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Peach Bottam Atamic Power Station, Units 2 & 2 Appendix 2
Structural Steel Survivability Evaluation

Introduction:
Appendix R Section III G.2.A States:

"Separation of cables and equipment and associated non-safety
circuits of redundant trains by a fire barrier having a 3-hour
rating. Structural steel forming a part of or supporting such fire
barriers shall be protected to provide fire resistance equivalent
to that raquired of the barrier."

The goal of our evaluation was to verify that unprotected structural
steel supporting plant fire barriers is capable of maintaining
structural integrity during worst case expected fire conditiuns
thereby providing a "fire resistance equivalent to that required ¢
the barrier."

Description:

The structural slabs at Peach Bottam are typically composite consiruction,
i.e. structural steel beams or girders supporting, and interconnected

to, a reinforced concrete slab. The structural supports are either
partial or total caomposite construction. All members are end-

restrained.

Fire barriers mpport.inq or locatad above safe shutdown areas were
evaluated. Any additional barriers identified during our plant
upgrade modifications (re-routing cable etc.) will be evaluated

using the same methodology.
The following items supporting the evaluation are attached:

1. Methodology for Evaluation of Fire Resistance of Structural
Steel

2. Summary of Assumpticns

3. Summary of Conservatisms

4. Calculation Sumnary

5. Structural Steel Analysis Calculations for 31 Plant Areas

Acceptance Criteria:

A critical steel temperature of 1477 F was used in the evaluation.

This temperature is based on published test data and is an average

of the temperatures recorded for tests performed on various beam/slab
assemblies. Additional industry standards (AISC, AlS51) researched refer
to the general temperature acceptance criteria of AST™ standard E119;
however, the temperatures derivad through actual testing better
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represent end restraint conditions and camposite construction at
Peach Bottom. It has been demonstrated that unrestrained beam/slab
assemblies have lower fire endurance than restrained assemblies,

and composite action will prolong fire endurance. The beam sizes
and slab thicknesses for the assemblies tested are typically smaller
than those existing at Peach Bottam. Applying the test data is
coneervative since the larger steel mambers and thicker slabs at

Feach Bottam have additional heat capacity.

The 1477 F temperature is applicable to partial composite construction,
but has been used as the acceptance criteria for all structural

steel members. It is therefore conservative wien evaluating full
camposite beam/slab assemilies.

The critical steel temperatures were determined by testing beam/slab
assembl ies that were loaded tc approximately 50%-60% of yield
stress. The structura. members at Peach Bottam were designed to an
allowabie value of 60% of yield stress hut include a specified live
load. Actual stresses will be significantly lower than 60% of

yield stress.

Summary :

Thirty-one areas have been evaluated, in cases such as the Battery
Rooms and Switchgear Rooms one calculation was run to represent all
cases since these rooms are very similar. Where Unit 2 was similar
to Unit 3 the worst case cambustible loading was used to vrepresent
both., Gas temperatures were camputed representing consumption of all
canbustibles in the defined areas. Local hot spot heat fluxes were
evaluated for areas where particular trays were in close proximity
to exposed structural members. When camputed gas temperatures were
below the acceptance criteria, stcel temperatures were not cauputed.
Steel temperatures were camputed for areas where the gas or local
temperaturcs were above the acceptance criteria.

The calculations included conversatisms identified in the methodology
as well as the fcllowing:

1. Openings defined for ventilation controlled fires were typically
based on architectural layout and in many cases electrically
supervised fire barrier doore or watertight doors were assumed
to be open when a fire starte.. Several cases were
refined tc reflect realistic conditions and in such cases gas
temperatures representing one or two doors open for a ventilation
controlled fire were calculated.

2. The localized temperatures which were camputed did not take
into effect corduction down the length of a beam. Generally
the localized effect was only for a width of 2-3 feet, while
the gas temperature in the room was several hundred degrees
lower that the hot spot.



The calculation results werc run for fire duration or
manimum of 3 hours. Cred s warranted for manual suppre:
by the fire brigade inside a 30 minute timespan.

Calculated gas and local temperatures for twenty-seven of thirty-
one areas met the acceptance criteria. The following problem areas
were identified:

Turbine Building - Elevation 116' - Camon Area-Calculation

#24. This arca exhibited a gas temperature of 404 F after 3
hours however a single tray produced localized temperatures
which were above the acceptance criteria in 35-40 minutes. We
propose to encapsulate the entire tray in a 3-hour fire resistant
material.

sattery Roams - Calculation #31.

The battery rooms presented the most severe fire conditions.

The structural steel acceptance temrmeratures were reached very
rapidly. The case of one door open produced a gas temperature
of 1578 F within 30 minutes. This is 100 F above the acceptance
criteria. We propcse no modifications for this area for the
following reasons:

a. The existing batteries with polystyrene cases are being
replaced with new batteries having polycarbonate case: .
U.L. testing of polycarbonate sheets yielded a flame
spread rating of 10. This replacement will significantly
reduce the hazard associated with the battery cases. The
Unit 2 batterv cases will be changed out during the
spring 1984 refueling outage. The Unit 3 battery cases
will be changed out at the next refueling outage schrduled
for January 1985.

The battery roams are provided with autamatic smoke
detection.

Due to fire barrier maintenance and security the Battery
Room docrs are maintained closed, therefore the 1 door
open fire scenario is extremely conservative.

The availability of manual suppression equipment and
rapid fire brigade response will greatly reduce ay
possibility of a serious fire.




Cable Spreading Room - Calculation #23. The Cable Spreading
Room is a critica. area and tha ceiling is a fire barrier
however, aue to altermative shutdown it will no longer be a
safe shutdown barrier. The Cable Spreading roamn exhibited gas
temperatures of 1100 I wath two doore z.en and 586 F with one
loor open, neither of which should be the case due to security
control of access, self closing doors and fire barrier maintenance.
Tocalized temperatures were marginally above the acceptance
criteria. One of five cases examined was 10 F above the
acceptance temperature and a second was 22 F above. We propose
no modificaticns since 1) the two door open fire scenario is
extremely conservative, and 2) ther: are 23 smke detectors
and an autrmatic carbon dioxide system that will provide quick
detection and suppression to mitigate a problem.

Computer Roam - Calcuiation #25. This area is similar to the
Cable Spreading Roam. The gas temperature only reached 185 F,
however one local condition resulted in temperatures 8 F above
the acccptance criteria at the 175 minute mark of the fire.
/3ain, the barrier under consideration is not a safe shutdown
barrier but is in a critical area. We propose no modifications
because of the existance of smoke detection, a manual carbon
dioxide system and the expected rapid response of the fire
brigade.

Conclusion:

‘ After campletion of the modifications as stated above the structural
steel of the analyzed fire barriers will provide a fire resistance
equivalent to that required of the barrier.




Methodology

for

Evaluation of Fire Resistance of Structurai Steel

INTRODUCTION

A simple yet reliable procedure for evaluating the fire effects of struc-
tural steel is proposed usinj well established and accepted current method-
ology and available fire test data. The problem of evaluating the response
to fire exposure of structural steel has two distinct parts: identifying
(quantifying) the fire exposure and assessing the effects on the steel. The
approach described below successfully treats the problem in a systematic
method making use of simple and conservatively iealistic fire models and

hea* transfer calculations,

FIRE MODELING

Many models of varying complexity have been developed to predict the
growth, spread, peak temperature and/or time temperature history of a

fire. The more complex models which deal with the fire from ignition to
deciy require significant input data about both the fuel and rrom geo-
metry. The complexity of these models and the need for making assumptions
where test data is not available make the application and subsequent review
of the result difficult for engineers not extremely familiar with the
models.,

1€ realistic out conservative assumptions are made and available test data

are used, simplified approximations of fire behavior can be made which



provide good estimates of peak temperature and/or time temperature history

of the fire. The first step in this process is to determine the control-

ling mode of combustion. Couibert! identifies five (5) modes which he calls

"energy release criteria” as follows:

(SATE .

Flame Spread Rate

Fuel Surface Area Limit
Ventilation Limit
Enclosure Volume

Fuel Load

For the purposes of the procedure described below, these constraints are

used as follows:

1.

3.

Flame Spread Rate - based on test data on cable fires from Sandia
Laboratories, FMRC/SPRI, and real cable fires such as Browns Ferry
and San Onofre, flame spread rates can be used to estimate the
time to a fully developed fire. For the purposes of this pro-
cedure, a fully developed fire is assumed to Jccur immediately.
Fuel Surface Area Limit - based on FMRC/EPRI data realistic pre-
diction of fuel surface area combustion rates can be applied to
numbers of cable trays invelved to establish a heat release rate
for fuel surface controlled fires. The extent (size) of the fire
is selected based on the location and amount of fixed combustibles
in an area (i.e., cable insulation).

Ventilation Limit - the ventilation available through openings
can be determined to assess the heat release rate for ventilation

controlled fires.



4. Enclosure Volume - should all natural and forced ventilation be
terminated, this limit criteria determines fire duration based on
available 07 to support combustion. A relationship between size
(hea. release rate) and duration can be calculated for a fixed
volume,

5. Fuel Load - with ventilation supplied, this criteria determines

fire duration.

Fuel Controlled Fire

For fuel surface controlled fires, a realistic empirical method has been
developed by the National Bureau of Standards(3) for estimating room
temperature. This method calculates an upper level gas layer temperaiure
based on correlation of more than 100 sets of test data to basic plume
theory. Plume theory relates the ceiling layer temperature rise, T, to
the heat release rate () and the height above the fire H as follows:

AT o Q2/3 . y=1/3
Using the premise that in a developing, fuel controlled fire, the fire
behavior was similar to a plume the authors sought a power law relationship

relating AT to heat released and heat loss in the following form:

G USTR NE T >M
W4 Cp o Tg Agv/Hg ) Cp Ao Mo



. Correlating this form to 112 separate expeiiments on a variety of fuels,

the authors propose the convenient form:

AT = 480 X)2/3 . xp-1/3

V3 Cp o To Ag/Hg V9 po Cp Aov/Ho

Q is established by evaluating the number of cable trays involved and
related tray surface area. Next hy must be evaluated, The value of hy
will be determined by the wall materials and thickness, and the fire

development time. For a long slow developing fire in a thin walled

. enclosure, hy is best approximated by steady state conduction through the
wall and ceiiing, hy = ; . For a fast developing short duration fire in a

thick walled enclosure, hy is best approximated using the thermal inertia

(assumption of semi-infinite solid), hy =/EEBE . The semi-infinite solid

approach is most appropriate for nuclear pow:} plant enclosures because of
the massive barriers. Q and hy are inputed with the ventilation opening

data to calculate X and X2 and subsequently AT,

Ventilation “ontrolled Fires

For ventilation limited fires, a simplification of the methods proposed by
Babrauskas and Williamson® as wmodified by Berry5 will be used. The conser-

vative assumption allowing the simplification are as follows:




l. Convective and Radiative loss through openings in the enclosure
are negligible (see Berry®).

2, Heat loss through the walls will be dominated by the thermal
inertia of the barriers, ; C, k (assumption of semi-infinite slab

approximation),

The heat haiance equation can be described as follows:

Q = 1580 on/Hb = heat release rate (kw)
Q= oAy n (Tgh - T,4) = radiant heat transferred to boundary
Q ,\/n‘,CE k At (Ty=Tg) = conductive heat loss through boundary

2/t

To get Tg as a function of t these equations can be solved to yield the

following expression:

Tgs |0 o (Tg s Q&) 4] 1/
uAtn A+K
where Q = 1580 Ag /Hy
K= 1/2Vuk p Cp
N = function of emissivity o fire gases and boundary walls
At = total heat loss surface area of boundary




his reiationship is similar in form to that developed by Harmathy® oxcept
the heat release rate is defined by the ventilation factors. A time tem-

perature history can be calculated for 0<t<t where ¢ = duration.

Fire Duration

The fire duration is determined either by the limit of fuel loading or
enclosure v:lume. For a fuel loading limited fire, the duration is calcu-
lated taking the amount of combustibles and dividing by the heat release

rate:

For enclosure volume limited fire, the duration is calculated by taking the
available oxygen for combustion and dividing by the heat release rate:

t© = Constant (Volume of Enclosure)

Q

Computer Calculation

The steps outlined below describe how the program calculates the control-

ling mode of combustion and fire exposure to the steel. These steps are

also shown in Figure 1.

Step 1 Input Data
Data is developed for input based on the following:

Qas - the fuel surface area limited heat release rate is estimated

continuity of combustibles as the limit on fire extent. The free burning

|
|
|
|
taking the surface area of cahle trays involved using natural breaks in
|
heat release rate is applied to this area to calculate Qgs.

|



. : The best available data on free burning cable trays containing neo-
prene jacket cables appears in the FMRC/EFRI(Z) test reports. For
these cables a mass burning rate of 6.7 kg/min was measured for an
array of 12 cable trays, each 8' long and 18" wide. This reduces to a
surface controlled burning rate of 0.1 1b/min ft¢ of cable tray or a
heat release rate of 1000 BTU/min ft2 (190 KW/m?). These results are
realistic and compare favorably with other test data on solid fuels
such as wood cribs, This unit heat release will be used in the model-

ing method described below.

Ay - The heat Toss surface area consists of all wall and ceiling sur-
faces, The conservative assumption of negligible heat loss

through the floor is applied by excluding tihe floor area in A,.

A; - The area of openings is taken from drawings. Various combinations
of door openings or other openings in walls can be applied to
determine worst case ventilation conditions.

Ho - The height of the openings is taken from drawings.

Ve - The volume of the enclosure is calculated using the geometry of
the sealed enclosure. In the case of Reactor Buildings, previ-

ously established building volumes are used.

" Fyel Load - The duration of the fire based on fuel load in the involved

' cable tray or ' Fuel load = combustible per ft? tray = minutes
.1 Ib per min per ft€ tray
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Step

Step

Step

Step

Step

Step

Step

Step

2

A4

AS

Ab

A7

B4

B85

R6

Calculate Q vent = 1580 Ay J/H,

Compare Q vent to Qag
If Q vent > Q35 the fire is fuel surface controlled: go to Step A4

If Q45 > Quent the fire is ventilation controlled: go to Step B4

Calculate enclosure volume limited duration

tyol = 29 Vgngi in minutes
Qas (kW)
Use lower of Tfuel load or Tyoi.

Calculate AT = 480 (X1)2/3 Xp-1/3 (°C) and convert to °F

Compare AT + Ty to Te~ for steel
If AT + Ty < Tep steel passes

[f AT + Ty > Tep steel fails
Calculate enclosure volume limited duration
tvol = 29 Ve (m3) in winutes

Qvent (kw)

Use lower of "fuel load or “vol

Calculate Tg - _»9_._____ + (To + Q __) for O<teq
ruAtn AtK

8



. Step B/ Compare Tpax to Tep for steel

If Thax € Tep steel passes

If Thax > Tep calculate time to Tep using AT = 231 G (-f—fl) At

per Stanzak




L Qass Aws Ags Hos Ve tf

2 Calc. Q vent = 1580 Ag Ho]

3 Qvent > Q¢

yes

B4 Cal Tvol using Q vent

B5 Use lowest TJ

i

B6 Calc T vs t
okt< ¢

3 l

B7 Tmax<Tcr

yes

¥

0k

yes

TCI‘

B8 Calc unsteady state heat
transfer to fire time to

Figure 1

A Fuel controiled

A4 Calc Yyp) using Qg

A5 Use lowest

A6 Calc AT

e A T TC,.-'

T !

A8 Reevaluate methodology
and/or protect steel




RESPONSE OF STEEL

The evaluation of the steel is a two part problem. The first part is to
establish a lefcritical temperature) where the strength of the steel is
reduced to the point of failure. This can be determined from references in
the literature or can be calculated given the static loading using a pro-
cedure outlined by Stanzak/. The second part is to compare the fire ten-
perature with the Tep for the steel. In the case of the hot layer temper-
ature calculated for the fuel controlled fire, the accpetance criteria will
be Tg<Tcr' In the case of the ventilation controlled fire, the unsteady
state heat transfer calculation outlined by Stanzak’ will be used to

determine the steel temperature. This equation is as follows:

ATstee] = 231 ‘é (Tq - Ti) at

U
G is the surface area to mass ratio of the steel

where
Tg is the average fire temperature in time interval
T; is steel temperature at the start of interval

At is time interval in minutes

11
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Summary of Assumptions

NBS

The agplication of the NBS empirical method for hot layer gas temperalure

is based on the following assumptions:

1,

The correlation holds for upper layer gas temperatures up to
approxime*ely 600 °C (1100°F).

The wall thermal penetration time t is greater than the
characteristic fire growh time, t.. For the large concrete
barriers t, is caiculated to be 7 to 10 hours. This verifies the
semi-infinite solid heat transfer assumption.

Heat loss area for the boundries 1s taken to be the walls and

ceiling., Heat loss through the floor is considered negligible.

Ventilation Controlled Method

The application of the ventilation controlled fire method is based on the

following assumptions:

1.

3.

Convective or radiative heat lcsses through openings in the
enclosure are negligible.

Heat transfer through the boundries is calculated using the
semi-infinite solid assumption.

Heat loss through the floor is considered negligible.



General Assumptions for Input Data

1.

2,

The development of input data requires assumption regarding Lhe size
and duration of a fuel surface area controlled fire. The size of the
fire, Qag, s estimated by evaluating natural breaks in continuity of
combustibles. Where these natural breaks exist, a heat release rate .
involving the aumber and size of trays is calculated. The duration of
the fire is basea on the cable loading in the involved trays and the

mass burning rate as determined by test.

The heat of combustion of the hypalon jacketed cable is assumed to be
9950 Btu/ft. The literature values for the XLPE/C1.S.PE from the EPRI
small scale test (EPRI NP-1200) range from 6000 to 7500 Btu/ft.



Sumwary of Conservativisms

5,

No convective heat loss for ventilation controlled fires.

No radiation heat losses through openings,

No conductive heat losses through floor.

Cable heat release rates are based on large scale Lesls using
conservalive heat of combustion,

Fuel surface area controlled fires are taken as conservatively large

fires.



Special cases:

A special case exists in large open areas with iil defined ventilation
openings. For large open areas, the NBS empirical methodology has nol been
verified., In such cases the heat balance equations used for ventilation
controlled fires are applied by redefining the heat release rate, (Q, as a

fuel surface area limited fire,

Another special case exists where no natural break in combustibles exists
and ventilation openings are 111 defined. In this case the heat balance
equations used for ventilation controlled fires are applied as above with
the heat release rate, Q, established by a conservative initial fire, the
spread of that fire for the duration or burnout of the initial fire. For
example, assuming some spread of a cable fire down a group of trays, (i.e.
7-10 ft/hour based on tests and fire loss data), the fire will spread from
its initial size vo a steady state size reached when the initial fire burns
out. The time of the initial burnout is the weight of combustibles per
unit area of tray divided by the rate of combustion (i1.e. if the weight of
combustibies is 5 1b/ft2 of tray, and the rate of combustion is 0,1l ]b/aﬂuulftz
the initial burnout will occur at about 50 minutes). The steady state size

would be defined based on the cable tray configuration,

The above two special cases will apply to some of the open areas in the
Reactor Building., The sample calculation describes a iLypical example of

this approach,




Calculation
Numbers

13
14
15

16

17
18

CALQULATION SUMMARY

Area

Gas Temperature
(Acceptance Criteria
1477 F;

Radwaste Bldg. El. 88' Unit 2 RCIC Pump Roam

Radwaste Bldg. El. 91'6" Standby Gas Treatment Room

Radwaste Bldg. El. 91'6"-135' Unit 3 RHR Hea:. Exchanger and 917

Pump Roam

Unit 2 Reactor Bldg. El. 91'6" + 116' Torus Area

Unit 2 Reactor Bldg. El. 91'6" + 116' RHR Heat Exchanger

and Pump Room

Unit 2 Reactor Bldg. El 91'6" + 116' RHR Heat Exchanger

and Purmp Roam
Unit 2 Reactor Bldg. Ei. 116'

Unit 2 Reactor Bldg. El. 116’

Unit 2 Reactor Bldg. El. 135' North of Reactor Center Line

North Vacuum Breaker Area

South Vacuum Breaker Area

Radwaste Bldg. El. 135' Medical Station and Corridor

Radwaste Bldg. El. 150' Radwaste F&V Equipment Compartment

Unit 2 Reactor Bldg. El. 165'
Unit 3 Reactor Bldg. El. 165"
Unit 2 Reactor Bldg. El. 195'
Unit 2 Reactor Bldg. El. 195'

Unit 2 Reactor Bldg. El. 195'
Area + Fan Roam

MG et Vent Supply Fans
MG Set vent Supply Fans
West of Reactor Center Line

East of Reactor Center Line

+ 214' Ventilating Equip.

