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Peach Bottm Atmic Power Station, Units 2 & 3 Appendix 2

Structural Steel Survivability Evaluation

A. Introduction:

Appendix R Section III G.2.A States:

" Separation of cables and equignent 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 required of the barrier."

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

B. Description:

The structural slabs at Peach Bottm are typically cmposite construction,
i.e. structural steel beams or girdars supporting, and interconnected
to, a reinforced concrete slab. 'Ibe structural supports are either
partial or total cmposite construction. All W rs are end-

4

restrained.

nv Fire barriers supporting or located 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 itans supporting the evaluation are attached:

1. Methodology for Evaluation of Fire Resistance of Structural
Steel

2. Sunmary of Assmptions

3. Sunmary of Conservatians

4. Palmlatica Sumnary

5. Structural Steel Analysis calculations for 31 Plant Areas

C. Acceptance Criteria:

i A critical steel tenperature of 1477 F was used in the evaluation.
'Ihis taiperature is based on published test data and is an average
of the tarperatures recorded for tests performed.on various beam / slab
assenblies. Additional industry standards (AISC, A151) researched refer
to the general tatperature acceptance criteria of AS'IM standard E119;

pd however, the tenperatures derived through actual testing bettert
,
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represent end restraint conditions and ocmposite mnstruction at
Peach Bottan. It has been denonstrated that unrestrained lx3aq/ slab
assmblies have lower fire endurance than restrained assenblies,*'

and cmposite action will prolong. fire endurance. The beam sizes
and slab thicknesses for the assenblies tested are typically analler
than those existing at Peach Bott m. Applying the test data is
conservative since the larger steel meubers and thicker slabs at

- Feach Bottom have atiriitional heat capacity.

The 1477 F teqperature is applicable to partial conposite construction,
but has been used as the acceptance criteria for all structural
steel manbors. It is therefore conservative when evaluating full
cmposite beany' slab asserblies. .

The critical steel tanperatures were determined by testing beaWalab
assenblies that were Irwlarl to approximately 50%-60% of yield
stress. The structural m*= hrs at Peach Bottan were designed to an
allowable value of 60% of yield stress but include a onecified live
load. Ictual stresms will be significantly lower than 60% of
yield stress.

D. Summary:

Thirty-one areas have been evaluated, in cases such as the Battery
Ro ms and Switchgear Rooms one calculation was run to represent all
cases since these roms are very similar. Where Unit 2 was similar
to Unit 3 the worst cam <=h_=tible Irwling was used to represent
both. Gas tanperatures were empated representing consunption of all-

]- cmbustibles in the defined areas. Teral hot spot heat fluxes were'

evaluated for areas where particular trays were in close proximity
to exposed structural r u +rs. When ocmputed gas tatperatures were

:

j below the acceptance criteria, steel i=myeratures were not ccx:puted.
| Steel tanperatures were canputed for areas where the gas or local

tenperatures were above the acceptance criteria.

The elmlations inclurlarl conversatians identified in the methodology
| as well.as the following:

I

1. Openings defined for ventilation controlled fires were typically
based on architectural layout and in many cases electrically
supervised fire barrier rinnre or watertight doors were =9==d
to be open when a fire starta . Several cases were

| refined to reflect realistic conditions and in such cases gas

temperatures representing one or two doors open for a ventilation'

controlled fire were elemlated.

2. She innalharl temperatures which were ocuputed did not take
into effect conduction dosn the length of a bean. Generally

.

; the localized effect was only for a width of 2-3 feet, while
the gas taiperature in the rom was several hundred degreesi
lower that the hot spot. -

.

,

,

.

l'

,-%,, .- e.-4 ',r,. ----.r -v,e. - -.c.....-...., ,.-.,,,..-.,..-~#.-...-y+. . . , - . , . - - ,,e 3 ., ,,, 3



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

-3-

'
.

3. h calculation results.were run for fire duration or a
mininun of 3 hours. Credit is warranted for manual suppression
by the fire brigade inside a 30 minute timespan.

Calculated gas and local tarperatures for twenty-seven of thirty-
one areas met the acceptance criteria. 'Ihe following problan areas
were. identified:

1. Turbine Building - Elevation 116' - Camon Area-('ninnlation
#24. 'Ihis area exhibited a gas tatperature of 404 F after 3
hours however a single tray prr*W localized taiperatures
which were above the acceptance criteria in 35-40 minutes. We
propose to encapsulate the entire tray in a 3-hour fire resistant
material.

2. Battery Roons - Calculation #31.

h battery roans presented the most severe fire conditions.
h structural steel acceptance taiperatures were reached verf
rapidly. 'Ihe case of one door open prr*M a gas tarperature
of 1578 F within 30 minutes. 'Ihis is 100 F above the acceptance
criteria. We propcse no modifications for this area for the
following reasons:

a. 'Ihe existing batteries with polystyrene caaaa are being
replaced with new batteries having polycarhmate cases.
U.L. testing of polycarbonate sheets yielded a flame
spread rating of 10. 'Ihis rep 1-t will significantly
reduce the hazard associated with the battery caaan. The
Unit 2 battery cases will be changed out during the
spring 1984 refueling outage. 'Ihe Unit 3 battery cases
will be changed out at the next re*ueling.cutage schnduled
for January 1985.

b. 'Ihe battery roans are provided with autanatic smoke
detection,

c. . Due to fire barrier maintemnce and security the Battery
Hoan docrs are maintained closed, therefore the 1 door
open fire scenario is extranely conservative.

d. 'Ihe availability of manual suppression equipnent and
rapid fire brigade response will greatly reduce any-
possibility of a ser_ious fire.

.
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| 3. Cable Spreading Room - Calculation #23. The Cable Spreading
Q'

Ibcm is a critical area and the ceiling is a fire barrier.

however, due to alternative shutdown it will no longer be av -

safe shutdown barrier. h cable Spreading roca exhibited gas
tmperatures of 1100 F with two doore em and 586 F with one

|door open, neither of which should be the caso due to security
|

control of access, self closing doors and fire barrier maintenance.
Iocalized teriperatures were marginally above the acceptance
criteria. One of five cases examined was 10 F above the
acceptance tenperature and a second was 22 F above. We propose
no modifications since 1) the two door open fire scenario is i

extranely conservative, and 2) there are 23 sucke detectors
and an autematic carbon dioxide systen that will provide quick
detection and suppression to mitigate a problen. I

!
4. Ocuputer Roan - Calculation #25. This area is similar to the |

Cable Spreading Ibcm. h gas tanperature only reached 185 F,
however one local condition resulted in tarperatures 8 F above
the acccptance criteria at the 175 minute mark of the fire.
Isain, the barrier under consideraticm is not a safe shutdown '

barrier but is in a critical area. We propose no modifications
W = m of the existance of smoke detection, a manual carbon
dioxide systen and the expected rapid response of the fire
brigade.

Conclusion:

O after ccme1etion of the modificetions es states eeove the structura1
| steel of the analyzed fire barriers will provide a fire resistance

equivalent to that regaired of the barrier.

.
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b Methodology

for

Evaluation of Fire Resistance of Structural Steel

INTRODUCTION

A simple yet reliable procedure for evaluating the fire effects of struc-

tural steel is proposed using 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: identi fying

(quantifying) the fire exposure and assessing the effects on the steel. The

apprnach described below successfully treats the problem in a systematic

method making use of simple and conservatively realistic fire models and

hea'. transfer calculations.

FIRE MODELING

Many models of varying complexity have been developed to predict the

grnwth, spread, peak temperature and/or time temperature history of a

fi re. The more complex models which deal with the fire from ignition to-

decay require significant input data about both the fuel and rcom 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. *

If realistic but conservative assumptions are made and available test data

O are used, simpitfied ennroximetioas of fire behavior cea de made . nica.

.
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. 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. Coulbertl identifies five (5) modes which he calls

" energy release criteria'" as follows:

1. Flame Spread Rate

.2.. Fuel Surface Area Limit
3. Ventilation Limit-
4. Enclosure Volume

5. Fuel Load

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

used as follows:

1. Flame Spread Rate - based on test data on cable fires from Sandia

. Laboratories, FMRC/EPRI, 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 xcur immediately.

2. 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 involved to establish a -heat release ratee

for fuel surface controlled fires. The extent (size) of the fire

is sele.cted based on the location and amount of fixed combustibles

in an area (i.e., cable insulation).
'

3. Ventilation Limit - the ventilation available- through openings
'

can,be determined to assess the heat release rate for ventilation
I

i- controlled fires. '

.. .

t
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. 4. Enclosure Volume - should all natural and forced ventilation be

terminated, this limit criteria determines fire duration based on

available 02 to support combustion. A relationship between size

(heat, 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 temperature

based on correlation' of more than 100 sets of test data to basic plume
O

i theory. Plume theory relates the ceiling layer temperature rise, T, to
,

the heat release rate Q and the height above the fire H as follows:

AT a Q2/3.g-1/3
~

.

' - Using the premise that in a developing, fuel controlled fire, the fire

behavior was similar to a plume the authors s'ought a power law relationship
'

relating AT to heat released and heat' loss in the followir.g form:,

Q \N hk Aw M'aT ~
C=

~

pCp p To Ao dC Ao[p

-.

.

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

the authors propose the convenient form:

2/3- X -1/3AT = 480 X1 2

0 hk AwWhere XI= and X2=
vg Cp p To Ao do d po C Aodop

Q is established by evaluating the number of cable trays involved and

related tray surface area. Next hk must be evaluated. The value of hk

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, hk is best approximated by steady' state conduction through the
k

wall and ceiling, hk=7 For a fast developing short duration fire -in a

thick walled enclosure, h is best approximated using the thermal inertiak

(assumption of semi-infinite solid), hk =) P The semi-. infinite solid.

approach -is most appropriate for nuclear power plant enclosures because of

the massive barriers. Q and hk are inputed with the ventilation opening

-data to calculate XI and X2 and subsequently AT.

Ventilation Controlled Fires
,

For ventilation limited fires, a simplification of the methods proposed by
'

Babrauskas and Williamson4 as modified by Berry 5 will be used. The conser-
- vative assumption' allowing the simplification are as follows:

.

t
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1. Convective and Radiative loss through openings in the enclosure

6are negligible (see Berry ).

2. Heat loss through the walls will be dominated by the thermal

inertia ~of the barriers, p Cp k (assumption of semi-infinite slab

approximation).

'

,

4-

; The heat balance equation can be described as 'follows: '

,

Q' = 1580 Ao/Ho = heat release rate (kW)-

4 - Tw ) = radiant heat transferred to boundary4Q= cat 4.(Tg

Q = /w p Cp k'At (Tw.To) = conductive heat loss through boundary
-- J - g +

g

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

following expression:
_

-

0 + To + Q t 4 1/4Tg=
aAtu AK -t

where Q = 1580 Ao 4

K '= 1/2hu k p Cp

n = function of emissivity o' fire gases and boundary walls

At = total heat loss surface area of boundary
_

%
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' ( .) This relationship is similar in form to that developed by liarmathy6 except
:

the heat' release rate is defined by the ventilation factors. A time tem- j

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

Fire Duration

The fire duration is determined either by the limit of fuel loading or

[ enclosure valume. For a fuel loading limited fire, the duration is calcu-

,
lated taking the amount of combustibles and dividing by the heat release

i

rate:
-

.

For enclosure volume limited fire, the duration is calculated by taking the

- available oxygen for canbustion and dividing by the heat release rate:

r = Constant (Volume of Enclosure)o o

Computer Calculation

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

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

also shown in Figure 1.

,

'

Step 1 Input Data-
3

Data is developed for input based on the following:
.

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

taking .the surface area of cable trays involved using natural breaks in

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

heat release rate is applied to this area to calculate Qas-
-

6
t

,

b
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v The best available data on free burning cable trays containing neo-

prene jacket cables appears in the FMRC/EFRI(2) 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 lb/ min ft2 of cable tray or a
'

heat release rate of 1000 BTU / min ft2 (190 KW/m2). 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.

Aw - The heat loss surface area consists of all wall and ceiling sur-

faces. The conservative assumption of negligible heat loss

through the floor is applied by excluding the floor area in Aw,
%)

Ao - 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.
I

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.

' Fuel Load - The duration of the fire based on fuel load in the involved

O canie tray or ' Fuei ioad combustibie per ftz trav - =iautes.

.1 lb per min per fte tray

7
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d Step 2 Calculate Q vent = 1580 Aolii$

Step 3 Compare Q vent to Qas

if Q vent > Qas the fire is fuel surface controlled: go to Step A4

If Qas > .Qvent the fire is ventilation controlled: go to Step B4

.

Step A4 Calculate enclosure volume limited duration

Tyo1 = 29 Vp(m3) in minutes-

Qas(kw)-

Sten A5 Use lower of ' fuel load or vol.T

Step A6 Calculate AT = 480 (X )2 3 X -13 (*C) and convert to *F1 / 2 /

Step A7 Compare AT + To to Tc,- for steel

if AT + To < Tcr steel passes

If AT + To > Tcr steel fails

Step B4 Calculate enclosure volume limited duration

Tvol = 29 V (m3) in minutes
.

Qvent(kw)
-

.

I

Step-B5 Use lower of ' fuel load or T vol

0 To+Q/t'
4Step B6 Calculate Tg= + i wm

oA "t AK i
t

,. ._

'

8
,
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Step B7 Compare Tmax to Tcr for steel

if Tmax < T r steel passesc
~

if Tmax > Tcr calculate time to Tcr using AT = 231 (T-T ) atI

per Stanzak

:

O

.

d

|

|
'
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'

O
1 - Qas > A , Ao, 11 , Ve , Tflw 0

'
r

2 Calc. Q vent = 1580 Ao, Ho

V yes
3 Qvent > Qas '= A Fuel controlled.

y a
B4 Cal T vol _ using Q vent A4 Calc Tvol using Qas

v v

B5 Use lowest T A5 Use lowest T
_

y s.

B6~ Cal'c T vs t A6 Calc AT
o<t< T

_

if yes ok yes -

V
> < A7 AT + To < TcrB7 Tmax<Tcr

4 + -

B8 Calc unsteady state heat A8 Reevaluate methodology
transfer to fire time to and/or protect steel
Tcr

Figure 1

.
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RESPONSE OF STEEL

The evaluation of the steel is a two part problem. The first part is to

establish a T (critical temperature) where the strength of the steel iscr

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-

7cedure outlined by Stanzak . The second part is to compare the fire tera-

perature with the Tcr for the steel. In the case of the hot layer temper-
4

ature calculated for the fuel controlled fire, the accpetance criteria will

be T <T In the case of the ventilation controlled fire, the unsteadyg cr.

state heat transfer calculation outlined by Stanzak7 will be used to

determine the steel temperature. This equation is as follows:

ATsteel = 231 S(Tg-Tj)at
G

A
LJ

U

where if is the surface area to mass ratio of the steel

i is the average fire temperature in time intervalg

Tj is steel temperature at the start of interval

At is time interval in minutes

*
.

8
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Summary of Assumptions

O ~

Nas

The application of the NBS empirical nethod for hot layer gas temperature |
1

is based on the following assumptions: |

1. The correlation holds for upper layer gas temperatures up to

approxima'ely 600 *C (1100*F).

2. The wall thermal penetration time tp is greater than the

characteristic fire growh time, tc. For the large concrete

barriers t is calculated to be 7 to 10 hours. This verifies thep

semi-infinite solid heat transfer assumption.

3. Heat loss area for the boundries is taken to be the walls and

ceiling. Heat loss through the floor is considered negligible.

Ventilation Controlled Method '

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

following assumptions:

1. Convective or radiative heat lesses through openings in the

enclosure are negligible.
.

2. Heat transfer through the boundries is calculated using.the

semi-infinite solid assumption.

3. Heat loss through the floor is considered r.egligible.

'

.
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General Assumptions for Input Data

() '1. The development of input data requires assumption regarding the size

and duration of a fuel surface area controlled fire. The size of the

fire Qas, is estimated by evaluating natural breaks in continuity of

combustibles. Where these natural breaks exist, a heat release rate .

involving'the number 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.

i

2. 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 (EPP.I NP-1200) range from 6000 to 7500 Btu /ft.

.

O

.
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Sunnary of Conservativisms
, ,

1. No convective heat loss for ventilation controlled fires.

2. No radiation heat losses through openings.

3. No conductive heat losses through floor.

4. Cable heat release rates are based on large scale tests using

conservative heat of combustion.

5. Fuel surface area controlled fires are taken as conservatively large

fi res .

.,

e

O
.

5

?

1

e

* *

%4

..

,

>

:

,. ..
.

>

'*
.

.

,

t

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



c

Special cases:
O -

.

V A special case exists in large open areas with ill defined ventilation

openings. For large open areas, the NBS empirical methodology has not 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 ill 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 co 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 (i.e. if the weight of
2

combustibles is 5 lb/ft2 of tray, and the rate of combustion is 0.1 lb/Mm/ft

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 typical example of

this approach. ..

.

O ..

t
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: O O Oc , _ ,,,e
calmlatian ( % sc.s Criteria'
Numbers Area 1477 F*s Teal Effacts

I 1 Radwaste Bldg. El. 88' Unit 2 BCIC Puup Itx2n 769' No
i

j 2 Radwaste Bldg. El. 91'6" Standby Gas Treatment Boon 136 No

3 Radwaste Bldg. El. 91'6"-135' Unit 3 BHR Heat Exchanger and 917 No
'

; . Pung Iban
. -

.

; 4 Unit 2 Reactor Bldg. El. 91' 6" + 116' 'Ihrus Area 94 t No ,

:
'

BHR Heat Fvcharv=v- 961 ' .No; 5 Unit 2 Beactor Bldg. El. 91'6" + 116' '

and Pung Iban,

!

6 Unit 2 Beactor Mlat . El 91'6" + 116' RHR Heat E M - pr 1077 NoJ
and Pu@ Iban,

i

! 7 Unit 2 Reactor Bldg. El.116' North Vanuun Breaker Area 715 No

8 Unit 2 Beactor Ritt . El.116' South Vacuum Breaker Area 723 NoJ

j 9
~

Unit 2 Reactor R1 rig. El.135' North of Beactor Center Line 705 No
1

{ 10 Parha=te Bldg. El.135' 1*rlir al Station and Cbrridor 930 No

11 Barha=te Bldg. El.150' IW=te E&V E? mant ce Liezd. 246 Noi

! 12 Unit 2 Reactor Bldg. El.165' MG Eet Vent Supply Fans No Otxobustibles No
i

13 Unit 3 Reactor Bldg. El.165' MG Set Vent SuEply Fans No nev*a=tibles No.,
-

14 Unit 2 Reactor Bldg. El. 195' West of Beactor Center Line 145 No

15 Unit 2 Reactor Bldg. El.195' East of Reactor Center Line 366 No
~

! 16 Unit 2 Reactor Bldg. El. 195' + 214' Ventilating Equip. 625 No
! Area + Fan Iban
;

17 - Radwaste Bldg. El.116' Unit.3 Cooling Water E? mant Iban 975 No -i
-

<

1 18 Radwaste Bldg. El.135' Personnel Decantaninatin Staticu 600 Yes, see
I calmlation
i
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CAICUIATICN SUNRIE

O,
Gas h W a h

raloilation (Wyu.-e Criteria-

Numbers Area 1477 F) Iocal Effect_s
19 Radwaste Bldg. El.135' Unit 2 Reactor Becirc Pump MG Set 1200 No

Iom
*

20 Turhi"a Bldg. El.135' Switchgear Rxxn 1438 No

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

No

22 Radwaste Bldg. El.165' Danote Shutdown Panel Area 802 No

23 'Ibrhine Bldg. El.150' rahla Spreading kxxu 1099 - Yes, see
calm 1ation

24 'Ihrbine Bldg. El.116' remmnn Equipnet Area 405 Yes, see

25 Turbine Bldg. El.150' Ccmputer Roan 184 Yes, see
calm 1ation

.

