. 5.5 Basis for Proposed Modifications

The objective of the fire hazard analysis presented in this
report is to demonstrate the ability of the existing facility to
meet likeiy fire hazards, and to show that safety would not be
enhanced by installing one of the alternatives stipulated in the
rule. While the focus of this quantitative analysis ‘s on the
efficacy of passive protection, it must be recognized that
combination of active measures including control of combustible
material, personnel training, fire detection systems and fire
suppression systems, can prcvide a defense in depth which ic
effective, despite the difficulties associated with treating them
deterministically. Combined with the specific analysis presented

‘ in Section 6, it is demonstrated that a combination of such protective

measures provides protection equivalent to that afforded by one of
the Commission's three stipulated methods.

In the course of this fire hazards analysis effort the need
may be identified for additional protective measures beyond that
which may currently exist. When this occurs, appropriate modifications
are propesed so as to achieve a level of protection equivalent to
that of the provisions of Section III.G. The types of measures
generally proposed are passive in nature due primarily to their
reliability and proven effectiveness. Secticn 5.4 highlights
important aspects of such devices. This section provides a
description of the basis and extent for determining the modifications

proposed for any given area.
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5.5.1 The Issue of Likely Fire Hazards

The fundamental issue in the fire protection of the safe shutdown
capability is that of determining the location and magnitude of the
initial fire. This is essential to understanding the nature of the
separation criteria used in protecting safe shutdown components.
Whether explicitly stated, as was done in the 1977 Appendix A
analyses, or implicitly treated in the specification of separation
criteria; the size and growth scenario of the postulated fire cannot
be ignored.

As has been previously discussed, licenses have previously
performed an analysis of the effects of fire on plant systems by
taking into account the fixed and likely transient combustible
loadings within a fire area. The objective of this analysis was to
ensure that a fire, developing from these likely fire hazards,
could not propagate from one general plant area to another. Once it
was demonstrated t“at propagation could be inhibited through the
use of barriers, stops, or water curtains; licensees and Staff
turned their attention to control and suppression in the early
stages of a fire. Modifications directed towards controlling this
part of the fire scenario focused on the use of flame retardant
coatings, the installaticn of suppression and detection systems and
the institution of a combustible material control program.

This Appendix A approach described above which involved the
stipulation of fire protection measures as defined by analysis was

retained in the proposed Appendix R and regulatory continuity was



preserved. The proposed Appendix R required protection of the
redundant shutdown capacity by reference to a number of factors
considered relevent to specifying protective measures. These
factors included the likely area within which a fire might spread,
the fire extinguishing system used in the area, the accessibility
of the area to fire fighters and equipment, the relative fire danger
in the area, the availibility of alternative methods for shutting
down the unit safety, and the fire retardant capacity of protective
devices such as fire retardant coatings. The objective of this
analysis was to define specific plant needs based upon the efficacy
of the overall program.

While the proposed fire protection rule explicitly followed an
analytical approach, the final version of Appendix R formally
rejected that process in favor of stipulating separation criteria
and providing for an exemption procedure. While this final version
appeared to be a repudiation of the analytical approach, the
practical effect of the exemption procedure was functionally the
same giving utilities a fourth alternative for protection. If a
licensee could prove that another method works as well as one of
the three provided by the NRC, in the light of the identified fire
hazards at its plant, the Commission would allow that method to be
used.

This characterization of the exemption process based upon
analysis of "likely fire hazards" has been provided by the Staff's

Office of General Counsel (OGC) and is considered to be Commission



policy. As such, Appendix R continues to maintain its links with
previous requlatory standards in requiring licensees to base the
design of protective measures on those hazards which are likely to
be encountered. Moreover, such designs may also be taken into
account as elements in the overall fire protection program in
demonstrating the concept of equivalent protection in specific
plant areas.

It should be noted that Appendix R departs from previous
activities in explicitly addressirg the issue of exposure fires in
the overall consideration of likely fire hazards. Carolina Power
and Light Company acknowledges this new requirement and explicitly
factors this issue in the anaysis through the use of liquid hydro-
carbon fuels in the analysis of transient combustible fires and the
demonstration of the efficacy of fire protection measures.

Following the ciassical approach to fire hazards analysis this
analysis takes the view that the effects of fires must be evaluated
on an area-by-area basis for those plant locations which contain
components from redundant safe shutdown divisions. The basic
criteria used is that of Section III.G which requires that at least
one train of hot shutdown systems be free of fire damage. The
approach taken in this report however, is especially conservative
in that Carolina Power and Light Company applies a harsher standard
than that provided by Appendix R. That harsher criteria requires
the protection of at least one entire division in any fire area

irrespective of whether its redundancy is located in the same area.




In examining each area using this criteria, the general approach
taken is to pof ‘'late that a fire could occur at any location in
that area and determine the extent of modifications necessary to
ensure that all components of at least one division would be able
to function. In this context, the phrase "free of fire damage" is
defined to mean capable of performing its intended function. The
approach utilized focuses on the concept of protection against
"likely fire hazards" in accordance with Commission policy. To be
clear, likely fire hazards are defined as those hazards which may
be expected to exist or develop in the course of normal operations.
Such hazards include trash, liquid hydrocarbons, cellulnsic material,
and cable insulation. Embracing the Appendix R concern for exposure
fires, a floor-based transient combustible fire is taken as a
representative hazard. Primarily for reasons discussed earlier in
this section, the likely fuel type is a liquid hydrocarbon although,
clearly, the fuel selected is not especially important.

In specifying the quantity of fuel to be considered, it was
recognized that some uncertainty may exist in the Commission's mind
as to the magnitude of the likely fire hazard. Whereas a search of
the record for Appendix R failed to indicate a threshold for the
level of this concern, attention was turned towards that which may
credibly be introduced. This appeared to be an appropriate direction
to follow since Staff concerns emanating from discussions with
other licensees and fire tests at Sandia National Laboratories
seemed to focus on less than five gallons of liquid or that amount

which a maintenance man might reasonably be postulated to be able



to carry into an area. Recognizing the need for safety margins
to accommodate for conservatism, this analysis is based on a fire
involving an even larger amount of fuel that a single man could
carry. Hence, the quantity of 10 gallons of heptane was selected.

It should be emphasized in analyzing the effects of a 10 gallon
heptane fire that Carolina Power and Light Company does not suggest
that such a fire is "likely" to occur at Brunswick Steam Electric
Plant. Administrative procedures effectively control the introduction
of combustible materials into a power plant. Heptane, in particular,
has no practical usage for any maintenance activities inside
buildings required for safe shutdown. However, its combustion
properties are generally more severe than those of liquid hydrocarbons
likely to be found thereby providing some additional measure of
conservatism.