769
136

94
961

1077

715
723
705
930
246
No Cambustibles
No Camtustibles
145
366
625

Radwaste Bldg. El. 116' Unit 3 Cooling Water Equipment Roam 975

Radwaste Bldg. El. 135' Personnel Decontaminatin Station

600

Local Effects

No

&

&

&

&

&

§ 8 8 8§ &8 & §

N

(#]

&

8

Yes, see
calculation



Calculation
Numbers

19

20

24
25

26
27
28
29
30
31

CALCULATION SUMMARY

Gas Temperature
(Acceptance Criteria

Area 1477 F)

?adwastealdg. El. 135' Unit 2 Reactor Recirc Pump MG Set 1200

oam

Turbire Bldg. El. 135' Switchgear Room 1438

Unit 2 Reactor Bldg. El. 165' South of Colum Line 10 1027

Radwaste Bldg. El. 165' Remote Shutdown Panel Area 802

Turhine Bldg. El. 150' Cable Spreading koom 1099

Turbine Bldg. El. 116' Cammon Equipment Area 405

Turbine Bldg. El. 150" Computer Rocm 184

Pump Structure E1. 112' 994

Diesel Generator Bldg. El. 127' Diesel Generator Room 1433

Diesel Generator Bldg. El. 127' Fuel Transfer Roam 1404

Radwaste Bldg. El. 88' Unit 2 Reactor Sump Roam 1150

Radwaste Bldg. El. 88' HPCI Pump Room 1278

Turbine Bldg. El. 135 Battery Room 3550

Local Effects

Yes, see
Yes, see

Yes, see
calculation

No
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Radwaste Building E1. 88' RCIC Pump Roan (Room 7, Fire Zone 60)
(see Attachment A for the area under consideration.) Bounding walls of
the area are reinforced concrete with an average thickness of 2.5 ft,
Total surface area of boundary walls and ceiling is 4164 ft? (387 m?)
(see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

The combustible loading used for the calculations in the area consist of
399 1bs of cable insulation and 5 gallons of 0il the total surface area
of cable trays is 152 ft2 with an average cable combustible loading of
2.6 1bs/fte,

VENTILATION PARAMETERS

Two doors c2rve this area each measuring 3' x 7'. One docr is located
in the east wall and the other in the west wall. These two openings
allow a ventilation opening of 42 ftZ,

The total volume of air available in the room for combustion is 2289 m3,
The curve in figure 1 shows the duration of a fire at a given heat out-
put with the available air in the room. The curve indicates that there
is only enough air to burn all the cable insulation, but not enough to
consume all the cable and oil without additional ventilation.

CASES EXAMINED

The limiting factor which will determine the combustion of all materials
in the room is ventilation (see Figure 1). With two doors open the
maximum heat release rate fire in the room is 9008 kW. This size fire is
represented when all the cables in the room are burning simultaneously
(2687 kW) and an oil spill fire of 20 ft2 (6321 kW) is burning at the
same time. An oil fire of this size consumes 2.5 gpm of oil, At this
rate the 5 gallons of 0il would be consumed in 2 minutes, assuming an
adequate surface area of oil is exposed. After this time the fire would
be limited by the fuel surface area of the cable trays. The maximum heat

1

[-d




release fire would then be 2687 ki until all the cable was consumed.
This would take another 24 minutes. The overail fire duration would be
26 minutes (see Attachment B),

The second case considers the localized heating of steel members in the
centerline of the oil spill fire plume.

RESULTS

The case examined a 9008 kW fire (cable and o0il) for 2 minutes and then
continued with a 2687 kW fire for another 24 minutes until the remain-
ing cable was consumed. The results indicate that the maximum ceiling
gas temperature reached during the 26 minute duration of the fire is
769°F (see Attachment C). This temperature is not sufficient to fail
the structural steel in the area.

There are no cables located within 3 feet of any structural steel,
therefore, localized heating from a cable fire is not a factor.

The second case looked at localized heating of steel members when
located in the centerline of the oil fire plume., These calculations
show that at a ceiling height of 27 ft, using the oil fire described,
the plume centerline temperature would be 514°F, This temperature
indicates that the critical steel temperature will not be exceeded due
to localized heating.

A detailed analys’ of the steel will not be performed.

-3
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Unit 2 RCIC E1, 88'

CL‘Jb

Surface Area Calculation

Walls

North wall (27' x 31')

South wall (27" x 31')

East wall (27" x 30") - (3' x 7' door)
West wall (27' x 30') - (3' x 7' door)
Ceiling

(30" x 31') - (1' x 6" wall) - (2' x 6' wall)

Total Surface Area for Heat Transfer

ATTACHMENT A

837
837
789
789

3252

912

4164

ft2 (387 m)



Horizontal

Traa No.

LA2MA210
ZB2MA020
ZA2MA220
ZA2MA030

Vertical

Traa No.

Heat Release =

Length gft[
14

24
32
2
2

152 ft2
. te/m

Cable Traxs

Cable trays considered to be burning simultaneously:

Surface

Width (in Area gftzg
28 28
24 48
24 64
24 4
24 4
24 4
152

x 190 kW/mZ = 2687 kW

Fire Duration of Cables = 2.6 1b/ft2 s 0.1 1b

min ft

ATTACHMENT B

= 26 minutes
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Units 2, 3 West end of the Radwaste Building at the 91'6" elevation
(Room 33, Fire Zone 70) (see Attachment A for sketch of area). Bounding
walls of area are reinforced concrete with an average thickness of 3
ft. Total surface area of the bounding walls and ceiling 11,795 ft2,
(See Attachment A for a calculation of heat loss surface area.)

COMBUSTIBLE LOADING

The combustibles in this area consist of cable insulation and filter
material., The filter material has been neglected in this analysis
because it will not contribute to the heating of the room since it is
enclosed. The heat release of the cable insulation will be the largest
source of heating in the room.

The total surface area of cables in this area is 98 ft2 with an average
combustible loading of 1.51 1b/ft2. A listing of the cable trays under
consideration is included in Attachment B. There are no significant
comb:stible liquids in this area.

VENTILATION PARAMETERS

There are two openings considered in this study. They are both doors
with an opening size of ,' x 7' for a total ventilation area of 42 ft<,
One door 1s located at the far northeast corner. The other door leads
to a stairway through the east wall of the area.

The total volume of air available for combustion within the room is
1592 m3. The curve in figure 1 shows the fire duration (min) for a
given heat output (kW) given only the volume of air in the room for
combustion,

CASES EXAMINEC

With the light combustible loading in this area, the assumption that
all cables are burning simultaneously presents the worst case fire.
With all cables burning, a surface area of 98 ft2 would be involved.

1
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This corresponds to a heat output of approximately 1732 kW. The dura-

tion of such a fire will be

1.51 1bs/ft2 3 0.1 lb; = 15 minutes
min ft

Figure 1 shows that the volume of air in the area will not have an
effect on the fire duration since there is sufficient air in the room
only to support a 3000 kW fire for 15 minutes. The fire will be fuel
controlled,

RESULTS

With the worst case assumption that all the cable trays in the area are
burning simultaneously with ventilation openings of 42 ft2, the fire
was determined to be fuel controlled. The gas temperature at the
ceiling would be 136°F (see Attachment C) which is not sufficient to
fail the structural steel in the area.

There are no cables located within 3 feet of any structural steel,
therefore, localizea heating is not a factor., Tha critical steel
temperature will not be exceeded so a detailed analysis of the steel
will not be performed,
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Heat Output Juration for Available Air in Room
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A

Surface Area Calculation

Units 2 & 3 SGT Room E1. 91'6"

Walls

North wall area 1 (23.5'
South wail area 1 23.5'
East wall area 1 (23.5'
West wall area 1 {23.%'
North wall area 2 (23.5'
South wall area 2 (23.5°'
East wall area 2 (23.5"
West wall area 2 (23.5'
North wall area 3 (23.5'
South wall area 3 (23.5'
East wall area 3 (23.5'
West wall area 3

North wall area 4

South wall area 4

East wall area 4

West wall area 4

Ceilin

Area 1 (14' x 55') + (
Area 2 (14' x 55‘) +

Area 3 (30' x 12') +

Area 4 (6' x 65') + (2' x

117.5 ft2
117.5 fte
1175.0 ft2
1316.0 ft2
117.5 ft2
329.0 ft2
893.0 ft2
1128.0 ft2
684,0 ft?
282.0 ft2
188.0 ft?
282.0 ft?
141.0 ft2
141,0 ft2
- (3" x 7' door) 1506.5 ft2
; 987.0 ft2
. t

e O = =
- e e wm m NN

-
S Nt S StV St St ~——

“NO XS

PO O~ WHBWHHOUOOYU O
- et -

M X M X M o M M X K X X M X X

Ny - =N

(1' x 14*) + (1" x 5') 809.0 ft2

775.0 ft2

(10" x 1*) 380.0 ft2

¢ 426.0 ft2
.0 Tt

Total Surface Area for Heat Transfer 11,795 ft2
(1097 m)

ATTACHMENT A




Cable Trays
‘ Cable triys considered to be burning simultaneously:

Horizontal

Trag No. Lenath gft! Width gin)
16 24

ZA2PA40D

Vertical

T .
o >

Heat Release = 98 ftZ2  x 190 kW/m¢ = 1732.1 kW
R t¢/m

Combustible Loading = 148 1b cable = 1.51 1b/ft2

98 fte
FL (min) = 1.51 1b/ft2 5 .1 1b/ft? = 15 minutes
min
. ATTACHMENT B

Surface

Area gftzl

32

98 ft2
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l.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 3 Radwaste Building E1, 91'6" to 135' RHR Heat Exchanger and Pump
Room (Room 156, Fire Zone 12A) (see Attachment A for sketch of area
under consideration). Bounding walls of area are reinforced concrete
with an average thickness of 2.5 ft. Total surface area of bounding
walls and ceiling is 5330 ft2 (495 m2) (see Attachment A for calcula-
tion of areas).

COMBUSTIBLE LOADING

The combustible loading used for the calculations in the area consists
of 131 1bs of cable insulation material and 56 gallons of oil. The
total surface area of cable trays is 65 ftZ with an average cable
combustible loading of 2.0 1bs/ft2,

VENTILATION PARAMETERS

Two doors serve this area each measuring 3' x 7'. One door is located
in the east wall leading into the stairway. The other door is in the
north wall leading into the RHR corner room of Reactor Building Unit 3.
These two openings allow a ventilation opening of 42 ft2,

The total volume of air available in the room for combustion is

2666.5 m3, The curve in figure 1 shows the duration of a fire at a
given heat output with the available air in the room. The curve indi-
cates that there is not sufficient air in the room to consume all the
combustibl: material, therefore, the fire will be ventilation con-
trolled.

CASES EXAMINED

The limiting factor for a fire in this area is the ventilaton rate for
the room. This is controlled by the 42 ft2 of the ventilation openings
available in this area. This corresponds to a maximum fire with a 9008
kW heat release rate. The case that is examined here is a 9008 kW fire.
Assuming all the cables are burning simultaneously, the cable insula-

tion would contribute 1149 kW and the oil fire 7859 kW for a period of
20 minutes. An oil fire of this size represents 2.9 gpm of oil burning.

1
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At this rate 59.6 gallons of oil would have been consumed, however,

only 56 gailons of oil are available. To make this evaluation conserva-
tive we assume 59 gallons of oil are available and the fire duration
will be 20 minutes involving both cable and oil.

The second case to be examined is localized heating of the steel
members assuming the steel is in the centerline of the oil fire plume
during the above mentioned fire scenario.

RESULTS

The first case shows that the worst fire will reach a gas temperature
of 917°F in the 20 minute fire duration in which all the combustibles
are consumed, This temperature is not sufficient to fail the structural
steel in the area (see calculations in Attachment C).

There are no cables located within 3 fee. of any structural steel,
therefore, localized heating is not a factor. The critical steel
temperature will not be exceeded so a datailed analysis of the steel
will not be performed.

The second case looked at localized heating of steel members when
located in the centerline of en 9il fire plume. These calculations show
that at heights of 24,5 ft and 43,5 ft, where structural steel is
Tocated, the plume centerline temperatures are 704°F and 280°F respec-
tively. This represents a steady state pool fire of 7859 kW and 6 ft
diameter created by a spill of 3 gpm. These temperatures indicate that
the critical steel temperature will not be exceeded due to localized
heating,



Heat Output Duration for ..vailable Air in Room

b

Tiesei

i

. bb—

o
PAPas Seh ik TSR SR
e o

bt e L

.
‘
-

1
'

R

frimperi-

el L e S

Wt Seints

Les i S
SESSS TP
. -

Rl R T
WVHOa&OD NIDZLIO

BILINITUN
HIdVd HAVED NIDZLIIQO dW-OPE ‘ON

Fiqure 1

ouin



Il

A

Unit 3 Radwaste Building E1, 91'6"
RHR Exchanger and Pump Room Fire Zone 12A

Surface Area Calculation

Walls

North wall (37" x 42'6") - (3' x 7' door) 1551 ft2

East wall (18'3" x 42'6") - (3' x 7' door) 755 ft2

South wall (37' x 42'6") 1573 ft2

West wall (18'3" x 42'6" 775 ft2
4655 ft2

[Wall height =

135' £1,-91'6" E1, - (1' floor slab) = 42'6"]

Ceiling

Area 1 (18'3" x 37') 675 ft2

Total Surface Area for Heat Transfer 5330 ft2 (495 m?)

ATTACHMENT A
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Cable Trays

Cable trays considered to be burning simultaneously:

Horizontal

Tray No. Length (ft! Width gint
ZA3GCO2 1 12
10

ZA3GCO3

12
Vertical

Tray No.
Zii%vﬁi 20 24

Total Surface Area for Heat Release

65 ft2 x 190 kW/m~ = 1149 kW
10.75 fte/mé

Fire Duration of Cabling = 2.0 1b/ft2 + 0.1}
min

. ATTACHMENT B

b = 20 minutes
4

Surface

Arealéftzi

10

40
65 ft”
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1.

2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building E1. 91'6" & 116' Torus Area (see Attachment A
for sketch of area under construction). Bounding walls of area are
reinforced concrete with an average thickness of 3.5 ft. Total surface
area of bounding walls are ceiling is 43,306 ft2 (4024 m?) (see Atiach-
ment A for calculation of areas).

COMCUSTIBLE LOADING

Combustible loading in this area consists of the cable trays listed in
Attachment 8. The total surface area of cable trays is 111 ftZ with an
average combustible loading of 2 Ibs/ft2, There are no combustible
liquids in this area.

VENTILATION PARAMETERS

There are four doors each measuring 3' wide by 7' high entering the
torus area. One door entering from each of the corner rooms. A possible
limiting factor from the fire duration will be the total volume of air
in the Reactor Building available for combustion which is 1 x 10° m3.
The curve on the following page shows the duration of a fire at a given
heat output.

CASES EXAMINED

With the light combustible loading in this area the assumption that all
cable trays are burning simultaneously would present the worst case.
With all cable trays burning a surface area of 111 ftZ would be
involved. This corresponds to a heat output of 1960 kW. With all
cables in the area assumed to be burning simultaneously, the duration
of the fire would be 3 1b/ftZ & .1 1bs = 20 minutes.

min ft2

From the graph on the following page, the volume of air in the Reactor
Building will not have an effect on the fire duration.

H-a
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The worst case examined is with all cables in the area burning simul-

tanecusly with one door open.

be 94°F (sev: Attachment C).
the area.

The gas temperature at the ceiling would
This will not fail the structural steel in

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel,
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Unit 2 Reactor Building Elevation 92'6" & 116'

Torus Area

Surface Area Calculation

Walls
Quter

North wall
East wall
South wall
West wall

Inner

North
East
South
West

Ceiling (151' x 148') - 4[1/2(45' x 45')] -9 (36)2

64"
61’
(64"
(61"

(15'
(15
(15"
(13

>x + XN +

- + 4+ +

58.5' + 64')40"
40')
58.5' + 64')40"
40')

14" + 15' + 13"
14* + 15')40"
14' + 16* + 13'
15' + 14')40"

Total Surface Area for Heat Transfer

+ 16')40"
+ 15')40"

ATTACHMENT A

7460 ft2
2440 ft2
7460 ft2
2440 ft2

2920 ft?
1760 ft2
2920 ft2
1680 ft2
. t

14,226 ft?
43,306 ft2 (4023 m2)
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Cable Trays

The following cable trays are located in the area and are assumed to be
burning simultaneously:

Surface

Tray No. Length (ft) Width (in Area (ft2
IﬁféﬁffTo 19 12 - 19
2B2MH-220 23 12 23
282MH-230 15 12 15
2B2MH-240 23 12 33
282MH-250 21 12 21

; 1171 ft2

Calcu’ation of heat release:

111 ft2  x 190 kw = 1960 kw

10.76 fte/mé me

ATTACHMENT B
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION
Unit 2 Reactor Building E1. 91'6" & 116' RHR and Heat Exchanger and
Pump Room (Rooms 2 & 101) (see Attachment A for sketch of area under

consideration). Bounding walls of area are reinforced concrete with an
average thickness of 3 ft., Total surface area of bounding walls and
ceiling is 5066 ft2 (470 m?) (see Attachment A for calculation of
areas).

COMBUSTIBLE LOADING
Combustible loading in the area consists of the cable trays having a

surface area of 79 ft2 with an average combustible loading of 2
1bs/ft2,

A quantity of 28 gallons of combustible lubricating oil is contained in
the RHR pump. An additional 28 gallons of lube o0il is assumed to be in
the area to account for possible maintenance activities.

VENTILATION PARAMETERS

There are two doors which enter this both measuring 3' wide by 7' high.
One door enters on the 91'6" elevation, the other enters from the 116'
elevation, A possible limiting factor for the fire duration will be the
total volume of air in the Reactor Building available for combustion
which is 1 x 105 m3, The curve on the following page shows the duration
of a fire at a given heat output,

CASES EXAMINED

The limiting factor for a fire in this area is the ventilation rate for
the room. With both 3' wide by 7' high doors entering the area con-
sidered to be open, the maximum heal output that can occur is given by
the equation Qv = 1580 Ao J'§;~where:

Ao = total opening area of 42 f1 2 = 3,90m8
. t/m and

Ho = height of opening 7 ft x .3048 m/ft = 2,13m

5-a
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giving a maximum heat output, Qv, of
Qv = 1580 x 3.90 J2.13
Qv = 9008 kW

Assuming that all cable trays in the area are burning simultaneously,
the resulting heat output is 1400 kW, This leaves 9008 kW - 1400 kW =
7608 kW for the heat output of the lube oil fire, This heat output
corresponds to a lube oil burn rate of 2.9 gallons per minute, The
duration of the oil fire at this consumption rate will be 20 minutes,
totally consuming the 56 gallons of lube o0il present. The duration of

the cable tray fire would be 2 I1bs/ftZ + .1 1bs = 20 minutes.
min ft

From the graph above, the total volume of air in the Reactor Building
will not affect the fire duration.

§-3



5.

RESULTS
The case described above with a constant heat output of 9008 kW for a

duration of 20 minutes with two open doors results in a gas temperature
of 961°F (see Attachment B) which is below the critical temperature for
the structural steel,

The ventilation controlled burning rate of 9008 kW is equivalent to
the heat output from a pool fire with an area of 27.9 ft2 (pool
diameter of approximately 6 ft).

In order to assess the effect of the plume of heated gases above the
pool fire on the structural steel located on the 116' elevation direct-
ly above the fire Heskested's (1) relations will be used:
Virtual point source determination:

Zo = -1.020 + .083 Q% = 1.3m

Plume temperature at bottom of steel on 116' elevation:
ATo = 9.1 (Tp/ (QCDZ fpz))‘333QC .667(1_20)"1.67
A To = 466°K temperature rise
T = 907°F temperature of fire plume

This temperature is below the critical temperature for the structural
steel.

For the structura. steel on the 135' elevation:
4 To 148°K temperature rise
T :?33S°F temperature of fire plume

This temprature is below the critical temperature for the structural
steel.

It can be concluded that there is no problem due to localized heating
of the structural steel as a result of the maximum pool fire that can
be supported by the available air flow into ithe room,

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel.
3
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RHR Heat Exchanger & Pump Room

Surface Area Calculation

Walls

North wall
East wall
South wall
West wall

Ceiling (37°

(37
(18
(37°
(18*

x 18')

Total Surface Area for Heat Transfer

ATTACHMENT A

1480
720
1480
720

4400

666
5066
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building E1. 91'6" & 116" RHR and Heat Exchanger and
Pump Room (Rooms 4 & 103) (see Attachment A for sketch of area under
consideration). Bounding walls of area are reinforced concrete with an
average thickness of 3.5 ft, Tota) surface area of bounding walls and
ceiling is 5489 ft2 (510 m?) (see Attachment A for calculation of
areas).

COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable trays in Attach-
ment B. The total surface area of cable trays is 92 ftZ with an average
combustible loading of 3.0 lbs/ft2, A quantity of 28 gallons of com-
bustible lubricating oil is contained in the RHR pump. An additional
28 gallons of lube oil is assumed to be in the area to account for
possible maintenance activities.

VENTILATION PARAMETERS

Two doors serve this area each measuring 3' wide by 7' high., One door
enters from the north west corner of the torus area, the other enters
from the Radwaste Building. A possible limiting factor for the fire
duration will be the total volume of air in the Reactor Building avail-
able for combustion which is i x 105 m3, The curve on the following
page shows the duration of a fire at a given heat output.

CASES EXAMINED

The limiting factor for a fire in this area is the ventilation rate for
the room. With both 3' wide by 7' high doors entering the area con-
sidered to be open, the maximum heat output that can occur is given by
the equation Qv = 1580 Ao ¢ Ho where:

Ao = total opening area of 42 ft2 = 3,90m?
. t?mz and

Ho = height of opening 7 ft x .3048 m/ft = 2.13m
given a maximum heat output, Qv, of
Qv = 1580 x 3.90 (2.13
Qv = 9008 kW
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Assuming that all cable trays in the area are burning simultaneously,
the resulting heat output is 1625 kW. This leaves 9008 kW - 1625 kW =
7283 kW for the heat output of the lube oi)l fire. This heat output
corresponds to a lube oil burn rate of 2.8 gallons per minute. The
duration of the oil fire at this consumption rate will be 20 minutes,
totally consuming the 56 gallons of lube oil present. The duration of

the cable tray fire would be 3 1bs/ftZ & ,1 1bs = 30 minutes.
min ft

At the twenty minutes point, the fire would decrease to 1625 kd in heat
output. To make this evaluation conservative, the heat output of 9008
kW was used throughout the 30 minute fire duration, From the graph
above, the total volume of air in the Reactor Building wili not have an
effect on the fire duration,
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RESULTS

The case described above with a constant heat output of 9008 kW for a
duration of 20 minutes with two open doors results in a gas temperature
of 1077°F (see Attachment C) which is below the critical temperature
for the structural steel,

The ventilation controlled burning rate of 9008 kW is equivalent to
the heat output from a pool fire with an area of 27.9 ft2 (poo! dia-
meter of aprroximately 6 ft). In order to assess the effect of the
plume of heated gases at.,ve the pool fire on the structural steel
located on the 116' elevation directly above the fire, Heskested's (1)
relations will he used:
Virtual point source determination:

Zo= -1,020 + .083 Q% = 1.3m

Plume temperature at bottom of steel on 116' elevation:
ATo = 9.1 (Lo / (9Cp? £o?))+333qc+667(2-20)"1.67
A To = 466°K temperature rise
T = 907°F temperatur2 of fire plume

This temperature is below the critical temperature for the structural
steel.

For the structural steel on the 135' elevation:
A To 148°K temperature rise
T = 335°F te.perature of fire plume

This temperature is below the critical temperature for the structural
steel,

It can be concluded that there is no problem due to localized heating
of the structural steel as a result of the maximum pool fire that can
be supported by the available air flow into the room.,

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel,

3



Surface Area Calculation

Walls

North wali
East wall
South wall
West wall

Ceiling

Area 1
Area 2

Total Surface Area for Heat Transfer

Unit 2 Reactor Building

RHR Heat Exchanger & Pumn Room 4 & Room 103

> > x X
o b b
[ v |
e e S S

26') s 2]

~N
~—

ATTACHMENT A

1080
560
1520

1600

4760

351
378

729

5489



Cable Trays

The following cable trays are located in the area and are assumed to be

burning simultaneously:

Room 4
Surfa:e2
Tray No. Length (ft Width (in Area (ft
-2KA050 ?5 12 lé
18-2KA040 36 12 36
1B-2KV020 12 24 24
75 ft2
Room 103
18-2KG040 17 12 17
92 ft2

Heat release rate calculated as follows:

92 ft2  x 190 kw = 1625 kW

‘I. 10.76 fte/me me

. ATTACHMENT B
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building E1. 118' North Vacuum Breaker Roon (see Attach-
ment A for sketch of area under corstruction).

Bounding walls are of reinforced contrete with an average thickness of
3 ft.

Total surface area of bounding walls and ceiling is 2513 f+2 (261 m2)
(see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

Combus*ible loading in this area consists of the cable trays listed in
Attachment B. The total surface area of cable trays is 108 ft2 with an
averige combustible loading of 3 lb/ftz. There are no combustible
liquids in this area.

VENTILATION PARAMZ TERS

There are two 1oors leading into this area. Both doors measure 3' wide
by 7' hich with one door entering from the Turbine Building and the
other entering from the stairwell. A possible limiting factor for the
fire duration will be the total volume of air in the Reactor Building
available for comuustion which is 1 x 10° m3. The curve on the
following page shows the duration of a fire at a given heat output.

CASES EXPMINED

With the light combustible l1oading in Lhis area, the assumption that
all cables are burning simultaneously would present the worst case.
With all cable trays burning a surface area of 108 ft2 would be in-
volved. This corresponds to a heat output of approximately 1910 kW.
With all cables assuimed to be burning simultaneously the duration of
the fire would be

3 1b/ft2 3+ .1 1b = 30 minutes.
min ft

From the chart above, the volume of air ia the Reactor Building will
not have an effect on the fire duration.

1
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RESULTS

The worst case examined is with all cable trays in the area burning
simultaneously with one door apen measuring 3' wide by 7' high. The
National Bureau of Standards method was used for this area because of
the relataively small room size. The gas temperature at the ceiling
would be 715°F (see Attachment C).

This temperature is not high enough to fail the structural steel in the
area. There are no horizontal cable trays within three feet of the
ceiling structural steel members. Localized heating of the structural
steel to its rritical temperature will not occur so a detailed analysis
of the steel will nut be performed.

3



Unit 2 Reactor Building Elevation 116'

Vacuum Breaker Area (North)

Surface Area Calculation

Walls

North wall (21' x 18')

East wall (22' x 18')

SW wall (53' x 18')

Stairwell (17* x 18') + (18' x 18')

Ceiling [(39' x 39') + 2] - (17* x 18')

Total Surface Area for Heat Transfer

ATTACHMENT A

378
396
954
630
2358
455

2813

ftl
ft2
ft2
ft2

ft2

ft2

9.4



Cable Trays

‘ The following cable trays are present in the area defined for the source
fire and all of the trays are assumed to be burning simultaneously.

Surface
Tray No. Length (ft Width (in Area (ft?
“7K7§V?ﬂ$ ‘“'%6 24 ‘““i%“‘l
ZA2MF 100 16 12 16
2C2MH300 12 12 12
7C2MH310 16 12 16
1C2MV220 16 24 32
108 ft?2

Heat release rate calculated as follows:

108 ft2  x 190 kW/mC = 1910 kW
10.76 ft</m

ATTACHMENT B

7-5
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIFTION

Unit 2 Reactor Building E1. 116' Soutk Vacuum Breaker Room (see Attach-
ment A for sketch of area under construction).

Bounding walls of area are reinforced concrete with an average thick-
ness of 3 ft,

Total surface area of bounding walls and ceiling is 2975 ft2 (276 m?)
(see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

Combustible loading in this ‘rea consists of the cable trays listed in
Attachment B. The total surfa.= area of cable trays is 109 ft2 with an
average combustible loading of 3.° 1b/ft2. There are no combustible
liquids in this area.

VENTILATION PARAMETERS

There is one door which measures 3' wide by 7' high leading into this
area and is located at the stairwell, A possible limiting factor for
the fire duration will be the total volume of air in the Reactor Build-
ing available for combustion, which is 1 x 109 m3. The curve on the
following page shows the duration of a fire at a given heat output.

CASES EXAMINED

With the light combustibie loading in this area, the assumption that
all cables are burning simultaneously would present the worst case.

With all cable trays burning a surface area of 109 ft2 would be in-

volved., This corresponds to a heat output of approximately 1925 kW.
With all cables assumed to be burning simultaneously the duration of
the fire will be

3.5 1b/ft2 &+ .1 1b_ = 35 minutes.
min ft

From the chart on the following page, the volume of air in the Reactor
Building will not have an effect on the fire duration.

1
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5. RESULTS
The worst case examined is with all cable trays in the area burning
simultaneously with a ventilation opening measuring 3 ft wide by 7 ft
high. The National Bureau of Standards methou was used for this area
because of the relataively small room size. The gas temperature at the
ceiling would be 723°F (see Attachment C).

This temperature is not high enough to fail the structural steel in the
area. There are no cable trays within six feet of tne ceiling struc-
tural steel members. Localized heating of the structural steel to its
critical temperature will not occur so a detailad analysis of the steel
will not be performed.



Unit 2 Reactor Building Elevation 116’

Vacuum Breaker Area (South)

Surface Area Calculation

Walls

East wall (21' x 18')

South wall (31' x 18')

NW wall (53" x 18')

Stairwell (18" x 18') + (8' x 18')

Ceiling [(39' x 39') + 2] - (8' x 18')

Total Surface Area for Heat Trar-ler

ATTACHMENT A

378
558
954
2358
617

2975

ft2
ftl
ft2
ft2

468

¥-1



The following cable trays are located in the area under consideration and

Cable Trays

are assumed to be burning simultaneously.

Tray No.
ZB2MH190
782MH200
1B2Mv180
ZB2MV210
ZD2MFO010
Z02MF020
ZD2MV200

Length (ft) Width

10
5
8

10

18
6
9

Heat release rate calculated as follows:

109 f§2 x 190 kW/m2 = 1925 kW
- t m

ATTACHMENT B

Surface
Area (ft?2)
20
5
16
20
18
12
18

109 ft2
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION
Unit 2 Reactor Building E1, 135', area north of Reactor Center Line
column lines 13 to 18 (see Attachment A for sketch of area under con-

sidaration).

Bounding walls of area are reinforced concrete with an average thick-
ness of 3 ft.

Total surface area of bounding walls and ceiling is 18,437 ft?2 (1713
mz) (see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

The heaviest concentration of cabling in this area is located in the
far northwest corner, Total surface area of cable tray to be considered
involved in a fire is 309 ftZ with an average combustible loading of
the cable trays being 4 1bs/ftZ (see Attachment B for calculation of
cable tray area). There are no combustible liquids in the area.

VENTILATION PARAMETERS

Two ventilation openings serve this area. The corridor on the west side
of the Reactor is 5' wide x 29' high. The east side corridor opening
measures 10' wide x 10' high. The total volume of air in the Reactor
Building available for combustion is 1 x 10% m3. The curve on the
foilowing page shows the duration of a fire at a given heat output.

CASES EXAMINED

A spreading cable fire was assumed in the area of heaviest cable con-
centration which is in the northwest corner. The fire is assumed to
start at a point source and spread horizontally in each direction at a
rate of 10 feet per hour. A constant burning rate is assumed throughout
the duration of the fire. The fire is assumed to extend down the tray
stacks along the north and west walls a distance of 10 feet before the
original source of the fire dies out. An area of 309 ft2 of cable trays
(see Attachment B for a list of cable trays initially burning) will
have a heat output of approximately 5500 kW, which is used throughout

1
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the fire duration. The actual! heat output as the fire spreads out of
the area originally involved would be less because the concentrations
of cabling that would become invoived at any one time would be less.
From the chart above, the volume of air in the Reactor Building would
support combustion for approximately 9 hours.

RESULTS

For the above case with two openings having a total area of 245 ft2 and
a constant heat output of 5500 kW, the fire duration was assumed to
last 6 hours with no action taken by plant personnel to extinguish the
fire. The gas temperature at three hours was 519°F and 705°F at six
hours (see Attachment C). These temperatures do not exceed the critical
temperature of the steel framing members.

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel.

2
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Unit 2 Reactor Building 135' Elevation

Surface Area Calculation

Walls

West wall

North wall

East wall

Area around vessel

Outside Area of Rm 204 (west)
Outside Area of Rm 204 (north)
Outside Area of Rm 204 (east)
Outside Area of Rm 207 (NW)
Outside Area of Rm 207 (NE)
Outside Area of Rm 207 (east)
Outside Area of Rm 208 (north)
Outside Area of Rm 208 (east)

(76" x 29')
(118" x 29')
(76" x 29')

(7' + 16" +
(19' x 29')
(45' x 29')
(17" x 29')
(15' x 29')
(20' x 29')
(9' x 29')

(19' x 29')
(26' x 29')

ATTACHMENT A

19')29'

2204
3422
2204
1218
551
1305
493
435
580
261
551
754

13,978

ftl
ftl
ft2
ft2
ft2
ftl
ft2

ft2
ft2
ft2
ft2

ft2

9.4



Ceiling

f12
ft2
ft?
ftl
ft2
ft
ft2
ft2
ftl
ftg
ft

ft2

ft2

Area 1 26' x 4.5' 117
Area 2 1/2(10' x 18') 90
Area 3 1/2(6' x 7') 21
Area 4 1" x 71 84
Area 5 50' x 17° 850
Area 6 22' x 45' 990
Area 7 3 x 3 114
Area 8 1/2(11" x 12') 66
Area 9 1/2(6' x 9') 27
Area 10 23.5' » 9@ 212
Area 11 1/2(15' x 15') 113
Area 12 29.5"' » 15° 443

4459
Total Surface Area for Heat Transfer 18,437

ATTACHMENT A

ft2 (1713 m?)
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Tray No.

2KN-024
2KN-026
2KL-024
2KL-026
2KW-024
2KW-026
18-2KM-024
1B-2KM-026
2KP-026
2KV-064
2KN-030
2KN-035
2KL-030
2KL-035
2KW-030
2KN-035
18-2KM-030
1B-2KM-035
2KP-030
Z2KP-035
2KV-292
2KV-062
2KV-260
2KV-110

309 ft2/10.76 ft2/m? x 190 kW/m = 5456 kW

Cable Trays

L Al e e

— —
ONONONO &S0

— —
N O~NNO N

[

Width (in)
24

24
24
24
24
24
i
24
24
18
24
24
<4
24
24
24
24
24

ATTACHMENT B

The following cable trays are present in the area defined for the source
fire and all of the trays are assumed to burn simultaneously.

Surface

Area !ftz)
8

16
8
16

12

For a fuel surface area controlled fire involving all of these cable trays,
the heat release rate can be calculated as follows:



CASE NUMEBER:
SLLDING
=9

i
sl ’
Py

L VE It
‘l e DPESUK LY

IS FUEL CONTROLLED

PURATION

(Min)

10
el
30
414
o0
&0
70

ATTACHMENT C 9-7



P IJ C Professional Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION

CO¥MON AREA
Radwaste Building E1, 135'

Medical Station and Corridor

September 9, 1983

P. O. Box 446 e Qak Ridge, Tennessee 37830 o (615) 482-3541

o -1




R e

PEACH BOTTOM ATOMIC GEMERATING STATION

AREA DESCRIPTION

Medical Station (Room 237) and adjacent Corridor (Room 240) on the 135
elevation of the Radwaste Building. See Attachment A for a sketch of
the area under consideration. Bounding walls of the area are reinforced
concrete construction with an average thickness of 1 ft. Total surface
area of the bounding walls and ceiling is 1237 ft2 (see Attachment A
for a calculation of heat loss surface area).

COMBUSTIBLE LOADING

Fixed combustible loading in this area consists of horizontal and ver-
tical cable trays located in the enclosec space above the ceiling.
Total surface area of the cable trays is 96 ft2 with an average con-
bustible loading in the trays being 5.2 1bs/ft2 of tray surface area.
A1l other cabling in this area is routed in conduit and is not included
in the combustible loading.

VENTILATION PARAMETERS

This area is served by two personnel doors, each being 3 ft wide by 7
ft high.

CASES EXAMINED

The assumption was made that all of the cabling in this area was burn-
ing simultaneously in order to present the worst case. Total surface
of the trays is 96 ft2 which corresponds to a heat output of approxi-
mately 1700 kW. With all cables burning at once the duration of the

fire will be 5.2 1bs/ftZ 3+ 0.1 1b = 52 minutes.
mn ftz

RESULTS

The only case examined was with cables burning simultaneously with one

door open, Since the fire was fuel controlled under this set of circum-
stances there is no need to examine the case with the second door open.
The peak fire temperature reached was 930°F which is below the critical
temperature of the structural steel (see Attachment B for results)., The
cable trays were located far enough below the steel members to prevent

localized heating effects.

-



RMS # 237 8 Z40

96

Medical Station Corridor

Surface Area Calculation

Walls
North wall (19* x 14') 266 ft2
South wall (19' x 14') 266 ft2
East wall (15' x 14') 210 ft2
West wall (15' x 14') 210 ft?
952 ft2
Ceiling (19' x 15') 285 ft?
Total Surface Area for Heat Transfer 1237 ft2

ATTACHMENT A
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E NO.: 1

LDING: RADWASTE BUILDING
ELEVATION AND AREA DESCRIPTION: MEDICAL STN. & CORRIDOR, 135 ELEV.
CASE DESCRIPTION: ONE DOOR OPEN, ALL CABLES BURNING

***********#*************************-"C’O'*’f‘-****4:'0:’02*****’01***»'-’0‘-**&**‘4-10!****’0:41********

CEILING/WALL THICKNESS CEILING/WALL MATERIAL AD HO Fln @
(FT.) S@. FT. FT. S@. FT. KW
o o o o o o o o o o o o o oo oo o oo oo e o o S o oo o o o o oo o e o e s e s o o b oo oo o s s oo o
1 CONCRETE 21 7 1237 1700

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
52 930. 231

ATTACHMENT B
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September 9, 1983
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION
Radwaste Building H & V Equipment Compartment on the 150' elevation.
See Attachment A for a sketch of the area unger consideration. Bounding

walls of the area are reinforced concrete construction with an average

thickness of 2 ft. Total surface area of the bounding walls and ceiling
is 13,886 ft2 (see Attachment A for a calculation of heat loss surface

area).

COMBUSTIBLE LCADING

Fixed combustible loading in this area consists of horizontal and ver-
tical cable trays. Total surface area of the cable trays is 194 ft2
with an average combustible loading in the trays being 3.3 1bs/ftZ of
tray surface area. All other cabiing in this area is routed in conduit
and is not included in the combustible loading.

VENTILATION PARAMETERS

There is a 8'3" wide by 12' high opening in to the room located at the
south end of the west wall,

CASES EXAMINED

With the light combustible loading in this area, the assumption that
all cables were burning simultaneously would present the worst case.
Total surface area of the cable trays is 194 ft2 which corresponds to a
heat output of 3425 kY. With all cables burning at once the duration
of the fire will be

3.3 1bs/ft2 4 U.1 1b = 33 minutes.
min ft

RESULTS

Since there is only one opening into this area the ventilation rate is
fixed, however, with all cables burning simultaneously the fire is
still fuel surfa.c controlled. As can be seen fror the results (see
Attachment B) the room temperature is well below the critical tempera-
ture of the structural steel. The cable trays were located far enough
below structural steel members to pravent localized heating effects.

1
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@ Radwaste H & V Equipment Compartment @9

Surface Area Calculation

Walls
North wall (38" x 14') 4732 ft2
South wall (38' x 14') 4732 ft2
East wall (67' x 14') 938 ft2
West wall (67' x 14') 938 ft2
11,340 ft2
Ceiling (67' x 38') 2546 ft2
Total Surface Area for Heat Transfer 13,886 ft2

ATTACHMENT A
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CASE NO.: 1

LDING: RADWASTE BUILDING

VATION AND RAREA DESCRIPTION: RADWASTE H&V EOMT. CMPT.. 15@" ELEV.
CASE DESCRIPTION: ALL CABLES BURNING

S e e o o o o o b o o o o o ot o o o e S o o o b oo o o o o b o o o o b o e oo b b e o b oo o o o e o o o e o o o o o o o e

CEILING/WALL THICKNESS CEILING/WALL MATERIAL A0 HD AW ]
(FT.) S@. FT. FT. Sil. FT. KW
e e o e o o b o b o o e o o o o o o b o o o o o o o o o o o b o o S o b o o A A S o o oo o b o o e o o o o o o o o o e
2 CONCRETE 98 12 13886 S425

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
10 159. 416
20 195. 462
30 223,134
40 246. 4ES
P ATTACHMENT B
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PEACH BOTTOM ATOMIC GENERATIHG STATION

AREA DESCRIPTION
Radwaste Building E1, 165' MG Set Vent Supply Fans Unit 2 (see Attach-
ment A for sketch of area under consideration). Bounding walls of area

are reinforced concrete with an average thickness of 2.5 ft. Total sur-
face area of bounding walis and ceiling is 8164 ftZ (758 m2) (see
Attachment A for calculation of areas).