26 Punp Structure El.112' 994 No
_

27 Diesel Generator Bldg. El.127' Diesel Generator Rxan 1433 No

28 Diesel Generator Bldg. El.127' Ebel Transfer Rxxn 1404 No

29 Radwaste Bldg. El. 88' Unit 2 Reactor Sung Rxxn 1150 No

30 Radwaste Bldg. El. 88' HPCI Pump Rxxn 1278 No

31 'Ibrbine Bldg. El.135 Battery Rxxn 3550
.

No

-

.

'

i
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September 12, 1983
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. PEACH BOTTOM ATOMIC GENERATING STATION*

1. AREA DESCRIPTION

Unit 2 Radwaste Building El. 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 ft2 (387 m )2

(see Attachment A- for calculation of areas).

' 2. COMBUSTIBLE LOADING

The combustible loading used for the calculations in the area consist of
399 lbs of cable insulation and 5 gallons of oil the total . surface area

of cable trays is 152 ft2 with an average cable combustible loading of
22.6 lbs/ft .

3. VENTILATION PARAMETERS

Two doors rerve 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 ft ,2

3The total volume of air available in the room for combustion is 2289 m ,

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.

.

4. CASES EXAMINE 0

The limiting factor which will determine the combustion of all materials
in the rooni is ventilation (see Figure 1). With two doors open the
maximum heat release rate fire in the roon 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 oil'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

14
._ _



,
'

.

.

.

("") release fire would then be 2687 kW until all the cable was consumed.
''''

This would take another 24 minutes'. Tlie overall 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.

5. RESULTS

The case examined a 9008 kW fire (cable and oil) for 2 minutes and then

;5 : 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

C6 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.

O
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.

.

k
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Unit 2 RCIC El. 88'

Surface Area Calculation.

Walls

North wall (27' x 31') 837 ft2
South wall (27' x 31') 837 ft2
East wall (27' x 30') - (3' x 7' door) 789 ft2
West wall (27' x 30') - (3' x 7' door) 789 ft2

3252 ft2

Ceiling

(30' x 31') - (l' x 6' wall) - (2' x 6' wall) 912 ft2

2Total Surface Area for Heat Transfer 4164 ft2 (387 m )

O
. ATTACHMENT A

I-5
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Cable Trays

()) Cable trays considered to be burning simultaneously:

Horizontal Surface
2Tray No. Length (ft) Width (in) ' Area (ft 1

ZA2MA200 14 24 28 -
ZA2MA210 24 24 48
ZB2MA020 32 24 64
ZA2MA220 2 24 4
ZA2MA030 2 24 4

5" Vertical
fh Tray No. ,

ZA2MV780 2 24 4

152
'

m.

Heat Release = 152 ft2 _ x 190 kW/m2 = 2687 kW
10.75 ftc/mc

Fire Duration of Cables = 2.6 lb/ft2 e 0.1 lb = 26 minutes_.

min ft2
~

:

+

%

e

( ATTACHMENT B
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C ASE liutiLER : 1
*

BUILDING: R ADWASTE UNIT 2
ELEVATION AND AREA DESCRIPTION: 88' EL. RCIC P utiP R Octi -

CASE DESCRIPTION: TWO DOORS CABLE 5 GAL DIL

1 x x x x x x :, x r- x x * :, < X x x * * x x * X x x x x x * x x x * * * x x x x x X *.x x x x x x * x * >::: x x x * * * -x x x x x * * r *r

CEILING /UALL CEIt ING/ WALL Ao Ho Aw Q
'

THICKNESS rial ER I AL
(ft) (ft2) (ft) (ft2) (kW)

F % X x; X x x x X X x X X X x X X x > / Y h x * x X M X X x x > X W X X X X X -X k- x M X X X W W W M X > X XM M M X X x X x % M x X X X M M X X

2.5 . CONCRETE 42 7 4164 9000

~[RE AS VEili_L ATION CONTROLLED

r .
FIRE DUR ATION GAS TEMPER ATURE

(deg.F)(min)' <- *

1 316'

''
2 416

:xx xa*x x X xxxx xxx* x *x xx xx x xxx x xx*x Xxxx x*x xx**x x xx** **Xx x x*********x *x x** x

CEILING / WALL CE1 LING / WALL Ao Ho Aw Q
THICKNESS MATERIAL.

(ft) (ft2) (ft) (ft2) (kW)
1 K U M X M -X X K X- x X M M -X X -X x x A X 4 X X X X K X- x: M M Y X X X -X X -X X X x X M X- X X X N x X * M x X X X M M X X X X X X X X X X X X X X

2.5 CONCRETE '42 7 4164 2687
.

FIRE IS FUEL CONTROLLED-

FIRE DURATION GAS TEMPER ATURE
(nin) (deg,F)

-

3 4G0
4 518
5 541
6 560

.7 577
8 593
9 607

10 620
11 630

*

12 644
13 655
14 666
15 676
16 606

' 17 695
10 704
1Y 7*3
20 722
21 730
22 738

'

23 746
24 754
25 762
26 769 I-7

ATTACHMENT C
.

a
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/' PEACH BOTTOM ATOMIC GENERATING STATIONd
1. AREA DESCRIPTION

*

Units 2, 3 West end of the Radwaste Suilding 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 '

2ft. Total surface area of the bounding walls and ceiling 11,795 ft ,

(See Attachment A for a calculation of heat loss surface area.)

k' 2. COMBUSTIBLE LOADING '

,

The combustibles in this area consist of cable insulation and filter
n:sterial . The filter material has been neglected in this analysis
because it will not contribute to the heating of the room since it is
encl osed. 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
O combustible loading of 1.51 lb/ft . A listing of the cable trays under2
v

consideration is included in Attachment B. There are no significant
combastible liquids in this area.

3. VENTILATION PARAMETERS -

There are two openings considered in this study. They are both doors
2with an opening size of J' x 7' for a total ventilation area of 42 ft .

One door is located at the far northeast corner. The other door leads
to a stairway through the east wall of the area.

The total volume of aii' 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.
,

.

4. CASES EXAMINED

With the light combustible loading in this area, the assumption that
O
V all cables are burning simultaneously presents the worst case fire.

With all cables burning, a surface area of 98 ft2 would be involved.

1

2-2
. .
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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 lbs/ft2 0.1 lbs = 15 minutes4

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.o..

$i,
5. RESULTS

'

With the worst case assumption that all the cable trays in the area are
2burning simultaneously with ventilation openings of 42 ft , 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.

I

e

2
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Heat Output Duration for Available Air in Room
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i Units 2 & 3 SGT Room El. 91'6"

Surface Area Calculation
P)U Walls

' North wall area 1 (23.5' x 5') 117.5 ft2
South wall area 1 (23.5' x 5') 117.5 ft2

'

East wall area 1 (23.5'x50') 1175.0 ft2
West wall area 1 (23.5' x 56') 1316.0 ft2

~

North wall area 2 (23.5' x 5') 117.5 ft2
South wall area 2 (23.5' x 14') 329.0 ft2
East wall area 2 (23.5' x 38') 893.0 ft2
West wall area 2 (23.5' x 48') 1128.0 ft2
North wall area 3 (23.5' x 30') - (3' x 7' door) 684.0 ft2
South wall area 3 (23.5' x 12') 282.0 ft2
East wall area 3 (23.5' x 8') 188.0 ft2
West wall area 3 (23.5' x 12') 282.0 ft2
North wall area 4 (23.5' x 6') 141.0 ft2
South wall area 4 (23.5' x 6') 141.0 ft2
East wall area 4 (23.5' x 65') - (3' x 7' door) 1506.5 ft2
West wall area 4 (23.5' x 42') 987.0 ft2

9405.0 ft'
Ceiling

Area 1 (14' x 55') + (2' x 10') + (l' x 14') + (l' x 5') 809.0 ft2
Area 2 (14' x 55') + (l' x 5') 775.0 ft2
Area 3 (30' x 12') + (10' x l') + (10' x l') 380.0 ft2
Area 4 (6' x 65') + (2' ,x 9') + (2' x 9') 426.0 ft2

2390.0 ft'

) Total Surface Area for Heat Transfer 11,795 ft2
,

(1097m2)

ATTACHMENT A,

S*$
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Cable Trays

( )) Cable trays considered to be burning simultaneously:

Horizontal Surface
2Tray No. Lencth (ft) Width (in) Area (ft )

ZA2PA30 13 24 66
ZA2PA40 16 24 32

Vertical
Tray No.

None -

98 ft2

hhN'4 Heat Release = 98 ft2 ' _ x 190 kW/m2 = 1732.1 kW - cc.

10.75 ftc/mc

2
- Combustible Loading = 148 lb cable = 1.51 lb/ft

98 ftc

4 .1 lb/ft2 = 15 minutesFL (min) = 1.51 lb/f t2
min

!

O

,

!
!

t

-

I

,

v

i

ATTACHMENT B
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CA'SE t! UMBER : 1-

DUILDING: R ADtJAhTE UNIT 2
ELEVATION AND AREA L)ESCRIPTION: 91.6' EL, STANDBY GAS TREATMFNT R00h *

CASE DECCRIPTION: TWO D00RG OPEN AND ALL CADLES

x' ' a x x x o K X x X 1x x x x x r-> x x x x x X X * x x x X x x x x X x x x x X x * * X * x x x x X x x * g X X X x * X x x x x x x x X
,s

CEILING /W6U. Cr:[LItcG/ WALL A rt lio Aw Q
TilICVNESS NATERTAL

( f't ) (ft2) (ft) (ft2) (I:W)
X M x W Y X X X X K y y K X X X X t X -v X X X X k W M X Y: X N X X X X X X X ) X M A X X X X X X X X X X X X X X Y X X X X X 'X X X X X X F N M X

3.0 CONCRETE 42 7 11795 1732

FIRE IS FUEL CONfROLLED

FIRE DURATZON GAS TEMPERATURE
. (Nin) (deg.F)c.

. ..

- .. .

) g9
2 95

s 3 101 ,

4 105
, 5 109

6 112
7 116
8 118
9 121

10 124
11 126

, 12 129'

L.s 13 131s
.

15 136*

; i

, 'q

;t ~1

y ATTACHMENT C
t
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PEACH BOTTOM ATOMIC CENERATING STATION
q

q,;
1. AREA DESCRIPTION

Unit 3 Radwaste Building El. 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).

2. COMBUSTIBLE LOADING.

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

2combustible loading of 2.0 lbs/ft .

3. 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.
2These two openings allow a ventilation opening of 42 f t ,

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
combustibic material, therefore, the fire will be ventilation con-
trolled.

4. CASES EXAMINED

The limiting factor for a fire in this area is the ventilaton rate for

the room. This is controlled by the 42 f t2 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

3-R
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L) At this rate 59.6 gallons of oil would have been consumed, however,
only 56 gallons 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.

S
!. s

5. 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 feet of any structural steel,
therefore, localized heating is not a factor. The critical steel-

V temperature will not bc exceeded so a detailed analysis of the steel
will not be performed.

The second case looked at localized heating of steel members when
located in the centerline of an oil fire plume. These calculations show
that at heights of 24.5 ft and 43.5 ft, where structural steel is
located, 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.

'
N
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Heat Output Duration for Available Air in Room
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Unit 3 Radwaste Building El. 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' E1.-91'6" El . - (l' floor slab) = 42'6"]
Ceiling

Area 1 (18'3"x37') 675 ft2 t

Total Surface Area for Heat Transfer 5330 ft2 (495 m2)

.

ATTACHMENT A

4

"

3-5
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Cable Trays

( ) Cable trays considered to be burning simultaneously:

Horizontal Surface
2Tray _No. Length (ft) Width (in) Area (ft )

ZA3GC02 15 12 15
ZA3GC03 10 12 10

Vertical
Tray No.
ZA3GV01 20 24 40

Total Surface Area for Heat Release 65 ft2.

t,

65 f t2 x 190 kW/m? = 1149 kW
10.75 ft /m22

Fire Duration of Cabling = 2.0 lb/ft2 + 0.1 lb = 20 minutes
min ft2

.

v

,o ATTACHMENT B
\_,)
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CASE NUMBER: 1 l
BUILDINC: RADWASTE UNIT 3 ' '

ELEV AT IUte AND AREA DESCRIPTION: 91.L' EL, RilR HEAT EXCllANGER AND PUMP RO
( P SE DESCRIPTION: IWO DOORS

)

x e ,s x x x x x x x x x x x x x x x x x x x x * x x x x n x x x x x x x x x x x x x x x x x x x x x x x x x x * x x-x-x -x x x x x x x x x x x x
.

CEIL)NG/ WALL CEJLING/ UALL Ao Ho Aw Q
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
xx xxxx x x xx xx xxxx x xx u xxv xx x xxxx u xx y xxxx x xxxxxxx xxxx xxxxxx xxxxxx xxx x xxx xxx

2.5 CONCRETE 42 7 5330 9000

FIRE IS VENTILATION CONTROLLED

$1 FIRE DURATION GAS TEMPERATURE
' '

(Min) (deg F)

1 26Z
i. 2 341i

[' 3 401
4 451
5 495
6 536
7 573
8 607
9 639'

r'" 10 670C;/ 11 699
12 727
13 754
14 779
15 804
16 028
17 851
18 874
19 896
20 917

7

/

.-

ATTACHMENT C

3-7
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STRUCTURAL STEEL ANALYSIS

for

PEACH BOTTOM ATOMIC GENERATING STATION

I

Unit 2

Reactor Building El. 91'6" & 116'

Torus Area
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September 9,1983
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Unit 2 Reactor Building El. 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

22 (4024 m ) (see Attach-area of bounding walls are ceiling is 43,306 ft

ment A for calculation of areas).

L h ' 2. COMCUSTIBLE LOADING

Combustible loading in this area consists of the cable trays listed in
1 Attachment B. The total surface area of cable trays is 111 ft2 with an

2- average combustible loading of 2 lbs/ft . There are no combustible
liquids in this area.

3. VENTILATION PARAMETERS
,

There are four doors each measuring 3' wide by 7' high entering the

O 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
5 3in the Reactor Building available for combustion which is 1 x 10 m,

The curve on the following page 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
cable trays are burning simultaneously would present the worst case.

2 would beWith all cable trays burning a surface area of 111 ft
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 lb/ft2 + .1 lbs = 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.

O
1

I{ ol

. - _



_ - - _ . savamme.,.- - ..-w . . . . -- -. . - . -

.

. ,

. . .. . ~ . . . . . .
- . . . . . . . . . . . .

. . . . ' .....L........
.

.
.--4-~..;-- q . . : t . -

-. . -

=. . :.l . ..
....u...:...
~ . . ., o. . ..

.,:n.
. .

,.2...
-

:.t.: -t :. . = ~ . =---.n.. :..:-.:.=. =. ~ .n. u....unn u. .n..n.t, ._.. . : n. . =. . .n. : .. .....

. -

"~ [ "]" '"L ,]. .*~~..:';-
. . .. j a .; ; ; . . . . . .. ,.

-.t.. .

,b n:.,j=: * j=--*;":n ='= 22,*.:n =:n. - . ~.:~tnn ?..--- - - * - * ' ~ - - * ~ ' ' - - -
=* .n. .=gnn '- n ;- r :-n .- d, . .; ; ,..-.; ; ' {: {i!- *I , -

. 3 Z :t= -.; 2::*-'
. t- ; - = r--- : -- ;- ---

,

= nn--+n..ju m = : = un:::t==n=. un =t n:!n;:= = = := t - :nn =; : ~P ! . .- i= =n 7n .. n-2:z;n =, =:_-- : . . .. m n;: . _ .
.

n.1-.:pH .*.l... . : .a. . ..==ur
_=.3:. .

. : j= r n ......~:. . . . - .. 4- =.--.t=.. 2:.

_j . . . .
. _. . . _- - - - - -

- . : p-: - . - :-- .-' |'. n. i, :. . . .
..

u. n. ' n. n.: :__...-...-..n..n... .n. t.m.. _:.:.::. ! . :. . * g
. _ . . . . . . _ . . _

iSI.*.-HiM....C'-
.. . . , . . . . . . . . . _ . . . . . .

.- ,
t.-. . . n. .: n.g:::: :- nn : - .;

.
. .

, g ,
.

-~41mi
_. . . .

5.._f. [... . 2in":. . . . . .

::n M. . ::jn

. . . . - . . . . . . . .. E2$. 3itiiE:5'.2.5339 iC[~. . . . . . "i - . 'i d '! .... . . . .
.i.-e .

...I".. ....l.. ....I... . 3. n
~

.l. ; '

|Q :. :!.* ,t . :. :: :. * *n. . . M. .... . ::gn. . . . "
.. . . . . . - --

]g-.;,
i... ... .

,.
-

9 g.
. . . . , . . . . . . . . . . _

=g .. . . = .--]-- 2. . . . _4.. g .
. . . . - . . . . .

., . , . , . , -

g l... Fn.l ri. ----pg..nn:nq :== . .n n: :.-.- - . : r. n ,--
.. . . ~' T. r ~+in:.n:n :.:n:: nn :: " :tn

"
.n. nura :: .. - : n: - .:$ ' : 'n i:'*: **! p!: t--~h':-

:-
. nt:: nnnnpr n ., r; . .. { .{. {;

= :: := .

: .: n . .n = .
7-i . ,

. |.: l..,.. . . -

..*.. :.tn n ..:.... =in:= .=in; n* = ;.n} n .. ,

. . . g . . .i
unp- ann n;n- :n m..-- -.

.
. ,

,
. ...

3 ~ . l n- +-1:m --:- -a. . . . .=. u. . =. . . :.. a. .: = =. . :.. =. ..j n. . :
. . - . . , ..g. ......4..

--- .1, . . . i i, . -=. . . t. . , j , _ .a. =, . , : .- n. I , n
. . _ . . . . . . . . .

8 nn. 3 =. . .+. . . . . ..._n.. :
.

': .
,7 ; _ 3..

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

.

^-

,

nn|nn
. .

un:un
..nn. *= inn in* n

. ::f un: n.:t:: , , 4 , , , ;[. ; ,. ...L.,.,.}
;; ;~g:, : 3. ,

--.!u n -

g,

. ,i.j.. 3 : : g
. . ; -ni:= . !. :...:..

n . : un em an m .ns= :. n s n. .p.. .- n-:= *n-- .J.--.; .. .. .~. .

E ".:i HElE --iihii: 5NE.i .:
- . . . . . . .

m.~ .: | n =. . . .h. .n. := . . . * . ..|n..~R : Fi .:ti ' i e n. 5. . . :.
.,
" i ~ i"n. . . . t .

:7
:' "~' =

~-
[.