Should such combustible materials be inadvertently introduced,
spilled, and ignited, detection and suppression systems are available
to preclude the total combustion of a quantity of fuel of this
magnitude. Thus, the scenario postulated herein whereby passive
protective measures alone must protect against the effects of the
total combustion of 10 gallon of heptane involves a considerable
suspension of disbelief. However, for the purpose of presenting
bounding results of a conservative analysis of the effects of fires
involving "likely fire hazards", such an approach appears appropri:‘e

as an aid to the Staff reviewer.
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5.5.2 The Database Management Approach

Section 5.3 discusses the general combustible properties of
fuels and, in particular, liquid hydrocarbons. These considerations
were employed with the modeling techniques described in the appendices
to determine those regions within a fire area which may be capable
of withstanding a floor based 10 gallon heptane fire. Given the
large number of conduits and trays requiring protection the approach
utilized in this analysis incorporates aspects of database management
systems (DBMS) which is described in this section.

The DBMS concept is a method for storing and sorting files on
a computer. Each file contains records which describe a physical
or information system such as cable routings and regions of influence
about a fire. In this analysis, records of interest include conduit
or tray names, their color (safe shutdown division), their physical
routing scheme including floor or ceiling penetrations, area
geometry, the extent of existing fire protection, and the proximity
of conduits or trays of the opposite color. Other records of
interest include descriptions of the effects determined by analysis
of a variety of postulated fires on different cables located at
different horizontal and vertical positions.

Utilizing the DBMS approach, large numbers of fire areas
containing a wide variety and configuration may be quickly analyzed
in a consistent manner allowing for ready identification of those

areas requiring modifications. The concept utilizes a computer



generation of the fire area in question and the "overlay" of a fire
involving a specified quantity of fuel, which, in this case, is
heptane. This fire overlay is, itself, a composite mapping of the
superpositioned convective and radiative heat flux values emanating
from the spectrum of circular fuel geometries for a given quantity.
The mapping defines those points in space in which some fire
involving the sp2cified quantity of fuel may create conditions
which would exceed the cable failure criterion as "failure points"
for any cable at any time and, therefore, requiring modification.
Clearly, cables in those re~ions which are not "failure points" are
not expected to suffer a .8 of function, irrespective of fuel
geometry, and mo>difications are not deemed necessary.

The steps involved in creating and utilizing the database .
begin with the sp_~ification of redundant safe shutdown conduits
and trays as defined in Section 4. Each conduit and tray so
identified is entered into the database together with information
relating to the fire zone geometry. The database is then updated
to include the results of a site visit. This update consists of a
complete as-built description of elevational and horizontal routing
of identified conduits and trays including the natur~ of existing
protection (e.g., extent and location of baffles or coatings) and
the proximity of any conduits or trays of the redundant division.

Data checks and validation procedures are incorporated throughout



this proess to ensure accuracy of the data and resolution of

inconsistencies. With this description of the plant complete, fire

overlays are generated for each fire area and compared with the

existing separation and protection. Redundant conduits and trays

falling within the "failure zone" of the 1C-gallon heptane fire are

marked as requiring modifications and listed separately.

5.5.3 Modification Criteria

The criteria for modifications proposed in this report are
based upon a quantitative analysis of the effects of fires while
relying solely upon those aspects of the overall fire protection
program which provide passive protection. When combined with other
features in the overall fire protection program these measures are

. considered to offer an equivalent level of protection to that of
Appendix R against those hazards which are likely to occur at some
time in the Brunswick Steam Electric Plant. This section presents
the criteria used for determining modifications necessary to ensure
that this protection may be available.

The discussion in the previous sections outline the methodology
for analyzing fires presented in this report while calling particular
attention to conservative treatments of those areas where uncertainty
in fire modeling is traditionly considered to exist. Carolina
Power and Light Company's focus on protection against "likely fire
hazards" in accordance with Commission policy is also presented
including the use of a 10 gallon heptane pool fire to bound the

effects of such likely hazards. Finally, the use of database

management techniques as a methodology to examine the effects of this



fire in all plant areas is highlighted presenting results which
lead to the specification of modifications. This section provides
the criteria for these modifications.

The first step to defining criteria for fire protection
modifications requires a brief review of the regions of influence
created by a fire. It may be recalled that a conservative anal)vsis
of the effects of pool fires within enclosures produces several
such regions. Three regions in particular are dictated by the
physical characteristics of the fire to exist:

(1) Plume impingement - where the combined effects of

radiation and convective heat transfer are dominant.
Mixing diffusion tends to mitigate these effects

somewhat as the plume rises;

(2) Radiation outside the plume where physical separation
controls the amount of energy:

(3) Stratification - close to the enclosure's ceiling
radiative and convective heat transfer are felt. This
effect is driven primarily be elevation of the point of
interest and the ceiling height.

While the shapes of these regions of influence are generally similar
for different fires in the pre-flashover stage, variance may be
introduced through selection of fuel type, quantity, geometry and
room configuration. As the postulated fire is moved about the

room, the potential for damage as a result of exposure to a given

size fire involving a specified fuel geometry also varies thereby

further complicating the problem.



. In attempting to treat this issue in a coherent fashion, that
which is definable in a unified structure and that which is complex
must both be recognized and separated. The first step in developing
the state of knowledge to the point where analysis can assist in
determining the extent of modifications is to recognize where
additional considerations may resolve uncertainties. For example,
the imposition of an enerqgy based criteria for cable damage allows
for the screening of locations on the basis of the enerqgy flux
produced by a fire of a specified size, geometry, and location.
Specifying the fire size leaves only geometry and locations as
independent variables which must be treated.

Determining the maximum energy flux produced at an; given

. point relative to the fire's center as a function of geometry
variations allows the use of these maximum values to further bound
the problem leaving only location as a variable. Finally, allowing
the fire to freely move about the enclosure in the interest of
energy flux maximization provides another dimension to bounding.

It should be noted that this process for dealing with traditional

fire modeling uncertainties does not involve generating any new
information but rather transfers the uncertainty from one domain to
another in the interest of achieving the objective of resolving the
problem. Specifically, uncertainties associated with the details

of fire growth and propogation inhibition and the sensitivities to
variation in a large number of parameters are deliberately transferred
through the use of bounding calculations to those areas where such

‘ uncertainties are manageable. For example, the act of allowing a
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fire to freely move the center of initiation to any location in an
enclosure in the interest of maximizing the damage potential clearly
is not necessarily a realistic representative of the most likely
location of a fire. Yet, if as a result of this action, a bounding
and conservative estimate of the effects of a fire at any point in
the room is obtained thereby allowing one to understand something
about the limits of the potential damage, then something of value
has been obtained.

This philosophy is central to the methodology used in this
report to analyze fires and specify modifications. The assumptions
used in this analysis are directed at treating uncertainties through
a bounding analysis which manages the effects of unknowns in a

consistent and conservative manner. For purposes discussed previously .

in Section 5 and other parts of this report, the principal assumptions
used in identifying modifications are:

(1) Fire Size - 10 gallons of heptane in the worst
configuration relative to damaging
either a single conduit or tray
or combination of cables.

(2) Fire Location - whatever location will maximize the
damage potential irrespective of
equipment location with may other-
wise preclude certair postulate
fire locations.

(3) Fire Damage Criteria - loss of circuit integrity

Through the use of database management techniques, the movement

and analysis of the effects of exposure fires subject to these

assumptions is performed by computer. The locus of points defining

fire damage results for each fire area are organized in three general ‘

damage potential zcnes as described below:
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fire for that area.

