
(TRAYZONE. TRAY = TRAYCIR. TRAY)) INNER JOIN CIRTAG ON TRAYCIR. CIRCUIT = CIRTAG.CIRCulT
WHERE ((TRAYZONE. PROTECT is Null))
ORDER BY TRAYZONE2ONE. CIRTAG. TAG;

i

i

!

|
1

I
i

i
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|

Q K1PRA%CCESS71RE.MDB = Thursday, May 16,1996

\j Query. franc 20NETAG_TL,,2 O Page:1

|: Prenartime

; _ Date Created: 3GOS6 2:18:40PM Def. Updatable -Yes

l: Last Updated 42tW96 8:56:15 AM ODBC Tirneout: 60

Record Locks: Edited Record Retums Records: Yes
! . Type. Append

I
|

IE
I' INSERT INTO tmpZONETAGTL ( ZONE, TAG )

SELECT DISTINCT CONDZONE2ONE, CIRTAG. TAG

FROM (CONDZONE INNER JOIN CONDCIR ON CONDZONE.CONDUlT = CONOCIR. CONDUIT) INNER
i JOIN CIRTAG ON CONDCIR.CIRCUlf = CIRTAG. CIRCUIT
'

WHERE ((CONDZONE. PROTECT la Null))
ORDER BY CONDZONE2ONE, CIRTAG. TAG;

.

l

|

!

D
| Lb
|

|

.

|

!'
1

\1

I
t

|

,

4

L O.
,

|
|

I.

,
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5 K;PRAWCCESSfiRE.MOS Thursday, May 16,1996
Query: franc 2ONETAG.,TL.,3 h Page:1

4

Pramarties

Date Created: 3G6/96 5:01:04 PM Def. Updatable: Yes

j Leet Updated: 4G6/96 8:59.50 AM . ODBC Timeout: 60

Record Looks: Edited Record Retums Records: Yes

; . Type: Make-tetdo

4

1

SELECT DISTINCT tmpZONETAGTLZONE AS FREVENT,impZONETAGTLTAG AS TOEVENT,*1" AS
TOTYPE INTO francIONETAGTL
FROM tmpZONETAGTL

'
ORDER BY tmpZONETAGTL. ZONE, tmpZONETAGTL. TAG;

i

i
.i

$

!
4

#
a

I'

I;.
T

h
a

! i

!

;
>

7

1

$

i

e

.

I !
4
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l
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K;PRA%CCESS71RE.MDB Thursday, May 16,1996
Table: frenc2ONESCENARIOS Pege: 1

.,_

Date Created: 4/26/96 8:4426 AM Def. Updatable: Yes

Lost Updated: 4/26/96 9.08:30 AM Record Count: .224

Columns

Nerne Type Size

ID Number (Long) 4

Hide Yes/No 1

' Run Yes/No 1

Zone Ted 15

ZoneDesc Ted 60

Auto Ted 60 -

Scen Ted 255

ScenDesc Ted 255

* MepToble Ted 50

CreditWrep Yes/No 1

BEC Yes/No 1

BF Yes/No 1

TRC Yes/No 1

TRMCUB Number (Single) 4

TRTrunc Number (Single) 4

ORC Yes/No 1

:ORMCUB Number (Single) 4

ORTrunc Number (Single) 4

GTC' Yes/No 1

GTMCUB Number (Single) 4

GTTrunc Number (Single) 4

IGF Number (Double) 8

NSP Number (Double) 8

CCDP Number (Single) 4

CDF Number (Single) 4

Screened Yes/No 1

Notes Memo -

O

l



'm IOPRA%CCESSWIRE.MDB Thursday, May 16,1996f

( Ouery francZONESCENARIOS_1. Page:1

Procerties j
Date Created: 4/1/96 4:03:13 PM Def. Updatable: Yes ]
Last Updated: 5/16/96 3 48:53 PM ODBC Tuneout: 60

Record Locks: Edded Record Retums Records: Yes
Type: Make-table

AE -

SELECT DISTINCT francZONESCENARIOS_ EMPTY. Hide, francZONESCENARIOS_ EMF.Y.Run,
ZONE 20NE AS (Zone *], ZONE.DESC AS ZoneDese, ZONE. AUTO AS Auto,"A" AS Scen," AS ScenDesc,
francZONESCENARIOS_ EMPTY.MapTable, francZONESCENARIOS_ EMPTY.CreddWrap,
franc 2ONESCENARIOS_ EMPTY.BEC, francZONESCENARIOS_ EMPTY.SF,
francZONESCENARIOS_ EMPTY.TRC, francZONESCENARIOS_ EMPTY.TRMCUB,
franc 2ONESCENARIOS_ EMPTY.TRTrunc franc 20NESCENARIOS_ EMPTY. ORC,
franc 20NESCENARIOS_ EMPTY.ORMCUB francZONESCENARIOS_ EMPTY.ORTrunc,
francZONESCENARIOS_ EMPTY.GTC, francIONESCENARIOS_ EMPTY.GTMCUS,
francZONESCENARIOS_ EMPTY.GTTrunc,IGNF_ ZONE.lGNF_ ZONE AS IGF,
lif([ ZONE][ AUTO]="none*,1,[ ZONE][NSP]) AS [NSP'], franc 20NESCENARIOS_ EMPTY.CCDP,
francZONESCENARIOS_ EMPTY.CDF, franc 20NESCENARIOS_ EMPTY. Screened INTO
tmpZONESCENARIOS
FROM (ZONE LEFT JOIN franc 20NESCENARIOS_ EMPTY ON ZONE 2ONE =
franc 2ONESCENARIOS_ EMPTY 2one) LEFT JOIN IGNF_ ZONE ON ZONE. ZONE = IGNF_ ZONE.[ ZONE *]
ORDER BY ZONE. ZONE * I

,

i

,

|
|

v
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( K;PRA%CCESSWIRE.MDB Thursday, May 16,1996

Ouery; francZONESCENARIOS_2 Pt.ge: 1 !

i

Properties

Date created: 4/1/96 4:14:17 PM Def. Updatable: Yes

jLast Updated: 5/16/96 3:49:18 PM ODBC Timeout: 60

Record Locks: Edited Record Returns Records: Yes
'

Type: Append
i

i

19L
INSERT INTO tmpZONESCENARIOS ( Run, [ Zone *], ZoneDesc, Auto, Scen. ScenDese, MapTable CreditNrap.
BEC, BF, TRC, TRMCUB, TRTrunc, ORC, ORMCUS ORTrunc, GTC, GTMCUB, GTTrunc, IGF, [NSP*].
CCDP CDF, Screened)
SELECT DISTINCT francZONESCENARIOS_ EMPTY.Run, ZONE 2ONE AS[ Zone *], ZONE.DESC AS
ZoneDesc, ZONE. AUTO AS Auto,"B" AS Scen "" AS ScenDesc,"ZONETL" AS MapTable,
franc 20NESCENARIOS_ EMPTY.CreditWrap, francZONESCENARIOS_ EMPTY.EEC,
francZONESCENARIOS_ EMPTY.BF, francZONESCZNARIOS_ EMPTY,TRC,

'

,

francZONESCENARIOS_ EMPTY.TRMCUB, francZONESCENARIOS_ EMPTY.TRTrune,
francZONESCENARIOS_ EMPTY. ORC, francZONESCENARIOS_ EMPTY.ORMCUS,

'
francZONESCENARIOS_ EMPTY.ORTrunc, francZONESCENARIOS_ EMPTY.GTC,
francZONESCENAhlOS_ EMPTY.GTMCUB, franc 20NESCENARIOS. EMPTY.GTTrunc, . ,

IGNF_ ZONE.lGNF_ ZONE AS IGF,1-[ ZONE][NSP] AS [NSP*], francZONESCENARIOS_ EMPTY.CCDP, I

francZONESCENARIOS_EMPT'r.CDF, francZONESCENARIOS_ EMPTY. Screened !

FROM (ZONE LEFT JOIN fradONESCENARIOS EMPTY ON ZONE 2ONE = !

francZONESCENARIOS EMPTY 2one) LEFT JOIN IGNF_ ZONE ON ZONE 2ONE = IGNF_ ZONE.[ ZONE *) j
ORDER BY ZONE 2ONE, ZONE 2ONE; ,

v ;

!

t

h
'

.

:
?

i

!,

h

!

!

f

i
i

!

!
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t

i
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K;PRA%CCESS71RE.MDB Thursday, May 16,1996 ;

d
- Query: francZONESCENARIOS_3 Page:1 |

s ,

.
I

1

I
g Pronerties ;

Date Created: 3/294611:07:30 AM Def. Updatable: Yes*

Last Updated: 4/2W96 8:43:34 AM ODBC Timeout: 60 i
*

Record Locks: Edited Record Retums Records: Yes'

i Type: Make4able
r

: !

i
4

1 91. -

;
4 SELECT DISTINCT tmpZONESCENARIOS? INTO francZONESCENARIOS

!
! FROM tmpZONESCENARIOS

j ORDER BY tmpZONESCENARIOS.lZone*], tmpZONESCENARIOS.Scen; ,

;

,

4

;
.

!

i
+

; !

,

.

t

:

1

!

|
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4

!
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1.

i*

:

; !
Thursday, May 16,1996 |

O
KPRAWCCESS71RE.MDB
Query francZONESCENARIOS_ UNSCREENED Page:1 |!

!$ i

Promarties |
: Date Created ~ 4/3/96 3:41:41 PM Def. Updatable Ye a j

Lael Updates: 5/10/961:36.09 PM ODBC Timeout. 60 ;4

Record Locks: Edited Record Retums Records: Yes :'

Type: Select
,

!
* i

E !
.

SELECT DISTINCTROW ZoneScenarios2cne, ZoneScenarios2oneDesc, Sum (ZoneScenarios.CDF) AS [

! CDF_OLD, Sum ((ICDF)/[lGF])*[lGNF_ ZONE]) AS CDF_NEW ;

} FROM ZoneScenarios INNER JOIN IGNF_ ZONE ON ZoneScenerlos2one = IGNF_ ZONE 2ONE ,

GROUP BY ZoneScenenos2one, ZoneScenerlos2oneDesc i

4 HAVING ((ZoneScenarios2oneo"CC 145-118B" And ZoneScenenos2cneo*CC-134-118A*) AND I
/

. . ((Sum (([CDF)/[lGF])*[lGNF_ ZONE]))>0.000001))'

j ORDER BY Sum (([CDF}jlGF])*[lGNF_ ZONE]) DESC; .j
|<

i !

3, )
; Query Parameters j

1

Name Type
4

'

IGNF, ZONE 2ONE Text'

i. {
1 ,

/ Columns
1j. Q

; Name Type Size )
Zon. Tt is i

ZoneDesc- Text 80 ~ |
g

j CDF_OLD Number (Double) 8 ]

,
CDF_NEW - Number (Double) 8 ]

i-

j
t

i

l

I

(
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K:PRAWCCESSWiPE.MDB Thursday, May 16,1996 !
Table: francs 00k% SCENARIOS Pege:1

|

|
i

Progetties !

Date Crested: 4/26/9612:09:10 PM Def. U;4atable: Yes

Last Updated: 4/26/9612:09:52 PM Record Count: 728
|

1

|

Columns |

Name Type Size
| '

ID Number (Long) 4

Hide Yes/No 1 ,

Run Yes/No 1
'

Zone Ted 255

Source Ted 50

'ZoneZone Ted 15
' ZoneDesc Ted 60

! AUTO Ted 60

| Scen Ted 255 |
MapTable . Ted 255 j

CreditWrap Yes/No 1 i

BEC Yes/No 1 j

BF Yes/No 1

TRC Yes/No 1

TRMCUB Number (Single) 4 ;-

TRTrunc Number (Single) 4 |
| ORC Yes/No 1

ORMCUB Number (Single) 4

ORTrune Number (Single) 4
'

GTC Yes/No 1

GTMCUB Number (Single) 4 i
,

GTTrunc Number (Single) 4 >

'

IGF- Number (Double) 8

NSP Number (Double) B ,

CCDP Number (Single) 4 [

| CDF Number (Single) 4

Screened Yes/No i'

Notes ' Memo -
,

|

l !

I

i

2

O

r
i

.- __



K:PRA%CCESS71RE.MDB Thursday, May 16,19967
Query: francSOURCESCENARIOS_1 Page:1

l

Prosernes
Date Created: 3/29/96 2:18:02 PM Def. Updatable: Yes

Last Updated: 5/10/9612:47:10 PM ODBC Timeout. 60 1

Record Locks: Edited Record Returns Records: Yes

Type: Make-table

E 1

SELECT DISTINCT francZdNESCENARIOS_ EMPTY. Hide, francZONESCENARIOS_ EMPTY.Run, |

"S*+[ SOURCE _IO] AS [ Zone *], SOURCE. SOURCE AS [ Source'], j
francZONESCENARIOS_ UNSCREENED 2one AS ZoneZone, ZONE.DESC AS ZoneDesc, ZONE. AUTO,"A" i

AS Scen," AS MapTable, francZONESCENARIOS_ EMPTY.CreditWrap. i

francZONESCENARIOS_ EMPTY.BEC, francZONESCENARIOS. EMPTY.BF,
francZONESCENARIOS_ EMPTY,TRC, francZONESCENARIOS_ EMPTY.TRMCUB,
francZONESCENARIOS_ EMPTY.TRTrunc, franc 20NESCENARIOS_ EMPTY. ORC,
franc 20NESCENARIOS_ EMPTY.ORMCUS, franc 2ONESCENARIOS_ EMPTY.ORTrunc,
franc 20NESCENARIOS_ EMPTY.GTC, franc 20NESCENARIOS_ EMPTY.GTMCUB,
francZONESCENARIOS_ EMPTY.GTTrunc,1GNF_ SOURCE.lGNF_ SOURCE AS IGF,
lif([ ZONE][ AUTO]="None",1,[ ZONE].[NSP]) AS [NSP*] francZONESCENARIOS_ EMPTY.CCOP,
franc 2ONESCENARIOS_ EMPTY.CDF, francZONESCENARIOS_ EMPTY. Screened INTO
tmpSOURCESCENARIOS
FROM (((ZONE LEFT JOIN francZONESCENARIOS_ EMPTY ON ZONE 2ONE =
francZONESCENARIOS_ EMPTY 2one) RIGHT JOIN francZONESCENARIOS_ UNSCREENED ON
ZONE 2ONE = franc 2ONESCENARIOS_ UNSCREENED 2cne) LEFT JOIN SOURCE ON
francZONESCENARIOS_ UNSCREENED. Zone = SOURCE 2ONE) LEFT JOIN |GNF_ SOURCE ON j
SOURCE. SOURCE = IGNF_ SOURCE. SOURCE. SOURCE ;

WHERE ((SOURCE. SOURCE is Not Null)); ]
|

:
i
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I ) Query, francSOURCESCENARIOS_2 Page:1
V'

Properties

Date Created: 3/29/96 2:21:52 PM Def. Updatable: Yes

Last Updated: 5/10/9612:47:45 PM ODBC Timeout: 60

Record Locks: Edited Record Retums Records: Yes
Type: Append

I

$21. ;*

INSERT INTO tmpSOURCESCENARIOS ( Hide, Run,[ Zone *], [ Source *], ZoneZone ZoneDese, AUTO, Scen, 1

MapTable, CreditWrap, BEC, BF, TRC, TRMCUB TRTrunc, CRC, ORMCUB, ORTrunc, GTC, GTMCUB, |
GTTrunc, IGF, [NSP*], CCDP, CDF, Screened )
SELECT DISTINCT francZONESCENARIOS_ EMPTY. Hide, francZONESCENARIOS_ EMPTY.Run, 4

*S"+[ SOURCE _lD] AS [ Zone *], SOURCE. SOURCE AS [ Source'], )
francZONESCENARIOS_ UNSCREENED 2one AS ZoneZone, ZONE.DESC AS ZoneDese, ZONE. AUTO,"B"

~

AS Scen,"SOURCETL" AS MapTable, franc 2ONESCENARIOS_ EMPTY.CreditWrap,
i

francZONESCENARIOS_ EMPTY.BEC, francZONESCENARIOS_ EMPTY.BF, ;
'

francZONESCENARIOS_ EMPTY.TRC,francZONESCENARIOS EMPTY,TRMCUB,
francZONESCENARIOS_ EMPTY.TRTrunc, francZONESCENARIOS_ EMPTY. ORC,
francZONESCENARIOS_ EMPTY.ORMCUB, francZONESCENARIOS_ EMPTY.ORTrune,
francIONESCENARIOS_ EMPTY.GTC, franc 2ONESCENARIOS EMPTY.GTMCUB,
francZONESCENARIOS_ EMPTY.GTTrunc,IGNF_ SOURCE.lGNF_ SOURCE AS IGF,1-[ ZONE].[NSP] AS
NSP, francZONESCENARIOS_ EMPTY.CCDP, francZONESCENARIOS_ EMPTY.CDF,
francZO N E SC EN ARIO S_ EMPTY. Screened
FROM (francZONESCENARIOS_ UNSCREENED LEFT JOIN ((SOURCE LEFT JOIN ZONE ON
SOURCE 2ONE = ZONE 2ONE) LEFT JOIN francZONESCENARIOS_ EMPTY ON ZONE 2ONE =

rm francZONESCENARIOS_ EMPTY 2one) ON francZONESCENARIOS_ UNSCREENED 2one =
{ SOURCE. ZONE) LEFT JOIN IGNF_ SOURCE ON SOURCE. SOURCE = IGNF_ SOURCE. SOURCE. SOURCE
A WHERE ((SOURCE. SOURCE is Not Null));

;

1
1
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{ ) Query: francSOURCESCENARIOS_3 Page: 1
LJ

Provutfes
Date Created: 5/14/96 2:38:11 PM Def. Updatable: Yes

Last Updated: 5/14/96 2:40:12 PM ODBC Timeout: 60

Record Locks: Edited Record Retums Records: Yes
Type: Append

.E
INSERT INTO tmpSOURCESCENARIOS ( Hide, Run, [ Zone'], [ Source'], ZoneZone, ZoneDesc, AUTO, Scen,
MapTable, CreditWrap, BEC, BF, TRC, TRMCUB, TRTrunc, ORC, ORMCUB, ORTrunc, GTC, GTMCUB,
GTTrunc, IGF, [NSP'], CCDP, CDF, Screened )
SELECT DISTINCT francIONESCENARIOS_ EMPTY. Hide, francZONESCENARIOS_ EMPTY.Run,
*S*+[ SOURCE _ID] AS [Z ce'], SOURCE. SOURCE AS [ Source *],
francZONESCENARIOS_JNSCREENED2one AS ZoneZone, ZONE.DESC AS ZoneDesc, ZONE. AUTO,"C"
AS Scen,*SOURCEC" AS MapTable, francZONESCENARIOS_ EMPTY.CreditWrap,
franc 2ONESCENARIOS_ EMPTY.BEC, francIONESCENARIOS_ EMPTY.BF,
francIONESCENARIOS_ EMPTY.TRC, franc 20NESCENARIOS_ EMPTY,TRMCUB,
francZONESCENARIOS_ EMPTY.TRTrunc, franc 2ONESCENARIOS EMPTY. ORC,
franc 20NESCENARIOS_ EMPTY.ORMCUB, franc 20NESCENARIOS EMPTY.ORTrunc,
francZONESCENARIOS_ EMPTY.GTC, francZONESCENARIOS_ EMPTY.GTMCUB,
franc 20NESCENARIOS_ EMPTY.GTTrunc,IGNF_ SOURCE.lGNF_ SOURCE AS IGF,1-[ ZONE].[NSP] AS
NSP, francZONESCENARIOS EMPTY.CCDP, francZONESCENARIOS_ EMPTY.CDF,
francZONESCENARIOS_ EMPTY. Screened
FROM (francZONESCENARIOS_ UNSCREENED LEFT JOIN ((SOURCE LEFT JOIN ZONE ON
SOURCE 2ONE = ZONE. ZONE) LEFT JOIN francZONESCENARIOS_ EMPTY ON ZONE 2ONE =

A francZONESCENARIOS_ EMPTY 2one) ON francZONESCENARIOS UNSCREENED. Zone =
{ SOURCE. ZONE) LEFT JOIN IGNF_ SOURCE ON SOURCE. SOURCE = IGNF_ SOURCE. SOURCE. SOURCE
i WHERE ((SOURCE. SOURCE ls Not Null));

I

|

|
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Query; trancSOURCESCENARIOS ,4 Page:1 :

;

!

!

Rr nw i
Date Created: 4 @ 96 9:58:41 AM Def. UMd** Yes f

| Last Updated: 5/14/96 2:37:50 PM ODBC Timeout: 60 |
Record Locks: Edited Record Retums Records: Yes |
Type: Make-table t

,

t

M
SELECT DISTINCT tmpSOURCESCENARIOS.* INTO francSOURCESCENARIOS
FROM tmpSOURCESCENARIOS !

ORDER BY tmpSOURCESCENARIOS2oneZone, tmpSOURCESCENARIOS.[ Zone *], *

; tmpSOURCESCENARIOS.Scen;
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O Appendix B 1

Ignition Source / Target Drawings
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This appendix provides additional guidance for counting fire ignition sources and calculating
plant-specific fire frequencies. Frequencies will be developed for compartments, and then

Q compartment frequencies may be combined, if necessary, to determine area frequencies.

O
C.1 Equipment Counting Methods

There are two principal approaches to counting equipment: ;

Visual examination (drawings and/or walk down), or.

Use of an electronic database.

1

The more cost-effective approach is probably to count equipment by relying on visual |
examination. Experience indicates that a knowledgeable individual can estimate the number
of components with the level of accuracy desired (e.g.,125%). A computerized equipment
location database can be used as an aid if one is available. Note that an Appendix R
database containing only safe-shutdown equipment is not very useful, since both safety-
related and non-safety-related components may be potential fire sources.

1

Plant drawings may also be used for equipment counting. However, for some equipment, it '

may be desirable to use visual inspection to obtain an accurate count (e.g., electrical cabinet
panels and breaker cubicles). For areas that are inaccessible, drawings, may be the only aids

i

available. j

Electronic databases may also be used directly for equipment counting. An electronic
database may provide more precise counting of equipment that would otherwise be assumed i

to be distributed evenly using the location weighting factor. For example, electrical cabinets in
the switchgear room are distributed evenly among each switchgear room while a more precise,m

(] count with a database may indicate some variations from room to room. An electronic
database, however, is not necessarily more efficient. Counting rules are must be implemented
using fields available in the database. For example, differences in equipment size e.g., for
pumps or transformers may not be indicated in the database. It may be difficult then to
exclude smaller components which operating experience has often indicated are not risk-
significant ignition sources.

C.2 Specific Guidance for Counting

Guidance on how to count selected ignition sources is provided in the followirig paragraphs.

Electrical Cabinets. Count individual panels and breaker cubicles and both AC and DC
sources. An average number of cubicles may be estimated for cabinets such as motor
control centers and DC distribution panels instead of counting cubicles in each cabinet
individually. If there are no electrical cabinets in the Cable Spreading Room, delete the
electrical cabinet contribution to the compartment ignition frequency.

Pumps. Count !arge pumps in core heat removal systems and essociated support
systems. Note, hc.Vever, that small pumps can be ignition sources but with less severe
heat release rates. During plant walk downs, look for special situations where a small
pump is close to important equipment. In this case, count the pump.

p Batteries. Cells are not counted individually. If there are "A" and "B" batteries, each with
(j 60 cells, these are counted as 2 batteries.

2

~



Diesel Generators. Disssi g:ntrator sub-compontnts Era countsd as part of thm ditsal.
For example, diesel generator air start compressors are considered as part of the diesel
generator and not counted as air compressors.

T/G Excitor. T/G Oil. and T/G Hydroaen. Number of ignition sources for the T/G Excitor,
~ ~ " T/G Oil, and T/G Hydrogen categories will normally be one.

_.

Radwaste Area Miscellaneous Components. No counting is required in the radwaste area
except for dryers. Transients allowed in radwaste areas need to be indicated.

Transformers. Count all transformers except control power transformers and other small
transformers which are sub components in major electrical equipment. Examples of
transformers which are counted are 4160/480 transformers attached to AC load centers,
low voltage regulators, and essential service lighting transformers. Yard transformers are
considered separately.

Cable. The calculation requires the amount of cable insulation in the area, expressed ,

either as weight or heat of combustion (Btu).

Dryers include clothes dryers in the count for dryer equipment. Instrument air dyers are |
counted as part of air compressors.

Junction Boxes /Solices. The number of junction boxes in an area may be difficult to -
determine, if so, the frequency can be apportioned based on ratio of cable in the area to !

the total cable in the plant. |

|
Miscellaneous- Ho Fires. This category includes hydrogen (and propane) fires in

O- miscellaneous syistems other than hydrogen cylinder storage, generator cooling, and I

4

battery rooms, which are considered in other categories. No counting of ignition sources is
required unless one area contains a disproportionate amount of regulators and tubing. For
additional guidance, read the section on Miscellaneous Hydrogen Fires in the database
report.

Ventilation Subsystems. This category includes components such as AC units, fan motors,
air compressors, etc., A fan motor and compressor housed in the same cabinet are
counted as one component.

- Transients. Ignition source weighting factors will be based on the transients allowed in the
area. This information is asked for in the upper right-hand corner of the worksheet.
Transient and welding sources are considered applicable to all areas unless they are
precluded by administrative controls or practices or design features essentially eliminate
the possibility. Welding fires (and junction box fires) in qualified cable can be ignored as
they.are unlikely to be self-sustaining and, consequently are not expected to be risk
.significant.

Transients are allowed unless they are precluded by procedure during power operation.
"Open flames" refers to use of candles to check the integrity of penetration seals. " Heating
of combustibles" refers to use of band type heaters or other heaters to warm lubricants or
battery terminal grease in preparation for maintenance operations.

O
3
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,I

"

Other tips for counting components relate to selecting applicable location: |
l

When counting components, exclude components in areas of a building which are.

applicable to another location. For example, do not count equipment in radwaste areas in4 ,

the Auxiliary Building.
l
|

Consider Control Buildings as part of the Auxiliary Building (PWR) or Reactor Building.

(BWR) locations.