COMBUSTIBLE LOADING

A'1 cabling in this area is routed in conduit, there are no cable
trays. There are no siynificant quantities of combustible liquids in
this area,

VENTILATION PARAMCTERS
There is one 3' wide by 7' high door serving this area. Along the west

wall are louvers measuring approximately 20' square.

CASES EXAMINED

— e ——

With no exposed combustible cabling and no combustible liquids in the

area, there is no fuel in the area to support a fire,

RESULTS
The structurc! steel in this area will not fail due to a fire as there

is no fuel in the area to support a (ire,

-1
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Radwaste Building E1. 165'

MG Set Vent Supply Fans Unit #2

Surface Area Calculation

Walls

North wall (73" x 29')
East wall (30° x 29')
Seuth wall (73" x 29')
West wall (30" x 29')

Ceiling (73" x 30')

Total Surface Area for Heat Transfer

ATTACHMENT A

2117
870
2117
870

5974

8164

ft
ft2
ft2
ft2

ft2

12

_2190 £t2

ftl

jla-3
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Unit 3
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MG Set Vent Supply Fans

September 9, 1983
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Radwaste Building E1. 165' MG Sat Vent Supply Fans Unit 3 (see Attach-
ment A for sketch of area under consideration). Bounding walls of area
are reinforced concrete with an .-erage thickness of 2.5 ft., Total sur-
face area of bounding walls asd ceiling is 8164 ft? (758 m2) (see
Attachment A for calculation of areas).

COMBUSTIBLE LOADING

All cabling in this area is routed in conduit, there are no cable
trays. There are no significant quantities of combustible liquids in
this area.

VENTILATION PARAMETERS

There is one 3' wide by 7' high door serving this area. Along the west
wall are louvers measuring approximately 20' square.

CASES EXAMINED

With no exposed combustible cabling and no combustible liquids in the
area, there is no fuel in the area to support a fire.

RESULTS

The structural steel in this area will not fail due to a fire as there

is no fuel in the area to support a fire.
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Radwaste Building E1. 165"

MG Set Vent Supply Fans Unit #3

Surface Area Calculation

Walls

North wall (73' x 29')
East wall (30" x 29')
South wall (73" x 29')
West wall (30" x 29')

Ceiling (73" x 30')

Total Surface Area for Heat Transfer

ATTACHMENT A

2117 ft2
870 ft2
2117 ft2

870 ft2

5974 ft2

2190 ft2

8164 ft2

3-3
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1.

2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building £1. 195", area west of r2actor centerline from
column lines B8 to 18 (see Attachment A for skeich of area under consid-
eratica).

Bounding walls of area are reinforced concrete with an average
thickness 2.5 ft.

Total surface area of bounding walls and ceiling is 17,010 ftl (1581
me) (see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

Combustible loading in this area coasists of a single horizontal cable
tray located along the west wall and a vertical tray leading to the
floor below. Total surface area of cable trays is 100 ftZ with an
average combustible loading of the cable trays being 4 lbs/ftz. All
other cabling in area is routed in conduit and is not included in the
combustible loading. There are no combustible liquids in this area.

VENTILATION PARAMETERS

A 27 ft wide by 10 ft high opening into the area under consideration
serves as the ventilation paramater. The other limiting factor will be
the total volume of air‘in the Reactor Building available for combus-
tion which is 1 x 10° m3. The curve on the following page shows the
duration of a fire at a given heat output.

CASES EXAMINED
With the light combustible loading in this area the assumption that all

cables are burning simultaneously would present the worst case. With
all cables burning a surface area of 100 ft2 would be involved. This
corresponds to a heat output of approximately 1770 kW. With all cables

H-T



Y81 bl s B
B Rl Rt T i
ik gl S e IR e
: ’__L. l l 1
o — ? ; L
e
B enn
- : 2 BTl gLz st h e
: e e — HRV S A e SR
e R AR i
1 6] 14 e AT o e A0 L S0 CHB o s CECE Ml FA L2 (LN i MR LAV 8 '
010 60 90 20 150 JSO 210 240 270 300 330 360
y (™

RESULTS

33 | t ) |
: L }
H - . ; ! : i
{.._1_ SR O I S SIS it e |
' £ i i
: P : i

assumed to be burning simultaneously the duration of the fire will be

4 1bs/ft2 & 0.1 1b_ = 40 minutes.
min ft

From the chart above the volume of air in the Reactor Building will not
have an effect on the fire duration.

The worst case examined is with all cable trays in the area burning
simultaneously with a ventilation opening measuring 27 ft wide by 10ft
high. The gas temperature at the ceiling would be 145°F (see Attachment
B) which will not fail the structural steel in the area. The cable
trays in this area were positioned such that they did not present a
localized heating exposure to structural steel,
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Surface Area Calculation
Walls
West wall (134" x 38') 5092 ft2
South wall (35 x 38') 1330 ft2
North wall (18 x 38') 684 ft2
East wall (140" x 38') + (24' x 10') 5560 ft
Stairwell (19 x 38') + (8' x 38) 1026 f£2

13,692 ft2
Ceiling
Area 1 [36' x 52' - (19' x 8")] 1720 ft?2
Area 2 1/2 (11' x 18') 99 ft2
Area 3 (101' x 18') - 11' x 29" 1499 ft?

3318 ft2
Total Surface Area for Heat Transfer 17,010 ft (1581 mz)
‘ ATTACHMENT A
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION
Unit 2 Reactor Building E1. 195', area east of reactu centerlire
excluding Reactor Building Ventilating Equipment Area (Rooms 506, 510,
and ©11) (see Attachment A for sketch of *rea).

Bounding walls of area are reinforced concrete with an average
thickness 2.5 ft.

Total surface area of bounding walls and ceiling is 18,741 7t2 (see
Attachment A for calculation of areas).

2. COMBUSTIBLE LOADING
The area of heaviest cable concentration is located in the corridor

which separates the Reactor containment wall and the Ventilation Equip-

. ment Area. The total surface area of cables in this area is 44] ft2
with an average combustible loading of the cable trays being 4 lb/ftz.
A listing of the cable trays under consideration is included in Attach-
ment B, There are no combustib'e liquids in this area.

3. VENTILATION PARAMETERS
The opening at the south end of the corridor separating the ventilating

equipment and containment wall will serve as the ventilation opening
for a fire in this area. The opening measures 9 ft wide by 38 ft high.
A possible limiting factor will be the total volume of air in the
Reactor Building available for combustion which is 1 x 105 m3. The
curve below shows the duration of a fire at a given heat output.

4. CASES EXAMINED
With the light combustible loading in this area the assumption that all
cables are burning simultaneously wculd present the worst case. With

all cables burning a surface area of 441 ftZ would be involved. This
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corresponds to a heat output of approximately 7787 kw.' With all cables
assumed to be burning simultaneously the duration of the fire will be

4 1bs/ftZ 4 0.1 1b_ = 40 minutes.
min ft

From the chart above, the volume of air in the Reactor Building will
not have an effect on the fire duration.

5. RESULTS
The worst case examined is with all cable trays located in the corridor
burning simultaneously with a ventilation opening measuring 9 ft wide
by 38 ft high. The gas temperature at the ceiling would be 366°F (see
Attachment C) which will not fail the structural steel in the area.
The cable trays in this ar2a were positioned such that they did not
present a localized heating exposure to structural steel.

15-3



Total Surface Area for Heat Transfer

ATTACHMENT A
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UNIT 2 Reactor ouilding E1. 195'
Surface Area Calculation
Walis
West wall (139' x 38') 5282 ftl
Nerth wall (30" x 38') + (24' x 10' south wall
of Room 500 & 509) 1380 ft2
South wall (74* x 38') 2812 ft2
East wall (153" x 38') 5814 ft?2
15,288 ft2
Ceiling
Area 1 (28' x 25') 700 ft2
Area 2 (30" x 50') - (21' x 17' open hatch) 1143 ft?
Area 3 (108" x 9') 972 ft2
Area 4 172 (15" x 17') 127.5 ft2
Area 5 (17*' x 30') 510 ft2
3453 ft2

18,741 ft2 (1741 m?)
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Cable Trays

Cable Trays considered to be burning simultaneously:

Horizontal
Tray No. Length (ft

~IRKOTO— tengih ALt
2NAD20 41.5
2NBO20 60
2NB030 41
2NB040 19
2NEOLD 20

Vertical

Tray No.

‘IN6UTU‘ 4
2NV020 4
2NV030 4
2NV040 4
2NV120 4
ZNV130 4
2NV050 3
2NV060 3
2NV070 3
Z2NVO080 3
2NV0S0 3
2MV460 12

441 ft2  x 190 kw = 7787 kw
. t&/m me

Width (<n
"'?ZI“L"l
24

24
24
24
24

ATTACHMENT B

Surface
lrea Sft?l
1
g3

120
82
38
20

~n
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7T ft2
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1.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building E1. 195', Reactor Building Ventilating
Equipment Area (Room 506) and Reactor Building Fan Room E1, 214" (Room
529) (see Attachment A for sketch of area under consideration).

Bounding walls of area are reinforced concrete with an aveiage
thickness of 2.5 ft.

Tne area for heat transfer is considered only to be the walls and ceil-
ing of the Reactor Building Fan Room E1. 214" (Room 529). This was
assumed because of the open grating in the Reactor Building Ventilating
Equipment Area ceiling and the open stairway in the northwest corner
which will allow the passage of heated gases to the Fan Room E1, 214°,
The total surface area of bounding walls and ceiling is 9334 ft (see
Attachment A for calculation of areas).

COMBUSTIBLE LOADING

The heaviest combustible loading is in the Reactor Building Ventilating
Equipment ‘rea. The total surface area of cable trays in the area is
413 ft2 with an average combustible lcading of 4 1os/ft2. There are no
combustible liquids in this area.

VENTILATION PARAME (ERS

There are two doors located on the 195' elevation which can provide air
for combustion. A set of double doors at the south end of the Ventilat-
ing Equipment Area and a single door into the stairwell. A limiting
factor for the duration of the fire will be the total volume of air in
the Reactor Building which is 1 x 10 m3. The curve on the following
page shows the duration of a fire at a given heat output.

CASES EXAMINED

With the light combustible loading in this area the assumption that all
cables are burning simultaneously would present the worst case. With
all cables burning a surface area of 413 ftZ would be involved. With

all cables assumed to be burning simultaneously, the duration of the
1

-
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Cases were evaluated using one or more of the doors leading into the
room as being open. From the chart above, the volume of air in the

|
|
|

Reactor Building will not have an effect on the fire duration.

5. RESULTS
Two cases were examined each having different ventilation parameters.

Case Number 1 had one 3' wide x 7' high door open., The fire is ventila-
tion cont.-;olled and the resultant heat output of the fire would be 4504
kW which produces a gas temperature of 413°F (see Attachment C). Case
Number 2 had the double doors measuring 6' wide x 7' high open. This
produces a fuel controlled fire with a maximum gas temperature of 625°F
(see Attachment D). These temperatures will nct fail the structural
‘ steel in the area. The cable trays in this area were p~sitioned such
that they did not present a localized heating exposure to structural

steel.
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Unit 2 Reactor Building Fan Room E1. 195'.

Surface Area Calculation

. Walls

North wall
East wall
South wall
West wall

Ceiling

(37" x 20')
(102' x 20')
(37' x 20')
(102' x 20')

(37 x 102")

Total Surface Area for Heat Transfer

ATTACHMENT A

740 ft2
2040 ft2
740 ft2

2040 ft2

5560 ft2

3774 ft?

9334 ft?

€ -4



Cable Trays

Cable Trays considered to be burning simultaneously:

Horizontal Surface2
Tray No. Length gftz Width gin) Area Eft
2NAG20 1 T -
2NCO10 11 24 22
2NDO10 20 24 40
2ND02D 22 24 44
2NDO30 7 24 14
2NFO10 28 24 56
2NF0O20 28 24 56

Vertical

Tray No.

ZMVa 20 16 24 32
2NV100 24 ) 8
2NV101 12 3 3
7NV110 24 4 8
2NV140 24 16 32
2NV160 24 16 32
2NV161 24 2 4
2NV150 21 24 42

‘ 413 ft2

413 ft2  x 190 kw = 7293 kw
76 fte/m me

. ATTACHMENT B



CASE NUMEBER: 1

FUILDING: UNIT 2 REACTOR BUILUVING

CLEVATION AND AREA 57 VENTILATING EQUIPMENT AREA
CAELES BURNING

EGCRIPTION: 195

ONE 00R OPEN 37X 77 ALl

‘EJE DESCRIPTION:
XL XAXNEEABXEXLNRANAL AL TR RN AN KN KR NN AN 0% MR 5 20000 % N3 X0 %9203 3 %)
CEILING/WALL CEITLING/ WALL Ao Ho A Q
THICKNESS MATURIAL
(ft) (ft2) (1) (ft2) (kW)
XU U060 06 30 0 3000 0 6 06 36 3 3 6 36 3 36 30 6 3 A 26 X 0 3 3 30 36 X X 30 320 U6 36 0330 3 I N0 A M A AT X XK M WHK WA N XNHK
esD CONCRETE 23 7 PIEII4 4504
FIRE IS VENTILATION CONTROLLED
FIRE DURATION GAS TEMPERATURE
(min) (deg.F)
10 243
20 314
3u 261
40 413

ATTACHMENT C
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CASE NUMBER: 2
BUITLDING: UNIT 2 REACTOR RUILDING

19% ¢ UENTILATING EGUIFPRENT AREA

ELEVATION AND AREA DESCRIPTION:
a5E DESCRIPTION: PDOUELE DOORS DPEN &°X 77 ALl CABLES RBUReI N

TR P T PSS TT A LGS S S ES PR ERE T PEFE AR SRR L T PO EEY XXX ENNX

LILING/WALL CETLINGS WAL Ao Hao Faam 6
THICKNESS MATE R 1AL
(f1) (£123 (Fft) (ft2 C(kW?
T T T I I 212223233223 3333 333802232 s a0 &0 NERXXLEXXNXXNARXARX AL AXAT L RAAXEA XN

L0 CONCRETE 4L ¢334 7293

FIRE IS5 FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(man? (deuy.F)

10 349
20 463
30 s91
40 625

ATTACHMENT D
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Cooling Water Equipment Room in the Radwaste Building E1, 116' Unit 3,
Room 162, Fire Zone 12B (see Attachment A for sketch of area). Bounding
walls of the area are reinforced concrete with an average thickness of
2.5 ft. Total surface area of bounding walls and ceiling is 9,852 f12

(see Attachment A for calculation ¢ areas).

COMBUSTIBLE LOADING

The area combustible loading consists of cable insulation. The cable
trays containing these cables run along the perimeter of the room., The
total cable t-ay surface area is 728 ft2 with an average combustible
loading of 5.5 1bs/ft2, A listing of the cable trays under considera-
tion is included in Attachment B. There are no combustible liquids in
this area.

VENTILATION PARAMETERS
There are two door openings 3' x 7' considered in this analysis. This
represents a total of 42 ft2 of ventilation openings.

The total volume of air available for combustion in the room is 1759
m3, The curve in figure 1 shows the fire duration (min) for a given
heat output (kW) given the volume of air in the room,

Due to the large amount of combustible cabling in the roon in compari-
son to the air available, the fire in this area will be ventilation
controllled.

CASES EXAMINED

With the high combustible loading compared to air availability, the
worst case fire would involve all the cables burning simultaneously
with the maximum ventilation openings available. However, since the
fire is ventilation controlled by openings of 42 ft2 the maximum heat
release is 9008 kW. The calculations in Attachment B show a 12,867 kW
fire n;th all the cables burning across a cable tray surface area of
728 ft© .,

17-L



This indicates that only 70% of the cable tray surface area could be
burning simultanevusly. Therefore, the worst case fire we can assume
is one in which 70% of the cable trays burn for a duration of:

5.5 1b/ft2 & 0.1 1b = 55 minutes
min ft

under ventilation controlled conditions. To include the remaining 30%
of cable insulation we assume enough surface area is involved to main-
tain the fire at 9008 kW until the remaining cable is consumed. Since
70% of the 4.2 x 107 kj of heat energy available from cable insulation
is generated in the first 55 minutes, this leaves 1.3 x 107 kj of heat
energy remaining to be released. Assuming surface exposure conditions
are correct to continue the fire at 9008 kW, the fire would then con-

tinue for an additional 23 minutes before all the combustible material
had beeen consumed,

RESULTS

Even with this hypothetical worst case fire scenario, the gas tempera-
ture at the ceiling would only reach 975°F (see the calculations in
Attachment C) which is not sufficient to fail the structural steel in
the area.

There are no cables located within 3 feet of any structural steel,
therefore, localized heating is not a factor. The critical stee!
temperature will not be exceeded so a detailed analysis of the steel
will not be performed.

/17-3
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Unit 3 Cooling Water Equipment Room El1. 116'

Surface Area Calculation

Walls
North wall zone 1 (18" « 28') 1764 ft2
South wall zone 1 (15° x 92*) 1764 ft2
East wall zone 1 (18* x 30') - [3' x 7' door) 519 ft2
West wall zone 1 (18' x 20") 360 ft2
North wall zone 2 (18" x 51'; - (3' x 7' door) 897 ft?
South wall zone 2 (18' x 51*) 918 ft2
West wall zone 2 (18" x 10') 180 fi*
6402 ft2
Ceiling
Area 1 (98' x 30') 2940 ft2
Area 2 (51' x 10') 510 ft2
3450 ft2
Total Surface Area for Heat Transfer 9852 ft2 (916 m2)

ATTACHMENT A
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Cable Trays

Horizontal Surface
Tray No, Length (ft) Width (in) Area (ft?
783GB03 3 24 16
ZA3GB01 36 24 72
1A3GB0O2 4 24 8
ZA3GB03 5 24 10
7A3GB04 4 24 8
ZA3GB0S 11 24 22
ZB3GRO4 4 z4 8
ZA36A02 3 24 6
ZA3GAD3 3 24 6
ZA3GAD4 4 24 B
ZA3GAOS 14 24 28
ZB3GB03 16 24 32
ZA3GDN4 32 24 64
ZA3GDOS 26 24 52
ZA3GBOS 5 24 10
ZA3GB0O6 5 24 10
ZA3GBO7 5 24 10
ZA3GB08 5 24 10
ZA3G809 18 24 36
ZA3GB10 28 24 56
ZA3GAOS 5 24 10
ZA3GAO6 5 24 10
ZA3GAD7 5 24 10
ZA3GA08 5 24 10
ZA3GA09 15 24 30
ZA3GA10 28 24 56
Vertical
Tray No.
2K3£Vﬁ§ 4 12 4
ZA3GV06 4 12 4
ZA3GVO7 4 12 4
ZA3GV08 4 12 4
ZA3GV09 4 12 4
ZA3GV10 4 12 4
ZA3GV11 4 12 4
ZA3GV12 4 12 4
1A3GV32 3 24 6
753GV43 3 24 6
1A3GV21 4 24 3
ZA3GV22 8 24 16
1B3GV01 6 24 12
ZA3GV31 7 24 14
ZIA3GV42 6 24 12
ZA3GV01 12 24 24

Total Surface Area for Heat Release 728 ft2
728 ft? x 190 kW/mZ = 12,867 kW assuming all cable involved
. te/m simultaneously

ATTACHMENT B



CASE NUMRER ¢ 1

BUTLDING: RADWASTE LNIT 3
ELEVATION AND AKREA DUSCRIPTION: 1167 EL. COOLING WATER EQUIPMENT RCOM
COHSE DEGCRIPTION: TR DOGRS AND CAEBLES

ﬁ.i!xh, T E LSS D ELCTEETLTLELTIISTEFDLIETELTE PRI SSELIS LS PFEE DR EEDE LTI E &0 IS

CETLING/A Gk CETLING/ WhL Ho Ho Eitd i
THICKNESS MATER TAL
(ft) (ft2) (f1) (F12) (kW)

$Qiﬂuinuvan*lul&*******x*nu*i*n&wu***&&«m*i&*iik*&****&l***n***&**wu******
* 2.5 CONCRETE a2 7 Pa5ne 008

FIPE 56 VENTILATION CONTROLLED

*ﬁ' FIRE DURATLON GAS TEMPERATURE
i (Min) (deg.F)
4 e?7
& 362
i2 427
16 401
20 530

24 _ 573
2¢ 613
g 32 651
' 3t 606

p 40 719

1"; 44 750
44 7840

b ¥ 809
ob 837
b0 864
H4 a0
&8 1%
72 9410
74 963
&0 a7
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September 9, 1983
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1.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Personnel Decontamination Station (Room 239) in the 135' elevation of
the Radwaste Building. (See Attachment A for a sketch of the area under
consideration.) Bounding walls of the area are reinforced concrete con-

struction with an average thickness of 1 ft. Total surface area of the
bounding walls and ceiling is 1848 ft2 (see Attachment A for a calcula-
tion of heat loss surface area).