Damage Potential
Zone _

Stratification Region

-near the ceiling

Safe Reqgion

-below the stratification
layer

-above the threshold for
damage from a fire located
directly beneath and on
the cable centerline

Impingement Region

-below the safe region
where fire damage criteria
is exceeded due to direct
impingement

Cable Routing
Examples

Vertical ceiling
penetrations

cables routed near
the ceiling ("High
Pass")

Moderately elevated
cables

Vertical floor
penetrations

Cables routed low
including crossovers
and "close passes”

Fach Damage Potential Zone requires a unique set of modifications,

while they are in that region.

if any, based on the mechanism for involvement in the postulated
Cables in the Safe Region, for example, would
not require modifications to protect against the "likely fire
hazard" to the extent they are in that region. Should the routine
scheme indicate that cables exist outside the Safe Region at any
time, appropriate modifications would be identified.

Conduits and trays of the division to be protected which
traverse or enter the Stratification Region would require protection
Since the effects of stratificaticn
are felt irrespective of horizontal separation, no credit for protec-

tion is taken for any such separation between redundant livisions.




Rather, all conduits and trays of the division to be protected .
which enter or pass through the Stratification Region ave identified
as requiring enclosure within an appropriately rated device to
provide thermal insulation to the extent they are in that region.

Those conduits and trays which enter or traverse the Impingent
Region are identified as requiring modifications on the basis of
additional analysis of the unique circumstance. The objective of
the analysis is to ensure that conduits and trays of at least one
division are free of fire damage from a likely fire hazard in any
geometry. Three circumstances are identified for cable configur -
ations:

- Conduit/tray crossover

-~ Vertical floor penetration ‘

- Close pass involving redundant divisions.
The protection for each circumstance is different for conduits and
trays.

All electrical cables located in trays which enter or traverse
a fire area's Tmpingement Region are considered susceptible for
involvement in a 10-gallon heptane fire. In order to reduce the
potential for fire propagation, unless otherwise protected by fire
barriers, all such cables shall be treated with a flame retardant
coating while in the Impingement Region to both enhance their fire
resistance, reduce their own combustible heat release rate, and
minimize the rate and extent of potential propagation. Cables
routed in conduits are considered to be protected against propagation

by the conduits themselves. ‘
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Focusing on the first instance, i.e., floor penetrations,
all conduits and trays which are vertical risers shall be enclosed
within an appropriate fire barrier to provide thermal insulation
up to the elevation where direct involvement in a 10-gallon heptane
fire does not exceed the Fire Damage criteria. For coated cross-
linked polyethylene cables, this is determined by analysis to be
12.8 ft. Conduits are treated as bare cable and are to be enclosed
up to an elevation of 19 ft.

Conduits and cable trays of the division to be protected which
enter or traverse the Impingement Region and which either cross
cables of the opposite division or approach within 8 ft. of another
division absent intervening combustibles shall be provided with
additional protection based on the results of bounding analysis
of the 10 gallon heptane fire. This analysis indicated that the
region of influence within which any 10 gallon fire will exceed
the fire damage criteria for the cable of interest in this report
does not exceed 8 ft. irrespective of elevation. Clearly, at
higher elevations, the effects of mixing, diffusion, and distance
from the radiant areas of the fire would allow a closer separation
between cables. However, no credit is taken for the separation
less than 8 ft. which may be suggested for these elevations. On
this basis, for coated tray sections of the division to be
protected which enter or traverse the Impingement Region below
12.8 ft. and which cross cables of the opposite division, a plume
impingement baffle at least the width of the tray and composed of

noncombustible material characterized by a high heat capacity shall



be installed beneath the protected tray until 8 ft. of horizontal
separation between opposite divisions is achieved. From the results
of boundary layer analysis of the wake effects of such baffles on
diffusion plumes, baffles shall he installed beneath other trays

in the Impingement Region which are directly in the wake of and
separated from the lowest baffle by a vertical distance of at

least 4 times the baffle width. For an 18-inch wide baffle,

this would require a second baffle beneath trays which are 72-inches
above the lowest protected tray. Conduit sections of the division
to be protected which enter or traverse the Impingement Region
shall substitute an appropriately rated barrier to provide thermal
insulation until 8 ft. of horizontal separation between opposzite
divisions is achieved.

The protection described above for crossovers of conduits and
trays within the Impingement Region may be extended to "close pass"
situations as wel!. The fundamental criteria which is retained is
that at no point does the zone of influence, defining the potential
for fire damage, exceed 4 ft. in any direction from the center
of any 10 gallon heptane pool fire. Again, no credit is taken for
vertical separation although, clearly, such separation would allow
for a less strii.y,ent criteria. Thus, for example, if cables
categorized as being from opposite divisions irrespective of any
functional redundancies approach within 6 ft. of each other,

protection of the other 1 ft. of radial distance would be necessary.



Such protection would be baffles for coated cable tray sections
below 12.8 ft. in elevation in accordance with the criteria for
crossovers and barriers for conduits sections in the Impingement
Region.

It must be emphasized that this modification criteria should
be viewed as providing an alternative to the separation criteria of
Appendix R when considered as elements in the overall fire protection
program. While the bounding nature of the analysis indicates that
the potential for damage as a result of fires involving likely
hazards is minimal while relying upon these features above, the
additional protection afforded by combustible material control
procedures, an effective fire brigade, and automatic detection
should not be overlooked. Taken as a whole, an equivalent level of
protection is provided which meets the criteria for exemption from

the criteria of Appendix R.
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5.6 The Limitations of Automatic Suppression

5.6.1 Design Basis

The requirements of Section III.G.2 of Appendix R provide for
the installation of an automatic suppression system where redundant
safe shutdown equipment is separated either by a one-hour fire
barrier, or twenty feet of horizontal separation free of intervening
combustibles. This method of protection traces its origin to BTP
9.5.1 Appendix A which specified the use of automatic suppression
under selected circumstances. Appendix A also required that
licensees ensure that careful consideration be given in design and
installation in order to protect against potentially adverse effects
of inadvertent operation. This section reiterates these considerations
as addressed in the Appendix A analysis and highlights the inherent .
capabilities and limitations of automatic suppression. The objective
of this discussion is to present information in support of those
areas for which an exemption from suppression is requested.

Automatic water suppression systems have a long history
primarily in protecting residential and commercial structures
against fire damage. 1In these environments, sp: inklers serve a two-
fold objective. The first involves offsetting deficiencies in
existing buildings, thereby ensuring the ability tec warn and rapidly
evacuate the people inside. A second objective is the protection
against property loss in areas of buildings involving a high density

of combustible material. These objectives are implemented through



A summary of the staff's objectives and criteria is provided

below:

OBJECTIVE

Wet down electrical
cables to preclude
damage or ignition

Inhibit fire propa-
gation

Early suppression of
secondary fires
involving combustible
material

Inadvertent operation

does not cause adverse

system interactions

CRITERIA

Where Regulatory Guide
1.75 separation does
not exist

Where rated fire barriers
are not feasible

Where combustible mater ial
is not isolated

Where operation could
affect other systems or
equipment

BTP 90 5_1

SECTION _

D.3(c)
F.3(a)
F.3(b)

—
[
N S

mm MmO
O 0 =N

-0

A.4
D1(i)
£.3(a)

These objectives for automatic water suppression systems provided

in BPT 9.5.1 are reiterated in another regulatory document applicable

to new plants and issued for comment during the same period,

Regulatory Guide 1.120, and,

clear statement of the Staff's issues.