2 Do not consider the primary containment as part of the Reactor Building..

*

Ignition sources other than those listed in table 4-2, do not need to be counted unless there is
history of such fires occurring at the site being analyzed. If such sources are modeled derive
the generic frequency from FEDB (no. of fires /rx-yr). If not in the FEDB, i.e., no such fires
occurred anywhere else, ignoro. The heat release rate may be obtained from a similar |
component, e.g.,65 Btu /s for MOVs, oil HRR for grease (use size of the motor because of high i

I viscosity). J

l

I
C.3 Comparison of Equipment Counts !

l
1A useful means of checking the outcome of equipment counts is by comparison with other

plants. Comparing the plant-wide equipment counts with those from other plants provides an
easy method of sanity checking the results. Table C-1 includes the equipment counts for
several plants. While a variance does exist between plants, the data could help spot potential

(7 gross miscounts of equipment. Equipment subject to miscounting includes electrical cabinets
d in the Cable Spreading Room and transformers.

C.4 Equipment Counting for a Single Unit at a Multi-Unit Site

The ignition frequency method is easiest to apply for an entire site or a single, completely
separated unit. When the application addresses only a portion of a site, it is possible to make
mistakes when counting equipment shared by more than one unit. The best way to avoid
mistakes is to test the results of any application against the two basic assumptions used to
generate the results:

The ignition frequency for all equipment in one unit is the same as the ignition fre-.

quency for all equipment in another unit. ;

The ignition frequency in any compartment in a unit is proportioned to the types of.

ignition sources and their relative fraction of the total in the plant.

If the units at a site are " mirror image" or generally believed to contain the same types and
numbers of equipment, the method can be implemented relatively effectively using a single
assumption:

The number of ignition sources and plant locations in the " uncounted unit" is the.

same as the number in the counted unit.
p
( As an example, consider a two unit site in which some areas contain equipment for both units.

- The units are " mirror imaged" units. There are four RPS MG sets in each Unit for a total of 8

4
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|

!
!j s:ts. Two of tha switchgur rooms ara Unit 1 sp:cific and ona is common to both units. There

is a Unit 1 RPS MG set in one of the Unit 1 switchgear rooms and another in the common
: . switchgear room. (The remaining 2 Unit 1 RPS MG sets are elsewhere in the plant.) There is-

; a Unit 2 RPS MG set in tiie comrnon switchgear room. |
1 i
i ~ Using the assumption for the " uncounted unit," the location weighting factor for the switchgear ]

rooms is:

"

Number of units at the site / Number of SWGR rooms at the site = 2/5.
i

I
* 'The number of switchgear rooms at the site is determined by adding the two switchgear rooms
j- at Unit 1, one switchgear room shared by both units plus the two switchgear rooms assumed
1 and uncounted at Unit 2. No ignition source weighting factor is required for the electrical

}
cabinets in the switchgear rooms.

The location weighting factor for the plant-wide components is:
:
!'

Number of units at the site = 21 .

:
The ignition weighting factor for the RPS MG sets is::

Number of ignition sources in compartment / number of ignition sources at the site.

i

i For the switchgear rooms, the RPS MG sets ignition source weighting factors are:
|
'

| O for the Unit 1 switchgear room without an RPS MG set.

| 1/8 for the Unit 1 switchgear room with a single RPS MG set.

! 2/8 for common switchgear room.

:

F The number of RPS MG set ignition sources at the site is determined by adding the four-
counted at Unit 1 plus the four assumed and uncounted at Unit 2.

|

[ In summary, equipment counts for a single unit at a multi-unit site should be done using the

]
following rules:

Count equipment and locations for one unit NOT in common with the other unit. |
.

Assume the mirror image unit has the same number of equipment or locations. l| .

L Count equipment and locations in common areas.e
' Use the sum for plant-wide and location equipment counts. |.

Use location weighting factors based on two units. !j .

:

$
i-

i
1 l

) ,

!4

i
4

4

;

5
4

f
A

i
,- , , , - , , . - __ .. . . . .



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

Table C-1 |
ps Total Plant-Wide Equipment Counts Used in Ignition Frequency Method |

C for FIVE and Fire PRA Tailored-Collaboration Projects |

Component PWRMf BWR- PWR BWR- BWR- PWR PWR High Low Average per
(2 Units) S CE 4 6 W CE per per. unit (1)

unit unM,

]
At Compressor 9 10 9 44 11 14 5 15 5 8

,

Battery 35 8 6 34 6 14 5 18 3 8

CharDers
Dryers 4 14 0 0 5 - 15 15 0 6

I. Electncal 1,975 903 2,058 630 (4) 1,847 2,335 129 (4) 1,847 988 1,187

Cabinets (2) ;

1 6 0 2Elevator Motor 3 1 3 0 6 -

i Fire Protection 50 6 75 40 115 16 8 115 6 30 1

Panels
Pumps (except 283 117 414 24(4) 101 103 148 207 52 128 i
MFW or i

Fire)(2)
RPS MG Ses 4 2 2 31 2 4 0 10 0 3

,

Transformers 329 48 28 55 178 109 71 178 14 78

Ventilabon 332 171 441 289 636 22 128 636 11 .204
Subsystems<

e Offges NA 0 NA 3 0 NA NA 3 0 0 |
Recombiners t

(BWR)"

(1) Calculated by taking the average per unit for oech site, then summing the averages per unit and dividing by the r

number of sites.
. (2) Auxiliary or Reactor Building and Turbine Building only. <

\ (3) Entry is for one of three reactor building ony. This entry was not included in high, low and average per unit. ;

j (4) This entry was not included in the high, low and average values,
j

Ii
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C,5 Specific Guidance for Applying ignition Source Weighting Factor Method A

Ignition source weighting factor method "A" applies to diesel generator rooms, switchgear
O- rooms, battery rooms, control rooms, cable spreading rooms, intake structures, radwaste

areas, and transformer yards.

The ignition frequency method is based on the assumption that the same type of equipment is
equally likely to cause a fire. Weighting factor method "A" assumes that the equipment of
interest is evenly distributed among the compartments comprising the location. For example,
in a plant with four switchgear rooms method "A" assumes that each switchgear room contains
one-fourth of the electrical cabinets normally found in switchgear rooms. When method "A: is
applied, the location weighting factor (i.e., number of units / number of rooms) apportions the
ignition frequency among the four rooms, and the ignition source weighting factor for the
component type (e.g., cabinets, pumps) is 1.0.

However, there may be locations at some plants where this assumption does not apply. If this
assumption does not apply, the location weighting factor should be adjusted to reflect the
actual distribution of equipment.. Consider a case in which there are three switchgear rooms
at a certain plant. It is estimated that 90% of the plant switchgear equipment is divided equally
between switchgear rooms A and B, which are similarly configured, and the remaining 10% is
in switchgear room C. In this case the location weighting factor for switchgear rooms should
be adjusted to account for the uneven distribution of equipment. The location weighting factor
for switchgear rooms (i.e., number units / number of switchgear rooms) should be replaced by
the following:

number of units * percent total equipment in the room

The location weighting factor for switchgear rooms A and B for this example would then be:

number of units * 0.45.

The location weighting factor for switchgear room C would be:

number of units * 0.10.

i
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: Appendix D
:

! Guidance for Estimating Fire Severity
j (from EPRI Fire Risk Implementation Guide)
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|

| This appendix describes how severity factors can be used to incorporate more realism in fire
'

j risk estimates. First, this appendix describes the use of severity factors in past fire PRA
- methods and the limitations posed by operating experience in developing new ones. Next, the

technical approach used to develop and apply severity factors is described. Finally,
,

: development of severity factors for selected fire sources is presented

b |
j D.1 Background

.

D.1.1 Severity Factors in Fire PRAs
; Fire risk is calculated based on the frequency with which fires occur and the damage that they - |

! cause. Traditionally, methodologies have estimated ignition frequency from event experience |
; and damage from fire models. Experience from EPRI fire risk methods testing indicates that i

j limitations in each method combine to compromise the realism that can be obtained from fire
< PRA methodologies.
]

i. PRA technology is designed to predict rare events that have not occurred in nuclear
experience. In the course of these predictions, PRAs also predict a set of intermediate events.

,

As the amount of nuclear plant operating experience has increased, a number of such
,

8 intermediate events have occurred. Consequently, PRA predictions of intermediate events
i can be compared to operating experience to determine if PRA methods need to be altered to
j better predict rare events.
3 ;
' in the case of fire PRA technology, methods have traditionally tried to overcome the '

{ weaknesses of fire models and ignition frequency data by the use of " severity factors". A 4

!p severity factor is simply a conditional probability that the ignition source is sufficiently severe to
i cause the conditions represented by the model. In past PRAs which were based on limited
; operating experience, the factor was completely based on judgment with the actual tie to
j operating experience being quite vague. For example, the factor might represent the fraction
j of Auxiliary Building fires which caused fires so severe as to be equivalent to a one-foot ;

; diameter oil pool fire.
!
; in the case of the EPRI fire PRA methodology, some of this problem has already been

addressed. For each of the ignition sources there are one or more heat release rates.;

j Because the heat release rates are now more realistic, some of the severity factor has already
been estimated. For example, a vertical electrical cabinet with qualified cable has been shown !

'

i to not reach the heat release rates corresponding to the abovementioned oil pool. Originally, it
j was hoped that the additional preciseness in ignition sources and realism in heat release rates
[ would reduce the dependence on severity factors. However, as fire modeling results were
; obtained, it' appeared that fire modeling damage predictions were still much higher than fire
; event experience implied.

j D.1.2 Limitations in Operating Experience

: Providing a sanity check of fire modeling based on operating experience poses a number of
j problems. If not, it might have been more efficient to predict risk directly based on operating
; experience rather than use fire modeling. The following compares operating experience

insights to modeling results and describes the difficulties encountered in making them match.t-

1

O
,

$
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| A fire event may not result in damage for a variety of reasons. These are:

|' 1. The fire might be severe, but nothing is nearby to be damaged.
; 2. Because of restricted ventilation, not enough oxygen can enter the component to allow
t~ combustibles to bum.
i. 3. The amount of energy in the ignition source and/or fuel proximity and geometry in the
j component are insufficient for the fire to grow.
i 4. The fire is detected early by plant personnel and suppressed before it grows.
~

5. The fire is detected by fast response detectors and, because it grows slowly, is suppressed

{. by an "open head" fixed suppression system.
i

'

Fire modeling is quite effective in identifying the first reason but not the others. In the EPRI

| Fire PRA method the second reason is addressed by engineering judgment. The remaining
! three reasons are addressed poorly by fire PRAs because heat release data is based on
: " simulated" fires in which the fuel geometry or ignition energy is optimized to ensure ignition
j occurs. For example, in Sandia's electrical cabinet fire tests (1,2), qualified cable handles
; were untied and spread out and then ignited with acetone because electrical ignition had )
{ failed. Similarly, in EPRI's cable tray fire tests (3), #2 fuel oil and Pennzoil pilot fires were 'l

; ignited by pouring heptane on the pool surface and igniting the heptane.

[ These simulations ignore many ignition conditions that involve long heat-up periods to volatilize
j the combustible before either ignition-significant fuel involvement occurs. Because these heat-
[ up periods often involve degrading component operation or distinctive smells, human detection
j can be an effective preventive factor. (For these reascns, fire codes sometimes do not require
i detection when locations are always occupied.) Indedl, when plant operating experience was
! evaluated in NSAC-179L (4), it was noted that manual detection is about six times more likely
j than automatic detection.

i For these reasons, an important objective of an operating experience review to sanity check
fire modeling is to identify and better understand the reasons fires do not damage other

, .

First, location-specificcomponents. In this way, two important results can be obtained.'

; attributes that make manual or automatic detection more likely can be credited where they
apply. Second, a sensible and explainable technical basis for severity factors can be provided

; to regulators and users of fire risk estimates.

Even if variations in the geometry of source and target, component ventilation, and detection
t and suppression capability were known for each event, plant specific factors can still affect the
*

results. Components differ from plant to plant as do the operations and maintenance practices
that affect them. These factors can influence the size and energy of the ignition source and

'.
the combustibility of the materials in the source. For example, if breakers includes materials
that are combustible, a fire is more likely to grow. If cables are not qualified, cable ignition may -

5 be much more likely. Because of such concems, it is important that recurring causes of fires at
i a particular plant are evaluated separately and that the presence of uniquely combustible
'

materials, such as non-qualified cable, be identified for severe fires.

| The last and possibly most significant difficulty to overcome in the use of event experience is
'

the uncertainty in event information. A number of fire events have short descriptions and blank
j entries to key fields that indicate severity. (See discussion below.) A large portion of these
j events have no clear reference (e.g., plant name) that would allow further investigation.
i Because severe fires appear to be rare, assumptions regarding the use of incomplete
!
.

I
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information can si[nificantly affect severity factor development.' For example, in the case of !

.O-
,

electrical cabinet fires in switchgear rooms, six of the seventeen events had key fields left !
blank. Of these six, four had no plant name. When only a few events at most are expected to ~ !
be severe, results can vary significantly depending on whether or not these " unknown" events

[ are counted as severe in the numerator or minor in the denominator. |
|

| For these reasons, it is important that plant-specific information is pursued to the maximum |
possible degree and that the results depend primarily on the best understood data. Because
the lead time is often long for obtaining additional details, we expect'our understanding of j,

i them to change and such changes may result in increases or decreases in the severity factor. ;

! Because the principal objective is to attain more realistic conditions, judgment is used in this :

; approach in lieu of conservative assignments. Since our judgments might change as -|
} information changes, the severity factor may change. Uncertainties will be estimated so that ;

I 'our understanding of the likelihood that the severity factor might change is understood by .

|- users.
,

D.2 Technical Approach |{ |

I! The technical approach for determining severity factors was developed in light of the
j abovementioned limitations. The basic approach involves comparing the fraction of fire

modeling calculations that predict damage.to an estimate of the fraction of operating,

experience events that caused damage. As the evaluation proceeded, certain complicating
and simplifying factors were identified and the overall approach became more complex. The

i- remainder of this section describes the resulting approach. In the next section, an example for
switchgear room electrical cabinets is presented to illustrate the fundamentals of the approach.

D.2.1 Technical Approach for Evaluating Fire Data

At first, all the fire events in the EPRI Fire Events Database (NSAC 178L) (1), also called the-
FEDB, are examined following these steps:

1. Evaluate fire data
set criteria
classify events based on FEDB
determine information desired
obtain additionalinformation
select final severe fires

certain.

potentiale

estimate range and mean of observed damage
provide basis, open issues and plans to resolve

2. Evaluate fire modeling results i

I
identify representative cases
tabulate damage results and bases for screening
evaluate ranges in plant specific results and potential significance
estimate range and mean of calculated damage ,

O !
|

4
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3. Compare data to modeling results

4. Evaluate application conditions for severity factor
manual detection
automatic suppression
recurring fires

5. Determine severity factor

6. Describe data insights which justify severity factor

Because of the uncertainty in information and the difficulty in obtaining additional details, a
method is required to determine which fire events need to be carefully evaluated. Specifically,
a set of criteria for fully-developed fires needed to be identified. The following criteria are used
to identify potentially fully-developed fires:

1. Use of hose' streams subsequent to the use of portable extinguishers or fixed
systems,

2. Damage to components outside the ignition source (e.g., overhead cables),
3. Ignition of combustibles associated with the predicted heat release rate (e.g., cables

in electrical cabinets),
4. Automatic detection or suppression actuation,
5. Duration or suppression time greater than or equal to 10 minutes,
6. Significant economic loss,
7. All of the above fields empty, and
8. Description implies a severe fire occurred,

items 1 through 3 are the strongest measures of severity. These events are usually classified
as potentially fully developed even if damage did not occur. Items 4 through 6 indicate the
possibility 'of a severe fire. However, they do not guarantee severity. For example, long -
durations or automatic detection can result if the fire is detected long before it becomes fully
developed. Sometimes this is the case for low-severity fires that produce a lot of smoke but
very little hem. Significant economic loss can result for low-severity fires solely due to the cost
of comrment replacement or plant shutdown. Item 7 is not an indication of severity as much
as it is an indication of uncertainty. It is important to tabulate these events and provide a basis
for classifying them. Finally, the description of the fire (item 8) may provide insights that are
not otherwise indicated by other database fields.

D.2.2 Technical Approach for Applying Severity Factors

The basic approach for implementing the severity factor model involves the following steps. |

1. Select the ignition source
2. Identify plant locations for the ignition source
3. Determine manual detection and automatic suppression factors that apply to the

location
4. Select the severity factor model
5. Determine severity factors

O
5



The following provides an overview of how the severity factor method is provided.m

(V\

Select the ignition source. Only certain severity factors will be developed for the EPRI method.
The severity factors have been selected based on the lessons leamed from the EPRI Fire PRA
and FIVE Tailored Collaboration programs. The ignition sources to be evaluated are:

Electrical cabinets, including switchgear, MCCs, and panels in locations other than the |
.

control room 1

Electrical cabinets in the control room.

Indoor transformers, particularly oil filled transformers in the plant.

Diesel generators.

Pumps, excluding containment (e.g., RCPs) and Main Feedwater pumps.
:

Ventilation subsystems |.

Motor Generator Sets.

identify plant locations for the ignition source. The ignition sources that are risk significant may
exist in different plant locations which in tum imply different response to fire. Whether a
location is occupied or whether it contains an automatic suppression system is important to the
application of the model. Therefore, the locations need to be tabulated in a form such as the ;

following: l

ignition Source Type Location name
Electrical cabinet (panels and MCCs) AB-1
Electrical cabinet (panels) AB-2 !

( ) Electrical cabinet (panels and MCCs) AB-3 1

Electrical cabinet (panels) Control room-

# Electrical cabinet (switchgear and MCCs) 4160 v Switchgear room

Determine manual detection and automatic suppression factom that apply to the location. Fire
events data indicates the potential effectiveness of manual detection (and manual
suppression) and, in certain instances, of automatic suppression which involves fast response l
detectors. in some cases, these attributes will be different at different locations within the !

plant. Hence, a modelis required to reflect these differences. I

Location name Occupied continuously Automatic suppression with
fast response detectors

AB-1 no none
AB-2 yes (aux operator station) no, pre-action system
AB-3 no yes
Control room yes none !
4160 v Switchgear room no yes

Select the severity factor model. The severity factor model will vary depending on the
component and manual detection and automatic suppression attnbutes. In the case of the first ;

examples performed, the severity factor attributes have been limited because all plants have '

similar attnbutes. Specifically, all switchgear rooms are not continuously occupied and control
p rooms are always continuously occupied. l

Y |
I
!
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! |

,

! Determine seven'ty factors, in this step, the severities are calculated based on model 1

I' attributes. Additionally, plant specific data is reviewed to deterrnine if certain recurring fire i

| conditions exist. For example, control power transformer fires in MCCs dominate the BWR ]
| Reactor Building Electrical Cabinet ignition source bin. Nearly, half of all MCC fires occurred at
i one utility and 85% of those at one site. This step includes a check to ensure that such fires
i which are deleted for the generic model do not apply to a plant specific application.
;
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; D.3 Evaluation of Severity Factors for Selected Fire Sources
; O

1Q' The approach discussed in the previous sections was used to develop severity factors for
!- selected ignition sources. The results of this investigation is presented here.
i
'!

I ignition Source No.of Applicable Severity Factor
}. Events in the FEDB

i

i Control Room Electrical Cabinets 10 0.2 I

: Switchgear Room Electrical Cabinets 17 0.12
: Indoor Transformers 10 0.1
J Diesel Generators 65 0.4'

Motor Generator Sets 7 0.14'

| Pumps- 46 0.20

[ Ventilation Subsystems 12 - 0.08

i Diesel Generator Skid Fires*

{ Excluding Containment (e.g. RCPs) and Main Feedwater Pumps"

The bases for these values are discussed in the following sections in detail. i

j

i:

]. D.3.1 Control Room Electrical Cabinet Fires

! A review of the control room fires in the EPRI Fire Events Database (NSAC 178L) was
: performed to estimate what fraction of these fires was severe, i.e., fires that could have
j caused damage beyond the ignition source. Table D.3-1 describes the results of the review.

| The database lists 12 control room fires, one a grease fire in the kitchen. One fire occurring
.

outside the control room (9/7/85) and one recurring fire (3/30/83) were eliminated from further
,

j consideration. Following are important characteristics of the ten remaining fires: !

!
None of the database events report the use of hose stations. Two (2) fires self| .

; extinguished, and six (6) were suppressed with portable extinguishers. No information was

| provided for the other two (2) events.
In five (5) of these fires damage was confined to one or few relays or circuit cards. One (1) ;

' .

was a grease fire not affecting any circuits, and one (1) was due to a wire that shorted i

when pinched in the door. Only two (2) reported possible involvement of wiring and'

; damage to other circuits. No information on one event was available.
Of the 10 fires, five (5) were detected by control room personnel and two (2) by smoke? .

lj' detectors (one in-cabinet). The means of detection was unreported for the remaining three
events.j

f As the result of this review, only one fire is considered to be potentially severe (10/14/88). A
: potentially severe fire was taken to be one causing damage to wiring or adjacent cabinets prior
2 to being extinguished. Inadequate information was available on two events (3/12/83 and
i 7/26/85). Weighing each unknown event cs one-half of a severe event the fraction of severe
i fires becomes 2/10 or 0.2. !

,

O
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D.3.2 Switchgear Room Electrical Cabinet Fires

| A preliminary evaluation of switchgear room electrical cabinet fires has been performed. Table
D.3-2 describes the results of the evaluation. (The incident numbers (INO) for each event from

|
.

the FEDB are listed in this and the following tables for traceability of the evaluation.) The 1

j evaluation indicates that one event was severe and that two events might be severe, out of a
' . total of 17 events. Weighing each potentially severe event as one-half of a severe event, the

fraction of severe fires becomes 2/17 or 0.12.

iThe data also appears to indicate that at least 50% of these fires would actuate automatic
{suppression systems with fast response detectors before a high heat release rate is expected. :

i
;

i

D.3.3 Indoor Transformer Fires |

The Fire Events Database includes ten (10) indoor transformer fires. Our preliminary ;
evaluation tumed up three events meeting some or all of our criteria for identifying potentially '

severe events One event describes an explosion in a neutral ground transformer. The record j
. indicates a " Class B" fire, i.e., one involving a liquid combustible, and also indicates that j
automatic detection (smoke / heat) and suppression (deluge system) were actuated. This i

record describes an event similar to fires investigated by Altmann and Pfeiffer (g). The authors |
of this report attempted to induce fires in transformers with high-energy arcing faults. They
concluded that unless the transformer insulant is preheated beyond its fire point temperature, it
can be ignited by an arc but cannot be made to sustain buming independently. Since neutral i
ground transformers typically see high voltages only for very brief periods when they are called |

0 upon to perform their protective functions, we concluded that this event probably was not
severe (i.e., did not result in a self-sustaining fire). Our conclusion is consistent with the event
report which does not indicate damage to any equipment other than the transformer. Table
D.3-3 contains the details of the severity factor analysis for Indoor Transformer fires.

Another event, occurring in a low voltage transformer (paging system transformer), meets
three of our criteria for a potentially severe event: 1) the event duration is given as 13 minutes;
2) there was >$5K in damage 3) the automatic (halon) suppression system was actuated. In i

addition, portable extinguishers were used by the plant fire brigade subsequent to actuation of I

the halon system. On the other hand the report indicates that only the transformer was
affected.' We think the amount of combustible material associated with the paging transformer
is small.. However, because portable extinguishers were used in addition to the halon system,
we concluded that this fire may have been self-sustaining.

A third event occurred in a high voltage (4160/480 kV) dry type transformer, and appears to
meet a number of the criteria for a severe fires: 1) the event resulted in loss of function of the
bus as well as the transformer; 2) the combustible involved is listed as insulation; 3) the halon
system was actuated; 4) the event duration is given as 29 minutes (with a suppression time of
-10 minutes); and 5) there was more than $5K in damage However, the description states that
"no fire was actually observed". In addition, fires in dry-type transformers were also
investigated by Alber, Altmann and Pfeiffer (References 1 and 2). Authors of these
investigations report that 1) high energy arcing faults could not be made to induce self-

. sustaining and stable combustion in dry-type transformers; and 2) even when exposed to an
extemal exposure fire, little escalation beyond the original extemal fire took place. The

O5 authors attribute the failure of dry-type transformers to bum to the low combustible load and to
I
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mineral fillers in the transformer insulation which impede the access of oxygen to the

(_) flammable constituents of the insulation. We therefore concluded that this event probably did
not result in self-sustaining combustion.v

Weighing each potentially severe event as one-half of a severe event, the fraction of severe
indoor transformer fires becomes 1/10 or 0.10.

D.3.4 Diesel Generator Fires

An evaluation of the database events for diesel generator fires was performed to obtain
insights into the behavior of DG fires and to develop a severity factor for DG fires. The FEDB
contains sixty-five (65) diesel generator fires, encompassing fires occurring in the engine,
generator, shaft assembly, turbocharger, exhaust manifold, exhaust stack, calrod lube oil
heaters, electrical components, pumps, fans, and batteries. Details of the severity factor
analysis are provided in Table D.3-4.

The evaluation used the criteria for identifying potentially fully-developed fires, described in
Section 2, with the following exception. Many DG fires involve oil (41 out of 54 events for
which this information is reported). Fires involving oil are usually assumed to have high heat
release rates. But, in more than a third (15) of the DG events where oil was involved, the
event reports indicated the fire was smc!!. So it is clear from the operating experience review
that for diesel generator fires, the presence of oil does not necessarily indicate a serious fire.
For this reason the presence of oil as a combustible was not in itself cor sidered a strong

n measure of severity.

O
DG fire events in the data represent fires in a variety of locations within the DG room, as well
as fires with markedly different characteristics. If we are to represent diesel generator fires I

lrealistically, the model must recognize this variation in DG fires. Sixty-two (62) of the sixty-five
(65) DG events in the FEDB provide information allowing us to group DG fires into the
following categories 1) diesel generator skid fires, 2) exhaust stack fires, 3) heater fires, 4)

l
other diesel generator fires. Severity of fires in these categories is discussed in the
paragraphs that follow.

Diesel Generator Skid Fires
This category includes events occurring in the engine, generator, shaft assembly,
turbocharger, and exhaust manifold. Forty-eight (48) of the reported events occurred in

,

one of these components. Therefore, 77% of the generic fire frequency for diesel |
generator Dres should be apportioned to fires occurring at the skid.

Forty (40) of the forty-eight (48) events occurring at the skid involved oil. The most
likely cause of fires in this category is oil leaking onto the exhaust manifold (19 events).
Three (3) events involved fuel oil leaks or ruptures. Four (4) events involved oil spray.
On the other hand, a number of the fires appear to have been contained within the
diesel engine, turbocharger or exhaust manifold, and many of the events in this group
are described in the reports as small fires. Some small fires self-extinguished as soon
as the fuel source was removed, while severe fires had durations ranging up to 2
hours. A summary of the findings regarding severity for fires at the DG skid is as

v
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. i

follows: |i

[ j
'

! Severity categoryi Number Severity . weighting n * WF .
j (n)' factor (WF) !
! Severe 12 1.0 12 j

Potentially severe 14 0.5 7 !