COMBUSTIBLE LOADING

Fixed combustible loading in this area consists of horizontal and ver-
tical cable trays located above the suspended ceiling. Total surface
area of the cable trays is 56 ft2 with an average combustible loading
in the trays being 5.2 lbs/ft2 of tray surface area. All other cabling
in this area is routed in conduit and is not included in the combusti-
ble loading.

VENTILATION PARAMETERS

This area is served by two personnel doors, each being 3 ft wide by 7
ft high.

CASES EXAMINED
With the light combustible loading in this area, the assumption that
all cables were burning simultaneously would present the worst case. A

surface area of 56 ft2 would be involved if all trays were burning at
once. This corresponds to a heat output of 990 kW. With all cables
burning simultaneously the duration of the fire would be

5.2 1bs/ft2 & 0.1 1b_ = 52 minutes.
min ftz

RESULTS
The only case examined was with all cables burning simultaneously with
one door open (see Attachment B for results of analysis). Since the
fire was fuel controlled under this set of circumstances there is no
need to examine the case with additional doors open. The peak fire
temperature reached was less than 600°F. This is well below the criti-
cal temperature of the structurzl steel.

1
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As can be seen on the sketch included in Attachment C, cable tray
2RUD10(1) passes below two structural members and is located within 1
ft of the bottom of the beams. Attachment C includes the results of
calculations performed to determine the response of the structural
members. The beam temperatures approach but do not reach their
critical temperatures. These results are very conservative because

they are based on the entire member being exposed to a temperature of
1500°F rather than just the short sections (approximately 2 ft long)
which are actually exposed.

; 1% -3
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Personnel Decontamination Station

Surface Area Calculation

Walls
North wall (19' x 14%) 266 ftl
South wall (19" x 14*) 266 ft2
East wall (28* x 14') 392 ft2
West wall (28' x 14') 392 ft2
1316 ft2
Ceiling (28' x 19') 532 ft2
Total Surface Area for Heat Transfer 1848 ft2

ATTACHMENT A
18-4



E NO.: 1

LDING: RADWASTE BUILDING
ELEVATION AND AREA DESCRIPTION: PERSONNEL DECONTAMINATION STN., 135" ELEV.
CASE DESCRIPTION: ONE DOOR OPEN, ALL CAEBLES BURNING

S b o e e o b b o o o S o b e e b o o b b o b e o o b o b o A o e b o e o o o o S b b e o o e b e e o o b o e o o b o o o b o

CEILING/WALL THICKNESS CEILING/WALL MATERIAL AD HO AW Q
(FT.) S@. FT. FT. SQ. FT. KW

e o e e o o o e o b o o S o b b s o g e o o e b o o o b o e o o b b e o oh: o o b o b e o e o b b b o o o o b o o o e o
1 CONCRETE 21 p 12848 990

FIRE IS FUEL CONTROLLED

5 Y
4 FIRE DURATICN GAS TEMPERATURE
(MIN.) (DEG. F)
e 593. 981

ATTACHMENT B
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CASE NO. : 1

LDING: RADWASTE BUILDING

VATION AND AREA DESCRIPTION: PERSONNEL DECONTAMINATION STN., 135" ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE Z4WF7E

EFFECTS 0 LOCAL HEATING ON STRUCTURAL STEEL
FIRE TEMPERATURE (DEF. F): 1500

WEIGHT OF STEEL MEMBER (LES./FT.): 7€
SURFACE OF STEEL MEMBER HEARTED (SQ. FT./FT): S.34

TIME STEEL TEMPERATURE

(MIN.) (DEG. F)
S 4ES,. 777323
10 753. 06107
15 360. 54287
Z0 111Q. 292623
25 1218.61€77
10 1239€. 772688
35 1353. 228987
40 1393. 998EES
45 1427, 447444
s 1444, 709125
59 1462. BE7ECS

‘ ATTACHMENT C



CASE NO.: 2

LDING: RADWASTE BUILDING
VATION AND AREA DESCRIPTION:

PERSONNEL DECONTAMINATION STM., 13

CASE DESCRIPTION: LOCALIZED HERTING OF MEMBER TYPE Z24WFES

EFFECTS OF LOCAL HEATING OM

FIRE TEMPERATURE (DEF. F): 152@
WEIGHT OF STEEL MEMBER (LBS. /FT
SURFACE OF STEEL MEMBER HERTED

TIME
(MIN., >

S

10
15
z2e
25
30
5
49
45
Se
S5

.): B8

(SG. FT./FT):

ATTACHMENT C

STRUCTURAL STEFL

. 21

STEEL TEMPERATURE
(DEG. F>

510.077044
£15.€679149
1026, 927904
1172. 978331
1273.934177
1743, 727629
1391.9E8185
1425, 3190, 2
1448, 74004
1464, 31182
1475, 323087
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P L C Professional Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION

UNIT 2

Radwaste Building E1. 135'

Reactor Recirculation Pump MG Set Room

September 9, 1983

P. O. Bex 446 e Qak Ridge, Tennessee 37830 ® (615) 482-3541




PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Recirculation Pump MG Set Roam (Rm 206) on the 135'
elevation of the Radwaste Building. (See Attachment A for a sketch of
the area under consideration.) Bounding walls of the area are rein-
forced concrete construction with an average thickness of 2 ft, Total
surface area of the bounding walls and ceiling is 12,124 ft2 (see
Attachment A for a calculation of heat loss surface area).

COMBUSTIBLE LOADING

Fixed combustible loading in this area consists of cable trays and
lubricating oil for the MG sets. Total surface area of the cable trays
is 971 ft2 with an average combustible loading in the trays of 5.9
1bs/fte of tray surface area. The lube oil systems for the MG sets
contain 2200 gallons of oil. Fires involving burning pools of flammable
or combustible liquids reach an equilibrium size when the rate at which
liquid is spilled or leaked into the pool equals th rate at which it is
being burned off. Attachment C is a graph that reflects equilibrium
pool fire burning rates and duration for the complete combustion of
2200 gallons of lube oil.

VENTILATION PARAMETERS

This area is served by two personne! doors, one of which is located in
the east wall and the other at the stairwell on the west side of the

room,

CASES EXAMINED

Two cases were examined for this area and both were ventilation con-
trolled. The first case was for one of the doors being open which sup-
ported a burning rate of approximately 4500 kW. The second case was for
both doors open which supported a burning rate of approximately 9000
kW. In both cases the fire duration was assumed to be 3 hours.

/19-4




5.

RESULTS

The case with both doors open turned out to be the worst case (see
Attachment B for results of analyses). The fire temperature reached at
180 minutes was approximately 1200°F which is below the critical
temperature for the structural stee!l,

The ventilation controlled burning rate of 9008 kW is equivalent to the
heat output from a pool fire with an area of 27.9 f12 (pool diameter of
approximately 6 ft). In order to assess tie effect of the plume of
heated gases above the pool fire on the structural steel located at
ceiling level directly above the fire, Heskested's (1) relations will
be used:

Virtual point source determination:
1o = -1.020 + 0,083Q% = 1.3m
Plume temperature at bottom of steel:
ATo = 9.10Tp /(9% ££)1-333Q. 867(z - 2,)71.67
ATy = 344 K temperature rise
T = 687°F

This temperature is well below the critical temperature for the struc-
tural steel, It is concluded that there is no problem due to localized
heating of the structural steel as a result of the maximum pool fire
that can be supported by the available air flow into the room,

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel.

o T B e e S S L D RS
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Unit 2 RCP MG Set Room

Surface Area Calculation

Walis
North wall (118' x 29') 3422 ft2
South wall (118* x 29') 3422 ft2
East wall (30" x 29') 870 ft?
West wall (30" x 29') 870 ft?2
8584 ft2
Ceiling (118' x 30') 3540 ft2
Total Surface Area for Heat Transfer 12,124 ft2

ATTACHMENT A
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ELEVATION AND AREA DESCRIPTION: UNIT 2 RX RECIRC PMP MG SET
CASE DESCRIPTION: ONE DOOR OPEN

SE NO.:
ILDING:

i

RADWASTE BUILDING

ROOM,

15%' ELEV

e e o o e o o o o o o o o o o o o o A o o o o A o o o e e e b o o oo o o o o b b S b i o e b o s o o A o o o A o o o e o o o

CEILING/WALL THICKNESS
(FT.

)

CEILING/WPLL MATERIAL

RO
sa.

HO

FT. FT.

AW Q
S@. FT. KW

b o Sl o oo o o o o o o ool S o ol o o o o o b o e e o o o b b o S o o bt b o o o b o ob: e bt s o b b b o b b b s o o e o b o o o e o o A e o

2

FIRE IS VENTILATION CONTROLLED

FIRE DURATION
(MIN.)

10
20
0
40
S0
€0
7@
(5174}
1)
100
110
120
130
140
150
160
170
180

CONCRETE

ATTACHMENT B

21

-

12124 450@4.23

GAS TEMPERATURE

(DEG. F)

203.708
257.990
299. 6EE
334.81€E
J65.794
393.804
419. 5€S5
447, 546
4EE. Q@71
487.378
S07. 845
S527.011
545, 587
SE3. 461
SE. 708
997. 390
617,559
£29. ZE0
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CASE NO.: 2

LDING: RADWASTE BLUILDING
WEVATION AND AREA DESCRIPTION: UNIT 2 RX RECIRC PMP MG SET RDOOM. 135" ELEV.
CASE DESCRIPTION: BOTH DOORS OPEN

e b oo e o o e e e o o o b o o o o b o o o ok b o s ot b b oo s b b o o b o o o e o e o o s o b oo o b b o o o o o o e

CEILING/WALL THICKNESS CEILING/WALL MATERIAL AD HO 1N @

(FT.) SQ. FT. FT. S@. FT. KW
e o oo o o o o o e o o o e A o oo o o o o o oo o b o o e o o o o o oo o oo o o o o oo o o o o o oo R e o

2 CONCRETE 42 7 12124 S€0S. 46

FIRE 1S VENTILATION CONTROLLED

FIRE DURATIDN GRS TEMPERATURE
(MIN.) (DEG. F>

10 235, 228
<0 447,825
30 527. 225
40 S87. 5€5
S0 €£593. 550
=1 715.599
70 7€7. L48
ce 815.132
9@ 860. 203
100 902. 835
110 9473, IS
120 982. 131
170 1019. 29
140 1255. 85
15e 1029. 56
1E0 1122,93
17@ 1155. 28
160 118€.E9
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HEAT OUTPUT

(MW)
200
2200 gal. LUBE OIL \
1004
L —
0 T l T T

10 20 30 40 S0
FIRE DURATION (MIN.)

EQUILIBRIUM POOL FIRE HMEAT OUTPUT vs DURATION CURVE
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" P L C Pr'ofessiona/ Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION

COMMON AREA
Turbine Building E1. 135'
Switchgear Room #231

September 9, 1983

P. O. Box 416 e QOak Ridge, Tennessee 37830 o (615) 482-3541
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2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Switchgear Room #231 on the 135" elevation of the Turbine. (See
Attachment A for a sketch of the area under consideration.) Bounding
walls of the area are constructed primarily of 8" concrete block.
Total surface area of the bounding walls and ceiling is 1813 ft2 (see
Attachment A for a calculation of heat loss surface area).

COMBUSTIBLE LOADING

Exposed combustible loading consists of cable trays. Total surface
area of the cable trays is 138 ft2 with an average combustible loading
in the trays being 7 ibs/ft2 of tray surface area. Enclosed combusti-
bles are not included in the combustible loading.

VENTILATION PARAMETERS
This area is served by two personnel doors. Each door is 3 ft wide by
7 ft high.

CASES EXAMINED
The assumption was made that all of the cabling in the area would burn

simultaneously in order to present the worst case. Total surface area
of the trays is 138 ft¢ which corresponds to a heat output of 2440 kW.
With all cables burning at once the duration of the fire will be

7 1bs/ft2 4 0.1 1b = 70 minutes.
min ft

RESULTS

The only case examined was with all cebles burnino simultaneously with
one door open (see Attachment B for results). Since the fire was fuel
controlled under this set of circumstances there is no need to examine
the case with the second door open. The peak fire temperature reached
was approximatley 1440°F which is below the critical temperature of the
structural steel. The cable trays were located far enough below the
steel members to prevent localized heating effects.

1



: RM 231

25
SWITCHGEAR ROOM
O,
zi'
§ PLANT
Heat Loss Area Determination
. Bounding Area (Excluding Floor)
Ceiling (25' x 21') 525 ft2
North wall (25' x 14') 350 ft
South wall (25' x 14') 350 ft2
East wall (21* x 14') 294 ft?
West wall (21* x 14') 294 ft?2
Total Surface Area for Heat Transfer 1313 2

ATTACHMENT A
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COASE NO.t 1

LDING: TURBINE BUILDING

VATION AND AREA DESCRIPTION: SWITCHGEGR ROOM & 271, 135" ELEV.
COSE DESCRIPTION: ALL CAEBLES BURNING, ONE DOOR OPEN

b i o o o s o s s s o b e o o o o o s ot e e b e o o o o b s o e e e o o b o o A o o o o o sk b o b kb b b o Ay

CETLING/WALL THICKNESS CcILING/WALL MATERIAL A0 HO Al Q
(FT.) 8@. FT. FT. SG. FT. KW

o oo o o s e e e o o o o o e o o e e o o A R A o oo o A S o b o o o o o oo oo S o o o b oo
Q.67 CONCRETE BLOCK 21 7 1813 2437

FIRE 1S FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)
12 58e. 939
20 802. 683
30 SEE. 794
40 1105. 18
S0 1227. 112
&0 1337.36
70 1478, 74

ATTACHMENT B
Q0-4



P L C Professional Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION

UNIT 2
Reactor Building E1. 165'

South of Column Line 10

September 8, 1983

P. O. Box 446 ® Qak Ridge, Tennessee 37830 ® (615) 482-3541
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Reactor Building E1, 165' south of column line 10 (see Attach-
ment A for sketch of area).

Bounding walls of area are reinforced concrete with an average thick-
ness of 3 ft,

Total surface area of bounding walls and ceiling is 10,218 ftZ (949 m?
(see Attachment A for calculation of areas).

COMBUSTIBLE LOADING

The heaviest combustible loading in this area is located along the
south wall where six horizontal cable trays are present. Total surface
area of cable trays to be considered involved in a fire is 260 ft2 with
an average combustible loading of the cable trays being 3 ibs/ftZ (see
Attachment B for calculation of cable tray area). There are no combust-
ible liquids in this area.

VENTILATION PARAMETERS

Two ventilation openings serve this area. The opening between the
stairwell in the southwest corner and room 404 measures 5' wide by 29'
high. The opening at the east side of the area measures 15' wide by
29' high. A possible limiting factor will be the total volume of air
in the Reactor Building available for combustion, which is 1 x 105 m3.
The curve on the following page shows the duration of a fire at a given
heat output.

CASES EXAMINED
A spreading cable fire was assumed in the area of heaviest cable con-

centration which is along the south wall. The fire is assumed to start
at a point source and spread horizontally in each direction at a rate
of 10 ft. per hour. The fire is assumed to extend along the cable trays
to both the east and west of the ignition source, a distance of approx-
imately 10 feet before the original source of the fire dies out. An
area of 260 ft2 of cable trays (see Attachment B for a list of cable

1

al-1




=4 L ey
3 T
2 I i
S =5 i LS e L
'9 -. P TR | L5 |
x : i
04 i BRI eyt
: o e | e
: Fatisaitegdy
R s oo e o e
Y P
} i : i :__
$ . B L 4 .
T ey
=l o - ~ 9 s g
;i b i
v RSN 3 4 4 o
g | |
_ o i o P 7 et o i
oo o ] ieas A AR VR PR e LR LR e i s i
Sptige:. T S EEE} SRR ERSREEREH F 2 L Y AR AR
: =1 [0 g P i 3 KRl e i P R ERS Mk TR iy |
o A S N S SR AT T TR l bl

180 210 240 270 300 330 360

1 (min)

trays initially burning) will have a heat output of approximately 4600
kW, which is assumed to be constant throughout the fire duration. The
actual heat output as the fire spreads out of the area originally
involved would be less because concentrations of cabling that would
become involved at any one time would be less. From the chart above,
the volume of air in the Reactor Building would support combustion for
approximately 10.5 hours.

5. RESULTS
For the above case with two openings having a total area of 580 ft2 and

a constant heat output of 4600 kW, this will produce a gas temperature
of 747°F for a {ire duration of three hours and a gas temperature of
1027°F for a fire duration of six hours (see Attachment C). These gas
temperatures assume no mitigating actions are taken by plant personnel
to extinguish the fire.

dl-3
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The above temperatures are not high enough to fail the structural steel
in the area. The cable trays in this area were positioned such that
they did not present a localized heating exposure to structural steel.

al-H
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Unit 2 Reactor Building Elevation 165'

Surface Area Calculation

Walls
North wal! 288.5‘ x 29')
East wall 47' x 29')
South wall (109" x 29')
West wall (19" + 28')29'
Ceiling
Area 1 (6' x 15')
Area 2 (41.5' x 22') - (21' x 17')
Area 3 (15' x 25')
Area 4 (8' x 12')
Area 5 (15' x 14')
Area 6 8' x7')
Area 7 15' x 4')
Area 8 (8' x 127)
Area 9 (15' x 8')

10 (19" = 5.%')

. Area

Total Surface Area fer Heat Transfer

ATTACHMENT A

2567
1363
3161

8454

ftg
ft

ft2
ft2

1363

ft2

ft2

ft2 (949 m2)
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Cable Trays

. The following cable trays are present in the area defined for the source
fire and all of the trays are assumed to burn sim' "aneously.

Surface2
Tras No. Length (ft) Width (in) Area Eft )
2XE150 2 24 4
2XE160 18 24 36
2XF150 2 24 5
2XF160 18 24 36
2MR150 2 24 4
2MR160 18 24 36
2C2XK150 2 24 B
2C2XK160 18 24 36
I1C2XL150 2 24 4
1C2XL160 18 24 36
2KV270 10 24 20

260 ft2

For a fuel surface controlled fire involving all of these cable trays, the
heat release rate can be calculated as follows:

. 260 f§2 x 190 kW/m? = 4591 kW
" t</m

‘ ATTACHMENT B



CAGE NUMBER: 1

FUTLDING: UNIT 2 REACTOR RUILDING

ELEVATION AND ARLA DESCRIPTION: 165 AREA S0UTH OF COLUMN LINE 10
ASE DESCRIPTION: TWO OPENINGS SPREADING CARBLE FTRE

P 2ttt 3232332333333 332238323 2 RETTL T2 E L S L ST E SIS TS FURIEE SRR P SR

CETLING/WALL CEILING/ WALL Ao Ho AW ]
THICKNESS MATER 1AL
(ft) (Ft) (f1) (£+2) (kW)
36000 0600 00 26 06 3 36 3026 30 6 26 56 3 36 06 6 3 2 96 00 36 36 3636 96 0630 3 30 050000 0 36 363 06 0 090 960 06 6 060003 003 N 090 0 M0 K WA X
3.0 CONCRETE 580 29 ipa1s 4600

FIRE IS5 FLEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(min) L ' (deq.F)
10 232
20 297
30 348
40 390
50 . 428
60 A6
70 493
ao 922
70 550

100 o "
. 110 600
120 H23
1320 b 646
1410 LHE
150 6£88
160 709
1740 728
180 Va7
190 7866
200 764
210 801
230 a0
240 Ihe
250 86H
260 504
o710 399
280 214
290 929
300 Al
310 P58
320 072
350 P8H
340 1000
350 1014

360 1027

ATTACHMENT C al-7
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P L C Professional Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION
UNITS 2 & 3
Radwaste Building E1. 165'

FAN ROOM

(Remote Shutdown Panel Area)

September 7, 1983

P. O. Box 446 e Oak Ridge, Tennessee 37830 ® (615) 482-3541
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. PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION
Units 2 & 3 Radwaste Building E1., 165' Fan Roam column lines J to G and
18 to 23 (see Attachment A for sketch of area under censideration).

