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d I. INTRODUCTION

Structural steel members which form a part of or support fire barriers
should be capable cf withstanding the fire exposure presented by all com-
bustibles contained within the fire area. Structural steel need not be
protected if it can withstand this fire exposure. The metho(clogy is in-
tended as a screening tool for evaluating the severity of fire exposure to
structural steel members.

This is a two part evaluation: first, the fire exposure is determined and
second, the response of the structural steel member is assessed. The

approach as described treats the evaluation in a systematic way by assess-
'ing simple and conservatively realistic limitations on the combustion pro-
cess, the resultant room environment and finally, temperature histories of
the structural steel members when required.

The conclusions reached will then be used to determine acceptability of the
structural steel as a unique part of the fire barrier and to evaluate any

O needed modifications if deemed necessary.
V
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v II. ASSESSING FIRE DEVELOPMENT

The types of fixed combustible materials found in a nuclear power plant
which can burn in such a way as to present a significant fire exposure to
the general area in which they are located are very few. The prevalent
materials encountered in the plant areas analyzed were cable insulation and

lubricating oil. .The insulation and jacketing on the cabling in cable trays
are susceptible to ignition f.om internal or external sources. The heat
output from a cabl3 tray fire will affect the atmosphere of the room in

' which it is located. Lubricating oil, present in large pumps and certain
other types of plant equipment, can escape and burn. Other types of com-
Qustibles contained within substantial metal enclosures (e.g. cabling in
conduit and charcoal in filter units) have been assumed not to contribute
to fires.

<

The methodology for assessing fire development can be divided into three
different parts: limits on fire development, fire modeling techniques, and
local heating effects. Each part will be examined in turn.
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d III. LIMITS ON FIRE DEVELOPMENT

In this section, practical limitations which govern the combustion process
in a room are discussed. This will include physical limitations on the
combustion of any fuel and fire test data regarding the burning character-
istics of cable trays and combustible liquids such as lube oil.

A. Ventilation Limited Fires
_

One of the best understood and most extensively tested modes of combustion

is that of ventilation controlled fires. In this type of fire the rate of

burning is limited by the fire-induced air flow into the room. A balance
is set up at each opening into the enclosure where heated gases flow out
the top of the opening and clean air feeds in through the bottom. The

boundary layer between the inflowing and outflowing gases is referred to
as the neutral plane.

Many relationships, both empirical and analytical, have been developed to
predict velocity profiles and mass flow rates at openings during ventila-

- tion controlled fires as well as resultant heat release rates and peak
fire temperatures. This analysis employs a relationship developed by Coul-
bert(1) which pred! ts the heat release rate that can be supported by the
fire induced air flow. The relation is:

Q = 1580 A d<

where Q = heat output (kW)
A = area of. opening-(m2)
H = height of-opening (m)

The term A/iiis often called the ventilation factor. Any empirical rela-
"

tionship for the heat release rate or mass burning rate will be propor-
tioral to the ventilation factor. If there is more than one ventilation
opening, then the ventilation factor is taken as the sum of the individual
ventilation factors.

1
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C The rate of burning is independent of the type of combustibles which are

, burning. The fire duration, until room burnout, is the total heat value

(heat of combustion times quantity) of all the combustibles in the room
divided by the heat release rate of the fire.

For the purpose of this analysis, the ventilation rates were based on the

available air flow through openings into the room such as doorways. Fixed
ventilation systems were assumed not to contribute to the ventilation rate,
since installed fire dampers will actuate.

B. Fuel Controlled Fires
When excess air is available for combustion, the heat output of ',he fi re
will be dependent on the free burning characteristics of the t ~osed com-
bustibles. The fixed combuctibles that can pose a threat of damage to the
structural steel in the areas where they are located consist of grouped
electrical cables (cable trays) and Umbustible liquids such as lubricating
oils.

(-
'#

1. Cable Tray Burning Characteristics

The best available data on free burning cable trays containing hypalon
and neoprene jacketed cables appear in the FMRC/EPRI (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)/f t2 of cable tray
or a heat release rate of 1000 (BTV/ min)/ft2 (190 KW/m2),

Another parameter vital to cable tray fire assessment is flame spread
rate. Full . scale tests conducted by FMRC/EPRI demonstrate a lateral

spread rate of six to seven feet' per hour in horizontal tray stacks.
This figure agrees with observations of fire spread rates in similar
tray arrays in the Reactor Building at the Browns Ferry fi re . For

|
this analysis a more conservative figure of 10 ft/hr has been assumed,

n 4
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(V3 An important parameter that is develcped for plant areas where cable
fires are to be analyzed is the average combustible loading in the
cable trays. This figure is expressed as pounds of insulation and
jacketing per square foot of cable tray surface area. It should not
be confused with the combustible loading per square foot of floor area
which is not used in this analysis. The combustible loading figure for
the trays can be divided by the mass burning rate of 0.1 (lbs/ min)/ft2
to determine the time it takes for a tray to burn to completion.

These parameters were applied to determine the worst case fire involy-
ing cable trays that can occur in an area. The fire is assumed to
originate at the point in the room intersected by the maximum number
of cable trays. The fire is assumed to spread out along horizontal
trays at a rate of 10 feet per hour and instantaneously up any verti-
cal trays encountered. The area of cable tray which has become
involved when the original point of the fire bums itself out defines
the steady state fire size. This quantity is multiplied by 1000 (Btu /
min.)/ft2 (190 kw/m2) to determine the maximum heat release rate
possible from a spreading cable fire in the area.--

The duration of the spreading cable fire is taken to be the time re-
quired to consume all of the cabling in the area or 3 hours, whichever
comes first. The maximum heat release rate is assumed to be the heat
output nf the fire through its entire duration. This is a very con-
servative assumption since the quantity of cabling involved will be
less as the fire spreads out of the area of origin. The assumptions

governing spreading cable fire scenarios hold as long as the room gas
temperature remains below the ignition temperature of the cabling.
The ignition temperature of the type of cabling installed at t.imerick
is approximately 1100*F. If the area temperature exceeds 1100*F, it
must be assumed that all cables are burning simultaneously unless the
fire- becomes ventilation controlled,

y ~. 5
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b :2. Lubricating 011 Burning Characteristics

Free burning fires involving combustible liquids have been evaluated
as pool fires. Although it is possible to have a spray fire if the
oil- escapes through a small orifice under pressure, it would be neces-
sary tu have a high spill rate to produce a significant heat output.
In this case the mass of the oil will fall to floor level and form a
pool.

Pool fires of varying sizes have been studied extensively for many
years. Hydrocarbon lioulds have been found to burn such that the

depth of a pool will be reduced at a rate of approximately 5 mm/
min (3). An equilibrium pool size can be calculated where the spill
rate into the pool equals the mass burning rate of the fire. The con-
sequent heat output can be determined by multiplying the mass burning,

rate times the heat of combustion of the liquid.

'

The normal quantity of combustible liquids in an area is that amount

( .
contained within equipment. To accomodate the possibility that a fire
could occur where the lubricants are being changed, all lubricating
oil quantities have been doubled in the calculations. Under free burn-

ing conditions a variety of oil leakage rates and consequent fire _dur-
ations and heat outputs are possible.*

I
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IV. FIRE MODELING TECHNIQUES

The methodology for analyzing the fire resistance of structural steel in a
given plant area requires that assessments be made of fire duration and
heat output for the fire scenarios to be evaluated using the considerations
discussed previously. This information is used along with data on the ma-
terials and geometry for the compartment under consideration as input for a
simple and conservatively realistic fire model which predicts a gas temper-
ature for the area.

This model should not be confused with sophisticated models which attempt

to predict temperature profiles and/or gas concentraticas throughout the
room from ignition of the fire through its decay period. Since the heat
output of the fire has been assumed constant throughout its duration and
the only parameter of interest is room area temperature, the modeling has

,

been greatly simplified.

Heat Balance Method
''

(d' Writing a heat balance for the compartment is one of the most straightfor-
ward methods of determining the area temperature of a fire, especially when
the heat output of the fire is assumed -constant. A simplification of the

method proposed by Babrauskas and Williamson (4) as modified by Berry (5)
is used. Two conservative assumptions are made which allow this simplifi-
cation:
1. Radiative and convective heat losses through openings in the enclosure

are negligible (see Berry 5).
2. Heat loss through. the walls will be dominated by the thermal inertia of

the barriers, o C K (assumption of semi-infinite slab approximation).p

The massive reinforced concrete and concrete block construction prevalent
throughout nuclear power plants plays a very important role in determining
the time-temperature history of compartment fires. The thermal penetration
time c/ a wall or ceiling / floor slab is defined as the period of time re-

quired for a temperature rise on one side to be transferred through to the
back side. The thermal penetration time is a material property and can be
determined if the thermal dif fusivity of the wall material and its thick-

n ness are known.
\~ ) -
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The thermal penetration time for 12-iach thick concrete walls will exceed
7 hours and for.8 inch thick concrete block, walls will be approximately 4
hours. Both of these times exceed the maximum 3-hour duration for the
fire scenarios analyzed in this study. These results have an important
implication. For all of the fire scenarios analyzed, the barriers will be
absorbing heat without transferring it out the back face. This permits the,

use of the semi-infinite slab approximation for heat transfer through the
walls.

The heat balance equation can be described as follows:

Q = heat release rate (kw) of fire (Q = 1580 Aodfor ventilation,

controlled fires)4

Q=oAn (T 4 - Tw ) = radiant heat transferre~d to4
t g

boundary

Q= (upCo kf2 At (Tw-To) = conductive heat loss through
boundary

2E

/~'T : To get Tg as a function of t these equations can be solved to yield the
%') following expression:t

.,

hTo + Q /t- 4Tg= Q +

AK /oAtn t

' -

where Q = heat release rate (kW) of fire
K = 1/2 (irk p C ) hp

n = function of emissivity of fire gases and boundary walls
A . = total heat loss surface area of boundaryt

This. relationship is similar in form to that developed by Harmathy (6)
except the heat release rate is defined by either the ventilation factors
or the fuel surface controlled fire. This is not an iterative process.

The formula can be used to determine the gas temperature at any time dur-
ing the course of the fire.

A' conservative assumption that has been made in the application of the
- model is that no heat will be lost through the floor.

8
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-s(,) V. LOCAL HEATING EFFECTS

The fire models just discussed are used to determine generalized condi-
tions in the enclosure where the fire is occurring. However, plumes of

heated gases will rise above burning objects and create localized hot

zones that can effect the steel members located above. In these analyses,
the results of heating of structural members due to engulfment in fire
plumes has been referred to as localized heating effects.

The problems of localized heating can best be quantified by applying fire
plume models to predict gas temperature profiles. This same approach can

be applied to the evaluation of the impact of transient combustibles on

structural steel and on cable ignition.

A. Plume Modeling:

Alpert and Ward (8) present empirical relationships for temperature in-
crease, a T, with respect to height above fuel package, H, and size of

fire,Q. This general relationship is as follows:

p- aT= 300 (kQ).667 H-1.67
\__/ -

Using this relationship, " safe" separation distances from fuel pac 6 ages
can be evaluated for localized heating of steel. If these relations pre-

dict a plume temperature at the level of the bottom flange of the steel
higher than the critical temperature of the steel, the heating of the

steel is assessed.

1. Cable Tray Fires

Cable tray fire test data was examined to establish temperature pro-
files above burning cable trays. Tests performed by Sandia Labora-
tories (7) and FMRC/EPRI (2) show that temperatures in the vicinity
of 1500*F are reached in the flame region immediately above tne sur-
face of a burning cable tray. This temperature drops rapidly with

increasing distance above the surface of the cable tray.

9
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The plume of a cable fire is dependent on the number of trays in a
stack and the separation between trays. To evaluate the effects of
cable trays on localized heating of steel, the heat release rate from
a stack of trays must be estimated and used to calculate plume temper-
ature profiles. During FMRC/EPRI (2) large scale tests on hypalon
cable, the temperature measured by thermocouples 6'5" above the top
tray of the 12 tray array (2 stacks of 6) was 840'F. Using this data

and applying the plume relationship described above, a temperature
profile can be estimated as follow's:

T = 1100*F H = 5.41 f t
1300'F 4.87 ft 'i

1500*F 4.45 ft
,

Applying the plume relationships to other cable arrays is necessary to
estimate the plume ef fects of other stacks of trays on overhead struc-
tured steel. This was done by using the ratio of heat release rates

which are directly proportioned to the width and number of trays in a
- stack. Estimated separation distance from stacks of 24" wide cable

trays to reach plume temperatures of 1300 F and 1100*F are shown

below:

No. of Trays Distance above top tray for Tg

T= 1300*F T 1100*F=g g

1 2.0 ft 2.21 ft.

2 2.7 ft 2.98 ft.

3 3.1 ft 3.40 ft.

4 3.5 ft 3.86 ft.

5 3.8 ft 4.20 ft.

6 4.1 ft 4.50 ft.
,

For evaluation of iocal ef fects of cable fire plume the data were
rounded off and applied as separation requirements:

No. of Trays Distance from top tray to bottom of beam
1- 2 ft

2 - 3 ft

5 5 ft

10
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V These criteria were used to identify areas where stacks of cable trays were
located less than these " safe" separation distances from strucural steel.
These areas were then evaluated regarding the cable loading, size of steel
member, and number of trays to determine the potential effects on the

structured steel.

Cable trays located within one foot of the bottom of steel beams were
assumed to subject the beam to a constant temperature of 1500*F for the
period of time it takes the tray to burn to completion (cable tray combust-
ible loading divided by mass burning rate for tray fires). Trays closer
than the separation distances previously identified but greater than 1 foot
were assumed to subject the beam to a constant temperature of 1300*F for
the period of time it takes for the tray to burn to completion.-

2. Pool Fires
Realistic relations for determining temperature distributions for fire
plumes have been developed by Heskested of FMRC (9). These relationships

p are based on large scale fire tests involving a variety of liquid fuels.
d

Fire plumes are considered to have a virtual origin (point source) frou
which the plume can be considered tJ emanate. A virtual origin has no phy-
sical meaning for fires involving most types of solid and liquid fuels.
For liquid pool fires the virtual origin height, H, (relative to flooro

level) can be theoretically predicted using the following relation:

Ho = -1.020 + 0.083 Q 4
Where D = pool diameter (m)

Heskested gives a relation which can be used to determine the temperature
rise in the plume (above ambient) at any height in the plume. This equa-
tion is used to determine the temperature to which the structural steel
located above the pool will be subjected.

11,
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(/ aTo = 9.1 [T ./(gc 2 p. 2)] .333 Oc.667 (H.Ho) -1.67p

Where aT = temperature rise in plume (aK)o

T= = ambient temperature (*K)
g = acceleration of gravity (m/s2)
C = specific heat of air (Kj/K *K)p g

= ambierit density of air (Kg/m3)p.

Qc = convective heat flux in plume, Qc = .650, (KW)
H = height above pool surface

~%(V
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Cl VI. TRANSIENT COMBUSTIBLES

The ef fect of transient combustibles on the fire exposure to structural
steel was also evaluatea. This evaluation included both the effects on
area calculations using the heat balance method and on localized heating
from plumes. .Since it is difficult and subjective to quantify the type and
amount of' transient combustibles which could be in an area, the approach
taken was to quantify the size of fire which would cause the acceptance
criteria outlined in Section VII to be exceeded.

A. Area Effects

The evaluation of transient combustibles using the heat balance method
falls into three (3) categories. The first is fires controlled by ventila-
tion openings (see Section III). For this case, transients could affect

the duration of the fire but would. not effect the heat release rate. The

heat value in Btu's of the total quantity of transients can be calculated
by determining the extended duration necessary to e'xceed the acceptance
criteria and multiplying this extended duration by the ventilation limited

(] heat release rate.
A,/ .

The second category is those transients accounted for in the early stages
of a cable fire by assuming a constant heat release rate at the maximum
value. This quantity can be estimated assuming a geometric growth of the
fire. An example is shown graohically in Figure 1.

.

The third category is the additive effects of transient combustibles on
in-situ combustibles. These effects were analyzed by applying the heat

balance method for different unitized heat release rates (heat release rate
from fire divided by the heat loss area, Q/A ) to calculate the duration oft

fires required, to -exceed the area temperature acceptance criteria of
~100*F. These results are plotted in Figure 2. This figure is used to

determine the maximum fires that did not exceed the acceptance criteria.
As can be seen, this does not provide a unique olution since fire size and
duration provides an infinite number of combinations. For analysis

purposes, -only the maximum size fire for the duration calculated in the
area calculation was listed,

n
k-) 13
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1- B. Localized Effects

' The hazards of transient combustibles may be either that of an ignition

source for insite combustibles . (i.e. cables) or as a direct exposure to

structural steel. To evaluate the potential effects of transient combusti-

bles, the plume correlation relationships previously outlined were used to
develop plots of height above fuel packages vs. fire size for three differ-
ent temperatures; 1) 1100 F 2) 1300'F and 3) 1500*F.'

Figure 3 shows the relationship of fire size to height above fuel array for
these temperature criteria.
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A
-( I The approach taken in this analysis was to quantify the size fire in Btu /

sec necessary to reach plume. temperatures at the bottom flange of the steel
of 1100*F,1300 F, and 1500*F using Figure 3. For plume temperatures of
1300*F and 1500*F, the time required to heat the steel exposed to the plume
to 1100*F is calculated. The heat release rate and duration yield the
total BTUs which can be related to the total amount of transient combusti-
ble material.

it is important to remember that the heat release ra,te is the driving force
and not the total heat of combustion of the materials. Alpert and Ward (8)
provide some data on heat release rates for various materials such as wood-

en pallets, flaanable liquids and storage related commodities. Limited
data exists on " trash" or health physics supplies. To develop some guid-

ance for these commodities, Sandia Laborataries tests for ignition source

fire characterization (12) were evaluated. The temperature profiles re-

corded during these tests were used to estimate maximum heat release rates
for Tests 3, 4, 5 and 10. These results are contained in Table 1.

/m -
'

Tab 1'e 1

Characterization of Transient Combustible Fices

Estimated Peak Heat

: Test # Test Description Release Rate
3 20 lb of computer paper in two 570 Btu /sec

plastic trash bags

4 25 lb of rags,17 lb of paper towels, 600 Btu /sec
13 lb of plastics (gloves and tape),
2 gal methanol placeo in two plastic
trash bags

5 30 lb of computer paper in two 50 gal 700. Btu /sec,

plastic trast cans (16.5 lb each)

10 Same as 5 750 Btu /sec

Based on the heat release rates for solid fuel (transients) as compared to
those of flammable liquids, all transients were quantified in terms of size
and duration of spill fires.

17
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<-wg Vil STRUCTURAL STEEL RESPONSE
s# Once the area and localized exposure temperatures have been determined

for the various fires that could occur in an area, an assessment is
made of the effects of these temperatures on the structural steel mem-
bers. An 1100*F cross-sectional average temperature of the steel mem-

ber has been established as the temperature below which no protection
of the steel beams is required and the member is capable of supporting
the fire barrier. This is a conservative criteria because it neglects
the added fire enddrance provided by end restraints and composite Con-
struction.,

The following measures are used in veri fying compliance with this
1100*F temperature criteria:
1. If the area and localized peak temperatures are less than 1100 F,

then the unprotected structural steel member is acceptable.
2. If the area or ' localized peak temperature is greater than 1100*F,

the temperature of -the steel will be calculated as described in
the following sections.

() a. If the calculated steel temperature is less than 1100*F, then
the unprotected structural member is acceptable.

b. If the calculated steel temperature is greater than 1100*F,
then either the member will be coated to provide the required
fire resistance or measures will be taken to reduce the fire
exposure to the beam to a level such that the member tempera-
ture will be less than 1100"F.

A 1100*F cross sectional average temperature of the steel member has
'

been established for columns with similar verification steps.

,

18Ov
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r3 Heating of Structural Steel Members
U

The temperature of the structural steel member is determined using the
unsteady state heat transfer calculation outlined by Stanzak (10).

A T = 231 JJ (Ta -Tj ) a t
G

Where AT = temperature rise in steel member during interval t

(C)
U = surface of steel member exposed to fire (m2 m)/

G = weight of steel member (Kg/m)

Ta = average fire temperature during interval (*C)
Tj = temperature of steel member at beginning of interval

(*C)
at = time interval in minutes

Since the steel temperature rise is calculated over a time interval, a
simple iterative process is set up where the steel temperature rise is
added to the previous steel temperature for the next iteration. In all

cases the peak fire temperatures have been used as a constant input to
the steel temperature calculations.

y,

'

This. approach for evaluating effects of localized plumes incorporates a
major conservatism in that only a portion of the beam's length would be
heated rather than the entire length of the beam. Even though this is
the case, no credit has been taken for conductive heat losses along the
beam.

'
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CONSERVATISMS

.R

b
The following conservative assumptions were used in this evaluation.

1. No convective heat losses through openings: although combustion air
is allowed in, no heat losses via combustion gas leaving the compart-
ment are allowed.

2. No radiation heat losses through openings.

3. No heat losses through the floor: in calculating heat loss area, the
floor area is ignored.

4. High cable jacket heat of combustion: The heat of combustion of

10,000 Btu /lb was used for the hypalon jacketed cable and was applied
to mass burning rates developed from large scale tests.

5. High heat release rates for fuel controlled cable fires: The heat

(h release rate from a spreading cable fire is conservatively high based
'& on the high fire spread rate of 10 ft/hr, the high heat release rate

per unit area of tray (from 4), the selection of the origin in the
area where trays are most dense, and using the maximum heat release
rate throughout the fire duration.

6. Localized heat of steel: Localized heating of the steel assumes expo-
I sure of the entire exposed surface area to the plume and temperature
i at the bottom. flange, regardless of the beam depth and ignores conduc-

tive heat losses down the length of the beam,

t 2-1
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f 84/02/t7I SUt91ARY OF STRUCTURAL STEEL' EVALUATIONS PAGE 1
333333333333333333333333333333333333333

f*AX.
FIRE AREA LOCALIZED

CALC AREA CASE CASE DURATION TENPERA- HEATItG
'

E DESCRIPTION E DESCPIPTION ININI <TUPEfFilli PROBLEtt COMMENTS,

1' 01 UNIT 1 REACTOR BUILDING 1 VENTILATION COHTROLLED .85 841 HD STEEL DOES NOT REQUIRE FIREPROOFING.
" EL. 177' RHR HX 8 PUttP FIRE, ONE DOOR OPEN

ROctt 102 CASE 2 IS VERY CONSERVATIVE BECAUSEi
DOORS ARE NOHITORED WATER-TIGHT DOORS.
IT IS EXTREt1ELY LR4LIKELY THAT BOTH DOORS
WOULD BE OPEH.

3

72 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIDHS.

el 2 VENTILATION CONTROLLED 44 1118 HO,

4 FIRE, 2 DOORS OPEN TISp31094

02 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 85 770 HD STEEL DOES HOT REQUIRE FIREPROOFING.
EL.177* RHR HX Ate PUNP FIRE, ONE DOOR OPEN'

ROON 103 CASE 2 IS VERY CONSERVATIVE BECAUSE
'

000RS ARE MONITORED WATER-TI6HT DOORS
Ate IT IS EXTRENELY UNLIKELY THAT BOTH,

{ DOORS WOULD BE OPEN.

72 GALLONS OF TRANSIENT LUBE DIL
INCLUDED IN CALCULATIONS,

1

4 02 2 VENTILATION COHTROLLED 44 1020 NO
FIRE, TWO DOORS OPEN

! 03 LR4IT 1 REACTOR BUILDING 1 VENTILATICH CONTROLLED 125 1291 HO PREACTION SPRITE (LER SYSTEN INSTALLED IN*

1 EL. 177' RCIC PUNP ROON FIRE, ONE 3' X 5'10' 000R THIS AREA. STEEL WILL HOT BE
,

108 -OPEN FIREPROOFED.
1

80 GALLONS OF TRANSIENT LUBE OIL,

, INCLUDED IN CALCULATIONS.
1

03 2 VENTILATION CONTROLLED 31 1373 HO
| FIRE. TWO 3' X 5'10" *

DOORS OPEN

04 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 180 1237 HD PREACTI0fl SPRIHKLER SYSTEN INSTALLED IN
I EL. 177* HPCI Put1P 8 FIRE, Oti2 000R OPEN THIS AREA. STEEL WILL NOT BE

_ . TURBINE ROON 109 FIREPROOFED.,

155 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIONS.

I 05 LR4IT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 37 1128 NO STEEL DOES HOT REQUIRE FIREPROOFING.
i EL. 177' CORE SPRAf PUNP FIRE, CHE DOOR OPEN TIS)31070

ROON 110 24 GALL 0tlS OF TRANSIENT LL'BE OIL,

It1CLUDED IN CALCULATIONS.

06 UNIT 1 REACTOR BUILD 1HG HO EXPOSED CateUSTIBLES STEEL DOES HOT REQUIRE FIREPROOFING.
i EL.177* CORRIDOR ROOH
? 111
1

I
4
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84/02/27 $UMMARY OF STRUCTURAL STEEL EVALUATIONS PAGE 2
3333333E==3==333=E3332=2323E=3333333333

MAX.
FIRE AREA- LOCALIZED

CALC AREA' CASE. CASE DURATION TEMPERA- NEATING
HO. DESCRTPTION HO. DESCRIPTION ENINI Time (Flfil PROBLEN COMPtENTS

07 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 37 1072 NO STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 177' CORE SPRAY PUNP FIRE, ONE DOOR OPEN
ROOM 113 24 GALLONS OF TRANSIENT LUBE OIL

IttCLUDED IN CALCULATIONS.

OS - UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 37 1118 HO STEEL DOES NOT REQUIRE FIREPR00 Fits.
EL. 177' CORE SPRAY PUNP FIRE, ONE DOOR OPEN TESiz940
ROOM 114 24 GALLONS OF TRANSIENT LUBE OIL

INCLUDED IN CALCULATIONS.

99 UNIT 1 REACTOR BUILDING 1 FUEL CCHTROLLED FIRE, ALL 15 713 ND STEEL DOES NOT REQUIRE FIEEPR00FING.
EL.177' SUMP ROOM, ROOM CABLES BURNING
115 SIMULTANEOUSLT CONSERVATIVE BECAUSE CABLES NILL NOT

BURN sit 1ULTANE00 SLY.

10 UNIT 1 REACTOR BUILDING NO EXPOSED Cot 20STIBLES STEEL DOES NOT frEQUIRE FIREPROOFING.
EL. 177' CORRIDOR R00tt
118

11 UNIT 1 REACTOR BUILDING NO EXPOSED Cot 2USTIBLES STEEL DOES NOT PEQUIRE FIREPROOFING.
EL.198' PIPE tut #4EL ROOH
202

12 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 95 814 CABLE PREACTION SPRINKLER SYSTEN WILL BE
EL. 201' SAFEGUARD SYSTEM FIRE, ONE DOOR OPEN. ALL TRAY INSTALLED BECAUSE THE AREA IS A LIKELY
ACCESS AREA N00ft 200 CABLES BL5 THING PATH FOR TRANSIENTS.

TI5)=1100
AT 16 NIH

12 2 VENTILATION CONTROLLED 46 1065
FIRE, TWO DOORS OPEN, ALL
CABLES BURNItG

12 3 VENTILATION CONTROLLED 35 1203
FIRE, THREE DOORS OPEN.
ALL CABLES BURNING

13 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 90 781 CABLE PREACTION SPRIT #CLER SYSTEN NILL BE
EL. 201' COOLItG MATER NX FIRE, 03E 000R OPEN, ALL TRAY INSTALLED BECAUSE THE AREA IS A LIKELY
AREA ROON 207 CABLES BURNItG PATH FOR TRANSIENTS._

T(S):1100
AT 16 NIN

13 2 VENTILATION CONTROLLED 45 1028
FIRE, TWO DOORS OPEN ALL
CABLES BURNING

_ 14 UNIT 1 REACTOR BUILDING NO EXPOSED CONBUSTIBLES STEEL 00ES N3T REQUIRE FIREPROOFItG.
EL. 253' NAIN STEAN 8-

FEEDWATER PIPE TtN4EL

e
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NAX.
FIRE. AREA LOCALI2ED

CALC AREA CASE CASE DURATION TENPERA- NEATING
HO. DESCWIPTION No. DESCRIPTION (NIN) TUREfFlfl1 PROBLEN CONNE rlTS

' 15 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 120 643 NO STEEL DOES NOT REQUIRE FIREPROOFING.EL. 217' SAFEGUARD SYSTEN FIRE, ONE DOOR OPEN ALL,

ACCESS AREA ROON 309 CA8LES BURING
SINULTANEOUSLY,

4

15 . 2 FUEL CONTROLLED FIRE TWO 65 808 NONE
DOORS OPEN, ALL CA8LES

BURNING SINULTANEOUSLV

16 LMIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, 184 650 CABLE PREACTION SPRINKLER SYSTEN INSTALLE0 FOREL. 217' GENERAL FLOOR SPREADING CABLE FIRE TRAY SAFE SHUTDOWN CONSIDERATIONS. HENBERS.AREA NE CORNER T(S)=700.

AT 32 HIN
,

17 UNIT 1 REACTOR BUILDING 1 . FUEL CONTROLLED FIRE, 180 550 CABLE AFFECTED BEANS WILL BE CDATED.i EL. 217' GEt4ERAL FLOOR SPREADING CABLE FIRE TRAY
. AREA SE CORNER T(S):1100

AT 25 NIH
'

18 UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, ISO 629 CABLE W 27 X 94 WILL BE FIREPROOFED.E L. 217' GENER AL F LOOI; SPREADING CABLE FIRE TRAY
AREA DM CORNER T15)=1100 W 14 X 87 COLUPR4 IS NOT REQUIRED

AT 24 HIN STRUCTURALLY AM) WILL NOT BE t
FIREPROOFED.

19 UNIT 1 REACTOR BUILDING 1 FUTL CCNTROLLED FIRE, 180 1045 NO PREACTION SPRINKLER SYSTEN INSTALLED INEL. 253' GENERAL FLOCR SPREADINI! CABLE FIRE HE CORNER FOR SAFE SNUTDOWN
AREA CONSIDERATIONS.

20 UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, 180 854 CABLE PREACTION SPRINKLER SYSTEN WILL BEEL. 283* GENERAL FLOOR SPREADING CABLE FIRE TRAY INSTALLED IN AFFECTED AREA ItM CORNER)AREA
TISI:1100 IN LIEU OF FIREPROOFING STRUCTURAL
AT 19 NIN NENDERS.

W 14 X 87 COLT #N HOT REQUIRED
STRUCTURALLY AND WILL NOT BE
FIREPROOFED.

1

1 21 UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, ONE 40 1035 CABLE STPUCTURAL NENDERS NOT REQUIRED. SLABEL. 295'-3'' PIPE CitASE DOOR OPEN SPREADING TRAY IS SELF SUPPORTING. NO ACTION TO BE
'

j SERVICE ROOH CABLE FIRE TIS)=1100 TAKEN.
AT 19 f11H

I

; 22 UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, ALL 40 543 NO STEEL DOES NOT REQUIRE FIREPROOFING.EL. 313' LAYDOWN AREA CABLES BURNING
ROON 601

,

_ 23 LR4IT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, ALL 35 404 NO STEEL DOES NOT REQUIRE FIREPROOFING.EL. 3I3' LAYD06H AREA CABLES BURNING
R00t1602 W 14 X 87 COLUtN NOT REQUIRED

STRUCTURALLY AND WILL NOT BE
FIREPROOFED.

I
i
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HAX.
FIRE AREA LOCALIZED

CALC AREA CASE ' CASE DURATION TEt1PERA- HEATItG
HO. DESCRIPTION E DESCRIPTION (MINI TURE( F )(1 ) PROBLEM CONNENTS

24 UNIT 1 REACTOR BUILDIts 1 FUEL CONTROLLED FIRE, ALL 35 813 HO STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 313' CORRIDOR ROON CABLES BURHING
605

25 UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, 35 438 No STEEL DOES HOT REQUIRE FIREFPROOFING.
EL. 313' REACTOR vet!T LOUVERS OPEN, ALL CABLES
SUPPLY FAH ROON, ROON 607 BL5 THING

c

26 UHIT 1 REACTOR BUILDING HO EXPOSED C0f18USTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
EI. 331' EXHAUST FAN
K , ROON 615*

,

27 UNIT 1 REACTOR BUILDING HO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 331' EQUIPf1ENT
C0tfPARTt1ENT EXHAUST
FILTER R00tf 616 8 617

28 UNIT 1 REACTOR BUILDING HO EXPOSED COPSUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 331' RECIRC FILTER
COMPARTttENTS ROOH 618

29 UNIT 1 REACTOR BUILDING HO EXPOSED COttBUSTICLES STEEL DOES HOT REQUIRE FIREPROOFING.
EL. 352' REFUELING FLOOR

30 CONTROL STRUCTURE EL. .1 FUEL CONTROLLED FIRE, ONE 26 791 NO STEEL DOES NOT REQUIRE FIREPROOFING.
180' BACKWASH PUNP ROOMS DOOR CPEN, ALL CARLES
161, 162 8 165 BURHING sit 1ULTAHEOUSLY

31 CONTPOL STRUCTURE EL. 1 FUEL CONTROLLED FIRE, ONE 35 1002 NO STEEL DOES HOT REQUIRE FIREPROOFING.
180' BACKWASH RECEIVItG DOOR OPEN ALL CABLES
TANK RO0tt 163 BUC8ItG sit 1ULTAHEOUSLT

! 32 ' CONTROL STRUCTURE EL. H0 EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
180' CORRIDOR 164

'

33 CONTROL SIRUCTURE EL. 1 FUEL CONTROLLED FIRE, ALL 30 511 NO STEEL DOES NOT REQUIRE FIREPROOFING.
180' CORRIDOR 166 CABLES BURHItG

SINULTAHE00 SLY
,

_ 34 C0t1 TROL STRUCTURE EL. 1 FUEL CONTROLLED FIRE, ALL 20 689 HO STEEL DOES HOT REQUIRE FIREPROOFItG.
200* HEST CHILLER CABLES BURHItG
EQUIPtfENT R00t1, ROON 258 SINULTAHEOUSLY

'
35 CONTROL STRUCTURE EL. H0 EXPOSED C0tSUSTIBLES STEEL DOES HOT REQUIRE FIREPROOFING.