With this perspective,

therefore, may be considered to be a

it is useful to examine the state of

knowledge concerning automatic sprinkler effectiveness, clearly

separating out their obvious beneficial uses in residential structures

or warehouses, and to focus on their application to the concrete

and steel structure of a nuclear power plant.

This brief examina-

tion is primarily based on research funded by three institutions:
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fire codes and standards, most especially NFPA 101, "Life Safety
Code,"” and NFPA 13, "Standarc for the Installation of Sprinkler
Systems." For nuclear power plant fire protection, these objectives
and configurations are provided in regulatory documents.

The reliance on fire codes to define the design features of
automatic suppression systems implicitly addresses questions
concerning the criteria for their effectiveness. Given the limited
objectives of those systems for non-nuclear applications and the
severity of fires against which protection is desired, these codes
have been adequate. Yet, in nuclear power plants, such raging
infernos are considered to be rare events and the issue sprinkler
system desiyn objectives is less clear. To the extent where
sprinklers are being installed to serve objectives or configurations .
which diverge from considerations in the applicable design standards,
the questions concerning effectiveness are especially relevant and
are the subject of a brief discussion.

For plants operating at the time of the Browns Ferry fire,
regqulatory guidelines for the installation of automatic water
suppression are provided in Branch Technical Position 9.5.1 Appendix
A. A review of these guidelines indicate that the Staff envisioned
several objectives for automatic water suppression systems which may
not be achievable by systems designed in accordance with NFPA

standards with life safety and warehouse fire protection in mind.
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(1) National Fire Protection Association;
(2) Nuclear Regulatory Commission; and
(3) Electric Power Research Institute.

5.6.2 National Fire Protection Association

The design of the modern automatic water suppression system
owes much to the pioneering work of the National Fire Protection
Association (NFPA) and their cognizance over the evolving sprinkler
standard, NFPA 13. In addition to development and maintenance of
standards, NFPA also serves as a central distributing point for
knowledge on fire protection matters including the capabilities and
limitations of automatic water suppression. While much has been
generated on this subject, two publications of particular interest
in this regard are noted: "The Fire Protection Handbook" (NFFA
[1981]) and "Fire Behavior and Sprinklers," (Thompson [1964]).

NFPA (1981) presents a good summary of the role of sprinklers
in controlling fires in office buildings, residential structures,
and warehouses where time to warn and evacuate people is necessary,
and suppression of fires involving high concentrations of easily
combustible material is desired to control the extent of losses.
The limits of such systems are also outlined especially in terms of
the relatively low fuel loadings of nuclear power plants. On this

and related issues NFPA (1981) in particular notes the following:



Issue: Early suppression of floor-based spills of volatile
liquids

Fires in flammable liquids with a low flash point that are
not water soluble, and which have a specific gravity greater
than water cannot, as a rule, be extinguished by water,
because the relationship between flash point and water
temperatures precludes adequate cooling.

(p. 17-6, op. cit.)

Issue: Sprinkler Delay Time
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Fig. 17-1D. Effect of clearance between ceiling and sprinklers on
operating time of sprinklers.

Fig. 17-ID. Effect of clearance between ceiling and sprinklers on
operating time of sprinklers.

Discussion

This figure reproduced from NFPA (1981) highlights the
sensitivity of sprinkler operating time to ceiling

separation and illustrates the fact that delay times

inherent in sprinkler design may well preclude their use

in protecting cables from fire damage. Thompson (1964)

offers a more substantive discussion of many of the

issues and serves as an important reference for the Fire '

Protection Handbook.
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Issue: Early suppression of floor-based spills of volatile
liquids

As a general rule though fires in combustible gases, or
the more volatile flammable liquids cannot be extinguished
by water - only the surroundings can be protected from

the exposing fire.

(p. 3, op. cit., emphasis added)

Some fires, such as those in volatile flammable liquids
or in some other hazardous materials, cannot be extin-
guished by sprinklers, so that effective action would be
limited to , »tecting materials and bulding elements
exposed to the fire.

(p. B84, op. cit., emphasis added)

Issue: Sprinkler Delay Time
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Figure 17. Effect of Ceiling Height on Sprinkler Operating Times

. Test fires identical double 8-foot stacks cof wooden pallets -
ceiling temperatures recorded 7 feet laterally from center of fire.
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Discussion:

Thompson discusses the test data in the context of sprinkler

response time. Even with this severe fire, characteristic
of a warehouse situation, Thompson predicts the fire

would ope. the first sprinkler head at about 5-1/2 minutes

in a low-ceilinged room and possibly greater than 7-1/2
minutes in a high-ceilinged room.
A review of source information of this type leads to the

following conclusions:

(1) The reliance on automatic water suppresssion for the purpose

of early suppression of small exposure fires prior to
growth into a more developed fire is not strongly supported
for cellulosic material and is unsupported for fires
involving most volatile liquids in larger quantities;

(2) For especially severe and developed fires, automatic
water suppression may be effective only in inhibiting
propagation.

While the data is sketchy, these points appear to be supported

by research funded by the Nuclear Regulatory Commission.

5.6.3 Nuclear Regulatory Commission Research

Previous NRC-funded research in the area of fire protection
focused on the margin of safety in the spatial separation distances
of Regulatory Guide 1.75 and the efficacy of additional protective
measures. Much of this research utilized phenomological experiments
to examine the performance of such protective measures as spacing,

a variety of flame-retardant coatings, and barriers. One of these
tests, in particular, examined the value of suppression and ceramic
fiber blankets in protecting cables exposed to an open heptane pool

fire while in a vertical tray configuration (Klamerus [1981]).
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In the test, three open-headed sprinklers were mounted 12
inches below the ceiling and connected to a manually operated water
supply. Near each of these three open heads were mounted three
dummy heads which were monitored to determine when their fusible
links activated. Temperatures were recorded over the test duration.
The configuration was located within a pan containing several
gallons of heptane. Following ignition, the fire was allowed to
burn to self-extinguishment over approxiately a one-half hour period
and eventually led to barrier failure. Results of the tests
indicated that only two of .he six 165°F-links used in the test
activated in the course of the fire. The two that activated were

adjacent to the trays and required approximately one minute of

direct exposure to the flames prior to operation with thermocouple

temperatures recorded of over 200°F. While similar temperatures
were experienced at the second location also adjacent to the trays,
no link activation was ever indicated. Temperatures at the third
location also peaked in the vicinity of 200°F, again well in excess
of the 165°F-1link rating, yet failed to activate any of the three
links at any time.

The conclusion to be derived from this testing is, again, that
automatic water suppression may not provide early suppression of
intensive floor-based heptane pool fires even when the sprinkler
heads are directly exposed to the effects of the flames. Combined
with the general state of knowledge concerning sprinkler systems,

the Sandia testing contributes further to the state of knowledge



that the capabilities of such systems are limited and should be
extended beyond the application for which they were designed only
were supported by valid and consistent data.