Bounding walls of area are reinforced concrete with an average thick-
ness of 2.5 ft,

Total surface area of bounding walls and ceiling is 16,283 ft2 (1513
mZ) (see Attachment A for calculation of areas).

2. COMBU'STIBLE LOADING
The heaviest concentration of cabling in this area is located at the
center line of the plant near the remote shutdown panels. Total surface
area of cable t-ays considered to be involved in a fire is 316 ftZ with
an average combustible loading of the cable trays being 6 1bs/ft2 (see
Attachment B for calculation of cable tray acea). There are no combust-
ible liquids in this area.

3. VENTILATION FARAMETERS
Three doors serve this area. One on the north wall, one on the south
and one on the west wall, All doors measure 3' wide by 7' high.

4. CASES EXAMINED
A spreading cable fire was assumed in the area of heaviest cable con-
centration which is at the center line of the plant in the area of the
remocte shutdown panels. The fire is assumed to start at a point source
and spread harizontally in each direction at a rate of 10 ft, per hour.

The fire is assumed to extend along the cable trays towards the west
and downward toward the floor slab, a distance of approximately 10 fzet
before the original source of the fire dies out. An area of 316 ftZ of
cable trays (see Attachment B for a list of cable trays initially burn-
ing) will have a heat output of approximately 5600 kW, which is assumed

. to be constant throughout the fire duraticn. The actual heat output as
the fire spreads out of the area originally involved would be less

1
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5.

because the concentrations of cabling that would become involved at any

one time would be less.

Different ventilation parameters were examined to deteraine their
effect on the heat release rate of the fire and resulting gas tempera-
ture.

RESULTS

Two cases were examined each having different ventilation parameters.
Case Number 1 had one 3' wide by 7' high door open. The fire is venti-
lation controlled anc. the resultant heat output of the fire would be
4504 kW, This will produce a gas temperature of 487°F for a fire dura-
tion of three hours and a gas temperature of 659°F for a fire duration
of six hours (see Attachment C). Case Number 2 had two 3' wide by 7'
high doors open., This produced a fuel controlled fire with a gas tem-
perature of 588°F for a fire duration of three hours and a yas tempera-
ture of B02°F for a fire duration of six hours (see Attachment D).
These gas temperatures assume no mitigating actions are taken by plant
personnel to extinguish the fire,

None of th- above temperatures are high enough to fail the structural
steel in the area. The cable trays in this area were positioned such
that they did not present a localized heating exposure to structural
steel.

da-3
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Units 2 & 3 Radwaste Building Elevation 165'
Remote Shutdown Panel Area

Surface Area Calculation

Walls

North wall 43' x 29') 1247 ft2

Fast wall 132.5' x 29') 3843 ft2

South wall 43' x 29') 1247 ft2

West wall 132,5" x 29') 3843 ft2
10,180 ft2

Ceiling

Area 1 (43" x 132,5) 5698 ft2

Area 2 (67.5' x 6') 405 ft2

6103 ft2
Total Surface Area for Heat Transfer 16,283 ft2 (1513 m?)

ATTACHMENT A



Cable Trays

’ The following cable trays are present in the area defined for the source
fire and all of the trays are assuned to burn simultaneously.
; Surface2

Tray No. Len%th ft) Width (in) Area éft )
IMC X0
IMCX05 10 24 20
3MD104 9 24 18
3MD105 10 24 20
IB3NAOA 9 24 18
ZB3NADS 10 24 20
IB3NBO4 10 24 20
IB3NBOS 10 24 20

4 2XHO10 20 24 40

' 2XJ010 20 24 40
1C2XK010 20 24 40
2C2XL010 20 24 40

316 ft2

For a fuel surface controlled fire involving all of these cable trays, the
heat release rate can be calculated as follows:

316 ft2  x 190 kW/mZ = 5579 kW
10.75 ft57n‘\?’

ATTACHMENT 8



CASE NUMBER: 1

BUILDING: UNIT 243 RADWASTE BUILDING

ELEVATION AND AREA DESCRIPTION: 165 REMCTE SHUTDOMH PANEL AREA
M HE DESCRIPTION: ONE DOOR OPEN  SPREADING CALLL FIRI

¥ ¥

e i 1l 2221333230231 83300 R B R & bt b Al R X %% %Xy

CEILING/WALL CEILING/ WALL Ao Ho &Y {
ITMICKNESS MATER IAL

(ft) (ftrd)d $ft) {4 (b

PR EAREERTUN N ARRE X EE AL AL AL R LAY T AR A AR AN AN AN DN A AL € 3 % % W N

2 it CONCRETH el ’ 1 624 A0
U7l 18 VENTILATION CONTROLLLEDR

FIRE DURATION GAS TEMPERATURE
i (min) (deq.F)

10 170
20 o160
U 24
41) 248
S0 ok
50 X1

70 331
g 4%

70 a5
. 100 331
110 RG ¢
120 411
150 a2
1440 )
1L0 4
s 6u 44
170 45
180 Ar1?

190 {1
can & {)
el [ 9
S Y
230 T
<40 =
R 61
260 87 4
e/ AR
& Witk
2?9 &

KA b0
310 &4

R ( E'S
<ol &4
340 oy

HOH

RAVEY %3
&l 6H59
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CASE NUMBER: 2

BUTLDING: UNIT 2A3 RADWASTE RBUILDING

ELEVATION AND AREA DESCRIPTION: 1657 REMOTE SHUTLOWN PANEL ARLA
SE DESCRIPTION: WO DOORS OPEN  GPREADING CARLE FIRI

AR E RN AN ERNY RN AN T AR EXTALA AL XX AN AR A AN v A RN XA YN TR ERNA Y 7

CEILING/WALL CEILING/ WALL fo Hao éiu 6
THICKNESS MATER i &l
(ft) (£t (Ft1) (Friny LW
AL 3223122333333 3233233233 33 238223 % B B g & B0 S S8 £ % Y RAUA LN LR R T8N v
oD CONCRET: 3 y 1406 G600

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEHPERATURE
(Mman’ 1 1 F )

10 194
Fd ] “A4
30 247
40 S
50 ' LAl
ol 370
70 494
oo 414
0 437
100 327
"’ 1190 475
120 A9%
130 ©11
L A0 '
150 SaAa
3ol
l'-"U por' Y.
150 “00

190 &HG2
w0 H14
210 by G
0 OH4
2510 LW
<40 i
ool &zl
il

2710 0G4
PR

AR :
a0 AR
330 741

Sl 760
330 77y
140 Y31

N :‘J U ',: i

'l’ 360 892
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P 1 C' Professional Loss Control, Inc.
e, i

STRUCTURAL STEEL ANALYSIS
for

PEACH BOTTCM ATOMIC GENERATING STATION

COMMON AREA
Turbine Building E1. 150'

Cable Spreading Room

September 9, 1983

P. O. Box 446 e Oak Ridge, Tennessee 37830 ® (615) 482-3541
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1.

2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Cable Spreading Room on the 150' elevation of the Turbine Building.
(See Attachment A for a sketch of the area under consideration.) Bound-
ing walls of the area are reinforced concrete construction with an
average thickness of 2 ft, Total surface area of the bounding walls
and ceiling is 12,154 ft2 (see Attachment A for a calculation of heat
loss surface area).

COMBUSTIBLE LOADING

This area is heavily loaded with cable trays which are located such
that 6 ft of clear space is maintained below the trays at floor level.
The Fire Protection Program Report identifies the total quantity of
cabling in the room as being 116,340 1bs., The average combustible load-
ing of the cable trays in the room is 6.5 1bs/ft of tray surface area.

VENTILATION PARAMETERS

This area is served by two personnel doors located in the east wall of
the room,

CASES EXAMINED

Two cac2s wer2 examined for this area and both fires were ventilation
controlled. The first case was for one of the doors being open which
support2d a burning rate of approximately 4530 kW. The second case was
for bbth doors open which supported a burning rate of approximately
9000 kW. In both cases the fire durations was assumed to be 3 hours.

RESULTS

The case with both doors open turned out to be the worst case (see
Attachment B for results of analysis). The fire temperature reached at
180 minutes was 1100°F which is below the critical temperature for the
structural steel.

al-&



‘ ' The ventilation controlled burning rate of 9008 kW is equivalent to the
simultaneous burning of 510 ft¢ of cable tray surface area. Given Lhe
average combustible loading of the cable trays in the area the duration
of the fire in any portion of tray (until all of the cable insulation

is consumed) will be 6.5 lbs/ft2 s 0.1 Ibs = 65 minutes
min

Attachment C contains a sketch showing all locations where cable trays
pass under steel members with a vertical separation of 1 ft or less.
Attachment C also includes the results of calculations performed to
determine the response of the structural members. These calculations
are generally conservative because they assume that the entire length
of the member is exposed to a temperature of 1500°F which represents
the duration of any local heating from a given cable tray. The exposure
duration equals 65 minutes which is the time for the exposing tray to
burn to completion.

. Calculations were performed for structural members of the following
sizes: 24WF68, 24WF100, 24WF145, 24WF160, BWF17, and 24WF110., As can
be seen from the results, the critical temperature of the member will
be reached during the exposure period only for the types 8WF17 and
24WF 68,
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Cable Spreading Room
. Surface Area Calculation
Walls
North wall (56' x 14') + (19' x 12') 1012 ft2
South wall (56' x 14') + (19* x 12') 1012 ft2
East wall (128" x 14') + (49' x 14') 2478 ft2
West wall (128" x 14') + (49" x 14') 2478 ft?
6980 ft2
Ceiling (128' x 56') - (7' x 9') - {19' x 49') 6174 ft2
Tota! Surface Area for Heat Transfer 13,154 ft2
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SE NO.: 1
LDING: TURBINE BUILDING
EVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 15S@' ELEVATION

CASE DESCRIPTION: ONE DOOR OPEN

oo o o oo o o o o b o o e e o o o oo o o o ok b o o o b o oo o b o A o o b o o o o o

CEILING/WALL THICKNESS CEILING/WALL MATERIAL (alw) H0O AW @
(F5.) sQ. FT. FT. s@. FT. KW
o b s ol b e o e o o o e o o e bt e o o b e o b o A o e o e o e o o o s o o s e o o o o e e o o o s e o o b e o b o 4
2 CONCRETE 21 F | 13154 4504. 23

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURE

(MIN.) (DEG. F)

10 193. 396

20 243,428

30 281.842

40 314. 238

5@ 342,788

€@ I68. 603

70 392. 346

e 414. 448

9% 435. 209

s 100 454, B4E
110 473,525

120 - 431,374

130 S0S. 494

140 S24.96€

150 540. 265

160 SSE. 240

170 S71. 142

160 585. 612

ATTACHMENT B
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CASE NO.: 2

LDING: TURBINE BUILDING
VATION AND AREA DESCRIPTION:

CABLE SPREADING ROOM,
CASE DESCRIPTION: BOTH DOORS OPEN

150

ELEVATION

e o o o o o o o o o o o o o o o o o o o o o o o o o b o o o o o e e o o o o o s o o o o o o o o o e o b o o o o

CEILING/WALL

THICKNESS

(FT.)
o e o o o o o b o o A o A o o o o o o e o b o o o ot i o o s o o o o o o e o o o o o o o o o o o o o o b o o o o o g

2

FIRE IS VENTILATION CONTROLLED

FIRE DURATION
(MIN.)

10
20
30
40
1"
=1
70
80
90
100
110
120
120
140
150
160
170
1€0

CEILING/WALL MATERIAL

CONCRETE

ATTACHMENT B

RO
SQ.

4z

HO

FT. FT.

P

AW Q@
80. FT. KW

13154 S00E. 46

GAS TEMPERATURE

(DEG. F)

J14.647
414.721
491.594
SSE. 420
€13.548
EES. 205
7i12.714
75€.939
79E.473
ex7.77@
€75. 144
910. 854
945. 127
97€.087
10@23. 87
1240.67
1070. 44
1@99. 33

d3-€
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CRSE NO.: 1
LDING: TURBINE BUILDING

ELEVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 1507 TLEV.
CRASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 2ZA4WFES

EFFECTS OF LOCAL HERTING ON STRUCTURAL STEEL
FIRE TEMPERATURE (DEF. F): 1500

WEIGHT OF STEEL MEMBER (LBS./FT.): €8
SURFACE OF STEEL MEMBER HEATED (S@. FT./FT)>: 5,7=1

TIME STEEL TEMPERATURE

(MIN.) (DEG. F)
5 $10.077044
10 £15.679149
15 1026. 937304
20 1172.978331
25 1273.934177
30 1343, 723639
Is 1791.968185
40 1425, 319012
45 1448, 274004
S@ 1464, 21162
ss 1475. 32902

‘ €0 1482. 945317

£S5 1488. 210219

ATTACHMENT C
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CASE NO.: 2

LDING: TURBINE EBUTLDING

VATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 158" ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE Z4WF1020

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL
FIRE TEMPERATURE (DEF. F): 1520

WEIGHT OF STEEL MEMBER (LBS./FT.): 1002
SURFACE OF STEEL MEMBER HEATED (S0. FT./FT): S5.43

TIME STEEL TEMPERATURE
(MIN, ) (DEG. F)
S 375. 40SE3
- 10 €1€.82129
’ 15 80E. 412308
Z0 5S. 204025
25 1072. 23332
30 1164.061529
IS 1276. 177077
40 1292.811€657
4as 1337, 288554
se 1372, 217642
59 1399, 648542
&0 1421, 152273
‘ ES 1438, 10274E

ATTACHMENT C
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CASE NO.: I

ILDING: TURBINE BUILDING
EVATION AND AREA DESCRIPTION:
CASE DESCRIPTION:

CABLE SPREADING ROOM,
LOCALIZED HERTING OF MEMBER TYPE Z24WF 145

15@" ELEV.

- EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F):
WEIGHT OF STEEL MEMBER (LBS. /FT.):
SURFACE OF STEEL MEMBER HEARTED

TIME
(MIN.)

S

10
15
20
25
30
35
40
45
1"
S5
€0
€S

145
(S@. FT./FT):

ATTACHMENT C

S5. 59

STEEL TEMPERATURE

(DEG. F)

28€. 2509S3

471.238314
£28.0717€8
7€0.928347
£73.570174
9€9. 044273
1@49.9E7176
1118.556€627
117E.E€92T€ES
225. 97648
1267.732887
13@3. 132892
1333. 137216
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CASE NO.: 4

LDING: TURBINE BUILDING
- VATION AND AREA DESCRIPTICON:
DOSE DESCRIPTION: LOCALIZED HEATING

EFFECT
FIRE TEMPERATURE «DEF.

WEIGHT OF STEEL MEMBER
SURFACE OF STEEL MEMBER HEATED

TIME
(MIN, )

S

1@
1S
20
25
30
35
49
45
1"}
93

Q s

OF LODCAL

(LBS. /FT. )¢

CABLE SPREADING

OF MEMBER
HEATING ON
160

(S0, FT./FT)s

ATTACHMENT C

ROOM, 15@° ELEV.

TYPE Z4WF1EQ

STRUCTURAL STEEL

S.EE

STEEL TEMPERATURE
(DEG. F)

2E68. 266729
440.525942
S8E. 94521
71E. 141564
825. 76500z
920. 057486
10@21. 1630ES
1970, 325942
1170.922407
1182. S4€E90T
122€. 9347057
1265. 130361
1297.97713
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!!FE NO. @
ILDING:

ELEVATION AND AREA DESCRIPTION:

e
)

TURBINE BUILDING

CAEBLE

SPREADING ROOM,

152" ELEV.

CASE DESCRIPTION: LOCALIZED HEATING OF MEMEBER TYPE BWFi17

FIRE TEMPERATURE
WEIGHT OF STEEL MEMEER
SURFRCE OF STEEL MEMBER HEATED

EFFECTS OF LOCAL

(DEF.

TIME
(MIN.)

S

10
15
20
25
0
35
ae
4SS
S
S5
€Q
€S

Fr: 1500
(LBS. /FT.) ¢
(SQ.

HEATING ON STRUCTURAL

17
FT./FT):

ATTACHMENT C

-

/!
“.

14

STEEL TEMPERATURE

STEE]

(DEG. F)

780.E51503
1178. 643877
1718. 47EBEE
140@8. 81397
1454. 193761
147&.9E3S769
1488. 441077
1494, 133508
1497.087174
1488. 524764
1499, 263955
1499. E3025S
1493.8142E2
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CASE NO.: E

LDINC: TUREBINE BUILDING
‘VQTIO"J AND AREA DESCRIPTION: CABLE SPREARDING ROOM, 182" ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMEER TYPE Z4WF11@

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F»: 1500
WEIGHT OF STEEL MEMEBER (LBS./FT.): 110
SURFACE OF STEEL MEMBER HEARTED (S0. FT./FT): 5,47

TIME STEEL TEMPERATURE
(MIN. ) (DEG. F»

i - 343, 518534
10 575. €37015
15 757. 403592
20 907, 391478
25 1070. 679437
0 1114, 90962
5 1190. 614952
40 1251. 43774
45 1700. 202559
S0 1339, 56131
55 1771, 102175
£0 1396, 442314

. €S 1416, OPBSIE

ATTACHMENT C
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2.

3.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

The zone being evaluated is the common equipment area on the 116' ele-
vation of the Turbine Building. This area is bounded on the north and
south by the shield walls for the condenser bays for Units 3 and 2,
respectively, (See Attachment A for a sketch of the area under con-
sideration.) The barriers surrounding this area are of concrete con-
struction and are of an average thickness of 2 ft., Total surface area
of the bounding walls and ceiling 31,405 ft2, (See Attachment A for a
calculation of heat loss surface area.)

COMBUSTIBLE LOADING

Exposed combustibles in this area consist of cable trays. The trays
have an average combustible loading of 5.4 1bs/ft2 of tray surface
area, Enclosed combustibles are not included in the combustible
loading,

VENTILATION PARAMETERS

Numerous personnel type doors open into this area as well as a large
(16 ft wide by 18 ft high) equipment door in the east wall., A 35 ft
wide by 55 ft long open equipment hatch is located in the ceiling.

CASES EXAMINED

The scenario analyzed is a fire originating in the heavy concentration
of cable trays located at the east end of the Unit 3 switchgear and
spreading out along the trays leading into this area. This location
contains the greatest concentration of trays in the area and presents
the worst case. The maximum area of trays invclved will be determined
by the extent of fire spread which has occurred when the original por-
tion of the trays involved burn themselves out. The burnout duration
is dependent upon the loading of the cable trays:

5.4 1bs/ft2 4 0.1 Ibg = 54 minutes

min ft

24-a




Given the cable fire spreading rate of 10 ft/hr, the fire will spread
approximately 10 ft in each direction before the original source of the
fire dies out. This will ra2sult in the simultaneous involvement of a
maximun of 394 ftZ of tray surface area at any one time, See Attachment
D for a list of trays involved when the fire reaches its maximum size,
This gives a heat output of 6960 kW which is assumed constant through-
out the assigned 3 hour duration of the fire.

RESULTS

The peak fire temperature reached at the end of 3 hours is approximate-
1y 405°F which is well below the critical temperature of the structural
steel (see Attachment B for the results of the analysis).

Raceway drawings were examined to determine if any cable trays were
Tocated such that they could present a local heating effect on the
structural stzel supporting the safety related areas on the 135' eleva-
tion of the Turbine Building. A sketch is provided in Attachment C
which shows the placement of cable tray 2CHO30 where it is in a posi-
tion to cause localized heating of the steel members located above.

Calculations were performed to determine the response of the structural
members and the results are included in Attachment C, These calcula-
tions are quite conservative because they assume that the entire length
of the member is exposed to a temperature of 1500°F when in actuality
only a short section (approximately 1 ft long) will actually be ex-
posed. The exposure duration was taken ts be 55 minutes which is the
time required for a tray to burn to completion. The calculations show
that the types of members exposed (12WF27 and 16WF36) could lose their
load bearing capacity within 35 to 40 minutes under the assigned condi-
tions.

a4-3



128 ——— —

EL.116-0"
=iz pe— COMMON AREA

Heat Loss Area Determination

Bounding Area (Excluding Floor)

Ay = Ceiling = (158' x 149') - (35' x 55') = 21,617 ft¢
A> = North wall = (149' x 18') = 2682 ftl
A3 = South wall = (149' x 18') = 2682 ft2
Az = East wall = (158' x 14') = 2212 ft2
As = West wall = (158" x 14') = 2212 ft2
Av = Ay + A + Ay + Ag + Ag

A, = 2%617 + 2682 + 2682 + 2212 + 2212 = 31,405 ft2

ATTACHMENT A



ELEVATICN
CASE DESCRIPTION:

CEILING/WALL.