::l.: : =._..- : -

' "" -. . . - - n... ..i.: . - n..: xp: :::.-
:n;-

~n|"---~= un
- ..j e. . j..

. " . "~ . . ..,n..:.. . .
. . .

t.E:.
. . . . . . . . . . . . . . . .m = :-.

n =- =1:. .mn-3
'" 6 - - "." i . IE "F i::E "~:... slII . fili! ~'M '' '

: =. : na- =la -

--.l
....g.... .. .... ....

~
as

~~ '

i-
- .--4 -

n:uk.:
:mt .. an ::::::nn.IET. '

ra.~ ~jg. . . .n=._ 4.=.m...,..".
. _ . . . . . . . . . . . . . . ." ..

. . - . - . ..-4- "g.. . .

.- 2- . . . -

--t.=- =:. nEa n::._= ..:.... : - :
x .,*. . . .": .g . ; ..p. :

. . . .
y. _ . .

.

' .4 - Q
~n n ". .*. ***.ni5: *r tn*- I*-!*;*r=*U.

-. . .,' Tun.*:n* ::: ::- :':~ -
= . .-U'..<C. ..C.~~%_,....M. .%. ' .C.. .'C. 2. |.-.. 'm :- !. ': ::

: . :"* - - -- ~~-~ ---. ..e..

'n.- *, ~M..l'.. o .!' n. . I "$
. -.- . ,

'':..
.

..
. . .

k_..li!ri.idi!. . . . . . .R: 1.rI.i.i.i_ ...:.E..I..ii._i. iiE._!! E. l. : n. .

. . . . .

E . . . .
_ ..

. i E. ::. | . r. .l .' .. . .: ' . .:
X ii" fin u-== : , >

. . . . .....O *!In'un*.n
..n =}~:.. _

n '"*;- ;;nt:.r - :n~. -
- .:ih. . I . . .. . . .F..|ii..

. - *
'"!EEi[iii' IHijEi.:i":t-. . rn3anjp ': -- --- - - - - - - ~ ~ -- . ~ . . . . . . .

...jij i;jiim amn n--L4 i!P"!! ;i-.:

.i;5. i.i.i.i..n. .i.L. =..:.!!.C
'

r.i UE nr ni!'"; : mP = . tu . :: n :..:
.n | .n....in . . : r.

:..h .n L = ,: ...n. m .. . .n :- ..n..,,..n ::
. . . . . . ... . . n,. . . .

:m. i-. ..

.f n. "::,... n:. .
k" I . . a. . j::

.;
. .|. ; n. .;. ; 'FIF " 'j::~

-

~.t:: ... n
. . . .

2. . s. . :" . --u.. .! ': ' "::: .:* I. .1:. :

:::n{.:
::,j ::: ::

. n.n3 l.. ...m;.:.. .. . . . :.

i . t - . . .h. . . ~.
am=: ::: t= = men .. m .... . . . .

m- : un + . :nn. . . . .H;t;..ji!
. -..

hi.!..
. . . . .min: n:t m ruhn: n.. : = un

. . . . .
-

' . p
.

- -- *-- t. . . i . :
, , , ,.a ur: - :t: s=2 :nnt:n :=tn3 -

. ;n;un =: : ::t.: ,. .g..
M r;.F MI ::fl.

. . . . . . .g .'nt" n"l::n = f :: : - +- ;ne: . ...=n-- m r ;. .a~ ne:i !!:P .:...
...

un'n.. . nr.n: :.nt:::: . n4:n: n t.. n: :: :: ~...n. : m, . :. . . .
. . . . . . . a. p. :. ::l: . 4: . . . . .:) : . . "-

. . . . . . .
.. .:n un :.:: Inn :rntn" " * ~ ~ r... t. .:.:1. ...

.i := ' - -
.

. . . . ,F -

.. . .
,..

iT, N. . , . .
. ..

. .

'-. ..
| m']n ;d:p nai;:: ....t.... ..n jn -..: =: *

:!P:. . F: $!]P' i
-- -

:rm .. . . . - . lL. . .f ''"rn i!r 1MI
--

!! b. . . ! . .". ."augi!! Hid... -- n ..
..

i"+2 "P: : . : . f : : =~ .

,n. _ . . _ . . ,

u .n
nfin niilii''. . . . .. * !' ' iij21!

.. . ----~--r.n!: y . . .. .'iiiijini
.. ..

I:i F - :b I:ii
:.9;iti|a n..,h=: :r.n

- . . . "":r" "f:ne=
.;.o _ -. . . . . . *E-..in..""I n- "nnn. :p:: n t- -( -;:bM: n . u. in "1" .. :. :. .

:
. . . . .~,

O 10 30 60 90 12 0 150 180 210 240 270 300 330 360 '
, (min)

5. RESULTS

The worst case examined is with all cables in the area burning simul.
taneously with one door open. The gas temperature at the ceiling would

be 94*F (see Attachment C). This 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 haating exposure to structural steel.
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Unit 2 Reactor Building Elevation 92'6" & 116''

Torus Area

Surface Area Calculation

Walls

Outer

North wall (64' + 58.5' + 64')40' 7460 ft2
East wall (61' x 40') 2440 ft2
South wall (64' + 58.5' + 64')40' 7460 ft2
West wall (61' x 40') 2440 ft2

Inner

North ( 15 ' + 14 ' + 15 ' + 13 ' + 16 ' ) 40 ' 2920 ft2
East (15' + 14' + 15')40' 1760 ft2
South ( 15 ' + 14 ' + 16 ' + 13 ' + 15 ' ) 40 ' 2920 ft2
West (13' + 15' + 14')40' 1680 ft2

29,080 ftc

(~ Ceiling (151' x 148') - 4[1/2(45' x 45')3 -7r(36)2 14,226 ft2

Total Surface Area for Heat Transfer 43,306 ft2 (4023 m2)
~
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Cable Trays

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

Surface
2Tray No. Length (ft) Width (in) Area (ft )_

2B2MH-210 19 12 19 .

2B2MH-220 23 12 23
282MH-230 15 12 15

2B2MH-240 23 12 33
2B2MH-250 21 12 21

} 111 ft2

Calculation of heat release:;

i 111 ft2 x 190 kw = 1960 kw
I 10.76 ft /m2 F -2

,

1

O
,

<
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CASE NUMBER: 1
*

' BUILDING: UNIT-2 REACTOR BUILDING '

- rLEVATION AND' AREA DESCRIPTION: 91'6 & 116' TORUS AREA |
*

OASEDESCRIPTION:
'

ONE DOOR OPEN ALL CABLES DURNING

**xx******xx*********x*********xxx*****xx*****xx**xxx**xxxx**xa**x****xx
LCEILING/ WALL CEILING /: WALL Ao Ho Aw 0

THICKNESS M ATER I AL '-
'

.
. (ft) (ft2) -(ft) (ft2) (kW)

u M * * * * x x x * * * * * * * * * * x * * * x * * * * * * * x x x x * x * * * x * * * x x * * * x * * * * * * * x x x * * * * * x7x x x x- * *
3.5 CONCRETE '21 7 4 33 0 t, . 1960

.

. FIRE IS FUEL CONTROLLED-

' FIRE DURATION GAS TEMPER ATURE
(min) ' '(deg.F)

5 83
| - 10 88

15 91
20 94

'

- O .

<

.,

t

e

P

a

i

1

b

O
.
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STRUCTURAL STEEL ANALYSIS

for

! PEACH BOTTOM ATOMIC GENERATING STATION

f:
Unit 2

Reactor Building El. 91'6" & 116'

RHR Heat Exchanger and Pump Room

{ } (Rooms 2 & 101)

September 9, 1983

| I

P. O. Box 44G e Oak Ridge, Tertnessee 37830 * (615) 482-3541
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PEACH BOTTOM ATOMIC GENERATING STATION
,

1. AREA DESCRIPTION

Unit 2 Reactor Building El. 91'6" & 116' RHR and lleat 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

22 (470 m ) (see Attachment A for calculation ofceiling is 5066 ft

areas).

2. COMBUSTIBLE LOADING.

Combustible loading in the area consists of the cable trays having a
.surfac'e area of 79 ft2 with an average combustible loading of 2

2lbs/ft ,

A quantity of 28 gallons of combustible 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.

3. VENTILATION PARAMETERS

There are two doors which enter this both measuring 3' wide by 7' high.
One door enters on the 9186" elevation, the other enters fron 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

3which is 1 x 105 m . The curve on the following page shows the duration
of a fire at a given heat output.

4. 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 @where:

Ao = total opening area of 42-ft2 _ = 3.90m2
10.76 ft/m' and

() |110 = height - of opening 7 ft x .3048 m/f t = 2.13m-

'

,
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.giving a maximum heat output, Qv, of

Qv = 1580 x 3.90 /2.13

| 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 =e

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.oll 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 2'1bs/ft2 + .1 lbs_= 20 minutes,

min ftd
.

From the graph above, the total volume of air in the Reactor Building

O witi not arrect the rire duratioa.
,

1
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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 (pooi'

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 lieskested's (1) relations will be used:
Virtual point source determination:n

n.%
4'* Zo = -1.020 + .083 Q = 1.3m

Plume temperature at bottom of steel on 116' elevation:
fp )).333Qc,667(z_zo)-1.6722A To = 9.1 (Tp / (gCp

- A To = 466*K temperature rise
~

T = 907'F temperature of fire plume

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

!

For the structura*. steel on the 135' elevation:
4 To 148'K temperature rise

T = 335 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 the room,

pD
' 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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RHR Heat Exchanger & Pump Room,

Surface Area Calculation

Walls

- North wall (37' x 40') 1480 ft2
East wall (18' x 40') 720 ft2
South wall (37' x 40') 1480 ft2
West wall (18' x 40') 720 ft2

4400 ft2

:

Ceiling (37' x 18') 666 ft2

Total Surface Area for Heat Transfer 5066 ft2
1

.

- ATTACHMENT A

5-5
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C ASE fillMBER : 1 j
BUI LDItJG : UNIT 2 RE6CTOR T:UILDING
ELEVATION AND AREA DESCRIPTION: 91'6 & 116' RttR HT EXCH kOOMS 2 6 101
CASE DESCRIPTION: TWO DOORS OPEN CADLE AND DIL FIRE

X X X X $ X M M X X X X X M-X X X X N * X X X X M T K X X M X-X X X X ) X X X X X X 7 M 6X X M X % A F X X X X X X X X X X X X X X: M k M X X 'A

CEILIl4G/ WALL CEILING / WALL Ao He Aw Q
THICKNESS MATERIAL.

(ft) (ft2) (ft) (ft2) (kW)
*

X M M M X X X M W X X X X X X X X X K N M X X-X X X X M M X X X X M X X W X- X X X X X X X X Y W M X X Y X Y X % X X X X X X X X X M X X M K X X

3.0 CONCRETE 42 7 5066 9008

FIRE IS VENTILATION CONTROLLED
.

FIRE DURATION GAS TEMPER ATURE
|5; (nin) (deg.F)

S 517
10 701

i 15 842
20 961, . .

i '

'% s'

-

f

#
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PEACH BOTTOM ATOMIC GENERATING STATION
,

O
1. AREA DESCRIPTION

Unit 2 Reactor Building El. 91'6" & 116' RiiR and lleat 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. Total surface area of bounding walls and

2 (510 m ) (see Attachment A for calculation of2ceiling is 5489 ft

areas).

2. 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 ft2 with an average

2combustible loading of 3.0 lbs/ft . 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.

-

d 3. VENTILATION PARAMETERS

Two doors serve this area each measuring 3' wide by 7' high. One door

enters fran the north west corner of the torus area, the other enters
from the Raddaste 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 1 x 105 3m . The curve on the following
page shows the duration of a fire at a given heat output.

4. CASES EXAMINED

! The limiting factor for a fire in this area is the ventilation rate for

.

the room. Sith 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:
I Ao a total opening area of 42 ft2 . = 3.90m2

.10.76 ft/m' and

Ho = height of opening 7 ft x .3048 m/ft = 2.13m

fs given a maximum heat output, Qv, of|

j
'

Qv = 1580 x 3.90 %
'

| Qv = 9008 kW

6- 1
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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 oil fire. Th4 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 lbs/ft2 + .1 lbs = 30 minutes.

min ft2
.

At the twenty minutes point, the fire would decrease to 1625 kW in heat
output. To make this evaluation conservative, the heat output of 9003
kW was used throughout the 30 minute fire duration. From the graph
above, the total volume of air in the Reactor Building will not have an
effect on the fire duration,

m
(U<
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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 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

g'g the heat output from a pool fire with an' area of 27.9 ft2 (pool dia-
meter of approximately 6 ft). In order to assess the effect of the
plume of heated gases at ne 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:

4Zo = -1.020 + .083 Q = 1.3m
i-

L Plume temperature at bottom of steel on 116' elevation:
f To = 9.1 (T., / (gtp2 f,2)).333ge.667(Z-Zo)-1.67

/'m 4 To = 466*K temperature riseU T = 907'F temperatura 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'X temperature rise

T = 335'F te...perature of fire plume

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

i

|

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,

p The cable trays in this area were positioned such that they did not
J

present a localized heating exposure to structural steel.

3
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h'2. Unit 2 Reactor Building
RHR Heat Exchanger & Pumo Room 4 & Room 103

Surface Area Calculation

. Walls

North wall (27' x 40') 1080 ft2
'

East wall (14' x 40') 560 ft2
South wall (38' x 40') 1520 ft2
West wall (40' x 40') 1600 ft2

4760 ft2

Ceiling

Area 1 [(27' x 26') + 2] 351 ft2
Area 2 (14' x 27') 378 ft2

729 ft2

Total Surface Area for Heat Transfer 5489 ft2

!

\

|
|
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Cable Trays |

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

.

burning simultaneously:

Room 4
Surface

2Tray No. Length (ft) Width (in) Area (ft )
ZB-2KA050 15 12 15
ZB-2KA040 36' 12 36

. ZB-2KV020 12 24 24

y -

75 ft2

Room 103

ZB-2KG040 17 12 17 i

92 ft2 .

'

c;;y

Heat release rate calculated as follows:

,.

92 ft2 x 190 kw = 1625 kW

O to 76 rt /=2 *2

.

- ATTACHMENT B
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THICKNESS M A~l ER I AL

(ft) (ft2) (ft) (ft2) (kW)
![ K MKMM X K R K-X K WW K X XM K K X X R-X XK XWXM X XX X MK X X MM-X MMK X WX M X-MX x WKXXX X X 7 KK W-X X MM MMW X M M

3.5 CONCRETE 42 7 5489 9000

FIRE 18 VENTILATION CD!1TR OL' ED

.

I FIRE DUR ATION GAS TEPPERATURE
(nin) (deg F)

I
,

10 653:-

20 C93
30 1077

g,
LJ

, . .

~

- %

s '

'
.

.

%

- , -

,

, -

_

,

%

.

4

-

V,c\ '

)

|
'

'

. .

~
'

ATTACHMENT-C |
'

j
_

,

<
,



- ___ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

.

f[[ Professional Loss Control, Inc.
*

< >

.

.

~

STRUCTURAL STEEL ANALYSIS

for
.

PEACH BOTTOM 4TOMIC GENERATING STATION
,

jj , s UNIT 2
,

''

,

Reactor Building El.116'
_

, _
' North Vacuum Breaker Area"

, | |
s

m +

J

,

i
September 8, 1983

,

?

-

P. O. Box 446 e Oak Ridge, Tennessee 37330 * (615) 482-3541

_
t _-- 7-l-

.

\



.

4

.

.. o p,

,gt .

t -- t
PEACH BOTTOM ATOMIC GENERATING STATIONn .

kjf * * .

1. AREA DESCRIPTION,

Unit 2 Reactor Building E1.115' Narth Vacuum Breaker Roon (see Attach-e .

ment A for sketch of area'under construction).

Bounding walls are of reinf orced coficrete with an average thickness of

kk 4
Nb

" 3 ft. T

e s

Total surface . area of bounding walls and ceiling is 2S13'ft2 (261 m )2
'

(see Attachment A for calculation of areas).

,

2.- COMBUSTIBLE LOADING

k
.

Cochustible loading in this area consists of the cable trays listed in
(b 'Nf 1h Attachment B. The total surface area of cable trays is 108 ft2 with an

. ;'

2average combustible loading of 3 lb/ft . There are no combustible
11iquids in this area.

(3''
3. VENTILATION PAP.AMETERS

There are two doors 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

availabl'e for combustion which is 1 x 105 3 The curve on them.
;

following page shows the ddration of a' fire at a given heat output.
r

J.
-

,

);|4 4. CASES EX/. MINED -

With the 'lighf combustib1E ' loading in this area, the assumption that. z

, -all cables are burning simultaneously would present the worst case.
" With all cable tiays burning a surface area of 108 ft2 would be in-

volved. This corresponds;to a heat output of approximately 1910 kW.
With all cables assumed to be burning simultaneously the duration of
the fire would be

3 lb/ft2+ .1 lb_ = 30 minutes.,

min ft'
.

From the chart above, the volume of air in the Reactor Building willv-

not have an ef fect 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 one door open measuring 3' wide by 7' high. The

National Bureau of Standards method was used for this area because of
the relataively small roora 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 nembers. l.ocalized heating of the structural
steel to its critical temperature will not occur so a detailed analysis
of the steel will not be performed,
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Unit 2 Reactor Building Elevation 116'

Vacuum Breaker Area (North)

Surface Area Calculation

Walls

North wall (21' x 18') 378 ft2
' East wall (22' x 18') 396 ft24

SW wall (53' x_18') 954 ft2
-Stairwell (17' x 18') + (18' x 18') 630 ft2

2358 ft2

Ceiling [(39' x 39') i 2]~- (17' x 18') 455 ft2

Total Surface Area for Heat Transfer 2813 ft2
1

O.

.

ATTACHMENT A
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Cable Trays

O The roiio 4#9 c 81e tr xs re prese#t 4# the ere eeri#eo ror the so#rce
fire and all of the trays are assumed to be burning simultaneously.

Surface
2Tray No. Length (ft) Width (in) Area (ft )

ZA2MV230 16 24 32
ZA2MF100 '16 12 16

ZC2MH300 12 12 12
'

ZC2MH310 16 12 16

ZC2MV220 16 24 32 <

i- 108 ft2
.

Heat release rate calculated as follows:

108 ft2 x 190 kW/m2 = 1910 kW_

10.76 ft'/m'
[ ,

o
.

ATTACHMENT B
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ASE NUr1 DEN : 1

DUILDING: UNIT 2 REALTOR DUILDING
CLEVATION AND AREA 15GCRIPTION: 116' NORTH V AC U U t'. DHl;AKER M i.A
CASE DESCRIPTION: ONE DOOR OPEN 3'X 7' ALL CABLF._5 BURNINC

* x x x x x x = x x x x x x * * x * x e x x x x * * * * * x x v. x * x * y x x x x * * * * x * u. x x n t * x * x x x x x x x ,:. x x x x x x x x

CEILING / WALL CEILING / WALL Ao Ho Aw Q
THICKNECS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
M WM M M X K K X M X M X X XMM X W X K X X X XM K M X-X MM X-X WW M X M K WK X X M X X MsF-4MM-X X % M M X X XK MX X X X X XX XM

3.0 CONCRETE 21 7 2813 1'71 0

FIRE IS FUEL C014TRO LED

FIRE DURATION GAS TEMPERATURE
(min) (deg,F)

.