200' REC 0tfBINER ACCESS'

| AREA R00t1 259
|

j _ 36 CONTROL STRUCTURE EL. 1 FUEL CONTROLLED FIRE, ALL to 689 HO STEEL DOES HOT REQUIRE FIREPROOFING.
200' EAST CHILLER CABLES BURHItG! -

! EQUIPt1ENT ROOM, ROON 263 SIf1ULTAHEOUSLY
|
,

s

9
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NAX.
FIRE AREA LOCALIZED

CALC AREA - CASE CASE DURATIDH TEttPERA- HEATItG
|0. DESCRIPTION HO, DESCRIPTION INIH) TURE(F MI) FROBLEN C0fitfENTS

37 C0hTROL STRUCTURE EL. I FUEL CONTROLLED FIRE. ONE 180 395 CABLE AFFECTED BEAMS WILL BE FIREPROOFED.
217' SWITCHGEAR AREA DOOR OPEH. SPREADING' TRAY

CABLE FIRE T(S)=1100
AT 24 NIH

37 2 FUEL CONTROLLED FIRE. ONE 153 1188
DOOR OPEN. ALL CABLES
BUPNItE 5It10LTAHEOUSLY

38 CONTROL STRUCTURE EL. I VENTILA110H CONTROLLED. 105 557 HO STEEL DOES NOT REQUIRE FIREPROOFItE.
304' FAH ROON ROON 619 ALL CABLES BURHING

sit 1ULTAHE00 SLY. OHE DOOR
OPEN

38 2 VENTILATION CONTROLLED, 54 735 HQ
ALL CABLES BURNItG
SINULTAHEDUSLY. TWO DOORS
OPEN

38 3 FUEL CONTROLLED, ALL 36 849 H0
CABLES BURNING,

sit 1ULTANEOUSLY. THREE
DOORS OPEN

i

39 CONTROL STRUCTURE EL. NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
332' STAf0BY GAS
TREATFTENT SYSTEM FILTER
cot 1 parit 1EHT ROOM 624

40 CONTROL STRUCTURE EL. NO EXPOSED CONBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
332' STAT 0BY GAS

'
TREATNENT SYSTEM ACCESS
AREA R00ft 625

41 CONTROL STRUCTURE EL. NO EXPOSED C0t1BUSTICLES STEEL DOES HOT REQUIRE FIREPROOFING.
200' RADWASTE PIPE Tt##4EL

42 UNIT 1 DIESEL GENERATOR 1 VENTILATION CCHTROLLED 180 3520 PREACTION SPRItELER SYSTEN IS INSTALLED.
EllCLOSURE EL. 217' DIESEL FIRE. TWO LOUVERS OPEN
GEtlERATOR CELL 1A_

; 43 SPRAY P0t40 PUNP STRUCTURE NO EXPOSED C0t20STIBLES STEEL 00ES HOT REQUIRE FIREPROOFING.
EL. 237' RHRSW PIPEWAY

9

44 SPRAY P0tB PUNP STRUCTURE HD EXPOSED COMBUSTIBLES STEEL DOES #107 REQUIRE FIPEPR007ING.
EL. 268' ESW 8 RHRSW PUt1P

,
AREA

1

5 45 SPRAY Pot 0 PUt1P STRUCTURE NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFItG.
'

EL. 237' WET PIT

.

9
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NAX.
FIRE AREA LOCALIZED

CALC AREA CASE CASE DURATION TEt1PERA- 'HEATIts
& DESCRIPTION HO. DESCRIPTION (HIN) TLMEfFilli PROBLEN CorittHTS

i 46 SP9AT P0te PUNP STRUCTURE NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 251*ESW 8 RHRSW PUNP
AREA

$ '47 SPRAT POPS PUNP STRUCTURE NO EXPOSED CONBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
! EL. 268* ACCESS HATCH

AREA

! 48 SPRAT P0te PUNP STRUCTURE 1 FUEL CONTROLLED FIRE ALL 30 729 H0 STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 251' RHRSW VALVE CABLES BURNING,

i COMPARTHENT

i
(1) TIS) - TEMPERATURE OF
STEEL CROSS-SECTION

1
,

't

3

i

l
t

4

i
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3
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;
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Conversion Factors

/ Fires have been quantified in either Kw or Btu /sec. The followingC conversion factors can be applied to convert the results to other
units.

1 Btu /sec = 1.0551 Kw

1 Btu /sec ft2 = 11.349 Kw/m2

1 Btu /lb = 2337 J/kg = 2.337 KJ/kg

1 Btu = 1060 joules = 1.06 KJ

For estimating purposes, it is within 6% to use Stu/sec and Kw or Btu and
KJ interchangably,

bv

.

,
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LIMERICK GENERATING STATIONp)
\.

1. AREA DESCRIPTION

The area under consideration is the RHR Heat Exchanger and Pump Room, Room

102, on the 177' elevation of the Unit 1 Reactor Building (Fire Area 32)
(see Attachment A for sketch of area). The bounding walls of the area are
of ret.iforced concrete construction with an average thickness of 3 ft.

The total surface area for heat transfer is 7848 ft2 (see Attachment A for
-

calculation of areas).
.

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of 72 gallons of lubricating oil
contained in the RHR pump motors. For the analysis this quantity was
doublea to account for possible maintenace activities in the area. There
are two cable trays in the room - one located along the east wall, the
other along the west wall. The total surface area of the cable trays is 52
ft2 with an average combustible loading of 1.5 lbs/f t2 of cable tray
surface.

|

(,) 3. VENTILATION PARAMETERS

There are four doors which enter the area. Two watertight doors measuring
3' wide by 5'10" high enter the area on the 177' elevation and two steam-
tight doors measuring 3' wide by 7' high enter the area on the 201' eleva-

-

tion.

4. CASES EXAMINED.

Two cases were examined, each assuming a lube oil fire involving 144 gal-
lons of lubricating oil. Case number one assumed the lobe oil fire with one
steamtight door open and case number two assumed both steamtight doors
open.

5. P.ESULTS

Case number- one considered only one 3' x 7' door open which corresponds to
a ventilation controllea heat output of 4504 kW. At this heat output the
fire would consume the 144 gallons of lube oil in 85 minutes. The gas
temperature at this time would be 841'F, which is below the critical

|/"<j temperature of the structural steel (see Attachment B).
1 %,/

|
-
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The ventilation controlled burning rate of 4504 kW is equivalent to the
-( heat output from a pool fire with an area of 14 f t2 (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 support'ing the intermedi.
ate grating at the 201' elevation, Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.02D + .083 Q 4 = 1.09 m

Plume te .ierature at bottom of structural steel supporting the 217' eleva-
tion floor slab.

4 To = 9.1[T= /(gc 2 . 2)].333 Oc.667 (Z - Z )-1 67pp o

.To = 103*K temperature rise
T = 253*F temperature of fire plume

The plume temperature is below the critical temperature of the structural
steel.

-Case number two considerad both 3' x 7' doors open which corresponds to a-

Q ventilation controlled burning rate of 9008 kW. At this heat output the

fire would consume the 144 gallons of. lube oil in 44 minutes. The gas
temperature at this time would be 1118'F which is above the critical

temperature of the structural steel (see Attachment B). The W24X68 beam
reaches 1094*F after 44 minutes. (see Attachment _C).

.The ventilation controlled burning rate of 9008 kW is equivalent to the
heat output from a pool fire with an area of. 28 f t2 (pool diameter of

.

approximately 6 ft). .In order to assess the effect of the plume of heated

f) gases above the pool fire on the structural steel supporting the intermedi-
ate grating at the 201' elevation, Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.020 + .083 Q 4 = 1.32 m
r

Plume . temperature at bottom of structural steel supporting the 217' eleva-
! tion floor slab.

1-2
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2 . 2)].333 g .667 (Z - Zo)-1.67ATo = 9.1[T=/(gcp p

.

a To = 169*K temperature rise
T = 372*F temperature of fire plume

The plume temperature is below the critical temperature of the structural |
steel.

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

1
Columns in this area are W14X730. When exposed to a plume temperature of
1500*F for 44 minutes, the steel temperature does not exceed 590 F.

6. EFFECT OF TRANSIENT COMBUSTIBLES

The fire examined was ventilation controlled and had a duration of 44
minu'es. The temperature at this time exceeded 1100"F, therefore, not

transient materials were quantified.

A The ceiling height in the area is 20'3". This distance is measured fromr

k the floor slab to the bottom of the largest structural stael member in the
area, which is a W24X68.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F' at the bottom flange
of the beam are listed in the table below. For temperatures greater than

1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time to 1100*F (min)

1100 12,654

1300 16,134 21 min
'

1500 20,457 15 min

o

1-3
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linit 1 Reactor Building El. 177'
RHR Heat Exchanger and Pump Room 102 '

Surface Area Calculation

Walls
North wall (32' x 40') 1280 ft2South wall (S2' x 40') 2080 ft2East wall (29' x 40') ?1160 f t -West wall (52' x 40') 2080 ft2

6600 ft2
Ceiling for area is at ' elevation 217'

Ceiling (24' x 52') 1248 ft2

Total surface Area for. Heat Transfer
, 7848 ft2

ATTACHMENT A
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CASE NUMBER: 1

BUILDING: UNIT 1 REACTOR BUILDING
(') ELEVATION AND AREA DESCRIPTION: -177' RHR HX & PUMP ROOM 102
N/ CASE DESCRIPTION: ONE 3'x 7' DOOR OPEN LUBE OIL FIRE

xxxxx x xx**xx x xxx x xxxxxxx**xxx x xxxxx xx*x x x x xx*xxxxxx xxxxxxxxxxxx x **xxx x xx

CEILING / WALL CEILING / WALL Au Ho Aw 0
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) kW
x n x x * x x x x x x x x x x x x x x x xx x x x x x x x x x x x x x x x x x x x x x x x x xx x * * * x x x x x x x x x x x x x x( x x x)x x x

3.0 CONCRETE 21.0 7.0 7848 4504

FIRE IS VENTILATION CONTROLLED

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

5 643
10 658
15 672
20 686
25 690
30 711
35 724
40 736
45 740,s

("'') 50 760
55 772
60 784
65 795
70 807
75 810
80 830
85 841

4

\ )

ATTACHMENT B
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CASE NUMBER: 2
BUILDING: UNIT 1 REACTOR BUILDING

(~N ELEVATION AND AREA DESCRIPTION: 177' RHR HX & PUMP ROOM 102t
\-) CASE DESCRIPTION: TWO 3'x 7' DOORS OPEN LUBE DIL FIRE

xxx xxx x x* *x x***x xx xxx******x xxxx*x x**x xxxxx *** xx x * x xx xxx x * *x xx**** x x xx x x
CEILING / WALL CEILING / WALL Ao Ho Aw QTHICKNESS MATERIAL

(ft) (ft2) ( (ft2) (kW)
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 *f' t )xx xx*xx****x xx** xxxxxx xxx'

3.0 CONCRETE 42.0 7.0 7840 9000

FIRE IS VENTILATION CON TROLLED

FIRE DURATION GAS TEMPERATURE
(Min) (deo.F)

4 849
8 876

12 903.

16 930
20 958
24 985
20 1012
32 1039

r' 36 1066l 40 1092k ''l 44 1118

,~

N )3
, .

.

ATTACHMENT B

.
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r'~'s, CASE NUMDER: 1

"_) BUILDING: REACTOR DUILDING
'

ELEVATION AND AREA DESCR IP TION : EL.177'
CASE DESCRIPTION: W24x68

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1110
WEIGHT OF STEEL t1 EMBER ( l b s . / I' t ) : 68
SURFACE OF GTEEL MEMBER HEATED (sq ft./ft)' /,.06

TIME STEEL TEMPERATURE
( tii n ) (deo.F)

5.00 430
10.00 677
15.00 832'
20.00 933
25.00 970
30.00 104U
35.00, 1060
40.00 1 0 0 ""
45.00 1 07 ';'
50,00 1104
55.00 11097..

( 60.00 1112i

's/ 65.00 1114

!
|

i

_3; ,

', ?\ ,',
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

.

Calculation No. 2

Unit 1 Reactor Buildina El. 177'

RHR Heat Exchanger and Pump Ro'om - Room _103

Fire Area 31
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LIMERICK GENERATING STATION

V'-6 1. AREA DESCRIPTION
'

f

; The area under consideration is the RHR Heat Exchanger and Pump Room, Room
-MT

103, on the 177' elevation of the Unit 1 Reactor Building (Fire Area 31) -

-(see Attachment A for sketch of area). The bounding walls of the area are
of reinforced concrete construction with an average thickness of 3 ft.

The total surface area for heat transfer is 9068 ft2 (see Attachment A for
calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading .in the area consists of 72 gallons of lubricating oil
contained in the RHR pump motors. For the analysis this quantity was
doubled to account for possible maintenace activities in the area. There
are two cable trays in the room - one located along the east wall, the
other along the west wall. The total surface area of the cable trays is 58

2 with an average combustible loading of 1.5 lbs/f t2 of cable trayft

surface.

(3
Li 3. VENTILATION PARAMETERS

There are four dhors which enter the area. Two watertight doors measuring
.3' wide:by,5'10" hi_gh enter the area on the 177' elevation and two steam-
tight doors measuring 3' wide by 7' high enter the area on the 201' eleva-
tion.-

,- ,- s a

4

4. CASES EXAMINED
/

Two cases < were examined, each assuming a lube oil fire involving 144 gal-,

lo1s of lubricating oilz Case number one assumed the lube oil fire with one,

steamtight door open and case number two assumed both steamtight doors' p.~ '
.Open.

.

I$.. RESulfS ~^
s;

1

. Case number one c'onsidered only oneJ3' x 7' door spen which corresponds to
'

yventtiationcontrolled' heat 04tputof4504kW. At this heat output the,

(s fire wo'uld consume the 144 gallons .of lube oil in 85 minutes.
-

The gas
[ temperature at this timk would be 770'F, which is below the critical,

'temperaturq bf the structucal steel (see Attachment B).( -

,

Lj- . . > ~
e- %t:

'" '
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The ventilation controlled burning rate of 4504 kW is equivalent to the
n

( ) heat output from a pool fire with an area of 14 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 supporting the intermedi-
. ate grating'at the 201' elevation, Hesketad's relations will be used:

Virtual point source determination:

Zu = -1.020 + .083 Q 4 = 1.09 m

Plume temperature at bottom of structural steel supporting the 217' eleva-
tion floor slab.

To = 9.1[T./(gc 2 .2)].333 g .667 (Z - Zo) 1.673 p p

aTo = 103*K temperature rise
T = 253*F temperature of fire plume

The plume temperature is below the critical temperature of the structural
steel.

,S Case number two considered both 3' x 7' doors open which corresponds to a,

\,3 ventilation controlled burning rate of 9008 kW. At this heat output the

fire ~would consume the 144 gallons of lube oil in 44 minutes. The gas
temperature at this time would be 1020 F which is below the critical

|
temperature of the structural steel (see Attachment B).

The ventilation controlled burning rate of 9008 kW is equivalent to the
heat output from a pool fire with an area of 28 ft2 (pool diameter of
approximately 6 f t). In order to assess the effect of the plume of heated

gases above the pool fire on the structural steel supporting the intermedi-
ate grating at the 201' elevation, Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.02D + .083 Q 4 = 1.32 m

Plume temperature at bottom of structural steel supporting the 217' eleva-
tion floor slab.

2-2 .
,; . , _
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2 . 2)].333 gc.667 (Z - Zo)-1.67. aTo = 9.1[T-/(gep p

ATo = 169*K temperature rise
T = 372*F temperature of fire plume

The plume temperature is below the critical temperature of the structural
|

steel.

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

Columns in this area are W14X730. When exposed to a plume temperature of
~

1500*F for 44 minutes, the steel temperature does c.ot exceed 590*F.

- 6. EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was ventilation controlled with a duration of 44
minutes, The temperature at this time was 1020*F. Since this temperature
approaches the critical temperature of 1100 F, no transient materials were
quantified.-

h'
The ceiling height in the area is 20'3". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the

area which is a W24X68.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T'(*F) Q (kW) Time to 1100*F (min)
1100 12,654

,

1300 16,134 21 min -

1500 20,457 15 min

2-3p,
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(j Unit 1 Reactor Building El. 177'

RHR Heat Exchanger and Pump Room 103

Surface Area Calculation

-Walls
North wall (52' x 40') 2080 ft2
jouthwall (52' x 40') 2080 ft2cast wall (56' x 40') 2240 ft2West wall (29' x 40') 1160 ft2

7560 ft2

Ceiling for area is at elevation 217'

Ceiling (29' x 52') 1509 ft2

Total Surface Area for Heat Transfer 9068 ft2

ATTACHMENT A
,

G

%
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CASE NUMDER: 1

BUILDING: UNIT 1 REAt: TOR BUILDING

[. ELEVATION AND AREA DESCRIPTION: 177' RHR HX & PUMI' ROOM 103
L )) CASE DESCRIPTION: ONE 3'x7' DOOR OPEN LUBE DIL FIRE

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 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
CEILING / WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATERIAL

(ft) (ft2 Pt ft2
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) x x. x ( x x x) x x x * * x x( x x x x) x x x x x x( k W )x xxxxxx3.0 C0t1 CRETE 21.0 7.0 9060 4504

FIRE IS VEtMILATION C0tJTROLLED

FINE DURATION GAS TEMPERATURE
(tiin) (deg F)

S 605
10 618
15 630
20 641
25 652
30 663
35 673
40 603
45 693y^) 50 7 t)3(_j 55 713
60 723
65 732
70 742
75 751
00 761
US 770

.

*

_M'h

y

ATTACHMENT B
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CASE NUNDER: 2
BUILDING: UNIT 1 REACTOR DUILDING(~') ELEVATION AND AREA DESCRIPTION: 177' RHR HX & PUMP ROOM 103(/ CASE DESCRIPTION: TWO 3'x7' DOORS OPEN LUBE OIL FIRE

exxxxxx x x*xxxx x xxxx xx x xxx xxxxxxxxx x xx xxx x xxx x xx xx xxxx x xxx xx xxxx x xx xxxx xx
CEILI!JG/ WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATER I AL

(f t)

u 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( f t 2 )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
(ft) (ft2) (kW

3,0
CONCRETE 42.0 7.0 9068 9000

FIRE IS VENTILATION CONTROLLED

FIRE DURATION
GAG TEMPERATilRE(min) 4 dog,F)

4
8010
02412
04616
06020
09024
91220
93432
955-w 36

'(]
97740
99044

1020

.

? ~\

/

ATTACHMENT B

.
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LIMERICK GENERATING STATION7_s

Ul

1. AREA DESCRIPTION

The area under consideration is the RCIC Pump Room, Room 108, on the 177'

elevation of the Unit 1 Reactor Building (Fire Area 33) (see Attachment A
for sketch of area). The bounding walls in the area are of reinforced con-
crete construction with an average thickness of 2.5 ft. The total surface

area for neat transfer is 3820 ft2 (see Attachment A for calculation of
areas).

2.. COMBUST!BLE LOADING

Combustible loading in the area consists 80 gallons of lubricating oil con-
tained in the RCIC turbine. For the analysis this quantity was doubled to
account for possible maintenance activities in the area. A single cable
tray having 38 ft2 of surface area with an average combustible loading of
3.6 lbs/ft2 of cable tray surface area is located along the west wall of
the room,

r~s 3. VENTILATION PARAMETERS
'"')'

There are two doors which enter this area. Two watertight doors, each
measuring 3' wide by 5'10" high, one door is located in the north wall, the
other in the south wall.

.

4. CASES EXAMINED

Two cases were examined each assuming a lube oil fire involving 160 gallons
of lubricating oil. Case number one assumed one 3' x 5'10" door open, and
case number two assumed two 3' x 5'10" doors open. All cases assumed that

the pre-action sprinkler system does not operate and that no actions are
taken by plant personnel to extinguish the fire.

5. RESULTS

Case number one considered only one 3' x 5'10" door open, which corresponds
to a ventilation . controlled heat output of 2417 kW. At this heat output

,q 3-1
)'

.
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.

- - the fire would consume the 160 gallons of lube oil in approximately 125
minutes. The gas temperature at this time would be 1291*F which is above

|
the critical temperature of the structural steel (see Attachment B).

The ventilation controlled burning rate of 3417 kW is equivalent to the j
heat output from a pool fire with an area of 11 ft2 (pool diameter of
approximately 4 ft). In order to assess the effect of the plume of heated

gases above the pool fire in the structural steel supporting the ceiling,
Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.02D + .083 Q 4 = 1.01 m

Plume temperature at bottom of structural steel supporting the ceiling.
ATo = 9.1[T -/(gc 2 p.2)].333 Oc.667 (Z - Z )-1.67p o

aTo = 214*K temperature rise
T = 453*F temperature of fire plume

The plume temperature is below the critical temperature of the structural

steel.

Case number 2 considered two 3' x 5'10" doors open which corresponds to a
ventilation controlled heat output of 6833 kW. At this heat output the fire
would consume the 160 gallons of lube oil in approximately 31 minutes. The
gas temperature at this time would be 1373*F which is above the critical
temperature for the structural steel (see. Attachmeat B).

The ventilation controlled burning rate of 6833 kW is equivalent to the
heat output from a pool fire with an area of 21 ft2 (pool diameter of
approximately 5 ft). In order to assess the effect of the plume of heated

gases above the pool fire on the structural steel supporting the ceiling,
Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.02D + .083 Q 4 = 1.23 m

f) .
3-2
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Plume temperature at bottom of structural steel suhporting ceiling:f) 2 .2)].333 gc.667 (z . zgy-l.6ATo = 9.1[T./(gep p

aTo = 482*K' temperature rise
'

T = 935'F temperature of fire plume
|

The plume temperature is below the critical temperature of the structural
steel.

|

The plume temperature for both cases examined is below the critical
temperature of the structural steel. It is concluded that there is no
problem due to localized heating of the structural steel as a result of the
maximum pool fire that can be supported by the available air flow into the
room.

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

Even though there are no localized heating problems, all of the cases
{

examined did result in an overall gas temperaure which was above the criti-*

cal ' temperature of the structural steel.s

6. EFFECTS OF TRANSIENT COMBUSTIBLES

.The fire examined was ventilation controlled with a duration of 31
minutes. The temperature at this time exceeded 1100*F, therefore no
transient materials were quantified.

The ceiling height in the area is 20 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the,

area which is a W27X84.
.

|- The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange,

of the beam are .. listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time to 1100*F (mini
1100 12,232
1300 15,712 24 min

. .1500 19,613 17 min

3-3
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() Unit 1 Reactor Building El 177',,

RCIC Pump Room - Room 108

Surface Area Caiculation

Walls
North wall (48' x 23') 1104 ft2South wall (50' x 23') 1150 ft2

| East wall (20' x 23') 460 ft2
| West wall (21' x 23') 483 ft2
|

3197 ft2|

l

Ceiling
Area 1 (23' x 21') 483 ft2
Area 2 (5' x 28') 140 ft2

Total Surface Area for Heat Transfer 3820 ft2

ATTACHMENT A -
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CASE NUMBER: 1

BUILDING: UNIT 1 REACTOR DUILDING
ELEVATION AND AREA DESCRIPT ION: 177' RCIC PUMP ROOM 100, - -s

i ,/ CASE DESCRIPTION: ONE 3'x5'10 DOOR OPEN LUDE DIL FIRE

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 x x x x x x x x x x x x x x x x x x x x x x * x * x
CEILING / WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATERI AL

(ft) (ft2) ( f t) ft2
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 w 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( k W )x x x x x x.

2.5 CONCRETE 17.5 5.0 3020 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPER ATURE
(Min) (dog.F)

5 773
10 797
15 .021
20 045
25 069
30 99a
35 915
40 939
45 961

(''/T 50 993
\- 55 1006

60 1020
65 1049
70 1071
75 1092
00 tt13
05 1134
90 1134
95 1174

100 1194
105 1214
110 1234
110 1253
120 1272

,

I20 1291
l

/y

ed

i

ATTACHMENT B
'
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CASE NUMBER: 2
DUILDING: UNIT 1 REACTOR BUILDING
ELEVATION AND AREA DESCRIPTION: 177' RCIC PUMP ROOM 100
CASE DESCRIPTION: TWO 3'x5'10 DOORS OPEN LUBE OIL FIRE

X X X X -X X x x x X X x M x -X x W x x X x X X X X x X x X X X X- x W x x X X -X X x-X- X M M x X x X M X x M X X X X X X X X X x x X * X x X x X X

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW) 4

x x x x x x x x x x xx 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 x x x x * x x x * x x
2.5 CONCRETE 35.0 5.8 3020 6833

FIRE IS VENTILATION CONTROLLED

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

1 976
2 909
3 1001
4 1014
5 1027
6 1039
7 1052
0 10 t,6

9 1077

9- 10 1092
11 1105
12 1119
13 1132'

14 '1146
15 1159
16 1173
17 1187
18 1200
19 1214
20 1227
21 1241
22 1254
23 1268
24 1231
25 1294
26 1308
27 1321
23 1334
29 1347
30 1360
31 1373

O
AlTACHMENT D
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~ LIMERICK GENERATING STATION
,,

- d,s

1. AREA DESCRIPTION

The area under consideration is the High Pressure Coolant Injection (HPCI)
Pump and Turbine Room, Room 109 on the 177' elevation of the Unit 1 Reactor
Buildi;:9 (Fire Area 34). Bounding walls in the area are of reinforced con-
crete construction with an average thickness of 3 ft. The total surface
area for heat transfer is 4760 ft2 (see Attachment A for sketch and calcul-
ation of areas).

2 .~ COMBUSTIBLE LOADING

Combustible loading in the ar .onsists of 155 gallons of lubricating oil
contained in the HPCI turbine. For the analysis this quantity was doubled
to account for possible maintenance activities in the area. A single cable
tray having 18 ft2 of surface area and an average combustible loading of
1.5 lbs/ft2 of cable tray surface is located near the east wall of the
room. '

3. VENTILATION PARAMETERS

.Two watertight doors each measuring 3' wide by 5'10" high enter the room.
One door is located in the north wall, the other in the south wall.

4. CASES EXAMINED

A lube oil fire was assumed in the area involving 310 gallons of lubricat-
ing oil. One door entering the area was assumed to be open. This is an
opening area of 17.5 f t2 which results in a ventilation controlled maximum
heat output of 3417 kW.

|

L 5. RESULTS

With one door open, the resulting ventilation controlled heat octput of
3417 kW will consume the 310 gallons of fuel in 238 minutes. Due to the
excessive fuel quantity, the fire duration was taken to 180 minutes which
resulted -in a gas temperature of 1237*F (see Attachment B) which is above
tre critical temperature of the structural steel.

<
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. The ventilation controlled burning rate of 3417 kW is equivalent to the4

output from a pool fire with an area of 11 f t2 (pool diameter ui approxi-
mately 4 ft). In order to assess the effect of the plume of heated gases
above'the pool fire on the structural' steel located above the fire.

'

Heskestad's relations will be used:
,

Virtual point source determination:

Zo = -1.020 + .083 Q 4 = 1.01 m
<

Plume temperature at bottom of steel supporting the room ceiling:
2 2)) 333 Oc 667 (Z - Zo) 1 67To = 9.1 (T /(gep

To = 282*K temperature rise
i

T = 576*F temperature of fire plume

The plume temperature is below the critical temperature for the structural
|

steel ~. - It can be concluded that there is no problem due to localized'

heating as a result of the maximum pool fire that can be supported by the
available air flow into the room through a single door. The cable tray in

{}- this. area is positioned such that it does not present a localized heating
exposure to structural steel. Columns in the area are W14X730. When

- exposed to a plume temperature of 1500*F, the steel will reach 757*F af ter
65 minutes if the fire is permitted to burn.

'

6. EFFEC _T_OF TRANSI_ENT_ COMBUSTIBLES

The fire examined was ventilation controlled and had a duration of 180
minutes. The temperature at this time exceeded 1100*F, therefore, no
transient materials were quantified.

|

The ceiling height in the area is 19'3". This distance is me'asured from

f the' floor slab to the bottom of the largest structural steel member in the
area, which is a W36X194.-

.

4

f
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j - O.- The heat release rates from transient combustibles in the area necessary to
~

reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
} of the ~ beam are listed in the table below. For temperatures greater tnan'
; 1100*F, the time required to' heat the steel to 1100*F are also listed.
! '

I
.

l

T (*F) Q (kW) Time to 1100*F (min)
] 1100 11,178

1300 14,236 46 min
j 1500 17,926~ 32 min

-
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( IJNIT 1 Reactor Buildin9 El. 177'
HPCI Pump & Turbine Room 109

Surface Area Calculation

Walls
North wall (30' x 23') 690 ft2
East wall (28' x 23') 644 ft2
Soutn wall 1058 ft2
West wall (46' x 23') 1058 ft2

3450 ft2

Ceiling
Area 1 1/2(20' x 20') 200 ft2
Area 2 (20' x 18') - 160 ft2 (Hatch) 200 ft2
Area 3 (35' x 26') 910 ft2

_

1310 ft2

Total Surface Area for Heat Transfer 4760 ft2

e;3
.V ATTACHMENT A

.



CASE NUMBER: 1 -

BUILDING: UNIT 1 REACTOR BUILDING
ELEVATION AND AREA DESCRIPTIOi4: 177' HPCI PUMP AND TURDINE ROOM(n) CASE DESCRIPTION:ONE DOOR OPEN LUBE DIL FIRE

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 x x x x x x * * x x x x x x x x X x * x x

CEILING / WALL CEILING / WALL Ao Ho Aw QTHICKNESS MATERIAL
(ft) (ft2) (ft) (ft2) (kW)

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 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 43.0 CL:# ~~TE 17.5 5.8 4760 3417

FIRE IS VENTILATIOt1 CONTROLLED

FIRE DURATION GAS TEMPERATURE
(min) (deo.F)

10 725
20 761
30 795
40 829
50 062
60 894
70 926
00 957
90 907(~h 100

'\) 1017
110 1047
120 1075
130 1103
140 1131i 150 1158
160 1105
170 1211
100 1237

,

,

!

|
I

i

!'
l-

,

,/~'g

,pr

ATTACHMENT B

I
'

r
. _ . . . _ . _ - _. . _ . .-



_ _ ___ __ . . _ _ . _ . .

.

*
.

I.

f[[ Professional Loss Control, Inc.

,

i

STRUCTURAL STEEL ANALYSIS
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LIMERICK GENERATING STATION

Calculation No. 5

Unit 1 Reactor Building El. 177'

Core Spr6y Pump Room 110

Fire Area 35
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LIMERICK GENERATING STATION

O
1. AREA DESCRIPTION

The area under consideration is the Core Spray Pump Room, Room 110, on the

177' elevation of the Unit 1 Reactor Building (Fire Area 35) (see Attach-
ment A for sketch of area). The bounding walls in the area are of rein-
forced concrete construction with an average thickness of 3 ft. The total
surface area for heat transfer is 2749 ft2 (see Attachment A for calcula-
tion of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of 24 gallons of lubricating oil
contained in the core spray pump. For the analysis this quantity was
doubled to account for possible maintenance activities in the area. A
single cable tray having 37 ft2 of surface area with an average combustible
loading of .5 lbs/f t2 of tray surface area.

3. VENTILATION PARAMETERS

A single watertight door measuring 3' wide by 5'10" high is located in the
west wall of the room.

4.- CASES EXAMINED

A lube oil fire was assumed in the area involving 48 gallons of lubricating
oil. The door entering the area was assumed to be open. This is an opening
area of 17.5 ft2 which results in a ventilation controlled maximum heat
output of 3417 kW.

|

S. RESULTS'

With one door open, the resulting ventilation controlled heat output of
3417 kW will consume the 48 gallons of lube oil in 37 minutes. The gas

i temperature at this time would be 1128*F which is above the critical

temperature of the structural steel (see Attachment B). The W27X84 beam
will be heated to 1070*F in 37 minutes if exposed to a constant temperature
of 1128'F. (See Attachment C).

The ventilation controlled burning rate of 3417 kW is equivalent to the
|

. m. neat output from a pool fire with an area of 11 ft2 (pool diameter of
]

approximately 4 ft). In order to assess the effect of the plume of heated

.
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gases above tne pool fire on the structural steel located above the fire,
*

Hesketad's relation will be used:

Virtual point source determination:

'Zo = -1.02D + .083 Q*4 = 1.01 m

Plume temperature at bottom of steel supporting the room ceiling:
o = 9.1[T. /(gc 2 . 2)] .333 g .667 (Z - Z )-1 67aT pp o

ATo = 282*X temperature rise

T = 576*F temperature of fire plume

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

The' cable ' tray in the area was positioned such that it did not present a
localized heating exposure to the structural steel.

k
6.- EFFECT OF TRANSIENT COMBUSTIBLES,

The fire examined was ventilation controlled and had a curation of 37
. minutes. The temperature at this time exceeded 1100*F, therefore, no

transient materials were quantified.

The ceiling height in the area is 20 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W27X84.

The heat release ~ rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than.

1100*F, the time required to heat the steel to 1100_F are also listed.

T ('F) Q (kW) Time to 1_100*F (min)
' 1100 12,232,.