Not severe 18 0.0 - 0 j

insufficient information* 4 NA |
!

| Sum 48 19

* This calculation assumes that fires for which there is insufficient |,_

| Information are distributed among the other three categories in proportion |
| to those for which we have information. !

!

! !
'

|
'

Severity Factor for Engine / Generator fires = 19/48 = 0.40. ,

i

i-

Exhaust Stack Fires
Four fires occurred in the exhaust stack (downstream of the exhaust manifold).
Therefore 6% of the generic fire frequency. for diesel generator fires should be

.

apportioned to fires occurring at the exhaust stack. These fires are considered |
separately from fires in the exhaust manifold because of differences in the locations |

and the combustibles involved.
3

: None of the exheust stack fires involved oil. These fires all appear to involve transient !

O materials in direct contact with the hot exhaust stack or in the path of hot exhaust ),

,
- gases at the outlet. The possibility of exhaust stack fires should be considered in all

compartments through which the exhaust stack is routed. Exhaust stack fires may be .;

modeled like transient r:ombustible fires elsewhere in the plant. No severity factor was
determined for this category,

i

Heater Fires
One fire was initiated by a calrod heater. Therefore 2% of the generic fire fmquency for ,

diesel generator fires should be apportioned to fires occurring at calrod heaters. This !

event occurred when oil in the reservoir of an air intake filter was ignited by calrod ;

heaters inadvertently left on while the oil was being drained. This fire was probably
severe, as there was a large inventory of oil available, the event had a duration of 15
minutes, and there was sufficient heat to actuate the automatic suppression system.

The fraction (3%) of the diesel generator fire frequency for cairod heaters should be ;
'apportioned among all calrod heaters associated with the diesels (typically found in

lube oil reservoirs and jacket water heaters).. Units in Jacket water systems can be
'screened if an evaluation of the combustibles available at the jacket water heaters

shows that it is appropriate to do so. The severity of calrod heater fires in oil systems
should be assumed to be 1.0.

Other diesel aenerator fires
Six fires occurred in DG electrical components, two occurred in DG pumps, and one
occurred in a DG supply! exhaust system fan. Therefore (10%) of the frequency of DG;

fires should be apportioned to fires occurring at electrical components (e.g., excitors,

!
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.|
!

i.

solenoids, coils, voltage regulators), 3% at DG pumps, and 2% at supply / exhaust '
system fans. The descriptions of fires in this category are similar to fires associated I

.

with these ignition sources occurring elsewhere in the plant. None of the fires in this ;

category was judged to be severe. These fires should be modeled similar to electrical .J
! cabinets, pumps, fans and batteries elsewhere in the plant. The severity factors for

|'

cabinets, pumps and ventilation subsystems discussed in this Appendix may be applied ;
as appropriate to the fires in this category. j

\

:
.

: D.3.5 Motor Generator Set Fires I

1
-

F An evaluation of fires in motor-generator sets, as reported in the FEDB, has been performed. '

[ > Table D.3-5 describes the results of the evaluation. The database lists seven (7) fires i

| occurring in CRD or RPS motor generator sets. None of the events reports clearly indicates '

'

the fire was severe. However, two events might have been severe. Both were extinguished
; using portable extinguishers. One had a duration time of 30 minutes; however, this may be
! attributable to the fact that the alarm failed to actuate. The other flashed when the back panel
' of the unit was removed to apply extinguishing agent, then reflashed when the extinguisher

was removed the first time. Weighing each potentially severe event as one-half of a severe
event, the fraction of severe fires becomes 1/7 or 0.14.

D.3.6 Pump Fires (Excluding Containment and Feedwater Pumps)' .j

An evaluation of the events in the FEDB for pump fires was performed to obtain insights into.

/ the behavior of pump fires and to develop a severity factor for pump fires. The primary
containment (e.g., RCP) and main feedwater pumps were excluded from this investigation.
Containment pumps are excluded because fires in containment are not significant to risk ;

(discussed in section 4.1). Main feedwater pumps are excluded due to their size and fire !

characteristics. This examination identified forty-six (46) pump fires in the FEDB. Table D.3-6
presents a summary of these events.

Ten (10) of these pump. fires self-extinguished. These fires are not considered severe.
Another seventeen (17) fires were manually suppressed using portable extinguishers or by
deenergizing equipment. These are classified as low severity based on duration, small
damage and/or description. There were seven fires with indeterminate methods of
extinguishment, but whose descriptions indicated non-severe fires. I

Six (6) fires required a combination of hose stream and other manual suppression means to
put out. Four (4) of these fires involved oil; two (2) were severe motor fires. These six (6)
events are classified as severe.

Six (6) fires did not contain enough information to be considered not severe. These fires are
considered potentially severe and not weighted as one-half of a severe event. The severity
factor for pumps is then 9/46 or 0.20.

O
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D.3.7 Ventilation Subsystem Fires |

'

' An evaluation of fires in ventilation subsystems in the FEDB has been performed. Table D.3-
7 describes the results of the evaluation. The database lists twelve (12) fires occurring in
ventilation subsystems. None of the events reports clearly indicates a severe fire, and none
indicates there was damage to anything other than the initiating component. However, two
events required more than 10 minutes to suppress (one 40 minutes and the other 20 minutes,
using portable extinguishers) suggesting these events might have been severe. Weighing
each potentially severe event as-one-half of a severe event, the fraction of severe fires
becomes 1/12 or 0.08.

.
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Table D.3-1
Evaluation of the Severity of Control Room Fires
Fire Events Severity Screening Criteria * Initiating Detection

INO #/date 1 2 3 4 5 6 7 8 Component Means Comments

CR cabinet

163(7/12/79) No Yes No No No no No No Circuit card Personnel Panel stillin service after
info fire

329(8/11/82) No no No No No No No No Cable Personnel Caused by personnel <

info

369 (3/12/83) & No no No No no no No No Relay Personnel RPS relays remained

374 (3/30/83) info info info operable after each fire
'

425(6/3/84) No No No No No no No No Relay no info
info

464(3/29/85) No No No n No no No No Oven grease no info
info info

480(7/14/85) No No No no No no No No Circuit card Personnel Suppressed quickly
info info although no time given

481 (7/26/85) no no no no no no X no no info no info No description
info info info info info info info

537 (9/4/86) No no no X No No No No Circuit card Personnel,
info info Smoke

detector

659 (12/30/87) No No No X No No No No Relay Personnel, |

Smoke
detector

756 (10/14/88) No Yes no No No no No May Relay Personnel Four relays plus wiring
info info be damaged

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

s
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Table D.3-2
Evaluation of the Severity of Switchgear Room Electrical Cabinet Fires
Fire Events Severity Screening Criteria * Initiating Detection

(INO #) 1 2 3 4 5 6 7 8 Component Means Voltage Severity Comments

Switchgear

65 X Bus CR Self-extinguishing

127 X X X X Relay Local 4160 Fire not significant until
door opened

195 X Bus CR Description implies minor

214 X Breaker CR Fire apparent!y limited to
breaker

221 X Bus Personnel Probably not severe
because suppressed by
untrained workers -

475 X X Bus 4160 Small fire Small electrical fire

498 X X Breaker CR 6.9 Explosion No flames observed

516 Trip coil Local No criteria met

634 X X Bus Halon, 4160 ' Fire * apparently did not

,
personnel involve switchgear

* Severity Screening Criteria (SSC)
1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

. _ _ - _ _ - . _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ - _ _ - _ - _ _ _ _ _ . . _ _ - - _ - _ - _ . _ _ - _ . _ _ _ - _ - _ _ - _ - - - - _ - - _ _ _ - _ - _ _ _ _ _ _.
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Table D.3-2
Evaluation of the Severity of Switchgear Room Electrical Cabinet Fires (Continued)
Fire Events Severity Screening Criteria * Initiating Detection

(INO #) 1 2 3 4 5 6 7 8 Component Means Voltage Severity Comments

MCCs

173 X Bus 480 Probably self-
'

extinguishing, may
be duplicate of 175

175 X X X Bus Smoke- 480 Explosion Self-extinguishing
heat
detector

349 X 7 Breaker Local Signs of fire
outside breaker

434 X X X X Breaker Halon 480 Explosion Control cable
actuated ignited

642 X Breaker Fire watch No propagation
outside of breaker

663 CPT No criteria met

671 Breaker CR No enteria met

678 X Bus Explosion Circuit protection
since badly de-energized bus
damaged and terminated fire

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oilin pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.
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Table D.3-3
Evaluation of the Severity of Indoor Transformer Fires

severny serm creerie- |

INO sWF Locaton 1 2 3 4 5 6 7 8 inihahng Detection Votage Comments
Component Meens

155 insuff. switchgear Room no info no info no info no info no info no info YES no Med or High insufficient informahon.

nfo. voltage xfmr

300 1 Turbine Bldg no no info YEs YES no info no info no YES High voltage smoke, heat > or = 6900 " Explosion"in a neutral
xfmr detector ground xfmr. "Ctass B"

fire type bdcates
rwolvement of liquid
combustibies

333 0.5 Cable Spr Room no no info no info YES YEs YES no no Low voltage xfmr Halon Other low 13 min. duration,
. voltage actuated halon system

363 0 Turbine Bldg no no info no info no info no no info no no Med voltage xfmr 480 Fire exhnguished by
deenergizmg the Rfmr.
suppression time given
as O min.

389 0 Rx/ Aux Bldg no no info no info noinfo no info no info no no Med voltage xfmr 460 Fire extinguished by
deenergizing the
_. -

421 1 switchgear Room no YES YEs YES YES YES no no Med voltage xfmr smoke 4160/480 No fire was actually
detect. Halon observed

500 0 Rx/ Aux Bldg no no info no info no no no info no no Low voltage xfmr Personnel Other low 5 min duraton, smoke
voltage ort

551 0 Rx/ Aux Bldg no no info no info no no no info no no Low voltage xfmr Personnel Other low smoke and sparks.
,

voltage Extingurshed by
deenergizing xfmr.1
min duration.

614 0 Turbine Bldg no no no no no YES no no size unknown Control Rm Unknown smoke, sparks
Observ

762 0 switchgear Room no no info no info no no no no no Lighting xfmr Personnel Rg <$5K loss. 2 min
duration

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.
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Table D.3-3
Evaluation of the Severity of Indoor Transformer Fires (Continued)

severny scre caeria-
INO SWF Locahon 1 2 3 4 5 6 7 8 trutishng Detection Voltage Comments

component Means

846 no info Unknown no info no info no info no info no info no info YES no Low vonage xfmr 120 New event,

871 no info Unknown no info no info no info no info no info no info YES no Low voltage xfmr Otherlow New ewiA, Smoke.
voltage Xfmr used to power

plant rad monitors,

877 no info Rx/ Aux Bkig no info no info no info no info no info no info YES no Med voltage 480/120 New event,

916 o Rx/ Aux BMg no no info no info no no info no info no no Med voltage xfmr Personnel 480 New event,
Extinguished by
deenergeng the
w,,,,,,*.-.

-

918 1 Turtune Bldg YES YES no YES YES no info no no High voltage xfmr smoke, heat 26/4 kV New event,16 min
detector durahon. Hoses

were charged but
may not have
actually been used.

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oilin pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information availeble for criteria 1 through 6.
8 Description implies a severe fire occurred.

i

I
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Table D.3-4 .

'Evaluation of the Severity of Diesel Generator Fires
Sev ny Scr.ening cennia-

INO SWF Inst 6ating Component Detection Means SSC1 SSC2 SSC3 SSC4 SSCE SSC6 SSC7: SSCO Comment:
"

49 0 On leak onto exh manifold Personnel No No Yes No No No No ";....+^ , extingusehed"
*

50 0 Od leak onto exh manifold Personnel No No Yes No No No No "No damage occurred"

51 O Od leak onto exh. marufold No info No Yes No "No damage was apparent * ;

53 0 Exhaust stack (transient fire) securRy guards No No No No Yes No No self extingusatung
'

54 1.0 Crankcase explosion Personnel No No Yes No Yes Yes Judged to be serious based on the 45 min.
durahon Event occurred during pre <p
testing

63 No info Exhaust marufold No info Yes No info

67 1.0 Heatog element (od smoke. heat No - No Yes Yes Yes No Yes Event occurred during maintenance

reservoir) detector activities

68 0 OH leak onto exh. manifold smoke, heat No No Yes Yes Yes No No Described as a smat fire
detector *

'

71 0 09 leak onto exh marufold Personnel No No Yes No No Described as a smaR fire
*

73 05 09 leak onto exh. manifold Personnel No No Yes No No

75 0 Od leak onto exh marufold Personnel No No Yes No No Yes No Described as a smet fire
79 05 Om leak onto exh. manifold No info No Yes No info

85 0 Oilleak onto exh. marufold Personnel No No Yes No Yes Yes No Desenpbon indicates a smas fire. (TNs
event looks suspiciously like a rhW=8e of
event # 75. Parts of the desenpbons used
nearh iderdical wording )

86 1.0 Generator No info No Yes No Classified as severe due to the long
suppression time. (1:18)

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishefs or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustiths associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

.
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Table D.3-4
Evaluation of the Severity of Diesel Generator Fires (Continued)

s.verer creenine crearws

eso swF encuenne c-
- Dee cean means ssci ssc2 saca ssc4 sscs sacs asc7: sacs c -

87 05 Extest mondold No info No Yes No

89 10 Oilleek onto exh menWold Personnel No No Yes No Yes No No 08 aprey Are,20 min durohon

115 0.5 Oilleekontoexh mondold Personnel No No Yes No No No No Os sprey fire. Deserthed as a smas fire.
Preaction system tripped but insufficient heat
to open heads.*

126 0 Turbocharger Personnel No No No No No self-euhngusehm0. Carbon buildup in the
exhaust palh due to Herminent short durohon
CPh Desenphonindicatesvisible
flames

129 0.5 Exhaust stock (transeent fire) secunty guards No No No. No Yes No No This is more property considered e Irenaient
fire. It vues a structure fire started in
comtp=Nhis malenals left too Close to the
diesel exhaust stock. 20 min duration.

134 1.0 Turbocharger smoke, heat Yes No Yes Yes No info
detector

. 144 0 Electncel(control cab) Personnel No No No No No self emhngusehmg Descnphon suggests
! smoke ordy

146 No info Pump (motor) Personnel No No No No No

150 No info Exhaust menWold No info Yes No info

165 05 Exhaust mandold Personnel No Yes Desenpason indicates vistite flames.
,

166 No info Electrical (excelor ctri cab) Personnel Yes No info

171 No info Exhaust menWold Personnel Yes

172 1.0 Turbocharger smoke, heat Yes No Yes Yes- Yes Yes No Fire smoldered for 2 hours
detector

186 10 Beenne Control Rm Observ Yes No Yes No Yes No
189 0 Unimown Personnel No Yes No No No No Description ir*h smag fire.

204 No info Electricot (exciter cutuele) Personnel Yes

215 No info Turbocharger No ir fo Yes Noinfo

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of poftable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in elecifical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 mie.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.
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Table D.3-4
.

Evaluation of the Severity of Diesel Generator Fires (Continued)
Severny Scroor*in Creeria-

INO SWF Irut6ating C ..; Detection Means SSC1 SSC2 SSC3 SSC4 SSCS SSC6 SSC7: SSC8 C*wnment:

222 05 Oilleak onto exh. marufoki Personnel No No Yes No No Fire was contained in the euhouet piping

244 05 Exhaust rnanifoki Personnel No Yes No +

246 0 Oilleek onto exh marufold Personnel No No Yes No No No No Desenphon indicates smas fire.

252 0 Pump (motor) Personnel No No No No No self euhnguishmg Desenphonimphes sman
fire.

260 05 Oilleak onto exh marufold Personnel No No Yes No No No No Exonguished won 5 min

262 1.0 Oilleak onto exh. marufoki Fire Watch Yes Yes No No Yes Oil spray fire. Desertphon indicates damage to
components other than the DG.

263 0 Exhaust marufold Personnel No No Yes No No No No Descriphon Indicates smas fire.

268 05 Exhaust manifold Personnel No No Yes No No No No Extmguished won 5 min

270 0- OG Ioak onto exh. marufold Personnel No No Yes Yes No Desenphon indicates smaR fire.

286 05 Turbocharger No info Yes No

308 No info Unknown Personnel Yes No info ,

327 0 Turbocharger No info Yes No Desertphon mdicates smas fire.

328 10 Turbocharger No info Yes No Yes Yes Yes No No External fire. Oilleaked onto turbocharger

330 1O OG leak onto exh. manifold Personnel No No Yes Yes No External fre. pas =Me oil spray fire.

396 1.0 TL Lui,; v.i Personnel Yes Yes Yes No Yes Yes Yes Fuel line rupture. Pre-action system failed to
operate

397 05 Exhaust manifold Personnel No No Yes No No

410 0 Crankcase e=*=n No info No No Yes No self exhnguishmg

428 No info Electncal(voltage regulator) No mfo Yes No info Event occurred during pre-op lesting

454 1.0 Turbocharger Personnel No No Yes No Yes No Classified as severe because it involved oil and
had 22 minute durahon

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., ovefhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in elecifical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.

~

.

5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

.

>
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Table D.3-4
Evaluation of the Severity of Diesel Generator Fires (Continued)

Severny Screening Crneria-

INO SWF Initiating Component Detection Means SSC1 SSC2 SSC3 SSC4 SSC5 SSC6 SSC7: SSc8 Comment:

457 0 Exhaust rnatufold Persomel No No No No No No Extemal exh. marwfold fire

508 0.5 Od leak onto exh. manifold Personnel No No Yes No No No No Extingteshed win 1 mm. Event occurred during
preg testmo

514 0 Unknown No info No No No No Descnption emphes minor fire.

535 0 Exhaust marufold Personnel No No Yes No Yes No No self extingtashing Event occurred during cold
shutdown.

558 0 Fan motor (supply / exhaust Personnel Yes No Not counted. This is a ventilation subsystem

fan) event (supply and exhaust fans to the DG room).

559 1.0 Engme smoke, heat Yes No Yes Yes Yes Yes Yes Fuel oilleek; spray onto hat engine.

detector

561 05 Crankcase explosion No info No Yes No info Event occurred dunna start-up.

629 0 Exhaust marnfold No info No No Yes No No No damage occurred

644 0 Electrical (solenoid) No info No No No Yes No Description imphes minor fire.

680 05 Oil leak onto exh. manifold Personnel No No Yes No No No No self extmguishing once fuel source was removed
Event occurred dunna refuehng outage.

710 1.0 Exhaust stack (structure fire) Personnel Yes No No Yes No smoldenng fire in insulation beneath fire barrier
protective boot. Event occurred during refueling
outage. 27 min duration

736 05 Exhaust stack (transient fire) Personnel No No No No Yes No No

741 0 Electrical (closing cod) Personnel No No No No No No

746 0 Engine No info No No Yes No No No "No damage was incurred *

765 0 Engine Smoke, heat No No Yes Yes No No No Descripton imphes trunor (extinguished w!in 3

detector min.) Fuel oilleak. Event report implies self-
extinguished when equip. was deenergtzed.
Event occurred dunno refueimg outage.

_

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Descfiption implies a severe fire occurred.

,

e
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Table D.3-5
Evaluation of the Severity of MG Set Fires

severity Screening Criterla*
INO SWF Initiating Detection 1 2 3 4 5 6 7 8 Comment.

Component Means

196 0 Breaker Personnel No No No No No self extinguishing Desenphon amphes minor.

217 0.5 Panel Personnel No No Yes No Yes No No Visible flames when back panel was removed in order to apply I
extinguishing agent. Fire reflashed when extinguisher was removed

530 0 Motor Control Rm Yes No
Observ

532 0 Motor Control Rm Yes No
Observ ,

'

557 0 Breaker Personnel No No No No Yes Yer. No Description imphes minor (smoke ordy).

611 0 Breaker Control Rm No No No No Yes No smoke only. Report states that no open flaming was reported.
Observ.

656 05 Generator Perscnnel No No No No Yes Yes No Durabon given as 30 min. Fire alarm fated. Plant FB responded and
portable extingtdshers were apphed

Severity Screening Criteria (SSC)* i

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps). !

4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K -

7 No information available for criteria 1 through 6. <

8 Description implies a severe fire occurred.

_ _ _ _ _ - _ _ _ _ - _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - . - _ _ _ _ _ - . _ . _ - . .
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Table D.3-6
Evaluation of the Severity of Pump Fires

severity Screening Criterla*

INO sWF Detection Means initiating Component sac 1 ssc2 ssc3 ssc4 ssc5 ssc6 sec7 ssc8 Comrnent

20 0 Plant Personnel Pump No No No No Yes No No No self-extingtashing; oil on pump laggng

21 0 Plant Personnel Pump (Forced Circulation Pump) No No No No No No No No manuaBy suppressed; short duration

27 0 Construction Workers Motor (RHR service Water Pump) No No No No No No No manuaMy suppressed; short durataan

29 05 Pump (RHR) Yes No little hformahon

37 05 smoke. Heat Detectors Motor (RHR Pump) No No Yes Yes Yes No No motor beanng fire

84 0 Motor (Rehrculation Pump - 38) No Nu No No smag electrical fra

93 0 Plant Personnel Valve (MslV), Pepe No No No No No No self-extinguishing; oil on hot piping

137 0 Plant Personnel Breaker (Fire Pump) No No No No No No No self-extingtsshing; oil on hot piping

145 0.5 Control Room Observation Motor (LPst) Yes No No No No No motor fire

147 0 Plant Personnel Motor (Recir. Pump) No No No No No No No self-extingurshing

159 1 Plant Personnel Pipe (Rupture of Hydraulic System) Yes No Yes No Yes Yes No No oil on hot pipes

t76 0 smoke Detectors (lon) Motor (sennce Water Pump) No No No Yes No No No self-extinguishing

190 0 Motor (Cochng Water Pump) No No No No No No No manua#y suppressed; short duration

209 0 Motor No No No No No No No manua#y suppressed; short duration

219 0 Plant Personnel Motor (Diesel Driven Fire Pump) No No No No No No No manuaHy suppressed; short duratson

223 0 Fire Watch Motor (Valve) No No No No No No No No manually suppressed, short duration

235 0 Motor (Fire Pump) No No No No No No small electncal fire

238 05 Plant Personnel Motor (CCW) No No No No No Yes No No motor fire; motor replaced

266 0.5 Motor (Condensate) No No Yes No Yes Yes No No motor windings and bearings

269 0 Plant Personnel Motor (st) No No No No No No manuaRy suppressed; short duration

298 0 Pump (Hot water recirc) No No No No No No manualty suppressed; short duration

305 0 Plant Personnel Pipe (Turbine - RCIC) No No No No No No self-extmguishing

322 0 Plant Personnel Motor (DG Cooling Water Pump) No No No No No No self-extinguishang

340 0 Plant Personnel Motor (Valve) No No No No No No No No manually suppressed; short duration

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cablesh electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

.
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Table D.3-6 (cont.)
Evaluation of the Severity of Pump Fires

severity screening crneria-

INO sWF Detection Means Initiating Component sect esc 2 ssc3 sec4 sac 5 ssc6 sec7 sses Comment

346 0 Pump No No No No No No No manusfy suppressed; short durahan

365 0 smoke-Heat Detector Motor No No No No No No self-exbnguishang

370 0 Breaker (Radweste Pump) No No No No smah electrical fire

388 0 Engine (Fire Pump) Yes No No No No Yes No Yes manuaNy suppressed; short durahon

435 0 Plant Personnel Motor (Make-up) No No No No No No smoke and fumes

/.44 0 Plant Personnel Motor (CCW) No No No No No No self-exhnguishmg

468 0 Motor Bear g No No Yes No No No No manuaRy suppressed; short duratwin

491 0.5 Pump (Heater Drain Tank Pump) No No No No No oil fire on suchon line insulahon

495 1 smoke Detector Motor (RHR Pump) No No Yes Yes Yes No No motor fire

505 0 Motor (Contamment spray Pump) No No No No Yes No No smad elecincal fire with long durabon

518 0 Motor (Charging Pumps) No No No No No No No manuaNy suppressed; short duration

519 0 smoke Detector Motor (Pump) No No No No No No self-extmguisheng

526 0 smoke Detectors Motor (Boric Acid Transfer Pump) No No No Yes No No No deenergized; short duration

555 0 Belt No No No No No No No No deenergized; short durabon

566 1 Motor (shutdown Coolong Pump) No No Yes No Yes Yes No No oil r're

572 0 Control Room Obs.. Plant Pers. Motor (FWP - seal fadure) No No No No No Yes No No no other equipment affected

645 0 Plant Personnel Motor (Fire Pump Relay Contacts) No No No No No No No manuaNy suppressed; short durahon

679 0 smoke Detectors Motor (Charg'ng Pump) No No No Yes No No No No small. smolung motor fire

714 1 Detector Motor (Heater Drain Pump) Yes No Yes Yes No Yes No Yes severe oil fire

735 1 smoke Detectors (lonization) Motor (Heater Drain Pump) No No Yes Yes No Yes No Yes heater drain tank motor

755 1 Fire Watch Pump (CCW) Yes No Yes No No No No No od fire

760 0 Plant Personnel Motor (Water Pump) No No No No No No No No manuaRy suppressed; short duratxin

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overtiead cables).
3 Ignition of combustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection nr suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

_ - _ _ . _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ - - - - - _ __ _- _____-_ -______--_______.
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Table D.3-7
Evaluation of the Severity of Ventilation Subsystem Fires

Severity Screening Criterla* Initiating Detection Means Severity
Component

Fire Event No. 1 2 3 4 5 6 7 8

130 Blower Motor Personnel 0

220 Fan Motor Personnel 0

296 x Bearing .5

302 Fan Belt +n

439 x Fan Detector 0

459 Fan Belts 0 -

544 x Fan Personnel 0

602 x Demister .5
'

625 x x compressor motor Smoke Detector 0

633 AC Unit Personnel 0 y

658 x Fan Motor 0

749 Fan Motor Control Room ()

Severity Screening Criteria (SSC)*

1 Use of hose streams subsequent to the use of portable extinguishers or fixed systems.
2 Damage to components outside the ignition source (e.g., overhead cables).
3 Ignition of cumbustibles associated with the predicted heat release rate (e.g., cables in electrical cabinets, oil in pumps).
4 Actuation of automatic detection or suppression systems.
5 Duration or suppression time greater than or equal to 10 min.
6 Economic loss greater than or equal to $5K
7 No information available for criteria 1 through 6.
8 Description implies a severe fire occurred.