5.6.4 Electric Power Research Institute

Following the fire at Brown's Ferry, Electric Power Research
Institute embarked on a research program to provide an improved
quantitative understanding of the fire-related characteristics of
electrical cables installed in grouped cable trays. The work was
per formed at Factory Mutual Research Corporation and resulted in a
significant contribution in the area of nuclear power plant fire
protection in such diverse areas as detection syst.ms, suppression
systems, fire hazards, and the effects of ceiling stratification.
Two reports in particular focus on the efficacy of automatic water
suppression and are the subject of this review. The first report,
( "ewman and Hil11-[1981]) discusses several topics including the
value of automatic suppression in early fire suppression and in
preventing fire damage of electrical cables. The second work,

(Sumitra-[1981)]) assumes a priori the existence of fire damage in

the burning of a stack of cable trays and examines the effectiveness

of water suppression to extinguish a fully developed cable tray

fire without any assistance from the fire brigade.



Newman and Hill assessed the exposure fire hazards of flammable
liquid spills to cable trays in utility environments. 1In the test
series, fifteen tests were performed to examine the effectiveness
of sprinklers and impingement baffles. The first ten of this series
focused on the early supression of exposure fires while the remaining
five addressed the ability of water suppression systems to prevent
damage to cable immersed in an exposure fire.

In the early suppression tests, 71°C and 138°C sprinklers were
mounted in accordance with NFPA standards approximately 6 inches
below a 20-ft high ceiling and directly above a pan up to approx
mately 5-ft in diameter. In each test, liquid hydrocarbons including
methanol, No. 2 Fuel 0il, heptane, or Pennzoil, were used as the
source fuel with quantities ranging from approximately 5 gallons up
to almost 25 gallons. From the results of these tests, Newman and
Hill conclude the following:

"As a result of those tests, it was learned that only the
heptane exposure fire (a somewhat unlikely candidate for a
real-life exposure fire) could automatically fuse the sprinkler
link (138°C rated). More importantly, however, when the
sprinkler was activated manually, only heavy lubricating-oil
exposure fires could be extinguished. Since a reasonably

large exposure fire (preferably a 1.2 m dia pool fire) that
could automatically fuse a sprinkler was required, an additional
test having a 71°C (160°F) rated sprinkler was necessary.

After an examination of ceiling gas temperatures from the
previous tests, a 1.2 m dia pan of No. 2 fuel o0il was selected
as the simulated exposure fire. (Ed. Note: Approximately 17
gallons were used in this test.) As shown in Figure 3.3,

flame heights in excess of 4.3-m (14 ft) were recorded prior

to sprinkler activation. At approximately 90 sec after
ignition, the sprinkler activated automatically and flame
heights decreased to 3.3-m (11 ft). Although extinguishment

as such did not occur, this particular exposure fire scenario
was selected as the standard fire for all subsequent tests
involving assessment of cable tray protection."

(pPO 3-13 - 3"14' op- Cit-)



In the remaining five tests, single and multiple tray configura-
tions were used. Recorded sprinkler activation times ranged from
100 to 117 seconds. Following activation, the suppression system's
only effect was to lower slightly the maximum flame heights from
approximately 4-m to 3-m (about 12 ft). Nevertheless, trays exposed
to such fires and protected by sprinklers suffered severe fire damage
in the form of insulation charring. Electrical integrity was main-
tained, however.

The early suppression work by Newman and Hill highlighted the
limitations of water suppression in preventing the onset of fire-
induced cable tray fires. Continuing from this stage in the research,
Sumitra (1982) allowed the fires to develop to cable involvement and
reported on the ability of automatic suppression to extinguish well-
developed fires in grouped cable trays. It is noted that the objec-
tives had changed at this point from early suppression of the exposure
fire to minimizing further cable damage and inhibiting propagation
once the fire involves the cables. The results of the 17 tests
per formed in this series indicated that water applied to the top of
a stack of trays readily penetrated to lower trays and successfully
extinguished the cable tray fires. This conclusion and other results
highlight the effectiveness of water as an extinguishing agent and

in inhibiting propagation.



5.6.4 Experience

While this research is of obvious benefit, it fails to highlight
the relative contribution of automatic suppression to nuclear power
plant fire protection. The best source for this information is
actual plant experience. 1In research performed on behalf of the
Nuclear Regulatory Commission, Hockenbury and Yeater (1980) report
on such experience and identified and evaluated important fire
potential parameters in nuclear power plants primarily based on fire
records. 1In particular, they examined 235 recorded fire events
affecting nuclear facilities including fuel fabrication plants,
research and educational reactors, and commercial plants. Of these
fires, only a third involved commercial light water reactors in an
operational or shutdown mode and, as such, are of special interest.

Examining the frequency of extinguishment of the remaining fires
by agent and method, Hockenbury and Yeater report that automatic
water suppression systems collectively extinguished less than 10
percent of analyzed fires. The detection and extinguishment by plant
personnel using hand extinguishers clearly dominated fire-fighting
activities. Such data conclusively demonstrates the fact that
automatic water suppression systems are not major contributors to

overall fire-fighting activities.



5.6.5 Conclusions

This brief review of the state of knowledge concerning the

capabilities of automatic water suppression highlights several

conclusions:

(1)

(2)

(3)

(4)

Automatic water suppression contributes little to early
suppression of exposure fires.

Automatic water suppression is relatively ineffective in
preventing electrical cable fire damage in the form of
charring and is decidedly inferior in this regard relative
to fire impingement baffles alone.

Automatic water suppression is effective in inhibiting
propagation of well-developed tray fires where the

effects of delay in-link activation are unimportant.
However, experience indicates that such fires are rare
events, and their severity and development time would
ensure the presence of the fire brigade making the need for
automatic suppression moot.

Automatic suppression fails to contribute towards protect-
ing against the small smoldering fires which make up the
majority of such events in nuclear power plants. These
events are currently handled successfully by plant per-
sonnel using portable equipment.



5.7 Fire Potential in Nuclear Power Plants

This analysis of the efficacy of passi. »rotection focuses on
fire as a non-mechanistic process. That is, each area is evaluated
in terms of susceptibility to damage from a floor-based exposure fire
without reference to the potential for such a fire as determined
either by experience or induction. While the information presented
by such an analysis is useful in the context of describing the utility
of various passive protection measures, it must be recognized that
this type of analysis tends to overlook the issue of fire as a risk
contributor. As such, non-mechanistic, deterministic analysis may
unintentionally lead the reviewer well down a path of reasoning which
overlooks the likelihood of the scenario itself and the relationship
of the scenario to other risk scenarios. Since the issue related to
the granting of exemptions is protection against “likely fire hazards,"
this recognition of fire as only one of many contributors to risk and
the sensitivities of fire to such factors as plant age, postulated
fire location, and suppression response is important to the overall
review process.