1300 15,712 24 min*

1500 19,613 17 min.
OV
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-(") Unit 1 Reactor Building
'

Core Spray Pump Room 110

Surface Area Calculation

Walls
North wall (27' x 23') 621 ft2
South wall (20' x 23') 460 ft2
East wall (24' x 23') 552 ft2
West wall (24' x 23') 552 ft2

2185 ft2

Ceiling
Area 1 (20' x 24') 480 ft2
Area 2 1/2(24' x 7') 84 ft2

Total Surface Area for Heat Transfer 2749 ft2

ATTACHMENT A
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CASE NUMBER: 1

BUILDING: UNIT 1 REACTOR BUILDING

O.T sELEVATION BND AREA DESCRIPTION: 177' CORE SPRAY ROOM 110
CASE DESCRIPTION: ONE DOOR OPEN LUBE DIL FIRE

* 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 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

CEILING / WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATERIAL
(ft) (ft2) (ft) (ft2) (kW)

x X M X M X X X X -X X X x -X X X X X X X X- x X X X X X x W X X X X X X X X x x X x X X X X X X X X x X X X M x -X X X -X X x X X X X x X -X X X X X
3.0 CONCRETE 17.5 5.8 2749 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERA T URE
(nin) (dea.F)

1 852
2 060
3 860
4 076
5 004
6 091
7 099
0 907
9 914

(^J') 10
k 922

11 929
12 937
13 945
14 952
15 960
16 960
17 975
18 903
19 991
20 990
21 1006
22 1014
23 1021
24 1029
25 1037
26 1044
27 1052
28 1060
29 1067
30 1075
31 1082
32 1090
33 1098
34 1105
35 1113

7s 36 1120
-

(,) 37 1120

ATTACHMENT B

.
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. 'v CASE NO.: 1

BUILDING: UNIT 1 REACTOR BUILDING
i

ELEVATION AND AREA DESCRIPTION: 177' CORE SPRAY ROOM 110
CASE DESCRIPTION: W-27X844

,

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1128
WEIGHT OF STEEL MEMBER (LBS./FT.): 84

!SURFACE OF STEEL MEMBER HEATED (SO. FT./FT): 6.78
!

TIME STEEL TEMPERATURE
,

'

(MIN.) (DEG. F)
4 ,

5 406.240502
10 636.550214
15 793.36929
20 900.148213
25 972.854535
30 1022.360648
35 1056.069615
40 1079.022227

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

<
.

Calculation No. 6

UNIT 1

Unit 1 Reactor Building El. 177'

Corridor - Room 111

, Fire Area 40

,
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LIMERICK GENERATING STATION
,

1. AREA DESCRIPTION

The area under consideration is the Corridor (Room 111) on the 177' eleva-
tion of the Unit i Reactor Building (Fire Area 40) and contains the safety
related HPCI pump discharge flow transmitters. The bounding walls of the

. area are of reinforced concrete construction with an average thickness of 2
ft.

The total surface area for heat transfer is 3953 ft . (See Attachment2

A for sketch and calculations of the area.)

2. COMBUSTIBLE LOADING

There are no cable trays or combustible liquids located in this area.

3. VENTILATION PARAMETERS

Access-doors connect to the stairwell, elevator shaft, and core pump spray
rooms.

4. CASES EXAMINED

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

5. .RESULTS

The structural steel in this area will not fall since there are no fixed
combustibles in the area to support a fire.

6. EFFECT OF TRANSIENT COMBUSTIBLES

This area contains no exposed fixed combustibles. The table below lists

the maximum heat release rate for transiert combustibles for different fire
durations which result in an area temperature less than 1100*F.

. Fire Duration Q/A (kW/m2) 0 (kW)

: . .
I hour 10.5 3857

2 hours 7.5 2755
3 hours 6.5 2387

f '
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The ceiling height in the area is 20'9". This distance is measured from -

the floor slab to the bottom of the largest structural steel _ member in the
area, which is a W18X40.'

.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are. listed in the table :aelow. For temperatures greater than

:
1100*F, the time required to heat the steel ' to 1100 F- are also list'ed.

T (*F) Q (kW) Time to 1100*F (min)
1100 13,392

1300 17,188
_ 16 min

j -1500 >21,089 12 min
.
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/~') i tinit 1 Reactor Building El.177'/'

, Corridor - Room 111
:

's Sdface Area Ce.lculation
'

Wall s
North wall (24' x 23') 552 ft2East well (51' x 23'. 1173 ft2(24'x%3*},.' South wall 557. ft2West wall (51' x 23') 1173 ft2

-

3450 ft2

Ceiling ( 33 ' x 7 ' ) + ( 16 ' x 14 ' ) + ( 8' x 6 ' ) 503 ft2

Total Surface Area for Heat Transfer- 3953 ft2

,

t

r'% , "

m
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i )
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Calculation No. 7"

.

Unit-1 Reactor Building C1. 177'

1
- Core Spray Pump Room 113

Fire Area 36

i
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LIMERICK GENERATING STATION
. /')C

1. AREA DESCRIPTION

The area under cons? 'eration is the Core Spray Pump Room, Room 113, on the

177' elevation of the Unit 1 Reactor Building (Fire Area 36) (see Attach-
ment A for sketch of area). The bounding walls in the area are of rein-
forced concrete construction with an average thickness of 3 ft. The total
surface area for heat transfer is 2976 ft2 (see Attachment A for calcula-
tion of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of 24 gallons of lubricating oil
contained in the core spray pump. For the analysis this quantity was
doubled to account for possible maintenance activities in the area. A
single cable tray having 34 ft2 of surface area with an average combustible
loading of .5 lbs/ft2 of- tray surface area is located along the north wall. '

3. VENTILATION PARAMETERS

' A single watertight door measuring 3' ' wide by 5'10" high is located in the.

west-wall of the room.
.

4. CASES EXAMINED
,

A lube oil fire was assumed in the area involving 48 gallons of lubricating
oil. The door entering the area was assumed to be open. This is an opening

area of 17.5 ft2 which results in a ventilation controlled maximum heat
output of 3417 kW.

|

S. RESULTS.

With. One door open, the resulting ventilation controlled heat output of
3417 kW will consume the 48 gallons of lube oil in 37 minutes. The gas
-temperature at this time would 1072*F which is below the critical
temperature of the structural steel (see Attachment B).

.

The ventilation controlled burning rate of 3417' kW is equivalent to the
heat o'Itput from a pool fire with an area of 11' ft2 (pool diameter of
approximately 4 ft). In order to assess the, effect of the plume of heated

7-1,
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gases above the pool fire on the structural steel located above the . fire,A
V. Hesketad's relation will be used:

Virtual point source determination:

Z = -1.02D + .083 Q*4 = 1.01 mo

Plume temperature at bottom of steel supporting the room ceiling:
aTo = 9.1[T =/(gc 2 . 2)].333 Oc.667 (Z - Z )-1 67pp o
ATo = 282*K temperature rise

T = 576*F temperature of fire plume

The plume temperature is below the critical temperature of the structural
steel.

It is concluded that there is no problem due to localized heating'

of the structural steel as a result of the maximum pool fire that can be
supported by the available air flow into the room.

The cable tray in the area was positioned such that it did not present a
localized heating exposure to the structural steel.

' '
6.

EFFECT OF TRANSIENT COMBUSTIBLE _SS

The fire examined was ventilation controlled and had a duration of 37
minutes. The temperature at this time was 1072*F. Since this temperature
approaches the critical temperature of 1100*F, no transient materials were
quantified.

The ceiling height in the area is 20 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W27X145.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the . time -required to heat the steel to.1100*F are also listed.

_T (*F) Q (kW) Time to 1100*F (min)1100 12,232
1300 15,712- 38 minrm. 1500 19,613 27 mind*

:

, 7-2
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([) Unit 1 Reactor Building'^'-

Core Spray Pump Room 113

Surface Area Calculation

Walls
North wall (34'x23') 782 ft2South wall (40' x 23') 920 ft2East wall (5' x 23') 115 ft2West wall (24' x 23') 552 ft2t

2369 ft2
|

| Ceiling
| Area 1 '(11' x 19') 209 ft2Area 2 (34' x 5') 170 ft2Area 3 1/2(24' x 19') 228 ft2

Total Surface Area for Heat Transfer 2976 ft2

ATTACHMENT A
,\
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CASE NUMBER: 1

DU T.LD ING : UNIT 1 REACTOR DUILDING
ELEVAl'IOf1 AND AREA DESCRIPTION: 177' CORE SPRAY ROOM 113m.

(,) CASE DESCRIPTION: OtlE DOOR OPEN LUDE DIL FIRE

oxxxxx x x x xxxx xxxxxx*x x xxxx x xxx xx*xxx x**xxxx x*x x xx xx x x xxx x*x xx x x x x x x x xx**

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
x x x x xxxx*x x xx *xx x x x x x* x x xx x x xx x xxxx xxx x x xx x xxxxx x xx** xxx xx x xxx x *x x x*x xx x

3,0 CONCRETE 17.5 5.0 2976 3417
c

FIRE IS VENTILATION C0tlTROLLED

FIRE DURATIOf4 GAS TEtiPERATURE
(nin) (dea.f>

1 826
2 034
3 041
4 049
5 056
6 862
7 069
0 076
9 003

(~) 10 090
\/ 11 097

12 903
13 910
14 917
15 924
16 931
17 937
10 944
19 951
20 950
21 965
22 V71
23 970
24 905

| 25 992
26 999
27 1005
20 1012
29 1019
30 1026
31 1032,

'

32 1039
33 1046
34 1052
35 1059
36 1066,s

() 37 1072

ATTACMENT B
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LIMERICK GENERATING STATION,.

1. AREA DESCRIPTION

The area under consideration is the Core Spray Pump Room, Room 114, on the

177' elevation of the Unit 1 Reactor Building (Fire Area 37) (see Attach-
ment A for sketch of area). The bounding walls in the' area are of rein-,

forced concrete construction with an average thickness of 3 f t. The total
surface area for heat transfer is 2784 ft2 (see Attachment A for calcula-
tion of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of 24 gallons of lubricating oil
contained in the core spray pump. For the analysis this quantity vas

'

doubled to account for possible maintenance activities in the area. A
single cable tray having 37 f t2 of surface area with an average combustible
loading of .5 lbs/ft2 of tray surface area is located along the east wall.

3. VENTILATION PARAMETERS

(" A single watertight door measuring 3' wide by 5'10" high is located in the
east Wall of the room.

4. CASES EXAMINED

A lube oil fire was assumed in the area involving 48 gallons of lubricating
oil. The door entering the area was assumed to be open. This is an opening

area of 17.5 ft2 which results in a ventilation controlled maximum heat
output of 3417 kW.

5. RESULTS

With one door open, the. resulting ventilation controlled heat output of
3417 kW will consume the 48 gallons of lube oil in 37 minutes. The gas
temperature at this time would be 1118*F which is above the critical
temperature of the structural steel (see Attachment B).

When exposed to gases at 1118'F for 37 minutes, the W27X145 beam will reach

940*F which is below 1100*F acceptance criteria. (See Attachment C).

The ventilation controlled burning rate of 3417'kW is equivalent to the
heat output from a pool fire with an area of 11 f t2 (pool diameter of

8-1
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approximately 4 ft). In order to assess the ef fect of the plume of heated.O 9 eses ebove the gooi fire oe the strecterei steei iocetea ehove the fire.
Hesketad's relations will be used:

Virtual point source determination:

Zo = -1.020 + .083 Q 4 = 1.01 m-

Plume temperature at bottom of steel supporting the room ceiling:
2a To = 9.1[T= /(gcp p. 2)].333 gc.667 (Z - Zo) 1.67

a To = 282*K temperature rise

T = 576*F temperature of fire plume

The plume temperaiure is below the critical temperature of the structural
steel. It is concluded that there is no problem due to localized heating
of the structural steel as a result of the maximum pool fire that can be
supported by ' the available air flow into the room.

The cable tray in the area was positioned such that it did not present a

O. localized heating exposure to the structural steel.

6. EFFECT OF TRANSIENT COMBUSTIBLES

The fire examined was ventilation controlled and had a duration of 37 min-
utes. The temperature at this time exceeded 1100*F, therefore, no transient
materials.were quantified.

The ceiling height in the area is 20 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W27X145.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500 F at the bottom flange
of the beam are listed in the table below. For temperatures greater than'

1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)1100 12,232
1300 15,712 38 minc 1500 19,613 27 min' (,) .

8-2
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Unit 1 Reactor Ruliding
'-

Core Spray Pump Room 114

Surface Area Calculation

Walls
North wall (29' x 23') 667 ft2
South wall (12' x 23') 276 ft2East wall (25' x 23') 575 ft2
West wall (30' x 23') _ 690 ft2

2208 ft2

Ceiling
Area 1 (10' x 24') 240 ft2
Area 2 1/2(24' x 28') 336 ft2

'

Total Surface Area for Heat Transfer 2784 ft2

ATTACHMENT A

( ;
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CASE NUMBER: 1

DUILDING: UNIT 1 REACTOR BUILDING
('^'; ELEVATION AND AREA DESCRIPTION: 177' CORE SPRAY PUMP ROOM 114b- CASE DESCRIPTION: ONE DOOR OPEN LUBE OIL FIRE

xxxxxxxx*xxxxxxxxxxx*xx*xxxxxx.xxxxx**xxxxx*xxxxxxxxxx*xxxxxxxxxxxxxxxxxx
CEILING / WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATERIAL

(ft) (ft2) (ft) ft2 kWx 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 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
3.0 CONCRETE 17.5 5.8 2784 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPER ATURE
(min) (deo.F)

1 047
2 056
3 864
4 072
5 079
6 087
7 894
0 '

902
,y 9 909
( ) 10s 917

11 924
12 932
13 939
14 947
15 954
16 962
17 969
18 977
19 984
20 992
21 999
22 1007
23 . 1014
24 1022
25 1029
26 1037
27 1044
20 1052

*

29 1059
30 1067
31 1074
32 1002
33 1009
34 1096
35 1104

(^T 36 1111i_/ 37' 1110

ATTACHMENT B

.

. _ . ~'



CASE NUMBER: 1

DUILDIllG : REACTOR BUILDINGbq ELEVATION AND AREA DESCRIPTION: EL.177'
/

CASE DESCRIPTInti: W27x145

EFFECTS OF LOCAL ltEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1118
WEIGHT OF STEEL MEMBER (lbs./ft): 145
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.U7

TIME STEEL TEMPERATURE
(min) ( d ea .F )

5.00 293
10.00 470
15.00 609
20.00 710
25.00 004
30.00 071
35.00 924
40.00 '766
45.00 9V0
50.00 1024
55.00 1044
60.00 1060
65.00 1072

o/%.

NITPCIMENT C
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for
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Calculation No. 9

| Unit 1 Reactor Building E1. 177'
' {} Sump Room, Room 115

Fire Area 39
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LIMERICK GENERATING STATION( h
%)

1. AREA PESCRIPTION

The area under consideration is the Sump Room, Room 115, on the 177' eleva-
tion of the Unit 1 Reactor Building (Fire Area 39). The bounding walls of
the area are of reinforced concrete construction with an average thickness
of 2.5 ft. The total surface area for heat transfer is 2595 ft2 (see
Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

The combustible loading in this area consists of cable insulation in cable
trays. The total surface area of the cable trays is 96 ft2 with an average
combustible loading of 1.5 lbs/ft2 of cable tray surface area. There are
no combustible liquids in the area.

3. VENTILATION PARAMETERS

This room is open to the Corridor Passageway, Room 118. There are two doors

which enter into the Sump Room. One door measuring 3' wide by 5'10" high
p is located in the east wall, and one door measuring 3' wide by 7' high is
'~'

located at the entrance to the stairwell.

4. CASES EXAMINED

With the light combustible loading in this area, tne assumption that all
cables are burning simultaneously would present the worst case. With all
cables burning simultaneously, a surface area of 96 ft2 would be involved.
This corresponds to a heat output of approximately 1700 kW. With all
combustibles issumed to be burning simultaneously, the duration of the fire
would be 1.5 lbs/ft2 * .1 lb = 15 minutes,.

min /ft2

5. RESULTS

With all the cable trays in the area assumed to be burning simultaneously
and a 3' wide by 5'10" door open, th'e resulting fire was fuel controlled.
A gas temperature of 713*F was achieved af ter 15 minutes, which' is below *

the critical temperature for the structural steel (see Attachment B).

p 9-1o
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The location of the cable trays relative to structural steel members wasOQ examined in the area. No cable trays were positioned so as to present a
localized heating exposure to the structural steel.

6. EFFECTS'0F TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 15 minutes. The

temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100 F is listed below.

Fire Duration 0/A (kW/m2) Q (kW)
15 min 17 2400

The ceiling height in the area is 20'3". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W24X55.-

g The heat release rates from transient combustibles in the area necessary to
A>

reach plume temperature of 1100*F,1300*F and 1500 F at the bottom flange
Gf the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also. listed.

T'(*F) Q (kW) Time to 1100*F (min)
1100 12,654

1300 16,134 19 min
1500 20,457 13 min

.

9-2
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{[) IJnit 1 Reactor Building El.177'
' ' '

Sump Room 115

Surface Area Calculation

Walls ~
North wall (24' x 23') 552 ft2
East wall (24' x 23') 552 ft2

! South wall (21' x 23') 483 ft2
West wall (24' x 23') 552 ft2

2139 ft2
Ceiling (24' x 25') - (18' x 8') 456 ft2

-Total Surface Area for Heat Transfer 2595 ft2

ATTACHMENT A

p
\,.s'
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CASE NUMBER: 1

BUILDItJG : UNIT 1 R t? ACT OR BUILDING
ELEVATION AND AREA DESCRIPTION: 177' SUMP ROOM FIRE ZONE 39

('l ' CASE DESCRIPTION :ONE DOOR OPEN ALL CABLES BURNING_./

xxxxx x x** x xxxx x x xx xx x x ***x xxx x x x* x***x x**x xx * xxxx xx x ***x***xx xx ****xx x * x
CEILING / WALL CEILING / WALL Ao Ho Aw QTHICKNESS M ATER I AL

(ft) (ft2) ( f' t ) ft2 kWx 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 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 xx,

2,5 CONCRETE 17,5 5.8 CG73 1700

f

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(Min) ( d eg . F )

1 662
2 667
3 672
4 676
5 600
6 603
7 6G7
0 6?O

i 9 694
10 6??

* (N 11 700- \.,,) 12 704
13 707
14 710
15 713

<

l

,

! O;'
' v

ATTACHMENT B
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 10

Unit 1 Reactor Building El.177'

Corridor Room 118.

Fire Area 39

.
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LIMERICK GENERATING STATION
(
Q ,I

1. AREA DESCRIPTION

The area under consideration is the Corridor and Passageway, Room 118. on

the 177' elevation of the Unit 1 Reactor Building (Fire Area 39). The
bounding walls of the area are of reinforced concrete construction with an
average thickness of 2.5 ft. The total surface area for heat transfer is

2 (see Attachment A for sketch and surface area calculations).4976 ft

2. COMBUSTIBLE LOADING

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

3. VENTILATkONPARAMETERS

This room is open to the Sump Room, Room 115. There are also two doors,
each measuring 3' wide by 5'10" high, located in the west wall of the area.

.

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.-

5. RESULTS

The structural steel in the area will not fail due to a fire as there are
no fixed combustibles in the area to support a fire.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

This area has no eposed combustibles. The table below lists the maximum

heat release rates for transient combustibles for different fire durations
which result in an area temperature less than 1100"F.

Fire Duration Q/A (kW/m2) Q (kW)
I hour 10.5 4855

2 hours 7.5 3468

3 hours 6.5 3005

10 - 1-
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(h _
The ceiling height in the area is 20 feet. ' This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W27X84.

.

.

_The heat release rates from transient combustibles in the area necessary to
.

reach plume temperature of -1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than-
'1100*F, the -time required to heat the steel to 1100*F are also listed.,

.

; . T (*F) Q (kW) Time to 1100*F (min)
11100 '12,232

1300 15,712 24 min
1500 19,613 17 min

,

'
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.
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Ilnit 1 Reactor Building El. 177'
Corridor & Passageway Room 118

Surface Area Calculation
,

Area 1 (Corridor)
.

Walls.
East wall (29' x-23') 667 ft24=

'

West wall (29' x' 23') 667 ft2
1334 ft2

' Ceiling- -(29' x 6') 174 ft2

i

Area 2 (Room 118)

Walls
North wall (22' x'23') 506 ft2-

East wall (31' x 23') 713 ft2
South wall (32' x 23') 736 ft2

-West wall- (31' x 23'.) 713 ft2
2668 ft2I Ceiling 800 ft2

t

"

' Total Surface Area for Heat Transfer 49/b tt2
O-

! V
j ATTACHMENT A
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION
,

,

Calculation No. 11
,

Reactor Building El. 198'

O a'ae '"""ei ao = 2o2

Fire Area 76
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LIMErt!CK GENERATING STATION

1. AREA DESCRIPTION

The area under consideration is the Pipe Tunnel Room 202 on the 198'

el.evation of the Reactor Building (Fire Area 76). Bounding walls and
ceiling are of concrete construction with an average thickness of 3 ft.
The total surface area of the bounding walls and ceiling is 14368 ft ,2

'(See Attachment A for sketch and calculation of areas.)

2. COMBUSTIBLE LOADING

There are no cable trays or combustible oils located in this area.

3. VENTILATION PARAMETERS -

There are two doors into the tunnel. Both doors are in the north wall near
the. east and west walls of the tunnel. Each door is part of an air lock
into the tunnel.

.

4. CASES EXAMINED
-

With no exposed combustible cabling and no combustible liquids in thz
"'

tunnel,-t-here is no fuel in the area to support combustion.

5. RESULTS

The structural steel in this area will not fall since there are no fixed
combustibles in the area to support a fire.

'6. EFFECT OF TRANSIENT COMBUSTIBLES

This area has no exposed combustibles. Access to the area is through air
-locks, so transient materials are unlikely.

The maximum heat release rates from transient combustibles in the area
-which would result in an area temperature less than 1100*F are listed
.below:

Duration 0/A (kW/m2) Q (kW)
I hour 10.5 14,370
2 hours 8.0 10,630
3 hours 6.5 8,620

[h
u

11 - 1

.



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

:

4

.
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. The ceiling height in the area is 15'3". This distance is measured from
-

=U the floor slab to the bottom of the largest structural steel member in the
*

area, which is a W24X94.
4.
I

,
a

4

- The heat release rates froin transient combustibles.. in the area necessary to.

i
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange

|
-i of the beam are listed in the table below. For temperatures greater than

1100*F, the time required to heat the steel to 1100*F are also listed.-
4

L

T (*F) 0 (kW) Time to 1100*F (min)
1100 6116 t

1300 7381 30 min
-1500 10,018 21 min

1-
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. Reactor Building El. 198'.

g Pipe Tunnel Room 202

Surface Area Calculation

? Walls
North wall (320' x 18') 5760 ft2.

East wall (8' x 18') 144 ft2
i South Wall (8' x 18') 144 ft2

West wall (320' x 18') 5760 ft2,

6

11,808 ft2
'
i [ Wall neight = 217' el - 198' el - (I' floor slab) = 18']

h
j Ceiling (320' x 8') 2560 ft2

.!

Total Surface Area for Heat Transfer 14,368 ft2-'

--s

ATTACHMENT A
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.

Calculation No. 12

.

Unit 1 Reactor Building E!. 201"

h Safeguard System Access Area Room 200
,

Fire Area 42A

!
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p LIMERICK GENERATING STATION
V

1. AREA DESCRIPTION

The area under consideration is the Safeguard System Access Area, Room 200,

on the 201' elevation of the Unit 1 Reactor Building (Fire Area 42A). The

bounding walls of the area are of reinforced concrete construction with an
. average thickness of 2.5 f t. The total surface area for heat transfer is

2 (see Attachment A for sketch and calculation of surface areas).8611 ft

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable insulation located in
cable' trays. The total surface area of the cable trays is 684 ft2 witn an
average combustible loading of 3.5 lbs/ft2 of cable tray surface area.
There are no combustible liquids in the area.

|

3. VENTILATION PARAMETERS

There are four doors which enter the area. All doors measure 3' wide by 7'
high. Two doors are located on the south wall, one door on the east wall

/] and one door on the north wall.L/

4. CASES EXAMINED

Three cases were examined. Case number one considered all cables in the
area burning simultaneously with one door open. Case number two Considered

~

all cables burning simultaneously with two doors open. Case number three
considered all cables burning simultaneously with three doors open.

5. RESULTS

Case number one considered all cables burning simJitaneously with a 3' x 7'
|. do'or open.- This resulted in a ventilation controlled fire with a heat out-
|

| put of 4504 kW, and a duratien of_95 minutes. The gas temperature at this
time would be 814"F which is below the critical temperature of the struc-

|
tural steel (see Attachment B).

Case number two cnnsidered all cables burning simultaneously with two 3' x
7' doors open. This resulted in a ventilation controlled fire with a heat
output of 9008 kW and a duratjon of 46 minutes. The gas temperature at this

, v
12 - 1
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time .would be 1065*F which is below the critical temperature of the struc-
|V tural steel (see Attachment B).

Case number three considered all cables burning simultaneously with three
3' x 7' doors open. This resulted in a fuel controlled fire with a heat
output of 12,078 kW and a duration of 3.5 lbs/'t2

_

.1 lbs = 35' minutes,4
_

min /ft2<
,

The gas temperature at this time would be 1203*F which is above the criti-
'

cal temperature of the structural steel (see AttachrNnt B).
~'

!

The position of cable trays relative to structural steel members were
~

!- examined throughout the area in order to assess the potential for localized
heating. Cable tray ICCTA is' located within 12 inches of mcaber types

'W30X99, W33X152, W27X84, W24X76, W24X68, W27X114, W21X44, and W21X55.
,

Attachment C contains the results of calculations performed to determine

the response of the ' structural steel membersNto localized heating. These

(] calculations are conservative because they assurre that the entire length of
the structural steel member is subjected to"1300*F when, in actuality, only
a small section of the steel woulds be subjected to Iccalized heating. As
can be seen from the results, member types W30X99, W27X84, W24X76, W24X68,
W27X114, W21X44 and W21X55 exceeded the localized t'ailure *.emperature of

1100*F during the 35 minute exposure period (time' required for tray to burn
to completion).

'

.

Columns in the area are'W14X730. When exposed to plume. temperatures of
1500*F for 35 minutes, the steel tempes ature does not exceed 500"F.

6. EFFECT OF TRANSIENT COMBUSTIBLES 7

The fire examined was fuel controlled,with a' duration of 35 minutes. The
temperature at this time exceeded.1100*F, therefore, no transient materials
were quantified.

| i

,

f"%
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fe') The' ceiling height in the area is 12 feet. This distance is measured from
''-

the floor slab to the bottom of the largest structural steel member in the
area,..which is';a W33X141. ~

' '

. -

The heat release rates froat transient coabustibles in the area necessary to
reach diurae temperature of- 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the sfeel' to 1100*F are also listed.

-

T (*F) Q (kW) Time to 1100*F (min),
1100 2,952

_ 1390 4,007 35 min

.
1500 5,062 24 min

.
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Unit 1 Reactor Building El. 201'
Safeguard System Access Area Room 200

Surface Area Calculation

Walls
North wall (61' x 15') 894 ft2East wall [(71' + 59') x 15'] 1929 ft2

| South wall (29' x 15') 393 ft2
; West wall (123' x 15') 1765 ft2

Ceiling 3630 ft2

Total Surface Area for Heat Transfer 8611 ft2
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CASE nut 1 DER: 1

EtU I LD ItJG : UNIT 1 REACTOR BUILDING
p ELEVATION AND AREA DESCRIPTION: 201' GAFEGUARD SYS TEti ACCESS AREA!s) CASE DESCRIPTION: ONE DOOR OPEN ALL CADLES BURNING

-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 y; 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

CEILING / WALL CEILING / WALL Ao Ho Aw QTHICKNESS t1ATERIAL
(ft) (ft2) (ft) (ft2)

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 x x x x x x x x x x x x r x x x x x x x x x-( k W )xxxxxxx
2.5 CONCRETE 21.0 7.0 0611 4504

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPER A TURE
(nin) (deg,F)

5 610
10 632
15 645
20 657
25 660
30 600

' 35 691
40 7112
45 712

(#\ 50 72d
'- 55 733

| 60 744
65- 754
70 764,

75 774
00 704
85 794
90 804
95 814

!

I

g3

k d
w/

ATTACHMENT B

.
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CASE ilUMDER: 2
BUILDING: UNIT 1 REACTOR BUILDING

G} CASE DESCRIPTION:ELEVA'IION AND AREA DESCRIPTIOt4:201' SAFEGUARD SYS TEM ACCESS AREA/~
,

TWO DOORS OPEN ALL CADLES DURNING |

yxxxxx xvexx xx xxxx xxxxxx**xxx xxx x xxxxxxxx x xxx xxx< xxx x x xxxxx xxxxx xxxxxx x xx-
4

CEILING / WALL CEILING / WALL Ao Ho Aw QTHICKNESS MATERIAL
(ft) (ft2) (ft (ft2) (kW)

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 x x x x) x x * -x x x t * x x x x x x x x x x x x x. x x2,5 CONCRETE 42,0 7,0 0611 '7000

FIRE IG VENTILATION CONTRL'LLED

FIRE DURATION CAG TEMPERA fURE
(ntn) (den.F)

! 2 004
4 810

-

6 03:1
0 042

10 804
12 066
14 070
16 0 '/ tl
tu Y00

(~') . 20 913V - 22 925
24 937
26

! V49
28 961
30 972
32 904
34 996
36 1007
30 1019
40 1030
42 1042
44 1053
46 1065

.

U

ATTACHMENT B

.
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CAGE t1utiltER : 3
UUILDItJG : UNIT 1 REACTOR !!UILDltJG
ELEVATI0t1 At4D AREA DESCRIP TION: 201' UAFEGUARD G Y G T E ra, ACCESS AREA |

9 CASE DESCRIPTION:
'

THREE DOORS OPEN ALL CABLES DURNING

Xx x xxx x xx xxxx xx x x x x xxxx xx x x xxx x x x x x x X x x xx xxx X X x x x x xx xX xx x x x xx x x x X x x x x x x x
! CEILit1G/ WALL CEILItJG/ WALL Ao Ho Aw 0THICKf1ESS r1AT ER I AL

(ft) (ft2) (ft) (ft2) (kW)
X X X x x X X X X X y 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 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 x x X x x x

2.5 CONCRETE 63.0 7.0 8611 12070

FIRE IG FUEL C0t4 TROLLED

FIRE DllR ATIOri GAS TEt1PER ATURE
(nin) ( c100 . F J '

. S 92U'

10 '/ 7 4
15 1000
20 1066
20 1112
30 11b0
3tl 1203

'

O

4

' S

ATTACHMENT B

i -
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CASE NUMBER: 1s

( ) DUILDING: UNIT 1 REACDR BUILDING
ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREACASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W21x44

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1300
WEIGHT OF STEEL MEMDER (Ibs./ft): 44
SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 4.74

TIME STEEL TEMPERATURE
(nin) (deg,F)

5.00 614 '

10.00 910
15.00 1088
20.00 1102
25.00 1234
30.00 1263
35.00 1200

.

)

'J'

.

ATTACHMENT C

.

, - -, . , . . - - . .
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CASE NUMDER: 2
b) BUILDING: UNIT 1 REACOR BUILDING

ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W21x55

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 55
SURFACE OF STEEL MEMDER HEATED (sq.ft./rt): 5.01

TIME STEEL TEMPERATURE
( to i n ) (deg.F) *

5.00 511
10.00 795

,

15.00 977
20.00 1093
25.00 1167
30.00 1215
35.00 1246

v)(

(%
NJ'

ATTACHMENT C

.

sumamme
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CASE NUMBER: 3
[) DUILDING: UNIT 1 REACOR BUILDING' ' '

ELEVATION AND AREA DESCRIPTIOt4: 201' SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x60

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 68
SURFACE OF STEEL MEMDER HEATED (sq.ft./ff): 6.06

TIME STEEL TEMPERATURE
(nin) (deg.F)

5,00 502
10.00 703
15.00 965
20.00 1083
25.00 1159
30.00 1209,

35.00 1241

(*J
,

'
'

n)(.

ATTACHMENT C

. ___ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _
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CASE NUMDER: 4f- s

( ) DUILDING: UNIT 1 REACOR BUILDING
ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x76

EFFECTS OF LOCAL HEATING ON STRUCTUR AL STEEL

FIRE TEMPERATURE (deg . F ) : 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 76
SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 6.09

TIME STEEL TEMPERATllRE
( ti i n ) (den.F)

3.00 453
10.00 724
15.00 907
20.00 1031
25.00 1116
3'.00 1174
35.00 1214

(

.

Q .

V

ATTACHMENT C

.
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CASE NUMBER: 5,

l ) BUILDING: UNIT 1 REACOR BUILDING''''

ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x04

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 04
SURFACE OF STEEL MEMBER HEATED (sq . f t ./f t ): 6.78

TIME STEEL TEMPERATURE
( rt in ) (d eg , F )

3.00 461
10.00 720
15.00 911
20.00 1035
25.00 1119
30.00 1177
35.00 1216

'''
.

[

, - .
'%.)

ATTACHMENT C

.
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CASE NUM!<ER: 6- ~s

( ) BUILDING: UNIT 1 REACOR BUILDING'-

ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x114

EFFECTS OF LOCAL HEATING ON STRUCTURAL GTEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./f t ): 114
SURFACE OF STEEL MEMBER HEATED (sq.Ft./ft): 6.89

TIME STEEL TEMPERATURE
( rn i n ) (deg.F)

5.00 362
10.00 586
15.00 756
20.00 806
25.00 905
30.00 1060
35.00 1117

,~,

n
(._/

ATTACHMENT C

.