30 715

|
!

Os

ATTACHMENT C
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Unit 2 Reactor Building El.116' South Vacuum Breaker Roan (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 )2

p- (see Attachment A for calculation of areas).

2. COMBUSTIBLE LOADING

g. ; Combustible loading in this 'rea consists of the cable trays listed in
Attachment B. The total surfaa area of cable trays is 109 ft2 with an'~

2average combustible loading of 3.7 lb/ft . There are no combustible
; liquids in this area.

O
L.)

3. 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 105 3 The curve on them.

i following page 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 would present the worst case.

j 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 lb/ft2+ .1 lb_ i 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 tra.ys in the area burning
simultaneously with a ventilation opening measuring 3 ft wide by 7 ft
high. The National Bureau of Standards methoc was used for this area
because of the relatalvely 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 the ceiling struc-

tural steel members. Localized heating of the structural steel to its

critical temperature will not occur so a detailed analysis of the steel
will not be performed.
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f' Unit 2 Reactor Building. Elevation 116'
Vacuum Breaker Area (South)

Surface Area Calculation
~

Walls

East wall (21' x 18') 378 ft2
South wall (31' x 18') 558 ft2
NW wall (53' x 18') 954 ft2
Stairwell (18' x 18') + (8' x 18') 468 ft2

2358 ft2

Ceiling [(39' x 39') + 2] - (8' x 18') 617 ft2

Total Surface Area for Heat Trantier 2975 ft2

ATTACHMENT A
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Cable Trays

(]) The following cable trays are located in the area under consideration and !
'

are assumed to be burning simultaneously.

Surface
2Tray No. Length (ft) Width (in) Area (ft )

ZB2MH190 10 24 20
ZB2MH200 5 24 5
ZB2MV180 8 24 16
ZB2MV210 10 24 20
ZD2MF010 18 24 18

.
ZD2MF020 6 24 12

" ZD2MV200 9 24 18

109 ft2

.

f -- Heat release rate calculated as follows:

-Et 109 ft2 x 190 kW/m2 = 1925 kW_

X 10.76 ft'/m'

O
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u

9-5.

-,aw- -- s -m-- - -.- www- - - - - - - - - - - -



...
- - ~ . ~ . . - . - - . . . . - - . . . - . . . - . . ... - --..-....:. ..

,

1.

i

.

i*

tASE NUMBER: 1

Bu[LDING: UNIT 2 RLACTut! DUILb f1G
t.LEVAT10N AND AREA DESCRIPTION: l i t, ' ' !81)TH 4 At UM DR.d id.i: i.i: E t ,
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-

CASE DESCRIt'110N : ONE DOOR O P E N 3 ' X '/ - ALL C AD ES Btt,HD t?

y. t:- x x x x x .x x x x x x x x .x. x x x x x x. x :< x x x x / v x x x * * x * -x > ~- a * * * x u m mt ). x x r x ? ; s * x ->: x a :-: 4 x

CEILING / WALL- CEILING / WALL Ao Ho Aw 0
THICKNESG MAT ER I AL

(ft) (ft2) (Ot) (ft2) (kW1
tx x x x x x x x x ** * * * x x x x x x x x x x * * x x n x x x x x x.* .< x x * * n x x -x- x x x x *-4 x x x x .x * x x x * -x x * * * * * -x x x

3.O CONCRETE 21 207'- 1925"

FIRE IS FUEL CGN1 ROLLED

b FIRE DURATION GAS TEliPER ATURE
(Min) , (deg.F)

35 723
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O PEACH BOTTOM ATOMIC GENERATING STATION
U

1. AREA DESCRIPTION

Unit 2 Reactor Building El.135', area north of Reactor Center Line

column lines 13 to 18 (see Attachment A for sketch of area under con-
sideration).

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 ft2 (1713w
2m ) (see Attachment A for calculation of areas).

j( 2. 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 ft2 with an average combustible loading of

fl the cable trays being 4 lbs/ft2 (see Attachment B for calculation of
a

cable tray area). There are no combustible liquids in the area.

3. VENTILATION PARANETERS

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 105 m3 The curve on the
following page shows the duration of a fire at a given heat output.

4. 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 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 9 hours.

5. 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.

n( ) 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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b Unit 2 Reactor Building 135' Elevation

Surface Area Calculation

Walls

West wall (76' x 29') 2204 ft2
North wall (118' x 29') 3422 ft2
East wall (76' x 29') 2204 ft2
Area around vessel (7' + 16' + 19')29' 1218 ft2
Outside Area of Rm 204 (west) (19' x 29') 551 ft2
Outside Area of Rm 204 (north) (45' x 29') 1305 ft2
Outside Area of Rm 204 (east) (17' x 29') 493 ft2
Outside Area of Rm 207 (NW) (15' x 29') 435 ft2

-Outside Area of Rm 207 (NE) (20' x 29') 580 ft2
Outside Area of Rm 207 (east) (9' x 29') 261 ft2
Outside Area of Rm 208 (north) (19' x 29') 551 ft2
Outside Area of Rm 208 (east) (26' x 29') 754 ft2

13,978 ft2

A
N)

ATTACHMENT A
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iCeiling-

Area 1 26' x 4.5' 117 ft2 I

( }) Area 2 1/2(10' x 18') 90 ft2
Area 3 1/2(6' x 7') 21 ft2
Area 4 12* x 7' 84 ft2
Area 5 50' x 17' 850 ft2

.

Area 6 22''x 45' 990 ft2
I Area 7 38' x 3' 114 ft2

Area 8 1/2(11' x 12') 66 ft2
Area 9 1/2(6' x 9') 27 ft2
Area 10 23.5' x 9' 212 ft2
Area 11 1/2(15' x 15') 113 ft2
Area 12 29.5' x 15' 443 ft2

...
: .

4459 ft2

M
Total Surface Area for Heat Transfer 18,437 ft2 (1713 m2)'
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Cable Trays

O 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
2Tray No. Length (ft) Width (in) Area (ft )_

2KN-024- 4 24 8

2KN-026 8 24 16

2KL-024 4 24 8

2KL-026 8 24 16

2KW-024 4 24 8 -

2KW-026 6 24 12

)d~ ZB-2KM-024 4 24 8
IB-2KM-026 8 24 16

2KP-026 8 24 16

2KV-064 14 18 21

ff- 2KN-030 10 24 20
2KN-035 2 24 4

2KL-030 10 24 20
L''T 2KL-035 2 24 4

2KW-030 8 24 16

2KW-035 2 24 4

ZB-2KM-030 10 24 20
ZB-2KM-035 2 24 4

2KP-030 10 24 20
2KP-035 2 24 4

O 2KV-292 7 24 14
i V 2KV-062 9 18 14

2KV-260 16 18 24

2KV-110 12 12 12
309 ft2

For a fuel surface area controlled fire involving all of these cable trays,

the heat release rate can be calculated as follows:

2 2 2 x 190 kW/m2 = 5456 kW309 ft /10.76 ft /m

;

I

ATTACHMENT B
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CASE NUMitER: 1
*

DUILDING: UNIT 2 REACTOR BUILDING
ALEVATION AND AREA DESCRlPTI0tl: 135' NORTH OF R E AC T Of! CEt;~t CR LINE

fiGE DESCRIPTION: lWO OPENINGS SPREADING C(IDLE Fli?C-

X U X X -X- X X X i X h X X X X -X X X X X X X ) X X X X X X Y X X X X X X X Y M h X X X Y X X X X k X X X t X K X X X X X U t- X X X X X X 7: N X X

CEILING /kALL CEILIt4G/ WALL Ao Ho Aw 0
Ti1CKNESS ti ATElt l AL

(ft) (ft?) (ft) (ft2) 'kW).

v; X X X X X X- X X X X- X X X X X X X X X X X F X X X X X Y h X X X -X X X X X X X X K X X X X X X 4 X ? < K X X X -X X X X X X X X X X X X K . - X X

3,O CONCRETE 245 19 18437 S300

' FIRE IS FUEL CONTROLLED
.

FIRE DURATION GAS TEMP ER AT UR E
(min) (deg.F)

,

|: -
'

10 170
20 221

fN- 30 255'
.

i

40 283
I '' 50 308

60 330
70 351
30 370
90 380

/^ 100 406
~

!
- 110 422

120 437
'130 452

140 467
150 400
160 4Y4
170 5 0 '/
100 S19
190 S32
200 S44,

210 SS5
220 567
230 t.78
240 589

,

260 599'

260 610
270 620
200 630
290 640
300 6SO
310 659
320 669
330 670
340 687

m 350 696
360 70S

l

ATTACHMENT C 97
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PEACH BOTTOM ATOMIC GENERATING STATION
v

1. 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 I

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).

2. COMBUSTIBLE LOADING

Fixed combustible loading in this area consists of horizontal and ver-

{ tical cable trays located in the enclosec' space above the ceiling.
f. Total surface area of the cable trays is 96 ft2 with an average cm-

bustible loading in the trays being 5.2 lbs/ft2 of tray surface area.f All other cabling in this area is routed in conduit and is not included
I in the combustible loading.
1 O

3. VENTILATION PARAMETERS
'

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

4. 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 lbs/ft2 + 0.1 lb_ = 52 minutes.
min ftc

5. 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 belod 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.

I
10 - 1

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



. . . . . . ~ . - . - . . . , .. .- . .- - . - . .~ ,

..
-

.

O .

.

' 1

y+
19' RMS# 237 8 240

[f ,

Y

15'= =
,

'

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 ft2

952 ft2

Ceiling (19' x 15') 285 ft2

Total Surface Area for Heat Transfer 1237 ft2

O
.

ATTACHMENT A
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/ CE NO. : 1
\_ JLDING: RADWASTE BUILDING
ELEVATION AND AREA DESCRIPTION: MEDICAL STN. & CORRIDOR, 135' ELEV.
CASE DESCRIPTION: ONE DOOR OPEN. ALL CABLES BURNING

******************************************n:*************************************
CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HD AW Q

(FT.) SQ. FT. FT. 50. FT. KW
********++*++++******4:*++************++******+****++*******++*+************+++**

1 CONCRETE 21 7 1237 1700

FIRE IS FUEL CONTROLLED

II FIRE DURA. TION GAS TEMPERATURE
(MIN.) (DEG. F)

52 930.231

m
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. . .
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'u ,)
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Radwaste Building H & V Equipment Compartment on the 150' elevation.

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 2 ft. Total surface area of the bounding walls and ceiling

j is 13,886 ft2 (see Attachme'nt A for a calculation of heat loss surface

area).

h 2. 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 lbs/ft2 of

| tray surface area. All other cabling in this area is routed in conduit
i and is not included in the combustible loading.

O 3. 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.

4. 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 kW. With all cables burning at once the duration
of the fire will be

3.3 lbs/ft2 + 0.1 lb_ = 33 minutes.
min ftc

5., 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.e controlled. As can be seen frov 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 prevent localized heating ef fects.

I
ll 'l-
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Radwaste H & V Equipment Compartment

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
~

0
'

ATTACHMENT A
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CASE NO.I 1

{2VATIONANDAREADESCRIPTION:
jLDING: RADWASTE BUILDING

RADWASTE H&V EQMT. CMPT., 150' ELEV.u
CASE DESCRIPTION: ALL CABLES BURNING ,

|

***c********>k*******************************************************************

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW Q
(FT.) SQ. FT. FT. SQ. FT. KW

.e**o*++++++++*******++++++++*******************************++***+++++**+******+*
2 CONCRETE 98 12 13885 3425

FIRE IS FUEL CONTROLLED
f6

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)y._

10 159.415g
- 20 195.452

30 223.134 ,

| 40 245,458-

y

9:
1

&

%

+

O attacusen1 8

'
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STRUCTURAL STEEL ANALYSIS

for'

PEACH BOTTOM ATOMIC GENERATING' STATION

Unit'2

Reactor Building El .-165'.

b MG Set Vent Supply Fans
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PEACH BOTTOM ATOMIC GENERATlHG STATION-

7
;.~ .. , - .

.1. AREA DESCRIPTION,

} Radwaste Building El.165' MG Set Vent Sypply Fans Unit 2 (see Attach-
c

ment A f or sketch of area under consideration). Bounding walls of area
: o' are reinforced concrete with an average thickness of 2.5 ft. Total sur-

face area of. bounding walls and ceiling is 8164 ft2 (758 m ) (see2

i. Attachment A for calculation of areas).
5kt

4. 2. COMBUSTIBLE LOADING i* '

Y' /dl cabling in this area is routed in conduit, there' are no cable"

- trays. There are no..significant quantities of combustible liquids in
this area. ~'

b
9 3. VENTILATION PARAMETERS

%. There is one 3' wide by 7' high door serving this area. Alang the west
wali are i uvers measuring appr ximately 20' square.

l'' 'd,

2 Y A. . 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,

d 5. RESULTS

The structuril st' eel in this area will not fail due to a fire as there
is no fuel in the ' area to support ~a f' ire.

,
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Radwaste Building El. 165'
MG Set Vent Supply Fans Unit #2

..

Surface Area Calculation

Walls

North wall (73' x 29') 2117 ft2'

East wall (30' x 29') 870 ft2
~Scuth wall (73' x 29') 2117 ft2
West wall '(30',x 29') 870 ft2

5974 ft2s

Ceiling (73'x35') 2190 ft2
s,

Total Surface Area for Heat Transfer 8164 ft2

.

ATTACHMENT A
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k-- PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Radwaste Building El.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 4eerage thickness of 2.5 ft. Total sur-

2face area of bounding walls ar.d ceiling is 8164 ft2 (758 m ) (see

f0 '~ Attachment A for calculation of areas).

2. 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

r

this area.

3. VENTILATION PARAMETERS

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

4. 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.
!

I 5. 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.

l
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Radwaste Building El. 165'
MG Set Vent Supply Fans Unit #3,

Surface Area Calculation
|

| Walls

North wall (73' x 29') 2117 ft2
East wall (30' x 29') 870 ft2
South wall (73' x 29') 2117 ft2

| West wall (30' x 29') 870 ft2

5974 ft2 .

Ceiling (73' x 30') 2190 ft2

! To'tal Surface Area for Heat Transfer 8164 ft2

O
ATTACHMENT A

13 - 3.
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'

UNIT 2
.

.

Reactor Building El.195'

| West of Reactor Center Line
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PEACH _ BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Unit 2 Reactor Building El,195', area west of reactor center!ine from
column lines 8 to 18 (see Attachment A for sketch 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 ft2 (1581

m ) (see Attachment A for calculation of areas).2
a

| 2. 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 ft2 with anq,

2V average combustible loading of the cable trays being 4 lbs/ft . 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.

3. VENTILATION PARAMETERS

| A 27 ft wide by 10 ft high opening into the area under consideration
serves as the ventilation pararr.ater. The other limiting factor will be
the total volume of air'in the Reactor Building available for combus-

' tion which is 1 x 105 3 The curve on the following page shows them.

|
duration of a fire at a given heat output.

|

4. CASES EXAMINED

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

i 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
|

\
! V
i

.

! 1

! |l{ 1
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assumed to be burning simultaneously the duration of the fire will be .

4 lbs/ft2 + 0.1 lb_ = 40 minutes.
min ft'

From the chart above the volume of air in the Reactor Building will not

have an ef fect on the fire duration.

5. RESULTS

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
t

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 ft2
st ir eii (19' x 38-) + (8' x 3er) to26 <t2O

13,692 ft2

Ceiling

Area 1 [36' x 52' - (19' x 8')] 1720 ft2
Area 2 1/2 (11' x 18') 99 ft2

-Area 3 (101' x 18') - 11' x 29' 1499 ft2

f 3318 ft2

I

. Total Surface Area for Heat Transfer 17,010 ft2 -(1581 m2)

|

O' ATTACHMENT A
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CASE NUMBER: 1

DUILDING: UtJIT 2 REACTOR BUILDING
.EVATION AND AREA DESCRIl> LION: 195' GREA WEH1 0 .~ RL AC 10.? CEt4TER L:l NE
4BE DESCRIPTIOrl: OfJE OPENING ALL CABLES DURtJJ tJG
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Unit 2 Reactor Building El.195', area east of reactor centerlire
.

excluding Reactor Building Ventilating Equipment Area (Rooms 506, 510,

and 511) (see Attachment A for sketch of area).

Q];n;4 Bounding walls of area are reinforced concrete with an average '

V
thickness 2.5 ft.

Total surface area of bounding walls and ceiling is 18',741 ft2 (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 441 ft2f
*

2with an average combustible loading of the cable trays being 4 lb/ft ,
A listing of the cable trays under consideration is included in Attach-
ment B. There are no combustible 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
f or '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
3Reactor Building available for combustion which is 1 x 105m. The

curve below shows the duration of a fire at a given heat output.

'

| 4. CASES EXAMINED

i 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 441 ft2 would be involved. This

.)

1 15- 1
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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 lbs/ft2 0.1 lb_ = 40 minutes.4

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 area were positioned such that they did not
prasent a localized heating exposure to structural steel.
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-h UNIT 2 Reactor Luilding El. 195'

Surface Area Calculation,'

'

Walls

West wall (139' x 38') 5282 ft2
North wall (30' x 38') + (24' x 10' south wall

'

of Room 500 & 509) 1380 ft2
South wall (74' x 38') 2812 ft2

i- East wall (153' x 38') 5814 ft2

15,288 ft2
Ceiling

Area 1 -(28' x 25') 700 ft2
| Area 2 ~(30' x 50') - (21' x 17' open hatch) 1143 ft2
'

Area 3 (108' x 9') 972 ft2
Area 4 1/2 (15' x 17') 127.5 ft2
Area 5 (17' x 30') 510 ft2

3453 ft2

2 (1741m)2Total Surface Area for Heat Transfer 18,741 ft
,

i
i fm
; -

ATTACHMENT A
e

IS 4.

. _ . _ . .
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Cable Trays

A
V Cable Trays considered to be burning simultaneously:

Horizontal Surface
2

Tray No._ Length (ft) Width (in) Area (ft ).
2NA010 7.5 24 15

2NA020 41.5 24 83

2NB020 60 24 120

2NB030 41 24 82

2NB040 19 24 38

%. 2NE010 20 24 40

3.?
..

'-

Vertical
Tray No.

2NV010 4 12 4

2NV020 4 12 4

2NV030 4 12 4
-

IDi* " - 2NV040 4 12 4

2NV120 4 12 4

2NV130 4 12 4

2NV050 3 12 3

2NV060 3 12 3
j := .

2NV070 3 12 3

2NV080 3 12 3

2NV090 3 12 3

!
- 2MV460 12 24 24

T4T ft2
!

.

'

| 441 ft2 x.190 kw = 7787 kw
2 2 ist'

10.75 ft /m

|

.