TURBINE BUILDING
AGND AREA DESCRIPTION:

SPREGDING

THICKNESS

116°

COMMON EQUIPMENT AREA,
CABLE FIRE

ATTACHMENT B

B R T T L R L b T b T e e e TR

CEILING/WALL MATERIAL HO
£T. FT.
B R L T T T T e e I
CONCRETE 1e
FIRE IS FUEL CONTROLLED
FIRE DURATION TEMPERATURE

(MIN. ) (DEG. F»
19 15@. 527
0 182.918
0 207.783
4R 228.750
52 247. 226
0 283. 932
70 279. 297
20 293. 593
39 Z07.03=
100 T19.740
110 I71.828
120 T4T. 378
170 154, 45€
Lam 3€5. 116
152 375.402
1EQ I85. I52
1702 794,995
120 404,258

ELEV,



d'll:ivo.: 1

BUILDING: TURBINE BUILDING
ELEVATION AND AREA DESCRIPTION: COMMON EDUIPMENT ARER, 116" ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 1ZWFZ7

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 15020
WEIGHT OF STEEL MEMBER (iLBS./FT.)2: 27
SURFACE OF STEEL MEMBER HEATED (S0. FT./FTr: Z.04

TIME STEEL TEMPERATURE
(MIN.) (DEG. F)

5 7@5. 6414848

10 1059, 102258
15 1255. 355585
o0 1764, 252219
28 1424, 676554
&) 1458, 204687
s 147€. 808701
40 1487. 13166
S 1492, 859642
S0 1456, 277972

14397.8015%56

ATTACHMENT C



E NO.: 2
DING: TUREINE BUILDING
EL

VATION AND AREA DESCRIPTION: COMMON EQUIPMENT AREA, 11E8° ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 1EWFIE

EFFECTE OF LDOCAL HEATING ON STRUCTURAL STEEL
FIRE TEMPERATURE (DEF. F): 15@0

WEIGHT OF STEEL MEMBER (LBS./FT.): 36
SURFACE OF STEEL MEMBER HERTED (SG. FT./FT): 4,28

TIME STEEL TEMPERATURE

(MIN,) (DEG. F)
S 741, 059756
10 1297.772141
1S 128E. 824784
20 1287.02007S
25 14409, 122198
0 14E8. 2E559
>3 1487, 181198
40 1491.0BE2ZES
45 1495, 275843
S0 1497.4362€
55 1498. E77051

ATTACHMENT C
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Original Cable Trays lavolvedin Spreading Fire Scenario

Surface
Width (in) Area (ft¢)
At R
40 8

24

3ABB0OS3
3ACAD053
JAACO53
IAACDS2
JAACO49
2RFO49
2RF110
3AACO51
2RFO70
2CJ070
2FK110
2FL110
2FJ110
2FJ070
2CK030
2CJ030
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2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION
Computer Room on the 150' elevation of the Turbine Building (see

Attachment A for a sketch of the area under consideration). Bounding
walls of the area are of concrete block construction and are 8" thick.
Total surface area of the bounding walls and ceiling is 2523 ft2 (see
Attachment A for a calculation of heat loss surface area).

COMBUSTIBLE LOADING

Exposed combustibles in this area consist of cable trays. Total surface
area of the cable trays is 1,210.5 ftZ with an average combustible
loading in the trays of 2.4 1bs/ft2 of tray surface area. Enclosed
combustibles are not included in the combustible loading.

VENTILATION PARAMETERS

This area is served by two sets of double doors with each opening being
approximately 5 ft wide by 7 ft high. These doors are normally kept
locked. A ventilation damper leads into the room and measures 28" wide
by 12" high.

CASES EXAMINED

The scenario analyzed is a fire originating in the southeast corner of
the room along the tray stacks along the east and south walls., This
fire will be ventilation controlled since the amount of combustibles
cannot be totally consumed with the available air in the room, The
fire examined assumes one 28" x 12" damper is open providing ventila-
tion to support combustion, This limits the heat release rate of the
fire to approximately 189 kW. This represents 1% of the 21,375 kW fire
which would burn for a period of 24 minutes if all the cables were
burning simultaneously. This can be interpreted as 3.0 x 107 kJ of heat
energy available from the combustible material in the room. Assuming
the maximum heat release fire of 139 kW can be maintained throughout
the fire duration, the fire would last longer than 18% minutes before
all the cable material is consumed.

as-a



. 5. RESULTS

The fire scenario examined is ventilation controlled and burns until
all the combustibles have been consumed. The calculations in Attachment
B indicate that at the fire rated design of the zone of (180 minutes)
the gas temperature in the room would be approximately 185°F, This
temperature is belcow the criticai temperature of the steel,

Cable trays in the room were positioned so as to have a local heating
effect on structural steel. Calculations ware performed to determine
the effect of the localized heating on the structural steel, The
results of these calculations are included as Attachment C. Attachment
C also includes a sketch of the computer room showing the framing plan§
for the ceiling. Three types of members were present and were analyzed:
24WF145, 24WF110, and 24WF160, The concrete block walls on the north
and south ends of the room are built up to the bottoms of the 24WF160
beams in these locations.

‘ As can be seen from the results, only the beam type 24WF110 is heated
up to its critical temperature dur’ 7 the 3 hour duration of the fire.
As a result, failure of the beams along column lines 20 and 21 is
assumed.

25-3
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Computer Room

Surface Area Calculation

Walls

———

North wall (17* x 20%) 208 ft2
South wall (17* x 12*) 204 ftl
East wall (47' x 14') 658 ftl
West wal) (47* x 14') 658 ft2

— e e

1724 ft2
Ceiling (47* x 17') __799 ft¢
Total Surface Area for Heat Transfer 2523 ft2

Cable Heat Release = 1210.5 ft2 x 190 kW/m? = 21,375 kW
10,76 fte/m

[

2.4 1bs/ft€ & 0.1 1b

min fté = 24 minutes (if all cable trays
are burning
Simultaneously)

Burnout duration

ATTACHMENT A
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CASE NO.: 2
LDING: TURBINE BUILDING

VATION AND AREA DESCRIPTION:

COMPUTER ROOM,

1507

ELEV.

CASE DESCRIPTION: GENERALIZED HEATING OF MEMBER TYPE 24WF11D

o A o o oo o o o o oo o o o o o e oo o o5 o o o oo e o oo oo o oo o

CEILING/WALL THICKNESS
(FT.)

CEILING/WALL MATERIAL

Al
Sa.

s

HO
FT. S

”5******"'*********#******#*****»:***m*************ZO"V*#1******#**’#*#1**************t{im

0.7

CONCRETE BLOCK

17.5

>

GENERALIZED HEATING OF STRUCTURAL STEEL CALCULATION

WEIGHT OF STEEL MEMBER (LBS./FT.):

SURFACE AREA OF STEEL HEATED

FIRE DURATION
(MIN. )

S
10
18
20
e
35
49
a4S
S0
5
€2
£S
70
75
20
8s
=1
98
100
105
112
115
120

125
120
135
140
145
152
153
1E0
1ES
17@
175
180

(SQ.

GAS TEMPERATURE

110

FT./FT.)¢

(DEG. F)
325. 835
470.367
S10. EEE
S78. 398
£38. 292
e92. 072
741.719
787 939
€31. 34€
872, 408
911. 4E6
948,787
884.584
1019.03
10q~.~5
1 e(_:(l
1115.57
1145, 82
1175. 25
1203, 91
1253 @7
1259, 16
1285.85
1711.96
B B
1362, 59
1387. 18
1&11.32
& .03

1 58.33

1481. 25
1S¢3. 0
1526. 21
1S547.8
1569. 42
1592. €7

5.

ATTACHMENT C

47

STEEL TEMPERATURE

(DEG. F)
93. 3440
149, 324
212. 468
277.749
I8, 722
49%. 035
467,195
825.707
S1.526
6£34.67S5
tho ..5@
733, 381
773. 254
823, Qe
8E4.310
SQ4.823
943. 182
920. 254
1215. 53
1049. 7S
1022. 20
1114.79
1145.8
1175. 9@
120@S. 16
1233. 64
1261.41
1288. 51
1714.98
1340.87
1366, 22
1391.80%5
1415, 40
1439, 29
14862. 76
1485. 81

AW o

. BT, KW

2523 2350
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E NO.: 1

ILDING: TURBINE BUILDING
ELLEVATION AND RAREA DESCRIPTION: COMPUTER ROOM,. 15@° ELEV.
CASE DESCRIPTION: GENERALIZED HEATING OF MEMEER TYPE Z4WF 145

O b e o o o o o o e o o o o o o o b e o S b s o T A o b o o o o e o e s o A b b o o o o e o e e

CEILING/WALL THICKNESS CEILING/WALL MATERIAL A HO AW o
(FT.) S@2. FT. FT. S0. FT. KW

S o o o o e e o o o o o A o e o o s bt e o o o ot o S A o o e o o o s o e ot o D o o o o o o o o o e o e s o e e o v e o o e o ot o e e ot e o o o o
2.67 CONCRETE ELOCK 17.5 7 2523 2350

GENERA!'.IZED HERTING OF STRUCTURAL STEEL CALCULATION

WEIGHT OF STEEL MEMBER (LBS./FT.): 145
SURFACE AREA OF STEEL HEARTED (S@. FT./FT.)>: 5.859
FIRE DURATION

GAS TEMPERATURE STEEL TEMPERATURE

|

(MIN.) (DEG. F) (DEG. F)
5 3I25.835 £7.648%
10 430. 367 131.916
15 510. EEE 83,522
28 72. 798 232,547
‘ 25 638 3z 294. 290
30 £92.072 I51. 311
35 741.719 427,229
40 787.935 461,561
45 831, 346 S14.612
S0 872. 408 SEE. 015
55 911. 4EE £15. 688
EQ 948. 787 EET.B12
€S 924, 584 709. 807
70 1019. 07 754, I0E
75 1052, 26 737. 187
c0 1034, 41 828.517
85 1115.57 £72. IEE

92 1145, 82 916. 824 |
35 1175, 25 953, 369
100 1hn_.d1 989, 280

105 1271.8 1024.63 |

110 1259, 15 1258, 29 |

115 1285, 85 1290. 94 |
120 1311.9€ 1122.64
125 1337.53 1157, 44
130 1762.59 1187, 41
135 1387.18 1212.59
140 1411. 32 1241.04
145 1475, 03 1268, 20
. 150 1458, 33 1295, 91
155 1481, 29 1722, 41
16@ 1527, 20 1348. 34
165 1526, @1 137372
170 1547. 87 1396, €0
175 1569, 42 1422, 99

120 1590, €7 B4, 97 as-9




CASE NG.: 3
LDING: TURBINE BUILDING

EVATION AND AREA DESCRIPTION: COMPUTER ROOM,

CASE DESCRIPTION:

15@°
GENERALIZED HEATING OF MEMEBER TYPE

ELEV.

Z4WF1E0

b o o o o o e o o o o o b o R o b b o o e b o o e e b o o e o o o A b o o e e o o b b e e b b b e o b b o o o o o

CEILING/WALL THICKNESS
(FT.)

CEILING/WALL MATERIAL

AD

So.

=1

HO
S

[N
Q.

FTI

@
KW

o o o o o e e o o e o o o o o o o b o o o b v b o o o o b o o o o o o o 0 o o o e A b o o S o o o o

17.5

2.7

CONCRETE BLOCK

-

GENERALIZED HEATING OF STRUCTURAL STEEL CALCULATION

WEIGCHT OF STEEL MEMBER (LLES./FT.):

SURFACE AR-A OF STEEL HEATED (SQ@. FT./FT.):

FIRE DURATION
(MIN. )

=
-

10
15
20
25
20
o
40
45
B0
55
(v}
€S
70
i
=17
85
p=1%)
95
100
185
110
11S
120
125
120
135
140
145
150
155
162
1€5
17@
17S
180

1€0

(DEG. F)

- -

325.835
430. 367
510. EEE
578. 398
£38. 032
€£9z.072
741.719
787. 935
€31. 346
872. 408
911.4E8&
4E. 787
984. 584
1013. 02
12852. 26
10284. 41
221557
1145.82
1175.25
1203. 91
12731.87
1259, 16
1285, 8%
1311.96
1337.93
1362.59
387. 18
1411, 32
14735. 03
1458, 23
1481. 25
1502. €0
1526, 01
1S547. 87
15€9.42

1590. €7

S.EE

GAS TEMPERATURE

ATTACHMENT C

STEEL
(

TEMFPERATURE

DEG. F)
6. 08232
126.875
174.934
226.623
279,993
T32.848
287.418
440. 193
491. 8EE
S42. 214
991,123
638,533
B84. 425
728.812
773,723
e13. 206
853. 313
e92. 1026
8929.647
3EE. 200
1001, 22
1035.3

10E8. S5
1120. 7€
1132.09
11€2. 57
1192. 26
1221.21
1249, 4%
1277.04
1323. 39
1330. 36
1356. 17
1381.45
1406, 23
1470. 54

29523

2350

as -4



P ] C‘ Professional Loss Control, Inc.
—— —l -

STRUCTURAL STEEL ANALYSIS
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PEACH BOTTOM ATOMIC GENERATING STATION

Unit 2
Cooling Water Pump Structure El, 112'
Column Lines 5 to 6 and A to B

(Fire Area 143)

September 14, 1983

P. O. Box 446 ® Qak Ridge, Tennessce 37830 o (615) 482-3541
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Cooling Water Pump Structure on the 112' elevation. Column
lines 5 to 6 and A to B (Fire Area 143) (see Attachment A for sketch of
area under consideration). Bounding walls on the west, south, and east
sides of this area are reinforced concrete with an average thickness of
2 ft. A wall constructed of steel plate serves as the north wall, This
wall was not included in the surface area calculations. Total surface
area of the bounding walls and ceiling 2831 ftZ (265 m?).

COMBUSTIBLE LOADING

Combustible lnading in this area consists of lubricating oil contained
in the pumps. There are four (4) High Pressure Service Water Pumps, 4
serving Unit 2 located in this area each containing 25 gallons of lube
oil. There is also one Emergency Service Water Pump, serving Unit 2
containing 1.2 gallons of lube oil. Total quantity of lube o0il con-
tained in all pumps is 102 gallons.

VENTILATION PARAMETERS

There are three doors which serve this area. One door enters from the
west wall, one from adjacent fire area 144 and one from the south wall,
A1l doors measure 3'4" wide by 6'2" high and are water tight doors. The
most probable limiting ventilation parameter will be the volume of air
in the area because the doors are normally closed and are of water
tight construction., The total volume of air in the area is 544 m3.

CASES EXAMINED

The case of a single High Pressure Water Service Pump failing and the
subsequent fire involving an additional High Pressure Service Water
Pump. The total quantity of lube oil involved would be 50 gallons. This
was considered to be a worst case fire. Two ventilation cases were
examined, they included no doors open and one door open. The factor
which limits the heat output in each case 1s the amount of air avail-
able for combustion.

a6-A



Using the equation Qv = 1580 Ao JHo. the maximum heat output of fires
was calculated for the foilowing ventilation parameter:
1 door open 4127 kW

With one door open, the 4127 kW corresponds to a lube oi! burn rate of
1.57 gallons per minute. The duration of the oil fire at this rate will
be 32 minutes, totally consuming the 50 gallons of lube oil.

RESULTS

Two cases were examined each having different ventilation parameters.
In both cases 50 gallons of lube 0il were assumed to have spilled from
two High Pressure Service Water Pumps.

Case Number 1 had one door open. The fire is ventilation ccntrolied
and the resultant heat output of the fire would be 4127 kW. This would
produce a fire duration of 32 minutes with a gas temperature of 994°F
(see Attachment B) which is below the critical temperature for the
structural steel.

The ventilation controlled burn rate of 4127 kW is equivalent to the
heat output from a pool fire with an area of 13 ft? (pool diameter of
approxzimately 4 ft).

In order to assess the effect of the plume of heated gases above the
pool fire on the structural steel located on the 130' elevation direct-
ly above the fire, Heskested's relatons will be used:

Virtual point source determination:
Za = -1,020 + .u83 Q% = 1,07

Plume temperature at bottom of steel on 139' elevaton:
A To = 594°K
T = 1137°F

ac-3



This temperature is below the critical temperature for the structura)
steel. It can be concluded that there is no problem due to localized
heating of the structural steel as a result of the maximum pool fire
that can be supported by the available air flow into the area.

Case Number 2 assumed no doors into the room were open, Using the
equation T = 29Ve/Q, the duration of a fire at a specified hcat output
could be determined. Several size fires were examined. Their heat
output duration and gas temperature are as follows:

Heat Qutput (kW) Duration (min) Gas Temperature (°F)
£000 3.2 429
3000 5.28 344
1000 16 230

Attachment C contains computer printouts for the above cases.

In order to assess the effect of the plume of heated gases above the
pool fire on t'e structural steel located on the 130' elevation direct-
ly above the fire, . sketed's relation will be used. Those relations
given on the previous page yield the following results:

Heat Output (kW) 2o (m) AT°K I
5000 1.12 694 1318
3000 .97 460 895
1000 .70 196 420

These temperatures are below the critical temperature for the struc-
tural steel,

it can be concluded that there is rno problem due to localized heating

of the structural steel as a result of the maximum pool fire that can
be supported by the available air in this area.

a6-4
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. Unit 2 Cooling Water Pump Structure El. 112' Fire Area 143

Surface Area Calculation

Walls

West wall (31' x 18')
East wall (31' x 18')
South wall (35' x 18')

Ceiling (31" x 35')

Total Surface Area for Heat Transfer

. ATTACHMENT A

558 ft2
563 ftl
630 ft2

1746 ft<

1085 ft2

2831 ft2 (263 m?)

a6 -5



CASE NUMBER: ;%

UILDING:

CLEVATION AND AREA DLGURIPTION:
CASE DESCRIPTION: ONE DOOR OPEN LUERE OIL FIRE

HHAERREAARLLEAAXLXEXNNERAXYR

L E {L}r!'\'l“tﬁl(“vLL LE }-'._]‘-'(:-1‘ WALL
THICKNESS MATER LA

(f1)

B30 26 296 36 2 3 36 36 3696 5 36 6 6 563 3 36 30 3 36 3 6 0 06 56 3 30003 2030 3062 0 30 06 36 30K 0 K9 20 309636 00 D6 330 R K6 A XX ¢

2 .

0

CONCRETE

HEXWXAXE

UNIT 2 CIRC WATER PUMP STRUCTURE

1127 FIRI

e
ARLA

PR DS EEE DS R S

(f12)

21

L B

&

FIRE I8 VENTILATION CONTROLLED

FIKE DURATION
(min)

1

3
4

GAS

ATTACHMENT B

(deqg.F)

(Pt

2831

TEMPERATURE

HAX X

¥
-

)

(kW?

4127
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.m‘)E NUMEBER : 2
U TLDING: UNIT 2 CIRC. WATER PUMP STRUGCTURE

ELEVATION AND AREA DESCRIPTIUN: 1127 FIRE AREA 143
CASE DESCRIPTION: NO DOCRS OPEN

AR TETTTT R PSSP LT LTI ETT LR ELE LS BSEE L ESLEL P SESES TR S EDEE PRE L LR R %
..:[..IL}.N'\:;/'*ALZ. CEIL INta/7 WALL Ao ita TR (8

THICKNESS MATER LAL »
(f1) (f12) (€t (Ft2) (kW)
0030 0056 3G 936 36 36 3 36 36 66 36 3 o e 0 36 30 30 30 303 6 6 2036 6 30 30 96 36 00 636 96 30 3030 36 30 00 300030 06 360D 30 06 3 A XN A K H AN AN
2.9 CONCRETE 2831 1000

FIRE I8 VENTILATION CONTROLLED

VIRE DURATION AS TEMPERATURE

(min) (deg.F)
1 .00 112
2.00 128
2.00 141

4,00 151
.00 1&1
L, 00 < 4G

7,00 177
'l' 3.00 1614
.08 191
10.00 {97
11,00 K
12.00 !
13.900 "
14 .00 Do
15,00 noe
16,00 2
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Diesel Generator Room
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1.

PEACH BOTTCM ATOMIC GENERATING STATION

AREA DESCRIPTION

Emergency Diesel Generator Building, 127' Elevation, Diesel Generator
room between columns 2.5 and 3,0. (See Attachment A for a sketch of
area under consideration). Bounding walls are reinforced concrete with
an average thickness of 2 ft. Total surface area of the bounding walls
and ceiling 5050 ft2, (See Attachment A for a calculation of heat loss
surface area.)