,. , __ _.7 - , _ . , . - -_
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CASE NUMDER: 7
I I BUILDING: UNIT 1 R E ACOR BUILDINGb'

ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREACASE DEGCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W30x9'?

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ff): 99
SURFACE OF STEEL MEMBER HEATED (sq . f t . /f t ) : 7.37

iTME STEEL TEMPERATI
(Min) ( deg . F )

5.00 430
10.00 606
15.00 866
20.00 994
25.00 1004
30.00 t147
35.00 1192

,

\,)

,. _
,

L.)

ATTACHMENT C

.
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CASE NUMBER: 8_,

( ) DUILDING: UNIT 1 REACOR BUILDING
ELEVATION AND AREA DESCRIPTION: 201' SAFEGUARD SYSTEM ACCESS AREACASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W33x152

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 152
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 0.27

TIME STEEL TEMPERATURE
(min) (deg.F)

5.00 333
10.00 541
15.00 704
20.00 032
25.00 932
30.00 1011
35.00 1073

.

'%
.

|

,
,

Y%

ATTACHMENT C

.
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STRUCTURAL STEEL ANALYSIS

for

| LIMERICK GENERATING STATION

Calculation No. 13

Unit 1 Reactor Building El. 201'

l I Cooling Water HX Area Room 207

Fire Area 41

Prepared by: k7k Date: February 7, 1984

Reviewed by:Ypi[ .w_. % Revision: 1
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f. LIMERICK GENERATING STATION
b

1. AREA DESCRIPTION

The area under consideration is the Cooling Water Heat Exchanger Area Room

207 on the 201' elevation of the Unit 1 Reactor Building (Fire Area 41).
The bounding walls of the area are of reinforced concrete construction with
dn average thickness of 3 ft. The total surface area for heat transfer is

2 (see Attachment A for sketch and calculation of surface areas).
8985 ft

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of cable insulation located in
cable trays. The total surface area of cable trays is 102 ft2 with an
average combustible loading of 3.5 lbs/ft2 of cable tray surface area.
There are no combustible liquids in this area.

3. VENTILATION PARAMETERS

There are two doors which enter this area. Both measure 3' wide by 7' high.

One door is located in the east wall and the other is located in the west
~5

(G wall and enters stair No. 2.

4. CASES EXAMINED

Two cases were examined, each assuming that all the cable trays in the area
.were burning simultaneously. Case number one assumed one door open while

; case number two assumed both doors open.

5. RESULTS

Case number one assumed all . cables burning simultaneously with one 3' x 7'

door open. This 'resulted in a ventilation controlled fire with a burning
rate of 4504 kW and a duration of 90 minutes. The gas temperature at this
time would be 781*F which is below the critical temperature of the struc-

(tural steel.(see Attachment B).

Case number two essumed all cables burning simultaneously with both 3' x 7'

doors open. This resulted in a ventilation controlled fire with a burning
' rate of 9008 kW and a duration of 45 minutes. The gas temperature at this

|time would be 1028*F which is below the critical temperature of the struc-p
t ,) -tural steel (see Attachment B).

13 - 1

T

m

-- r s .~ ,--n , + ~ ~ - -- - - . - r - - , , --



n The position of cable trays relative to structural members were examinedD
throughout the area in order to assess the potential for localized heating.
Cable tray 10CQA is located within 12 inches of member types W27X84,
W21X44, W13X40 and W27X102.

Attachment C contains the results of calculations performed to determine
the response of the structural steel members to localized heating. These

calculations are conservative because they assume that the entire length of
the structural steel member is subjected to a temperature of 1300*F when,
in actuality, only a small section of the steel would be subjected to
localized heating. As can be seen from the results, member types W18X40,
W21X44, W27X84 and W27X102 exceeded the single point failure temperature of

1100*F during the 35 minute exposure period (time required for tray to burn
to completion).

Columns in this area are W14X342 and W14X550. When exposed to a plume

temperature of 1500*F, the steel temperature of the W14X342 reaches 1000*F

in 55 minutes and the steel temperature of the W14X550 reaches 876 F in 65
minutes.

.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

.The fire examined was ventilation controlled with a duration of 45
minutes. The temperature at this time was 1028"F. Since this temperature
approaches the critical temperature of 1100 F, no transient materials were

- quanti fled.

The ceiling height in the area is 12 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the,

area which is a W33X141.

The heat release-rates from transient combustibles in the area necessary to
reach plume temperature of 1100"F,1300*F and 1500 F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time to 1100*F (min),o - 1100 2,952g

V 1300 4,007 35 min
1500 '5,062 24 min

13 - 2
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Unit 1 Reactor Building El. 201' -

Cooling Water Heat Exchanger Area Room 207

Surface Area Calculation

Walls
North wall (95' x 15') 1425 ft2
East wall (132' x 15') 1980 ft2
South wall (33' x 15') 495 ft2
West wall (105' x 15') 1575 ft2

5475 fts

Ceiling
Area 1 (12' x 48') 576 ft2
Area 2 (19' x 11') 209 ft2
Area 3 (29' x 74') - (18' x 8') 2002 ft2
Area 4 1/2(4')(32') 768 ft2

3555 ft4

Total Surface Area for Heat Transfer 9030 ft2

,-

s,A

ATTACHMENT A

.
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CASE tlUMBER: 1

BUILDING: UNI'I 1 RCACTOR BUILDING
r^s., ELEVATION AtID A"EA DESCRIPTION: 201' COOLING WATER HX AREA RM 207() CASE DESCRIPTIaN: OtJE DOOR OPEN ALL CADLES DURNING

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 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
CEILING / WALL CEILING / WALL Ao Ho Aw OTHICKNESG MATERIAL

.

(Pt) (ft2) (ft) ft2 kux 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 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
3.0 CONCRETE 21.0 7.0 9030 4504

FIRE IS VENTILATIDN CON TROLLED

FIRE DURATION GAS TEMPERATURE
( rii n ) ( d eu . F: )

5 606
10 619
15 631
20 643
25 654
30 664
35 675
40 605
45 695

[V] 50 705
55 715
60 725
65 734
70 744
75 753
00 763
85 772
70 701

(Oj
.

,

i
!

ATTACHMErlT B

.
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CASE NUMBER: 2
DU.I LD ING : UtlI T 1 REACTOR BUILDING

(~'/ ELEVATIOt4 AtJD AREA DESCRIPTIOtJ: 201' COOLING WATER HX ARLA RM 207s
'v CASE DESCRIPTION: TWO DOORS OPEN ALL CABLES DURNING

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 x x x x x x x * x x * x x x x-x x x x x x x x x |
.

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
xxx **xxx xxxx** **x xx xx x x xxxx* xxxxx *xxxxxxx*** x x xx xx*x x xxxxx*xxx xxx***xxxx

3,0 C0t1 CRETE 42.0 7.0 9030 9000

FIRE IS VENTILATION COtJTROLI ED

F [!!E DUR ATIOff GAS TEMPERAIURE
(nin) (deo.F)

5 000
10 036
15 064
20 092
25 919
30 947
35 974
40 1001
45 1028,..

'V

|
;

f)
Nj

ATTACHMEtiT B

|

| '
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,- CASE NUMBER: 1

()3 BUILDING: UNIT 1 REACTOR BUILDING
ELEVATION AND AREA DESCRIPTION: 201' COOLING WATER HX AREA ROOM 207CASE DESCR TPTION : LOCALIZED HEATING OF MEMBER TYPE W10x40

EFFECTS OF LOCAL HEATING ON bTRUCTURAL STEEL

FIRE TEMPERATURE (deg, F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 40
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.3G

TIME STEEL TEMPERATURE
(min) (deg.F)

5.00 601
10.00 903
15.00 1075
20.00 1172
25.00 1227
30.00 1259
35.00 1277

,s

~%,/

l

l
:

|

)
t

i

( ,c\
% _.)

!
ATTACHMENT C,

:
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CASE NUMBER: 2

[/') BUILDING: UNIT 1 REACTOR ItUILDING
'

'-
ELEVATION AND AREA DESCRIPTION: 201' COOLING WATER HX AREA ROOM 207
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE U21x44

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F': 1300
WEIGHT OF STEFL MEMBER (1bs./ft): 44
SilRFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.94

TIME STEEL TEMPERATilRE
(min) (deq.F)

5.00 614
10.00 910
15.00 1000
20.00 1102
25.00 1234
30.00 1263
35.00 1280

/~N
V

7~~
d-

ATTACHMENT C

.
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CASE NUMBER: 3
) BUILDING: UNIT 1 REACTOR BUILDING'

ELEVATION AND AREA DESCRIPTION: 201' COOLING WATER HX AREA R006 207CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x84

EFFECTS Or LOCAL HEATING ON STRUCTURAL STEEL

FIR E TEM.'ER ATUR E (deg. F): 1300
WEIGHT OF STEEL MENBER (1bs./ft): 84
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.70

TIME STEEL TEMPERATURE
(n in) (deg.F)

5.00 461
10.00 720
15.00 911
20.00 1035
25.00 1119
30.00 1177
35.00 1216

(--
N._-

! i

-

ATTACHMENT C
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CASE NUMBER: 4

.(d't BUILDING: UNIT 1 REACTOR BUILDING''
ELEVATION AND AREA DESCRIPTION: 201' COOLING WATER HX AREA ROOM 207
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x102

EFFECTS OF LOCAL-HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs /ft): 102
SURFACE OF STEEL MEMBER HEATED (sq . f t ./f t ): 6.85

TIME STEEL TEMPERATURE
(min) (dog,F)

5.00 395
10.00 635
15.00 811
20.00 941
25.00 1036
30.00 1106
35.00 1158

fha

|

|

|

O,

v/
|

ATTACHMENT C

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

!

Calculation No. 14

UNIT 1 Reactor Building El. 253'

Main Steam & Feedwater Pipe Tunnel
O-.

Fire Zone 46

Prepared by: k%k Date: February 7, 1984

Reviewed by: 2 y[ ..e .~ Revision: 1
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LIMERICK GENERATING STATIONO
1. AREA DESCRIPTION

The area under consideration is the Main Steam and Feedwater Pipe Tunnel on

the 253' elevation of the Unit 1 Reactor Building (Fire Area 46). The bound-
ing walls in the area are of reinforced concrete with an average thickness
of 3.5 feet. The total surface area for heat transfer is approximately 5858

2ft .
(See Attachment A for a sketch of the area under consideration and a

calculation of areas).

2. COMBUSTIBLE LOADING

All cabling in this area is routed in conduit, there are no cable trays.
Tne.re are no combustible liquids in this area.

3. VENTILATION PARAMETERS
'

There is one 3' wide by 5'10" high door serving this area.
.

4. CASES EXAMINED
4

With no exposed combustible cabling and no combustible liquids in the area,
.

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

'

5. RESULTS

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

no fixed combustibles in the area to support a fire.

6. -EFFECTS OF TRANSIENT COMBUSTIBLES
-

' '

This area has no fixed combustibles. There is one door measuring 3' wide by
5'10" high entering this area. This corresponds to a ventilation controlled

I heat output of 3417 kW.
A fire of this heat rate could burn for a maximum

of 200 minutes without reaching a temperature of 1100*F.
.

Plume effects from floor level transients are negligible because of the high
ceiling.

. ,

p

\/ 14 - 1
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Unit 1 Reactor Building El. 253'i

'

Main Steam and Feedwater Pipe Tunnel Fire Zone 46

Surface Area Calculation

Walls
North wall (40' x 29') 1160 ft2
East wall (40' x 33') 1320 ft2
South wall (40' x 30') 1200 ft2
West wall (40' x 33') 1320 ft2

5000 ft2

Ceiling
i

Area 1 (30' x 30') - [(3.5' x 3.5') + (10' x 3')] 857.75 ft2

Total Surface Area for Heat Transfer 5857.75 ft2

i

ATTACHMENT A
,-

L.)
f

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 15
,

Unit 1 Reactor Building E1. 217'

C Safeguard System Area Room 339

t Fire Area 43
i

t

a

!

.

j Prepared by: k7[// Date: February 7, 1984

Reviewed by: ?[. 4b ., % _ Revision: 1
|

-

|

O
l-
!

P. O. Bo ^ * * Oale Ridge, Tennessee 37830 * (G15) 482-3541

I -.

t

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



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

o

"
.

LIMERICK GENERATING STATION

_/ -

1. AREA'0ESCRIPTION,

The area under consideration' is the Safeguard System Area, Room 303, on the'

217' elevation of the Unit 1 Reactor Building (Fire Area 43).1- Bounding
walls to the north, south, and east are of reinforced concrete construction

-

while the west wall is of concrete masonry unit construction. The average
wall thickness is 2 ft. The total surface area for heat transfer is 13,777'

2 (see Attachment A for sketch md surface area calculations),ft

s

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of two cable trays,100RA and
10lWA, which are located along the south wall of the area. The total sur-
face area of - the cable trays -is 460 ft2 with an average combustible loading
of 6.5 lbs/ft2 of cable tray surface area. There arc -no combustible liquids ;

in this-area.

3. VENTILATION PARAMETERS,
'

' Two steam tight doors each measuring 3' wide by 7' high enter this area.

One door is located in the east.wa.ll while the other door >is located in theI

west wall.

;. -4.- CASES EXAMINED. '

Two cases were examined for this area. The first case; assumed all cable.

trays in the area to be burning simultaneously with one door open. The
Il

second case' assumed all cable trays burning simultaneously with two doors
I: open..

5. RESULTS'
. .

'

L

'

~ Case number one assumed one 3' x 7' door open with all cables burning
simultaneously. This resulted in a ventilation controlled fire with a heat

-

output of _4504 kW and a duration of '120 minutes. The gas temperature at
this time.would be 643*F which is below the critical temperature of the

|
structural steel (see Attachment B)'.

Case number two assumed-both 3' x 7' doors open with all cables burning
'

|f - simultaneously. This resulted in a fuel controlled fire with a heat output

. 15 1. .
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of 8123 kW. The fire duration would be 6.5 lbs/f t2 .1 lbs = 65 minutes.4

min /ft2

The gas temperature at this time would be 808*F, which is below the critt.
al temperature of the ' structural steel- (see Attachment B).

The location' of the cable trays relative to structural steel members was
examined in the area. No cable trays were positioried so as to present a
localized heating exposure to structural steel.

Columns in the area are W14X730, W14X550, and W14X287. When exposed tn a
, plume temperature. of 1500*F, the temperatures of the steel columns are as

follows:
-

W14X730; 757'F after 65 minutes
W14X550 876*F after-65 minutes
W14X287 1000*F after 47 minutes

.

6. EFFECTS OF TRANSIENT ' COMBUSTIBLES

In'e fire examined was fuel controlled with a duration of 65 minutes. The
'

,

teaperature'at this time was below 1100*F. The maximum additional heat
rel, ease rate due to_ transient materials in the area which will result in an
area temperature less than,1100*F is listed below.

_

Fire Duration 0/A (kW/m2)' 0 kW
- 65 min 10 (6:

The ceiling height in the area is 18'6". This distance is measured from
the floor slab to the bottom df the largest structural steel member in the
area which is-a W18X50.

The heat release rates from transient scombustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed' in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100 F are also listed.

_,

.T-(*F) Q (kW) Time to 1100*F (min)_
1100 10,123-

1300 13,076 19 min
_O

.

1500 1s.4so 13 m4e

*

15 - 2s
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tinit 1 Reactor Building El 217'
Safeguard System Area Room 309

Surface Area Calculation

Walls
North wall (140' x 35') 4900 ft2
South wall (107' x 35') 3745 ft2
East wall (11' x 35') 1085 ft2
West wall (62' x 35') 2170 ft2

11,900 ft2

Ceiling
Area 1 (7' x 107') 749 ft2
Area 2 1/2(32' x 36') 576 ft2
Area 3 1/?(48' x 23') 552 ft2

Total Surface Area for Heat Transfer 13,777 ft2

n
(;

ATTACHMENT A

.
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CASE NUtiDER : 1

BUILDING: UNIT 1 REACTOR DUILDIrlG
.. ELEVATION AND AREA DESCRIPTION: 217' SAFEG'l ARD SYSTEM AREA ROOM 2,09

( ) CASE DESCRIPTION: OtlE DOOR OPEN ALL CADLES BURNINGv

-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 Y X X X X X X X X A X X X X X X X X X X X X X XX -X X X X X X X X X X XX

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

(ft) (ft2) ( Ft) (ft2) (kW)
Y 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 X X X X X X X- X X X X X Y X X X X X X X X X X X X -XXXX

2.0 CONCRETE 21.0 7.0 13777 4504

FIRE IS VENTILATION CONTROLLED

FIRE DURATI0tJ GAS TEMPER A TURE
(nin) (d ea . F >

10 514
20 530
30 543
40 '5S6
SO 560
60 579

i 70 SYO
t 30 601

90 612
(^3 100 623,

Cl 110 633 ;
120 643

.

i n
[ \ ,/
i

TTACHMENT B
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CA$E NUMBER: 2
BUILDING: UNIT 1 REACTOR BUILDING
ELEVATION AND AREA DESCRIPTION: 217' SAFEGUARD SYSTEM AREA ROOM 309n

C) CASE DESCRIPTION: TWO D00RG OPEN ALL CABLES BURNING

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 * * * * x x X x x x x X x x * x x x x x x x x.

CEILItJC/ WALL CEILING / WALL Ao Ho Aw Q
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
x x x X x X M x x x x 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 x x x X x X X X x X-X X X x X X x X X X X X X X M x X x x x x X x x-

2.0 CONCRETE 42,0 7.0 13777 0123

FIRE IS FUEL CONTROLLED

FIRE DUR ATION GAS TEMPERATURE
(Min) (dea.F)

5 650
10 666
15 600
20 694
25 708
30 72l
35 734
40 746
45 759
50 771O 55 704'v 60 776
65 000

<^; .

x., !

ATTACHMENT B
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LIMERICK GENERATING STATIONp,

V
1. AREA DESCRIPTION

The area under consideration is the general floor area on the 217' ele-
vation of the Unit 1 Reactor Building (Fire Area 44). The heaviest com-
bustible loading encountered on this elevation is found in the northeast
corner. The area of-heaviest combustible loading is bounded by column

lines 19.4 & 23 and J & Fb (see Attachment A for a sketch of the area
under consideration). The bounding walls in the area are of reinforced
concrete with an average thickness of 3 f t. The total surface area for
heat transfer is 11,309 ft2 (see Attachment A for calculation of areas).

2. COMBUSTIBLE LOADING

The heaviest concentration'of cabling found within this area was cen-
tered along column line 21.5. The average combustible loading of the
cable trays in this area is 3.2 lb/f t2 of tray surface area. There are
no combustible liquids in this area. Enclosed combustibles are not
included in the combustible loading.

tb
'# 3. VENTILATION PARAMETERS

The area under consideration is open to the remainder of this elevation
on its south side. This opening is approximately 13 ft. wide by 35 ft.
high.

4. CASES EXAMINED

A spreading cable fire was assumed to originate in the area of heaviest
cable concentration in order to present the worst case. The fire is
assumed to start at a point source and spread horizontally along the
cable trays in each direction at a rate of 10 f t per hour. The fire will
spread along all of the horizontal cable trays intersecting the point
source for a distance of 5 feet in each direction before the original
point source dies out af ter 32 minutes. A maximum surface area of 186

ft2 of cable trays (see Attachment B for a list of trays) will be
involved at any one time, which corresponds to a heat output of 3284 kW.
This heat output is assumed constant throughout the fire duration. The
actual heat output as the fire spreads out of the area originally

( j' . involved would be less since the quantity of cabling that would be
w.

. involved at any one time would be less,

16 - 1

.
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5. RESULTS

The fire duration was taken to be 180 minutes and the fire temperature
reached af ter 3 hours was 650*F which is below the critical temperature |

,

for the structural steel (see Attachment C for results of analysis).
Since the fire was assumed to occur in the area of heaviest combustible
loading, the results are considered to be representative for the entire
general floor area on the 217' elevation of the Reactor Building.

The location of cable trays relative to structural steel members were
examined throughout the 217' elevation of the 1 ~:'etor Building in order
to assess the potential for localized heating. A stack of 4 cable
trays were positioned 2'6" below a G7 girder so as to presciit a
localized heating exposure to structural steel. When exposed to the
1300"F pb.ne temperature for 32 minutes the girder Will be heated to
700*F.

Columns in the area are W14X550 and W14X287. When exposed to a plume
temperature of 1500*F, the steel temperatures of the columns are as
follows:

W14X550 876*F after 65 minutes
W14X287 1000*F after 47 minutes

C. EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 180 minutes.
The temperature at this time was below 1100*F. The maximum additional

heat release rate due to transient materials -in the area which will
result in an area temperature less than 1100 F is listed below.

Fire Duration 0/A(kW/m2) 0 (kW)
3 hours 6.5 3547

The ceiling height in the area is 30 feet. This distance is measured
- from the floor _ slab to the bottom of the largest structural steel
member in the area which is a G7.48".

16 - 2
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(.,,) The heat release rates from transient combustibles in the area neces-,

sary to reach plume temperature of 1100*F,1300*F and 1500 F at the

bottom flange of the beam are listed in the table below. For tempera-
tures greater than 1100*F, the time required to heat the steel to
1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 >21,089

1300 >21 089,

1500 >21,089

,

e#%

v

O

9

***\

L .,/

16 - 3
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Unit'l Safeguard Systems El. 217' Northeast Corner

Surface Area Calculation
'

-Walls
Nortn wall .(51' x 34.5') 1759.5 f 2' North wall stairway- (8' x 34.5') 276 ft2East wall stairway (18' x 34.5') - (3' x 7' door) 600 ft2

L

- West. wall (H -to Fb) (51' x 24') 1224 ft2'
East wall (stairway to Fb) (55' + 2' x- 3') x 34.5' 2104.5 ft2I. South wall at H' (13' x 24') 312 ft2South ~ wall at Fb (10,5' x 34.5')'- (3' x 7' door) 341 ft2|. Drywell to Fb

(30.5 ' x 34.5 ') + (51' x 24 ')- 2276 ft2
L

_

'

8893 ft2

:1;.
.

,

O
' ATTACHMENT A
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Ceiling

O Area 1 (5' x 24') 120 ft2Area 2- 1/2 (24' x 19') - 42 f t2 186 ft2Area 3 (24' x 13') 312 ft2Area 4 (31' x 16') 496 ft2Area 5 (13' x 5') 65 ft2Area 6 (4' x 3') 12 ft2Area 7 (21' x 42') 882 ft2Area 8 (49' x 5') 245 ft2Area 9 1/2(28' x 8') - 42 ft2 70 ft2Area 10 1/2(21' x 4 ') - 14 f t2 28 ft2

2416 f t2

Total Surface Area for Heat Transfer 11,309 ft2

O'

<

!

l
,

i

I

i

<
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1

The following cable trays are present in the area defined for the source7-~

' _)s fire and all of the trays are assumed to be burning simultaneously:

Surface
Tray No. Width (in) Length (ft) Area (ft )2
1BCTA70 24" 17' 34
IBCVA70 24" 17' 34
IBCVA70 24" 17' 34
IBCWA70 24" 10' 20
10CRA63 24" 6' 12
10CRA62 24" 4' 8
'OIWA63 24" 8' 16

JIXA62 24" 2' 4
10lWA62 24" 2' 4
10!XA70 24" 10' 20

186 ft2

Average Combustible Loading per Tray Surface Area = 3.2 lb/f t2

Fire Duration for Free Burning Tray Fires =
3.2 lb/ft2 0.1 lb = 32 minutes4

ftc/ min

('') Heat output with all trays in source fire area (above) burning
'' ' simultaneously:

186 ft2 _ x 190 kW/m2 = 3284 kW
10.76 f tc/mc

ATTACHMENT 8
fw .

--/
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iThe following cable trays are present in the area defined for the source'')(U fire and all of the trays are assumed to be burning simultaneously:

SurfaceTray No. Width (in) Length (ft) Area (ft )2
IBCTA70 24" 1/' 34
18CVA70 24" 17' 34
1BCVA70 24" 17' 34
1BCWA70 24" 10' 20
10CRA63 24" 6' 12
10CRA62 24" 4' 8
10tWA63 24" 8' 16
10lXA62 24" 2' 4
10lWA62 24" 2' 4
10!XA70 24" 10' 20

186 ft2

Average Combustible loading per Tray Surface Area = 3.2 lb/ft2

Fire Duration for Free Burning Tray Fires =
3.2 lb/ft2 4 01 lb = 32 minutes

ftc/ min

(- 3 Heat output with all trays in source fire area (above) burningC.J simultaneously:

186 ft2 _ x 190 kW/m2 = 3284 kW
10.76 ft</m c

ATTACHMENT B
n
\ _,

.
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CASE tJUMBER: 1

DUILDIrl(;: UNI T 1 REACTOR BUILDING
f) ELEVATION AND AREA DESCRIPTION: 217' CENERAL FLOOR ARLA\- ' CASE DESCRIPTION: SPREADItJG CADLE FIRE

x xX x*x x x x x x x X x x-x x x x x x x x x- x X x xx x x x x x x-xx x x x x x x x x* *x x x x x x x x x x x x x x xx x x x x x x xx x

CEILIt1G/ WALL CEILING / WALL Ao Ho Aw Q
THICKNESS NATERIAL

(ft) (ft2) (ft) (ft2) (kW)
X X x M X X- X x X x M X X X X x X X X X x x X -X- x W 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 X X X X

3.0 CONCRETE 452.0 35.0 11309 3284

FIRE IS FUEL CONTROLLED

F IRE DUR A TT0tl GAG TEMPERATURE
( tii n ) (deg,F)

10 400
20 501
30 513
40 524
50 535
60 545
70 555
80 564
90 574

m 100 533
Is_) 110 5V2

,120 600
130 609
140 617
150 626
160 634
170 642
180 6SO

.

4

{

g
v

ATTACHMENT C
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LIMERICK GENERATING STATION3(v.
1. AREA DESCRIPTION

The area under consideration is .he Southeast Corner of the General Floor
Area on the 217' elevation of the Unit 1 Reactor Building (Fire Area 44).
Bounding walls are of reinforced concrete construction with an average
thickness of 2 ft. The total surface area for heat transfer is 7722 ft2
(see Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE' LOADING

The heaviest concentration of cabling found within this area is along the
, east wall which borders the railroad bay where cable trays are stacked four

high. The average combustible loading of the cable trays in this area is
3.5 lbs/ft2 of cable tray surface area. There are no combustible liquids
in this area.

3. VENTILATION PARAMETERS

The area under consideration is open to the remainder of the 217' elevation
of.the' Reactor Building.

(-

4. CASES EXAMINED

A spreading cable fire was assumed to originate in the area of heaviest
cable concentration in order to present the worst case. The fire is assumed

to start at a point source and spread horizontally along the cable trays in
each direction at 'a rate of 10 feet per hour. The fire will spread along
all of the horizontal cable trays intersecting the point source for a dis-
tance of 6 feet in each direction before the original point source dies out
after 35 minutes. A maximum surface area of 96 ft2 of cable trays (see
' Attachment B for a list of trays) will be involved at any one time, which
corresponds - to a heat output of 1700 kW. This heat output is assumed con-
stant throughout the fire duration. The actual heat cutput as the fire
spreads out of the area originally involved would be less since the quanti-
ty of cabling that would be involved at any one time would be less.

'17 - 1
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5. 'RESULTS

() The fire duration was taken to be 180 minutes and the gas temperature
reached af ter 3 hours would be 550*F which is below the critical tempera-

ture for the structural steel (see Attachment C).

The location of cable trays relative to structural steel members were
examined throughout the area in order to assess the potential for localized
heating. A stack of 4 cable trays were positioned 2' below the W27X84
beams 50 as to present a localized heating exposure to the structural
steel.

6. EFFECT OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 180 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) 0 (kW)
3 hours 6.5 2964-s

v

The ceiling height in the area is 32'3". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W27X84.

Plume ef fects from floor level transients are negligible.

.O
17 - 2
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Unit 1 Reactor Building El. 217'
Southeast Corner

Surface Area Calculation

Area 1
South wall (14' x 34') 476 ft2
East wall (58' x 34') 1972 ft2
West wall (34' x 34') 1156 ft2

Area 2
North wall (38' x 34') 1292 ft2
South wall (38' x 34') 1292 ft2

Ceiling (58' x 14') + (38' x 19') 1534 ft2

Total Surface Area for Heat Transfer 7722 ft2

7--
(_)y

ATTACHMENT A

.
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* .
- The following cable trays are present in the area defined for the source

fire and all of the trays are assumed to be burning simultaneously:

.

' Tray No. Width (in.) Length (ft.) Ar a 2t ).1BCTA56 24 6
I 1BCTA58 24 6
: IBCVA56' 24 6

1BCV A57.. 24 6
I

IBCUA56- 24 6
1BCUA57 24- 6!-

. 1BCWA56 24 6 2
'

1BCWA57 24 6 12
96 ft2

;
.

t

Average combustible loading pt, my surface area = 3.5 lbs/ft2.

*
t

;. . Heat output with all trays listed at'ove burning simultaneously:-

| 96 ft2 _ x 190 kW/m2 = 1700 kW
10.76 ft'/m'

, ,

g
m

.

A

>

'

,

e

d

1

i
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CASE NUMBER: 1
.

BUILDIt1G : UNIT 1 REACTOR BUILDING
(3 ELEVATION AND AREA DESCRIPTION: 217' SOUTH EAST
'v' CASE DESCRIPTION: SPREADING CABLE FIRE
'

u w * 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 x

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
X -X- X X- M X M X X X X X W X -X X X- M-X N:X X X X W W X X X- X X x X X M W 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

2.O CONCRETE 432.0 24,0 7722 1700

FIRE IS FUEL CONTROLLED

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

10 430
20 441
30 450
40 458
50 466
60 474
70 401
80 438
90 495

. 100 501
s ) 110 508' ' ' '

'120 514
130 520
140 526
150 532
160 538
170 544
180 550

fs

,J
_

ATTACHMENT C
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LIMERICK GENERATING STATION
N

1. AREA DESCRIPTION

The area under consideration is the Northwest Corner of the General Floor
Area on the 217' elevation of the Unit 1 Reactor Building (Fire Area 44).
Bounding walls are of reinforced concrete construction with an average
thickness of 2 ft. The total surface area for heat transfer is 7706 ft2
(see Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

The heaviest concentration of cabling found within this area is along the
, west wall in the southwest corner of the area. The average combustible

loading of the cable trays in this area is 3.5 lbs/ft2 of cable tray
' surface area. There are no combustible liquids in this area.

3. VENTILATION PARAMETERS

The area under consideration is open to the remainder of the 217' elevation
of the Reactor Building.

OV 4. CASES EXAMINED '

A spreading cable fire was assumed to originate in the area of heaviest
cable ccacentration in order to present the worst case. The fire is assumed
to start. at a point source and spread horizontally along the cable trays in
each direction at a rate of 10 feet per hour. The fire will spread along
all of the horizontal cable trays intersecting the point source for a dis-
tance of 6 feet in each direction before the original point source dies out
after 35 minutes. A maximum surface area of 120 ft . of cable trays (see2

Attachment B for a list of trays) will be involved at any one time, which
corresponds to a heat output of 2119 kW. This heat output is assumed con-
stant throughout the fire duration. The actual heat output as the fire
spreads out of the area originally involved would be less since the quanti-
ty of cabling that would be involved at any one time would be less.

18 - 1
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5. RESULTS

V The fire duration was taken to be 180 minutes and tne gas temperature

reached after 3 hours was 629*F which is below the critical temperature for |_
the structural steel (see Attachment C for results of analysis). Since the
fire was assumed to occur in the area of heaviest combustible loading, the
results are considered to be representative for the entire area on the 217'
elevation of the Reactor Building.

The location of cable trays relative to structural steel members were
examined throughout the area in order to assess the potential for localized
heating. Two cable trays weic positioned 2' below a W27X94 beam so as to
present a localized heating exposure to the structural steel.

Columns in this area are W14X730 and W14X87. When exposed to a plume

temperature of 1500*F, the steel temperatures are as follows:
W14X730 757*F after 65 minutes
W14X87 1000*F after 14 minutes

6. EFFECT OF TRANSIENT COMBUSTIBLES

O The fire exemiaed wes feei controiied with e deretie, of 180 min #tes. The

temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area unich would result in
an area temperature less than 1100*F is listed below.

Fire Duration 0/A (kW/m2) 0 (kW)
3 nours- 6.5 2536

The ceiling height in the area is 30 feet. This distance is measured from

the floor slab to the bottom of the largest , structural steel member in the
area, which is a G7 48".

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500 F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to-heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 >21,089

(O 1300 >21,089.

d 1500 >21,089

18 - 2
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Unit 1 Reactor Building El. 217'
Torthwest Correr Fire Area 44

-

'

Surface Area Calculation '

Walls

Area 1
North wall (24' x 34') 816 ft2East wall (28' x 34') 952 ft2
West wall (44' x 34') 1496 ft2

Area 2
North wall (10' x 34') 340 ft2
South wall (10' x 34') 340 ft2
West wall (8' x 34') 272 ft2

Area 3
North wall (24' x 34') 816 ft2
South wall (30' x 34') 1020 ft2East wall (5' x 34') 170 ft2

6222 ft2

Ceiling

Area 1 (44' x 24') - (10' x 10') 956 ft2
Area 2 (24' x 10') 240 ft2
Area 3 1/2 (24' x 24') 288 ft2

1484 ftd-

:

Total Surface Area for Heat Transfer 7706 ft2

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

SurfaceTray No. Width (in.) 1.ength (ft.) Area (ft )2
1ACWA19 24 6 12
1ACVA19 24 6 12
1ACYA19' 24 6 12

- 1ACXA19 - 24 6 12
'

10CUA19 24 6 12
1ACWA20 24 6 12

'
1ACVA20 24 6 12

,

1ACfA20 24 6 12
1ACXA20 24 6 12
10CUA20. 24 6 12

120 ft2-4

.I

!-

Average combustible loading per tray surface area = 3.5 lbs/ft2

Fire duration for free burning tray fires =
3.5 lbs/ft2 4 .1 lbs 35 minutes=

ft4/ min
!