.

I
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i This appendix provides guidance for selection of Heat Release Rate (HRRs) for both fixed and
{- ' transient fire sources. Extensive data has been collected from tests and experience. This ;

j - ' data is presented in the following sections with appropriate technical bases.

I E.1 Heat Release Rates for Typical Fire Sources in U.S. Commercial Nuclear Power |
4 Plants ,

- Extensive review of U.S. commercial nuclear power plant experience compiled in EPRl's Fire j
; Events Database (1) resulted in a list of credible fire ignition sources. The HRR data for all :

! these sources is documented in Table E-1. To help the user in selection of the appropriate i

!- HRR value, the data explains the characteristics of the fuel, range of values and their :

j reference. |

| Separate, detailed discussions are provided in Sections E.2 and E.3'for electrical cabinets and
,

j transients', respectively.
:

! E.2 Electical Cabinets
Electrical cabinet fire heat release rates are particularly important in a fire risk study. NSAC-

] 181 (2) is a prime example of the impact of realistic heat release rates on fire risk. The topic is
j also important because the analyst might othenvise conclude that high heat release rates are
j. generally recommended. NUREG/CR-4840 (3), a method approved by NRC for IPEEE, also

suggests high heat release rates for typical fires (e.g., approximately 1000 Btu /sec). While not2

i specifically assigning such a heat release rate to electrical cabinet fires, these heat release
! rates were used in switchgear room electrical cabinets fires during applications of the method

for NUREG-1150.
,

i'; G i

jQ FIVE displays example heat release rates from selected electrical cabinet fire tests performed ,

i by Sandia, the same source for this Appendix and NSAC-181. However, FIVE neither requires !

nor recommends those heat release rates. The heat release rate graphs reproduced in FIVE,

{ are representative of only a few selected cases, namely benchboard cabinets found in the
; control room. The following evaluation of the test data in NUREG/CR-4527(4,1) fcr vertical

cabinets indicates quite different results. .
,

'

j For vertical cabinets, heat release rates differ dramatically for qualified and unqualified cable,
j The following describes different results for each. The Sandia tests provide various heat
j release rate results for different cable qualifications and combustible loads. They also present
j' results for open and closed vertical cabinets and benchboard cabinets.
!-
4
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i
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O Table E-1, Par 9t, Heat Release Rates
ignition Source from Fire !!,ource Type Characteristic Range of values Heat Release Rate
FEDB Combustible MethodlReference

Electrical Cabinets
Fire Protection Panels Quahfied Cable Quahfied Cable 65 Btu /s See Section E.2
Battery Chargers in vertical cabinets
Electrical Cabinets
T/G Excitor
Dry-type Transformers

Non-Quahfied Non-Qualified 65 to 850 Btu /s See Section E.2
Cable Cable

Dry-type, cast-resin transformers
Transformers Cast Resin <65 Btu /s hardly experience any escalation of

fire beyond the original extemal fire
because fire load. Also, there is no
comparable risk of explosion

Motor Motor Windings < 65 Btu /s Heat Release Rates should be
smaller than a small capinet fire.

PumDs
Pumps (Aux. Bldg. or
Reactor Bldg.)
Fire Pumps For a confined spill, multiply the HRR

2
Lube Oil Oil 110-135 Btu /s-ft times the area of the confined space.

If unconfined, use FIVE Table 3 for
spill Pennzoil)

Other Pumps
MFW Pump HRR of 124 to 242

Btu /s
- Pressurized Oil Oil Pressure of 246 - See attached Table HRR-1: Table

1000 psi requires an estimation of pressure of
Mass Flow Rates exiting fluid or the mass flow rate of
of 6.63 E-03 to the oil through the aperture.
1.26 E-02 lbsis

See FIVE Table 2E. #1 and #2 fuel
oil are approximated as Kerosene

Enaines Diesel Engine Diesel Fuel 133 (Btu /s-ft') For a confined spill, multiply the
Gas Turbines Fuel HRR times the area of the confined
Boiler space. If unconfined, use FIVE Table

3for spill area of pool (#2 Fuel Oil).
Diesel Generator

- _ _ _ - _. _ - _ _ _ _ _ _ _ _ _ _ _
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Tcble E-1, Part 1, H:at Rel2r,3 Rr. tea
Ignition Source from Fire Source Type Characteristic Range of Values Heat Release Rate
FEDB Combustible Method / Reference

Enaines (Con't)
Gas Turbines Turbine Jet Fuel (Kerosene) 133 (Btu /s-ft') For a confined spill, multiply the
Boiler Fuel HRR times the area of the confined
Diesel Generator space. If unconfined, use FIVE Table

3
for spill area of pool (#2 Fuel Oil).

.

For a confined spill, multiply the
Boiler Heavy Fuel Oil 110 Btu /s/ft' HRR times the area of the confined
Fuel space. If unconfined, use FIVE Table

3
for spill area of pool (#2 Fuel Oil).

Other Electrical For a confined spill, multiply the
Eauipment Containina
Flammable Liauids
RPS MG Sets Oil Mineral Oil 135 Btu /s/ft.2 HRR times the area of the confined
Transformers space. If unconfined, use FiVE Table

3
Yard Transformers for spill area of pool (#2 Fuel Oil)
(propagation to Turbine
Building)
T/G Oil For a confined spill, multiply the

Oil Transformer Oil 135 Btu /s/ft' HRR times the area of the confined
space. If unconfined, use FIVE Table
3
for spill area of pool (#2 Fuel Oil).
For a confined spill, multiply the HRR

Motor Lube Oil 110-135 Btu /s/ft' times the area of the confined space.
If unconfined, use FIVE Table 3 for
spill area of pool (Pennzoil).

Electrical Motors Motor Motor Windings < 65 Btu /s Heat Release Rates should be
smaller than a small cabinet fire.

Air Compressors
Ventilation Subsystems
Elevator Motors HRR of 124 to 242 See attached Table HRR-1: Table

Btu /s
Pressurized Oil Pressurized Oil Pressure of 246 5- requires an estimation of pressure of

1000.5 psi Mass exiting fluid or the mass flow rate of
Flow Rates of the oil through the aperture.
.00663 .0126 lb/s
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(V UTabla E-1, P , H:at Release Rntes

ignition Source from Fire Source Type Characteristic Range of Values Heat Release Rate
FEDB Combustible Method / Reference ,

Eauipment Containina

Hydroaen

T/G Hydrogen SFPE Handbook of Fire
Off Gas / Hydrogen Hydrogen Hydrogen Not Applicable Protection Engineers (pp.1-298
Recombiner through 1-305)
Hydrogen Tanks
Miscellaneous Hydrogen
Fires
Battery Chargers
Cable-Non-Qualified
Cable
Junction Box / Splice in Cable Non-Qualified 11-94 Btu /s/ft.2 FIVE Methodology Table 1-E.
Non-Oualified Cable Cable Damage Threshold Cnteria
Cable Fires Caused By page 10.4-67
Welding

Dryers - Motor Motor Windings Heat Release Rates should be
smaller than a small cabinet fire.

Transients
Transient Fires caused Transient Various 20-333 Btu /s See Section E.3
by welding transients Combustibles

Battery Casing Polycarbonate 68 (Btu /s-ft') see ref. #4 & 5
Battery

2
Battery Casing Polystyrene 129 (Btu /s-ft ) see ref. #4 & 5 >

i

_ . _ . _ _ _ _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ . _ . . _ _ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ -
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! Table E-1, Part 2
i

( )) Approximation of Pressurized Oil Fires
%

METRIC UNITS (Diameter of the nozzle used in test: 0.38mm) I

Fluid Nozzle Mass flow Chemical Net Heat Ave. heat Combusti Visible |
Pressure rate HRR of of on flame

,

(MPa) mr (g/s) Ocn (kW) Combusti Combusti Efficiency height Le

onAHr onAHen xen (rn)
(kJ/g) (kJ/g)

Mineral Oil 6.9 5.71 255 46.0 44.6 0.97 2.18
5.2 5.18 230 46.0 44.3 0.96 1.96
3.5 4.45 202 46.0 44.1 0.96 1.91
1.7 3.0 131 46.0 41.4 0.90 1.50

l

ENGLISH UNITS (Diameter of the nozzle used in the test: 0.015in)
|

Fluid Nozzle Mass flow Chemical Net Heat Ave. heat Combusti Visible !

Pressure rate HRR,Ocn of of on flame
(PSI) mr (Ib/s) (Btu / min) Combusti Combusti Efficiency height Lt

.

xn (ft) |onAHT onAHen(Bt e

(Btu /lb) u/lb)
Mineral Oil 1000.9 1.3E-02 14515 9.6E-02 9.3E-02 0.97 6.89

,

( ) 754.3 1.1 E-02 13092 9.6E-02 9.3E-02 0.96 6.43
'# 507.7 9.8E-03 11498 9.6E-02 9.2E-02 0.96 6.27

246.6 6.6E-03 7457 9.6E-02 8.7E-02 0.90 4.92

References for Heat Release Rate Table E-1. Parts 1 and 2

1. Altman, G., Pfiffer, R.: Fire Protection Aspects of TIansformers in Electrical Plants.
'

Siemens Power Engineering VI (1984), pp.194-198.
2. Khan, M.M., Characterization of Liquid Fuel Spray Fires: Factory Mutual Research

Corporation Norwood, Massachusetts, HTD-Vol. 223, Heat and Mass Transfer in Fire and
Combustion Systems, The Winter Annual Meeting of ASME, Anaheim, California, Nov. 8-
13,1992.

3. Alber, Friedrich, Altman, Gerhard, and Pfiffer, Richard, " Fire Behavior of Ligma-tmmersed
Distribution Transformert.", Siemens Power Engineering & Automation , vol. 8, no. 3, May-
Jun.1986, pg.198-204.

4. Przybyla, Leon, Gandhi, Pravinray, " Flammable Liquids in Plastic Containers", Fire
Joumal (Boston), vol. 84, no. 3, May-Jun.1990, pg. 38-39,41-43.

5. Tewarson, A., Pion, R.F., " Flammability of Plastics. l. Buming Intensity.", Combustion and
Flame, vol. 26, pg. 85-103.

th
i 6. Cote, Arthur E. (editor), Linville, Jim L. (Editor), F_Q Protection Handbook 16 Edition.
| NFPA, Quincy, MA,1986, pg. 5-120.
|

Ov
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The test data was separated according to these characteristics (open, closed, vertical and-

O. benchboard) and the heat release rates were evaluated. Peak values for heat telease rates
i were used except for those cases where a transient ignition source was used to ignite cables

in the cabinets. Because the transient source heat release rate was relatively consistent
_

i throughout the test (peak HRR varying from 23 Btu /s to 30 Btu /s), its contribution (25 Btu /s)
was subtracted from the reported heat release rate. -

Peak values were considered appropriate even though they were sometimes only sustained
for a few minutes. The breadth of these shorter peaks is sufficiently large to cause damage in

: qualified cable at higher than threshold temperatures, e.g.,840 degrees F. (See Appendix G

| for further explanation.) For other conditions, i.e., when sustained high temperatures and heat
i release rates are required, other values may be more appropriate (e.g., for ignition of qualified
; cable).
I
j Cabinet tests involving qualified cable could only achieve self-sustained propagation when

ignited by a transient source; electrical ignition always failed to do so. Heat release rate values
from the tests range from 50 to 71 kW in six tests. Two tests recorded heat release rates of 24

'

and 27 kW (ST1 and ST2, respectively); however, those HRRs represented only the transient
source. Similar HRRs were found regardless of whether the door was open or closed and the-

L amount of fuel load. Similar HRRs were probably due to the fact that the fires never
propagated throughout cabinets; rather they stayed in the ignited cable bundle. Based on'

; these results, we recommend a 65 Btu /sec HRR for vertical electrical cabinets known to
! contain only qualified cable.
.

; 's The SNL report documents four tests of benchboard cabinets with combustible load of
i between 1.4 - 1.5 MBtus. The tests report HRRs ranging from 170 - 1140 Btu /s (qualified) and

| 750 - 1200 Btu /s (non-qualified).

!
, in the case of non-qualified cable, both ignition sources (i.e., transients and electrical), ignited
3 cable bundles in the cabinet. Fires propagated throughout the cabinet, including past intemal

' barriers. HRR values range much more widely (i.e., from a low of 100 to a high of 918 Btu /s;

for vertical cabinets and 750-1232 Btu /s for benchboard-type cabinets). The results varied
significantly based on the amount of fuel load and whether the door was open or closed.
Figures E-1 and E-2 document these variations. Consequently, we recommend the following
model for vertical cabinets, which contains screening values independent of fuel load as well
as final values if fuel loads are obtained. It is often very difficult to know the fuel load within a
cabinet. Values are rarely documented and it is not practical to open cabinet doors during
most plant operating conditionti.

Analysis of the enntrol room fires, where benchboard-type cabinets are typically used, is
' described in Section 4.2 of this report.

.
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Screening Values 1

Open door 850 Btu /sec (based on PCT 2 and Test 25) |
-

Closed door 400 Btu /sec (based on ST10) )
-

i. . _ _ . .

Final Values +

Open door . _8.5E-4 x FL (Btu) (but no less than 95 based on STS) )-

!Closed door 4E-4 x FL (Btu) (but no less than 95 based on STS)-

!

If documentation is not available on fuel los Js for unqualified cable and a cabinet-specific HRR ;

is desired, the following criteria is suggested based on the Sandia report: |

!

Assume 125,000 BTUs for each cable bundle !-

Table E-2 documents a summary of SNL's cabinet fire tests (NUREG/CR-4527). )
The above model for heat release rates does not consider certain other factors related to ' i

applying the heat release rate in fire modeling, specifically: -)
when should the cabinet be considered open,
where should the virtual source of the fire be located, and
how should radiative heating be considered for fires in enclosed cabinets.
The following provides insights into these questions based on our findings from testing the
model during the TC process. Typical cabinet openings observed in the field include:

Vents: Louvers on the front, back and /or sides
Grilles on the front, back, sides and/or top
Open top

'O Open top with shield
Fans (typical on solid state equipment)

Penetrations: Air drop with flange and water seal
Air drop with open conduit
Air drop with rated fire seal (not common)
Sealed conduit

Electrical cabinets that are not vented do not propagate a fire. Penetrations described above
are not considered to be vents. It is assumed that in the absence of other ventilation,
penetrations will not allow sufficient air exchange to replace oxygen being consumed by the
fire, and an incipient fire will self-extinguish when there is no longer enough oxygen to support
combustion. :

|

|

|
!

l

,

O :
i
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Table E-2
Summary of Sandia Cabinet Fire Tests (NUREGiCR-4527)

Test :: Igruition ' Catinet.; Cable .' CombustMe Ventilation Peak Temperaturesf. Smoke Obscurationf Test t
'

No. Souce C
~ ' '

Type Load (MBlu)i Method (*FF ' ' " ' " (mist) E7

Measured; . Objectives . ResultsjAdjacesit : Visual .

p}'-
Typef Typej Room |:

:

(to 13
~ ' ' Cabinet - Observati W-

- on- - m

Qualified, Open
i

STt Transient Vertcal Q 0 11 No doors N/A N/A N/A N/A Single cable bundle. To evaluate if the Cable bundle did not bum.
transient ignition source could ignite the
cable bundle and propagate a fre in it.

ST2 Transient Vertcal Q 0 11 No doors N/A N/A N/A N/A Single cable bundle. To evaluate if the The ignition source was not enough
transient ign hon source could ignite the to ignite and propagate a fre
cable ty.indle and propagate a fre in it. through the cable bundle.

ST3 Transient Vertcal Q O 11 No doors N/A N/A N/A N/A Single cable bundle . Increased the The cable bundle ignited and fue
source from ST1 & ST2 to ignite the propagated up the bundle. Entire
cables and lossened up the bundle to bundle consumed
allow additional air flow and flames
through the caoles.

ST4 Transient Vertical Q 0.11 No doors N/A N/A N/A N/A Single cable bundle. Increased the source The cable bundle ignited and
from ST1 & ST2 to ignite the cables. The burned quickly.
bundle was even more loosened up
compared to ST3.

ST9 Transient Vertcal Q 0 22 Doors open N/A N/A N/A N/A This test was conducted to investigate if The fire did not propagate
intemal horizontal barriers (e.g , stsip chart honzontalty even with the partstion.
recorders, mounhng plates, etc.) would Peak HRR reached at about 10
enhance the potential for the fue to min.
propagate.

ST6 Transient Vertical O 0.33 No doors. 2 N/A N/A N/A N/A To determine if fre in a comer cable No horizontal propagation of the fee
- 19"*84* bundle will propagate to another cable in any cable bundles it took atuJt
openings. bundle in the cabinet. 8 min to reach the peak HRR.

PCT 3 Transent Vertcal Q 1 Doors open 122 140 10 N/A Although ST6 thru ST9 had shown a fire No propagation. Obscuration at 10
in qualified cable and vertical cabinet minutes. Peak HRR reached at
would not spread, this test was conducted about 10 min.
to determine what effect a larger fuel
loading of qual. cable in a vertcal cabinet
would have on ignihon and propagation of
a fue

PCT 6 Transient Benchboar Q 1.47 Doors open 239 95 11 N/A This test was done to investigate how the Propagaban 1.22m up.
d front grill fres propagate in Miauwd cabinets Obccuration at 11 min. Peak HRR

with unqualified cables. reached after 15 minutes

Test Transient Benchboar Q 1.47 Front 279 522 (Wall) 9 9 Configuration similar to PCT 5. Except Obscuration of the room at about 9

23 d ventilation 237 (Air) qualified and room ventdation at 1 im ch/hr min (at optical density of 1.834n)
grill & open (800 ft3/ min) Peak HRR reached at 10:45 min.
backdoor
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L Table E-2 (continued) >
'

Summary of Sandia Cabinet Fire Tests (NUREGICR-4527) |
Bateksthecuselles 7- Ted; , 4.. .?p ,. g c Mgg ggg g g g .>

PeakW@ RMTest 1 W. CeWant Cahlo;p .. Weemusen' ^ -^
m$r * ~P...

.; . ,

$4 "w $mht)? * **3 * E8&s% Mb .- - mMtVM@C de W . '"
IdType- Lead.M Meted -| C Seusse a<

Objegguesyg e g [m. a g j
my ye 4;gwfleeleef Agesent; Ulmassus tsesenspo$gg

~

^ Type 3 " Types e . 4s ,,

q$jsny $e viEppage ; {#|MggJy?g Le'- cc
s]o+ig < Cetteer t OW OM'yty@m q-~

' W ~ ^] j .yc, .g
x s gap ->M gge ;s m ~ mm ex

,

QuellHed, Closed !

ST7 Transient Vertical Q 0 33 Doors N/A N/A N/A N/A Same as ST6 encept doors were put on Only the main buruAe atzpve the fuel ,.

closed the cabinet. The doors each hed two vont was consumed. No horizontal i
igres,one on the top of the door and one propagationtootherbunc9es Peak

near the bottom. HRR reached in 17 min. p

ST8 Transient Vertical Q 0.55 Doors N/A N/A N/A N/A Similar to ST7 but fuelloedmg and The main cable bundle drectly :
closed conRgurahon more representative of NPP above the source bumed. The j

"

control room catunets (based on actual cable bundle and plastic wireway to
pictures). the left of the main bunche also !

bumed. No other buncNe burned |
Peak HRR reached in about 10 [
min. The room did not f4 with
smoke. ?

E- " f.Open. !
l
*

STS Transsent Vertical UQ 0.11 No doors N/A N/A N/A N/A Single cable bundle. Similar to ST3 and Entre buruse consumed with peak
ST4 but with unquebfled cables to HRR of 100 Btu /s in less than 9 i

evaluate the abety to ignite and propngste min. [
ta fire through a single bundle.-

ST11 Transient Vertical UQ 0.58 Doors open N/A N/A 8 N/A Some as ST10 except the doors were left Propagated. AN bumed. The fire j
open to evaluate the effect of venttution bumed much quicker than ST10. p

The peak HRR of 480 Blu/s we [
W at 19 min. It took longer !

than 5 min to reach 70 Btu /s. The i

smoke level quickly decended to the !
to the floor obscunng the cabinets
in the enclosure. *

Test 25 Electrical Vertical UQ 1 Doors open 144 77 20 13 in situ fuel arrangement and amount the Smoke first visible (very smas i
same as PCT 2. Except for elecencal amount) from elect source 6 min ,

ignRion source and room venblahon before ignihon at 15.5 min. IrH:ab
maintamed at 8 rm ch/hr (6400 ft3/ min). detector act:vated at 10.5 min after !

in'whon

PCT 2 Transeent Vertical UQ 1 Doors open 320 180 6 N/A After PCT 1 increased the ;ooding (from Propagated. Flames out catMnet
600,000 to 1000,000 Btu) and left the door door in 5 min. Visual obscurabon in t

open. As a result of discussions with 6 min with total obscurahon of the 3

NRC, this was considered representahve cabinets 9 min after ignihon. About [

, of catunets in operahng plants. 11 min to reach the pe-k HRR (took .

' -7 min from 99 5 to 995 Btu /s). I
r

e

I
s

I

!

i
!

f
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Table E-2 (continued)
Summary of Sandia Cabinet Fire Tests (NUREG/CR-4527)

No} ~ Source ! - Type - Land (RIBles) RBelltoel (F) i ~
. Smoke oliscuration -

Teet4 ' '
-

"s . m*2d
*'' - - ;".-- Peak Temperatures

~~'

. . < . .Test; lyWilee Catsnet Caldej~ :
l teds)*>

.
Type [ Type | Roomy i 3 m; R$esenered . ,. C ^"; __ t pg flamsts 9 GE y4>

s

Op$ ,-(top,
' '< ' ~n Cabinet > Otteesvall tical % ~~,

,
- g,n x s s~4 ,, -

PCTS Electrical Benchboar UQ 1.44 Doors open 410 212 13 N/A This test was done to inveshgate how the Ignihon occurs 15.33 rrun after

d front griH fires propagate in benchboard cabinets electricalignition is turned on.
with unqualified cables. Smcke was visible for opp, .;m :ci

4 rnin before igrwhon and obscured
the view in the roc:n at 9 rnin aRer
igrwtion. Peak HRR at 30 rnin,15
minutes after fire ignition.

Test Electrical Benchboar UQ 1.44 Front 250 606 (Wall) 16.5 13.5 Similar configurabon as PCT 5. Room Complete obscuration at 8r level

24 d ventdation 194 (Air) ventilation at 1 rm ch/hr (800 ft3/ min) began in approx.15 min and optical
grm & open density of 1m-1 reached at 12 min
backdoor after igrubon. Smoke frorn electncal

ignihon was visible 1.5 min before
igniban. Peak HRR reached at
about12 5 men after ignition

Unqualified, Closed

ST10 Transient Vertical UQ 0.58 Doors ' N/A N/A <11 N/A Same as ST8 except for UQ instead of Q Propagated AR burned.
closed. cable Same as Obscuration faster than PCT 1
Vent gnus ST11 except the doors were left open to (11.66 'nin). Reached the first peak
on door evaluate the effect of ventilation. HRR (255 Btu /s) at -11 min and

the second (265 Btu /s) at -28 min.
IIt took longer than 5 minutes to
reach 70 Btu /s.

ET1 Transient Vertical UQ 0.69 Doors 140 126 11 N/A Similar to ST10. Hgher total fuelloadog Propagation. Peak HRR and
closed. due to larger cebinet floor area. Loading obscuration at -12 min. Fire did not
Vent grms per square rneter of the cabinet floor area burn as fast as ST10.
on door was the same.

.
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Table E-2 (continued)
Summary of Sandia Cabinet Fire Tests (NUREGICR-4527)

^ ^

VentRation Peak Temperatwos . Ssnoba obscuration Teet; g'g' , ~

Test:: Ignieon. Cabinet ' Cablej C. _ __ ._3
W Source i Typek 8.==W PIIItu) RAethod (*F)1 1 W :'t

Typef
'

gg 4 h; W: Mt : RAeasural 4 g C- n gg ,
_sy

" '

Type"y p ,-" ' ~ "=
Cabinet (to 1;e- <

,

Heptane pooi. propriene burner, no circuns.

Test Gas Benchboat Propylen N/A Front 212 455 (WaH) 10 7.5 To provide data with known heat source Peak HRR of 489 Btuts was

21 burner d e ventilation 172 (Air) and rate to use in vahdating enclosure inst, reached within 4 rnin.

grin and previous test resuRs and fire rnodels

OPen
h=rkrinnr

Test Gas Benchboar Propylen N/A Front 225 680 (Wau) 10 Same as test 21 except the burner was Peak HRR of 948 Btu's was

22 burner d e ventilaton 176 (Air) prograrnmed to grow to 1000 kw ki 8 min. reached within 8 rnin.

griR and

OPen
backdoor.

PCT 4 Heptane Vertical Heptane N/A Doors open 572 1040 N/A N/A This test was done to evaluate the effect a) Radiahon frorn the cabinet waHs
of a very large fire on room and adjacent to adpcent cab. dominates, b)
cabinet temp. Since it was 4 m.M single catunet win burn differently
(and unreakstic) to put twice as many than a catxnet with adpcent
cables as PCT 2,15 gaRon of heptane with cabmets, c) catwnets with a single
surface area of 10 ft2 was used. war (as opposed to double with air

gap) result in damagmg temp in
adjacent cabinet

i

_ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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!. If there are no vents in the cabinet and the only openings are penetrations of the kind listed !
j above, combustion products from an incipient fire (carbon monoxide, carbon dioxide, soot) will !

: accumulate inside the cabinet. The increasingly dense particulate matter will block radiative
| feedback, thus reducing extemal flux to the incipient fire (necessary to support combustion in
! - qualified cable). In addition, as combustion products increase, the available oxygen will
i decrease. Buoyancy forces will cause warming air inside the cabinet to rise and try to exit
; through the top penetrations. Replacement air will compete with exiting air for access to the
i same opening. Therefore, air exchange through the top penetrations for typical nuclear power
; plant cabinet configurations listed above is not expected to be sufficient to support

combustion.

|
; One could postulate that hot gases accumulating at the top of the cabinet could ignite the
i- penetrating cables, which could then afford a propagation path to overhead cable trays. SNL
| cabinet fire tests indicate that this does not occur in closed cabinets with qualified cable.
; NUREG/CR-4527: Part i reports the following results for tests with qualified cable and closed

doors:

| Test ST7: cables at the top of the cabinet showed only slight deterioration and discoloration;
1 Test ST8: heat damage to cables in the top of the cabinet was observed, but no ignition
i occurred.

i

.
Conditions in the SNL tests were less restrictive than our assumed configuration, in that the

! test cabinets had ventilation grilles top and bottom, and ignition was induced by a transient
; source rather than an electrical fault. Even so, only the cables near the ignition source bumed
' in the two tests involving closed cabinets with qualified cable.
,

! Table E-3 identifies the factors and their implication to fire modeling. To ease application of -
the model, these factors are identified on the walkdown forms contained in Appendix E.'