ATTACHMENT B

.
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/~^tSE NUMBER: 1

kJILDING: UNIT 2 REACTOR DUILDING
ELEVATION AND AREA DEE Cl? IP TIUN : 195' EAST OF REACTOR CEtHER LINE
CASE DESCRIPTION: DNE OPENING ALL CABLES BURNItJG

X X X X X X X X X X X X X-X X X X K X X X X X X X X X X X X X U X M X X X X M X X X M X X X X 4 X X X X X X X X X X X X X 7:M X X X X X >: X -)- X

CEILING / WALL. CEILING / WALL Ao He Aw Q
THICKtlESS 11ATER ] AL

(ft) (ft2) (01) (ft2) (kW)
T X X X X X X X X X :. X Y X X X X X .t X X X X X X Y ): X X X X X X X X X X X X M W X M X X X M X X-X X X X- X M X M X X X X )c M X X X X X X X X X

(g 2.5 CONCRETE 342. 30 18741 */707
N

.'1RE IS FUEL CON TROL LED

FIRE DURATION GAS TEMPERATURE
(nin) (deg.F)

10 2:1 Y
20 200
30 327
40 366

1
? p
d

-

I
!

(

.

'

'

n)i %.
|

| ATTACHMENT C
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. -. - ._ ._ - - --- .-_ . .. .- .- -. .. _ ..



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

.

.

*

[[[ Professional Loss Control, Inc.
'

< >

KY STRUCTURAL STEEL ANALYSIS
'

for

PEACH BOTTOM ATOMIC GENERATING STATION ,

UNIT 2

Reactor Building El. 195' & 214'

Reactor Building Ventilating Equipment Area
,

( ) and

Reactor Building Fan Room
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PEACH BOTTOM ATOMIC GENERATING STATIONp
v

1. AREA DESCRIPTION

Unit 2 Reactor Building El. 195', Reactor Building Ventilating
Equipment Area (Room 506) and Reactor Building Fan Room El. 214' (Room

529) (see Attachment A for sketch of area under consideration).

Bounding walls of area are reinforced concreta with an averagei

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 El. 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
i

:; > which will allow the passage of heated gases to the Fan Room El. 214'.
1 The total surface area of bounding walls and ceiling is 9334 ft (see

Attachment A for calculation of areas). ,

2. COMBUSTIBLE LOADING

The heaviest combustible loading is in the Reactor Building Ventilating

Equipment |trea. The total surface area of cable trays in the area is
2413 ft2 with an average combustible Icading of 4 lbs/ft . There are no

combustible liquids in this area.

I
| 3. VENTILATION PARAMEIERS

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
f actor for the duration of the fire will be the total volume of air in

5 3 The curve on the followingthe Reactor Building which is 1 x 10 m.

page shows the duration of a fire at a given heat output.
I

4. CASES EXAMINED

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

all cables burning a surface area of 413 ft2 would be involved. With
all cables assumed to be burning sin;ultaneously, the duration of the

| 1

|

l M-1s
|

_.- _ _ .
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fire will be

4 lbs/ft2 + 0.1 lb_ = 40 minutes.
min ft'

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 controlled 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
(seeAttachmentD). These temperatures will not fail the structural

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

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

Surface Area Calculation

G
'V Walls

North wall (37' x 20'') 740 ft2
East wall (102' x 20') 2040 ft2
South wall (37' x 20') 740 ft2
West wall (102' x 20') 2040 ft2

5560 ft2

| Ceiling (37' x 102') 3774 ft2
|-

Total Surface Area for Heat Transfer 9334 ft2

;.

|

[

l

O
ATTACHMENT A
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'Cable Trays

Cable Trays considered to be burning simultaneously:

Horizontal Surface
2Tray No. Length (ft) Width (in) Area (ft )

2NA020 10 24 20

2NC010 11 24 22

2N0010 20 24 40

2ND020 22 24 44

2ND030 7 24 14

2NF010 28 24 56 -

g..
2NF020 28 24 - 56"

Vertical
Fi Tray No.

2MV420 16 24 32

.. 2NV100 24 4 8

"s 2NV101 12 3 3

. 2NV110 24 4 8

2NV140 24 16 32

2NV160 24 16 32

2NV161 24 2 4

2NV150 21' 24 42

413 ft2g () ,

413 ft2 x 190 kw = 7293 kw
10.76 ft /m2 nUE2

,

!

;-

'

ATTACHMENT B
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CASE NUMBER: 1

BUILDING: UNIT 2 REACTOR DUILDING *
,

CLEVATION AND AREA DESCRIPTION: 195' VENTILATINC EQUll'MEi4T AREA
SE DESCRIPTION: GNE ')OOR OPEN 3'X 7' ALL CABLES DURNINC

A X F X X X X X X K K X X X X X X K k X X X X X X X X X- X X X X X M K X X X X X X X X % X L X X X X X X ): r. X X X K A F X X X X X K-X A M M M

CEILING / WALL CEILING / WALL Ao Ho Au Q

lHICXtsESS MATERIAL
(ft) (ft2) (fs) (ft2) (kW)

x X X X-(! X X X X X K X -X X X X X W K X X R M X X W Y X X X X M M X X X X X K K X K X- X X X X M MX X X X X W W X X M A X M M X X X M K K X M M

2.5 CONCRETE 21 7 V334 4504

'

FIRE IG VENTILATION CON 1 ROLLED

FIRE DURATION GAS TEMPERATU?E
( riin ) ( ci e g . F )

.
10 243

^~

20 314
30 3M3
40 413

!
i

_

-a

9

)

!

!

,

N.

I

~-'

ATTACHMENT C

JC- G
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CASE NUMBER: 2
*

BUILDING: UNIT 2 REACTOR BUILDING
'

ELEVATION AND AREA DESCRIPTION: 195' VENTlt.ATING EQUlPhlNT AREA

!. O.SE DESCRIPTION:
DOUBLE DOORS OPEN 6'X 7' ALL CADLES BUNrut4G

' X X X X X X X X X N X X X X -X X X X X X X X X X X X M X X X K X X X -X X X X E X * X * )< X- X X N X X X X X X X N X X y X t M X X X- X K X N X X
.

'lEILI NG/W ALL CEILINC/ WALL Ao Ho Au Q

THlCKNESS M AT ER I AL

(ft) (ft2) (ft) (ft2) (LW)
,

X X X X X X -X X X X X X X X X X X X X X X X X X-X X X X X X X X X X X X X X X X t X X X X X X h X X X X X X X X X X X X X X K X X X X X-X X X X

2.5 CONCRETE 42 7 9334 7293

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPER ATURE
(nin) (deg.F)

10 349
jV 20 463

30 551
i- 40 625

t

p
- ;

.

,

./

%

i

t .

f k #

v

|

| ATTACHMENT D
/C 7
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f STRUCTURAL STEEL ANALYSIS

for

PEACH BOTTOM ATOMIC GENERATING STATION
k -

r-

Unit 3

Cooling Water Equipment Room No.162

Fire Zone 12B

e
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September 12, 1983
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g PEACH BOTTOM ATOMIC GENERATING STATION

LJ

1. AREA DESCRIPTION

Cooling Water Equipment Room in the Radwaste Building El.116' Unit 3,

4.; 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 ft2

(see Attachment A for calculation of areas).

'2. COMBUSTIBLE LOADING

g 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
2) loading af 5.5 lbs/ft . A listing of the cable trays under considera-

J< tion is included in Attachment B. There are no combustible liquids in
I
| this area.
!

l

.n 3. VENTILATION PARAMETERS<

i !
' '' 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 roon 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

controllied.

4. 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

2 the maximum heatfire is ventilation controlled by openings of 42 ft
/' release is 9008 kW. The calculations in Attachment B show a 12,867 kW

fire with all the cables burning across a cable tray surface area of
2728 ft .

1
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This indicates that only 70% of the cable tray surface area could be
burning simultaneously. Therefore, the worst case fire we can assume
is one in which 70% of the cable trays burn for a duration of:

5.5 lb/ft2 + 0.1 lb_ = 55 minutes
min ftd .

f ,

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."

5. RESULTS

Even with this hypothetical worst case fire scenario, the gas tempera-
,

's 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 steel

temperature will not be exceeded so a detailed analysis of the steel
will not be performed.

!
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Unit 3 Cooling Water Equipment Room El.116' '

Surface Area Calculation
'

Walls -
-

North wall zone 1 (18' x 98') ~ 1764 ft2
South wall zone 1 (13' x 98') . 1764 ft2s y.

East wall zone 1 -(18' x 30')4 s(3' xr7' door) 519 ft2 -<

West wall zone 1 (18' x 20')1 .
360 ft2

(18' x 51') 897 ft2
(18' x. 51'') j

-(3,' x| 7' door)North wall zone 2
918 ft2South wall zone 2 *

s
,

West wall zone 2 (18' x 10') 180 ftt
s,,.

'

6402 ft2s ,
.

Ceiling
' 'n'-

'

a

Area 1 (98' x 30') 2940 ft2.. ,,

Area 2 (51' x 10') 510 ft2j
t

' 3450 ft2

i Total Surface Area for Heat Transfer 9852 ft2 (916 m2)

: O
| ATTACHMENT A

'

: 17-5~
.
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Cable Trays

Hori zontal Surface
2Tray No. Length (ft) Width (in) Area (ft )

'4 ZB3GB03 8 24 16

ZA3GB01 36 24 72
ZA3GB02 4 24 8

$<'. ZA3GB03 5 24 10
'

J- ZA3GB04- 4 24 8

~
ZA3GB05 11 24 22s -

- ZB3GB04 4 24 8
ZA3GA02 3 24 6

<9 ZA3GA03 3 24 6
ZA3GA04 4 24 8
ZA3GA05 14 24. 28

K*' 2B3GB03 16 24 32
ZA3GD04 32 24 64
ZA3GD05 26 24 52

-- ZA3GB05 5 ,) 24 10.

"@ ZA3GB06 5, 24 10
,.

ZA3GB07- 5 ., y 24 10

ZA3GB08 5 '1 24 10
ZA3GB09 18 . 24 36

R ZA3GB10 28 24 56
ZA3GA05 5 24 10
ZA3GA06 5 24 10*

ZA3GA07 5 24 10

; ( -

-ZA3GA08 5 24 10
'

\ ZA3GA09 15 24 30
ZA3GA10 28 24 56

Vertical
Tray No.
ZA3GV05 4 12 4

ZA3GV06 4 '12 4

ZA3GV07 4 12 4

! ZA3GV08 4 12 4
'

ZA3GV09 4 12 4

ZA3GV10 4 12 4

ZA3GV11 4 ' 12 4

( ZA3GV12 4 12 4

ZA3GV32 3 24 6!
.

ZA3GV43 3 24 6""

ZA3GV21 4 24 8
ZA3GV22 8 24 16

ZB3GV01 6 24 12

i ZA3GV31 7 24 14%
4

L _

ZA3GV42 6 24 12
L' . , ZA3GV01 12 24 24'

'w, i N

-;y, Total Surface Area for Heat Release 728 ft2
.

L . s

[ p 728 ft? x 190 kW/m2 = 12,867 kW assuming all cable involved
_

%) 10.75 ft'/m' simultaneously

%

'k ATTACHMENT B

l]-l

I
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11-CASE NutiDER:'
DUILDIrJG : RADWASTE LNIT 3
FLEVATION AND AREA DESCRIPTION: 116' EL. COOLING. WATER EQUIPMENT ROOM7
C6SE|DESCRIPTIDH: TWO DOORS AND CABLEG

b. . .

[; W A-X- X X M K eh X WM X MW X M X MX M X X X *X X X X W XX X X XW X XK XX XM M M-X X MW X M X M M M MM M X XX XMMM X X X X My

CEILING /UALL .CEYLING/ WALL Ao Ho Aw Q
sTHICKNESS NATERIAL'

. ''(ft)'4
.

. . .

(ft2) -(ft) (ft2) (kW)
-

:comunwc*********************************x*******************************y
'

''.5 CONCRETE 42. 7 9852 9008'

c, q .
||+ .jM

l' . , j - FIRE IS VENTILATION' CONTROLLED
y!>

,t.
- : <

.- h ' ' FIRC ' DUR ATION. ; GAS TEMPERATURE:
'

(min) (deg.F)--

..

'$ 4 277'

d- 0 362-
g?N -- 12 427

'

.

# i 16' 481,.
# '

20- 530..

573.j 24 .-
16 ." 28 613"

s

y 32 .651'

;t' 36 686,

fg[ - 140 719
'

'T 44- 750
40 700-

(- 52 809
56 837

,

60 864
64 090.
68 915

<

!- 72 940,

76' 963-
'

80 -987
_

|~

.[ '

, ol +
r -

'
;

-_
., s:

'
- . , . . . p,

!
i

!"' m
7

r, s . s!/: ,

'}{'}: ,

[Qj i -

, ... .,
,a .x,

*
. . .

sp['

i

^

'
.
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m PEACH BOTTOM ATOMIC GENERATING STATION

U
1. 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).
N

2. COMBUSTIBLE LOADING

Fixed combustible loading in this area consists of horizontal and ver-
k 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.

! O
3. VENTILATION PARAMETERS

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

4. 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 lbs/ft2 + 0.1 lb_ = 52 minutes.
min ft'

5. RESULTS

The only case examined was with all cables burning simultaneously with

| one door open (see Attachment B for results of analysis). Since the
L fire was fuel controlled under this set of circumstances there is no

p) 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 structural steel.

1

/Tr t
0

__
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O as e n be seen en the sxet e incieded in atte a meet C. 2 8ie trey

2RU010(I) 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. ;

.-

O

.

.

*
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9

C PLANTL1

'

O

Personnel Decontamination Station

Surface Area Calculation *

Walls

North wall (19' x 14') 266 ft2
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

O

! ATTACHMENT A
L 16-V
|
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f""E NO. I 1
(,,lLDING: RADWASTE BUILDING
ELEVATION AND AREA DESCRIPTION: PERSONNEL DECONTAMINATION STN., 135' ELEV.
CASE DESCRIPTION: ONE DOOR OPEN. ALL CABLES BURNING )

l
'**+++++++++++++++++++++++4*+++++++++++**+********************++++++++++++++++++*

. CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HD -AW Q
(FT.) SQ. FT. FT. SQ. FT. ' KW

***+4:++++++++++++++++******+++++++++++++++++++++++++++++++++++++++++4:+++++++++++

1 CONCRETE 21 7 1848 990

. FIRE IS FUEL CONTROLLED
i N:s
' ~~ FIRE DURATION GAS TEMPERATURE

(MIN.) (DEG. F)

52 593.981
,

.

| O
~

.

,

!
'

i

{ h

|
'

l

1 ATTACHMENT B
|
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CASE NO.: 1
FMLDING: RADWASTE BUILDING
\m.2VATION AND AREA DESCRIPTION: PERSONNEL DECONTAMINATION STN., 135' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WF76

EFFECTS 07 LOCAL HEATING ON STRUCTURAL STEEL

" FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS.'/FT.): 75
SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 5.34

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

u
$dwg 5 4E5.777323

'

10 753.051073
15 950.54387

.. 20 1110.392523
P' 25 1218.61677

30 1295.778588
35 1353.228987
40 1393.998565
45 1423.443444
50 1444.709129
55 1450.0G7584

,

O
%.)

. . ,

3

|

|
|

I

i
|

|

l
:

1

-
t

A
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CASE NO.: 2
7"ILDING: RADWASTE BUILDING
(.,IVATION AND AREA DESCRIPTION: PERSONNEL DECONTAMINATION STN., 135' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WrGS

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
-WEIOHT OF STEEL MEMBER (LBS./FT.): 68
SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 5.31

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

5 510.077044-
,

,
' '

10 815.579149 -

15 102G.937904
20 1172.978331
25 1273.934177
30 1343.723G39
35 1391.968185
40 1425.319012
45 1448.374004
50 1464.31152

! 55 1475.329087

(~Ds>

|

|

|

ATTACHMENT C

l%-$
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PEACH BOTTOM ATOMIC GENERATING STATION
(^J

.,

L

1. AREA DESCRIPTION

Unit 2 Reactor Recirculation Pump MG Set Roan (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 f t. Total

surface area of the bounding walls and ceiling is 12,124 ft2 (see

Attachment A for a calculation of heat loss surface area).
b '

!

/ 2. 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
lbs/ft2 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.

3. VENTILATION PARAMETERS

This area is served by two personnel doors, one of which is located in

the east wall and the other at the stairwell on the west side of the
room.

4 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.

1
'

19-1
,
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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 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 . __

,

i

l G 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:
4Zo = -1.020 + 0.083Q = 1.3m

Plume temperature at bottom of steel:
,
'

ATo=9.1[To/(gCpfJ)].3330c.667(Z - Zo)-1.672

U ATo = 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.

s

The cable trays in this area were positioned such that they did not

| present a localized heating exposure to structural steel.
|

l
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Unit 2 RCP MG Set Room

'

Surface Area Calculation
i

| Walls

North wall (118' x 29') 3422 ft2
South wall (118' x 29') 3422 ft2
East wall (30' x 29') 870 ft2
West wall (30' x 29') 870 ft2

' 8584 ft2

| Ceiling (118' x 30') 3540 ft2

Total Surface Area for Heat Transfer 12,124 ft2
i

1

)
_

ATTACHMENT A

/9 #



,w. .. .-~.~ ~ . .-- . - - .

|

.

.

.

9UILDING:
SE NO.: 1

RADWASTE BUILDING
ELEVATION AND AREA DESCRIPTION: UNIT 2 R,X RECIRC PMP MG SET ROOM, 135' ELEV
CASE DESCRIPTION: ONE DOOR OPEN

**********+*********************************************************************

LCEILING/ WALL THICKNESS CEILING / WALL MATERIAL AO HO AW G
(FT.) SQ. FT. FT. SQ. FT. KW

- ++****************+*******++++++++++********************************************
2 CONCRETE 21 7 12124 4504.23

( FIRE IS VENTILATION CONTROLLED
'

.|
', *

. FIRE DURATION GAS TEMPERATURE

( (MIN.) (DEG. F)

'

10 203.709i

20 257.990
30 299.558

| 40 334.818
50 365.794
GO 393.804

; 70 419.555
i

(~)/
80 443.545

N- 90 456.071
100 487.378'

~'

110 507.545
120 527.011
130 545.587
140 553.461
150 580.708
150 597.390
170 513.559
180 629.250

!

|
'

\

| .

|

,

i
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CASE NO.: 2
LDING: RADWASTE BUILDING

. EVATION AND AREA DESCRIPTION: UNIT 2 RX RECIRC PMP MG SET ROOM, 135' ELEV.
CASE DESCRIPTION: BOTH DOORS OPEN

*oo+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW Q
(FT.) SQ. FT. FT. SQ. FT. KW

***o*****+******+++++++++++++++++*****++++++++++++++++4:++++++++++++++++++++*4:+++
2 CONCRETE 42 7 12124 9008.45

FIRE IS VENTILATION CONTROLLED

[ FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

10 335.228
20 443.825

.