Heat output with all trays in source fire area (above) burning-1 O si eiteaeoesis:

|
120 ft2 x 190 kW/m2 = 2119 kW_

.10.76 ft4/m4
|
,

i
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CASE NUMBER: 1

BUILDING: UNIT 1 REACTOR BUILDING. ~ ,,

( ELEVATI0t1 AND AREA DESCRIPTION: 217' NORTH WEST
>

'
' ' '

CASE DESCRIPTION: SPREADING CABLE FIRE

X x x x X X X- X M 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 M x X M X X X X X- X M x x X x X X x X X x X X x X X x x- x Y- K x x

CEILING / WALL CEILING / WALL Ao Ho Aw Q
THICKNESS HATERIAL

(ft) (ft2) (ft) (ft2) (kW)
*xx x**** x * xx Xx *xx x x y X x*Xx xx x x x x xxx*x xx x xxx x**x x x x x xx xx xx x xx Xx xxxXx xx x* x x

2.0 CONCRETE 432.0 34,0 7706 2119

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
( tii n ) (dea.F)

10 476
20 4H9
30 500
40 511
50 521
60 530
70 539
00 540
90 557

,e w 100 565,

\j 110 574
120 '

502
130 590
140 SYO
150 606
160 614
170 621
100 629

1

I
i

|

; \ _/
.

4

ATTACHMENT C
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK ATOMIC GENERATING STATION

Calculation No. 19

Unit 1 Reactor Building, E1. 253'
'

. General Floor Area
i

Fire Area 45A

i

l

i
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LIMERICK GENERATING STATION

(/
1. AREA DESCRIPTION

The area under consideration is the general floor area on the 253' ele-
vation of the Unit 1 Reactor Building (Fire Area 45A). The heaviest
combustible loading encountered on this elevation is found in the CR0
Hydraulic Equipment Area and Neutron Monitoring System Area. The area
of heaviest combustible inading is bounded by column lines 19.4 & 23

. and J &_ Fa (see Attachment A for a sketch of the area under considera-
tion). The total surface area for heat transfer is approximately 11,774

2f t . The bounding walls are constructed of reinforced concrete with an
average thickness of 1.5 ft.

2. COMBUSTIBLE LOADING

The heaviest concentration of cabling found within this area was along
the east wall. The average combustible loading of the cable trays in
this area is 4.7 lbs/ft2 of tray surface area. There are no combustible
liquids in this area. Enclosed combustibles are not included in the

(q combustible loading.
/

3. VENTILATION PARAMETERS

The area under consideration is open to the remainder of this elevation
on its south side. This opening is approximately 28.5 ft. wide and 29
ft. high.

4. CASES EXAMINED

A spreading cable fire was assumed to originate in the area of heaviest
cable concentration in order to present the worst case. The fire is
assumed to start at a point source and spread horizontally along the
cable trays in each-direction at a rate of 10 feet per hour. The fire

'

will spread nceth and-south along the east wall and westward a distance

of 8 feet in each direction along the cable trays before the original
point source dies out after 47 minutes. A maximum surface area of 386
ft2 of cable trays (see Attachment B for a list of trays) will be
involved at any one time, which corresponds to a heat output of 6816
kW. This heat output is assumed constant throughout the fire duration.

A
( ). The actual heat output as the fire spreads out of the area originally

' involved would be less since the quantity o,f cabling involved at any
one time would be less.

19 - 1
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5. RESULTS

The fire duration was taken to be 180 minutes and the fire. temperature
reached af ter 3 hours was 1045'F which is bel'w the critical tempera-

|
o

ture for the structural steel (see Attachment C for results of alaly-
sis). Since the fire is assumed ,to occur in the a(ea of heaviest
combustible loading, the results are considered to be representative
for the entire -general floor area on the 253' elevation of the Reactor
Building.

The positions of cable trays relative to structural -steel members were
examined throughout the 253' elevation of the Reactor Building in order
to assess the potential for localized heating. Cable tray 1ACYC05 is
located 12" below the bottom of a girdea type'G-52 (54WF366).

Attachment D contains the results of. calculations performed to deter-
mine the' response of the girder to . localized heating. These calcula-
tions are conservative because they assume that the entire length of

|.

j the girder. is subjected to a temperature of 1300*F when in actuality
'

v
only a small section of the steel would.be subjected to localized heat-
ing. As can be seen from the results, the girder does not reach its

|
-

,

single point. failure temperature of 1100*F during the 50 minute expo-
sure. period (time required for a tray .to burn to completion).

Columns in the area are W14X730, W14X665, W14X370, W14X550 W14X119

W14X342, and W14X87. When ' exposed to a plume temperature of 1500*F,
the steel temperatures of the columns are as follows:

J

W14X730 J57'F after 65 minutes
W14X665 795'F after 65 minutes
W14X370 1000*F after 58 minutes
W14X550 876*F after 65 minutes
W14X119 1000*F after 20 minutes

|
W14X342 ~ 1000*F af ter 55 minutes
W14X87 1000*F after 14 minutes

h 19 - 2
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6. E_FFECTS OF TRANSIENT COMB'JSTIBLES
'

The fire-examined was fuel controlled with a duration of 180 minutes.
The temperature at this time was 1045*F Since this temperature.

approaches the critical temperature of 1100*F, no transient materials
were quantified.

..

.

,

- The-ceiling height in the area is 24 feet. This distance is measured
. from the floor slab to the botto., of the largest structural steel

. member in the area wh'ich is a A52, 54". .

'The heat release rate's from, transient combustibles in the area

. -
necessary to reach plume temperature of 1100*F,1300*F and 1500*F'at
the bottom- flange of the beam are listed in the table below. For
temperatures greater than 1100*F, the time required to heat the steel,

:,to 1100*F are also listed.
. w

T (*F) Q (kW) Time to 1100*F (min)n
1,,) -1100 19,192

'

1300 >21,039 >50 min
.1500 >21 089 42 min,.
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Unit 1 Reactor Enclosure 253' El.

Surface Area Calculation

Walls
North wall above Neutron Mon. (18' x 19') 342 ft2North wall Neut. Mon, to Stairway (35' x 28.5') 997.5 ft2North wall stairwell (8' x 28.5') - (3' x 7') 207 ft2East wall (67' x 28.5') 1909.5 ft2
Column North & South Faces East Wall (16' x 28.5') 456 ft2Drywell Access Wall (16' x 28.5') 456 ft2Drywell wall above Neutron Mon. (22' x 19') 418 ft2
Drywell wall from Neut. Mon to Access (49' x 28.5') 1396.5 ft2Neutron Monitoring Walls (63' x 9.5') - (3' x 7') 577.5 ft2

6969 ft2

ATTACHMENT A
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CeilingOi

Area 1 (27' x 11') 297 ft2Area 2 1/2(27' x 41') - 240 f t2 313.5 ft2Area 3 (46' x 74') 3404 ft2Area 4 1/2(i ' x 6') - 21 f t2 45 ft2Area 5 (4' x 6t') 244 ft2Area 6 (4' x 4') 16 ft2Area 7 (4' x 42') 168 ft2Area 8 (21' x 12') 252 ft2Area 9 1/2(11' x 12') 66 't2

4805.5 ft2

Total Surface Area for Heat Transfer = 11,774 f t2
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The following cable trays are present in the area defined for the source-

( )s fire and all of the trays are assu:aed to be burning simultaneously:

SurfaceTray No. Width (in) Length (ft) Area (ft 1210CPA79 2 4 '' 2' 4
10CAA74 24" 16' 32
10CVA72 24" 5' 10
10CBA72 24" 10' 20
10CQA21 24" 12' 24
llCCA21 2 "+ " 16' 32
10CZA21 24" 9.S' 19
10CPA74 24" 7' 14
1CDPA75,76,78 24" 5' 10
10CQA76 24" 11' 22
llCL A74 24" 11' 22
10CDA74 24" 11' 22
10lYA74 24" 11' 22
10CZA74 24" 8' 16
11CCA74 24" 8' 16
10CBA74 24" 8' 16
10 COB 13 24" 11.5' 23
10lYB13 24" 15' 30
10 COB 12 24" 8' 16
10lYB12 24" 8' 16

I 'Iv 386 ft2

Average Combustible Loading per Tray Surface Area = 4.7 lb/f t2

FireDurationforFreeBurningCabigTrayFire=
4.7 lb/f t + 0.1 lb = 47 minutes

ft'/ min

licat output with all trays in source fire area (above) burning
simultaneously:

386 ft2 x 19G kW/m2 = 6816 kW
10.76 ft</m

ATTACHMENT B,
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CASE NUMBER: 1

7)
DUILDINC: UNIT 1 REACTOR DUILDIt1C

( ELEVA TIOff AND ARE A DESCRIPTION: ?S3' NOR THEAST CORtfER'
CASE DESCRIPTION: GPREADING CADLE FIRE

* 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 x X x x x y x x x X x x x x Y x y x x x X x x X X x X x X
,

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNEGS MATER I AL

(ft) (ft2) (ft) (ft2) ( k tJ )
xXx x x x x x x xxx XX x x x x x x xx x XXx x xx x x x X*x x x x x x x x x x x x x Xx x x x x xx x x x x x x X x X x x x Xx Xx x

1.5 CONCRETE 026.0 29.0 11774 6816

FIRE IS FUEL CONTROLLED

FIRE DURA'lIOtl GAS TEr1PERATllRE
(nin) (deg.F>

10 661
20 600
30 714
40 739
50 764
60 700
70 011
30 034
70 OG7

p 10 () 879
V 110 901

120 923
'

130 944
140 965
150 90ti
160 1005
170 1025
180 1045

v

.

ATTACHMENT C
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; CASE HUMBER: 1

i BUILDING: UNI'1 1 REACTOR DUILDING
j & ELEVATI0tl AtJD AREA DESCRIPTI0ti: 253' GEtJER AL F LOUR AREAW
; CASE DESCRIPTI0tJ:

LOCALIZED HEA TItJG Or HEMDER TYPE G-52(54WFJ66)'

i

EFFECTS OF LOCAL HEATING Ot1 STRUCTURAL STEEL
< ,

4

!

FIPE TEMPERATURE (den. F): 1300
.

i WEIGH 1 0F STEEL ME.1BER (lbs./f1): 366! SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 13.30 '
4

i TIME STEEL IFMPERATURE
. (nin) (d ea . F ) if

5.00 245
10.00 i

3?615.00 526
20.00 i

637
, 25.00 j732
! 30.00 !814
1 35.00 |003

40.00 !,

943
45.00 !994
50 .00 1030
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/~ LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The area under consideration is the general floor area on the 283' eleva-
tion of the Unit 1 Reactor Building (Fire Area 47A). The heaviest combusti-
ble loading encountered on this elevation is found in the northeast corner.
The area of heaviest combustible loading is bounded by column lines 20 & 23
and J & H (see Attachment A for sketch of area). Bounding walls are of
reinforced concrete construction with an average thickness of 3 f t. Total

2surface area for heat transfer is 6947 ft (645 m2) (see Attachment A for
calculation of areas).

2. COMBUST!BLE LOADING

The heaviest concentration of cabling found within this area is located
five feet to the west of column line 21.5. The average combustible loading
of the cable trays in this area is 4 lbs/f t2 of tray surface area. There
are no combustible liquids in this area. Enclosed combustibles are not
included in the combustible loading.

O,

3. VENTILATION PARAMETERS

The area under consideration is open to the remainder of this elevation on
its. south side, however,- there are several rooms at floor level that extend
a height of 12 f t from the floor. This leaves a ventilation opening above
these rooms approximately 54' wide by 17' high.

4. CASES EXAMINED

A spreading cable fire was assumed to originate in the area of heaviest
Cable concentration in order to present-the worst case. The fire is

assumed to start at a point source and spread horizontally along the cable
trays in each direction at a rate of 10 feet per hour. The fire is assumed
to extend along the north wall and southwest, a distance of 7 feet before
the original point source dies out after 40 minutes. A maximum surface area
of 172 ft2 of cable trays (see Attachment 8 for list of cable trays
initial 1y burning) will be involved at any one time, which corresponds to a

,

heat output of approximately 3050 kW. This heat output is assumed constant
throughout the fire duration. The actual heat output as the fire spreads

(J out of the ' area originally involved would be less because concentrations of
cabling that would be involved at any one time would be less.

20 - 1
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The fire was assumed to last 3 hours with no action takcq by plant per-
sonnel to extinguish the fire. The peak gas temperature reached was
854*F (see Attachment C) which is below the critical temperature for

the structural steel. Since the fire was assumed to occur in the area
of heaviest combustible lo'ading, the results are considered to be
representative for the entire general floor area on the 283' elevation
of the Reactor Building.

The position of cable trays relative to structural steel members were
examined throughout the 283' elevation of the Reactor Building in order
to assess the potential for localized heating. Cable trays were encoun-
tered within 1 foot of type 36WF230 beams in numerous locations. Ca51e
trays ICCRA, ICCTA, IMI AB, and 1ACYA were positioned 12 inches below a

18WF45 beam located northeast of the drywell near column line 20.

.

Attachment D contains the results of calculations performed to deter-
mine the response of the structural members to localized heating.

{

These calculations are conservative because they assume that the entire
length of the member is subjected to a temperature of 1300*F when in
actuality only a small section of the steel would be subjected to
localized heating. As can be seen from the results, member type 18WF45
exceeded the single point failure temperature of 1100*F during the 40
minute exposure period (time required for a tray to burn to comple-
tion). Attachment D includes a sketch showing the location of the
structural member which will fail due to localized heating ef fects.

Columns in the area are W14X730, W14X665, and W14X87. When exposed to

a plume temperature of 1500*F, the steel temperatures are as follows:

W14X730 757*F after 65 minutes
W14X665 795*F after 65 minutes
W14X87 1000*F after 14 cinutes

(O
'v'

20 - 2
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' s- 6. EFFECTS OF TRANSIENT COMBUST!BLES

The fire examined was fuel controlled with a duration of 180 minutes.
? The temperature at this time was below 1100*F. The maximum additional

. heat release rate due to transient materials in the area which will
result in an area temperature less than 1100*F is listed below.

;

'
*

Fire Duration Q/A (kW/m2) 0 (kW)
3 hours 6.5 1146

.

The ceiling height in the area is 24 feet. This distance is measured
from the floor slab to the bottom of the largest structural steel

<- member in the area which is a W36X300.

The heat release rates from transient combustibles in the area
necessary to reach plume temperature of 1100*F,1300'F and 1500*F at !

the bottom flange of the beam are listed in the table below. For-

temperatures greater than 1100*F, the time required to heat .the steel

() to 1100*F are also listed.

1

T ('F). -Q (kW) Time to 1100*F- (min)
*

1100 19,192

1300 >21,089 >50 min, ,

1500 >21,089 45 min
,

e

t

i .
I

:

- 20 - 3
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Unit 1 Reactor Buildinq El. 283' '

{s Surface Area Calculation
~a

Walls
North wall (61' x 29') 1769 ft2South wall (48' x 12') 576 ft2East wall (44' x 29') 1276 ft2West wall (46' x 29') 1334 ft2

'

4955 ft2Ceiling
Area 1 (30' x 60') - (18' x8' stairwell) 1656 ft2Area 2 (24' x 14') 336 ft2

1992 ft2

Total Surface Area for Heat Transfer 6947 ft2 (645 m2)
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Cable Trays-

''

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

|

SurfaceCable Tray No. Tray Width (in) Tray Length (ft) Area (ft2)IM1AC01-02 24 15 30
1M1A001-02 24 15 30
1M1AE01-02 24 15 30
10CVA18 24 15 30
101SA73 24 2 4
IBCWA91 24 7 14
IBCWA92 24 5 10
IBCWA80 24 7 14
1BCWA75 24 5 10

172

172 ft2 x 190 kW/m2 = 3050 kW
10.76 ft'/m

Average Combustible Loading per Tray Surface Area = 4.0 lb/f t2

Fire Duration for Free Burning Tray Fires =
(._.~) 4.0 lb/ft2 + 0.1 l b = 40 minutes''-

ft4/ min

ATTACHMENT B
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CASE NUMt!ER: 1
*

BUILDING: UNIT 1 REACTOR BUILDING

(] CASE DESCRIPTION:
ELEVATIori- AND AREA DESCRIPTIGN: 203' NORTitE AST CDRflER

k.- OrJE OPENING SPREADING CADLE FIRE

M 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 Y X X X X X X X X Y X X X X X X X X X X * X X X X X X X X X X X

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS riAT ER I AL

(ft) (ft2) ( f' t ) ( f' t 2 ) (kW)
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 y -X- x x * * * x x x X y x X X X x x * X X x X X x x x x X X X x x

3.0 CONCRETE 918.0 17.0 6947 3050

FIRE IS FUEL CON TROLLED

FIRE DUR A TI0rl CAS TEriPER ATUR E
( tii n ) (deg.F)

10 506
20 606

,

30 625
40 642
50 659 'O'
60 676
70 692 -

00 700
90 /24

100 739,,

(j 110 754
120 - 769
130 784
140 ??O
150 012
160 826
170 040
180 054

.

'Aj

ATTACHMENT C'

.

c, +n. - - . , , ---w------ < p



- _ _ - _ _ _ _ _

" J V' -

| Jo j. - - ; ! - .

r __. _
' i c-.

.)L & ',_ -o - - - ~ ---.

' 'r
'

s'T' .o ~ s - - X-Oi 7 7 7 ' - Z - s| o |.: *' g,

,f ICS)Tf 'Og
'

H3V11V

x e sJ.9.

s . ll

1 ', 's C ,l ,' [i?i;l I E E v.1a . i

I f , I ;!
s-i'''(

.

' _ .,* - C6T r r, /
- 6_ > r; M'

G. ' '

'd s

bi + "0 *F/ | , .Q e, m
Q' n,

, ' Gol-): _=12 tl ~ X- OG t' r t.. I 'I % h %, _
:*

c

. ~ . . . . r
' ''

. Fr r/N <9 -; - C.c r 7 /y J: p,-

I'
t

- . . _ _
\4 .t4 J
* --

I

O c2,/-j% |cg;e ; = 75 r_. ' 3 .-' -

f5~~ 6''- _--m' _
-

. .g.cg.p y g j . .3 > 73 y ,,, y
- ,

i
-

.i g. ., 4
I I m -'u g o ^ ,$d Y <Z,l-) e . r = 3 2 v.L '

-

I.- e iv ~ '

. _

,

i S V_ di- 3 - 55 x l2 M O

i(JPI 4 | i@/
'N y / .

..v g1 % s~j Rs,!
Mc. -

,

'N %
~' ~

l / '?n.7p/f Yc

/. w.e
.

M s) 'N // / u / (
v/. n'.m ( 18. tnns),/ / u / .

; '~' w ,

V' h,1
- / " / ! oo

/s. // // '/j r.! /'s

,\ i %x' '/ P \ s. N N)

_ (Nx''k .iM * 8 4!h M,xN ''N
,

: s -

.

\w, N |i
C C' j! -.-

.
. ,~ ', ~r x a_ I-I

i.

^ y/,-P
.

xx .
t --

'4s. Vi Ni I
: v -

,

4''
. . ,

. 'N K j n ,!,
-~

~'
.-

;

,x ,
i. .s| ..- :

,

g '. .

- ( \ , ,- s; j q,

& ' w.<- iN ,, s = -

x r - ts y v' '

__4 t.q.--y
- s % s. ,

~-) **
a. ma

, S-// &' ' '
..

$,
~

'

!*

c. , -
,

f '. ' ,,

' '
~ , .s-.~c ry &

<O
g. ,

' Wts.. . . _ . _ _ .

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

j
,

( ' >F- / * J/4.' [k h ') L ._ _i
,

|I W- .. , / . -<

___-___________ ______ ___ _



I

|
| .

-.

O CASE NUMBER:
1

ItU I LDING : UNIT 1 REACTOR BUILDING
ELEVATION AND AREA DESCRIPTION: 283' GENER AL FLOOR AREA
CASE DESCRIPTION: LOCALI7_ED HEATING OF MEMBER TYPE 18WF45

.

EFFECTS OF LOCAL HEATING ON STRUCTUR AL S1LEL

FIRE TEMPERATURE (deq. F): 1300
WEIGHI 0F STEEL MEMBER (lbs./ft): 45
SUHFACE OF STEEL MEMDER HEATED (sq,ft./fti: 4.41

1IME STEEL TEMPERAfURE
(nin) (doo.F)

5.00 545
10.00 837
15.00 10t6
20.00 112(,

25.00 1193
30.00 123S
35.00 1260
40.00 1275

'O

O

ATTACHf1ENT D

s

in . . _ _ _ _ _ _ _ _ . _ _ _ _ _ __
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CASE NUMBER: 2
BUILDING: UNIT 1 REACTOR BUILDING

h ELEVATION AND AREA DESCRIPTION:283' GENERAL FLUOR AREA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE 36WF230

(

EFFECTS OF LOCAL liEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1300
WEIGHT OF STEEL MENDER (lbs./ft): 230
SURFACE OF STEEL MEMDER HEATED (sq,ft./ft): 7.04

T l' ME STEEL TEMPERATURE
(nin) (deo.F)

5.00 276
10.00 449
15.00 593
20.00 712
25.00 312

*

30.00 094
35.00 963
40.00 1020

.

O

d

O

ATTACHMENT D

.

i i _ _



.

/
-- })[[ Professional Lon Control, Inc.

w ./

STRUCTURAL STEEL ANALYSIS

for.

|

| LIMERICK GENERATING STATION

Calculation No. 21

Unit 1 Reactor Building El. 295'3"

'J Pipe Chase Service Room 523

Prepared by: f' [ ///if
'

Date: February 7, 1984

Reviewed by: , 2 ,46/
-

c + -, w Revision: 1

/

(
i !

'
N /

P. O. Hox i e Oak Rid >:e, Te>messee 3 7830 e (GIS) 182 3541

- - . . . ..



, . _ _ , . ._ . . _ _ . _ _

9

O LIMERICK GENERATING STATION
,

|f

1. AREA DESCRIPTION

The area under consideration is the Pipe Chase Service Area, Room 523, on
the 295'-3" elevation of the Unit 1 Reactor Building. Bounding walls are of
reinforced concrete construction. The average wall thickness is 3.5 ft.

The total surface area for heat transfer is 1742 ft2 (see Attachment A for
sketch and calculation of surface areas).;

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of cable insulation in cable
trays. The total surface area of the cable trays is 104 ft2 with an average
combustible loading of 4.0 lbs/ft2 of cable tray surface area. There are
no combustible liquids in this area.

3. VENTILATION PARAMETERS

One door located in the west wall and measuring 3' wide by 7' high enters
this area.

Ov
4. CASES EXAMINED

A spreading cable fire was assumed to originate in the area of heaviest
cable concentration in order to present the worst case. The fire is assumed

to start at a point source and spread horizontally along the cable trays in
each direction at a rate of 10 feet per hour. The fire will spread along
all of the horizontal cable trays intersecting the point source for a dis-
tance of 7 feet in each direction before the original point source dies out
after 40 minutes. A maximum surface area of 104 f t2 of cable trays (see
Attachment B for a list of trays) will be involved at any one time, which4

corresponds to a heat output of 1836 kW. This heat output is assumed con-
stant throughout the fire duration. The actual heat output as the fire

;

. spreads out of the area originally involved would be less since the quanti-
ty of cabling that would be involved at any one time would be less.

5. RESULTS

The case examined assumed one 3' x 7' door open with a spreading cable
- fi re. This resulted in a fuel controlled fire with a heat output of 1836

21 - 1

'
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kW and a duration of 40 minutes. The gas temperature at this time would be

~1035*F which is below the critical temperature of the structural steel (see |
Attachment C for results of analysis).

The location of cable trays relative to structural steel members was

examined in the area to assess the potential for localized heating. Cable
trays were positioned 16 inches below structural steel members of type
W18X45.

Attachment 0 contains the result of the calculation performed to deter-
mine the response of the structural steel to localized heating. These
calculations are conservative because they assume that the entire length of
the structural steel member is subjected to 1300 F when, in actuality, only
a small section of the steel would be subjected to localized heating. As
can be seen from the results, member type W18X45 exceeded the single point

failure temperature of 1100*F during the 40 minute exposure period (time
required for tray to burn to completion).

6. EFFECT OF TRANSIENT COMBUSTIBLES,

The fire examined was fuel controlled with a duration of 40 minutes. The
temperature at this time was 1035*F. Since this temperature approaches the

'

critical temperature of 1100*F, no transient materials were quantified.

The ceiling height in the area is 14'9". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W18X45.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at th? bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time to 1100*F (min)
1100 5,800

1300 8,436 19 min
1500 9,279 13 min

| I)

21 - 2
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Unit 1 Reactor Building El. 295'-3"-

Pipe Chase Service Room 523

Surface Area Calculation

Walls
North wall (16' x 17') 2 ft2South wall (16' x 17') 272 ftEast wall (21' x 17') 3 2
West wall (25' x 17') 2 ft2

1326 ft2

Ceiling
Area 1 (IS' x 24')
Area 2 1/2 (4' x 16') $r#* 2

Total Surface Area for Heat Transfer 1742 ft2

7-y

%/

ATTACHMENT A
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The following cable trays are present in the area defined for the source
r fire and all of the trays are assumed to be burning simultaneously:

Surface
Tray No. Width (jin.[ Length (ft.) Arca (ft )2
1ACXA95 24

_

5 10
1ACXA96 22 7 14
1ACYA95 24 5 10
1ACYA96 24 7 14
1MIAA01 24 14 28
1MIAB01 24 14 28

104 tt2

Average combustible loading per tray surface area = 4.0 lbs/f t2

Fire duration for f ree burning tray fires =

4.0 lb/ft2 4 .1 l b = 40 minutes
T't'/ min

Heat output with all trays in source fire area (above) burning
simultaneously:

(~''') .10. 76 f t'/m'
104 ft2 _ x 190 kW/m2 = 1836 kW

'-

(O_,) ATTACHMENT B

.
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CASE fluMitER : 1

- DUILDIrlG : UNIT 1 REACTOR BUILDIrlG
; ELEVATIOrt AND AREA DESCRIPTION: 295.25' PIPE CHASE SERVICE AREA! CASE DESCRIPTION: DNE 3'x 7' DOOR OPEN SPREADING CABLE FIRE

i

xxx x xx*x x x x xxx xx x x x xx xx x xx x x x x x x xxx xx x xx x xxx xxxxxxxx x x xxxxxxx xx xxx x x x x x x

CEILING / WALL CEILING / WALL Ao Ho Aw Q
THICKNESS t1 ATER I AL

(ft) (ft2) (ft) (ft (kW)
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 * x.x x x xx x x x x x * *2 )x x x x x x x x * * x .x x x

3.5 CONCRETE 21.0 7.0 1742 1036

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEtiPER A TURE
| (rtin) ( d en . F )

5 026
10 GS7
15 837
20 717
25 947
30 976
35 1006.

40 1033

:

On
(,,/ ,

ATTAClf1ENT C

.

- - , - - - , - > ,, ,,-m, - .----,-,--.n- . - - , - - - - - - , . - , , ..m,,,,,,_.,-,,.,-,,,..---a,.,-- -nn,,,,,-awr., , - - - .ww.m.-,, - n,- r.
-



<

-
J

i

CASE NUMBER: 1

DUILDING: UNIT 1 REACTOP BUILDING
ELEVATION AND AREA DESCRIPTION: 295'3 PIPE CHASE SERVICE RUOM
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W10x45

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1300
WEIGHT OF STEEL MEMDER (1bs./ft) 45
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.41

IIME STEEL TEhPERATilRE
(nin) (den.F)

5.00 545'

10.00 037
15.00 1016
20.00 1126
25.00 1193
30.00 1235
35.00 1260
40.00 1275

V)
f

t
r

1

i
?

!

L A
V,

i

f

ATTACHMENT 0
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LIMERICK GENERATING STATIONf

1. AREA DESCRIPTION

The area under consideration is the Laydown Area, Room 601, on the 313'

elevation of the Unit 1 Reactor Building (Fire Area 48A). The bounding

walls of the area are of reinforced concrete construction with an average
thickness of 3 ft. The total surface area for heat transfer is 5136 f t2
(see Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable insulation in a
single cable tray which runs north / south through the area. The total sur-
face area of the cable tray is 90 ft2 with an average combustible loading
of 4 lbs/ft2 of cable tray surface, area. There are no combustible liquids
in the area.

3. VENTILATION PARAMETERS

This area is open to the remainder of the 313' elevation of the Reactor
GU Building.

4 CASES EXAMINED

With the light combustible loading in the area, the assumption that all
cable trays are burning simultaneously ~ would present the worst case. With
all cables burning, a surface area of 90 ft2 would be involved. This cor-
responds to a heat output of approximately 1600kW. With all combustibles
burning simultaneously, the fire duration would be 4 lbs/ft2 ; ,1 1hs . 40
minutes. min ft2

5. RESULTS

With all-cable trays in the area burning simultaneously and the large
ventilation opening, the reselting fire was fuel controlled. A gas tempera-
ture.of 543*F was achieved af ter 40 minutes, which is below the critical

temperature for the structural steel (see Attachment B).
.

The position of the cable tray. relative to structrual steel members was
examined in the area. The cable tray was positioned so as not to present a

O ioceiized heetino exposere to the strecterei steei.

22 - 1
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6. EFFECT OF TRANSIENT COMBUSTIBLESc.-s

The fire examined was fuel controlled with a duration of 40 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which result in an area
temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) Q (kW)
40 min 12 4127

|

Plume effects from floor level transients are negligible because of the
nigh ceiling.

.

s**

s

.r h

22 - 2
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V Unit 1 Reactor Building El. 313'
Laydown Area Room 601

Surface Area Calculation

Walls
North wall (12' x 38') 456 ft2South wall (12' x 38') 456 ft2East wall (4R' x 38') 1824 ft2West wall (48' x 38') 1824 ft2
Ceiling 576 ft2

Total Surface Area for Heat Transfer 5136 ft2

C') ATTACHMENT AV

.

nno i, s. .
_ _ _ _ _
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CASE flUMitER : 1

ittlILD ING : Ut1I T 1 REACTOR IttlILDItJG
n ELEVATI0t1 AND AREA DESCRIPTION: 313' LA f DOWt1 AREA ROOM ou t
() CASE DESCRIPTION: ALL CAftLES ItuRi1ING

x x x x x X x x x x x X x x x x x x x x x X xxx* xx x x x x**x x xx x xx x x x x x x x-x x x x x xx x x *x x X xx x x x x X X x x x

CEILING / WALL CEILItJG/ WALL Ao Ho Aw 0
THICKtJEGS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
X X X 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 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 W x x

3.0 00tJCRETE 600.0 38.0 5136 1600

FIRE IS FUEL CON'l ROL '.ED e

FIRE DURAIION CAS TEtiPER ATURE
(min) ( duo .F )

5 474
10 503'

15 511
20 518
25 524
30 531
35 - 5 3'/
40 *

543
e

,s

(n)
v

ATTACHMENT B

.
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LIMERICK GENERATING STATION.

! 1. AREA DESCRIPTION

The area under consideration is the Laydown Area, Room 602, on the 313'

elevation of the Unit 1 Reactor Building (Fire Area 48A). The bounding
walls in the area are of reinforced concrete construction with an average
thickness of 3 ft. The total surface area for heat transfer is 16,764 f t2

(see Attachment A for sketch and surface area calculations).

2. COMBUSTIBLE LOADING

Combustible loading ir the area consists of a single cable tray located
along the north wall of the area. The total surface area of the cable tray
is 164 ft2 with an averagi: combustible loading of 3.5 lbs/ft2 of cable tray,

surface area. There are no combustible liquids in this area.

3. VENTILATION PARAMETERS

This area is open to the remainder of the 313' elevation by two large walk--

. ways in the south wall.

O
_4 . _ CASES EXAMINED

With the light combustible loading in this area, the assumption that all
-cables are burning simultaneously would present the worst case. With all
cable trays burning a surface area of 164 f t2 would be involved. This
corresponds to a heat output'of approximately 2900 kW. With all cables
assumed to be burning' simultaneously the duration of the fire would be
3.5 lbs/ft2 + .1 lbs = 35 minutes.

min /ft2

5. RESULTS

With all cable trays in the area burning simultaneously, a gas temperature-
of 404*F was achieved af ter 35 minutes, which is below the critical temper-

|
4ture .for the structural steel (see Attachment B). The cable tray in the

'

area was positioned so as to-not present a localizea heating exposure to
the structural steel.-

. A W14X87 column is in the area. When exposed to a plume temperature of
~

1500*F, the steel temperature .will reach 1000*F af ter 14 minutes.

23 - 1
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6. EFFECTS OF TRANSIENT COMBUSTIBLES,s

\

(/
The fire examined was fuel controlled with a duration of 35 minutes. The i

temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) Q (kW)
3,5. mi n 13 17,353

Plume ef fects from floor level transients are negligible.