COMBUSTIBLE LOADING

The major amourt of combustible loading in this roon is from the diesel
fuel and lubricating oil in the engine crankcase. Any cable material
in this area is small in comparison to the combustible liquids and will
be insignificant., There is 550 gallons of diesel fuel in the Diesel's
day tank and 480 gallons of lubricating oil in the engine crankcase,

VENTILATION PARAMETERS

Each diesel generator room has approximately 33,212 ft3 (981 m3) of
available air for combustion in the room. The curve in figure 1 shows
the duration of a fire at a given heat output with the available air in
the room. The curve indicates that there is only enough air to burn

a portion of the total fuel. This indicates that the worst case fire
will be ventilation controlled.

The four diesel generator rooms are identical in room configuration,
Each room has an access door on the east side of the room. The two end
rooms have one connecting door to the adjacent diesel room and the
center two rooms have two doors, une each connecting to the adjacent
diesel rooms. The size of the doors are 3'4" x 6'8" providing an open-
ing size of 22 f12 per door opening,

CASES EXAMINED

fach diese! generator room is the same size and configuration, A fire
in any diesel room will be a ventilation controlled fire. This analysis
is typical for any of the four diesel rooms. It examines a fire which

1
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occurs with the east access door open. This is the most conservative
case since the doors in the area are normally closed and key card con-
trolled.

The centerline plume temperature at the ceiling 23 ft from the pool
fire will be examined for the above case to determine the effect of
localized heating on the structural steel.

RESULTS

The case examined is a fi~e that is ventilation controlled by an open-
ing of 22 ft2, This size opening would allow a maximum heat release
fire of 45BL kW. The burn rate of the fuel (assuming adquate surface
area) would be approximately 2 gallons per minute based on this maximum
size fire, With over 1000 gallons of potential fuel, the fire couid
theoretically burn for over 8 hours, however, the room is designed as a
3 hour passive fire zone so we are only concerned with the first 180
minutes of the fire, 1If active fire suppression is not taken within
180 minutes, the entire fire zone will be in question, not just the
structural stéfl The calculations in Attachment B show that the gas
temperature will be approximately 1433°F after 180 minutes,

The centerline plume temperature for a ¥6gL kW fire, 4 ft in diameter,
would be 544°F at the ceiling,

The results above show that the critical steel temperature will not be
reached for this scenario, therefore a detailed analysis of the steel

will not be performed.
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Surface Area Calculation

Diesel Generating Room

Walls
North wall  (60' x 23') - (3'4" x 6'8" door) 1358 ft2
South wall (53" x 23') - (3'4" x 6'8" door) 1197 2
East wall (25' x 23') - (3'4" x 6'8" door) 553 f:§
North wall (7' x 23") 161 ft2
West wall (25" x 23') - (10'3" x 23' Equip door) 337 ftc¢
3606 ft2
Ceiling (25' x 60') - (7' x 8' Fuel Storage Area) 1444 ft?
Tota) Surface Area for Heat Transfer 5050 ft2

ATTACHMENT A
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2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Emergency Diesel Generator Building, 127' Elevation, Fuel Transfer Room

under consideration). Bounding walls are reinforced concrete with an
average thickness of 2 ft, Total surface area of the bounding walls and
ceiling is 5161 ft2, (See Attachment A for a calculation of heat 1loss
surface area.)

COMBUSTIBLE LOADING
The major amocunt of combustible material in the room ic the combustible

liquid being pumped through the diesel transfer pump and the limited
amount of combustible lubricating liquid inside the pumps. The amount
of cable material in the area is not significant in comparison to the
liquid fuel and will be neglected in this analysis.

VENTILATION PARAMETERS
The Fuel Transfer Pump Room has approximately 33,120 ft3 (938 m3) of

available air for combustion in the room. The curve in figure 1 shows
the duration of a fire at a given heat output with the available air in
the room, The curve indicates that there is only enough air to burn a
small pool fire (e.g., a 1.7 gpm spill fire @ £4500 kW) for 6 minutes,

The worst case fire will be a ventilation controlled fire. There is
only one access door to this area in the east wall of the room. This
door is 3'4" x 6'8" providing a maximum ventilation opening of 22 ftl
to supply air to a fire in this room,

CASES EXAMINED
The worst case fire would be caused by a fuel line leak creating a fuel

spill spreading across the floor of the room. The size of the fire and
surface area of fuel involved would be limited by the quantity of air

available for combustion., The worst case would be with the east access
door open providing a 22 ft2 of ventilation opening for combustion air

|
|
between columns [ and 1,5. (See Attachment A for a sketch of area

to burn at the maximum heat release rate of 4582 kW for a duration of

4% - &




180 minutes. The designed fire resistive rating of the room is 180
minutes.

The centerline plume temperature ior th's size pool fire will be

examined to determine the effect of locaiized heating on the structural
steel,

RESULTS

The largest surface area of a fuel spill that will burn with a con-
trolled ventilation opening of 22 ftZ (4582 kW) is a 4 ft diameter (14
ftz) pool fuel surface. This represents a fuel line leak of 1.7 gallons
per minute., A spill rate larger than this would not have any impact
since there is only enough air available for combustion to burn 1.7
gallons per minute., Assuming this fire continues to burn at this maxi-
mum heat release rate for the duration of 180 minute:s, 300 gallons of
fuel would be consumed. The gas temperature reached in this period is
1404°F, (See calculations in Attachment B8).

The centerline plume temperature for a fire of this size would be 54%°F
at 23' above the surface of the fuel pool. The structural steel wiil
not be adversely affected by localized heating from this fire plume.

The critical steel temnerature will not Ye exceeded in this analysis so
a detailed analysis of the steel will not be performed.
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2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 Radwaste Building £1, 88' Reactor Sump Roon (see Attachment A
for sketch of area under consideration), Bounding walls of area are
reinforced concrete with an average thickness of 2.5 ft, Total surface
area of bounding walls and c2iling is 3006 ft2 (279 m?) (see Attachment
A for calculation of areas).

COMBUSTIBLE LOADING

Combustible loading in the area consists of cahle insulation and lubri-
cating oil. There are only two cable trays in this area, These tray
numbers are listed in Attachment B, but will not be considered in the
analysis because their contribution to the overall heating in the room
in comparison to the large quantities of oil will be minimal,

A quantity of 300 galions of o0il could be contained in one of the sump
areas at any one time, An oil fire of this quantity and size will cause
the greatest heat exposure to the steel in the room.

VENTILATION PARAMETERS

Two doors serve this area each measuring 3' x 7' for a total of 42 ft
ventilation opening., One door is located on the west wall and the other
opens into the Core Spray Pump Room, The total volume of air within the
room for combustion is 1279 m3, Figure 1 illustrates the fire duration
for various heat output fires for this volume of air., We assume 300
gallons of oil had spilled into one sump area 126 ft2 (14' x 9')., The
sump area is totally enclosed by concrete except for an access hatch on
top of the sump. This hatch is 3'2" x 4'2" (13 ft2), With an oil fire
in the sump area, the limiting factor would be the available air pro-
vided to the fire through the hatch area assuming the hatch is not in
place. The available air in the room will not be sufficient to consume
all the fuel! in the sump, The fire would consume all the air in the
room in less than 17 minutes, Therefore, the fire will be ventilation
controlled by the size of the hatch area and at least one door must be
open to allow enough air for combusticn of the fuel.

1
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4.

CASES EXAMINED

A quantity of 300 gallons of oil is assumed to be contained within one
of the two reactor sump areas (14' x 9') 126 ft2, The worst case fire
will occur with one door open to allow sufficient air for combustion
for a period of 180 minutes or until all the fuel is consumed, The time
of 180 minutes is used because it is the designed passive fire rating
of the zone. The critical steel temperature must not be reached within
the design rated fire resistance period. The limiting facter control-
ling the combustion of the fuel is the actual ventilation opening to
the fire. This is the 3'2" x 4'2" (13 ft2) hatch opening to the sump
pit,

The other case to be examined is the localized heating effect on struc-
tural steel from a fire in the sump.

RESULTS

This case examines a 13 ft2 ventilation controlled sump oil fire. The
maximum heat release whicn can be achieved with a ventilation opening
of this size is 2160 kW, This would consume a total of 0.8 gallons of
oil per minute, Theoretically, the quantity of oil available (300 gal-
lons) is sufficient to burn for over 360 minutes (6 hours) at this con-
stant burn rate. The calculations in Attachment C indicate that after
130 minutes the room gas temperature is 1150°F, This does not exceed
the critical steel temperature so a detailed analysis of the steel will
not be performed,

The centerline plume temperature caused by this fire will not be suffi-
cient to become a factor in the failure of structural steel in the
room, The plume temperature at 27' above the floor (assuming the fire
is at floor level) from a 2160 kW fire will only be 270°F, This is
below the critical stee! temperature so a detailed analysis of the
steel will not be performed.

The cable trays in this area were positioned such that they did not
present a localized heating exposure to the structural steel.

2
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Unit 2 Reactor Sump Area El. 88'

. Surface Area Calculation
Walls
North wall (27' x 11")
South wall (27' x 17') - (3' x 7' door)
East wall (27' x 30')
West wall (27' x 30') -« (3' x 7' door)
Ceiling
Area 1 (30" x 17")

Total Surface Area for Heat Transfer

ATTACHMENT A

459
438
810

2496

3006

ft?
ftl
ftl
£t

789

ft?

510

ft2 (279 m2)

29-



Cable Trays

Cable trays located in the Reactor Sump Room,

Note: Cable material contribution to huat release in the roon not

considered,

Horizontal Surface
Tray No. Width (in) Area sftz}
TR2MAZ2 20
1B2MA030 24 4

ATTACHMENT B

a5 -6






!-

])[ (' Professional Laoss Control, Ine.
R L

STRUCTUK;\L 51}1[‘. AN;\LYSIS
for

PEACH BOTTOM ATOMIC GENERATING STATION

Unit 2

Radwaste Building E1. 88'

HPCL Pump Room

Fire Zone 59

September 12,

(). Box 16 @ Ouk Ridge, Tonnessee 378300 @ (615) 1823511

193

(o]

30 -1




2.

PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTION

Unit 2 side of the Radwaste Building E1, 88' in the HPCI Pump Noom ,
Fire Zone 59 (Room No. 6). Bounding walls of the area are reinforced
concrete with an average thickness of 3 ft, Total concrete surface
area of bounding walls and ceiling is 8395.75 ft2 (see Attachment A for
calculation of areas).

COMBUSTIBLE LOADING

The combustible loading in the area includes both cable insulation and
lubricating oil for the HPCI pump. The total surface area of cables in
this area is 166 ftZ with an average combustible loading of the cable
trays of 3.8 1b/ft. A listing of the cable trays considered, surface
area, combustible loading and fire duration calculations is included in
Attachment B.

The quantity of oil in the room used for equipment operation was taken
to be 155 gallons. This quantity was doubled to account for potential
transient combustible conditions (oil changes, etc.).

VENTILATION PARAMETERS
There are two door openings in this room. One door is located at the

northeast corner 2and the other is at the southwest center of the room
leading into the enclosed stairway. The doors are 3' x 7', This pro-

vides a total ventilation opening in the room of 42 ft2,

The total volume of air in the HPCI Pump Room is 44,988 ft3 (1274.9
m3). The curve in 7Figure 1 represents the ventilation controlied fire
duration based on the volume of air (i.e., without openings). This
curve illustrates that there is only sufficient air to burn approxi-
mately 25% of the cable insulation in the room (excluding any involve-
ment of oil). Therefore, it is apparent that the quantity of combusti-
bles available is far greater than the air necessary for combustion
indicating that the worst case fire will be ventilation controlled.

J0-2



. 4. CASES EXAMINED

The first case involves both doors being open allowing the maximum
ventilation opening of 42 ftZ, Tne ventilation controls the combustion
rate (explained above).

The heat release rate related to a ventilation opening of 42 ft2 is
9008 kW.
Q, = 1580 Ao vHo = 9008 (kW)
Ao= 42 ftZ Ho = 7 ft

The initial stages of the fire are assumed to involve all the cable
trays simultaneously (representing 2933.9 kW) with the remaining 6074.1
kW (9008 kW - 2933.9 kW) being released from the combustion of oil.
Once the cable insulation is fully consumed, the o0il combustion rate
can increase due to an increase in air availability., The maximum heat
release is maintained until all the oil is consumed, The fire duration

is calculated to provida the room gas temperature at thnis maximum heat

. release.

The second case involves an analysis of localized heatng of structural
steel, The fire plume generated from the oil fire is assumed to be
directly under the structural steel such that the steel will be in the
centerline of the plume. The highest plume temperatures are produced
when the most 0il is consumed. This is during the later stage of Case 1

where the oil fire is responsible for the full 9008 kW of heal release.

5. RESULTS

Case 1

e e e

The average combustibie loading per surface area of tray is 2.79 I1b/ft?

.

(see Attachment B). Using a cable burn rate of .1 1b/ft?
min

, Lthe cable

insulation will contribute to the fire for a period of 37.9 minutes.

During this same period 8Y gallons of o0il will be consumed to produ

O

=]

o

the maximum heat release of 9008 kW,

30 -3




After the 37.9 minutes, 221 gallons of the 310 initial gallons of oil
remain, The remaining oil will be burned in 63 winutes. The total lire
duration at the maximum heat relcase rate of 9008 kW is LOL wminutes,
This fire duration represents a room gas temperature of 1278"F (sce
Attachment C). The critical steel temperature will nol be cxceeded so
a detailed analysis of the steel will not be performed.

Lase 2
The centerline plume temperature at a height of 27' from the surface of
the oil pool is calculated as 048°F using the o1l pool combustion

methodology.

This temperature is below the critical steel temperature so a detailed
analysis of the steel will not be performed.

The cable trays in this area were positioned such that they did not
present a localized heating exposure to structural steel,

o

Y0-4




Dur

Qutput

neat

2

173 o

o
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360

180
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Surface Area

North wall

South wall

tiny+ 2
uﬂ'l\_ [

Radwaste Bui]dinq El.

88’

T APCT Pump Room Fire Zone 59

SSRGS SIS " ———

Calculation

x 27') - (10" x 10" equip. hatch) 2512.25 fLe
x 27') - ‘'x 7' door) 02.5 L=

el.-88" el. - {1’ floo

- f %9 ] N
'6") - (27* x 11' hatch

Total Surface Area for Heat Transfer

ATl ;‘C‘“'E \T
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HPCI Room Cable Insulation Fire Load

Wt of Cables {(1bs) =

0.5 1b/ft (Tray Cross Sectional area inZ)(Cable Len th ft) {actual fill %
2 { Y e ) 9 \ u )

*Wt. of combustible material is 0.5 Ibs/ft electrical cable
——— e e

ae
a) Actual Cable Insulation Load

Tray Cross- 2 Cable Actual Wt of
Tray No. Sectional Area (in¢)  Length (ft) Fill (% Cable (1bs
ZB2KBO10 12 21 *—'TTL'L —_'128.5_*1
ZB2MA012 12 21 13 98.3
182MB012 12 21 19 143.6
IB2M3020 72 20 28 201.6

572 Ths

b) Future Cable Insulation Load (+10%)

(1.1) (572 1bs) = 629.2 1bs

¢) Average Combustible Loading per Surface Arca of Tray

(629.2 1bs)/(166 ft2) = 3.79 ips/ft?

d) Fire Duration of Cabling in Roow

¥ '] 2 ’ ' o S
= 3,79 1bs/ft? ¢ .1 1b/tt2 = 37.9 minutes
min
T ;
L1 1b/fte = cable tray surface controlled rate of combustion
mn
\

ATTACHMENT B
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011 Combustion

‘ime Period during Cable Burn

Vol oil consumed (gal) =
Q{Heat of combus.| x T(Time min) x S e e
kW by oi) (Feat Release B1U/gal)

Q = 6014 kW (9008 kW - 2993.9 kW)

T = 37.9 minutes (during cahle burn)
Combus Rate oil = 149,940 btu/ga)
Units conversion factor = 58.8

Vol = (6104 kW) x (37.9 min) x § i x (58.8)
(149,940 btu/gal)

vol oil consumed during cable burn = 89 gallons

Vol of oil remaining = 310 gal - 89 gal = 221 gallons

Time Period after Cable Burn

T is unknown; Qv is now 9008 kW

Q conversion factor

T = (221 gal) x (149,940 Btu/yal) x ] x 11 |
o030 T (J
-

T 62.6 minutes

‘T = (Vol) x (Heat Release) x 1 «x 1

"

e c—

Fire Duration = 37,9 min, + 62.6 min = 101 minutes

. ATTACHMENT 8

x nits conversion factor
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; sond nid < imi ) .
Cable trays considered Lo be burning simultaneous

Horizontal

Tray No. Length (ft) Width
182¢6010 21 24
1BR2MAO12 21 24
1B2MBO12 21 24

Vertical

Tray No.
ZB?MBO?ﬁ

24

r
o
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for

PEACH BOTTOM ATOMIC GENERATING STATION

COMMON AREA
Turbine Building E1. 135'

Battery Room #225

September 12, 1983

P. O. Box 446 ® QOak Ridge, Tennessee 37830 ® (615) 482-3541
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PEACH BOTTOM ATOMIC GENERATING STATION

AREA DESCRIPTIUN

Battery Room #225 on the 135' elevation of the Turbine Building. See
Attachment A for a sketch of the area under consideration. Bounding
walls of the area are constructed primarily of reinforced concrete and
are an average of 1.5 ft thick., Total su~face arez of bourding walls
and ceiling is 1832 ftZ (see Attachment A for a calculation of heat
loss surface area).

COMBUSTIBLE LOADING

The exposed combustible loading in this area consists solely of plastic
battery cases. The Fire Protection Program Report identifies the total
quantity of plastic in the room as 2620 1bs.

VENTILATION PARAMETERS
This area is served by two personnel doors. Each door is 3 ft wide by
7 ft high.

CASES EXAMINED

Both cases examined were ventilation controlled fires. The first case
assumed that on: door was opened which resulted in a constant burning
rate of approximately 4500 kW and a duration of 80 minutes. The second
case was with both doors open which resulted in a burning rate of
approximately 9000 kw and a duration of 40 minutes.

RESULTS

Both cases resulted in rapid failure of the structural steel in the
room. (See Attachmert 8 for the results of the analysis.)
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RM 225

i
e
e ok (RSN

Heat Loss Area Determination

Bounding Area (Excluding Floor)

Ay = Ceiling = (29" x 19') - (7' x 9') = 488 ft2
A2 = North wall = (29' x 14') = 406 ft2
A3 = South wall = (29' x 14') = 406 ft2
Ay = East wall = (19' x 14') = 266 ft2
Ag = West wall = (19' x 14') = 266 ft2
Ay = Al + AZ + A3 + Mg + A5

A, = 483 + 406 + 406 + 266 + 266 = 1832 ft2

ATTACHMENT A
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‘IFE ND.t 1
ILDING: TURBINE BUTLDING

ELEVATION AND AREA DESCRIPTION: BATTERY RDOM 225, 135" ELEV.
CASE DESCRIPTION: ONE DOOR OPEN

AARPSEA AR A AR b b LR I TR RED N ST SRR URE B A 2 S N O O LR SRR TR SR NR S SRR MR A TRT S SRR BE TR TR SR U AL T AR T O U6 S SRR R R N S

CEILING/WALL THICKNESS CEILING/WALIL. MATERIAL R0 HO Rl o
(FT.) S@. FT. FT. SQ. FT. W
B e T T S SR N TR U SR U T TV N A U SR S TR SV S ST S U Th TE S TR S T T TR TH U SPU S R SN S SRV N SN SO SR ST CbY S SN S G SN T S EY S ST SR T S TEN SR S N SR S A S S e

1.5 CONCRETE 21 7 1832 45@4.

FIRE IS VENTILATION CONTROLLED

FIRE DURATION BAS TEMPERATURE
(MIN, D) i (DEG. F?»
19 341.714
22 1301.67
7, 1977. 388
49 1810. 35
S0 <@16. 21
(A, 2201.79
70 2372. 45

‘ F 2931. 30

ATTACHMENT B




CASE N0,
ILDING: TURBINE EBUILDING
VATION AND AREA DESCRIPTION: BATTERY RODM 228, 135" ELEV.

P—al

CASE DESCRIPTION: BOTH DOORS DPEN

e e e

¢ o e o o o o i e )

CEILING/WALL THICKNESS CEILING/WALL MATERIAL /A0 HO [S1N (B
(FET.) s@. FT. FT. S@. FT. KW

B L L e S e S T S S S S A S O
1.5 CONCRETE 4z 7 e3¢ 90.s. &

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN. ) tDEG. F)
10 1€11.@7
20 2931. 39
a7, 024, 11
a4 3550. 12

ATTACHMENT B
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