30 527.225
40 597.555
50 659.550
GO 715.599
70 757.148
80 815.132

r~1 90 850.203
( _.) 100 902.835

110 943.385
120 - 982.131
130 1019.29
140 1055.05
150 1089.55
150 1122.93

| 170 1155.28
180 1185.59

~

()
t/
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STRUCTURAL STEEL ANALYSIF

for
c

,Q '

PEACH BOTTOM ATOMIC GENERATING STATION

COMMON AREA

Turbine Building El.135'

Switchgear Room #231

| I

|

| September 9, 1983

| ||

|

1 l'. O. Box 44G e Oak Ridge, Tennessee 37830 e (615)482-3541
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PEACH BOTTOM ATOMIC GENERATING STATIONp
v

1. 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).p

' 2. COMBUSTIBLE LOADING

|*4
,

,,

Exposed combustible loading consists of cable trays. Total surface
area of the cable trays is 138 ft2 with an average combustible loading

i

2in the trays being 7 lbs/ft of tray surface area. Enclosed combusti-

p:;.; bles are not included in the combustible loading.
. n

3. VENTILATION PARAMETERS

This area is served by two personnel doors. Each door is 3 ft wide by

p 7 ft high.
%J

4. 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 ft2 which corresponds to a heat output of 2440 kW.
With all cables burning at once the duration of the fire will be

| 7 lbs/ft2 0.1 lb_ = 70 minutes.4
! min ft'

| S. RESULTS

The only case examined was with all cables burning 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 tc, prevent localized heating ef fects.p)(.,

I 1
'

20-1
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RM 231,

Y^ SWITCHGEAR ROOM

a.
g;

.

. -

o

z,.
.
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&
1 PLANT

Heat loss Area Determination

h Bounding Area (Excluding Floor)
.

Ceiling (25' x 21') 525 ft2
North wall (25' x 14') 350 ft2
South wall (25' x 14') 350 ft2
East wall (21'x14') 294 ft2
West wall (21' x 14') 294 ft2 ,

| Total Surface Area for Heat Transfer 1813 ft2
|

|
s

ATTACHMENT A

| O
,

i
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CASE NO.: 1.
f"t TURBINE BUILDING
(j,LDING:VATION AND AREA DESCRIPTION: SWITCHGEOR ROOM 44 231, 135' ELEV.
CASE DESCRIPTION: ALL-CABLES BURNING. ONE DOOR OPEN

* * * * + + + + + + + + + + + + + + + + + + + + + + + + + 4 + + + + + + + + + + + + + 4 * + + + + + + + + + + + + + + + + + + + + + + + + + 4.+ + + + * 4.+ + +

. CEILING / WALL THICKNESS CdILING/ WALL MATERIAL AO HO AW Q
(FT.) SQ. FT. FT. 50. FT. KW

omo*****************************************************************************g
0.67 CONCRETE BLOCK 21 7 1813 2437

[ FIRE IS FUEL CONTROLLED
s

GAS TEMPERATURE - ,

{i:- .
FIRE DURATION , . ~

<

'

(MIN.) (DEG. F)'

@ 10 588.939

p' 20 802.583
.

30 955.794

h'- 40 1105.18
50 1227.11

; 50 1337.35

: 70 1438.74

*
i

O

,

i

n.
%

ATTACHMENT B
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for

PEACH BOTTOM ATOMIC GENERATING STATION

UNIT 2

Reactor Building El. 165'

South of Column Line 10
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PEACH BOTTOM ATOMIC GENERATING STATION'

1. AREA DESCRIPTION

Unit 2 Reactor Building El.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 ft2 (949 m2

(see Attachment A for calculation of areas).
:; -

-

2. 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 lbs/ft2 (see
Attachment B for calculation of cable tray area). There are no combust-

ry ible liquids in this area.
( )

3. 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

5 3in the Reactor Building available for combustion, which is 1 x 10 m,

The curve on the following page shows the duration of a fire at a given
heat output.

4. 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-

(R 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
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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.

1

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 fire duration of three hours and a gas temperature of
1027*F for a fire duration of six hours (see Attachment C). These gas

f,] temperatures assume no mitigating actions are taken by plant personnel
-

to extinguish the fire.

2
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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.
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' Unit 2 Reactor Building Elevation 165'

Surface Area Calculation

Walls

North wall (88.5' x 29') 2567 ft2
East wall (47' x 29') 1363 ft2
South wall (109' x 29') 3161 ft2
West wall (19' + 28')29' 1363 ft2

8454 ft2
Ceiling

Area 1 (6' x 15') 90 ft2
Area 2 (41.5' x 22') - (21' x 17') 556 ft2
Area 3 (15' x 25') 375 ft2
Area 4 (8' x 12') 96 ft2
Area 5 (15' x 14') 210 ft2
Area 6 (8' x 7') 56 ft2
Area 7 (15' x 4') 60 ft2

96 ft2,

Area 8 (8' x 12 )
Area 9 (15' x 8') 120 ft2

(~~T Area 10 (19' x 5.5') 105 ft2
' '

-

Total Surface Area for Heat Transfer 10,218 ft2 (949m2)

ATTACHMENT A yg
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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.

Surface
2Tray No. Length (ft) Width (in) Area (ft )

2MT020 20 24 40

2XE150 2 24 4

2XE160 . 18 24 36
-

Ds 2XF150 ' 2 24- 4

2XF160 18 24 36

2MR150 2 24 4

2MR160 18 24 36

ZC2XK150 2 24 4

i ZC2XK160 18 24 36

g#F ZC2XL150 2 ~ 24 4

ZC2XL160 18 24 36

' 2KV270 10 24 20'

260 ft2

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

260 ft2 x 190 kW/m2 = 4591 kW_

w . 10.76 ftc/m'

i
!

I

!

ATTACHMENT B

u

21-s
. - . .. .. . . . - - - - . _ . - . . - - - - , . - . . - . . - . . . - . - - . -



g - s

s ~ ~ - - . .,
,

k -I;( ,
.

.*
,

,
,

CASE NUMBER: 1 ,

'BUILDING: UNIT ~2 REACTOR BUILDING -

.

-ELEVATION AND' AREA DESCRIPTION: 165' AREA' SOUTH OF COLUMN LINE 10
f()SE DESCRIPTION: TWO OPENINGS SPREADING CABLE FIRE - '

^ k.)**xx***********************x*****w****************x*****x*v********x**** i
t

CEILING / WALL' . CEILING / WALL \ Ao Ho Aw Q1

THICKNESS MATERIAL O'

(ft)
.

(ft2) (ft) (ft2) (kW)
******************************************xxx***************************

7,, 3 .- 0 CONCRETE ',o ,.~ (' 58 0 . . ; ij29 3 .. 2,.,. 10218 4600 9 q
.o..

. .

~t ,

FIRE IS FDFi CONTROLLED '% t,,,

s' - ,

'

FIRE DURATION GAS TEMPERATURE
% ,~*

h g , .;(deg F) y .e, _

( eiin ) .' p , ,,91,

.

.

,
...,

\t y ,10 232{ \i
,

l' 20 297
'

'
'

>1"30 348
40 390 s , ,

-

'

h 50 '428 : i ', 4
t

-
,

,
'60 "462 ,.

70 493 " ' ^ ,1
,,

\ "
80 522

,\., ,

'

90 550 .

-100 575
"

( 110 600
~N- 120 623

646,130
'

668 1

s.,

140
150 ,2.\' 600 ''-

4- 709160 .

"~
4

170 728
\

.
--

,

180 747 gs . . ,

190 766 . ]3 ss

200 704 ' x''

210 801 ' \

220 819
230 035
240 US2
250 860 .

260 884
270 899
200 914
290 929
300 944 s

310 958
320 972
330 986
340 1000
'350 4 1014-

fm., 360 1027
Q ,i

\,

M
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

Units 2 & 3 Radwaste Building El.165' Fan Roon column lines J to G and

18 to 23 (see Attachment A for sketch of area under consideration).

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

7

Total surface area of bounding walls and ceiling is 16,283 ft2 (1513

g.Q., .m2) (see Attachment A for calculation of areas).

2. COMBt!STIBLE LOADING.

p,, 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 ft2 with
, 7

an average combustible loading of the cable trays being 6 lbs/ft2(see
'l Attachment B for calculation of cable tray area). There are no combust-
b' '

ible liquids in this area.

'

3./ VENTILATION PARAMETERS

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
remote shutdown panels. 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 towards the west
and downward toward the floor slab, a distance of approximately 10 feet

2 or
.

before the original source of the fire dies out. An area of 316 ft'

1

cable trays, (see Attachment B for a list of cable trays initially burn-l

ing) will have a heat output of approximately 5600 kW, which is assumed

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

,,y
,

1

dd-d-

s. _ _ - ._
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(') 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.

5. RESULTS*

Two cases were examined each having different ventilation parameters.
b' 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-
s

perature of 588'F for a fire duration of three hours and a gas tempera-
ture of 802*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 th7 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.

.

v

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

,

b
.a -

Surface Area Calculation

FT Walls
V

1247 ft2
f(43'x29')L North wall
132.5' x 29') 3843 ft2' - ' East wall

South wall (43' x 29') 1247 ft2
West wall (132.5' x 29') 3843 ft2

10,180 ft2
|

Ceilh
l Area 1 (43' x 132.5) 5698 ft2

Area 2 (67.5' x 6') 405 ft2

6103 ft2
! 1

r

2 2Total Surface Area for Heat Transfer 16,283 ft (1513 m )

i

i
,
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Cable Trays

The following cable trays are present in the drea defined for the source
fire and all of the trays are assu;ned to burn simultaneously.

Surface
2Tray No. Length (ft) Width (in) Area (ft )

3MCX04 10 24 20

3MCX05 10 24 20

3M0104 9 24 18

3MD105 10 24 20

ZB3NA04 9 24 18

ZB3NA05 10 24 20

ZB3NB04 10 24 20 -

.. . ZB3NB05 10 24 20

2XH010 20 24 . . 40 .

|$'3I
, ~ ' ~

2XJ010 20 24 ~ 40 ' "3' '''

ZC2XK010 20 24 40

ZC2XLO10 20 24 40
316 ftZ

.

i. .

O
.

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/m2 = 5579 kW_

10.76 ft'/m' .

.

9
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C ASE t1UMIJER : 1 *

ItUI LDING : UNIT 2&3 RADWASTE DUILDING
ELEVATION AND AREA DESCRIPTION: 165' REtiCT E GHJ1 DOWN PANEL APE 6
'')SE DESCRIPTION : ONE DOOR OPEN SPREADING cal >LL FTRL

dxxxx x x x x*n*xxx xxxxx x xx xx x x*x x x xx s >x xxxx > *x*x wx xu x *nx x xn y' **x xx x x x x

CEILING / WALL CEILING / WALL Ao Ho hu O

THlCKNESS H Al E R I AL
(ft) (ft2) ( f' t ) ( f' t .l ? (1:W )

s r x t. x x x x xx x * x x *x x xxx y x x x x x x * x < x x x x *x 4 x * x x y x <x x x x d > x x x x x x: n .<< x u xx*rxx

2.5 CONCRETE 21 7 1 6 2 O _- 4501

. i"I =: L' IS VENTILATION CONTROL. LED

x. ' FIRE DUR ATION GAS TEhPER ATURE
'M' (Min) (dog,F)

|' 10 170

20 210
30 242
40 260
50 291 '

60 312
,

70 331
50, 349
90 36b

100 301(
' 110 396-'

120 411
'

130 4 2 ";,

140 4 3 '.,

150 451
16U 463
170 475
100 4 0''
190 4 91:
200 509
21 0 520
220 531
230 541
240 551
250 361
260 57s
270 SEO
280 50Y
290 59'
300 608
310 616
320 625
330 634
340 642
350 651
360 659

ATTACHMENT C
21 6

i
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~ CASE NUMBER: 2
*

DUILDING: UNIT 2&3 RADWASTE DUILDINC.
ELEVATION AND AREA DESCRIPTION: 165' HEMOTE SHull)OWN P ANEL AREA

TNG D00llS OPEN UPRE ADING L Al'LE FIRE,"-SSE DESCRIPTION:
i

\._
'

M X X X X X X X M X X X k X X X X X k X X Y X X X ) Y K X X X X X' X1 X X X ;' X X X X X X X X V t K K ?: X X X X X P P F: X 7: XMXXFXiXF-

CEILING / WALL CEILItJG/ WALL Ao l i ra Aw O

THICKNESS (1AlER I AL
(ft) (ftd) (ft) (ftr> (1.W)

Y X X X W X X X X A *X K K X X X X X );F W t X X K X M X X X X K X h h X X X F X X X X X X X ? . 4 X 's M X t. n % X X X X ?: X X X X X Y K X ~X M M

2.5 CONCRETt: 42 7 16003 G600

FIRE IS FUEL CONTROLLED
,

FIi?E DURATION GAS TEtiPE R ATURE
(Min) (dal F)

10 194
,,y 20 244

30 207.
40 31b

'
50 344
60 370

* 70 3V4
80 416
90 437

100 4S7
I

[ 110 47S i

s> 120 493
130 51u

~

140 527
150 543
100 bb0
170 573
100 b tIU
190 602
000 /.16

210 629
!!2 0 642
230 65S
240 66a
250 600
260 692
270 704
!!.0 0 7 't 3

290 727
300 933
310 74Y
320 760
330 770
340 701
350 791
36t1 802

ATTACHMENT D
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PEACH BOTTOM ATOMIC GENERATING STATION
"

1. 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).

2. 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 lbs. The average combustible load-
ing of the cable trays in the room is 6.5 lbs/ft2 of tray surface area.

3. VENTILATION PARAMETERS

This area is served by two pe.rsonnel doors located in the east wall of

the room.

4. CASES EXAMINED

Two cates were examined for this area and both fires were ventilation
l controlled. The first case was for one of the doors being open which

I supported 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 durations was assumed to be 3 hours.

:

| S. 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

i 180 minutes was 1100 F which is below the critical temperature for the
l

; structural steel .
!
,

' '>
1

i

!

1
23-2.
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(] The ventilation controlled burning rate of 9008 kW is equivalent to the*

simultaneous burning of 510 ft2 of cable tray surface area. Given the
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 + 0.1 lbs = 65 minutes

"

min ft'

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 fran a given cable tray. The exposure
duration equals 65 minutes which is the time for the exposing tray to
burn to completion.

""i(V Calculations were performed for structural members of the following
sizes: 24WF68, 24WF100, 24WF145, 24WF160, 8WF17, and 24WF110. As can

be seen-fran the results, the critical temperature of the member will
- be reached during the exposure period only for the types 8WF17 and
24WF68.

t

.

4

a

R

.

2
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Cable Spreading Room

Surface Area Calculation,

. .
Walls

L . 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 ft2 .

.
6980 ft2

Ceiling (128' x 56') - (7' x 9') - (19' x 49') 6174 ft2
'

Total Surface Area for Heat Transfer 13,154 ft2

.

|

ATTACHMENT A
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CASE NO.2 1

hLDING: TURBINE BUILDINGKEVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 150' ELEVATION
CASE DESCRIPTION: ONE DOOR OPEN

**+o++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*************+++++

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW O
(FT.) SQ. FT. FT. SQ. FT. KW

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
2 CONCRETE 21 7 13154 4504.23

). FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

10 193.395'

20 243.428
30 281.842
40 314.238
50 342.788
EO 358.503
70 392.345
80 414.448

(~T 90 435.209,,

(_/ 100 454.845
110 473.525

491.374120 -

130 508.494
140 524.958
150 .540.865
150 555.240
170 571.142
180 585.512

.

ATTACHMENT B

93 S
A



.._---..w...--....--.-; ..:...=~-.-..--.-.. ... . ~-
- . . . .

.

.

.

*

CASE NO. 2

f'lVATIONANDAREADESCRIPTION:
lLDING: TURBINE BUILDING

L_ CABLE SPREADING ROOM, 150' ELEVATION

CASE DESCRIPTION: BOTH DOORS OPEN

**o*****+++++++++++++++++++++++++++++++++++++**++++++++4:****++++++++++++++++++++

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW Q
(FT.) SO. FT. FT. SQ. FT. KW

*+co+++++++++++++++++++++++++++++++++++++***++++++++++++++++++++++++++++++++****
2 CONCRETE 42 7 13154 9008.46

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

10 314.547 !~
'20 414.731

30 491.594
40 555.420
50 613.548
60 655.205
70 712.714
80 755.939
90 798.479' ~

( 100 837.770
110 875.144

| 120 910.854..

130 945.107
140 978.067
150 1009.87
160 1040.53
170 1070.44
180 1099.39

|
|

'
|

|
|

.m

w.

| ATTACHMENT B

|
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fASE-NO.: 1
}LDING: TURBINE BUILDING

( CEVATION AND AREA DESCRIPTION:E CABLE SPREADING ROOM, 150' ELEV.
1

,

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WFGS

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL
s

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 68
SURFACE OF STEEL MEMDER HEATED ( 50. FT./FT): 5.31

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

,

5 510.077044
,

10 815.679149
15 1025.937904
20 1172.978331
25 1273.934177
30 1343.723639
35 1391.958185
40 1425.319012
45 1448.374004
50 1454.31152
55 1475.329087

i

j.
.

55 1488.210319
60 1482.945317

:

i
i

4

ATTACHMENT C

O'

|
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CASE NO.: 2
LDING: TURBINE BUILDING,' '-'

( ,lVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 150' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WF100

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 100
SURFACE OF STEEL MEMBER HEATED (50. FT./FT): 5.43

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

5 375.40589
1: 10 516.82129
4' 15 805.412308

20 955.304025
25 1072.23332
30 1154.061529'

35 1235.177077
40 1292.811G57
45 1337.288554pg.
50 1372.217642
55 1399.548542
50 1421.190879

o)
'

55 1438.108745

=

.e--%

\ -

'

ATTACHMENT C
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CASE NO. 3
("'!ILDING: TURBINE BUILDING
'w4EVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM. 150' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WF145

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

' FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 145
SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 5.59

TIME STEEL TEMPERATURE
'

(MIN.) (DEG. F)
'

'
5 285.250959,

10 471.238314- <
,

15 '

528.031758
20 750.928347

I 25 873.570174
'

30 959.044273
1 35 1049.957175

40 1118.555527
! 45 1175.592359

50 1225.957548
55 1257.732887
50 1303.132592p)s,'q, 55 1333.137215

,

(\ >N
~

ATTACHMENT C
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CASE NO.: 4
[''lLDING : TURBINE BUILDING
L_lVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 150' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WF150

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 160
SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 5.55

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

)$ #' 5 268.255729
.

10 440.525942' a q _;,

15 588.594521
20 715.141564
25 825.765002
30 920.057486
35 1001.153055
40 1070.925942
45 1130.932407
50 1182.545903
55 1226.943057
50 1255.130351

7g 1297.97713(_j 65

.,

,

4

ATTACHMENT C
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kE NO. : 5
BUILDING: TURBINE BUILDING
ELEVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 150' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE SWP17

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 17
SURFACE OF STEEL MEMBER HEATED (50. FT./FT): 2.14

TIME STEEL TEMPERATURE
h/ (MIN.) (DEG. F) ,j

'

5 780.551509
10 1138.543677
15 1318.475865
20 1408.81397
25 1454.193751
30 1475.989769

~

35 1488.441077
40 1494.193508
45 1497.093174
50 1498.534764

I 55 1499.253955,

# 50 1499.530255-

55 1499.814252

,,

/

ATTACHMENT C

23 -lR
n



.

.-
,

.