; Heat Release Rate for High Energy Electrical Cabinets

| The SNL tests used to derive cabinet heat release rates (HRRs) were conducted simulating

| control (Iow voltage) type cabinets. This discussion provides guidance in use of these values j

for high energy switchgear and motor control center (MCC) cabinets, i.e., voltage greater than ]
j or equal to 480v. ;

i
'

; The HRR is determined by figuring out how much of which combustible is available to bum and 4

how fast it is buming. Cable insulation is the main source of combustion for low-voltage4

control cabinets and high-voltage switchgear or MCCs. Cabinets with similar types and
i amounts of combustibles and configurations (i.e., how the combustibles are arranged in the

cabinet) will produce similar HRRs once the electrical fault is removed and the cabinet is ;i

i deenergized. 'i

i

(

! !-

;

k

!
4

i

!o
,

!
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I Table E-3

Electrical Cabinet Heat Release Rate Factors
,

.

Cabinet Confiauration Fire Modelina Assumption

No ventilation Cannot propagate'

[ No top penetration Source at height of ventilation louvers no radiation,
subtract 20% of HRR (FIVE, p.10.4-22)

,

Open top penetration Source at top of cabinet'

Open cabinet HRR for non-qualified cable
Sealed top penetration " Fire-rated" (same as no top penetration)*

: "not-rated"(same as open top penetration).

{ Top penetration is conduit Same as no top penetration if otherwise ventilated, same
(D < 2", L > 1' or D = 2", L > 3' or conduit as no ventilation if not otherwise ventilated

! has a rated seal)
i.
: Judgment probably required for rating decision and to estimate time delay from no-top to open-
i top release (i.e., time to failure of seal)

! !
'

!
.

| However, an electrical fault in a switchgear or MCC is likely to produce an explosive fire with
j significantly more damage resulting from the explosion than from the ensuing fire. The
: severity factors developed for the switchgear and MCCs (Appendix D) should provide a basis
j' for what fraction of these fires could result in explosive and damaging fires. An explosives

; switchgear/MCC fire is likely to have the following distinct characteristes, which may be
! applicable to indoor transformers as well:
.

Initiates automatic suppression systems with fast response detectors before a high heat j
' release rate is expected;
! Damages the cabinet intemals and adjacent cubicles; );
i Opens the cabinet door and allows for spread to adjacent cabinets; and
j Creates life safety concems and delays fire brigade response. !

IThese factors should be considered when modeling high energy electrical cabinet fires.
i-
, E.3 Transient Combustibles
!' Table E-4 summarizes the heat release rate data for transient fires from experiments by Von
i Volkinburg (LBL,1978) as reported in Nowien (6), Lee (NBS 1982) (Z), Cline (SNL 1983) as
i reported in Lee (Z), Nowlen (SNL 1986) 8), and Chavez (SNL 1987) (4). This data comprises

' the results of a literature survey for characterizing fires involving typical nuclear power plant..

| plant transient combustibles. Four of Von Volkinburg's experiments are the basis for the " trash
bag" heat release rates referenced in FIVE 9,1Q). The table on the following pages does not'

include experiments by Alpert and Ward, as reported in Lee. Alpert and Ward's experiments
involved stacks of wood pallets 3 to 16 feet high, constructed of untreated wood. Such4

i configurations are not considered typical for nuclear plant fire areas containing safety related
: equipment.
;

LO
; E-14
1
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implementation Guidelines for Assigning Heat Release Rates for Transient Fuels
U,m

1. With the help of plant personnel, select one or more of the six transient fuel bins in the

i table that are most appropriate for the room under consideration.._

2. For screening calculations, apply the highest heat release rate in the table for the bin or
'

bins selected. For the worker radiation protection (WRP) clothing bin see the guidance in the
Inext step.

|
3. Heat release rates for WRP clothing depend on whether or not there are significant
amounts of plastic materials present. The following guidance is provided for selecting heat
release rates for WRP clothing:

WRP clothing and plastic storage materials : The fuel package in SNL Test #9 can.

be considered representative of configurations where a significant amount of plastic woulda
f contribute to the heat release rate (e.g., WRP clothing stored in plastic bins, or in polyethylene |

bags near a polyethylene roll). Based on Test #9, a heat release rate of 113 kW (107 Btu /s) is )
considered appropriate for fuel packages consisting of WRP clothing and plastic.

'"

WRP clothing without plastic storage materials: The fuel packages in Lee's tests I.

can be considered representative of configurations where plastic would not contribute;

significantly to the heat release rate (e.g., WRP clothing stored in metal bins or in polyethylene
bags if there is no other plastic (such as a polyethylene roll) stored nearby. A polyethylene

i bag alone would not be expected to contribute significantly to the heat released from such a
*

fuel package. Lee's fuel packages contain amounts of material comparable to the amount in

Q Nowlen's 30 gallon trash container. Based on Lee's tests, a heat release rate of 60 kW (57
O Btu /s) is considered appropriate for WRP clothing without plastic storage materials (except a'

polyethylene bag). Note that there is little difference in the heat release rate for Lee's two '

tests, even though one fuel package weighs almost twice as much as the other.
4. For final calculations, determine the conditional probability (mean and distribution) that
the heat release rate is sufficient to damage the target (s). The conditional probability is 1.0 if '

~

the lowest heat release rate in the table for the bin is sufficient to cause damage. If the lowest;

estimate does not cause damage (either using COMPBRN life or the FIVE worksheets and
tables 4E and SE) estimate the lowest heat release rate required to cause damage. Develop a
conditional probability that this heat release rate occurs for the scenario, based on:

the range of heat release rates in the appropriate bin or bins,.

' the types of fires in the operating experience reported in the FEDB, and.
,

if incidences exist, of the types of fires reported in the plant specific operating.

experience.

.

k

G
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Table E-4
HEAT RELEASE RATES FOR TRANSIENT FUELS
Test Fuel Package Compoelhon Peak Heat Release Total Heat Cordert Bin Commert

Rate

SNL - Nowlen 1T x 16" x 12" cardboard Total 7.9 kg (17.4 b) 26 kW (25 Btu /s) 12,350 (Btu) Folded or stacked Very httle of the folded paper bumed r

Test 85 box (.395 kg) 5% cardboard paper-

3" stack folded computer paper 86% folded paper j

(6.8 kg) 9% crumpied paper ;

Crumpled v (600 kg) ,
r

i SNL * Nowten 12" x 16" x 12" cardboard Total 7.9 kg (17.4 b) 21 kW (20 Btu /s) 9,500 (Btu) Folded or stacked Very httle of the folded paper bumed. !

i
Test #6 box (.395 kg) 5% cardboard paper

!3" stack folded computer paper 86% folded paper
(6.8 kg) 9% crumpled paper
Crumpled a=aar ( 680 kg)

LBL-Von Three 11 gal. Sj;Ofwe trash Total 3.5 kg (7.7 lb) 351 kW (333 Btu /s) Human occupancy One of four tests used as the basis for p

Volkanburg, bags (.035 kg. estwnsted) 3% pei;"v/we trash FIVE's recommended heat release rate for !
!

3 airline trash 36 polystyrene cups (21 kg, 6% polystyrene transient fires.

13% paper cupsbags estimated) .
78% paper towels ,51 paper cups (.45 kg,

estimated) [
ipaper towels (2.73 kg)

LBL-Von Two 11 gal. polyethylene trash Total 2.3 kg (5.2 lb) 297 kW (282 Btu /s) 70,678 (Blu) Human occupancy One of four tests used as the basm for . !

Volkinburg, bags (07 kg, estimated) 3% pdj;O/we trash FIVES recommended heat release rate for [
2 airline trash 24 polystyrene cups (.14 kg, 6% polystyrene transient fires.

'

bags estimated) . 13% paper cups t

38 paper cups (.30 kg, 78% paper towels [
estimated) ;

n-r towels (182 kg) g

LBL - Von 11 gal. pdj;Oybe trash bag Total 1.2 kg (2.6 lb) 159 kW(151 Btu /s) 45,941 (Btu) Human mancy One of four tests used as the basis for ;

Volkinburg, (.035 kg, estimated) 3% polyethylene trash FIVES recommended heat release rate for i'

1 airline trash 12 polystyrene cups (07 kg, 6% polystyrene transient fires. .

bag estimated) 13% paper cups [
17 paper cups (.15 kg, 78% paper towels ;

estwnated) (
Paper towels ( 91 kg) [

SNL - Nowien 5 gal. pc,;Oise trash can Total of 1.6 kg (3.5 lb) 24 kW (23 Btu /s) 23,911 (Btu) Human occupancy Fire developed quickly in the crumpled
,

Test #8 (.771 kg) -50% pcj_"v/we trash paper packing. This caused melting of the i

Polyethylene liner (.035 kg) -28% cotton rags plastic wastebesket and eventual I

Cotton rags (.46 kg) -21% paper C.4 wa of a fairty steady plashc pool i

Paper ( 34 kg) fire. |

SNL - Nowien 5 gal. pC,;Oy6. trash can Total of 1.6 kg (3.5 lb) 12 kW (11 Btu /s) 53,200 (Btu) Human occupancy The trash can overtumed during the test !

Test #7 (.771 kg) -50% pc,;O/we trash and approximately 1/2 the paper and i

Polyethytene liner (035 kg) -28% cotton rags packing material spilled out. It was
Cotton rags (.46 kg) ~21% paper primanly this material which actually

.

Paper ( 34 kg) bumed during the test. !

!

E
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Tcble E-4 (Continued) :

; HEAT RELEASE RATES FOR TRANSIENT FUELS j
Test FuelPackage Comfww % Peak Heat Rah == Total Heat Content Bin Commart

Rate

SNL - Nowlen 2.5 gal polyethylene bucket Total 2.2 kg (4 8 b) 145 kW (138 Blu/s) 23,750 (Btu) Manitenance During test 3 the acetone speed from the i

Test #3 (.788 kg) 40% pc,Cy; - refuse bucket approximately 6 minutes after [
16 oz box of Kimwipes (.562 kg) 26% tessue paper ignbon, resulhng in a large flash of bumeng

,

1 qt acetone ( 747 kg) 34% acetone acetone. This type of behavior was not !
Polyethylene wash bottle (.079 observed in test 4, or any of the cabenet

*
kg) fire tests (Chavez) which used this ignition

source. When this spike in the heat i

release rate is removed (See NUREG/CR- !

4679, Figure 50b) the peak heat release ,

rate is about 34 kW (32 Btu /s)

SNL - Nowlen, 17 x 16" x 12" cardt;oard box Total of 1.78 kg (3.9 lb) 109 kW (104 Btu /s) 35,150 (Btu) Maintenance ;

Test #2 (.395 kg) 22% cardboard refuse .

16 oz box of Kunwipes (.562 kg) 32% tissue paper f

1 qt acetone (.747 kg) 42% acetone !

Pc'ic/we wash bottle (.079 4 % polyethylene {
kg) p

SNL- Nowien, 12" x 16" x 12" cardboard box Total of 1.78 kg (3.9 b) 97 kW (92 Btu /s) 45,600 (Btu) Maintenance !

Test #1 (.395 kg) 22% cardboard refuse ,

916 oz box of Kimwipes (.562 kg) 32% tissue paper
1 qt acetone (.747 kg) 42% acetone ;

Polyethylene wash bottle ( 079 4 % polyethylene
>kg)

SNL - Nowien 2.5 gal,~., .r- bucket Total 2.2 kg (4 8 b) 34 kW (32 Btu /s) 46,550 (Btu) Maintenance
,

Test #4 (.788 kg) 40%pejmi e refuse
16 oz box of Kimwipes (.562 kg) 26% tissue paper
1 qt acetone (.747 kg) 34% acetone
Pw,-.. y-- wash bottle ( 079

,

kg)
I

SNL - Chavez 2.5 gal pcici e bucket Total 2.1 kg (4.6 lb) 32 kW (30 Btu /s) 68,500 (Btu) Manitenance Chavez parformed 5 screening tests
40% pd ci-- refuse invoMng two fuel packages Only the heat iScreening Test (.788 kg, eshmated) i '

#5 Polyethylene wash bottle ( 079 22% tissue paper release rate for Test #5 is reported in the
kg, estimated) 36% acetone 6eference document Heat release rates I
16 oz box of Kimwipes (.455 kg) for the other tests are reported to tm W

a 1 qt acetone (.747 kg, severe than test #5.

estwnated)
SNL - Chavez Computer paper box (.395 kg, Total 1.6 kg (3 5 lb) <32 kW (<30 Btuis) 29,200 (Btu) Maintenance This fuel package may also contain a ;

pC Cien container for the acetone. !Screening estwnated) 25% cardboard refuse i

Test (s) 16 oz box of Kimwipes (.455 kg) 28% tissue paper Chavez performed 5 screening tests .

1 qt acetone (.747 kg, 47% acetone involving two fuel packages. Only the heat i

estimated) release rate for Test #5 is reported in the !

reference document Heat release rates
for the other tests are reported to be less

'severe than test #5

i

h
.

,
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Tcble E-4 (Continued) |

HEAT RELEASE RATES FOR TRANSIENT FUELS
Test i FuelPackage Compostion Peak Heat Release Totat Heat Content Bm Comment ;

Rate

LBL - Von Wood pieces, White fir (13 65 Total-14.9 kg, estwnated 327 kW (311 Btu /s) 30,811 (KCai) Wood The wood pieces were 1-1/4 x 1 1/4 x

(32.8 b) 15"in size. The precise arrangement ofVolkinburg kg)
.

92% wood the sticks is not reported. The wood ;

,

30 t wood crb Wood excelsior, shredded and
fluffed ( 45 kg) 3% excelseor (wood shavings) excelseor was spread on the floor under the ,

Absolute ethyl alcohol (.118 I)(- 5% ethyl alcohol wood crib and soaked in alcohol to prowde
.75 kg, estwnsted) a uniform ignibon source for the wood.

LBL- Von Wood pieces, Douglas fir (9 kg) Total 9.75 kg (21.5 b) 217 kW (206 Btu /s) 26,752 (KCal) Wood The wood pieces were 1-1/4 x 1-1/4" x t

Vollonburg 100 cc (.95 qt) JP-4 ( .75 kg, 92% wood 15'in size, arranged in eight layers of 5 |
20 b wood crib estwnated) 8% JP-4 sticks each. p

LBL - Von Wood peaces, Douglas fir (6.36 Total 7.1 kg (15.6lb) 186 kW (177 Btuts) 17,590 (KCal) Wood The wood pieces were 1-1/4" x 1 1/4" x
Vollunburg, kg) 90% wood 14"in size, arranged in eight layers. The
14 lb wood cnb 100 cc (.95 qt) JP-4 (- 75 kg, 10% JP-4 two bottom layers have 2 sticks each, and

estwnated) the other six layers have 4 sticks each.

NBS - Lee, 4.5 kg clothing 4.5 kg (9.9 lb) 60 kW (57 Btu /s) N/A WRP clothing Clothing piled .3 m high on the floor, Lee !

clothing 100% textile notes that this heat release rate is low
compared to fuel packages with similar [
paciong densities. He states:"The reason i

for this low rate was that fire penetration
into the piles of clothes and fabrics was ,

limited by the pile height of 0.3 m. r

Consequently,pyrolysisof the
combusbbles at depths greater than 0.3 m, i

*

which certainly happened for the other
trash fires [i e., Cline and Von Vollanburg] ;

could not occur and contnbute to these |
*fires."

NBS - Lee, 2.7 kg fabnc 2.7 kg (5.9 b) 50 kW (48 Btu /s) N/A WRP clothmg Fabric piled .3 m high on the floor. See i

fabric 100% textile comment atxat heat release rates for Lee, [
clothing

|
30 gal. pd mi-, trash can Total of 6.4 kg (14.1 lb) 50 kW (48 Btu /s) 192,000 (Btu) WRP clothmg Wdhin 15 minutes of igruhon, the waste iSNL - Nowlen i

57% pd di-- during the llrst 15 basket had melted away almost entirely [Test 89 (3 6 kg) i

Polyethylene liner ( 035 kg) 20% cotton rags minutes when the leaving a pile of buming paper, cotton ,and |
Cotton rags (1.3 kg) 23% paper fuel was paper, plastic . Shortly thereafter,this pile of 1

Paper (1.5 kg) cotton and plastic buming material toppled resulting in a
surge in fire intensity. As the pacidng

113 kW (107 Btu /s) material bumed away a liquid plastic pool
in the last 40 fire became the dominant mode of buming
mmutes when the This pool fire conbnued to bum for an
fuelwas primanly a additional 40 minutes, flaring up to high ;

liquid plastic pool intensities twice during that period

,

"
.-
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Table E-4 |C- '

i
_,

HEAT RELEASE RATES FOR TRANSENT FUELS
Test Fuel Package Compaamm Peak Heat Release Total Heat Content Bin Comment ;

Rate r

LBL Von Straw and grass cuttings (1.55 Total 4.1 kg (9 b) 343 kW (325 Btu /s) 93,000 (Btu) Yard refuse One of four tests used as the basis for !

Vollonburg, kg) 38% straw and grass cuttings FIVE's recommended heet release rate for "

Rubbish bag Eucalyptus duff (2.47 kg ) 61% eucalyptus duff transient fires.

32 gal pe,Cy6e trash bag >1% pdjCy6=
( 04 kg)

LBL- Von 32 gal. pe;Cy e waste Total 6.5 kg (14.3 lb) 610 kW (580 Btu /s) N/A Descarded Half the mik cartons were opened and

Vollunburg, container (3.8 kg, eshmated) 59% pd,CyLe stacked upright in the trash cordainer to !

121 liter 72 quart size paper milk cartons 41% poly-coated paper form tubes. The other half were tom into

wastebasket coated wth pd,CyL e (2.7 pieces and placed within the tubes formed

kg, estmated) by the upright milk cartons. .
Nowien thinks this datum is not
representadve of typical transient fires in
nuclear plants. "In these previous tests, ,

the trash fuel configuration used included |
a highly nammable waned paper fuel
configured in a manner such that fire ;

growth rates would be maamized. In
these previous tests peak heet release i

!rates of as high as 600 kW had been
recorded. In the FPRP [SNL Fire |
Protection Research Program] tests [of] a i

simelarly sized fuel package involving plain
paper and cotton rags displayed a peak
heat release of only 145 kW. As a result,
the previously tested fuel packages were
concluded to represent worst case
configurations for such fuel packages.
The FPRP packages were considered to
represort more realistic best eshmate
configurabons. (Noween. NUREGICR-
5384)

SNL - Cline Rags (11.4 kg) Total of ~31 kg (68 lb) 119 kW (113 Btu /s) N/A Discarded Contents dmded equally between the two
Test #4 Paper towels (7.7 kg) ~37% rags trash bags. See comment for Cline Test ,

Plastm products (gloves and -25% paper towels #3.
,

tape)(5.9 kg) -19% plastic products ;

Methyl alcohol (5.9 kg) -19% methyl alcohol t

<1% pd my;as !Two 40 gal. pejmy6 e trash i *

bags ( 07 kg, eshmated)

SNL - Cline Rags (11.4 kg) Total of ~31 kg (68 b) 119 kW (113 Btu /s) N/A Descarded Contents div6ded equally between the two i
Test #11 Paper towels (7.7 kg) ~37% rags trash bags. See comment for Cline Test

Plastic products (gloves and ~25% paper towels #3. [
tape)(5.9 kg) -19% plastic products ,

Methyl alcohol (5.9 kg) -19% methyl alcohol !

Two 40 gat pd a/e,e trash <1% polyethylene |i

bags ( 07 kg, estimated)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ - _ _ - - _ . - . _ _ _ _ _ _ ._ ___ . _ _ _ _ _ _ _
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Tcble E-4 (Continued)
'

HEAT RELEASE RATES FOR TRANSIENT FUELS
Test Fuel Package Composeon Peak Heat Release Total Heat Content Bin Comment

Rate

SNL - Chne Crumpled computer paper (9.1 TotaI9 2 kg (20 lb) 109 kW (104 Btu /s) N/A Discarded Nowlen says that Chne's heat release rates

Test #3 kg) 99% paper Sse commert are unrehable. "The data gathered and

2 pe,;5Aw trash bags (.07 1% pd,;$h= reported as a part of the ignition Source

kg, estimated) Fire Tests [Chne]ireW the oxygen
depiehon levels in the test enclosure.

IHowever, = ht=ntlyidentified problems
with the test setup have indicated that
these values are in significant error. The
oxygen concentration values reported by
Cline are considered to signsficantly !

'undereshmate the actuallevels of oxygen
deplebon during these tests. [ Low oxygen i

depsebon values would resun in
underpredicted heat release rates ] It is
therefore inappropriate to attempt to use
these values to eshmate the heat release
rates of the test fires."(Nowien, .

NUREG/CR-4679) !

SNL - Chne Crumpled computer paper (13.6 Total 28 6 kg (63 lb) 109 kW (104 Btu /s) N/A Discarded See comment for Chne Test #3. !
5

Test #5 kg) 48% paper
i

Two 50 gal. plastic trash cans 52% plastic
(15 kg) ;

SNL - Chne Crumpled computer paper (13.6 Total 28 6 kg (63 b) 109 kW (104 Btu /s) N/A Discarded See comment for Chne Test #3. i

Test #10 kg) 48% paper
Two 50 gal. plastic trash cans 52% plastic [
(15 kg) ;

LBL - Von 6.6 hter pd, Sim e trash Total .68 kg (1.5 lb) 64 kW (61 Btu /s) N/A D6scarded Half the milk cartons were opened and

Volkinburg container (23 kg) 34% polyethylene stacked upright in the trash container to
,

6 6 liter 12 quart size paper milk cartons 66% poly-coated paper form tubes. The other half were torn into :

wastebasket coated with pd,eL/,&,e (.45 pieces and placed within the tubes formed !

kg) by the upright milk cartons. This datum
was discarded for the same reasons as
LBL -Von Vollonburg 121 liter [
wastebesket If this datum had not been |
descarded, it would have been classified as
"humanoccupancytrash". It's )

omission does not significantly change the I
heat release rate profile for that bin

[
SNL - Chne Crumpled computer paper (4.6 Total 36.5 kg (80 b) 40 kW (38 Btu /s) N/A Descarded See comment for Chne Test #3. i

Test #9 kg) 13% crumpled paper {
Folded computer paper (31.8 87% folded paper
kg) < 5% polyethylene.

Two polyethylene trash bags |

( 07 kg estimated)

i

L

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



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

Eight of the twenty-eight heat release rates found in this survey are considered to be

O unreliable. These heat release rates were discarded for the reasons noted in the comments
provided in the table. Ourjudgment is consistent with evaluations by Nowien (8,11.). The |
remaining heat release rates were sorted into'six bins based on the composition of the fuel
packages: (1) human occupancy trash, (2) maintenance refuse, (3) stacked or folded paper,
(4) wood pieces, (5) WRP clothing, (6) yard litter. All of the transient combustible bins, except
those classified as maintenance refuse, consist of Class A material fuels. However, these five

i

bins may involve mixed fuels, i.e., they may include two or more Class A materials, such as )
paper and plastic. The fuel packages in the maintenance refuse bin are also mixed. They
consist of both Class A materials such as paper and rags, and small amounts of Class 11 or 111 '

liquids such as cleaning solvents.
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i Appendix F

Equipment Damage Criteria
3
|

| (from EPRI Fire Risk Implementation Guide)
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- Selection of damage criteria (i.e., temperature, heat flux and time-to-failure) is a key element of
modeling fire-induced risk. Information is provided in this appendix to help this process.

Summaries of damage thresholds for cables and IEEE-qualified cables are presented in
Tables F-1(1 - 2) and F-2. The data is derived from testing and analysis at Sandia National
Laboratories and generally confirms FIVE's temperature criteria for IEEE-qualified cables

,

i (700*F) (3) and values used in the NUREGiCR-4840 (NUREG-1150) (4). Only a few types of
| XPLO insulated, IEEE-qualified cables have lower damage temperatures. One test result is
' available for non-qualified cables that also confirms FIVE's suggested value of 450*F. Limited

data is available for damage to sensitive electronics, switchgear cabinets and electrical motors.
A summary of this data is documented in Table F-3.

| <

|

i Table F-1 , ,

| Time-To-Damage (Electrical Failure) for Cables |

||

Temp Temp IEEE-384- Fall Pass Pass Pass Pass Pass
,

'

! (*F) (*C) 74 PE/PVC XPE/XPE XPLE/ XPLE/ EPR/ EPR/
insulation / (new) (new) Neoprene Neoprene Hypalon Hypalon

; Jacket Age (new) (aged) (new) (aged) i

482 250 (see 7'' NF' |

527 275 Table G-2) 57
572 300
617 325 NF NF
662 350 4 13 12 NF NF- 57
707 375 7 19 16 13'

| -
d 752 400 6 10 7 9

797 425, 7 5 6
842 450' 2 4

i

) No failure in PE/PVC below 250*C (482*F).
Based on SNL oven tests reported in NUREG/CR-5384 (1) and NUREG/CR-5546 (2).

3
, Time expressed in minutes
, No failure

500*C (932*F) is the assumed piloted ignition temperature for cable of any qualification.

i O
,

F-2
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d

Table F-2
. Threshold Failure Temperature for IEEE-384-74 Qualified Cables'
]%s,

;
4

*
Temperature

Cable Type 'C 'F

XPLO'
Samuel Moore Decovon Polyset 299-307 570-585
Rockbestos Firewall til 320-322 608-612,

'
Others 385-388 725-730

"

i

: EPR 370-400 698-752

Silicone Rubber 396-400 745-752

Kerite FR 372-382 702-720

Polyimide or Kapton 399 750,

'; Contemporary Fire Risk Values
' FIVE ' 371 700
NUREG/CR-4840 (1150) 350 662

O '
Calculated based on cable aging data reported in NUREG/CR-5384 and NUREG/CR-
5546.

*
Time at temperature not provided by calculation. Threshold values from qualified cable
tests ranged from 48 to 57 min. for all but one cable type. New EPR/Hypalon was 18
minutes, approximately the same time for the other cable types when the temperature
was 5 to 15'C (9 to 27'F) higher.