The development of the tools for risk analysis is an important
goal in the regulatory process and is currently involring the commit-
ment of a significant amount of resources by both the NRC and the
industry. Many reports and papers have appeared recently in the
literature describing activities ongoing in this area. 1In the
particular area of fire risk analysis, three such works describing

NRC-sponsored researcn are worthy of note. The most recent is "PRA



Procedures Guide," NUREGICR-2300, prepared by the American Nuclear
S *iety and the Institute of Electrical and Electronics Engineers
(ANS [1980]) which offers a guide to the performance of nuclear
power plant risk assessments and includes a section on fire risk
analysis. ANS [1980] cites several methodologies for use in fire
risk analysis including two other NPC-sponsored reports which
contribute to the state of knowledge concerning fire risk analysis.
One of these, "Fire Risk Analysis for Nuclear Power Plants," NUREG/
CR-2258, (Kazarians and Apostolakis, [1980]) draws heavily on earlier
work by Hockenbury and Yeater ("Development and Testing of a Model
for Fire Potential in Nuclear Power Plants," NUREG/CR-1819, 1980),
while emphasizing the benefits of Bayesian analysis in areas where
data is limited. This discussion focuses on the work of Hockenbury
and Yeater and the data presented therein describing the actual fir:@
experience at nuclear power plants and the relative sensitivities.

As stated by Hockenbury and Yeater, the objectives of NUREG/CR-
1819 are threefold:

(1) identify and evaluate important fire potential parameters
in nuclear power plants based on fire records;

(2) perform preliminary analysis of selected fire scenarios;
and

(3) estimate the potential risk of nuclear accidents due to
fires.

The approach followed by the authors combines classical
statistical analysis with the inductive reasoning of event trees and

logic diagrams to construct a paradigm for treating the effects of



fires. The analysis of fire data is especially useful in this
discussion in providing the frame of reference necessary in evaluat-
ing the efficacy of alternative measures in protecting against likely
fire hazards.

Hockenbury and Yeater separate reported fire events into several
categories for the purposes of analysis. Among these categories
include plant status at the time of fire, fire location, extincaishing
agent, and combustible material. Significantly, the authors 1ilso
conclude that only a minority of fires reported at commercial r.iclear
power plant sites occurred while the plant was actually operational,
while the majority of reported fires are associated with construction
activitiesl/. In this regard, the authors report that the "dominant
factor" in the detection and extinguishment of operational plant
fires was plant personnel using hand extinguishers, overwhelmingly
dominatin all other mechanisms for suppression. The importance of
plant personnel in rapidly identifying and suppressing fires should
not be surprising to those closely familiar with nuclear power plant
fire protection activities.

As interesting as these statistics may be, data in other areas
reported in NUREG/CR-1819 is especially valuable in establishing the
context for assessing the risk of fires. In particular, Hockenbury
and Yeater develop a statistical model for determining the time
dependence of fires during the operational phase of a commercial

light water reactor. This dependence is presented in the form of

1/ These operational plant fires reported include off-site
forest fires which made their way into the statistics and are
eight percent of the operational segment of the fire records.
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a non-homogeneous Poisson process with a Weibull occurrence rate and
is used to present the expected rate of occurrence of fires as a
function of plant age. The model is based upon an analysis to 90
percent confidence of the data available through 1978, and is measured
over all plants to ensure a representative approach is followed.

The conclusion presented by Hockenbury and Yeater is that:
"...the occurrence rate (of fires) decreases with time as
plants mature. This decrease in fires can be due to several
factors including a decrease in hazardous activities
(welding, construction activities), a decrease in human
traffic related to non-power production activities and
improvements in fire prevention."

(p. 37, op.cit., author's emphasis)
Later in the report, the authors note that the "rapid decrease"
seems to occur followirg start-up. The magnitude of this decrease
cannot be over emphasized with a 90 percent reduction of reported
fires appearing by the third and fourth year of operation.

A secondary cause for the reduction in fire occurrence rate

experienced through 1978 cited by the authors has been the improve-

ments in fire prevention implemented through 1978. Such data can

only reinforce the contention that the Appendix A process in effect
through that period had succeeded in achieving the goals it set out
for in reducing the risk of fires. This positive experience only
highlights the need for caution in attempting to force additional
modifications and clearly indicates that, in many cases, the existing

configuration already addresses the likely fire hazard issue.




Focusing on the three principal contributors to this reduction
in fire occurrence, it should be noted that they are especially
relevarit in the context of an exemption request. The issue of Appendix
R is protection against "likely fire hazards" which Section III.G of
the rule attempts to implement through inhibition of propagation.
Actual plant fire expericiuce, however, seems to indicate that most
fires are closely related to welding and construction activiti=s and
that a reduction in or minimization of such activities would achieve
this goal most effectively. TImplementation of the prescriptive
measures of Section III (G.2), however, would only result in a
noticeable increase in such construction activities and reverse the
trend experienced through 1978 towards a decline in such hazardous

‘ processes on site. These arguments are by no means speculative, for
as Hockenbury and Yeater note:
"The single greatest cause of fire [during construction]
was welding and cutting operations, followed closely by
personnel errors and electrical failures of various kinds."
(p. 73, op.cit.)
Such large-scale construction activities are clearlv detrimental to
facility safety. Yet, a significant reintroduction of such activities
into the Brunswick Steam Electric Plant must be accepted with the
implementacion modifications of the type mandated by Appendix R. It

is this issue of a balancing of risks that is so fundamental to the

exemption process.



While this discussion outlines in a geaeral sense the issues of .
risk management associated with fire protection, it is especially
beneficial in defining a background and overall perspective to the
analysis. Some exemption requests may highlight some aspects of
these considerations to illustrate how combinations of measures may
be effective in protecting against fire. While of interest, such
cases are also important in demonstrating the potential fire hazards
associated with large-scale plant modifications and the need for
caution in altering previously approved configurations that go beyond

fire protection and serve the needs of overall reactor safety.




5.8 Summary of the Fire Hazards Analysis

The objective cf the fire hazards analysis is to determine
the minimum quantity and associated requisite geometry of liquid
hydrocarbon spill which, if ignited and allowed to burn unmitigated
to self-extinguishment, would exceed the damage criterion for elec-
trical cables of interest. This objective is accomplished in the

following manner:

(1) Identify the electrical cables of interest, their
specifications, geometry, and the dimensions of the
plant area of interest.

(2) Specify the fixed and transient liquid hydrocarbon
material of concern.

(3) Calculate the minimum quantity of the fuels of interest
and the associated spill geometry (location, area,
and depth) necessary to permit a fire which will exceed
the damageability criterion for the identified electrical
cable, through the following mechanisms:

(a) stratification
(b) radiation
(c) buoyant diffusion plume impingement

For the purposes of analysis, ignore the miti-
gating effects of actual room geometry, floor
slope and equipment layout, and assume the
presence of a perfectly horizontal floor free
of fire-inhibiting equipment. Also ignore the
mitigating effects of pipes and ventilation
systems in diverting the flow of hot gases,
absorbing incident heat flux, or blocking the
free incidence of radiation on the cables of
interest.