.

t'v
,
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/"Tg(,) Unit 1 Reactor Building El 313'
Laydown Area Room 602

i
Surface Area Calculation

Walls
North wall (160' x 37') 5920 ft2
South wall (160' x 37') 5920 ft2
East wall (22' x 37') 814 ft2
West wall (22' x 37') 814 ft2

13,468 ft2

Calling

160' x 22' - (18' x 8' + 10' x 8')
for stairwell elevation 3296 ft2

Total Surface Area for Heat Transfer 16,764 ft2

ATTACHMENT A

,7m,
\s

%
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CASE tJUMBER : 1

DUILDING: UNIT 1 REACTOR DUILDING
ELEVATIOt1 AND AREA DESCRIPTIOti: 313' LAYDOWt1 AREA ROOM 602

bsl CASE DESCRIPTION: ALL CADLES DURNING

X X X X X X K 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 X X X X X X X X X X- X X X X X X X X X X X X X

CEILItJG/ WALL CEILItJG/ WALL Ao Ho Aw 0
THICK t4ESS MATERIAL

(ft) (ft2) ( l' t ) (ft2) (kW)
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 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 X X X X

3.0 CONCRETE 222.0 37.0 16764 2900

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERAI1ME
( tii n ) (deq.Fi

5 370
10 304
15 .507
20 393
25 397
30 401
35 404

OO

_

'4

[

q_,./v

ATTACHMENT B
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LIMERICK GENERATING STATION_s
-

1. AREA DESCRIPTION

The area under consideration is the Corridor, Room 605, on the 313' eleva-

tion of the Unit 1 Reactor Building (Fire Area 48A). The bounding walls of
the area are of reinforced concrete construction with an average thickness
of 2.5 ft. The total surface area for heat transfer is 12,460 ft2(see
Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable insulation located in
cable trays. The total cable tray surface area is 508 ft2 with an average
combustible loadng of 3.5 lbs/ft2 of cable tray surface area. There are no
combustible liquids in the area.

3. VENTILATION PARAMETERS

This area is open to the remainder of the 313' elevation of the Reactor
Building.

-O
4. CASES EXAMINED '

All cables in the area were assumed to be burning simultaneously. With all
cable-trays burning a surface area of 508 ft2 would be involved. This cor-
respnds to a heat output of approximately 8970 kW. With all combustibles
burning simultaneously, the fire duration would be 3.5 lbs/ft2 + .1 l bs =

,

35 minutes. min ft2

5. RESULTS

With all cable trays in the area burning simultaneously and the large
ventilation opening, the resulting fire was fuel controlled. A gas tempera-
ture of 813*F would be achieved af ter 35 minutes, which ,is below the criti-

|cal temperature for the structural steel (see Attachment B).

The position of the cable trays relative to structrual steel members were
examined in the area. No cable trays were positioned so as to present a
localized heating exposure to the structural steel.

.
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6. -EFFECT OF TRANSIENT COMBUSTIBLES
'

The fire examined was fuel controlled with a duration of 35 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which result in an area
temperature iess than 1100*F is listed below.

Fire Duration Q/A (kW/m2) 0 (kW)
35 min 13 6083

The ceiling height in the area is 13'3". This distance is measured from
the floor' slab to the bottom of the largest structural steel member in the

~

area, which is a W36X230.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than -
'1100*F, the time required to heat the steel to 1100*F are also listed.

-

T (*F) Q (kW) Time to 1100*F (min)
-1100 4,323

1300 5,000 49 min
1500 7,275' 35 min

I
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) Unit 1 Reactor Building El. 313'
Corridor Room 605

Surface Area Calculation

Walls
' North wall (160' x 38') 6080 ft2
South wall (112' x 38') 4256 ft2
East wall (9' x 38') 342 ft2
West wall (9' x 38') 342 ft2

Ceiling (160' x 9') 1440 ft2

Total Surface Area for Heat Transfer 12,460 ft2.

u

'~

) ATTACHMENT A
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C ASE PJUMitER : 1

BUILDING: UtJI T 1 REACTOR DUILDING
ELEVATIntJ AtJD AREA DESCR IP T10tJ : 313' CORR IDUR R 00ri 6 05,s

( ) CASE DESCRIPTION: ALL CAltLEC liURtJING

xxx-xxxxxxxxx*xxxxxxxxxxxxxxxxxxxxxxxxxxx-xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
CEILING /WAl.L GEILING/ WALL Ao tio Aw 0

TlitCKNESS ti ATER I AL
(ft) (ft2) ( l' t ) (ft2) (kW

xx x x x x x x x xx x x x x x xx x x xx x x x x xx x x x x x x xx x x x x x x x x x x x x x xx x x *x x xx x x x x x x x x x x x) x x x
2.5 CONCRETE 304.0 30,0 12460 0970

FIRE IG FUEL CONTROLLED

F1RE DURATI0t1 CAS T EMPI:R A TURE
(nin) (nea.F1

5 707
10 726
15 744
20 762
25 779
30 796
35 013

fg

%/

,/N,
\, )

_

ATTACHMENT B
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 25

Unit 1 Reactor Building El. 313'

,O ae ctor veet sean's e o aoo= a o So7

Fire Area 49

Prepared by: 87 [ h Date: . February 7, 1984

Reviewed by: YQ w :% Revision: 1
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LIMERICK GENERATING STATIONDa
1. AREA DESCRIPTION

The area under considera' tion is the Reactor Vent Supply Fan Room, Room 607,

on the 313' elevation of the Unit 1 Reactor Building (Fire Area 49). The
bounding walls of the area are of reinforced concrete construction with an
average thickness of 2 ft. The majority of the south wall is louvers open

to the outside. The total surface area for heat transfer is 7720 f t2 (see
Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable insulation located in
C

cable trays. The total cable tray surface area is 89 f t2 with an average
combustible loading of 3.5 lbs/ft2 o'f cable tray surface area. There are no
combustible liquids i! the area.

3. VENTILATION PARAMETERS '

The south wall of the area contains louvers which measure 16' high by 75'
wide and are open to the outside.

J

4. CASES EXAMINED

With the light combustible loading in the area, the assumption that all
cable. trays were burning simultaneously wou1d present the worst case. With
all cables burning, a cable tray surface area of 89 ft2 would be involved.

This corresponds to a heat output of 1575 kW. With all combustibles burning
simultaneously the fire duration would be 3.5 lbs/f t2 + .1 lbs = 35 minutes.

min /ft2
.

5. RESULTS

With all cable trays in the area burning simultaneously and the Targe area
of louvers, the resulting fire was fuel controlled. A gas temperature of
438*F would be achieved af ter 35 minutes, which is below the critical

|
temperature for the structural steel (see Attachment B). -

The position of the cable trays relative to structrual steel members were
examined in the area. No cable trays were positioned so as to present a
localized heating exposure to the . structural steel.'

25 - 1
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Columns in the area are W14X730 and W14X287. When exposed to a plume
-

temperature of 1500*F, the steel temperatures are as follows:

W14X398 1000*F after 62 minutes
W14X287 1000*F after 48 minutes

6. [FFECT OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 35 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

release rates due to transient materials in the area which result in an area
temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) 0 (kW)
35 min 13 7752

-The ceiling height in the area is 13 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the.

area, which is a W36X194.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F, 1300*F and 1500 F at the bottom flange of,

the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100' 4,218

1300 5,377 46 min

1500 6,854 32 min .

O
25 - 2.r
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(,3/ tinit 1 Reactor Building El. 313'

Reactor Vent Supply Fan Room Room 607

Surface Area Calculation
4

Walls
North wall (111' x 16') 1776 ft2
South wall (33' x 16') 608 ft2
East wall (40' x 16') 640 ft2
West wal1 (40' x 16') 640 ft2

Ceiling (111' x 40') . (12' x 16') airlock 4056 ft2

Total Surface Area for Heat Transfer 7720 ft2

^'( ; ATTACHMENT A
LJ

t

.
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CASE NUtiBER : 17s
i ) BUILDING: UNIT 1 REACTOR DUILDING

ELEVATIOrJ AND AREA DESCRIPTION: 313' REACTOR VENT GtJPPLY ROOM
CAGE DESCRIPTIOfJ: LOUVERS OPEN ALL CABLES BURNING

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 x x x x x x x x x y x x x x x x x x x x x x x x x x x

CEILING / WALL CEILING / WALL Ao no Aw a
THICKNELG M ATER I AL

(ft) (ft2) (ft) (ft2)
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 x x x x. x x x x x x x x x x x x x x x x x x x( k W )x x x x x y.

2.O CONCRETE 1200 16.0 7"/20 1575

FIRE IS FUEL CONTROLLED

FIHL DURATION GAS I E MP E R ATl.lR E
( tt i n ) ( den .F )

5 4ng
10 413
15 439
20 4g3
US 430
30 433
35 433

Ov

|

.

$ g

' k,,/

ATTACRMEf4T B
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STRUCTURAL STEEL ANAL.YSIS

for

LIMERICK GENERATING STATION

Calculation No. 26

Unit 1 Reactor Building El. 331'

h Exhaust Fan Room Room 615

Fire Area 50A

Prepared by: k [ ///' Date: February 7, 1984
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LIMERICK GENERATING STATIONn
%d

1. AREA DESCRIPTION

The area under consideration is the Exhaust Fan Area, Room 615, on the 331'
elevation of the Reactor Building (Fire Area 50A). The bounding walls of
the area are of reinforced concrete construction with an average thickness

"

of 2 ft.-
The total surface area for heat transfer is 6376 ft2 (see Attach-

ment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING,

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

.

3. VENTILATION PARAMETERS

There is one door which measures 3' wide by 7' high located in the west
wall of the area.

.

4. CASES EXAMINED

7g With no exposed combustible cabling and no combustible liquids in the area,
\/ there. is no fuel in the area to support a fire.

5. RESULTS

The structural steel in this area will not fail due to a fire,' as there are
no fixed combustibles in the area to support a fire

6. EFFECT OF TRANSIENT COMBUSTIBLES

This area has no fixed combustibles. There is one door measuring 3' wide
by 7' high entering the area. This corresponds to a ventilation controlled

..
heat release rate'of 4504 kW. A fire of this heat release rate could burn
.for_ a maximum of 130 minutes before reaching an area temperature of 1100 F.

.

The maximum heat release rate for a fire of 3 hour duration is listed
below.

|
Fire Duration Q/A (kL'/m2)- Q (kW) |

,

3 hours- 6.5 3851

. . ^ r~r
'

. , , , -

:
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The ceiling height in the area is ~17 feet. This distance is measured from
-

the floor slab to the bottom of the largest structural steel member in the*
,

area, which'is a W36X300.
!

,

F

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange

,

-

' of the beam are listed in. the table below. For temperatures greater than
1100*F, the time required to heat the steel .to 1100*F are also listed.

T (*F) - Q (kW) Time to 1100*F (min)
1100 8,225

1300 10,545 >50 mind

1500 13,181 45 min
i

O
.

+
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| . Unit 1 Reactor Building El. 331'~

Exhaust Fan Area Room 615

. Surface Area Calculation

Walls
' North wall (74' x 18'); 1332 ft2

-
- ,,

; .; -South wall (96' x 18') 1728 ft2~

'*- East wall (38' x 18') 684 ft2
: ,j . West wa,Il (36' x 18') 648 ft2

=

' !- Ceiling 1984 ft2

i Total Surface Area for Heat Transfer 6376 ft2,

;i.,
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Calculation No. 27

Unit 1 Reactor Building El. 331'

Equipment Compartment Exhaust Filter Room 616 & 617

Fire Areas 50B & SOC
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LIMERICK GENERATING STATION''(
l. AREA DESCRIPTION

The area under consideration is the Equipment Compartment Exhaust Filter

Rooms, Rooms 616 & 617, on the 331' elevation of the Reactor Building (Fire
Areas 508 & 500). The bounding walls of the area are of reinforced concrete
construction with an average thickness of 2 ft. The total surface area for

2heat transfer is 3856 ft , 1928 ft2 in each filter compartment (see

Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

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

3. VENTILATION PARAMETERS

There are two doors entering this area, each measuring 3'6" wide by 7'
high. One door enters each filter compartment. '

-

4. CASES EXAMINEDf_s

k-) With no exposed combustible cabling ar.d no combustible liquids in the area,
there is no fuel in the area to support a fire.

5. RESULTS

The structural steel in this area will not fail due to a fire, as there are
no fixed combustibles in the area to support a fire

6. EFFECT OF TRANSIENT COMBUSTIBLES

This area contains no fixed combustibles. The table below lists the
maximum heat release rates for transient materials for different fire
durations which result. in an area temperature less than 1100*F.

Fire Duration Q/A(kW/m2) 0 (kW)I hour 10.5 1881
2 hours 7.5 1343
3 hours 6.5 1164

27 - 1
..Ou)
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The ceiling height in the area is 17 feet. This distance is measured from
'h the floor slab to the bottoft of the largest ~ structural steel member in the

area, which is a W36X300.

The heat, release rates from transient combustibles in the area necessary toI'
reach plutte temperature of 1100*F,1300*F and 1500*F at the bottom' flange
of the beam are' listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW)' Time to 1100*F (niin)
1100 8,225

1300 10,545 >50 min
1500 13,181 45 min

D.
V-

27 - 2
m)-

.

mi u - i s ,mm -
. . _ . _ . _ _ _ _ _ _



_ . _ _ _ _ _ _ _ _ _ _ _

- . -

._:_

O L - 4

9
.i . . . _ . _ _ _ ... . -. ,

i.,

a

.O' Unit 1 Reactor Building El. 331'
.\

Equipment Compartment Exhaust Filter Rooms 616 & 617

Surface Area Calculation

Walls
' North. wall (26' x'18') 468 ft2

~

South wall- (26''x 18'.) 468 ft2East wall -(16' x 18') 288 ft2West-wa11 (16' x 18') 288 ft2,

Ceiling. (26''x 16') 416 ft2

. Total Surface Area for Heat Transfer for Each Compartment 1928 ft2

- ATTACHMENT A

h
k
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Unit 1 Reactor Building El. 331'

Recirc Filter Compartments Room 618

Fire Areas 51A & 51B
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LIMERICK GENERATING STATION
(

1. AREA DESCRIPTION

The area under consideration is the Recirc Filter Compartments Room 618 on

the 331' elevation of the Unit 1 Reactor Building (Fire Areas 51A & 518).
The bounding walls of the area are of reinforced concrete construction with
an average thickness of 2 ft. The total surface area for heat transfer is
2664 ft2 for the East compartment and 2644 ft2 for the West compartment

(see Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

All cabling in tnis area is routed in conduit, there are no cable trays.

.

There are no combustible liquids in this area.

3. VENTILATION PARAMETERS

. Two doors serve this area, each measuring 3' wide by 7' high. Each door
enters a separate filter compartment.

gs 4. CASES EXAMINED-
's -

-With no exposed combustible cabling and no combu'stible liquids in tne area,
there is no f Je1 in the area to support a fire.

5. RESULTS

The structural steel in this area will not fail due to a fire, as there are
no fixed combustibles in the area to support a fire

6. - EFFECTS OF TRANSIENT COMBUSTIBLES

This area has no fixed combustibles. The table below lists the maximum
heat release rates for transient materials for different fire durations
which result in an area temperature less than 1100*F.

Fire Duration Q/A (kW/m2) 0 (kW)
_ I hour 10.5 2599

-

2 hours 7.5 1856

3 hours 6.5 1609

i
v 28 - 1
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The ceiling height in the area is 17 feet. This distance is measured from
(_) the floor slab to the bottom of the largest structural steel member in the

area which is a W36X300.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of Il00*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100 F, the time required to heat the steel to 1100 F are also listed.

T (*F) 0 (kW) Time to 1100 F (min)
1100 8,225

1300 10,545 >50 min
1500 13,181 45 min

,--

\J

-S 28 - 2|
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Unit 1 Reactor Building El. 331'
Recirc Filter Compartments Room 618

-

Surface Area Calculations

East Room

Walls
North wall (24' x 18') 432 ft2
South wall. (24' x 18') 432 ft2
East wall (30' x 18') 540 ft2

-West wall (30' x 18') 540 ft2

Ceiling (24' x 30') 720 ft2

Total ~ Surface Area for Heat Transfer for East Room 2664 ft2

West Room

Walls-
North wall '(24' x 18') - 432 ft2
South wall 24' x 18' 432 ft2
East wall 30' x'18' 540 ft2

-West wall (30'. x 18') 540 ft2
Ceiling (24' x 30') 720 ft2

Total'. Surface Area for Heat Transfer for West Room

[ ATTACHMENT A

.
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Calculation No. 29

Unit 1 Reactor Building E1.-352'
,

/~] Refueling Floor
L.;

Fire Area 78A
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. LIMERICK UENERATING STATION'
'

O ^

''
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1. AREA DESCRIPTION 'N
,

' ''

The' area under consideratton,is the Refueling Floor on the 352' e:evation
of the Unit l'Re_ actor. Building (Fire Area 78A). Ti.e bounding walls of the

_

area are of reint ced, concrete constructicn with an average thickness of
2.5 ft. The total surface area for heat transfer is 28,220 ft2 (see Attach-
ment A for sketch and calculation of surface areas).,-

2. COMBUSTIB'LE LOADING ?*

All cabling 'in this area (is 'ro,uted in conduit, there are no cable trays.
. There are'no' combustible-liqJids in this area.

,y '

v' "3. VENTILATION PARAMETERS ~ , "
1 ,

'"_ , inis area is open to ths' remainder of the 352' elevation of the Reactor;- %, , -,

Building. , '

~

~
.

4'. CASES EXAMINED
~

With no exposed combue.tible cabling and no combustible liquids in the area,,

C' there is no fuel in the area to support a fire.

~r. -RESULTS ^^ 'g

, - Jne structura'l st' eel in this area will not fail due to a fire as there areg

~ no fixed combustibles in the area to support a fire.~%
.- s '

2 N' g'
,

6. EFECTOFTRANSIENTCOMBUSTIBLES

This area can'tains no fixed combustibles. The table below lists the'
maximum heat release rates for transient materials for different fire

~

durations which fesult in an area temperature less than 1100*F.
. .c

.. ,

$
' Fire Duration' 0/A (kW/m2) ~' - 0 (kW)

'

tu s,-e m.

1 hour 10.5 27538
- --

x-
: ,

. 2hoursy. 7.5
.

19670
-

{
,

s -

, 3 h'ours 6.5 17047
- s

. . . .
., m

a w sN \,,
1 ,_

," - 3
-The roof slab islpproxima,tek/(55 ft,above .the ' floor. Because of this high

.p.x ceiling % plume effects of transients can be ignored.
-

1 .

-

,

.m - - s'

d' .
<

, . .. g .,
*^

~

y fd. ND.1
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' Unit 1 Reactor Building El. 352''

'

Refueling Floor

Surface Area Calculation

Walls
North wall (160' x 30') 4800 ft2

'

South wall (160' x 30') 4800 ft2
West wall (98' x 30') 2940 ft2

12,540 ft?

Ceiling (160' x 98') 15,680 ft2

Total Surf ace Area for Heat Transfer 28,220 ft2

'~
ATTACHMENT A,
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Calculation No. 30'
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/ .-

,

)
e

B:ckwash Pu: iip Rooms""
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Rooms 161 162, & 165'
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LIMERICK GENERATING STATIONO
1. AREA DESCRIPTION

-The area under consideration is the Backwash Pump Rooms, Rooms 161, 162,

and 165 on the 180' elevation of the Control Structure (Fire Area 1J) (see
Attachment A for sketch of area). The bounding walls in the area are of
reinforced concrete construction with an average thickness of 2.5 ft. The

total surface area for heat transfer is (684 f t2 (see Attachment A for
calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of two cable trays which run
east-west across room 161. Total surf ace area of the cable trays is 70

2ft . The average combustible loading of the trays is 2.6 lbs/ft2 of tray
surface area. Thera are no combustible liquids in this area.

* 3. VENTILATION PF,'AMETERS

One door which measures 2'8" wide by 7' high serves the area. This door
opens into Corridor 164.

4. CASES EXAMINED

With the light combustible loading in the area, the assumption that all
cables are burning simultaneously would present the worst case. With all
cable trays burning, a surface area of 70 ft2 would be involved. This
corresponds to a heat output of approximately 1240 kW. With all cables

-

assumed to be burning simultaneously the duration of the fire would be
2.6 lbs/ft2 4 .1 lbs = 26 minutes

min /ft2 -

5. RESULTS

With all cable trays in the area burning simultaneously and the door
entering the area open, a fire temperature of 791*F was achieved af ter 26

|minutes, which is below the critical temperature for the structural steel
(see Attachment B). The cable trays in the area were r>' med so as not
to present a localized heating exposure to the structural t*.4

p -

30 - 1
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6. EFFECTS OF TRANSIENT COMBUSTIBLES,)
The fire examined was fuel controlled with a duration of 26 minutes. The >

temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) Q (kW)
26 min 14.5 1029

The ceiling height in tne area is 16 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel menber in the
area which is a W24X130.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500'F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

() T (*F) Q (kW) Time to 1100*F (min)
1100 6,960.

1300 9,069 38 min
1500 11,388 26 min

n
( s/ 30 - 2
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(V'h Control Structure El. 180'
Backwash Pump Rooms

O

Surface Area Calculation

Walls
North wall (20' x 18') 360 ft2
South wall (20' x 18') 360 ft2
East wall (19' x 18') 342 ft2
West wall (19' x 18') 342 ft2

Ceiling 20' x 14' 280 ft2

Total Surf ace Area for Heat Transfer 1684 ft2

<

r~%
\'J

ATTACHMENT A

.
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CASE NUMDER: i

BUILDING: CON 1ROL STRUCIUREg

Q ELEVATI0t1 AtlD AREA DESCRIPTION: 100' DACKWASli PUMP ROOMS
C'iSE DESCRIPTION: ONE DOOR OPEN ALL CADLES DURNING

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 x x x x x x x x x x x x x r x x x x x x.x x x x x x x x a

CEILING / WALL CEILING / WALL Ac Ho Aw Q
TilICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
x x* x xx x.x x x x x x x x x x x x x x x x * x x x x x x xx x x x x xx x x x x x x x x x x * x xx x x x x *x x x x x x x x xx x x x x x

2.5 CONCRETE 19.0 7.0 1604 1240

FIRE IS FUEL CONTROLLED

FII?E DURATION GA3 TEMPERATURE
(nin) (dea.F)

1 6"4
2 700
3 705
4 709
5 713
6 717
7 722
0 725
Y 729

f^s 10 733
() 11 737

12 741
13 744
14 740
15 752
16 7SS
17 759
10 763-
19 766
20 770
21 774
22 777
23 701
24 734.

25 708
26 791

- ?3
f I *
\ j'
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Calculation No. 31

.

Control Structure El. 180'

_ O 8ecx es" aece4 ies 1 ex aoo 183

Fire-Area 1G
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LIMERICK GENERATING STATION

1.. AREA DESCRIPTION

The area under consideration is the Backwash Receiving Tank Room 163 on the

180' elevation of the Control Structure (Fire Area 1G) (see Attachment A
for. sketch of area). ;?.e bounding walls in the area are of reinforced
concrete construction with an average thickness of 2 ft. The total surface
area for heat transfer is approximately 2772 ft2 (257 m2) (see Attachment A
for calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of two cable trays which run east-
west across the room. The total surface area of the trays is 164 f t . The2

average combustible loading of the trays is 3.5 lbs/ft2 of tray surface
area. There are no combustible liquids in this area.

3. VENTILATION PARAMETERS

There is one door leading into' this area. The door measures P wide by 7'
~

high and is located in the northwest corner of the roon.

4. CASES EXAMINED

With .the light combustible loading in the area, the assumption that all
. cables are burning simultaneously would present the worst case. With all
cable trays burning, 3 surface area of 164 ft2 would be involved. This
corresponds to a heat output .of approximately 2900 kW. With all cables
assumed to be burning simultaneously the duration of the fire would be

3.5 lbs/ft2 4 .1 lbs = 35 minutes
min /ft2

.

5.. RESULTS.

With all cable trays in the area burning simultaneously and the door enter-
ing the area open, a fire temperature of 1002*F was achieved af ter 35 min-

utes, which is below the critical temperature '9r the structural ' steel (see
Attachment B). None of the ' cable trays in the area was positioned so as to
present a localized heating exposure to the structural steel.

31 - 1

|
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r'3 6. EFFECTS OF TRANSIENT COMBUSTIBLES
'l

The fire examined was foal controlled with a duration of 35 minutes. The

tenperature at this time was 1002*F. Since this temperature approaches the
critical temperature of 1100 F, no transient materials were quantified.

The ceiling height in the area is 16 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W24X110.

The heat release rates from transient Combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100af are also listed.

T (*F) _Q (kW) irime to 1100*F (min)
1100 6,960

1300 9,069 31 min
1500 11,388 23 min

(~sus

f

V
31 - 2
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() Contral Structure El. 180'
Backwash Receivitg Tank Room 163

:

Surface Area Calculation;

Walls
North wall (40' x 18') 720 ft2
South wall (40' x 18') 720 ft2,

[ East wall (17' x 18') 306 ft2
} West wall (17' x 18') 306 ft2

Ceiling 40' x 18' 720 ft2

Total Surface Area for Heat Transfer 2772 ft2

:

.

h -
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CA$E NUMDER: 1

DUILDING: CONTROL STRUCTURE
('s ELEVATION AND AREA DESCRIPTI0ti: 100' BACKWASil RECEIVING TANK AREA 163
V CASE DESCRIPTION: UNE DOOR OPEN ALL CABLES BURNING

xxxxx*xxxxxxxx*xxxxxxx-xxxxx*xxxxxX******x*xx**xxxxxxxxxxxxxxxxxxxxx**xxx

CE' LING / WALL CEILING / WALL Ao Ho Aw Q
THICKNESS MATERIAL

(ft) (ft2) ( l' t ) (ft2) (kW)
X X x X X x X X x ,1 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 x X X- x X x X X X x x X X X X x x x x

3.0 CONCRETE 21.0 7.0 2772 2900

FIRE IS FUEL CONTROLLED

FIl!E DUR ATIOtt GAS TEMPERATURE
(Min) (dea,F)

5 024
10 054
15 084
20 <? 13
25 V43
30 972
35 1002

,m

*gg

.

q- .qy '

.
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Calculation No. 32

.

Control Structure E1. 180'

Corridor 164
,

Fire Area IA,

I
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<- LIMERICK GENERATING STATIONY;)

1. AREA DESCRIPTION

The area under consideration is Corridor 164 on the 180' elevation of the

Control Structure (Fire Area IA) (see Attachment A for sketch of area).
Bounding walls are of reinforced concrete construction with an average
thickness of 3 feet. Total surfuce area for heat transfer is approximately
2200 ft2 (see Attachment A for calculation of areas).

2. COMBUSTIBLE LOADING

All cabling in this area is routed in conduit. There are no combustible
liquids in this area.

3. VENTILATION PARAMETERS

Both ends of the corridor are open. The east end opening measures 8' wide
tj 8' high. The west end of the corridor leads to an open stairwell serving
the upper elevations,

IT 4. CASES EXAMINED-
t

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

5. RESULTS

The structural steel in this area will not fail since there are no fixed
combustibles in the area to support a fire.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

This area contains no fixed combustibles. The table below lists the
maximum heat release rates for transient materials for dif ferent fire
durations which result in an area temperature less than 1100*F.

Fire Duration Q/A (kW/m2) Q (kW)
I hour 10.5 2146

2 hours 7.5 1533

3 hours 6.5 1328

,,3
(,-) 32 - 1

x
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The ceiling height in the area is 16 feet. This distance is measured from.3
i +
k '' the floor slab to the bottom of the largest structural steel member in the

area which is a W24X130.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100 F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 6,960

1300 9,069 38 min
1500 11,388 26 min

s

f"

()

- ('') 32 - 2v

e
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U Control Structure El. 180'
Corridor 164

Surface Are; Calculations

Walls
North wall (50' x 18') 900 ft2
Soutn wall (50' x 18') 900 ft2

Ceiling (50' x 8') 400 ft2

Total Surface Area for Heat Transfer 2200 ft2
.

,,
-.
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Calculation No. 33

Control Structure El. 180'

Corridor 166
O ,

Fire Area IB .

Prepared by: M78 Date: February 7, 1984
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. LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The area under considt: ration is Corridor 166 on the 180' elevation of the

Control Structure (Fire Area 18) (see Attachment A for sketch of area).
Bounding walls are of reinforced concrete construction with an average
thickness of 3 feet. Total surface area for heat transfer is approximately

1980 ft2 (184 m2) (see Attachment A for calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of two cable trays which run
north-south across the corridor. The total surface area of the trays is 32

2ft . The average combustible loading of the cable trays is 3 lbs/f t2 of
tray surface area. There are no combustible 11gulds in this area.

3. YENTILATION FARAMETERS

Both ends of the' corridor are open. The west end opening measures 8' wide

by 8' high. The_ east end of the corridor leads to an open stairwell serving
the upper elevations.

4. CASES EXAMINED

With the light combustible loadirg in the area, the assumption that all
cables are burning simultaneously would present the worst case. With all4

cable trays burning, a surface area of 32 ft2 would be involved. This
corresponds to a heat output of approximately 570kW. With'all cables
assumed to be burning simultaneously, the duration of the fire would be
3 lbs/ft2 + .1 lb = 30 minutes.

min ft2

5. RESULTS

With all cable trays in the area burning simultaneously, a fire temperature

of 511*F was reached af ter 30 minutes (see Attachment B). None of the cable
trays _in the area were positioned so as to present a localized heating
exposure to , structural steel.

(,

33 - 1
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(' 6. EFFECTS OF TRANSIENT COMBUSTIBLES
''

The fire examined was fuel controlled with a duration of 30 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

.

release rate due to transient materials in the area which will result in an
area temperature less than 1100*F is listed below.

Fire Duration Q/A (kW/m2) Q (kW)
30 min 13.5 1914

The ceiling height in the area is 16 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W24X130.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

1.

-() T (*F) Q (kW) Time to 1100*F (min)
1100 6,960

1300 9,069 38 min
1500 11,388 26 min

.

|

- 33 - 2
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Control Structure El .180'
Corridor 166

Surface Area Calculations

Walls
Nortn wall (45' x 18') 810 ft2
South wall (45' x 18') 810 ft2

Ceiling (45' x 8') 360 ft2

Total Surface Area for Heat Transfer 1980 ft2

i .

r

s

P
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CASE tluMUER: 1
! DUILDING: C0tlTROL STRUCTilRE

-

|ELEVA TIOrl AtlD AREA DESCRIPTION: 100' COR R I L*0R 166,

j CASE DESCRIPTION: OPEi1 CORHIDOR ENDS Al.L CADLES Ut.lRi11tJG

x x x x x x x x -x y 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 x x x x x x x x x x x x x x x y x x- x x l

i

CEILItJC/W ALL CE1 lit 1G/ WALL Ao Ho (w 0 !

THICKNESS MA TER I AL
(ft)' (ftd) (ft) (ft2) (kW) f

X x X x x x y x -x X X x X X x -x X X x X X x X x x x X x X X 4 x X X X x x X- X x x X X X x X x X X x X X X M x x X X x X X X x x x x X X X X M x
fy 3.0 CutlCRETE 64.0 0.0 1900 570 l

|

FIRE IS FUEL CONTROLLEDi

j FIRE DilR A TI0t1 GAS TEMPLRAlljRS
(tiin) (doa.F)

5 4??
10 4:16
15 49'3
20 4 '/ ?
26 bd5 ;

i 30 P.1 1

!

: e
:

I

s

I

|

|

9
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Control Structure El. 200'
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Fire Area IL
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g LIMERICK GENERATING STATION
LL

1. AREA DESCRIPTION

The area under consideration is the West Chiller Equipment Room, Room 258,

on the 200' elevation of the Control Structure (Fire Area IL). The bound-
ing walls of the room are of reinforced concrete and concrete masonry unit
construction with an average thickness of 2.5 ft. The total surface area
for heat transfer is 5944 ft2 (see Attachment A for sketch and surface area
calculations).

-2. COMBUSTIBLE LOADING

Combustible loading in this area consists of cable insulation in cable

trays. The total surface area of the cable. trays is 195 ft2 with an average
combustible loading of 2 lbs/ft2 of cable tray surface area. There are no
combustible liquids in this area.

-3. VENTILATION PARAMETERS

There are four doors which enter the area. Two of the doors are double
doors, each measuring 8' high by 10' wide. One door is located in the west
wall while the other door is located in the east wall. The remaining two
doors are 3' wide by 7';high. These are -both located in the north wall of
the room.

4. ' CASES LXAMINED

With the light combustible loading in this area, the assumption that ail
cables are burning simultaneously would present the worst case. With all
cable trays burning, a surface area of 195 ft2 would be involved. This
corresponds to a heat output of approximately 3446 kW. With all cables
assumed to be burning simultaneously, the duration of the fire would be
2.0 lbs/ft2 + .1 lbs = 20 minutes.

min /ft2

5. RESULTS

With all the cable trays in the area burning simultaneously and one 3' x 7'
door open, the resulting fire was fuel controlled. ~ A gas temperature of
689'F was achieved after 20 minutes, which is below the critical tempera-

!
~

ture for the structural steel .(see Attachment .8). Since the fire was fuel

34 - 1
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I)
controlled with only one door open, the opening of additional doors into
the area will not effect the burn rate or final gas temperature.

The location of cable trays relative to structural steel members w3s
examined in the area. Cable tray 10CNF is located within 12 inches below
the bottom of a W36X300 steel member.

Attachment C contains the results of calculations performed to determine
the response of the steel member to localized heating. These calculations
are conservative because they assume that the entire length of the steel
member is subjected to a temperature of 1300*F when in actuality only a
small section of the steel would be subjected to localized heating. As can
be seen from the results the member does not exceed the single point fail-,

ure temperature of 1100*F during the 20 minute exposure period (time
required for tray to burn to completion).

6. EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 20 minutes. The

[) temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100*F is listed below.