3
Manufacturer and product name provided because of the wide range of values.

(vD
F-3

,
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Table F-3
|

Damage Criteria for Other Equipment '

Equipment Damage Criteria Source
2Switchgear cabinet 248'F (0.88 Btu /sec/ft *) IP-2 FRA (5)

Electricallogic (qualified to 150*F (0.19) Limerick FRA (6)
104*F)

Electrical components 115'F Zion FRA (Z)
temp-induced damage j
permanent but not 150*F Zion FRA (Z)
extensive damage 190'F Zion FRA (Z)
50% fail 150*F USl A-45 FRAs (8_)

Electrical equipment failed for peak of 230*F SNL cabinet tests" (_9,10)Q
Oscilloscope amplifier no failure at 333*F peak SNL cabinet tests (9,10,)
Solid-state counters 320*F to 410*F SNL oven test (1) l
Agastat relay 662'F SNL oven test (1)
GE relay 20% above operating limit USl A-45 FRAs (8) )
Motors 3.75 Btu /sec/ft2 NUREG/CR-2815 (11)
Process Equipment

O |
V

* Tair in cabinet = 0.81 q .55 (temperature in 'C, incident heat flux in w/m2) ;
0

** SNL cabinet tests provide other "no failure" data

l

n

U
F-4
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C'ALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _
SUPPORTING CALCULATIONS Date:5131196

h USER INPUT FORM A
Plant

Building

Fire Zone
'

Compartment ,

Floor Area ft2

Ceiling Height it
Ambient Temperature F

Damage Temperature F
*

Ignition Temperature F

Heat loss Factor unities:

I I

:

Height of Virtual

Ignition Source Est. HRR Est. Btu Surface of the Fire (Ft)

electrical cabinetz WALUE!

small pumps

transformers WALUEl

transients

PC's WALUE!

transformers @ 6' WALUE!

transformers @ 8' #VALUEl

( j transformers @ 10' WALUE!

To convert the heat release rate to not heat, estimate a duration of
'

combustion in units of time and multiply by the time. (e.g. Btulmin' min)
i

|

|

I

i

(
%.)

m uuaw
5011961004 AM
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Date:5131196

FORM C-1
bm !

WORKSHEET 3: RADIANT EXPOSURE
'

electrical cabinets

1 Critical Radiant Flux to the Target Btulsift2 1

(Representative value - 1)
,

2 Peak Fire intensity Btuls

3 Radiant Fraction of Heat Release 0.4 j
(Representative value - 0.41

4 Radiant Heat Release Rate Stuls #VALUE!

5 Critical Radiant Flux Distance ft #VALUE!

WORKSHEET 3: RADIANT EXPOSURE

small pumps

1 Critical Radiant Flux to the Target Stulsift2 1

(Representative value - 1)

2 Peak Fire Intensity Btuls

% 3 Radiant Fraction of Heat Release 0.4
l (Representative value - 0.4) I

s-

4 Radiant Heat Release Rate Stuis #VALUEl

5 Critical Radiant Flux Distance ft #VALUE!

|

|
1

WORKSHEET 3: RADIANT EXPOSURE

transformers

1 Critical Radiant Flux to the Target 8tuls/ft2 1

(Representative value - 1)

2 Peak Fire Intensity 8tuls

3 Radiant Fraction of Heat Release 0.4

(Representative value - 0.A) j
4 Radiant Heat Release Rate Btuls #VALUE!

5 Critical Radiant Flux Distance ft #VALUE!

O

WORKBK.XLW(SI311961

-.



WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Date:5/31I96

FORM C-2O
WORKSHEET 3: RADIANT EXPOSURE

i transients

j. 1 Critical Radant Flux to the Target Stuls/tt2 1

(Representative value - Il,

! 2 Peak Fire intensity Btuls

i
3 Rad. ant Fraction of Heat Release 0.4,

| (Representative value - 0.4)

! 4 Radant Heat Release Rate Btuls WALUE!

5 Critical Radant Flux Distance ft WALUEl
;

WORKSHEET 3:RADIACT EXPOSURE

*

PC's

1 Critical Radant Flux to the Target Blu!stft2 1

(Representative value - 1)

2 Peak Fire intensity. Btuls

3 Redant Fraction of Heat Reisese 0.4

(Representative value - 0.4)

4 Radant Heat Release Rete Stuls WALUE!

5 Critical Radant Flux Distance - ft WALUE!

.

- WORKSHEET 3: RADIANT EXPOSURE

transformers 9 6'

1 Critical Redent Flux to the Target Stuls/ft2 1

(Representative value - 1)

2 Peak Fire intensity BtrJs

3 Radant Fraction of Heat Release 0.4

(Representative value - 0.4)

4 Radiant Heat Release Rate Stuls WALUE!

5 Critical Radiant Rux Distance ft WALUE!

WORKBK.xlW(5I311961

-
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CALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _ j
SUPPORTING CALCULATIONS Date:5/31196

o FORM C-3
\]

WORKSHEET 3: RADIANT EXPOSURE

transfornar: @ 8' !
1 Critical Radiant Flux to the Target Btuis/ft2 1

(Representative value - 11
|
12 Peak Fire Intensity Btuls

3 Radiant Fraction of Heat Release 0.4

(Representative value - 0.4)

4 Radiant Heit Release Rate Btuls #VALUEl

5 Critical Radiant Flux Distance it #VALUEl !

|

WORKSHEET 3: RADIANT EXPOSURE
,

transformers @ 10'

1 Critical Radiant Flux to the Target Btuistft2 1

(Representative value - 1)

2 Peak Fire Intensity Btuls

; 3 Radiant Fraction of Heat Release 0.4
- (Representative value - 0.4)

4 Radiant Heat Release Rate Btuls #VALUE!

5 Critical Radiant Flux Distance ft #VALUE!

f%d

WORKBK.XLW(51311961
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WALKDOWN IGNm0N SOURCE SCREENING FORM Page_of _
SUPPORTihG CALCULATIONS Date:5/31196

rs
!U FORM C-4

Maximum ambient temperature F

Floor Area ft2

Plume Damage Calculation

Fire location Factor 1

electri:al cabinets
'

1 Target Damage Threshold Temperature F

: 2__ "Z" Height * ft #VALUE!
'

; 3 Peak Fire intensity Btuls j
4 Fire Location Factor unities: 1.00

'

5 Esitmate of Actual 0 tot Btu WALUE!
,

6 Heat Loss Factor unitiess

j 7 Calculation of Gnet Btu WALUE!

8 Calculation of the Change in Temperature with F #vALUE!<

*

9 Temperature of Plume F WALUE!

10 Calculation of Qeff Btulsee WALUEl
'

11 Estimation of Damage Height ft WALUEl
; * distance from the virtus! surface of the fire to the ceiling
i

^P
Maximum ambient temperatuu F,

Floor Area'

1
| 1

Plume Damage Calculation

; Fire Location Factor 1 '

:

j small pumps

1 Target Damage Threshold Temprature F

2 "Z" Height * ft WALUE!

3 Peak Fire intensity Btuls

4 Fire Location Factor unittees 1.00

6 Esitmate of Actual Qtot Btu

7 Heat less Factor unitions

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUEl

Given Onet

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsec #VALUE!

11 Estimatic? C 7 age Height ft #VALUE!

WORKBK.XLW (5131196)
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WALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _
SUPPORTING CALCULATIONS - Date:5/31/96

FORM C-5
Masinuun aminent tempwatwo F

Fleer Area ft2

Plume Damage Calculation

Fire Location Factor 1

transformers ,

1 Target Damage Threshold Tempwature F*

2 "Z* Height * WALUE!*

3 Peak Fire Intensity Btuls

4 Fire Location Factor muties: 1.00

6 Esitmete of Actual Gtot Btu WALUEl

7 Heat loss Factor mutiees

8 Calculation of Qnet Stu - WALUE!

9 Calculenen of the Change in Tempmatwo with F WALUE!

Given Onet

10 Temperstwo of Plume F WALUEI _
10 Calculation of Qeff Btulsec WALUEl

11 Estimation of Damage Height ft WALUE!

1

Maximum ambient temporaiwe F !
Fleer Ares it2 ]

Plume Damage Calculation

Fire Location Factor 1

transients |

1 Tweet Damage Thresheid Temperstwo F

2 "ZTeight * ft WALUE! .J
3 Peak Fire intensity Btuls

4 Fire Location Factor unties: 1.00-

6 Esitmeteof Actual 0tet Btu -

7 Host loss Factor ustless

B Calculation of Onet Btu WALUE!

9 Calculacen of the Change in Tempwatwo with F WALUE!

| Given Onet -

10 Temperstwo of Plume F WALUE!;

j 10 Calculation of Qeff - Stulsac WALUEI
3

11 Estimation of Damage Height ft fJLUE! ]
i. ;

! i
ir

L !
-

i
i

WORKBd.XLW 6'3119e)
J

{
\ :
! I
l

_ - . . ,,



. . . - . - . - . . - . . . . - . ~ . ~ - - - - ~ . - - - - . - . - . - - - - - - - - .

l
i

i

r,'ALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _ |
| SUPPORTING CALCULATIONS . Date:SI31196 I

I
!-

O FORM C-6 i

Maxinmun ambient temperetwo F

[ Fleet Area ft2

Plume Damage Calculation

Fire Location Factor 1

PC's

1 Twget Damage Thresheid Temperstwo F

2 "Z" Height * ft WALUE!

3 Peak Fire intensity Btuls

4 Fire Location Facter uutises 1.00

6 Esitmeteof ActualQtet Btu WALUE!
'

7 Heat less Facter uutises

8 Calculation of Qnet Btu WALUE!

9 Calculation of the Change in Tempwatwo with F WALUEl

Given Gnet

10 Temperstwo of Plums F WALUE!

10 Calculationof Qeff Btulsee WALUE!

11 Estimation of Damage Height it WALUE!

Maximum aminent temperstwo F

Fleer Aree ft2

Plume Damage Calculation

Fire Location Factor 1 1.

transformers @ 6'
1 Target Damage Thresheid Temperstwo F

2 "Z" Height ' ft WALUEl

3 Peak Fire Intensity Stuis

4 Fire Location Facter umtless 1.00

6 Esitmeteof Actual 0tet Btu WALUE!

l 7 Heat less Facter uutless j
'

8 Calculation of Onet Btu WALUE!

| 9 Calculation of the Changein Temperstwo with F WALUEl

i. Given Onet

j 10 Temperstwo of Plume F WALUE! |
10 Calculationof Deff Btulsec WALUE! )
11 Estimation of Damage Height ft WALUE! |

! ,

4

4

WORKBK.XLW M11e6)
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of _
SUPPORTING CALCULATIONS Date:5/31196

,

O FORM C-7
Maximum ambient temperstwo F

Floor Area ft2

Plume Damage Calculation

Fire Location Factor 1

transformers @ 8'
1 Twget Osmage Threshold Tempwatwo F

2 "Z" Height ' ft WALUE!;

j- 3 Peak Fire Intensity Btuls

j 4 Fire Location Factor unties 1.00

| 6 Esitmets of Actual Otot Stu WALUEl

i 7 Heat loss Factor muties

8 Calculation of Onet Btu WALUE!
'

| 9 Calculation of the Change in Temperstwo with F WALUE!

Given Onet

10 Temperstwo of Plume F WALUEl-
,

j 10 Calculation of Deff Btulaec WALUE!

i 11 Estimation of Damage Height ft WALUEl
:

1-

!
!-
| Maximum ambient temperstwo F

,
Fleer Area it2

,

I

| Plume Damage Calculation

| Fire Location Factor 1
'

transformers @ 10'
1 Twget Damage Threshold Tempwatwo F

2- "Z* Height * ft WALUE!

3 Peak Fire Intensity Btuls

4 Fire Location Factor umtless 1.00

6 Esitmete of Actual Otot Stu WALUEl

7 Heat loss Factor . unities

8 Calculation of Onet Btu WALUE!

O Calculation of the Change in Temperature with F WALUE!

Given Onet

10 Temperstwo of Plume F - W ALUE!

10 Calculation of Ostf Stulsec WALUE!

11 Estimation of Damage Height ft WALUE!

w0RKBK XLW GI3119el
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CALKDOWN IGNm0N SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Date:5I31/96

.

oV FORM C-8 !
'

Maximum ambient tempersture F j
Floor Area ft2 l

j*

l

Plume Damage Calculation |

Fire Location Factor 2 i.

i electrical cabinets ]
!

1 Target Damage Thrashold Temperature F

2 "Z" Height * ft #VALUEl |
'

3 Peak Fire Intensity Btuls
,

||
4 Fire Location Factor unitions 2

|
5 Eitmate of Actual 0 tot Btu #VALUE!

6 Heat loss Factor unitiess

7 Calculation of Onet Btu #VALUEl i

8 Calculation of the Change in Temperature with F #VALUE! |

Given Onet I

j 9 Temperature of Plume F #VALUE!

10 Calculation of Deff Btu!sec WALUE!'

11 Estimation of Damage Height it WALUE! j:

j * distance from the virtual surface of the fire to the ceiling

O Maximum ambient temperature F

Floor Ares
!
|

Plume Damage Calculation |

Fire Location Factor 2

small pumps

1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE!

3 Peak Fire intensity Btuts

4 Fire location Factor unities: 2.00

6 Esitmauof ActualQtat Btu

7 Heat loss Factor unitiess

B Calculation of Onet Btu WALUE! |

9 Calculation of the Change in Temperature with F #VALUE!

Given Qnet

to Temperatureof Plume F #VALUE!

10 Calculationof Qeff Btulsec #VALUEl

11 Estimation of Damage Height ft #VALUE!

q
V
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WALKDOWN IGNITION SOURCE SCREENING FORM Page' of
SUPPORTING CALCULATIONS Date:SI31I96

.

1

; O FORM C-9
ummm em6ienii-stu,e r
Fiser Area ft2

Plume Damage Calculation

Fire Location Factor 2

transformers

1 Target Damage Thrasheid Temperstwo - F

2 "Z" Height * ft WALUE!

3 Peak Fire intensity 8tuls

4 Fire Location Factor uutless 2.00 |
6 Esitmeteof Actual 0tet - Btu WALUEl

7 Heat less Factor umiless

8 Calculation of Qnet Btu WALUEl

9 Calculation of the Change in Tempwatwo with F WALUEl

Given Onet

10 Temperstwo of Plume F WALUE!

10 - Calculaties of Qeff BtuIsoc WALUEl

11 Estmotoriof Damese Height ft NALUE!-

! \

Maximum ambient temperstwo F

Fleer Area ft2

Plume Damage Calculation

Fire Location Factor 2

transients

1 Target Damage Threshold Temperstwo F

2 "Z" Height * ft - WALUE!

3 Peak Fire intensity Btuls

4 Fire Locati;,n Factor ustles: 2.00

6 Esitmeteof ActualOtet Btu

7 Heat loss Factor unitiess 4

- 8 Calculationof Onet Btu WALUE! I
9- Calculation of the Change in Temperstwo with F WALUEl l

;

I

| Given Onet
l 10 Tseperstwo of Plume - F WALUE!

,

10 Calculatien of Geff Stuleec WALUE!

! 11- Estimede of Damese Height ft - WALUE!
!

!

[O
1-e.. _
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WALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _
SUPPORTING CALCULAT10NS Date:5/31/96

O FORM C-10
Maximum ambient temperature F

Floor Area ft2

Plume Damage Calculation

Fire Location Fact 0r 2

PC's

1 Target Damage Threshold Temperature F

2' "Z" Height * ft #VALUE!

3 Peak Fire Intensity Btul

4 Fire Location Factor unities: 2.00

6 Esitmateof ActualQtot Btu #VALUE! !

7 Heat Los Factor unitiess

8 Calculation of Onst Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUEl

Given Onet

10 Temperature of Plume F #VALUE! i

10 Calculation of Deff Btulsec WALUE! l

11 Estimation of Damage Height it WALUE!

O
O Maximum ambient temperature F

Floor Area ft2

Plume Damage Calculation

Fire Location Factor 2
!

transformers @ 6'
'

1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE!

3 Peak Fire Intnsity Btuls

4 Fire Location Factor unitiess 2.00

6 Esitmateof ActualQtot Btu #VALUE! l

7 Heat loss Factor unities:

B Calculation of Onet Btu WALUEl

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

to Temperature of Plume F #VALUE!

10 Calculation of Qeff Btulsee #VALUEl

11 Estimation of Damage Height ft #VALUE!

|
|

f
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; . CALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
..

|
SUPPORTING CALCULATIONS Date: SI31196 I

|
r 1

4~.

! FORM C-11 i
s

Maximum ambient temperstwo F

Flem Aree it2
,

! Plume Damage Calculation !
: ;

i- Fire Location Factor 2 1
t

i transformers @ 8'
"

1 Target Damage Thresheid Temperstwo F

i 2 *Z* Height * ft WALUEl

3 Peak Fire intensity 8tuls
,

;' 4 Fire Locaties Facter ustless 2.00

|* 6 Esitmeteof Actual 0tet Btu WALUE!

! 7 Heat Lees Facter umtless

i 8 Calculation of Onet Stu WALUE!

! 9 Calculation of the Change in Temperstwo with F WALUEl

! Given Onst
__

|
10 Temperstwo of Plune F WALUE!

i 10 Calculation of Qeff Btulsec WALUEl
'

11 Estunation of Damage Height ft WAL"El

|

LO
; Maximum aminent temperstwo F

i Floor Area ft2
:

:

Plume Damage Calculation4

| Fire Lccation Factor 2
.

transformers @ 10'
'
.

! 1 Target Damage Threshold Temperstwo F

2 *Z* Height * ft WALUE! !
I3 Peak Fire Intensity Stuls

,

! 4 Fire Location Factor ustless 2.00

a 6 Esitmateof ActualQtet Btu WALUE!
$' 7 Heat less Facter unitiees

8 Calculation of Qnet Btu WALUE! !

9 Calculation of the Change in Temperetwo with F WALUE!

Given Onet ;

10 Temperstwo of Plums F WALUE!

10 Calculation of Qeff Btulsee WALUE! i
l

11 Estimation of Damage Height ft WALUE!

|

I
;

|

!

|
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WALKDOWN IGNITION SOURCE SCREENING FORM Page of

SUPPORTING CAlcVLATIONS Date:5/31/96

m
U FORM C-12

Maximum ambient temperature F

Floor Area ft2

)

Plume Damage Calculation

Fire Location Factor 4

electrical cabinets

1 Target Damage Threshold Temperature F 4

2 *Z" Height * ft #VALUE! )
*

3 Poi Fire Intensity Btuls

4 Fire Location Factor unities 4.00

5 Esitmate of Actual Qtot Btu #VALUE!

6 Heat loss Factor unities:

7 Calculation of Onet Btu #VALUE!

8 calculation of the Change in Temperature with F #VALUE!

Given Onet

9 Temperature of Plume F #VALUFl
I

10 Calculation of Deff Stulsec #VALUE!

11 Estimation of Damage Height it #VALUE!

* distance from the virtual surface of the fire to the ceiling

n
b

Maximum ambient temperature F

1Floor Area

.

.

Plume Damage Calculati0n
l

Fire Locati0n Factor 4 i

small pumps

1 Target Damage Threshold Temperature F |

2 *Z" Height * ft #VALUE!

3 Peak Fire Intensity Btuls 1

4 Fire Location Factor unitiess 4.00

6_ Esitmate of Actual Otot Btu

7 Heat loss factor unitiess

8 Calculation of Onet Btu #VALUE!
-

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

10 Temperature of Plume F #VALUE!

| 10 Calculation of Oeff Btulsec #VALUE!

11 Estimation of Damage Height ft #VALUE!

O'
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t~ALKDOWN IGNITION SOURCE SCREENING FORM Pege__of_
SUPPORTING CALCULATIONS Date:5/31I96

I

rO FORM C-13
Maximum ambient temperature F

Floor Area ft2

Plume Damage Calculation

Fire Location Factor 4

transf0rmers4

1 Target Damage Threshold Temperature F
'

2 "Z' Height * ft - #VALUE!
i 3 Peak Fire Intensity Btul

4 Fire Location Factor unities 4.00

6 Esitmate of Actual 0 tot Btu #VALUEl4

7 Heat Lou Factor unitiess

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUE!

Given Qnet

10 Temperature of Plume F #VALUEl

10 Calculation of Deff Btulsac #VALUE! _
11 Estimation of Damage Height ft #VALUEl

(G
Maximum ambient temperature F

Floor Area ft2

)

Plume Damage Calculation

Fire Location Factor 4

transients

1 Target Damage Threshold Temperature F

2 "Z' Height * ft #VALUEl

3 Peak Firs Intensity Btul

4 Fire Location Factor unities 4.00

6 Esitmateof ActualOtot Btu

7 Heat loss Factor unitiess

8 Calculation of Onet Btu #VALUEl ;

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsee #VALUE!

11 Estimation of Damage Height it #VALUE!

O-

WORKBK.XLW 6!31I96)
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Date:5131196

|0 FORM C-14
''

Maximum artient temperature F,

'

Floor Area ft2
_

Plume Damage Calculation

Fira location Factor 4

PC'S

1 Target Damage Threshold Temperature F

2 *Z" Height * ft #VALUE!

3 Peak Fire Intensity Btuls

4 Fire Location Factor unitiess 4.00 '

6 Esitmate of ActualQtot Btu WALUEl -

;

; 7 Heat loss Factor unitiess ;

i 8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUEl

Given Onet

10 Temperatureof Plume F WALUEl

10 Calculationof Deff Btulsec #VALUE!

11 Estimation of Damage Height ft #VALUE!

O Maximum ambient temperature F

Roor Area ft2

_

Plume Damage Calculation

Fire Location Factor 4

transformers @ 6'
1 Target Damage Threshold Temperatura F

2 "Z" Height * ft #VALUE!

3 Peak Fire Intensity Btuls

4 Firelocation Factor unitiess 4.00

6 Esitmate of Actual Qtot Btu #VALU5!

7 Heat loss Factor unitiess

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Terrq2erature with F #VALUE!

Given Onet -

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btu!sec #VALUE!

11 Estimation of Damage Height it #VALUE!

O
WDRKBK.XLW (5I31190)
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k CALKDOWN IGNITION SOURCE SCREENING FORM Page_of_ ;j SUPPORTWG CALCULATIONS Date:5/31I96
'

:

\'

e.

i FORM C-15 i

,

~

:'

Maximum ambient temperstwo F '
'

~

. Fleet Aree ft2 i

;

j Plume Damage Calculation
,

: Fire Location Factor 4
,

: transformers @ 8'
l
'

1 Target Damage Threshold Temperstwo F

j 2 "Z" Height * ft WALUE!
| 3 Peak Fire Intensity Btuls

{ 4 Fire Location Facter unitiass 4.00

j 6 Esitmeteof ActualQtot Stu WALUE!-
j 7 Hest less Factor unstless

; 8 Calculation of Onet Stu WALUE!

| 9 Calculation of the Change in Temperstwe 4? F WALUE!
Given Onet

10 Temperstwo of Plume F WALUE!
10 Calculation of Qeff Btulsec WALUEl
11 Estimation of Damage Height ft WALUE!

(
Maximum ambient temperstwo F :
Floor Area ft2

Plume Damage Calculation

Fire Location Factor 4 o

transformers @ 10'
1 Target Damage Threshold Temperstwo F

2 "Z" Height * ft WALUEl

3 Peak Fire intensity Btu!:

4 Fire Location Factor unstless 4.00

6 Esitmeteof Actual 0 tot Btu WALUE!

7 Heat Loss Factor unities: I

8 Calculation of Qnst Stu WALUE!

9 Calculation of the Change in Temperstwo with F WALUE!

Given Onet

10 Temperature of Plume F WALUE!'

10 Calculation of Ostf Btulsee WALUE!

'i Estimation of Damage Height ft WALUE!

/" %U
WOREBK.XLW(SI3119el
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U.'ALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Detr SI31196

O FORM C-16
Maximum ambient tempersture F,

Floor Area ft2
.

Plume ignition Calculation

i Fire Location Factor 1

electrical cabinets
,

1 Target Damage Threshuld Temos.ature F
,

2 "Z" Height * ft #VALUE!|

3 Peak Fire Intensity Btul

4 Fire Location Factor unities: 1.00

5 Esitmate of Actual Qtot Btu #VALUE!

6 Heat loss Factor unitiess

7 calculation of Onet Btu #VALUEl

8 Calculation of the changein Temperature with F #VALUEl

Givec Onet

9 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsee #VALUE!

11 Estimation of Damage Height ft #VALUE!

* distance from the virtual surf ace of the fire to the ceiling

O Maximum ambient temperature F

Floor Area

Plume Ignition Calculation

Fire Location Factor 1

small pumps

1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE!

3 Peak Fire Intensity Btul

4 Fire Location Factor unitions 1.00

6 Esitmateof ActualQtot Btu

7 Heat loss Factor unitiess

8 Calculation of Onet Btu #VALUE!

9 Calculation of the change in Temperature with F #VALUE!

Given Onet -

10 Tempemurs of Plume F #VALUE!

10 Calculation of Deff Btulsec #VALUEl

11 - Estimation of Damage Height it #VALUE!

I

V
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1 CALK 00WN IGNITION SOURCE SCREENING FORM Page of

SUPPORTING CALCULATIONS Date:5!31196 3

'
I

O FORM C-17 I
l

Maximum ambient temperature F

Floor Aree ft2

Plume igniti0n Calculati0n

Fire LOCati0n Fact 0r 1

; transf0rmers

: 1 Target Osmage Threshold Temperature F

l 2 "Z' Height * ft #VALUEl

3 Peak hre Intensity Btuls j

4 Fire Location Factor unities: 1.00

6 Esitmete of Actual 0 tot Btu #VALUE!

7 Heat loss Factor unitleu

8 Calculation of Qnet Btu #VjLUE!

9 Calculation of the Change in Temperature with F #W LUE!

Given Onet

10 Temperature of Plume F #VALUE! 1

10 Calculation of Deff Btulsec #VALUE!
'

11 Estimation of Damage Height ft #VALUEl
,

|
-

[ Maximum ambient temperature F

! Floor Area ft2

! Plume Igniti0n Calculati0n

Fire LOCati0n Fact 0r 1
;

transients
;

1 Target Damage Threshold Temperature F

| 2 "Z" Height * ft #VALUE!

3 Peak Fire intensity Btuls

4 Fire location Factor unities: 1.00

6 Esitmateof Actual 0101 Btu

7 Heat loss Factor unities:

8 Calculation of Onet Btu #VALUEl

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

10 Temperature of Plume F #VALUEl

10 Calculationof Deff Btulsec #VALUE!

11 Estimation of Damage Height it #VALUE!

O
b
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
SUPPORTING CALCULATIONS Date:5/31196

,

O Fonu c-18.