The objective of this process is to demonstrate that protec-
tion of the public health and safety equivalent to the require-

ments of Appendix R, Section II1.G.2 may be provided using alternate



means and that verbatim compliance with Section III.G.2 will not
enhance the fire protection capabilities of BSEP beyond that which

is already provided by existing or planned features.



6.0 REQUESTS FOR EXEMPTION AND ANALYSIS
OF SPECIFIC FIRE AREAS

6.1 Introduction

Section 6.0 identifies the exemptions requested which were
referenced in Table 1-1, Fire Zone Conformance Summary, of
Section 1.0.

The request for exemption is based on light fire zone loading
and a strict administrative control of transient combustibles.

In addition, the information requested by SECY letter 81-13,
dated January 11, 1982, is provided for each fire zone for which an
exemption is requested.

Section 7.0 describes those modifications which would be required
to meet the specific requirements of III.G.2 and for which the
following exemptions are requested.

As part of our verification process, we will consider additional
zones for which an exemption is reque ed and where it appears that
some limited modifications would enhance our exemption requests; they
will be provided as supplementary information for your use in reviewing
our exemption requests.

For a number of selected fire zones, fire hazard analyses were
performed. In performing these analyses, for conservatism, certain
modifications which are less extensive than those described in Section
7.0 and which would further enhance fire protection are proposed and
CP&L would consider making in the event the exemption is granted.

For the selected fire zones, these sections describe the approach



used to demonstrate the equivalency of alternative measures for
protection of safe shutdown systems despite the occurrence of a
postulated fire.

The discussion in this section outlines the methods of the
fire hazards analysis, including the conservatisms associated with
the assumptions and the calculational techniques. With regard
to the specific application of these methods to the Brunswick Steam
Electric Plant, additional assumpticns are made concerning tl.e
effects of exposure fires on cables which are highlighted in the
respective area analyses. These assumptions include:

(1) Cable Failure Cri.terion: Defined as the initiation of
electrical failure of any two electrical cables for
redundant divisions within area.

(2) The postulated exposure fire is always assumed to occur
at the worst location relative to redundant division
damage.

(3) Liquid spills are assumed to instantly confine themselves
to that geometry which will cause the most damage to
redundant divisions irrespective of the actual spill geo-
metry expected.

These assumptions are used in this analysis in conjunction with

a "back calculation" approach. This approach starts with the fail-
ure criteria for redundant divisions and calculates the smallest
gquantity of a flammable liquid which must be spilled in the worst
pool geometry and location in order to produce conditions which may
achieve this failure criteria. Effectively, this calculation tech-

nique measures the level of protection afforded to electrical cables

by passive protection in terms of quantities of liquid hydrocarbons.



The "back calculation" approach offers several advantages to
the reviewer. It specifies the bsolute quantity of liquid hydro-
carbon which is necessary to cause electrical cable failure.

Using this technique and a consistent failure criteria, it is pos-
sible to measure the relative value of additional protecticn pro-

vided through modifications.



6.2 Fire Zone S5SW-1B

EXEMPTION REQUEST

Per the provisions of 10 CFR 50.48(c) (6)

and 10 CFR 50.12, the Carolina Power and
Light Company requests exemption from the
specific requirements of Appendix R Section
II1.G.2; i.e., the requirement for greater
than 20 feet of horizontal separation between
required components with no intervening com-
bustibles.

6.2.1 Area Description

Fire zone SW-1B is the entire 4 foot elevation of the
Service Water Building. This zone has a 12-inch thick reinforced
concrete floor and ceiling separating this zone from the fire
zones above and below. All cables entering this zone have fire
seals for combustible pathway penetration and some exposed cables .
have been coated with Flamemastic, a fire-retardant material.
Access to zone SW-1B is via a stairway which runs down near the
west wall. The height of the ceiling is 15 feet. The arrangement
of Division A and B cable trays and conduits is contained in Book 3
of this report.

6.2.2 Safe Shutdown Equipment

Fire zone SW-1B contains the instrument, control and power cables
for the Service Water System. In addition, this zone contains the
lube water pumps and the motor-operated valves necessary for system

operation.



The Service Water Systems for Units 1 and 2 are both in this
zone, with Unit 1 cables and equipment generally located in the
northern half of the zone and Unit 2 in the southern half. The
Service Water Systems are separate and dedicated to a specific
unit, and no cross-connect capability exists. Each system contains
five Service Water Pumps, all of which can be loaded on a diesel
generator. Two of the pumps are designated as "Nuclear Service
Water Pumps" and can supply the nuclear service water header only.
The three remaining Service Water Pumps can supply either the
nuclear or conventional service water header.

The safe shutdown evaluation performed for fire zone SW-1B
identified the coexistence of redundant hot safe shutdown circuits
with less than 20 feet of horizontal separation. A fire hazards
analysis has been performed to evaluate the existing configuration.
The following sections document the considerations, assumptions,
results and conclusions of the analysis performed.

6.2.3 Fire Protection Systems

Fire zone SW-1B is provided with smoke-sensitive fire detec-
tors suitably arranged throughout the zone which alarm indivi-
dually at a local control panel and subsequently provide a common
fire zone alarm in the control room. A manual 1-1/2-inch hose reel
station is located within this zone. In addition, automatic water
suppression is provided for the entire zone with a separate system
for Unit 1 and 2 general areas. This suppression is designed to
provide an area coverage of 0.19 gpm/sq. ft. The minimum density

actually provided is 0.49 gpm/sq. ft.



6.2.4 Fire Hazards Analysis

The fixed combustible loading for this zona is due almost en-
tirely to cable insulation, some of which has been coated with
Flamemastic, a fire retardant material. The cables within this
zone meet the intent of IEEE-383 and as such possess good fire
resistance.

The remaining source of combustible material within this zone
falls under the category of transient combustibles. Because this
zone is exposed to salt water and a high relative humidity, there
is a fairly high rate of maintenance activity. The most common
flammable liquid present in this zone is paint, which is used fre-
quently. In addition, scaffolding made of fire-retardant wood is
a common occurrence. Storage of transient combustibles in fire
zone SW-1B is not permitted by plant administrative control pro-
cedures, and significant accumulation of such material would be
readily noticed and expeditiously removed.

This fire hazards analysis postulates the presence of suffi-
cient quantities of liquid nydrocarbons in the optimum geometry
necessary to damage critical cables of redundant divisions. In
the performance of this analysis, the cables of interest were
assumed to be cross-linked polyethylene insulated with‘polyvinyl
chloride jackets. Polyvinyl chloride jacketed cables are not used
at BSEP for any circuit but were specifically selected because
they are more susceptible to fire-induced damage than cables with
different jacket materials. Such considerations ensure that this

analysis is bounding for all cable types.



After selection of cable type, the remaining issue of the
particular fuel to be assumed in the calculation was considered.
Heptane (gasoline) was selected as the fuel of concern even though
it is nct reasonably expected to be found within this zone. Hep-
tane is commonly used on-site for portable equipment, but such
equipment is prohibited inside vital areas. Heptane was selected
primarily due to its high heat release rate and low flash point so
as to ensure “hat this analysis is bounding for all fuel types.