Fire Duration 0/A (kW/m2) Q (kW)
20 min 15.5 5116

The ceiling height in the area is 13'9". This distance is measured from
the floor slab to the bottom of the typical structural steel member in the
area which are W30X210.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500 F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)1100 4,745
1300 6,326 >50 min(~'\V

34 - 2
<

f

9

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



. {_ _

O .4..

t ; .O G
-- -)1

-

%.J

!Q-
_

s

- -

.. __._.__ __

__

r

. - . . _ |
--

_._ ._ _ _

,.
(_j Control Structure El. 200'

West Chiller Equipment Room 258

Surface Area Calculation -

Walls
North wall (72' x 16') 1152 ft2East wall (35' x 16') 560 ft2South wall (72' x 16') 1152 ft2
West wall (35' x 16') 560 ft2

3424 ft2

Ceiling (72' x 35') 2520 ft2

Total Surface Area for Heat Transfer 5944 ft2

ATTACHMENT A

-

L,1
i

%
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CASE NUNDER 1

DUILDING: CONTROL STRUCTURE
("'i ELEVATION AND AREA DESCRIPTIOtJ: 200' WEST CHILLER EQ, RM.V' CASE DESCRIPTION: ONE DOOR OPEN ALL CABLES DURNING

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxxx*xxxxxxxx*xxxxxxxxxxx

CEILING / WALL CEILING / WALL do Ho Aw QTHICKNE9s MATER I AL
(ft) (ft2) (ft) ft2

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 x x x x x x x x x x x x x( x x x x) x x x x x x( k W )xxxxxx
2.5 CONCRETE 21,0 7.0 5944 3446

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERA T URE
(nin) ( d oo ,l')

1 630
2 635
3 637
4 640
5 646
6 649
7 652
0 655
7 650

g 10 661Q 11 664
12 667
13 670
14 673,

15 675
16 670
17 681
10 603
19 686
20 639

b)v

( ATTACHMENT B

.

_ _ .
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f

i CASE NUMBER: 1

} DUILDItJG: CON 1ROL D!JILDING
c ELEVATION AND AREA DESCRIPTION: 200' WEST CllILLER EO. ROOM

CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W36x300
1
,

e

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL
i

FIRE IEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft)> 300

| SURFACE OF STEEL tiEMBER HEATED (sq.ft./ft). 9.99
|

| TIME STEEL TEMPERA TURE
I (min) ( d ea . F )

5.00 230 '

10.00 371
15.00 4Y3
20.00 599

&

@4

|.

.

J

1

g .
.

ATTACHMENT C

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

.

Calculation No. 35

Control Structure El. 200'

Recombiner Access Area Room 259

O.

i Firo Area IN,

\

v

Prepared by: M 7 ///8 Date: February 7, 1984

, . Reviewed by:' M ,L % ,, ~- Revision: 1'

9

!.

..

O ..

P. O. Box 446 e Oak Ridge, Tenneswe 37X30 e (615) 482 3341
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N '' f;dMERICK CEI4ZRATING STATIONc,
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1. AREA DESCRIPTION J,
,

Theareaunderconsideratiqnis{theRecombinerAccessArea, Room 259,on
the 200'-elevation of the control Structure (Fire Area IN). Bounding walls

lare of concrete masonry units and' reinforced concrete construction with an
average thickness of 2 ft. The south wall of the access area is a non-fire
rated barrier. The total sur; face area for heat transfer is 5456 f t2 (see
Attacha,e.nt A for sketch and surface area calculations.)

s

2. COMBUST!BLE LOADING.
'

Therearenocablethysorcombustibleliquidslocatedinthisarea.

3. VENTILATION PARAMETERS
'

Tnree doors enter' the' area. On the east wall is a set of double doors with
each leaf measuring 5' wide by 8' high. Two doors, each measuring 3' wide

'

by 7' high, are lo'cated in the south wall .

'

'UASESFXAMINEO,(~') 4.
xv
!% ~With no exposed ' combustible cabling and no combustible liquids in the

access area, there is no fuel in the area to support combus:f on.
,

5. RESULTS '
,

_ The stru'ctural steel in this area wills not fail since there are no fixedx -
.

-s

ccmbustibles in the area to support a. fire.
s

6. 'EFFECT 0_F TRANSIENT COMBUSTIBLES [.'

This arei'contains no fixed coistiustibles. The table below lists the
maximum heat release rctes for transient materials for different fire
durations which result in an area temperature less than 1100*F.

_
Fire Duration Q/A (kW/m2) Q (kW)

. ' I hour 10.5 ,5324
'

-s

[ ,2 hours . 7.5 3802,

'

, .
3 hours 6.5 3295u.s

+ -

/"%

'

' j .
_ , - - '' 's

35 - 1,

'-

N.
w.,,. %,

, *
.
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r

(^) The ceiling height in the area is 13'9". This distance is measured from
' ~ '

the floor slab to the bottom of the largest structural steel member in the
area, which is a W30X210.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100'F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 4745

1300 6326 >50 min
1500 7908 >35 min

. , < ~

.)

m

) 35 - 2
.
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Control Structur? El. 200's

Reccmpiner Access L'ea Room 259'

Surface Area Calculation
s.

.- Wallsv -

../ North wall (112' x 16') 1792 ft2
East wall (13 ' x 16 ' ) 208 ft2.

Sou th,- wa ll (fl2' x 16') 1792 ft2
West well

. (13' x 16') O 208 ft2
-

i
-

! ' *- ~

~ < _
4000 2,

Ceiling (112' . r 13' )
' '

1456 ft2
,

Total Surface Area for Heat Transfer 5456 ft2
.; :

( j"
e ,

, ,

,

t

.

W

/
_/t M

_
-; ATTACHMENT A,y
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 36

Control Structure El. 200'

(]| East Chiller Equipment Room, Room 263

Fire Area IM

Prepared by: //f 7 M Date: February 7, 1984
q

Rev'yued by: N/fhsm- Revision: 1t .m
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g LIMERICK GENERATING STATION
V

1. AREA DESCRIPTION

The area under consideration is the East Chiller Equipment Room, Room 263,

on the 200' elevation of the Control Structure (Fire Area IM). The boand-

ing walls of the room are of reinforced concrete and concrete masonry unit
construction with an average thickness of 2.5 ft. The total surface area
for heat transfer is 4872 ft2 (see Attachment A for sketch and surface area
calculations).

.i. COMBUSTIBLE LOADING

Combustible loading in this area consists of cable insulation in cable

trays. The total sur. face area of the cable trays is 160 ft2 with an average
combustible loading of 2.0 lbs/ft2 of cable tray surface area. There are
no combustible liquids in this area.

3. VENTILATION PARAMETERS

There are t.ree doors which enter the area. Two of the doors are double() doors, each measuring 8' high by 10' wide. One door is located in the eastv
wall while the other door is located in the west wall. The third door is
3' wide by 7' high and is located in the north wall.

4. CASES EXAMINED

With the light combustible loading in this area, the assumption that all
cables are burning simultaneously would present the worst case. With all
cable trays burning, a surface area of 160 ft2 would be involved. This
corresponds to a heat output of approximately 2828 kW. With all cables
assumed to be burning simultaneously, the duration of the fire wo'Jld be
2.0 lbs/ft2 4 .1 lbs = 20 minutes,

min /ft2

s 5. RESULTS

With all the. cable trays.in the area burning simultaneously and one 3' x 7'
door open, the resulting fire was fuel controlled. A gas temperaturs of
689'F was achieved af ter 20 minutes, which is below the cr#tical tempera-

ture for the structural steel (see Attachment B). Since the fire was fuel
V

36 - 1

.
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controlled with only one door ven, the opening of additional doors into
- \ the area will not ef fect the burn rate or final gas temperature.

The location of cable trays relative to struct, ural steel members was
examined in the area. No cable trays were positioned so as to present a

' localized heating exposure to the structural steel.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 20 minutes. The
temperature at this time was below 1100*F. The maximum additional heat

release rate due to transient materials in the area which will result in an
area temperature less than 1100 F is listed below.

Fire Duration Q/A (kW/m2) Q (kW)
20 min 15.5 4190

The ceiling height in the area is 13'9". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W30X210.

O
The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100'F (min)
1100 4,745

1300 6,326 >50 min
1500 7,908 >35 min

36 - 2 -
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rm Control Structure El. 200'(_,1 East Chiller Equipment Room 263

Surface Area Calculation

Walls
North wall (56' x 16') 896 ft2East wall (35' x 16') 560 ft2South wall (56' x 16') 896 ft2West wall (35' x 16') 560 ft2

2912 ft2
.

Ceiling (56' x 35') 1960 ft2

Totai Surface Area for Heat Transfer 4872 ft2

ATTACliMENT A

,
s.

L:
-

t

. . _ . , _
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C ASE tJUNf.tER : -1
DUI LD ItJG : C0tJTROL S TRUC TURE
ELEVATI0t1 AND AREA DESCRIPTIOt4: 200' LAST CHILLER EQ. RM.

(sv) CASE DESCRIPT10tJ-OtiE DOOR OPEff ALL CABLES DURNING
.-

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 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

CEILItJG/ WALL CEILItJG/ WALL Ac Ho Aw 0
THICKtJESS MATER I AL

(ftJ (ft2) (ft) (ft2) (kW)
xx x XX MxXXXX xXxX x x xXx x xX xXxXx Xx xxWx xXxXx x xX x X x x xXX xx X x xxX x Xx xXx xXXx xx x XX x

2.5 CutlCRETE 21.0 7.0 4072 2028

FIRE IG FUEL C0tJTROLLED

FIRE DUR ATI0tJ GAS TEMPERATURE
(Min) ( d 5m . F )

1 631
2 63ti
3 639
4 643
$ 646<

~6 6W
7 653
0 666

*

9 6W
l0 662

fm 11 664(,,,) 12 667
13 670
14 673
15 676
16 6YO
17 601
10 604
19 606
20 68V,

. (~T
Q .)

.

ATTACHMENT B

-
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STRUCTURAL STEEL ANALYSIS

for
,

LIMERICK GENERATING STATION

Calculation No. 37

Units 1 & 2

h' Control Structure El. 217'

Switchgear Area

Fire Area 2

Prepared by: M7M8 Date: February 7, 1984

Reviewed by: ./4 t..w % Revision: 2c

W

O
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LIMERICK GENERAi!N3 STATION
,n

1. ARE A DESCR1rTION

The area under consideration is the switchgear area on the 217' eleva-

tien of the Control Structure (Fire Area 2) (see Attachment A for
sketch of area). Bounding walls are of reinforced concrete construction
with an average thickness of 3 f t. Total surface area for heat transfer
is approximately 13,836 ft2 (1285 m2) (see Attachment A for calculation

ofareas).

2. COMBUSTIBLE LOADING

Combustible loading in this area consists of cable trays which are
stacked three high along the south wall of the room. At three locations
the cable trays are joined by several vertical cable trays. These three
areas are located at the east side, center, and west side of the so.th
wall ano represent the areas of heaviest combustible loading. The aver-

, age combustible loading of the cable trays in this area is 3.5 lbs/f t2
of tray surface area. There are no combustible liquids in this area.

3. VENTILATION PARAMETERS
,

~. Tnree sets of double doors serve this area. Each set has 2 leaves.
The door leaves located in the east and west walls each measure 4' wice
by 10' high. The door leaves in the north wall measure 5' wide by 11'
high.

4. CASES EXAMINED

Two cases were examined each with a different ventilation parameter and
a dif ferent quantity of cable assumed to be burning.

Case number 1 assumed a spreading cable fire in the center area of

cable trays along the south wall, with oae c' wide by 10' high door open.
Tha fire is assumed to start at a point source and spread horizontally
along the cable trays in each direction at a rate of 10 feat per hour.
The fire will sprecd east and west along the south wall, a distance of
6 feet in each direction along the cable trays before the original
point source dies out after 35 minutes. A maximn surf ace area of g6

(3
G' 37 , 3

_ _ _ _ _ _ _



? of cable trays (see Attachment B for a list of cable trays) will beft

V involved at any one time, which corresponds to a heat output of 1700
kW. Tnis heat output is assumed constant throughout the fire duration.
The actual heat cutput as the fire spreads out of the area originally
involved at any one time would be less since the quantity of cabling
that would be involved at any one time would be less.

Case number 2 assumed all exposed combustibles in the room burning
|

simultanscusly with one 4' wide by 10' high door open. The heat output
of this fire would be 10,254 kW and would last for approximately 150
minutes.

5. RESULTS

Case number I resulted in a fire temperature of 395'F when the fire
|

duration was taken to 180 minutes. This temperature is below the criti-
cal temperature for the structural steel (see Attachment C for results
.of analysis). This fire was fuel controlled, therefore having addi-
tional door leaves open would not change the results.

(D
V Case number 2 resulted in a fire te aperature of 1188'F at 150 minutes.

|,

'

This temperature is above the critical temperature for the structural
steel (see Attachment C for results of analysis).

Since the fires evaluated were assumed to occur in the area of heaviest
combustible loading, the results are considered to be representative
for the entire switchgear area on the 217' elevation of the Control
Structure.

.

37 - 2
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.

' s

(), The position of cable trays relative to structural steel members were
examined throughout the 217' elevation of the Control Structure to

assess the potential for localized heating. Cable trays 21CQA and 11CQA

are located 12 inches below the bottom of structural steel members of
the following types: G1 (W42X316), W36X230, W36X245, W3SX260, W36X300,
W33X118,-W30X99, and W27X84.

Attachment D contains the results of the calculations performed to

determine the response of the- structural steel to localized heating.
The exposure time was taken to be 35 minutes which is the time required
for the tray to burn to completion. These calculations are conservative
because they assume that the entire length of the member is subjected
to a temperature of 1300*F when in actuality only a small section of
the steel would be subjected to localized heating. As can be seen from

the results, the member types G1 (W42X316), W36X230, W36X245, W36X260,

and W35X300 will not reach their critical temperature during the' 35
minute exposure period. Member types W33X118, W30X99, and W27X84 will

/9 exceed the single point failure temperature of 1100*F within the expo-
N s/ ,sure period. Attachment D includes a sketch of the structural membersm

which will fail due to localized heating.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

Since case 2 is a ventilation controlled fire, no transient combusti-
bles were quantified for area effects.

The ceiling height in the area is 17'10-1/2". This distance is measured
from the floor slab to the bottom of a typical W36 beam. The heat
release rates from transient combustibles in the area necessary to
reach plume temperatures of 1100*F,1300*F and 1500*F at 17'10-1/2 '
above the floor area listed in the table below. For temperatures
greater than 1100*F, the tima required to heat the steel to 1100*F are,

also listed.

-T (*F) Q (kW) Time to 1100*F (min)
W27 W30 W33 W36X230 X245 X260 X300

1100 9,500
7 ,s 1300 12,200 25 26 28 50 >50 >50 >50(,) 1500 15,300 17 18 30 35 37 38 45

.

37 - 3
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Control Structure El. 217'
Switchgear Area

Surface Area Calculation,s
i
''

Walls
Nortfiwall (126' x 21') 2646 ft2
West wall 56' x 21') 1176 ft2
South wall 126' x 21') 2646 ft2. East wall (56' x 21') 1176 ft2

7644 ft2
Ceiling

126 ' x 56 ' (-20 ' x 16 ' ) - (16 ' x 34 ' ) 6192 ft2

Total Surface Area for Heat Transfer 13,836 ft2 (1285 m2)

$
ATTACHMENT A

'
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''s

' (' J The following cable trays are present in the center area along the south-
wall and all of the trays are assumed to be burning simultaneously:- w

Surface
Tray No. Tray Width (ft) Tray Length (ft) Area (ft )2
21CQA60 2 4.5 9
21CQA59 2 1.5 3
22CPA60 2 4.5 9
22CPA59 2 1.5 3
20CS060 2 4.5 9
20CS059 2 1.5 3
11CQA60 2 5 10
11CQA59 2 1 2
12CPA60 2 5 10
12CPA59 2 1 2
10CS060 2 5 10
10CSDS9 2 1 2
12CPB 2 6 12
22CPB 2 6 12

96 ft2

Heat output with the above cable trays burning simultaneously:

96 ft2 x 190 kW/m2 = 1700 kW
3s 10.76 ft /m22

()

ATTACHMENT B,_
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CASE NUMDER: 1

DUILDING: CONTROL STRUCTURE
(') ELEVATION AND AREA DESC3IPTiON: 217' OWITCHGEAR AREA
V CASE DESCRIPTION: DNE DOOR LEAF OPEN 4'X 10'

y 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 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 Y X X X

CEILING / WALL CEILING / WALL Ao Ho Aw Q
THICKNESS MATER I AL

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

3.0 CONCRETE 40.0 10.0 13836 1700

FIRE IS FUEL CONTROLLED

FIRE DUR A T10H GAS TEMPER ATURE
(min) (dea.Fi

10 326
20 333
30 339
40 3-15
50 349
60 354
70 350
30 ,h 62
90 3/ 6

100 369(g) 110
' ~ ' ' 373

120 376
130 300
140 303
150 306
160 309

-170 392
100 395

n .

s

ATTACHMENT C

.
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; CASE NUMBER: 2
.

BUILDING: CONTROL STRUCTURE
f') ELEVATION AND AREA DESCRIP TION: 217' GWITCHGEAR Al!EAv CASE DESCRIPTION: ONE DOOR LEAF OPEN 4'x 10'

x x x x * x x x M* * * 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 x x x x x x x x x x x. x x x x x

CEILING / WALL CEILING / WALL Ao Ho Aw 0THICKNESS MATERIAL
(ft) (ft2) (ft) ft2 kWx 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 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
3.0 CONCRETE 40.0 10.0 13836 10254

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(nin) ( d ec. . F )

10 735
20 772
30 000
40 843
50 870
6 () 912
70 945
00 9'/7
90 1009

100p) 1040( 110 10i'1120 1101
130 1130
140 1159
150 1100

j,
Q)

ATTACHMENT C
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CASE NUMI3ER: 1

BUILDING: CONTROL STRUCTURE UNITS 1 42'

(J~') ELEVATION AND AREA DESCRIPTION: 217' SWITCHGEAR AREA
L CASE DESCRIPTION: LUCALIZED HEAIING OF MEMBER TYPE W36x230

f

,

EFFECIS OF LOCAL HEATING ON STRUCIURAL SIEEL

FIRE TEMPERATURE (dey. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft). 230
StJRFACE UF STEEL MEMBER HEATED (sq.ft./ft): 9.04

.-r TIME STEEL TEMPERATURE
(nin) (deg.F)

S.00 276
10.00 449
15.00 593
20.00 712
25.00 812 3
30.00 094
35.00 (163

(3
%J

Iim
U

.

ATTACHMENT D

.

.in
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CASE NUMBER: 2

BUILDING: . CONTROL STRUCTURE UNITS 1 !. 2

.(] CASE DESCRIPTION: ELEVATION AND AREA DESCRIPTION:217' SWITCllGEAR Al!EA's
LOCALIZED HEATING OF MEMBER TYPE W36x245

EFFECTS OF LOCAL liEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1300
WEIGHT OF STEEL MEMBER (1bs /ft): 245
SURFACE OF STEEL MEMBER HEATED (sq , f t . /f t ): 9.07

TIME STEEL TEMPERAIURE
( n in ) (dea.F)

5.00 264
10.00 429
15.00 567
20.00 684
25.00 702
30.00 864
35.00 934

*m
/

,

.

I

O
V

.

ATTACHMENT D

.
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CASE NUMDER: 3
BUILDING: CUNTROL STRUCTURE UNITS 1 &2

(~) ELEVATIOff AND AREA DESCRIPTION: 217' GWITCliGEAR AREA
\ s' CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE |J36x260

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL "

FIRE TEMPERATURE (den . F ) 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 260
SURFACE OF STEEL MEMBER HEA TED (sq.ft./ft): 9.90

TIME STEEL TEMPERATURE -

( riin ) ( d eg . F )

5.00 253
10.00 411
15.00 544
20.00 658
25.00 755
30.00 U37
35.00 906

. ()
%. /

.

/ \
l.

$ t
'

../

ATTACHMENT D

.
.

'' 's ' ' '
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CASE NUMBER: 4
BUILDING: CONTROL STRUCTURE UNITS 1 .2'

f'/ CASE DESCRIPTION:) ELEVATION AND AREA DESCRIPTION: 217' SWITCHGEAR AREA "

w
LOCALIZED HEATING OF MEMBER TYPE W36x300

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dea. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 300
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 9.99,

TIME STEEL TEMPERATURE
(nin) (deo.F)

5.00 23 fi
10.00 371
15.00 493
20.00 599
25.00 691
30.00 771
35.00 041

f~%;

k.J'

?
:

i
:
,

I

,

+ \

'.

ATTACHfiENT D

.
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CASE NUMBER: S

'
DUILDING: CONTROL STRUCTURE UNITS 1 &2

e

/ '1 ELEVATION AND AREA DESCRIPTION: 217' SWITCHGEAR AREA(_,/ CASE DESCRIPTION: LOCALIZED HEATINC OF MEMBER TYPE W33x110
'

EFFECTS OF L0dAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1300
WEIGliT OF STEEL MEMBER (1bs./ft): 110
SURFACE OF STEEL MEMBER HEATED (sq ft./ft): 8.15

TIME STEEL TEMPERATURE
(nin) (deo.F)

5.00 404
10.00 648
15.00 U26
20.00 955
25.00 1049
30.00 1110
35.00 1167

(~s,
^ 'q__,i

.

/'^T
? ]

,

ATTACHf1ENT D
.
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CASE NilMDER: 6
BUILDING: CONTROL S TRUC TURE UNITS 1 ?. 2

9 CASE DESCRIPTION: ELEVATION AND AREA DESCRIPTLON:217' SWITCllGEAR AREA
LOCALIZED HEATING OF MEMBER TYPE W30xY9

EFFECTS OF LOCAL 11 EATING ON ST RUCTUR AL S1 EEL
i

|

FIRE T EMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMDER (1bs./ft): 99
SURFACE OF STEEL MEMBER HEATED (sq ft./P!): 7.37

TIME STLEL TEMPER A f tJRE( riin ) ( cl eo . F )

5.00 430
10.00 606
15.00 066
20.00 9?4
25.00 1084
30.00 1147
35.00 11'/2

.

O

.

O

ATTACHMENT D

_ - _ - - _ _ _ _ _ - _ - _ _ _ -
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CASE NUMBER: 7
BUILDING: CONTROL SfRUCTURE UNITS 1 &2

/G ELEVATION AND AREA DESCRIPTION: 217' SWITCHGEAR Al:EA
(_) CASE DESCRIPTIDH: LOCALIZED HEATING OF MEMBER I:PE W27x84

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMDER (1bs./ft): 84
SURFACE OF STEEL MEMBER HEATED (sq,ft /ft): 6.78

TIME STEEL TEMPER ATURE
(nin) (den.F)

5.00 461
10.00 720
15.00 911
20.00 1035
25.00 1119
30.00 1177
35.00 1216

(%
'.)'

.

4

P

p-'r'

,p'

ATTACHMENT 0

.
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CASE NUMBER: H
BUILDING: CONTITUL STRUCTURE UNITS 1 !. 2
ELEVATION AND AREA DESCRIPTION: 217' SWITCi1 GEAR Alter.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER T'YPE G1(W42x316)

i

EFFECT3 0F LOCAL HEA TING ON 5 TRUCTURAL STEEL

- FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL met 1 DER (lbs.Ht): 316
SURFACE OF STEEL met 1 DER HEATED (sq.#t./ft): 10.91

l TIME S TEEL TEMorp All!RE
(Min) ( d eg . F )

(

a.00 236
,

10,00 301
15.00 506
20.00 615
25.00 700
30.00 709
35.00 Obu

< 1

i
'

,

P

;

O

,

|

<

|
|

E

!

@
c
,

0

ATTACHMENT D
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STRUCTURAL STEEL ANALYSIS

for '

LIMERICK GENERATING STATION

Calculation No. 38

Control Structure El. 304'
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Fire Zone 27

Prepared by: M [M Date: February 7, 1984
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LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The area under consideration is the Fan Room on the 304' elevation of the
Control Structure (Fire Area'27). The bounding walls in the area are of
reinforced concrete with an average thickness of 2 ft. The total surface
area for heat transfer is 17,071 f t2 (see Attachment A for sketch and

calculation of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of cable insulation located in
cable trays. Total cable tray surface area is 748 ft . The average2

combustib,le loading of the cable trays is 3.6 lbs/ft2 of tray surface area.
There are no combustible liquids in this area. Enclosed combustibles are
not included in the combustible loading.

3. VENTILATION PARAMETERS -

Five doors serve this area, four measuring 3' x 7' and one measuring 9' x
10'. Two 3' x 7' doors are located in the north wall, one is located in the

''
east wall while the fourth door is located in the west wall. The 9' x 10'
door is also located in the west wall.

4. CASES EXAMINED

With_the light combustible loading in this area, the assumption that all
cables are burning simultaneously would present the worst case. With all
cable trays burning, a surface area of 748 ft2 would be involved (see
Attachment B for a list of trays). Three cases were examined; the first
case involving a ventilation opening of 21 ft , one 3' x 7' door open. The2

second case' examined involved a ventilation opening of 42 ft , two 3' x 7'2

doors open. The third case examined involved a ventilation opening of 63
2ft , three 3' x 7' doors open.*

5. RESULTS

For the three cases examined, all cable trays in the area are burning
simultaneously. In the first case, a gas temperature of 557*F was achieved
after 105 minutes. In the second case, a gas temperature of 735'F was

{} achieved after 54 minutes, in the third case, a gas temperature of 849'F

- 38 - 1

.

_
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was achieved af ter 36 minutes (see Attachment C for results of all three,-sg

,
5--d analysis). All three temperatures are below the critical temperature for

the structural steel. The cable trays in the area were positioned so as to
not present a localized heating exposure to the structural steel.

6. EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 36 minutes. The-
temperature at this time was below 1100 F. The maximum additional heat

release rate due to transient materials in the area which will result in an
I

area te'mperature less than 1100*F is listed below.

Fire Curation Q/A (kW/m2) 0 (kW)
36 min 12.5 6623

The ceiling height in the ares is 24 feet. This distance is measured from
the floor slab to the bottom'of the largest structural steel nember in the
area which is a 38" girder. The heat release rate from transient combusti-
bles in the area necessary to reach a plume temperature of 1100*F is 20,000

.kW.

J

-

O
-

38 - 2.
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i t',' was achieved af ter 36 minutes (see Attachment C for results of all three
. \

NV '' analysis)., J All three temperaturas are below the critical temperature for
the structural steel. The cable trays in ,the area were positioned so as to1

not present a localized heading exposure to'the structural steel.
~

6. CFFECTS OF TRANSIENT COMBUSTIBLES
*

'

The fire examined was. fuel controlled with a duration of 36 minutes. The\-
. ,

temperatureTat this time was below 1100*F.s The maximum additional heat
? - , release rate due to transient materials'in the area which will result in an

_ area temperatu're(less than 1100 F is listed $below.
; ,. A

'''r ' (. Fire DuratioY s Q/A (kW/m2)[ 0 (kW)

'

''

*

I'~' ~ - J m '36' m i n 12.5 . 6623
-

s~

\\N e, .

. s. ts.

The' ceiling, height in the area is 24 feet. This distance is measured from
'

'the floor sla0 to the bottorit of the largest structural steel member in th
*

e'.t e .. ,% w

-
.

area which -is a 38" girder. .
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h Control Structure El . 304'
-Fan Room Fire Zone 27

' Surface Area Calculation

' Walls,

North wall (27' x 129') 3483 ft2
2East wall -(27' x 58') 1566 ft ;
?South wall (27'-x-129') 3483 ft-

West: wall. (27' x 58') 1566 ft2

10,098-ft2
.

Ceiling
'

6973 ft2Area 1 ( 58 ' x .12.9 ' ) - [( 21 ' x 17 ' ) + ( B ' x 19 ' ) ]
..

Total Surface Area for lieat Transfer. 17,071 ft2

. jm .
\l

' ATTACHMENT A-

'

..e
. _
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The following cable trays are assumed to be burning simultaneously.
'

'

Surface
Tray No. Width (in.). Length (ft.) Area (ft2)
10CKM01 24 2 4

10CKM02_ 24 5 10-

/ 10CKM03 24 17 34
10CKM04 24 13 26
10CKM05 24 13 26
10CKM06 7.4 25 50
10CKM07 24 37 74
IDCKM08 24 23 46
10CKM09 24 9 18
1CCKM02 24 4 8
1CCKM03 24 10 20
1CCKM04 24 13 26
1CCKM05 24 9 18
1CCKM06 24 12 24
1CCKM07 24 9 18
1CCKM08 24 7 14
1CCKM09 24

'

23 46
'

1CCKM10 24 5 10
' 10CGF01 24 17 34 -

10CGF03 24- 10 20
10CGF04 c4 12 24

f 10CGF05 24 '- 2 4
10tGF06 24 17 34- '

'

10CGF07, 24 17 34,

10CGF08 24 24 48,

10CGF09 24 31 62
10CGF10 ' ' , ' 24 8 16

73FTt2-

Average cjmbustible loading per tray surface area = 3.6 lbs/f t2'

,

Fire / duration for free burning tray fires = 3.6 lbs/f t2 4 .1_lb = 36 mins.
Ttc/ min

'

Heat output with all trays in fire area (above) burning simultaneously:.

748 ft2 _ x 190 kW/m2 = 13,208 kW*

,

10.76 ft'/mc
.

, .

,

ATTACHMENT B
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C ASE NUtilfER ; 1

DUILDING: CONIROL SiRUCTURE
ELEVA TlOff ANL ARE A DESCRIP I IOt4: 304' F Atl Routi

f'lCASEDESCRIPT10ti; ONE 3'x 7' l>00R OPEN ALL CAltLE? BURNINGJ

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 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

CEILING / WALL CEILING / WALL Ao Ho Aw 0
Tli1 CK t1ESS ti ATER I AL

(ft) (ft2) (ft) (ft2) (kW)
x x xx x x x x xxx x xxxx x x x xxx x x*xx x xx xx x x xx x x xx x xx x*xx x xzz x xxx x x x x xx x x xxx x x xxx x

2.0 CONCRETE 21.0 7.0 17071 4504

FIRE IS VENTILATION CONTROLLED

FIRE DUR ATION GAS TEriPER ATUR E
( tii n ) (deg.F) *

5 459
10 467=

15 474
20 400
25 405
30 491
35 496
40 501
45 505

(] 50 510
V. 55 515

60 51?
65 524
70 520
75 539
80 53 ts
OS 541
90 545
95 549

100 55?
105 557

,

,

O.v

. ATTACHMENT C
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CASE NUMDER: 2
BUILDING: LONTROL STRUCTURE
ELEVATIOt1 Afl0 AREA DESCRIP T IOti: 304' F Att R OOMe

v) CASE DESCRIPTION:( TWO 3'x 7' DOORS OPEN ALL CADLES DURNlt4G

x x x x X x w 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 x x x X X x x X = x x x x X-* x x x x x x.
.

CEIL i f1G/W ALL CEILING / WALL An Ho Aw u
1HICKtlESG M ATER I AL

(ft) (ft2) (ft) (ft2) (kW)
XMxxxXyXXXXXxxxXXXXXxX-X k W 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 X x x X x

2.0 CONCRETE 42.0 7.0 17071 9000

FIRE IS VENTILATION C0tJTROLLED i

FIRE DURATION GAG TEMPERA 1URE
( tii n ) (dea.F)

2 611
4 613
6 6P4
0 62V

10 635
12 640
14 64$
16 650
10 655 )/N 20 660
22 664
24 669
26 674
20 670
30 683
32 607
34 692
36 696
30 700
40 705
42 707
44 714
46 710
48 722
50 726
52 731
54 735 '

i

1

,e

v

ATTACHMENT C

.
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l
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CASE NUMBER: 3
DUILDItJG : CONTROL STRUCTURE

gq ELEVATION AND AREA DESCRIPTION: 304' FAN POOM
V CASE DESCRIPTION: TliWEE 3'X 7' DOORS OPEN ALL CADLES BURNING

X X X X X X X X X X L X X X X X X X - X X X X X X -X X X X X R X X X X X X X X X X X X X X X X M X- X-1 X X X X X M X X X X X X X X X X X X X X XX

CEILING / WALL CEILING / (JALL Ao llo Aw Q
THICKNESG MATER I AL

(ft) (ft2> ( f' t ) (ft2) (kW)
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 d 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 M X XX

2.0 CONCRETE 63.0 7.0 17071 13200

FIRE IS FilEL CONIROLLED

FIRE DURATION GAS TEMI'LR A TURE
(min) ( d ea . F ) >

2 711
4 72A
6 732
0 741 '

10 749
12 707
1A 7b5
16 773
10 701
20 '71 :0

C\ 22 79 t,U 24 004
26 811
20 819
30 826
32 034
34 041
36 049

4

.

$

( }
'

.

%)

ATTACHMENT C

.
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STRUCTURAL STEEL ANALYSIS

r .r

LIMERICK GENERATING STATION

Calculation No. 39

Control Structure El. 332'

() Standby Gas Treatment System Filter Compartment Room 624
.

Fire A. ea ''9B

t

Prepared by: [r [ /// Date: February 7, 1984
n

Reviewed by:TG./M y>._
_

Revision: 1 i
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P. G. B<u 44G * Oak Ridge, Tennessee 37831 e (615) 482-3541
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. LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The a ca under consideration is the Stanaoy Gas Treatment System Filter

Compartment, Room 624, on the 332' elevation of the Control Structure (Fire
Area 28B). The bounding walls of the area are of reinforced concrete con-
struction with an average thickness of 2 f t. The total surface area for
heat transfer is 5564 ft2 (see Attachment A for sketch and calculation of
surface areas).