CASE NO.: 6
f"3LDINO: TURBINE BUILDING
%,lVATION AND AREA DESCRIPTION: CABLE SPREADING ROOM, 150' ELEV.1

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 24WF110

EFFECTS OF LOCAL HEATINO ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 110
SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 5.47

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

hhy * c - 349.518534 35 -,

10 575.593015<*

15 757.403592
20 903.391478

w. 25 1020.E79437
30 1114.90952
35 1190.5149S2
40 1251.43734
45 1300.302559
50 1339.55131
55 .1371.102135
60 139G.442314

() 65 1416.800938

;

-

ATTACHMENT C

.
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PEACH BOTTOM ATOMIC GENERATING STATION'.
,V

1. 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

2
pg, of the bounding walls and ceiling 31,405 ft . (See Attachment A for a

calculation of heat loss surface area.)
,

2. COMBUSTIBLE LOADING

Exposed combustibles in this area consist of cable trays. The trays

.

have an average combustible loading of 5.4 lbs/ft2 of tray surface

b area. Enclosed combustibles are not included in the combustible
loading.

-

G
3. 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.

4. 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 involved 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 lbs/ft2 + 0.1 lbs = 54 minutes
min ft'

.~ .

v

I
.
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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 result in the simultaneous involvement of a
maximum of 394 ft2.of tray surface area at any one time. See Attachment
0 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.

5. RESULTS

v{ The peak fire temperature reached at the end of 3 hours is approximate- *

ly 405*F which is well below the critical temperature of the structural
steel (see Attachment B for the results of the analysis).

p.

Raceway drawings were examined to determine if any cable trays were
located such that they could present a local heating effect on the;

structural steel supporting the safety related areas on the 135' eleva-
tion of the Turbine Building. A sketch is provided in Attachment C,

O which shows the placement of cable tray 2CH030 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 to 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-

I tions.
L

|

I

2

2 81 - 3
. . _. _ . . -- .. .-



. . - - - - . . .

.

.

@ @ :
- |2e,-

-,,

' G'
i,

56'

EL.116'- 0"
12'+ + COMMON AREA

h

35'

h' . 61'<

@
l- + 18'+ HATCH

ABOVE 55' r
._

l

32'
. --

"
,. .__ __. (- - - - - - . . - - - - - -

(a) (
Heat loss Area Determination

Bounding Area (Excluding Floor)

A1 = Ceiling = (158' x 149') - (35' x 55') = 21,617 ft2
A2 = North wall = (149' x 18') = 2682 ft2
A3 = South wall = (149' x 18') = 2682 ft2
A4 = East wall = (158' x 14') = 2212 ft2
A5 = West wall = (158' x 14') = 2212 ft2
Aw=A1+A2+A3+A4+A5
Aw = 21617 + 2682 + 2682 + 2212 + 2212 = 31,405 ft2

[''; ATTACHMENT A
(/
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k NO. :C 1

BUILDING: TURBINE BUILDING
ELEVATION AND AREA DESCRIPTION: COMMON EQUIPMENT AREA, 11G' ELEV.
CASE DESCRIPTION: SPREADING CABLE FIRE

o + e + + + + + + + + + + + + + + o + + + + + + w + + + + n + + + + + + + + + + + + + + ,e .e + + + + + + + w e * * + + ,e + + ,,: + + + + + + + + + m

.

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HD AW Q

(FT.) SQ. FT. FT. SQ. FT. KW
o + + + + + + + + + + + 4. + + + + 4 n + + + + + + ,e + + + + ,e + + + ,e + + + + + + + + + + + + ,e + + + w .c + + ,e + + + 4 + + + + + 4: + + + + + + + + + + + -

2 CONCRETE 288 18 31405 5950

FIRE IS FUEL. CONTROLLED5.,
-

1

,
-,-y

FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

_,

10 150.527
20 182.918
30 207.783
40 228.750
50 247.22G
E0 253.932
70 279.297

I) 80 293.599
'

\' 90 307.033
100 319.740
110 331.828
120 343.378
130 354.45G
140 355.116
150 375.402
150 385.352
170 394.995
180 404.359

4

.

v

ATTACHMENT B
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d k NO. : 1
BUILDING: TURBINE BUILDING
ELEVATION AND AREA DESCRIPTION: COMMON EQUIPMENT AREA. 115' ELEV.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 12WF27

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 27
SURFACE OF STEEL MEMBER ' HEATED (SO. FT./FT): 3.04

TIME STEEL TEMPERATURE. ,y .

(DEG. F)g, . (MIN.)
,

,
.

;,' ''
,

,

5 705.414848
10 1059.102258

~

15 1255.355585
20 1354.252219,

' 25 1424.675554
30 1458.204583
35 1475.808701,.j

" 40 1487.13155
45 1492.859542
50 1496.037972() 55 1497.801556

.

4

|

|
,

1

l.
!

,

| -- .

t.

! ATTACHfiENT C

|
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NO. 2
DING: TURBINE BUILDING

E VATION AND AREA DESCRIPTION: COMMON EQUIPMENT AREA, 115' ELEV.

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 16Wr3G

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1500
WEIGHT OF STEEL MEMBER (LBS./FT.): 36
SURFACE OF STEEL MEMBER HEATED (SQ. FT./FT): 4.28

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

ki, ' 5 741.059756
''

10 1097.772141
15 12SG.824784

I- ' 20 1387.020075
25 1440.122198

j 30 14ES.2G559
35 1483.181198

[, 40 1491.08G255
'

45 1495.275843
50 1497.49525
55 1498.573051

'
',

' -)

/ k

'J

|
ATTACHMENT C
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Original Cable Trays involvedin Spreading Fire Scenario
.

Surface
2

, . , Tray No.- Length (ft) Width (in) Area (ft )_
3AB088 12 18 18'

3AB3191 3 24 6

3ABB050. 4 24 8

3ACA050 4 24 8

3ABB051 11 24 22

3ACA051' 11 24 22

3ABB052 5 24 10

3ACAqF2 5 24 10

3ABB053 8 24 16

3ACA053 8 24 16

3AAC053 8 24 16

3AAC052 5 24 10

3AAC049 8 24 16

2RF049 15 24 30

2RF110 6 i 24 12
'

3AAC051 17 24 34

2RF070 14 24 28

2CJ070 18 24 36

2FK110 6 24 12

2FL110 6 24 12

2FJ110 6 24 12

2FJ070 4 24 8

2CK030 8 24 16
.

2CJ030 8 24 16,

394 ft2

.

!

.

%

.
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C) PEACH BOTTOM ATOMIC GENERATING STATION
v

1. 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).

2. COMBUSTIBLE LOADING

Exposed combustibles in this area consist of cable trays. Total surface
2area of the cable trays is 1,210.5 ft with an average combustible

2 of tray surface area. Enclosedloading in the trays of 2.4 lbs/ft
combustibles are not included in the combustible loading.

3. 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.

4. 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 189 kW can be maintained throughout
the fire duration, the fire would last longer than 189 minutes before

() all the cable material is consumed.

1

a5-A
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O 5. RESULTS. . q.)'

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 below the critical temperature of the steel.

Cable trays in the room were positioned so as to have a local heating
effect' on structural steel. Calculations were 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 planl
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* -1 the 3 hour duration of the fire.

As a result, failure of the beams along column lines 20 and 21 is
assumed.

. O.

2
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RM# 301 17'
!

~

47 -- ---c

Computer Room

Surface Area Calculation

Walls,- 3
; ;

'

North wall (17' x 20') 204 ft2
South wall (17' x 12') 204 ft2
East wall (47' x 14') 658 ft2
West wall (47' x 14') 658 ft2

1724 ft2

Ceiling (47' x 17') 799 ft2

Total Surface Area for Heat Transfer 2523 ft2

Cable Heat Release = 12J0.5 ft2 x 190 kW/m2 = 21,375 kW
10.76 ft'7m

Burnout duration = 2.4 lbs/f t2 + 0.1 lb
min tt2 = 24 minutes (if all cable trays

are burning
simultaneously)

) ATlACHMENT A
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CASE NUhDER: 1

b u 1 L D I t4 G : TURDINE BulLDING
EVATION AND AREA DESCRIPTION: COMPUTER ROOM

ASE DESCRIPTION: SPREADING CABLE FIRE DAMPER OPEN

x x x x * * * x x * * * * * * * x x * * * * * * * * * * * * * * * * * * * -x * >: x * * * x * * * * x * * * * x x x x- x * * x x x x x x x * * * *

CEILJNG/WhLL CEILING / WALL Ao th Aw 0
lilICKNESC M Ali R I AL

(ft) (f12) (ft) ( f t if ) (kW)
h X X * * * X X * E * X X X -X * A * * * X X X X * * * * * X X K ): x x x x ) * k X X X * X X * * * X X * * X * k * * * t h * * * X M x * x s ,( M

.7 BLOCK ' * 2523 189

FIRE IS VENTIL ATIOt1 CONTROLLEl*

FIRE DURATION GAS TEMPERATURE
(nin) ( deg .F )

10 98
20 109
30 110
40 125
SO 131
6U 137
70 140
00 147

O va m
100 156
110 160
120 in)
130 167
140 171
150 174
160 173>

170 101
100 184

O
'

ATTACHMENT B g$.3
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CASE NO.: 2
(''3 LDING : TURBINE BUILDING
't JVATION AND; AREA DESCRIPTION: COMPUTER ROOM, 150' ELEV.

'

' CASE DESCRIPTION: GENERALIZED HEATING OF MEMBER TYPE 24WF110

o*o++++++++++*****************+++++++******************************++**********+.
.

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HD AW G
(FT.)- 50. FT. FT. SQ. FT. KW

o*o*++++++++++++++****+++**************************+++++++++++++++++++++++++++++
0.57 CONCRETE BLOCK 17.5 7 2523 2350

GENERALIZED HEATING OF STRUCTURAL STEEL CALCULATION

WEIGHT OF STEEL MEMBER (LBS./FT.): 110
SURFACE AREA OF STEEL HEATED (SQ. FT./FT.): 5.47

FIRE DURATION GAS TEMPERATURE STEEL TEMPERATURE
(MIN.) (DEG. F) (DEG. F)

5 325.835 93.3440
10 430.357 149.324
15 510.565 212.468
20 578.398 277.749
-25 538.092 342.722fs

() 30 692.072 406.095
35 741.719 457.195
40 787.935 525.707
45 831.345 581.525,

50 872.408 534.675
55 911.456 585.250
60 948.787 733.391
G5 S84.584 779.254
70 1019.03 823.006
75 1052.25 854.810
80 1084.41 904.823
85 1115.57 943.192
90 1145.82 980.054
95 1175.25 1015.53

100 1203.91 1049.75
105 1231.87 1082.80
110 1259.15 1114.79
115 1285.85 1145.80
120 1311.95 1175.90
125 1337.53 1205.15
130 1352.59 1233.G4
135 1387.18 1251.41
140 1411.32 1288.51
145 1435.03 1314.98
150 1458.33 1340.87

(~T 155 1481.25 13EE.22\J 160 1503.80 1391.05
165 1525.01 1415.40
170 1547.87 1439.29
175 1559.42 1462.75
180 1590.57 1485.81

ATTACHMENT C
. . . _--
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E NO.: 1
>ILDING: TURBINE BUILDING

ELEVATION AND AREA DESCRIPTION: COMPUTER ROOM. 150' ELEV.
CASE DESCRIPTION: GENERALIZED HEATING OF MEMBER TYPE 24WF145

*o0:**************++**********++**********++**************************:+********++

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HQ AW Q
(FT.) SQ. FT. FT. SQ. FT. KW

++r0++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
0.57 CONCRETE BLOCK 17.5 7 2523 2350

GENERA'.IZED HEATING OF STRUCTURAL STEEL CALCULATION

WEIGHT OF STEEL MEMBER (LBS./FT.): 145
SURFACE AREA OF STEEL HEATED (SD. FT./FT.): 5.59

FIRE DURATION GAS TEMPERATURE STEEL TEMPERATURE
(MIN.) (DEG. F) (DEG. F)

5 325.835 87.G483
10 430.357 131.915
15 510.EGS 183.522
20 578.399 238.543
25 G38.092 294.890
30 592.072 351.311
35 741.719 407.029
40 787.935 - 461.551
45 831.346 514.512
50 872.408 555.015
55 911.46G G15.588
50 948.787 553.G12
65 984.584 709.803
70 1019.03 754.308
75 1052.25 797.187
80 1084.41 838.513
SS 1115.57 878.365
90 1145.82 916.824
95 1175.25 953.959

100 1203.91 989.880
'

105 1231.87 1024.53
110 1259.15 1058.29
115 1285.85 1090.94
120 1311.95 1122.54
125 1337.53 1153.44
130 1352.59 1183.41
135 1387.18 1212.59
140 1411.32 1241.04

- - . 145 1435.03 1258.80
150 1458.33 1295.91,

,

155 1481.25 1322.41
150 1503.80 1348.34
165 1526.01 1373.72
170 1547.87 1398.50
175 1559.42 1422.99
180 1590.57 1445.93 d5'N
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CASE NO.: 3

9EVATION AND AREA DESCRIPTION:
1LDING: TURBINE BUILDING

COMPUTER ROOM, 150' ELEV.

CASE DESCRIPTION: GENERALIZED HEATING OF MEMBER TYPE 24WF150

++++++++++++++++++++++++++++++++++++++*****++++++++++++++++***+++++++***********

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW Q
(FT.) , S 0. FT. FT. SQ. FT. KW

***c++++++++++++++++++************************+++++++>r******+++++++************+
0.57 CONCRETE BLOCK 17.5 7 2523 2350

GENERALIZED HEATING OF STRUCTURAL STEEL CALCULATION

WEIGHT OF STEEL MEMBER (LBS./FT.): 150
SURFACE ARJA OF STEEL HEATED (SQ. FT./FT.): 5.55

FIRE DURATION GAS TEMPERATURE STEEL TEMPERATURE
(MIN.) (DEG. F) (DEG. F)

5 325.835 85.0292
10 430.357 125.875
15 510.555 174.934
20 578.398 225.523
25 538.09? 979.993
30 592.070 733.848
35 741.719 387.418
40 787.935 440.199
45 831.345 491.855
30 872.408 542.214
55 911.455 591.123
50 948.787 538.533
55 984.584 584.425
70 1019.03 728.812
75 1052.25 771.723
80 1084.41 813.205
85 1115.57 853.313
90 1145.82 892.105
95 1175.25 929.547

100 1203.91 955.000
105 1231.87 1001.22
110 1259.15 1035.39
115 1285.85 1068.55
120 1311.95 1100.75
125 1337.53 1132.09
130 1352.59 1152.57
135 1387.18 1192.25
140 1411.32 1221.21
145 1435.03 1249.45
150 1458.33 1277.04
155 1481.25 1303.99
150 1503.80 1330.35
155 1525.01 1355.17
170 1547.S7 1381.45
175 1559.42 1405.23
180 1590.57 1430.54

d$~3
ATTACHMENT C
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A PEACH BOTTOM ATOMIC GENERATING STATION
%.)

1. 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 ft2 (265 m2),

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of lubricating oil contained
in the pumps. There are four (4) High Pressure Service Water Pumps,

'

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 oil con-

~N
(d tained in all pumps is 102 gallons.

4

3. 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.

All 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

4. 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 is the amount of air avail-

(] able for combustion.

I

dC-1
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(~ |V) Using the equation Qv = 1580 Ao lHo, the maximum heat output of fires d

was calculated for the following ventilation parameter:
-1 door open 4127 kW

With one door open, the 4127 kW corresponds to a lube oil 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.

5. RESULTS

Two cases were examined each having different ventilation parameters.

In both cases 50 gallons of lobe oil were assumed to have spilled from
two High Pressure Service Water Pumps.

Case Number 1 had one door open. The fire is ventilation controlled
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.

Thh ventilation controlled burn rate of 4127 kW is equivaler.t to the
heat output from a pool fire with an area of 13 ft2 (pool diameter of
approximately.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:
4Zo = -1.02D + .U83 Q = 1.07

Plume temperature at bottom of steel on 130' elevaton:

4 To = 9.1 (Tp/(gCpff 2)).333Qc.667 (Z - Zo)-1.672

J To = 594 K
T = 1137*F

(v-

2
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,

i

. 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 area. '

i

!'

' Case 1 Number 2 assumed no doors into the room were open. Using the

equation T =' 29Ve/Q, the duration of a fire at a specified heat output
i ' could be determined. Several size fires were examined. Their heat- i

output duration and gas ' temperature are as follows:
.

Heat Output (kW) Duration (min) Gas Temperature ( F)
5000 3.2 429

'3000 5.25 344
+

. 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 tM structural steel located on the 130' elevation direct-
ly above the fire, ; aketed's relation will be used. Those relations
given on the previous page yield the following results:

i
*

Heat Output (kW)~ Zo (m) AT K T*F

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.

1 - 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 in this area.

'

3

4

'
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| Unit 2 Cooling Water Pump Structure El.112' Fire Area 143

Surface Area Calculation

i Walls
West wall (31' x 18') 558 ft2-

East wall -(31' x 18') 558 ft2*

South wall (35' x 18') 630 ft2
2

1746 ft2
1

'

Ceiling- (31'. x 35'.) 1085 ft2,

Total -Surface Area for Heat Transfer' 2831 ft2 (263 m )2

.

%

I

.

4

'

! '

:.. ATTACHMENT A
.

*

i

'
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CASE NUMBER: 1,
,_

( JUILDING: UNIT 2 CIRC WATER PUMP STRUCTURE
EdLEVATION AND AREA DESCRIPTION: 112' FIRE AREA 143

CASE DE'SCRIPTION: ONE DOOR OPEN LUBE DIL FIRE

NM X M M MM-X MM M MMM M M h M MM M X M M M M X MM M X X M M M M M X MM X X M M M M M F M M M M M-X XM M M M M X X M M M M MM M X M M

CEIL 1NG/ WALL CEILING / WALL Ao llo Aw Q
THICKNESS M ATER I AL

(ft) (ft2) (ft) (ft2) (kW)
MMMM M M M M M M MM M M M M MM M M X X M M M MM X-M M MM M M M M X M X M M MM M X M M M MMM-X-X M MM M MM M MM MM X M MMM X-M M

2.0 CONCRETE 21 6 2831 4127

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPER ATURE
/ ( tiin ) (deg.F)

1 237
2 304
3 355
4 399
5 437
6 472

,q 7 504,

(,J 8 534
V 561

10 538
11 613
12 637
13 660
14 602

| lb 704
16 724
17 744
18 764

| 19 703
| 20 801
| 21 819
| 22 G31

23 854
24 871
25 087

l 26 903
! 27 91(7
i 20 935
| 29 950

30 965
31 980
32 ??4

,-

%_,,-'

ATTACHMENT B 36-6
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ASE NUMDER: 2
JILDING: UNIT 2 CIRC. WATER PdMP UTRUCTURE

I ELEVATION AND AREA DESCRIPTION: 112' FIRE AREA 143'

, CASE DESCRIPTION: NO DOORS OPEN

e x x (xxxx x***x xxx x*w y x xry * x xxx x xx x x-x xx x v:: s r x x a m e ' w :, s e y :s :a. :x m x f.r: -
,

CEILING /WC.LL CEILING / UniL Ao ?M % Q
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
x x * * * * x * * * x x x * v * * * x x * * * x x x * * x * * * * * * x * * * x W Y M M X X M M M M M X- X x K M X X X x X M M X W X X X Y: h W K- '

2.0 CONCRETE 2831 5000

FIRE IS VENTILAIION CONTHO_L ED

FIRE DURATION GAS TO1PE RATU! E
(nin) (deg.F)

.25 174

.50 215
,

,75 24'iJ

1.00 2 *? 2

1.2S 2'7G
1.50 316

| 1.75 335

O 2.00 353
2.25 37c
2.50 .06
2.75 401
3.00 415
3.25 429

i

I

!
t

O

ATTACHMENT C gc.7
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<". ASE. NUtiBER : 2
(,)dILDING: UNIT 2 CIRC. WATLR P UlH' S ! P l!' ' !' U!'::

ELEVATION AND AREA DESCRIPTION: 112' iiRE AREf 143
CASE DESCRIPTION: NO DOORS OPEN

***********y*****xx*****x****xxxxxxxxxxx wxx**xxx*;*********r<xxxxxxxxxx

CEILING /UALL CEILING / UOLL Ao Ho Au Q
THICKNESS MAlERIAL

(ft) (ft2) (ft) (ft2) (kW)
************.>*************************************x**xxxxxx*************

2.0 CONCRETE 2831 3000

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEtiPERATURE
(nin) (deg.F)

.25 134

.50 158

.75 177
1.00 192
1.25 206
.1.50 219
1.75 230n.