The appendices provide the basis for which heat is assumed to
be released from the combustion of heptane. These values are
extremely conservative so as to ensure that the bounding nature of
this analysis is preserved. The combustible properties of heptane

were assumed as follows:

Heat of Combustion (kJ/q)
Convective 21.6
Radiative 17.4
Actual 39.0
Theoretical 44.6

Vaporization Rate iﬂiﬂzlﬂl

Highly luminous flame 70
Heat Release Rate Lhﬂlgzl
Convective 1512
Radiative 1218

Actual 2730




Except for the buildup of the stratified layer near the ceil-
ing, all analyses postulated instantaneous achievement of steady
state combustion conditions. For radiative and plume calculations,
this translates to the instantaneous achievement of a gas tempera-
ture of 982°C (1800°F) with a total emissivity of 0.3 (0.2 for
gaseous products, 0.1 for luminous soot). In addition, steady state
buoyant plume velocities were assumed to be achieved at the same
time. These assumptions result in maximizing the heat transfer rate
and the cable damage process, thereby bounding less severe fires
involving the same fuel quantity and geometry.

In analyzing the effects of these severe fires the appropriate
selection of a damage criterion is very important. This analysis
focused on the minimum conditions necessary to cause a loss of
circuit function via electrical failure. To ensure that the sever-
ity of these conditions was maximized, no credit was taken for the
use of conduit as a thermal shield from radiation or as a baffle
from the effects of impingement of hot gases. Thus, these steel
components were assumed to be completely transparent to radiation
and to have absolutely no thermal lag.

The damage threshold for electrical cables is based upon
research performed by Factory Mutual Research Corporation. Cross-
linked polyethylene-insulated cables with polyvinyl choride jackets
were tested with and without fire-retardant coatings. The cable
samples without coatings indicated failure (short circuiting a

70-volt dc signal under piloted ignition conditions) with a




critical heat flux of 14 kW/m2 and a critical energy of 10,000
kJ/m2. The coated cable samples indicated failure with a criti-
cal heat flux of 16 kW/m2 and a critical energy of 21,800 kJ/m2.

Because this zone has a separate Service Water System for
each unit, this analysis was performed assuming that no functional
redundancies existed between the two units. This results in each
unit being treated individually and the following analyses are
therefore separated by applicable unit.

6.2.4.1 Zone SW-1B: Unit 1 - The circuits associated with the

Unit 1 Service Water System were analyzed for circuit damage due
to postulated liquid hydrocarbon exposure fires. The first step
of the analysis was to examine the efl{ects of convective heat
transfer due to ceiling stratificacion of exposure fire combus-
tion gases. The next process modeled was radiant energy deposited
on redundant cables, and finally the effects of convective heat
transfer due to direct fire plume impingement were analyzed. For
each of these steps, appropriate modifications were proposed to
assure that the minimum fuel volume was an incredible amount given
the zone location and existing administrative controls.

6.2.4.1.1 Combustion Gas Stratification: Unit 1 - The effects of

forced convection associated with fire plume impingement and stra-
tification were first analyzed to determine the degree of passive

protection provided by the existing configuration. In the case of
stratification, horizontal separation offers little inherent pro-

tection for any given cable height. The limiting condition for

this analysis is the two highest redundant cables, which for the



case of this zone is essentially ceiling height. All of the safe
shutdown cables which exit the zone through the ceiling have been
coated with Flamemastic and therefore the coated cable failure
criterion was used.

Using these assumptions, analysis indicates that the smallest
quantity of heptane necessary for redundant circuit failure would
be 17.6 gallons spilled over a circular area with an effective
diameter of at least 2.8 feet. Under these circumstances achievement
of the failure criterion does not occur until at least 1073 seconds
after pool ignition. 1In this case the model fire would have to be
approximately 110 mm deep, a depth which is almost 150 times
greater than that expected from a spill of heptane on a horizontal
surface of concrete.

6.2.4.1.2 Direct Radiation: Unit 1 - Prior to a discussion of the

modeling results due 2o the effects of direct radiation and correc-
tive heat transfer from direct plume impingement, specific modifi-
cations are proposed for this zone. These modifications are in-
tended to assure that Unit 1 redundant hot shutdown circuits are
protected from the exposure fire effects of plume impingement and
radiation to a degree commensurate with that provided by the exist-
ing configuration's resistance to combustion gas stratification.
The specific modifications listed below are proposed for fire zone

SW~1B Unit 1 circuits:
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. (1) The following conduits will be completely enclosed by an
appropriate fire barrier:

9VC1/CB 6MI2/CB 10X/BB 6BG5/CB |

1
9TAl/BB 4PJ/CB 5PM/BB 6BG3/BB
6MI1/CB 4P1/CB 9RD1/AB 6BG4/BB )
6MI3/CB 4PA/CB 6BH4/AB 6BG5/BB
6BG4/CB

(2) The following cable tray sections will have fire retardant
coatings applied:

69E/CB 69L/CB 69F/AB (only until 100 inches
of separation is
achieved.)

69E/BB 69M/ BB

69L/BB 69M/CB
(3) Direct fire plume impingement b.rriers will be placed
. beneath the following tray sectic 's until at least 70
inches of horizontal separation is achieved: 69C/CB,
69E/ZB and 69M/CB.

(4) In addition, a suitable fire-resistant open top enclosure
will be placed around the following equipment: lube water
pump 1B and MOV SW-V20 (service water pump discharge
valve).

(5) Pressure switch SW-PS-1316 will be completely enclosed by
an appropriate fire barrier.

With the abcove described modifications assumed to be in place
the Unit 1 circuits for fire zone SW-1B were individually analyzed
for potential damage due to radiant energy deposition. None of the

conduits were susceptible to this postulated failure mechanism, as

they all were completely snclosed in an appropriate fire barrier.




Each cable tray section was analyzed and the minimum volume of hep-
tane required to reach the defined failure criteria was greater than
17.6 gallons in all cases. Because the minimum required volume of
heptane for radiation failure in this fire location is greater than
that necessary for impingement stratification failure, this analysis
has demonstrated that further horizontal separation beyond that which
presently exists would not prc ride additional protection.

6.2.4.1.3 Plume Impingement: Unit 1 - The effects of direct fire

plume impingement upon Unit 1 circuits in fire zone SW-1B were analy-
zed assuming that the specific modifications detailed in section
6.2.4.).2 were in place. None of the conduits were susceptible to

this postulated failure mechanism, as they all were completely en-

closed in an appropriate fire barrier. Each cable tray section was
analyzed and the minimum volume of heptane required to reach the
defined failure criteria was greater than 17.6 gallons in all cases.
Because the minimum required volume of heptane for plume impingement
failure in this fire location is greater than that necessary for
impingement stratification failure, this analysis has demonstrated
that further horizontal separation beyond that which presently exists
would not provide additional protection.

6.2.4.2 Zone SW-1B: Unit 2 - The circuits associated with the Unit

2 Service Water System were analyzed for circuit damage due to
postulated liquid hydrocarbon exposure fires. The first step of
the analysis was to examine the effects of convective heat transfer

due to ceiling stratification of exposure fire combustion gases.




The next process modeled was radiant energy deposited on redundant
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