'

Maximum ambient temperature F

Floor Area ft2
, _

Plume ignition Calculation

Fire Location Factor 1

PC's

1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE!

3 Peak Fire Intensity Btuls

4 Fire Location Factor unities: 1.00

6 Esitmate of Actual Qtot Btu #VALUE!

7 Heat Loss Factor unitiess

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsec #VALUE!

11 Estimation of Damage Height ft #VALUE!-

/\
,

Maximum ambient temperature F
'

Floor Area ft2 i

|
.

Plume Ignition Calculation

Fire Location Factor 1

transformers @ 6'

1 Target Damage Threshold Temperature F

2 "Z" Height ' ft #VALUE!

3 Peak Fire intensity Btuls

4 Fire Location Factor unities: 1.00

6 Esitmateof ActualQtot Btu #VALUEl

7 Heat loss Factor unities

8 Calculation of Onet Btu #VALUE!

,

Calculation of the Change in Temperature with F #VALUE!9

Given Qnet

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsee #VALUE!

11 Estimation of Damage Height ft #VALUE!

OQ
WDRKBK.XLW(SI31196)
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WALKDOWN IGNITION SOURCE SCREENING FORM Page _ of _
j SUPPORTING CALCULATIONS . Date:5131I96

!

!( FORM C-19 |

; Fenimum ambient tempwature F

| hoor Area ft2
i

Plume ignition Calculation*

j Fire Location Factor 1

transformers @ 8'
1

| 1 Target Damage Threshold Temperstwo F

; 2 "Z" Height * ft WALUEl
! 3 Peak Fire Intensity Btuls

4 Fire location Factor unitiess 1.00 |

6 Esitmete of Actual Otet Btu WALUE!

7 Heat loss Factor unitions

8 Calculation of Onet Btu WALUEl

9 Calculation of the Change in Tempwatwo with F WALUEl

Given Qnst

10 Tempwatwo of Plume F WALUEl

10- Calculation of Qeff Btulsec WALUEl

11 - Estimation of Damage Height it WALUE!

O Maximum ambient tempwature F

Floor Area ft2 )

Plume ignition Calculation

Fire Location Factor 1

transformers @ 10'
1 Twget Damage Threshold Tempwature F

'
2 "Z" Height * ft WALUEl

3 Peak Fire intensity Btuls

4 Fire Location Factor unitless 1.00 ;

6 Esitmate of Actual 0 tot Btu WALUE! |

7 Heat loss Factor unities: I

8 Calculation of Onet Btu WALUE!

9 Calculation of the Change in Temperature with F WALUE! !

Given Onet |

10 Temperature of Plume F WALUE!

10 Calculation of Deff BtuIsac WALUEl

11 Estimation of Damage Height it WALUE! I

|
1

O !
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; . CALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
| SUPPORTING CALCULATIONS Date:5/31/96

<

2

|0 FORM C-20
j Maxinun ambient tempwatwo F .- .

'

Floor Aree ft2

|
"

>

| Plume ignition Calculation

! Fire Location Factor 2
1

|
electrical cabinets :

! 1 Tweet Damage Threshold Tempwatwo F

2 "Z" Height * ft WALUE!4

! 3 Peak Fire intensity Btuls j
4 Fire Location Factor umtless 2.00

5 Esitmateof ActusiOtot Stu WALUE!,

," 6 Heat loss Facter uutless
'

j 7 Calculation of Onet Btu WALUE!

8 Calculation of the Change in Tempwatwo with F WALUEl !

Given Onet

9 Tempwatwo of Plume F WALUE!

10 Calculationof Qeff Btuisse WALUE!

11 Estimation of Damage Height it WALUE!

* distance from the virtual sufsce of the fire to the ceiling

O 1
Maximum ambient temperstwo F !

Floor Aree

Plume ignition Calculation

Fire Location Factor 2

small pumps

1 Target Damage Threshold Tempwatwo F

2 "Z" Height * ft WALUEl

3 Peak Fire latensity Btuls

4 Fire Location Factor unities: 2.00

6 Esitmete of Actual Qtot Btu

7 Heat loss Factor unitiess

8 Calculation of Qnet Stu WALUEl

9 Calculation of the Change in Tempwatwo with F WALUE! ;

Given Qnet ' i

10 Temperstwo of Pir.nne F WALUE!

10- Calculation of Qeff Btulesc WALUE! .

11 Estimationof DamageHeight it WALUE! ;

I

|

!
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CALKDOWN IGNITION SOURCE SCREENING FORM Page of,

SUPPORTING CALCULATIONS Date: 5/31196

/~N )
U FORM C-21 |

1

Maximum ambient temperature F I

|Floor Area ft2

Plume Ignition Calculation

j Fire Location Factor 2

| transformers

1 Target canage Threshold Temperature F ,

2 "Z" Height * ft #VALUE! l,

3 Peak Fire Intensity Btuls

4 Fire Location Factor unities: 2.00

6 Esitmate of Actual 0 tot Btu #VALUE!

7 Heat Los Factor unitions

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Changein Temperature with F #VALUE!

Given Qnst

10 Temperature of Plume F #VALUE!

10 Calculation of Qeff Btulsec #VALUEl

11 Estimation of Damage Height ft #VALUEl

O)(
Maximum ambient temperature F

|
Floor Area ft2

Plume Ignition Calculation

Fire Location Factor 2

transients

1 Target Damage Threshold Temperature F

2 "Z" Height * ft # VAL' ElJ

3 Peak Fire Intensity Btuls

4 Fire location Factor unitless 2.00

6 Esitmate of Actual Qtot Btu

7 Heat loss Factor unitless

8 Calculation of Onet Btu #VALUE!
I

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet |
10 Temperature of Plume F #VALUE!

10 Calculation of Geff Btu!sec #VALUEl

11 Estimation of Damage Height ft #VALUE!

,

,G
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! 1

(TALKDOWN IGNITION SOURCE SCREENING FORM Pete_of_
SUPPORTING CALCULATIONS Oste:SI31196

.

i

:

! FORM C-22
i Maximum ambient tempwstwo F.-

ft2i Floor Area
_

Plume ignition Calculation

: Fire Location Factor 2

j PC's

1 Twget Damage Threshold Temperstwo F,

#

2 "Z* Height * ft WALUEl

3 Peak Fire Intensity Btuls

4 Fire Location Factor unities: 2.00

; 6 Esitmate of Actual Otot Btu (dALUE!

[ 7 Host Loss Factor unitiess

8 Calculation of Qnet . Btu WALUE!

| 9- Calculation of the Change in Temperstwo with F WALUE! )

Given Onet I
'

10 Temperstwo of Plume F WALUEl

i 10 Calculation of Qeff Btulsec WALUE!

11 Estimation of Damage Height ft WALUE!

1
,

| N
i Maximum ambient tempwatwo F i

Floor Aree ft2 ]
I
HPlume ignition Calculation
'

Fire Location Factor 2

transformers @ 6' .

1 Twget Damage Threshold Tempwature F

2 *Z" Height * ft WALUE!

3 Peak Fire Intensity Btuls

4 Fire Location Factor unities: 2.00

6 Esitmete of Actual Qtot - Btu WALUE!

7 Host loss Factor unitiess

8- Calculation of Onet Btu WALUE!

9 Calculation of the Change in Temperstwo with F fVALUE!

Given Onet

10 Tempwsture of Ph.mo F WALUEl

10 Calculation of Qeff Btu!see WALUE!

11 Estimation of Damage Height ft WALUE!

!

WDRKBK.XLW GI31l08)
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
- SUPPORTING CALCULATIONS Date: SI31196 '

O FORM C-23
Maximum ambient temperstwo F

Floor Area ft2

Plume ignition Calculation

Fire Location Factor 2

transformers @ 8'
1 Target Damage Threshold Temperstwo F

2 "Z" Height * ft WALUE!

3 Peak Fire intensity Btul

4 Fire Location Factor unities: 2.00

6 Esitmateof ActualQtot Btu WALUE!

7 Heat Loss Factor unities: -

8 Calculation of Onst Btu WALUE!

9 Calculation of the Change in Temperstwo with F WALUEl

Given Qnet

10 Temperstwo of Plume F WALUEl

10 Calculation of Qeff BtuIsac WALUE!

11 Estimation of Damage Height it WALUE!

O
Maximum ambient temperstwo -F

Floor Area ft2 ]
1
1

Plume ignition Calculation
'

Fire Location Factor 2

transformers @ 10'
1 Target Damage Threshold Temperstwe F i

2 *Z" Height * ft WALUE! ]
3 Peak Fire Intensity Stul

4 Fire location Factor umtless 2.00

6 Esitmate of Actual 0 tot Btu WALUE! j
'

7 Heat loss Factor unitiese

8 Calculation of Qnet Btu WALUE!

9 Calculation of the Change in Temperstwo with F - WALUE!

Given Onet

to Temperstwo of Plume F WALUE!

10 Calculation of Geff Btulsec WALUEl

11 Estimation of Damage Height ft - WALUE!

i
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WALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
. SUPPORTING CALCULATIONS Date:5/31/96

.

#
FORM C-24--

- Maximwn ambient tempwature . F
5 Fleer Area ft2

_

t- j

Plume ignition Calculation i

; Fire Location Factor 4
2 electrical cabinets

;. 1 Target Damage Threshold Tempwatwo F

2 *Z" Height * ft WALUEl

3 Peak Fire Intensity Btuls

j 4 Fire Location Factor umtless 4.00

5 Esitmete of Actual Qtot Btu WALUE!;

6 Heat loss Factcr umtless*

: 7 Calculation of Qnet Btu WALUE!
! 8 Calculation of the Change in Tempwature with F WALUEl

Given Onet

9 Teneerstwo of Plume F WALUEl

10 Calculation of Qeff Btulsee WALUE!

11 Estmation of Damag Height ft WALUE!

* distance from the virtual surface of the fire to the ceiling

\
.

Maximum ambient tempwatwo F

Floor Ares |

Plume ignition Calculation

Fire Location Factor 4 !

small pumps ;

1 Target Damage Threshold Temperature F

2 "Z" Height * - ft WALUE!

3 Peak Fire intensity Btuls

4 Fire Location Factor umtless 4.00

6- Esitmateof ActualOtot Btu

7 Heat Loss Factor unitiess

8 Calculation of Qnet Blu WALUE!

9 Calcuistion of the Change in Tempwatwo with F WALUE!

Given Onet

10 Temperstwo of Plume F WALUE!

10 Calculation of Qeff Btulsec #VALUE! i

11 Estimation of Damage Height ft WALUEl

(
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WALKDOWN IGNITION SOURCE SCREENING FORM - Page _ of _
SUPPORTING CALCULATIONS Date:5/31196

O FORM'C-25
Maximum ambient temperature F

Floor Ares ft2
i

1Plume ignition Calculation

Fire Location Factor 4

transformers

1 Target Damage Threshold Temperstwo F

2 "Z" Height * ft WALUE!

3 Peak Fire intensity Btuls

4 Fire Location Factor unitiess 4.00 |
6 Esitmateof ActualOtot Stu WALUEl |
7 Heat Loss Facter unitiess !

8 Calculation of Onet Btu WALUE!

9 Calculation of the change in Temperstwo with F WALUE!

Given Onet

10 Temperstwo of Plume F WALUE!

10 Calculation of Qeff Stulsec WALUE!

11 Estimation of Damage Height it - WALUE!

- Maximum ambient temperstwo F

Floor Area ft2
,

Plume ignition Calculation !

Fire Location Factor 4

transients

1 Target Damage Threshold Temperstwo F

2 "Z* Height * ft WALUE!

3 Peak Fire intensity Btuls 1

4 Fire location Factor umtless 4.00

6 Esitmate of Actual 0 tot Stu i
!

7 Heat loss Factor unitiess

8 Calculation of Onet Btu WALUEl

9 Calculation of the Change in Temperstwo with F WALUEl

Given Qnet

10 Temperstwo of Plume F WALUE!

10 Calculation of Ostf Btulsac WALUE!

11 Estimation of Damage Height | ft WALUE!

O
%W5 K.XLW(Si311e6)

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



_ . . _ _ _ . ._ -

CALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
; SUPPORTING CALCULATIONS Date:5I31196

O FORM C-26-

; _ , -- Maximurn ambient temperature - F-

Floor Area ft2

Plume Ignition Calculation

Fire Location Factor 4

PC's

1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE!

3 Peak Fire intensity Btuls
__

4 Fire Location Factor unitiess 4.00

6 Esitmate of Actual Qtot Btu #VALUE!

7 Heat loss Factor unitless

8 Calculation of Onet Btu #VALUE! .)
9 Calculation of the Change in Temperature with F #VALUE!

Given Onet

to Temperature of Plume F #VALUE!

|10 Calculation of Qeff BtuIsac #VALUEI

11 Estimation of Damage Height ft #VALUE! l

.b
Maximum ambient temperature F

Floor Area ft2

Plume ignition Calculation |

Fire Location Factor 4

transformers @ 6'
1 Target Damage Threshold Temperature F

2 "Z" Height * ft #VALUE! ;

3 Peak Fire Intensity Btuls

4 Fire Location Factor unitiess 4.00

6 Esitmateof ActualQtot Btu #VALUE!

7 Heat loss Factor unitiess

8 Calculation of Onet _ Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUEl

Given Onet

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsee #VALUE!

11 Estimation of Damage Height ft #VALUE!

OG

WORKBK.XLW(5131/96)



-- - --- . _ . -

i

CALKDOWN IGNITION SOURCE SCREENING FORM Page_of_
'

SUPPORTING CALCULATIONS Date:5131196

O FORM C-27
t Maximum ambient tempersture F

Floor Area ft2
1

; Plume ignition Calculation |
|

Fire Location Factor 4 ;

transformers @ 8' !

1 Target Damage Threshold Temperature F j
2 "Z" Height * ft #VALUE! i
3 Peak Fire Intensity Btul

4 Fire Location Factor unities 4.00

6 Esitmate of Actual Otet Btu #VALUE!

7 Heat loss Factor unitiess

8 Calculation of Onet Btu #VALUE!

9 Calculation of the Change in Temperature with F #VALUE!

Given Onet .

10 Temperature of Plume F #VALUE!

10 Calculation of Deff Btulsee #VALUE!

11 Estimation of Damage Height ft #VALUE!

i

p)'sv Maximum ambient temperature F

Floor Area ft2
|

Plume ignition Calculation :

Fire Location Factor 4

transformers @ 10'
w

1 Target Damage Threshold 'i emp/ .ture F

2 "Z" Height ' ft #VALUE!

3 Peak Fire Intensity Btul

4 Fire Location Factor unities 4.00

6 Esitmate of Actual Qtot Btu #VALUE!

7 Heat loss Factor unitiess |
8 Calculation of Qnet Btu #VALUE!

9 Calculation of the C noein Temperature with F #VALUE!

Given Onet

10 Temperature of Plume F #VALUEl

10 Calculation of Oeff Btulsee #VALUEl

11 Estimatien of Damage Height ft #VALUE!

O
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SCENARIO IMORMAT10N FOR3

Plant CrystalRnrer Umt 3 Reference Aree

Leestma Fiorula Power Carp. Comprimen;

o FORM S
1
/ lem.ien Sowce Tag Number Normally Occuped

Type

HEAT RELEASE RATE

cTHElt DEscsuet ELECTRICAL CABINETS TRANSIENT PUMPS

FULL KRMS DRIP

artu tor TOP PENETRATIONS toAn coua s toc. s ram Taar

YES/NO statFD nafto now

NO FARTIAL N/A N/A N!A N|A N|A N|A

RACEWAYICONDUITS NO.

INTERVENING

SPRINKLER NEARBY

HEAD DETECTOR PROTECTIVE FE ATURES COMMENTS

YESINO YES!NO CONDUITITRAY CABLE

soup

BOTTOM WRAPPfD OMR CDAftD

,,:.

(- .
l I

'
j

|
|

|

|

DETECTOR TYPE j

DETECTOR LOCATION INTERVENING SPRINKLER TYPE

IN CEluMB UE Or OPEN

NONE in camm1 metuu KT anHT own SOLDER BULB HEAD OTHER REFERfNCE NUMBER

l
--

|

- |
1

!

S IN THE COMPARTPENT ILIMITS ON HOT GAS SPHE AD)

INTERIOR WALLIS)

/''T YES!N0 i PARTIAL CELLING OTHERICOMMENT

( ) NO YES/ND HEIGHT
N, /

WARDOM
TES 28 FT

SCENARIO FORM

acimanuts
anons me as



_ _ _ _ _

1

l

1000HGLXLS

I
i

p CALCULATION OF TIME TO DAMAGEllGNITION BY HGL FORM H-1
|, ( PLANT CR-3 COMPARTMENT

) IGNITION SOURCE

sivtN ;

qte -speedic heat centent of TSI on condwt of interest (BTur.llmeer ft) 0.00""

3.5*qte-80900 4*gts-70700 5*qtc.95200 6*gte-116900 7*qte-139500 8*qte-161000 '"*"""""

stet -speedie heet centent of cable troy (BTullmeer foot io 24 inch CT) 257712 257712.00

gip -speedic heet content of TSI 3 Hr panel BTUlft2 72500 73500.00 i

qe hnet of carnbusten for oil 125656 125656.00
,

: XL -host less factor (from F:VE rnsthodology) .S4 0.94 r

'

hrret -6peeds heat reinese rsta for cable tray ( BTbsisectsquare foot) 18.9 18.90

hmsi - speedic heat reisese rete for TSI (BTUltselft2 ) 8.8 B.80 ,

'

l
hrt for queirfed cable - 42 BTUlsect sauere foot 42.00i

hrre - speede heet release rete for generie trash (BTulsec) - 145 145.00

hrru - speedic heat release rete for PMMAlpisogloss) BTulsocitt2 63.00

one ft2 of 114 inch PMMA is ll48 th of 13.3 lbm - 0.28

Ift2 of PMMA - 10732 btullbm tsnes .28 lbm - BTUs 3005.00

speedic hrt for oil - 135 BTUls.ft2 135.00

ASSUMED ij
0.00 j"**

Ceilms Height -

Effective Room Aree - 0.00**"
t

>

i VIRTUAL SURFACE OF THE FIRE - 0.00""

(For cobio use 700, for TSI use 1000) 1000.00""'

DAMAGE TEMP -

(For cable use 932, for TSI use 1000) 1000.00""
IGNITION TEMP -

'

Qnst/V ( foundin TeMe 7E of FIVE) 9.80""

0.00""HRR of the esposwo fre { BTU Isac) -

DURATION of the esposre fue (minutes) - 15.00 ;""

I
Qarp. Host reisesed by the exposure fire ( BTUnl - 0.00""

Cahie Troy fd (40% is normal Enter valuel - og""

0.00,i ""LGTHb - Length of cable troy burned (in feet) *

TRAY WIOTH (minchsel - 0.00"**

Ap Area (ft2) of TSI pensiigruted - 0.00****

Le-length of TSI condst ignited Ift)- 0.00""

0.00""Condet of interest has en outside diameter (meludmg wrap) -

As - Aree of the plesigloss ignated - ft2 O.00""

if a TRASHBAG is involved enter the nwnbar of bags, if not, enter 0 0.00" * *

Amrnnt of oilsomed(UNCONFINE01 geis 0.00*"*

Amount of oilspilled(CONFINEDI gels 0.00**"

Area of the spa (d UNCONFINEDI ft2 0.00 I
*

'"*

Aree of the spa Of CONFINED input the basin eres) 0.00 l""

Amount of oil not allowed to burn (captured in colisetion system, floor drons, etc.) O****

CALCULATION
0.00*Z" Hught -

HRRts- hrrtsi'Le*3.14*dienster/12 0.00

HRRtp-hrrtsi'Ap 0.00

HRRet - hrret tarea of cable troy burnedH%FILLl40) 0.00

HRRa-hrrx*As 0.00

HRRe - 135 BTUls.ft2 * torne of confred + unconfned spa 1 0.00

HRRtet - TOTAL INITIAL HAR (00 NOT Assume any delays in source igneten). 0.00 |
Qe - speedic heat of combusten * geis of spdl 0.00 I

Qg-hrrg*900sec 0.00

Onet - IQretN)N) - 0.00

Ocrit - Qnstf(1-XL) = 0.00

Qc - TOTAL tmet mput frorn lNSTALLED INTERVENWG COMBUSTIBLES 0.00

Qtot-Osup + 0ic + 0g + Qo 0.00

Otet > Gerit HGL COULD DEVELOP. If " FALSE"ignere all further eslaulatione FALSE

H4L COULD DEVELOP WITHIN THE bure duratise of the espesure fire. #0lV10f |

If ' FALSE *, * TIME TO DAMAGE * (TTC)is calculated below. IF *TRUE*, then TTO - AlVIO!

If the last statement is * FALSE" then * TIME TO DAMAGE * - mmutes SIV101 |

Page 1 I
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SPECHGLXLS

I

CALCULATION OF TIME TO 0AMAGEllGNITION BY HCL | FORM H i,

| PLANT M3 COMPARTMENT CC108108
7

|

| |GNITION SOURCE
|

| 1

GIVEN ,

| '

gte -specific heat content of IC en conduit of intemet (BTUs/linser ft) For Armefles 4"-5388 5380.00

FwTS13.5*gte-80800 4"-70700 5"-852CJ 8"-118800 7"-138500 8"-161000 "'**""*""
'

|
get -specific heat centent of cahie tray (BTullinser feet for 24 inch CT) 257712 257712 0_0 i

gtp -specific host centent of : TSI 3 He panel BTUlft2 73500 Armafles 1 ft2 by 1" thick-5388 5388.00

go -heet of combustion for oil 125658
_

125858.00 |
!

lXL -host less facter(from FIVE methodology) .84 0.84
I

hnet -specific heet misese rete forcable troy ( BTUsisectsquare feet) 18.8 18.80 |

hrrtsi - specific heet misses rete ( BTulsocitt2 )for TSI- 8.8 for Armefles-32.0 32.00

hrt for qualifed cable - 42 BTulsecl square feet 4 2.110

herg - specific heet reisses rate for generic trash (BTUlsec) - 145 145.00

-I
hrvu - specific host selease rete for PMM A(pioxigless) BTulsecitt2 63.00

ene it2 of 114 inch PMMA is 1l48 th of 13.3 km - 0.28

V. 1ft2 et PMMA - 10732 htmllhe times .28 Inn - BTus 3005.00

specific herfor eil - 155 8TUls-ft2 135.00

ASSUMED

Celing Height "" 0.00-

Effective Reem Ame - '"' O.00

VIRTUAL SURFACE OF THE FIRE - 0.00""

DAMAGE TEMP (For cable see 700, for TSI use 1000) '"' 700.00-

IGNITION TEMP (For celle use 832, for TSI un 10(,0) 832.00""-

OnetlV I foundin Table 7E of FIVE)
"" 7.44

HRR of the orposure fire (BTUs!sec) - 0.00"**

DURATION of the expeers fire (ininutes) - O.00""

Dexp- Host reisesed by the exposure fire ( BTUs) - 0.00""

Cable Trey fil ( 40% is normal Enter value) - 0%""

LGTHb - Length of cabie troy humed(in feet) = 0.00""

| TRAYWIDTH (ininches) - 0.00""

Ap- Area (ft2) el TSI panelignited - 0.00""

Lc-Length of IC covered conduit igsted (ft)- 0.00"

lConduit of interest hee en outside diameter (including wrap) - **" 0.00

, = .
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SPECHGLXLS

;

! CALCULATION OF TIME TO DAMAGEllGNITION BY HGL FORM H

; d PLANT CR-3 COIRPARTMENT CC108100 i

IGNITION SOURCE !
s

Ax - Ana of the plexigies: ignited - ft2 0.00""

|

if a TRASH 8AG is involved enter the number of bags,if not, enter 0 0.00""
,

Amount of oilspiled(UNCONFINED) seis 0.00""
,

'

Amount of oilspiled(CONFINED) gels 0.00""

4

Areeof thespil(if UNCONFINEDI ft2 0.00""

'
Area of the spil(H CONFINED input the basin area) 0.00""

Amount of oil not eBewed to burn (captwed in colection system, fleer drains, etc.) 0.00""

CALCULATION

1

0.00 i*"Z" Height -

HRRtc- hrric'Lc'3.14'diensterI12 0.00

; HRRtp-brric' Ap 0.00

*

HRRet - hnet (see of cahie troy bumed)(%FILLl40) 0.00

HRRx-hrrx' Ax 0.00

HRRe - 136 BTuls ft2 ' (ame of confined + unconfined spis ) 0.00 |4

HRRtet - TOTAL INITIAL HRR (D0 NOT Assume any deleys in sewee ignition)- 0.00

Qe - specific heet of combustien * geis of spiE 0.00

Og-hrrg'900sec 0.00

Onet - (Unst|VXV) - 0.00

Ocrit - Onetf(1 XL) - 0.00

Gic - TOTAt host input from INSTALLED INTERVENING COMBUSTIBLES 0.00

Otet-Dexp + 0ic + 0g+ Qs 0.004

.

Qtet> Qarit HGL COULD DEVELOP. If " FALSE" ignore all forther calculatione FALSE
.

HGL COULD DEVELOP WITHIN THE bora duraties of the exposure fire. #DIV/0! |

| |
If" FALSE", " TIME TO DAMAGE"(TTD)is ceiculated below. 5? *TRUE", then TTD - #DIV/0!

'

If the last statement is * FALSE" then " TIME TO DAMAGE * - rninutes #DIV/0!

d
4

4 I

LJ \i

l

|
T

Peps 2
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| Appendix H
.

t

| Electrical Cabinet Fires - Effect on Adjacent Cabinets |
;

I (fam EPRI Fire Risk Implementation Guide)
!
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.

Fire models were not designed to be applicable to all types of fires propagation and damage 1

scenarios. A particularly important scenario that fits this category is the effect of an electrical :<

cabinet fire on adjacent cabinets. However, the Sandia electrical cabinet fire tests offer some i

I ' insights. In this Appendix, these fire tests are evaluated and specific guidelines are suggested :
for their evaluation to fire PRA. !

#

! Note: This Appendix applies to vertical cabinets only.
1

H.1 Fire Propagation to Adjacent Cabinets
!

j Fires may either damage adjacent cabinets or, possibly, propagate to adjacent cabinets. With ;

; regard to fire propagation some limited, but important insights can be drawn from the fire tests: o

i !
: . 1. Fire spread to an adjacent cabinet was prevented if the cabinets were separated by a *

;- double wall with an air gap.
2. Fire spread was delayed by 15 minutes, even when there was no intemal barrier between i

the cabinets.