) 2.00 241(''' 2.25 251
2.50 261
2.75 270
3.00 270
3.25 207
3.50 295

| 3.75 302
4.00 310
4.25 31 7
4.50 <24

! 4.75 331
S.00 330

| 5.25 344
!
!

, [
l ,

'N..

ATTACHMENT C M-9
. .-
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['MSE tJUMBER : 2
<-juILDING: UNIT 2 CIRC. WATER PUMP STRUCTURE

ELEVATION AND AREA DESCRIPTION: 11 2 ' FIRE AREA 143
CASE DESCRIPTION: NO DOORS OPEN

,

XM M X MM M MM M M M MM X K X M M M MM M X M M M M X MM X X X X X W M X M X M MM MM M X M X M MM M X M M-X- X X M M M MM X X X M M M M

CEILING / WALL CEILING / WALL Ao Ho Aw Q

TI-IICKNESS MATERIAL
(ft) (ft2) (ft) (ft2) (kW)

MMClO X MMMM MMMMM MMMMM Mw KM MM MM M X MMMMM MMMM MM X M X XMMM M M MMM MMMMM MMMM X-M MMMM X X MMM

2.0 CONCRETE 2831 1000

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURE
( to in ) (deg.F)

1.00 112
2.00 128
3.00 141
4.00 151
5.00 161
6.00 169

,, 7.00 177
i ) 9.00 104

9.00 191
10.00 197
11 .00 203
12.00 209
13.00 215

I- 14.00 220*

15.00 225
16.00 230

i
,

I
i

I.

i

!

-

,

!

!

I

I ATTACHMEllT C g(-9
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1. 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

2and ceiling 5050 ft . -(See Attachment A for a calculation of heat loss

surface area.)

2. COMBUSTIBLE LOADING

The major amount of combustible loading in this roon is fron 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
b_e insignificant. There is 550 gallons of diesel fuel in the Diesel's
day tank and 480 gallons of lubricating oil in the engine crankcase.

q
Q 3.. VENTil.ATION PARAsETERS

3Each diesel generator room has approximately 33,212 ft3 (981 m ) or
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 roon 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 roon and the
center two rooms have two doors, one each connecting to the adjacent
diesel rooms. The size of the doors are 3'4" x 6'8" providing an open-

2 per door opening.ing size of 22 ft

4 CASES EXAMINED

Each diesel generator roon is the same size and configuration. A fire
.,s

\( in any diesel room will be a ventilation controlled fire. This analysisu)
is typical for any of the four diesel rooms. It examines a fire which

1

D -d

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



O 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-

- t rol l ed.

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.

5. RESULTS

The case examined is a fire that is ventilation controlled by an open-
2ing of 22 ft , This size opening would allow a maximun heat release

fire of 4582.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 could

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. If active fire suppression is not taken within

O 180 mi etee. the eetire fire zo,e wiii de ie aeest4em. eet 3est the

-structural stdl? The calculations in Attachment B show that the gas
temperature will be approximately 1433*F after 180 minutes.

- The centerline plume temperature for a 469L 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.

Ov

2

D3
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Diesel Generating Room<

Surface Area Calculation
,

F 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 ft2
East wall ~(25' .x 23') - (3'4" x '6'8" door) 553 ft2'

North wall- (7' x 23') 161 ft2*'

West wall ; (25' x 23') -'(10'3" x 23' Equip door) 337 ft2
.

: 3606 ft2
,

Ceiling (25' x. 60') - (7' x 8' Fuel Storage Area) 1444 ft2 3
i'

Total. Surface Area for Heat Transfer 5050 ft2

.
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[V]
PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION <

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

between columns I and 1.5. (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

2ceiling is 5161 ft . (See Attachment A for a calculation of heat loss
surface area.)

2. COMBUSTIBLE LOADING

The major an. cunt of combustible material in the roon it 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.

O 3. VENTILATION PARAMETERS
'

The Fuel Transfer Pump Room has approximately 33,120 ft3 (938 m ) of3

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 6 t4500 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

'

2door is 3'4" x 6'8" providing a maximum ventilation opening of 22 ft
to supply air to a fire in this room.

4. 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 f t2 of ventilation opening for combustion air
v

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

1

M -1
<



180 minutes. The desig'ned fire resistive rating of the room is 180.-

'''
minutes.'' '

The centerline plume temperature for this size pool fire will be
examined to determine the effect of localized heating on the~' structural
steel.

.

5. RESULTS
'

The largest surface area of a fuel spill that will burn with a con-
trolled ventilation opening of 22 ft2 (4582 kW) is a 4 ft diameter (14

s
2f t ) 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:, 300 gallons of
fuel would be consumed. The gas temperature reached in this period is
1404*F. (See calculations in Attac'hment B). . ,

(~b . .

\_) ~

The centerline plume temperature for a fire of this size would be 5453*F
'

at 23' above the surface of the fuel pool. The structural steel will
,

'

not' be' adversely affected by localized heating from this fire plume.

The critical steel ~ temnerature will not be exceeded in this analysis s'o
a detailed analysis of .the steel will not be performed.
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Fuel Transfer Pump Room

-Surface Area Calculation

Halls.
North wall (60' x 23') 1380 ft2
' South wall' (60' x 23') 1380 ft2

.

East wall (24' x 23') - (3'4" x 6'8" door) 530'ft2
West wall (24' x 23') ,(5'3" x 23' Equip door) '431 ft2

3721 ft2
,

1440 ft2~Ceilina- (24' x'60')- a .

Total Surface Area for Heat Transfer 5161 ft2
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AAEA DESCRIPTION
_

- Unit 2 Radwaste Building El. 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

22 (279 m ) (see Attachmentarea of bounding walls and ceiling is 3006 ft

A for calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of cable 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 gallons of oil 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.

3. VENTILATION PARAMETERS
2Two 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
2top of the sump. This hatch is 3'2" x 4'2" (13 ft ). 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
roon 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

. fT - open to allow enough air for combustion of the fuel.
V.
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4. CASES EXAMINED
! s

V A quantity of 300 gallons of oil is assumed to be contained within one
2of the two reactor sump areas (14' x 9') 126 ft . 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 factor control-
ling the combustion of the fuel is the actual ventilation opening to

2the fire. This is the 3'2" x 4'2" (13 ft ) 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.

5. RESULTS

This case examines a 13 f t2 ventilation controlled sump oil fire. The
m3ximum heat release whicn can be achieved with a ventilation opening

V 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 af ter
180 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 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 the structural steel.p)
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Unit 2 Reactor Sump Area El. 88'

Surface Area Calculation

Walls

North wall (27' x 17') 459 ft2
~ South wall (27' x 17') - (3' x 7' door) 438 ft2
East wall (27' x 30') .810 ft2
West wall (27' x 30') - (3' x 7' door) 789 ft2

2496 ft2

.Cciling

Area 1 (30' x 17') 510 ft2-

Total Surface Area for Heat Transfer 3006 ft2 (279 m2)
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i
j - Cable' Trays
a -D. \

j .- U Cable trays located in the Reactor Sump Room.
'

'

Note: Cable material-contribution to heat release in the roon notj _
considered. ,

.

4

| Horizontal Surface
.

2
j Tray No. Width (in) Area (ft ) ,

i ZA2MA220 24 4

; ZB2MA030 '24 4
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CASE DESCRIPT10f4 : ONE DODl: OPEri SUtiP hAFCH OPEN OIL FIRE
,
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("') - PEACH BOTTOM ATOMIC GENERATING STATION
V

1. AREA DESCRIPTION

Unit 2 side of the Radwaste Building El. 88' in the HPCI Pump Room ,
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).

2. COMBUSTIBLE LOADING

The combustible loading in the area includes both cable insulation and
lubricating oil for the HPCI pump. The total surface area of t. ables in
this area is 166 ft2 with an average combustible loading of the cable
trays of 3.8 lb/ft. A listing of the cable trays considered, surface

area, combustible. loading and fire duration calculations is included in

Attachment B.

("'i 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.).;

3. VENTILATION PARAMETERS.

There are two door openings in this room. One door is located at the
northeast corner and the other is at the southwest center of the room
leading into the enclosed stairway. The doors are 3' x 7'. This pro-

2vides-a total ventilation opening in the roon of 42 ft ,

The total volume of air in the HPCI Pump Roon is 44,988 f t3 (1274.9
m3). The curve in /igure 1 represents the ventilation controlled 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.

1

30 - l
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(
. ~4. CASES EXAMINED

The first case involves both doors being open allowing the maximum
2ventilation opening of.42 ft . The ventilation controls the combustion

rate.(explained above).

The heat release rate related to a ventilation opening of 42 f t2 is
9008 kW.

Qy = 1580 Ao 60 = 9003 (kW)
Ao= 42 ft2 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 oil 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 provide the -room gas temperature at this 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 oil is consuned. This is during the later stage of Case 1
where the oil fire is responsible for the full 9006 kW of heat release.

5. IIESULTS -

Case 1

The average combustible loading per surface area of tray is 3.79 lb/f t2
(see Attachment B). Using a cable burn rate of .1 lb/ft2 , the cable

min

insulation will contribute to the fire for. a peri x! of 37.9 minutes.
During this same period 89 gallons of oil will be consumed to produce
the maximum heat release of 9008 kW.

']/D. .
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-

After the 37.9 minutes, 221 gallons of the 310 initial gallons of oil
*

remain. The remaining oil will be burned in 63 minutes. The total fire
.

duration at the maxiiiiuiti licat' release rate of 9006 kW is 101 minutes.
This fire duration represents a room gas temperature of 1278"F (see

Attachment C). The critical steel temperature will not be exceeded so
a detailed analysis of the steel will not be performed.

Case 2

The centerline plume temperature at'a height of 2/' froin the surface of
the oil pool is calculated as 648*F using the oil 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.
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Unit 2 Radwaste Building El. 88'
HPCI Pump Room Fire Zone 597-- y

t i
s. -

Surface Area Calculation

Walls

North wall (96'9" x 27') - (10' x 10' equip. hatch) 2512.25 ft2
East wall (30'6" x 27') - (3' x 7' door) 802.5 ft2
South wall (47'9" x 27') + (49' x 27') 2612.25 ft2
West wall (10'6" x 27') + (20' x 27') - (3' x 7' door) 802.5 ft2

6729.5 ft2
[ Wall height = 116' el .-88' el . - (l' floor slab) = 27']

Ceiling

Area 1 (30'6" x 47'6") - (27' x 11' hatches) 1151.75 ft2
Area 2 (49' x 10'6") 514.5 ft2

1666.25 ft2

Total Surface Area for Heat Transfer 8395.75 ft2'

(2559.7) m2

'' ATTACH!1Ei4T A

~$0 - C
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HPCI Room Cable Insulation Fire Load

-(] Wt of Cables (lbs) =
2\ 0.5 lb/f t (Tray Cross Sectional area in )(Cable Length ft) (actual fill %)

in'-

*Wt. of combustible material is 0.5 'Ibs/f t electrical cable
in'
,

a) Actual Cable Insulation Load

Tray Cross- Cable Actual Wt of
Tray No. Sectional Area (in21 ' Length (ft) Fill (%) Cable (lbs)
ZB2KB010 72

~

21 17 128.5
ZB2MA012 72 21 13 98.3

~ZB2MB012 72 21 19 143.6
ZB2M3020 72 20 28 201.6

572 lbs

b) Future Cable Insulation Load (+10%)

(1.1) (572 lbs) = 629.2 lbs

c) Average Combustible Loading per Surface Area of Tray

(6?9.2 lbs)/(166 f t ) = 3.79 lbs/f t22

. 'd) Fire' Duration of Cabling in Room
'

= 3.79 lbs/ft2 ,1 thfft2 =-37.9 minutes4

min

.1 lb/ft2 = cable tray surface controlled rate of co'ubustion
nn n

: ' - ATI'ACilMENT 11
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Oil Combustion

~(simePeriodduringCableBurn

Vol-oil consumed (gal) =
~

Q Heat of'combus[ x T(Time min) x 1 x Units conversion factor
kW by oil -(Heat Release BTU / gal)

_ _

,

Q = 6014 kW (9'008 kW - 2993.9 kW)
T = 37.9 minutes (during cable burn)

Combus Rate oil = 149,940 btu / gal'
Units conversion factor = .58.8

Vol = (6104 kW) x (37.9 min) x 1 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 af ter Cable Burn

T is unknown; Qv is now 900S kW

-[ T = (Vol) x (lieat Release) x
1 x 1

-

- Q conversion tactor

T = (221 gal) x (149,940 Stu/ gal) x 1 x 1

9If03 ku 5Tf.7i
_ _ _ _

T = 62.6 minutes-

Fire Duration = 37.9 min. + 62.6 min ='101 minutes

ATTAClitENT B--

30-5
. . - . _
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.

CASE Nut 1BER: 1

9UILDING: UNIT 2 RADWASTE 1(UILDING
.LEVATION AND AREA DESCRIPTION: 80' HPCl R u bli

.:ASE DESCRIPTIOtJ: TWO DOORS OPEN CABLES & 310 GAL 01L DUNr4ING

X K x X M * M * K X M M M X * M K K K X X X X X X X X K x X X X X * X X X K * X X * X X X X X 7: X X X * X X K X- * W M V X x % % X X X X y- K X X

C E IL I tJG/ U ALL CEILING / t>l ALL Ao t h. Av Q
13.1.CKNESC MAlER1 AL

(ft) ( f' t 2 ) ( 4' t ) (ft2) (kW)
<.**xxx******xxxx*xxxx*xxxx**xxxwex**xn**x****xxx***x***xx**x***x********

3.0 CONCRETE 42 '7 8396 9000

FIRE IS VENTILATION CUf4 TROLL.ED

FIRE DURATION GAS TEMPER ATURE
( tsi n ) tdeg.F)

S 341
10 452
15 537
20 609
25 672
30 729
30 782
40 01,1

45 877
50 920
E.5 - 962
60 1001
6G 1039
70 1976
75 1111
30 114S
05 1170
70 1210
95 1241

100 1272
105 1301

@

ATTACH 4ENT C 30-9 :
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Cable Trays

|O cedie tress coesiaerea to de deceimo si eite"ee"eix:
i

Surface
Horizontal 2

Tray No._ Length (ft) Width (in) Area (ft )
ZS2KB010 21 24 42

ZB2MA012 21 24 42

Z82MB012 21 24 42 ;

Vertical
Tray No.
ZB2MB020 20 24 40

TFft2

166 ft2 x 190 kW/m2 = 2933.9 kW
10.75 ft/m'

(~').

'v

.

-

ATTACHMENT 0'
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f[[ Professional Loss Control, Inc.

D

STRUCTURAL STEEL ANALYSIS

for

PEACH BOTTOM ATOMIC GENERATING STATION

COMMON AREA

Turbine Building El. 135'

Battery Room #225

| I

September 12, 1983

| I

P. O. Box 446 * Dak Ridge, Tennessee 37830 e (615)48 %3541
31-I
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PEACH BOTTOM ATOMIC GENERATING STATION

1. AREA DESCRIPTION

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 surface area of bounding walls
and ceiling is 1832 ft2 (see Attachment A for a calculation of heat

loss surface area).

2. 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 roon as 2600 lbs.

3. VENTILATION PARAMETERS

This area is served by two personnel doors. Each door is 3 ft wide by

J
7 ft high.

4 CASES EXAMINED

Both cases examined were ventilation controlled fires. The first case
assumed that one 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.

5. RESULTS

Both cases resulted in rapid failure of the structural steel in the
(See Attachment B for the results of the analysis.)room.

, .,
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1

31- 1
-,



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

.

.,

.

g. - - - - . . . - . . __

i

k

.

1.

RM 225,
.

;

j 29'

i

7'

9'

(ii -

. - - . __ g g' _ . ,

1 O Od) :

! Heat loss Area Determinati_o_n

Bounding Area (Excluding Floor)

; A1 = Ceiling = (29' x 19') - (7' x 9') = 488 ft2
t A2 = North wall = (29' x 14')-= 406 ft2-

A3 = South wall = (29' x 14') = 406 ft2' -

A4 = East wall ='(19' x 14') = 266 ft2-
' A : = West wall = (19' x 14') = 266 ft2.S

Aw=A3 + Ap-+ A3+A4+A5,

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

w
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L k^?>E NO. : 1.
SusILDING: TURBINE BUILDING
JELEVATION AND-AREA DESCRIPTION: BATTERY ROOM 225, 135' ELEV.
CASE DESCRIPTION: ONE DOOR OPEN

+ + + * 4 4 * + t * * 4 * + * * :+- + + - . 6 * :4tt * + + * t 4-* a:4 * * * * + + t + * * 4 4: 4 * * * * * * * * * * + t * H : * + * *: t t + 4 + t * * * * * 4 t t t -+ '

CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW D
(FT.) SQ. FT. FT. SQ. FT. KW

o**o++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++****+++++-
1. 5 CONCRETE 21 7 1832 4504.2:

FIRE IS VENTILATION CONTROLLED-

FIRE DURATION' GAS TEMPERATURE
'

(MIN.) (DEG. F) '

10 941.714
20 1301.57
30 1577.98
40 1810.95
50 2015.21
50~ 2201.79
70 2372.45

' S0 2531.30

.

,

t

- -

i
i
1
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;
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CASE NO.: 2 i

['11LDING : TURBINE BUILDING
'

( ,2VATION AND AREA DESCRIPTION: BATTERY ROOM 225, 135' ELEV.
CASE DESCRIPTION: BOTH DOORS OPEN

***********************************+*********4t********************** 14 * * * * * * * * * 4

' CEILING / WALL THICKNESS CEILING / WALL MATERIAL AO HO AW O
(FT.) SQ. FT. FT. 50. FT. KW

o***+***+**++**********+***+++************+********+++****+t********+********+4

1. 5 CONCRETE 42 7 1832 9008.4

!

FIRE IS' VENTILATION CONTROLLED '

-FIRE DURATION GAS TEMPERATURE
(MIN.) (DEG. F)

10 1811.07
20 2531.35
30 3084.11
40 3550.12

O

1

|

!

.

d

!

11
'

|

' f i
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