'

In case 2, the cabinet design was such that hot gases collected in a plenum area at the top of
the cabinet. A hot gas layer formed and contributed to ignition of cable in the second cabinet.
Diagonal cable bundle also appeared to contribute to fire spread. That is, a cable bundle i'
ignited low in the initial cabinet and climbed slowly until it reached the adjacent cabinet.

Based on these results, the implementation guidance for fire PRA is:

O Assume no fire spread if either: j.

1. Cabinets are separated by a double wall with an air gap, or ;

2. Either the exposed or exposing cabinet has an open top, and there is an intemal ;
'

wall, possibly with some openings, and there is no diagonal cable run between the
exposing and exposed cabinet.

If fire spread cannot be ruled out, assume that no significant heat release occurs from thee

adjacent cabinet for 15 minutes.
1
|

-

There may also be other conditions for which the fire protection engineer is aware of
applicable tests, analytical results, or other insights. Engineering judgment should be applied
to consider other configurations not favorable for propagation.

l

O
H-2



|

)
i

H.2 Damage to Adjacent Cabinets
r3
l'~') The fire test data also provide insights regarding damage to components or cables in adjacent

cabinets. The test results implied that damage could only be prevented by a double wall and
an air gap. Even these cases were not definitive with regard to sensitive electronics.

,

I

Tests did indicate the following results for the adjacent cabinet

no electrical shorts, and.
;

e switches and meters functioned.

Because other tests (NUREG/CR-4356) showed that relays had about the same damage |
*

criteria as switches and meters, relays should function in adjacent cabinets. |
I

However, temperatures in some cases did appear to exceed limits for sensitive electronic
equipment. Specifically, for a vertical cabinet with unqualified cable, the peak temperature in I

the adjacent cabinet was 180 degrees F, slightly higher than the 150 degrees F damage
criteria for sensitive electronics reported in Appendix G,

The time to reach this temperature was delayed somewhat. The test enclosure and the
adjacent cabinet temperatures peaked at least 5 minutes after the high heat release rate
occurred in the exposing cabinet. The temperature inside the adjacent cabinet further lagged
the enclosure by 7 minutes. Consequently, damage to sensitive electronics should not occur

Ifor at least ten minutes after high heat release rate.

This conclusion requires two qualifications. The only test for qualified cable showed 1

U temperatures lower than the damage criteria and a further delayed peak temperature in the j
adjacent cabinet. However, the test occurred in a cabinet with the door open. It is not clear |

whether the door open decreased the effect of the adjacent fire or increased the effect of the I

enclosure temperature. Nevertheless, based on the test data available, it seems unlikely that
no damage would occur to sensitive electronics in the adjacent cabinet if the exposing cabinet
contained qualified cable.

Also, if a compartment being modeled was smaller than the test enclosure (xxx ft'), the
enclosure temperature may increase faster than the test case. If fire modeling calculations for
the compartment indicate that a hot gas layer temperature of greater than 150 degrees F
would occur in less than 5 minutes, this ten minute time may require adjustment downward.
For larger compartments experiencing a slower hot gas layer increase, the test data reported
seems insufficient to determine the relative influence of the adjacent cabinet wall and the
enclosure. Hence, times to damage longer than ten minutes are not recommended unless
other data is available.

I
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The following approach is recommended for the fire PRA:
;

Assume loss of function in an adjacent cabinet if there is not a double wall with an air gap, f;- V e

'
'

Assume no damage in the second adjacent cabinet occurs until after the fire propagates to.

the adjacent cabinet. Assume damage can occur earlier if there are large openings in a !
<

i wall and plenum areas in which a hot gas layer is likely to form. That is, the two walls of :

the intervening cabinet can be credited as a double wall with a (large) air gap.
i,

,

!

Assume no damage to an adjacent cabinet if:e ,

*

there is a double wall with an air gap, and-
;

there are no sensitive electronics in the adjacent cabinet (or the sensitive? -
, ,

electronics have been " qualified" above 180 degrees F).
|

!
1 '

Assume damage to sensitive electronics occurs at ten minutes if there is a double wall withe

an air gap.,

!

i Assume damage to sensitive electronics can be prevented before ten minutes if the fhe ise
,

i extinguished and the cabinet is cooled, e.g., by CO2 extinguishers.
-[

1

i

!
,

i ,

|
e

,
f *

i

; -
<

,

i
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Hot Gas Layer Timing Study,

(from EF RI Fire Risk implementation Guide)
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1.1 Overview

(G'-) If a fire is of sufficient intensity, the hot gas layer temperature may reach cable damage
temperature, e.g.,700'F. In this case widespread damage can result, including to separated
trays containing cables for safety equipment. Generally, such a scenario requires a stack of
cable trays to bum. If such a fire damaged sequence is calculated to be important, the analyst
must determine the likelihood of manual suppression.

Fire modeling tools are generally inadequate for such a calculation. That is, when they can
perform the calculation, they predict physically unrepresentative times, e.g., COMPBRN lile.
The FRSS (2.) and our own findings from use of COMPBRN lile (C3e) indicate that C3e's
inability to model transient phenomena results in a rapid increase in buming. Since a cable
tray fire reaches peak intensity at time zero, trays propagate up a stack in intervals based on
the code timestep. That is, when one tray ignites, it ree.hes peak intensity at the start of the
next time step and ignites the next tray. The process 's repeated until the entire tray stack is
buming in just a few time steps. The result is, for the recommended one minute time step,
fires ignite whole stacks in a few minutes. As will be described below, such behavior is
inconsistent with experiment.

Unfortunately, FIVE (M)is not even structured to perform such a calculation. Because of
this limitation, a model was developed based on a portion of FIVE, i.e., its heat balance
calculation. The model uses experimental data to determine fire propagation times in cable-

tray stacks. The following describes the basic model and its basis, a procedure for
implementing it, and a sample calculation for use of the tool to predict damage times.

p l.2 Model

LJ
The model accounts for fire propagation in a simple, yet conservative fashion. The total area
of cable tray shown to bum in fire tests is assumed to bum at the start of a fire scenario (time =
0). This simplified approach eliminates the need to account for time-dependent fire
propagation, yet is conservative in that it includes all cables that bum in the scenario. The
properties of cable tray fires are described below. The ignition temperature is 932 F, which is
consistent for a variety of sources, e.g., (1,5-a).-

The heat release rate for cable fires is 0.45 times the values repeated in Table 1-E of FIVE. If
plant specific cable types are not known or not found in the table, the highest value for
(qualified or non-qualified) cable should be used. The initial affected area for a horizontal tray
is the area (footprint) of the plume, unless the ceiling jet causes a larger region to be above
932 F.The heat content per unit weight for cable should be the value used in the FHA times
0.7, to account for incomplete buming.

O
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For calculating the tray area involved in a fire, assume the following:

i <

V in vertical trays, assume propagation from the point of ignition to 11 e tray top. Inclined trays
are treated as vertical trays. In horizontal trays, the fire is modeled differently for qualified and

^
non-qualified c,able. For qualified cable, assume horizontal spread only when fire spreads
from one tray to the next, and then at a 35 degree angle on either side of the vartical according
to the descriptn>n in "A Summary of Nuclear Power Plant Fire Safety Research at Sandia
National Laboratories 1975-1987" (9_). The tested configuration was a 7 x 2 array of cable
trays separated per Regulatory Guide.1.75. Trays with less separation would have tray
covers to meet the requirements of R.G.1.75, and would exhibit substantially less propagation.
Trays with any greater separation would exhibit less propagation. A statement of the findings
follows: "It was also noted, based on infrared thermography, that the fire grew primarily in an
upward direction, spreading horizontally only as it progressed from level to level. The rate of
the fire spread was observed to accelerate as the fire progressed. The angle of the horizontal
spread from level to level was 35 degree to either side of the vertical. Very little flame spread
in any given tray beyond this angle of flame progression was noted." This test provides a
realistic yet conservative basis for a horizontal flame spread model for the following reasons:

The ignition source was approximately 40 Btu /s, which is representative of actual potential.

fire plant scenarios in which the cables are near the source.
The cables used in the test were XPE/XPE jacketed. These are one of the more common.

cable types.
The purpose of the test was to evaluate cabler Jnder exposure fire conditions. Most of the.

other cable tray tests were created to judge e.}guishment methods, so steps were taken
a to create fully involved fires which unfairly skaw the results.

() The SNL test mentioned above clearly states observations regarding the extent of.

horizontal fire spread, circumventing the need to derive spread rates from secondary test
data.-

Other testing by EPRI documented in report NP-1881 (10) provides good insight regarding the
difficulty involved in igniting IEEE-383 qualified cables. These tests were designed to evaluate
extinguishment methods and employed an ignition fire with a heat release rate on the order of
1650 Btu /s for approximately 6.5 minutes in order to ensuro a fully developed fire. This size
ignition fire, which was placed only 8 inches below the cable trays, is extremely large when
compared with common plant ignition sources, such as electrical cabinets (HRR = 65 Btu /s).
Fire test numbers 10 through 12 on EPR/Hypalon cables in EPRI NP-1881 show that these
cables wers very difficult to ignite even with a such robust source. Ignition was only achieved
when the cables were loosely arranged in the trays with attemating layers of one-cable, S-
shaped rows interspersed, maximizing surface area and air supply (a configuration similar to
wood cribbing). An ignition fire of this magnitude and duration tended to volatilize the cables
being tested, exaggerating fire propagation.

In addition to explicitly accounting for the burn area as described in the SNL test, this approach
employs other conservative simplifying assumptions to account for variations in plant specific
configurations:

ignited cable trays are assumed to be fully involved at time zero. Tests show ae

considerable time interval before full development is reached, especially for IEEE-383

(oog
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.

d
4

qualified cables. Even the extremely severe tests 10-12 in the EPRI NP-1881 report
i indicate that it takes cable tray fires at least 10 minutes to become fully developed.

70% of the cable insulation is assumed to bum. NUREG/CR-4566 (11.) reports that 50%-, .

: 70% of the cable insulation will bum, while EPRI NP-1881 reports fractions less than 50%.
L The full footprint of the source is considered to bum in the lowest cable tray, even for.

| sources with only small openings, e. g. cabinets.
Self sustaining ignition is always assumed, even though data shows that cable fires are

,

.

difficult to ignite.
}

| For non-qualified cable, propagation should be allowed beyond that calculated for qualified
! cable. Spread rates of 10 linear feet per hour should be used based on EPRI NP-7332 (_12). 1

1
i; -

j 1.3 Procedure for Determining Whether a 700*F Hot Gas Layer Can Be Caused by a
[ Cable Tray Fire and/or an Ignition Source
5

! 1. Calculate heat content from the ignition source (Btu's) based on plant specific .

j data and Appendix E.
)

1
'

'

2j 2. Calculate the area (ft ) in which ' ', hot gas layer (HGL) can be confined.

| This area is typically the floor area of the compartment. (NOTE: Walkdown ignition
; source screening form contains the floor area of the compartment.) in some cases, the
: HGL may be confined to a region less than the full area of the compartment. A hot gas

layer should be assumed to be confined by any substantially enclosed barrier. The,

] barrier need not be rated. If small ooenings in the barrier exist, the most conservative .
j interpretation for the range of scenarios should be selected.-

i- The barrier need only be " enclosed" for the region of a room that is between the ceiling
and virtual surface of the fire. For example, a fire with a virtual surface above the floor
(e.g., cable tray or electric cabinet), that is above an open doorway can generate an !

J
j HGL in a confined space above the doorway, in this case, the corresponding area of

the confined space should be used instead of the compartment floor area.
"

:

i
.

I
:

i

,

;
;

<

I
4

k

4
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3.. Determine if ignition of cables is possible.
t ;
V Consider ignition for exposed cables (e.g., in trays (not conduits) directly above the

source or within the ceiling jet). If ignition of cables is not possible, skip Step 4 and
assume no heat content from cables.

4. Obtain the total heat content (Btu's) from ignited cable as follows:

Determine the footprint of the ignition source by estimating the floor area of the-

ignition source. For oil, estimate oil spread based on guidance provided in
Table 3 of FIVE, but limit the spread as appropriate if berms, drip pans, drains
or other plant features will confine the oil spread.

Determine the length of cable tray intersected by the floor area of the ignition.

source (footprint) projected upward onto the cable tray. The full length of any
vertical or diagonal runs of cable tray within the footprint should be included in
the length, if a diagonal cable tray lies only partially within the projected area,
include the entire diagonal length of the tray.

If additional cable trays are located above the tray directly above the ignition.

source, their contribution must be included. The footprint of the cable tray
should be projected upward through each tray. The footprint of the lowest tray
is determined by assuming the full width of the tray is involved (even if the
ignition source footprint only partially intersects the tray). The footprint of higher

p trays is determined by projecting the footprint upward, but assuming the length

d of the footprint increases on each end. The increase in length (on each end) is
obtained by projecting a 35' angle off the vertical, intersecting with the next |

highest tray. In general, the increase in !ength will be 2 * 0.7 * h, where h is the l

distance between cable trays and 0.7 is the tangent of 35*. (If varying width |
'trays are involved, again assume the full width of each tray is involved. Also,

the full length of any vertical or diagonal trays within the projected area should
be included.)

The above process should be repeated for each tray in a stack until the total
area of the involved trays is determined. (See figure attached).

Obtain the total Btu's by multiplying the area of involved tray by a total heat-

2release of 128,856 Btu /ft .

5. Add total Btu's from Steps 1 and 4.

6. Determine the depth of the hot gas layer based on the virtual surface of the cable fire.

For floor-based fires (e.g., transients and pump oil fires) that do not ignite cable.

trays, assume the depth of the HGL is the ceiling height. l

For other fires (e.g., electrical cabinets) that do not ignite cable trays, assume-

the depth of the HGL is the distance from the top of the ignition source to the
9 ceiling.(V
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i

For fires that ignite cable trays, assume the depth of the HGL is the distance.

, h from the lowest cable tray to the ceiling.
dd

7. Use the FIVE fire modeling tools (1) to determine the heat (Btu) required to form hot i

gas layer to determine whether a hot gas layer of 700* can form.

For the floor area from Step 2 and the depth of hot gas layer from Step 6,i -

determine the critical combustible load for HGL formation.,

~

If the total Stu's from Step 6 are larger inan the critical combustible load for HGL.

'

formation, assume an HGL of 700*F can form within the depth of the HGL. 1

,
,

8. Check critical targets outside the hot gas layer formed by the cable tray fire, i

1

If a critical target is below the lower'. cable tray (but above the virtual surface of ' la,-

the exposure fire, e.g., top of the electrical cabinet), and Step 7 predicts suf- |;

ficient combustibles are available, repeat Steps 6 & 7 assuming the depth of the
hot gas layer is equal to the distance from the virtual surface of the fire to the j
ceiling. If a 700*F HGL can form for this depth, assume the critical target is j

| damaged.

9. If a 700*F HGL can form, the time-to-damage can be conservatively estimated by the !
;
3 following process:

; Obtain the total Btu's required from the FIVE fire modeling tool.-

Obtain a consentative heat release rate by summing the ignition source heat {
' '

-

release rate (from Step 1) and the cable heat release rate.
'

The cable heat release rate is 19 Btu /sec/ft' times the area of cable tray
.

involved (from Step 4).
| !

Divide the heat release into the total Btu's to determine the minimum time to ;.

form a 700*F HGL. (NOTE: This is not a fire duration.)
i
4 A more realisti.: time to damage can be determined for cases involving IEEE-383

qualified cables in trays by performing the HGL timing evaluation described in the next .

'

section. i>

4

s

!
i

1
I
i

O ;
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1.4 Hot Gas Layer Timing Evaluation
O, l' ( The hot gas layer timing model was developed in lieu of COMPBRN lilE. It reflects less

conservative results, uses more generic data, and incorporates experimental results and |
findings. The hot gas layer timing study estimates the time required for a specific scenario to :
recch critical damage temperatures. Time to damage depends on room volume and the
amount of cable tray involved. Calculation of manual suppression probability depends on the
results of the hot gas layer timing study. The assumptions employed in the development of the i

model, the data requirements, and a selected sample problem are described below. Figures |- !

1 and I-2 depict selected modelinput and results.. |

Model Description. The key assumptions / characteristics of this model are:
.

Heat release rates at each stages are assumed to reach their peak value instantaneously..

Feedback from the cable tray fire to the exposure fire is ignored in this model. Feedback; .

would intensify the exposure fire, resulting in a higher heat release rate and shorter
duration. This is non-conservative but is compensated for by conservatism in the first
assumption.
Fire in a cable tray stack grows primarily in an upward direction, spreading horizontally only.

as it progresses from level to level. The angle of horizontal spread from level to level is
assumed to be 35' to either side of the vertical (NUREG/CR-5384 (6).
Assume that the mass bumout occurs when 30% of the fuelis remaining (e.g.,30% of the.

fuel mass remains as char after the fire bums out). (NUREG/CR-4566, p. 47 (8).
The timing study was based on the experimental data from NUREG/CR-5384 (pp. 33-40)..

Ignition data is available for the first four trays. Subsequent trays are assumed to ignite
O during the same interval as the fourth tray.
d

Model Inout. User inputs to the model are as follows:

Physical characteristics of the zone or compartment.

dimensions of the room-

height from the first tray to the ceiling-

fire location factor-

estimated heat loss fraction-

total number of trays-

elevation of each tray-

unit heat release rate per le igth of cable-
,

i

4

.
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Model Output. The model, which was developed in EXCEL 4.0, calculates the following:

!\' ,) Supporting information :.

critical temperature difference-

net energy addition to achieve damage temperature-

total heat contribution of each cable tray-

estimation of cable tray heat release rate per cable tray-

Final scenario result.

critical total energy release-

calculation of the fire spread through the cable trays-

estimation of the time to damage for the system-
,

l

Sample problems for hot gas layer timing evaluation. The following summarizes the inputs and )
calculations performed in a sample problem using the hot gas layer timing study model, j

GENERIC ROOM

2Floor Area (user input) As = 9888 f |
Height from Fire Source to Ceiling (user input) h = 10 ft

1

Height from Virtual Plane of the Fire i

to Ceiling (user input) z = 10 ft I

Ambient Temperature (user input) Tambient = 100*F i

T amage = 700*FTarget Damage Threshold Temperature d

(/ Critical Damage Temperature AT = T amage - Tambientd

AT = 600*F

Net energy addition per unit volume to achieve critical damage temperature rise is calculated
using the equation found in the FIVE methodology (p. 10.4-14) (3).

Net energy Onet = V * 9.54 * in (AT(k)/ Tambient + 1) or

Onet = 765,271.75 Btu

where V = volume of the room

k denotes temperature in absolute scale

X = 0.85Heat Loss Factor (user input) L

Critical Total Energy Release Qcrit = Onet/(1-XL)

Ocrit = 5,101,811.69 Btu

Peak Fire intensity (user input) Opeak = q * As

Opeak = 380 Btu /sec

(v
I-10

_



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

a

:

1
,

, . Fire Location Factor (user input) ff = 1 for fires located in the open
"

ff = 2 for fires located against wall

ff = 4 for fires located in corners4

Fire Location Factor (userinput) ff = 1 in this problem,

f Effective Heat Release Rates Qeff = ff * Opeak =

Qeff = 380 Btu /sec;

:
' Total number of trays (userinput) - n=6
i
g Elevation of each tray above
|. virtual plane of fire (user input) E , E , E . .En1 2 3
! Elevation of Each Tray in -
,

; Sample Problem (user input) 16,17.17,18.50,19.83,21.00,22.17

!~ Exposure Fire Footprint at
Floor Level (user input) L = 3.0 ft

Length of tray involved in
fire due to horizontal flame
spread (Bn) B=L1

Bn = Bn-1 + 2(hn-1 * tan O), n = 2, 3,4...

where (see Figure K-1) O = angle of upward fire propagation

h -1 = En - En-1n

B -6 = 2.5, 4.14, 6.0, 7.86, 9.5,11.901

Using the experimental value of heat content per pound of cable tray, calculate the heat
content per foot-length of cable tray.

Heat content of cable trays
(user input) hc = 13806 Btu /lb

Mass of combustibles in a
typical 18"-wide cable tray Cm = 20 lb/ft (estimated)
Heat content perinch-width -;
per foot-length of cable tray Mc = bc * Cm * (1/18) |

where Iis the width (in inct 5) of cable tray !
l = 24 inches for the e ample scenario !

This experiment value includes an adjustment for a combustim efficiency of 70% (user input.

The heat content per linear foot

H = hc * Cm * (1/18) * 0.7 orof cable tray e ;

He = 257,712 Btu /ft |
!

The heat contributed by the
iO cable trays On = He * Bn

I-11
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- The heat contributed by the'

;q cable trays Q = 773,136 BtuQ~ . 1.

Q f
_

2_= 1,195,268 Btu
' Q = 1,675,128 Btu3

Q = 2,154,988 Btu'

4
i Q = 2,577,120 Btu5
P Q = 2,000,252 Btu jB

l ' Heat release rate for each |
cable tray (value of heat flux !

for qualified cable) q = 41.85 Btu /ft*/sec |
.

t

: Values of the heat release rate for various types of cables may be obtained from the FIVE !
'methodology, Table 1E.

h Heat release rates for cable tray HRRn = q * Sa Btu /secn ,

j-

| where san * Bn * 1 ft' |

! SA = 6,9.28,13,16.72,20,23.28 ft' ~ !n

Values of heat release rates for
+

| sample problem HRR .8 = 167.4,260.0,376.7,493.4,596.4 :1
. . i

4 and 747.0 (Btu /sec) |

!O
I From experiment, time steps from to t5 are known (see Figure 1-2).' Subsequent time steps are

taken at regular intervals (user-specified) until convergence,
i
:

| Experiment Time Steps to = t1 = 0 sec

| t2 = 5 min = 300 sec

j t3 = 10 min = 600 sec
)
|

T4 = 15 min = 900 sec
-

| 25 = 18 min = 1080 sec
j t6 = 22 min = 1320 see
1
:

Also, experimental observations indicated that trays two and three became involved in the fire
.

i together; therefore the heat release rates of the two trays were summed and analyzed at the t ,

ti I4 2 me step.

!'
; Energy of exposure fire

] (user input) Qexposure = 93,000 Btu j
!

I-12
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p Taking into account tfie

O combustion frequency Qadj. exposure = 65,100 Btu

Simulation of the scenario is achieved by summing the amount of heat contributed at each
step of the timing study by adding the appropriate contributions of energy from each tray at
each corresponding time step. At the same time, deduct the available amount of heat
remaining in each tray with each time step. When a tray has exhausted its available fuel,
discontinue summing its contribution in the overall study. Tally the accumulation of heat at
each step. When the contributions of heat released in the room nears the critical total energy
value, Qcrit , the time for emitting the remainder of heat to the scenario is interpolated using
the following method:

|

Difference between O ot of lastt
time step and Ocrit AO = Ocrit - O ott

Sum of all the contributing heat

HRR ot = S HRRi !
sources i
Time required to accumulate DQ At = AQ/HRR ott

The necessary time to achieve the critical energy content in the scenario is:
;

Total time required to reach Ocrit Tcrit = S t + At !i
-

Tcrit = 36.06 min
i
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I Protective Features - Coatings and Barriers
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i (from EPRI Fire Risk Implementation Guide)
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Passive protective features can prevent or delay fire damage; however, the available
experimental data is limited. Predictive tools like COMPBRN lli are difficult to use and
sometimes inapplicable. However, data from the Sandia fire test program does offer some-

insights regarding time to ignition and time to damage.

J.1 COATINGS ~

Sendia performed tests to evaluate the effects of cable coatings in:

reducing the flammability of cable material;.

preventing or delaying the spread of fire; and.

preventing fire-induced cable failures..

Thirty-three full-scale tests were performed using trays loaded with either qualified or non-
qualified cables. The cable tray configurations included both a single cable tray and two-tray
stack. Exposure fires included either a gas bumer or a diesel fuelliquid pool fire.

Five coatings were evaluated; however, because the names of manufacturers were withheld,
use of the data is limited. Flammability was evaluated by measuring time to ignition, time to
maximum heat release rate, Lnd cumulative heat release at various times after initiation of the
exposure fire.

The diesel fuel pool fire was selected for use by the EPRI fire PRA. The diesel fuel pool
exposure fire was more intense, and therefore, conservative. More importantly, aspects of the
gas bumer tests were less representative to conditions typical of the most likely ignition

O
sources. A barrier was placed between the two trays during the gas burner test, thereby
preventing exposure of both trays.

The gas bumer operated five minutes 'on' and five minutes 'off,' whereas the diesel fuel pool
fire bumed continuously for approximately 13 minutes. Consequently, the diesel fuel fire tests
are indicative of the actual response of a coated two-tray stack to a relatively severe exposure
fire that bounds the heat release rate for most ignition sources found in an area containing
important cables. The results of those tests are presented in Table J-1.

For application in the EPRI Fire method, assume coated, non-qualifiod cables will not ignite for
at least 12 minutes, and coated, non-qualified cables will not be damaged for at least 3

,

minutes for large exposure fires and for cable tray fires, more likely about 10 minutes.

|

|
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Table J-1

h Summary of Principal Two-Tray Diesel Fuel Fire Cable Fire !
'

,

V Retardant Coatings Tests involving Non-Rated 3-Conductor Cables

Time to Time to
Coating ignition (min) Damage (min)

Lower Tray Response: |
A 13 10 '

B 13 6 i
C 12 3 4

E No 10 |

G 12 11 I

Upper Tray Response !
A No 11 |

B No 11 l

C 12 7
E No 19
G 12 11 I

l

i
j

J.2 BARRIERS
Cable tray fire barrier tests were also performed by Sandia. Thirteen tests were conducted in
a manner identical to that used in the single tray and two-tray gas bumer cable coating tests. |m
The same cable types and the same gas bumer exposure fire sources were used. Five ;

potential fire barrier systems were tested: i

1. Ceramic wool blanket wrap, |
2. Solid tray bottom covers, '

3. Solid tray top cover with no vents,
4. Solid tray bottom cover with vented top cover, and
5. One-inch insulating barrier between cable trays.

l

The barrier test findings are as follows Propagation of the fire to the second tray was
prevented in each case. That is, each barrier prevented ignition of a cable tray when exposed ;
to a cable tray fire in a lower tray. Barriers seem to substantially delay cable damage for !
qualified cable. However, the barriers did not delay cable damage for non-qualified cable. For
application to the EPRI Fire PRA, the barrier test findings are considered most appropriate to
exposure fires with smaller heat release rates and to cable trays in e stack that are threatened j
by fires in lower trays. In these cases, each barrier prevents cable tray ignition until well after

'

the fire brigade reaches the scene (i.e., greater than 20 minutes), and damage in cualified
cable with solid tray bottom covers until well after the fire brigade reaches the scene.

J-3