2. COMBUSTIBLE LOADING

All cabling in this area is routed in conduit, there are no cable trays.
.'here are no combustible liquids in this area.

3. VENTILATION PARAMETERS '

There are three doors which enter this area. Two 3' wide by 7' high. doors
are located in the east wall and a 6' wide by 8' high double door is locatd
in the west wall.

: /']
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.

5. RESULTS

The structural steel in this area will not fall due to a fire as there are
no fixed combustibles in the area to support a fire.

6. EFFECT OF TRANSIENT COMBUSTIBLES

This area contains no fixed combustibles. The table below lists the
maximum heat release rates for transient materials for different fire
durations wnich result in an area temperature less than 1100*F.

-

Fire Duration 0/A (kW/m2) Q (kW)
1 huur 10.5 5429

2 hours 7.5 3878

3 hours 6.5 3361
O.v

39 - 1
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I) The ceiling height in the area is 15'6".
This distance is measured from

a

the floor slab to the bottom of the largest structural steel member in the
area, which is a W18X105.,

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300 F and 1500*F at the bottom flange

,

of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel

to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 6,432
1300 8,426 37 min
1500 10,545 26 min

e

"

\.,)

,,
|

_

39 - 2
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()\ Control Structure El. 313'
Standby Gas Treatment System Filter Compartment

Surface Area Calculation

Walis
North wall (78' x 17') 1326 ft2
South wall (78' x 17') 1326 ft2
East wall (26' x 17') 442 ft2
West wall (26' 17') 442 ft2

3536 ft2

Ceiling (78' x 26')
.

2028 ft2

Total Surface Area for Heat Transfer 5554 ft2

,

'

ATTACHMENT A
.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 40

Control Structure El. 332'
,

Standby Gas Treatment. System Access Area Room 625

Fire Area 28A

.
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LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The area under' consideration is the Standby Gas Treatment System Access

- Area Room 625 on the 332' elevation of the Control Structure (Fire Area
28A). The bounding walls of the area are of reinforced concrete construc-
tion with an average thickness of 2 ft. The total surface area for heat
transfer is 8928 ft2 (see Attachment A for sketch and calculation of
surface areas).

'2. COMBUSTIBLE LOADING,

All cabling in this area is routed in conduit, there are no cable trays.
The e are no combustible liquids in this area.

. . .

3. VENTILATION PARAMETERS

There are two doors which enter the area, each measuring 3' wide by 7'
high. These doors are located along the north wall and lead into stair-
wells.

;

~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.

t 15. RESULTS

-The structural steel in this area will not fail due to a fire, as there are
no fixed combustibles in the area to support a fire

6. EFFECT OF TRANSIENT COMBUSTIBLES
i

This area contains no fixed combustibles. The table below lists the
' maximum heat release rates for transient materials for dif ferent fire
durations which result in an area temperature less than 1100*F.

. Firi buration Q/A (kW/m2) -Q (kW)
I hour 10.5 8712
2 hours- 7.5 6223
3 hours. 6.5 5393

q
%

'

40 - 1

.
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,

The ceiling height in the area is 14'9" feet. This distance is measured< ~s
t :
\_/ from the floor slab to the bottom of the largest structural steel member in

the area, which is a W27X8,4.

The heat release r3*es from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100 F are also listed.

T (*F) 0 (kW) Time to 1100*F (min)
1100 5,800

1300 8,436 24 min
1500 8,279 17 min

q
\~j

>

4

e

$

4
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i _ _) Control Structure El. 332'

Standby Gas Treatment System Access Area Room 625

Surface Area Calculation

Walls
North wall (120' x 17') 2040 ft2
South wall (120' x 17') 2040 ft2
East wall (72' x 17') 1224 ft2
We , wall (72' x 17') 1224 ft2

Ceiling 2400 ft2

Total Surface Area for Heat Transfer 8928 ft2
'

( ATTACHMENT A,

.
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Calculation No. 41 j
W

Control Structure El. 200'

Radwaste Pipe Tunnel

Fire Area 115
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[) LIMERICK GENERATING STATION

1. AREA DESCRIPTION

The area under consideration is the Radwaste Pipe Tunnel on the 200' eleva-
tion of the ladwaste Enclosure (Fire Area 115). Bounding walls are con-
structed of concrete masonry units, steel plate, and reinforced concrete.

The ceiling is constructed of reinforced concrete with a 76 ft2 open grat-
ing connecting Fire Area 89. The walls and ceiling are not fire rated.
The total surface area for heat transfer is 3125 f t. (See Attachment A for
sketch and surface area calculations.)

2. COMBUSTIBLE LOADING

There are no cable trays or combustible liquids located in this area.

3. VENTILATION PARAMETERS

= Access doors connect to Fire Areas 102 and 118 from the Radwaste Pipe
Tunnel.

O 4. cases ex^aiseo

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

5. RESULTS

The structural Steel in this area will not fail since there is no fuel in
the area to support a fire.

6. EFFECT OF TRANSIENT COMBUSTIBLES

~ This area contains no fixed combustibles. The table below lists the
maximum heat release rates for transient materials for different fire
durations which result in an area -temprrature less than 1100*F.

Fire Duration Q/A (kW/m2) Q (kW)
I hour 10.5 3049

2 hours 7.5 2178

3 hours 6.5 1887

-/^s
1._)

41 - 1

'

---
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,3 The ceiling height in the area is 13'9". This distance is measured from~

O the floor slab to the bottom of the largest structural steel member in the
area, which is a W30X210.

.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottem flange
of the beam are listed in the table below. For temperatures g eater than
1100*F, the time. required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min)
1100 4745

1300 6326 >50 min

1500 7908 >35 min

,-,

%w/

.

("'; 41 - 2.
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(_ I Control Structure El. 200'
Radwaste Pipe Tunnel

Surface Area Calculation

Walls
. North wall (145' x 8') 1160 ft2
East wall (5' x 8') 40 ft2
South wall (145' x 8') 1160 ft2
West wall (5' x 8') __40 ft2

2400 ft2

Ceiling (145' x 5') _ 725 ft2

Total Surface Area for Heat Transfer 3125 ft2

k
?

'

) ATTACHMENT A
'

.
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*

STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 42

Unit 1 Diesel Generator Enclosure El. 217'

O oiesei ce.. retor ceii 1^
'

Fire Area 79

|

1
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LIMERICK GENERATING STATION
. O.

1. AREA DESCRIPTION

The area under consideration is the diesel generator cell 1 A on the 217'

elevation of the Unit 1 Diesel Generator Building (Fire Area 79). (See
Attach:aent A for a sketch of the area.) The bounding walls in the area are
of reinforced concrete with an average thickness of 2 feet. The total sur-
face area for heat transfer is 5579 ft2 (see Attachment A for calculation
of areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of 198 ft2 of cable tray, 250
gallons of lubricating oil, and 800 gallons of fuel oil which is assumed to
have leaked into the diesel generator cell from a postulated break in t
. fuel oil supply line.

3. VENTILATION PARAMETERS

Two intake louvers for the diesel generator cell serve this area, each
measuring 5.25' high x 6.5' wide. Both loovers are located in the south
wall.

'4. CASES EXAMINED

The case examined assumes a fuel oil. fire with both louvers serving the
area open which results in a ventilation controlled fire with a maximum
heat release rate of 12,747 kW. This case assumes that the pre-action

|
sprinkler system in the room dces not operate and/or the fire brigade takes
no action toward extinguishing the fire.

5. . RESULTS

As can be seen from the results in Attachment B, th'e critical temperature
of the structural steel will be exceeded within 10 minutes. This is due to {
the large ventilation openings in the area and the large quantity of fuel
oil available for combustion.

W
Q

42 - 1

'
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(~} 6. , EFFECTS OF TRANSIENT COMBUSTIBLES '

The fire examined was ventilation controlled with a duration of 180
minutes. The temperature at this time exceeded 1100*F, therefore no
transient materials were quantified.

/''

(s)

<

\

() 42 - 2
.
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DIESEL
GENERATOR CELL

I3fM

. . . - - . .

3-
- \l

V( Diesel Generator Room 311A

Surface Area Calculation

Walls
';ortn w&il (25' x 29') 725 ft2
East wall (51' x 29') 1479 ft2
South wall (25' x 29') 725 ft2
West wall (51' x 29') 1479 ft2

4403 ft2
^ iling+

h T' x 25') - (s' x 13') 1171 ft2

5579 ft2

, - -

\~
ATTACHMENT A

i

.
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CASE NUNDER: 1

BUILDING: UNIT 1 DIESEL GENER"ATOR BUILD 1t1G(') ELEVATION ANI) ARE.A DESCRIp rION: 217' CELL 1A FIRfi AREA 79
(/ CASE DEUCRIPTION: TWO 5.25'x 6.5' VENTS OPEN LUDE OIL FIRE

x xx x xxx xx x xx xx x x xx xx xxxxx xx x xx***x x x x*x xx x x**x xxx xx x *xx xx xxx xxx x xx x xxx xx

CEILING / WALL CEILING / WALL Ao Ho Aw Q
*HICKNESS ri ATER I AL

(ft) (ft2) (ft' (ft2) (kW)
x x x x x * 4 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 x x x x x x * x x x x x x x x x x x * x x x

2.0 CONCRETE 60.3 5.3 5579 12747

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPER ATURE
( tii n ) (doo.F)

,

10 1237
20 1436
30 1627
40 1806
50 1972
60 2120
70 2274
80 2412
90 2544.m

(j 100 2669
110 3739 .

120 29ns
130 3016
140 3123
ISO 3227
160 3320
170 3425
100 3520

A
|%)

ATTACHMENT B

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICV GENERATING STATION

Calculation No. 43

Spray Pond Pump Structure El. 237'

RHRSW Pipeway

Fire Area 122F
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LIMERICK GENERATING STATIONg-
V

1. AREA DESCRIPTION

-The area under consideration is the RHRSW Pipeway on the 237' elevation of

the Spray Pond Pump Structure (Fire Area 122F). The bounding walls of the
area are of reinforced concrete construction with an average thickness of 2
ft. The total surface area for heat transfer is 1679 ft2 (see Attachment A
for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

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

:
.

3. VENTILAJ10NPARAMETERS

Ventilatio'n to the area is through a hatch located on the 251' elevation in
the northeast corner of Fire Area 122E.

*
4. CASES EXAMINED-s

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

5. RESULTS

The structural steel in this area will not fall due to a fire as there are
.no fixed comoustibles in the area to' support a fire.

6. EFFECT OF TfaNSIENT COMBUSTIBLES

This area contains no fixed combustibles. The table below lists the
maximum heat release rates. for transient materials for different fire
-durations which rescit in an area temperature of less than 1100*F.

Fire Duration Q/A (kW/m2) 0 (kW)
'

I hour 10.5 1638

2 hours 7.5 1170 i

3 hours 6.5 1014

0 43 - 1-
,

- - _ _ _ _ _ _ _ _ _ .
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The ceiling height in the area is 10'6". This distarice is measured from,_

(_) the floor slab to the bottom of the largest structural steel member in the
area, which is a W18X85.

The heat release rates from transient combustibles in the area necessary to
reach olume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) Q (kW) Time to 1100*F (min) {
1100 2,319

1300 3,163 27 min

1500 3,796 21 min

,~

y
.

.

e

[ b()
43 - 2~-
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(~')' Spray Pond Pump Structure El. 237'
xs RHRSW Pipeway

Surface Area Calculation

Walls
North wall (31' x 12') 377. ft2South wall (31' x 12') '79 ft2East wall (17' x 12') 205ft2West wall (1/' x 12') 204 ft2

1152 ft2
Ceiling (31' x 17') 527 ft2

Total Surface Area for Heat Transfer 1679 ft2

4

) ATTACHMENT A
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

,

Calculation No. 44

Spray Pond Pump Structure El. 168'*

h- ESW and RHRSW Pump Area

Fire Area 122A
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LIMERICK GENERATING STATION
*

O .
,-

1. AREA DESCRIPTION
'

The area under consideration is the ESW and RHRSW Pumo Area on the 268'
elevation of the Spray Pond Pumo Structure (Fire A^'a 122A). The bounding
walls of the area are of reinforced concrete construction with an average'

thickness of 2 ft. The total surface area for heat transfer is 3860 f t2
(see Attachment A for sketch and calculation of surface areas).

!

'
2. COMBUST 16LJ OJADING

All cablTN in tnis area is routed in conduit, there are no cable trays.s

There dre'no combustible liquids in this area.
N s

3. VENTILATidhPARAMETERS
'

Ventilation t{4t'e area is through a doorway located in the west wall of
'the area. -

t

4. CASES EXAMINED

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

-
s

5. RESULTS
'

The structural steel in this area will not fall due to a fire as there are
no fixed Cod 5ustibles in the area to support a fire.

' 6. EFFECT OF TRANSIENT COMBUSTIBLES

This ar'ea,,contains no fixed combustibles. The table below lists the
I eaximum Seat releasa rates for transient materials for dif ferent fire'

durations which result in on area temperature less than 1100 F.
I'A '

,
.

Fi re _ Dtica tion Q/A (kW/m2) 0 (kW)
's

' I hour 10.5 3766
|

2 hours 7.5 2690

3 hours 6.5 2331

O .

'i
44 - I,

w

v
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(he ceiling height in the area is 12'7". This distance is measured fromO the fioer sieb to tne bottom of the ier9est structerei stee, meeser in the
area, which is a W33X118.

.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time t1 1100*F (min)
1100 3,690

1300 4,956 29 min
1500 6,326 20 min

O

.

O "-2-

.
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h Spray Pond Pump Structure El . 268'
ESW and RHRSW Pump Area

.

Surface Area Calculation

Walls
North wall (38' x 15') 570 ft-2
South wall (38' x 15') 570 ft2
East wall (40' x 15') 600 ft2
West wall (40' ~ 15') 600 ft2 ,

2340 TtT

Ceiling (38' x 40') 1520 ft2

Total Surface Area for Heat Transfer 3860 ft2

ATTACHMENT A

.
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

Calculation No. 45

Spray Pond Pump Structure El. 237'
V

1,%
f

/ Wet Pit

Fire Area 122B
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LIMERICK GENERATING STATION-

O
1. AREA DESCRIPTIO_N_

The area under consideration is the Wet Pit on the 237' elevation of the
Spray Pond Pumphouse (Fire Area 1228). The bounding walls of the area are
cf reinforced concrete construction t ith an average thickness of 3 ft. The

total surface area for heat transfer is 4656 ft2 (see Attachment A for
sketch ead calculation of surface areas).

2. COMBUSTIBLE LOADING

All cabling in this area is routed in conduit, there are no cable trays,
'There are no combustible liquids in tnis area.

.e

3. VENTILATION PARAMETERS

.

Ventilation to the area is through t;1e ceiling on the 268' elevation which
is metal. grating.

4. CASES EXAMINED'

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

S.' RESULTS

The structural steel in this area will not fail due to a fire as there are
'no fixed combustibles "in the area to support a fire.

6. EFFFCT OF TRANSIENT COMBUSTIBLES

This area contains no fixed combustibles. This area is r,ormally filled
sith water-so r.) transient materials were quantified.

'

..

'

.

| O-
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(^') Spray dond Pump Structure El. 237'
''

Wet Pit

! Surface trea Calculation

Walls
North wall (38' x 31') 1178 ft2
South wall (38' x 31') 1178 ft2
East wall (23' x 31') 713 ft2
West wall (23 x 31') 713 ft2

TTPITt?
Ceiling (38' x 23') 814 ft2_

.

Total Surface Area for Hec Transfer 4656 ft2

,-,
,

y ATTACHMENT A
1
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STRUCTURAL STEEL ANAL',' SIS

for

LIMERICK GENERATING STATION

Calculation No. 46

.

Spray Pond Pump Structure El. 251'

()' ESW and "HRSW Pump Area

Fire Area 122C

,

Prepared by: h/' ' /// Date: February 7, 1984
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,_ LIMERICK GENERATING STATION
?' '

,1

1. ARPA DESCRIPTION
'

The area under consideration is the ESW and RHRSW Pipeway on the 251' ele-

vation of the Spray Pond Pump Structure (Fire Area 122C). The bounding
,

w?lls of the area are of reinforced concrete construction with an average
,

thickness of 2 ft. The total surface area for heat transfer is 2372 ft2
(see Attachment A for sketch and calcuiation of surface areas).

2. COMBUS'1BLE LOADING

All cabling in this a ea is routed in conduit, there are no cable trays.
There are no combustible liquids in this area.

<

3. VENTILATION PARAMETERS

Ventilation to the arei is through a haten locu ed in the southwest corner
of the area and it open to the 268' elevation.

4. CASES EXAMINED

With no exposed combustible cabling and no combustible liquids in the area,7N
1 i i''

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

5. RESULTS

The structural steel in this area will not fall due to a fire as there are
no ilxed comtustibles in the area to support a fire.

6. EFFECT CF TRAh31ENT CCMBUSTIBLES

This area contains no fixed combustibles. The table below lists the
maximum heat release rates for transient r.aterials for different fire
durations which assult in area temperature of 1100'F.

Fire Duration Q/A (kW/m2) 0 (kW)
I hour 10.5 2314

2 hours 7.5 1653
|3 hours 6.5 1432
|

-

.._,./

46 - 1

~
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4

The ceiling height in the area is 17 feet. This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W10X39.

The heat release rates from transient combustioles in the area necessary to
reach piume ternoerature of 1100*F,1300 F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than
1100*F, the time required to heat the steel to 1100 F are also listed.

T ( F) Q (kW) Time to 1100'F (min)
1100 8,225

1300 10,545 20 min
1500 13,181 14 min

O

.
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(') Spray pond Pump Structure El. ?51' "

-

ESW and RHR5W Pipeway

Surface Area Calculation

Walls
North wall (38' x l''', 646 i't2
South wall (38' x 1/') 646 ft2
East wall (15' x 17') 255 ft2
West wall (15' x 17') 255 ft2

TBi2 Tt1
Ceiling (3a x 15') 5/0 fti

.

Toul surface Area for Heat Transfer 2372 ft2

-

,

e

ATTACHMENT A
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STRUCTURAL STEEL ANALYSIS

for

LIMERICK GENERATING STATION

,

Calculation No. 47

Spray Pond Pump Structure El. 268'

h Access Hatch Area

Fire Area 1220

Prepared by: k Y // Date: February 7, 1984/

Reviewed by: ,,,dIf/ % ,%_ Revision: 1

.
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A
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LIMERICK GENERATING STATION
'

1. AREA DESCRIPTION

The area under consideration is the Access Hatch Area on the 268' elevation
of the Spray Pond Pump Structure (Fire Area 1220). The bounding walls of
the area are of reinforced concrete' construction with an average thickness
of 2 ft. The total surface area for heat transfer is 2014 f t2 (see Attach-
ment A for sketch and calculation of surface areas).

2.. COMBUSTIBLE LOADING

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

3. VENTILATION PARAMETERS

Tnere are three openings into this area. The open stairwell from the 251'
elevation., an opening into the ESW and RHRSW Pump Area, and a door leading
to the outside.

~

4.- CASES EXAMINED

- With no exposed combustible cabling and no combustible 11guids in the area,
there is no fuel in the area to support a fire.

'5. RESULTS

The structural stael in thir, area will not fail 'due '.o a fire as there are
no fixed combustibles in the area to support a fire.

6. .EFFECT OF TRANSIEg1 COMBUSTIBLES

:This area cont: ins no fixed combustibles. The table below lists the
maximum heat release rates for transient materials for different fire
durations 'which result Lin an area temperature less than 1100*F.

Fire Duration pj/A(kW/m2) Q (kW)
1 hour 10.5 1965

2 hours 7.5 1403

3. hours- 6.5 1216

47 - 1.
.

%
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The ceiling height is 13'6". This distance is measured from
-' '

?O the floor slab to *- the largest structural steel member in the
.

area, which is a W2'.
-

.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100 F,1300*F and 1500*F at the bottom flange
of the beam are listed in the table below. For temperatures greater than

' 1100*F, the time required to heat the steel to 1100*F are also listed.

T (*F) 0 (kW) Time to 1100 F (min)
1100 4,640

1300 5,905 32 min
1500 7,487 23 min

O

-
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_
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g Soray Pond Pump Structure El. 268'
Access Hatch Area

Surface Area Calculation

Walls
<; orth wall (32' x 15') 480 ftc

_

,

South wall (32' x 15') 480 ft2East wall (17' x 15') 255 ft2West wall (17' x 15') 265 ft2
1470 ft<

Ceiiing (32' x 17') 544 ft2
,

Total Surface Area for Heat Transfer 2011 ft2
,

1

ATIA',HMENT A

.
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STRUCTURAL STEEL ANALYSIS

for
,

LIMERICK' GENERATING STATION

Calculation No. 48

Spray Pond Dump' Structure El. 251'

O RNRsw veive compertmeet
-

Fire Area 122E

Prepared ';f: k [ ///~
___

Date: February 7, 1984

Reviewed by:31./ Revision: It, m, ,m

h

o
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.. LIMERICK GENERATING STATION
' (/

1. AREA DESCRIPTION

The area under consideration is the RHRSW Valve Compartment on the 251'

elevation of the Spray Pond Pump Structure (Fire Area 122E). The bounding

walls of the area are of reinforced concrete construction with an average
thickness of 2.5 ft. The total surface area for heat transfer is 1871 f t2

-(see Attachment A for sketch and calculation of surface areas).

2. COMBUSTIBLE LOADING

Combustible loading in the area consists of the cable insulation in a,-

. single cable tray. The total surface area of the cable tray is 64 ft2 with
an average cumbustible loading of.3 lbs/ft2 of cable tray surface area.
There are 'no combustible liquids in the area.

3. VENTILATION PARAMETERC

Ventilation to the area is through an open stairwJll which leads to the
268' ele"ation.

-

'

4. . CASES ET. MINED

With the light combustible loading in the area, the assumption that all
cables were burning simultaneously would present the worst case. With all
cables burning, a cable tray surface area of 64 f t2 would be involved. This
c'rresponds to a heat output of 1130 kW. The fire duration with all cables
burning would be 3 lbs/f t2 .1 lbs = 30 minutes.4

min /ft2

5. RESULTS

ilith all cables-burning simultaneously, a gas temperature of 729*F would be j
achieved af ter 30 minutes, which is below the critical temperature of the

structural steel (see Attachment B).

The position of the cable tray relative to the structural steel members was
examined in the area. The cable tray wis positioned so as to not present a
localized heating exposure to the structural steel.

(3
\
t.'!

48 - 1

.
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6. EFFECT OF TRANSIENT COMBUSTIBLES

'

-"I
The fire examined was fuel controlled with a duration cf 30 minutes. The
temperature at this time'was below 1100*F. The maximum additional heat

release rate due to- transient materials in the area which result in an area
-temperature less-than 1100*F is listed below.

Fire' Duration Q/A (kW/m2) 0 (kW)
.30 min 13.5 1217

The ceiling height in the area is 12'6". This distance is measured from
the floor slab to the bottom of the largest structural steel mcmber in the
area,~which is a W24X76.,.

.

The heat release rates from transient combustibles in the area necessary to
reach plume temperature of 1100*F,1300*F and 1500*F at the bottom flange
of the beam are listed in-the table below. For temperatures gre?.ter than
1100*F, the . time required to heat the steel to 1100*F are also listed.

' (} T (*F) Q (kW) Time to 1100 F (min)
1100 3,690

1300 4,956 24 min
1500 6,326 18 min '

i

.

\''1'
48 - 2
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!.s ,/ Spray Pond Pump Structure El. 251'
1

RHRSW Valve Compartment

'

Surface Area Calculation

Walls
North wall (31' x la') 434 ft2
South wall (31' x 14') 434 ft2
East .rall (17' x 14') 238 ft2
West wall (17 ' x 14 ' ) 238 ft2

1344 ft'

Ceiling '(31' x 17') 527 ft2
.

Total Surface Area for Heat Transfer 1871 ft2

r
-/ AT7ACHMENT A ;

,
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CASE NUMBER' .1
- BUILDING: SPR AY POND PUMP STRUCTURE7s

('#) ELEVATION AND AREA DESCRIPTIOff: 251' RHRSW - VALVE COMPARTMENT
CASE DESCRI? TION: OPEN STAIRWELL ALL CADLES BURNING

x xxx x x* x x x x x x x x xx x x.;x x x x x x xx x x x xx xx x x x x x *x x x x xx x*x x x x x x x x-x * x x x x xx x x x x x x x

CEILING / WALL CEILING / WALL Ao Ho Aw 0
THICKNESS MATERIAL

(ft) . (ft2) (Pt) (ft2) (kW)
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 x x x x x x x-x * * x x x -x- x x x x x x x x x x * x xx

2.5 CONCRETE 36.0 12.0 1871 1130

FIRE IS FUEL CONTROLLED

F LRE DUR A TION GAS TEMPERATURE
(nip) (doo.F)

2 646
4 6ti3
6 660
8 66*

10 6 ~. 3
12 6/9
14 605
16 691

|10 6Y6
O 20 700k/ 22 707

24 713
26 718
23 724
30 729

P

.,.

' '
_ ,-

ATTACHMENT B

.
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APPENDIX I

LOCALIZED HEATING OF

REACTOR BUILDING COLUMNS

.

.g
.
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f ~s. LIMERICK GENERATING STATION
)

Columns

Various levels of the Reactor Building contain 14" columns of different
Neights. These range from W14X87 for the smallest to W14X730 for the largest.
The fire exposure to these columns was evaluated from a fire plume exposure,

either from transients or fixed combustibles at the base of the column. The

acceptance criteria was that the cross sectional temperature of the column

remain below 1000*F. The he?t transfer calculations, as with beams, ignore
conductive heat losses along the column.

.

,~
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[] 1

1

.
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CASE NUMDER: 1

BUILDING: REACTOR BUILDING
-/] ELEVATIGN AND AREA DEGCRIPTION : A L. L
'v' . C A S C. DESCRIPTION: W14x730 COLUMN

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (Ibs./ft): 730
SURFACE OF STEEL-MEMBER HEA ID (sq.ft./ft): 9.10

TIME STEEL TEMPERATURE
( m in ) ( d eg . F )

5.00 139
10.00 206
15.00 26'?
20.00 330
25.00 387
30.00 442
35.00 494
40.00 544
45.00 591
50.00 636
55.10 670
60.00 71(7

A 65.00 757.e <.
._/

i

!

- f

)|'

.
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| CASE tlUMBERi 2
.q BUILDIt1G: REACTOR BUILDING
(g ELEVAT10fl AND AREA DESCRIP i10N: ALL

CASE DESCRIPTION: W14x342 COLUliN

EFFECIS OF LOCAL HEATING ON STRUCTURAL STEEL
_

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./ft): 342
GURFACE OF STEEL- MEMDER HEATED (sq.ft./ft): 8.03

TIME FTEEL TEhl'ER ATURE
(nin) (deg.F)

5.00 201
10.00 321
15.00 431
20.00 53G
25.00 620
30.00 701
35.00 775
40.00 t

043
45.00 904
50.00 959
55.00, 1009
60.00 1055~ f'% 65.00V 1096i

(\
\ ,/

.

YW

.

is=. _ _ _ _ _ . _ . _ _ _
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CASE NUNFtER: 3
,e BUILDING: REACTOR BUILDING
(S) ELEVAT10N Ar1D AREA DESCRIPIION:ALL

CAGE DESCRIPTION: W14x550 COLUMN
,'

EFFECTS OF LOCAL HEATIt4G ON STRUCTUR AL ST EEL

FIRE TEMPERAIURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs ./f t ) : 550
SURFACE _0F STEEL MEMPER HEATED (sq.ft./ft): G . ,2

TIME STEEL 1E.1PERATURE
(nin) (deg.F)

5.00 157
10.00 240
15.00 310 0

20.00 391
25.00 463
30.00 524
35.00 584 i
40.00 64t
45.00 694
50.00 744 ;
55.00 791
60.00 035

f'T 65.00 876\ )
x/

4

.

%

<

[*%.

( ) -
.

,,

.
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CASE tJUtiDER : 4 -

DUILDItJG: REACTOR BUILDING
ELEVATI0t1 A?JD AREA DESCR IP T IOrJ : ALL

. CASE DESCRIPTION: W14 x 287 C01. Utit1
I

CFFECTG OF LOCAL llEATING Ot1 GTRUCIURAL STEEL

FIRE TEMPERATURE (deq. F): 1500
WEIGHT OF STEEL riEriDER (lbs./ft): 207
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.06

TIME STEEL TEriPER ATURE
( ti i n ) (doo.F)

5.00 223
10.00 361
1S.00 <. 0 4
20.00 SY et
25.00 692
30.00 77 %'
35.00 ,,

G57
40.00 927
45.00 907
50.00 1044
53.00

-

1093
60.00 1137
65.00 1177

.

,

O

.
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CASE NUMBER: 5
BUILDING: REACTOR BUILDING,m

. f, ) ELEVATIOt1 AND AREA DESCRIPTION: ALL"
CASE DESCRIPTION: W14x665 COLUMN

EFFECTS OF LOCAL liEATING ON S TRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
IJEIGliT OF S TEEL MEMDER (lbs./ft): 665
SURFACE OF STEEL MEMDER HEATED (sq ft./ft): 0.93

TIME S TEEL TEMPER AT tlRE
( c11 n ) ' cf e g . F )

5.00 144
10.00 216
15.00 284
20.00 340
25.00 410
30.00 467
35.00 522
40.00 574
45.00 623
50.00 6?0

,

55.00 71 '.
60.00 755

'~N 65.00
-( ) 795
' % ./

.

P
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CASE t1 UMBER: 6
DUILDIt1G : REACTOR DUILDIrlG

( ) ELEVATIOt1 At4D AREA DESCRIPTIOti ALL' CASE DESCRIPTION: W14x370

EFFECTS OF LOCAL HEATIt<G ON S1RUCTtJRAL STEEL

FIRE TEMPERATtlRE (deg. F): 1500
WEIGitT OF STEEL MEMBER ( lb s . / l' t ) : 370
SURFACE OF GTFEL MEMBER HEATED (nq Ft./ft): O.12

TINE STEEL 1 EMP ER A 1 URE
(min ) (Ceo.F)

5.00 192
10.00 305
15.00 400 a
20.00 504
25.00 590
30.00 667
35.00 741
40.00 007
45.00 067
50.00 922 0
SN.00 972
60.00 1010

~g .. 6S 30 l059
.G

9

.

N

i

V^)~,

.
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|s CASE flUMBER: ~ 7

.

iBU I LD ItJC : REACTOR BUIL D ItJG
- !- . ELEVATION Af4D AREA DESCR IP I IOrl: ALL

|j CASE DESCRIPT TON: W14x398 COLUMt1 !

}

}
i

i EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL
:
!

) FIRE TEtiPERATURE (deg. F): 1500
i

{t WEIGHT OF STEEL MEMBER (1bs./ft): 390
j SURFACE OF STEEL tiEMBER HEATED ( s q , f t . / I' t ) : 8.20

*

; i

!{ IIME STEEL TEMPERATURE I
i, ( ti i n ) (den.F) I
;

; 5.00 105 l; 10.00 292! i15.00 390 '

20.00 400
i

,

25.00 563 '

30.00 639 !
4

35.00 709 !
} 40.00 t774

|
'

45.00 033 L
50.00 087 I

: 55.00 YJ7 ji 60.00 903
,' 65.00 1025 !

.

:
,

4 i

, ,

.

i

>

!

!
t

|

|
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3
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| CASE' NUMBER: 8
j . Bull.D I NG :

.

ELEVATION AtJD AREA DESCRIP TION:
CAGE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W14x07

i

' t

!

EFFECTS OF LOCAL HEATING ON GTRUCTURAL STEEL
.

t

|
r

|| FIRE 1EMPERATURE (deg. F): 1500
! WEIGHT OF STEEL MEMBER (lbs./ft): G7

. SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.02
,

|
"TIME !

STEEL TEMPERATURE [( t1i n ) (d ea .F ) '

i

5.00 524
10.00 035
15.00 ;1947,

|- 20.00 :1191
25.00 !

1290 !30.00 1357
| 35.00 |1402

40.00 !1434
| 45.00 |1455 '

50.00 1469
55.00 1479 ,

60.00 ;

1402,
65.00 ;

1470
l.e :

'

: .

,

!

I
i

!

f

1

i

!

!

|

1
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[CASE NUMBER: 9
, - BUILDING: REACTOR BUILDING'

ELEVATION AND AREA DESCR IP TI0ti: ALL
| CASE DESCRIPTION: COLUMit W14x119

t

; EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

i FIRE TEMI'ERATURE (deq. F): 1500
: WEIGHT OF STEEL MEMBER (1bs./ft): 119

SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 7.12
,

TIME STEEL TEMPERATURE( rq in )
(dea.F)

5.00 406
10.00 665
15.00 862
20.00 ,

1013
i 25.00

*

1120
30.00 1216
35.00 1283
40.00 1334
45.00 1373
50.00 1403

; 55.00 1426
60.00 1444
65.00; 1457

.

4

4

i

!

t

o

N
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LOCALIZED HEATING OF BEAMS

;

t

t

!

L

,

i

O
f

!

!
s

t

t

[..
I
,

I

i

i

i

. . <

p..

6

{

!O
P. O. Box 446 * Oak Ridge, Tennessee 37831 e (615) 482-3541

4

g y , e - , w,r %.- -.%,-.g-e..-%,--,..e, . _ - - --,,w-w--., .-----ww,---,y cw ,em w ,ww- ,e,, _ ,,n..,.- m- . - w-,+wm , w w w . w . w.--- . - ---,r.,--



-

.

CASE NUMBER: 1

('N, - DUILDING:
- (_./' ELEVATION AND AREA DESCRIPTION:

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W18x40

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 40 -

SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.38

TIME STEEL TEMPERATURE
(Min) (deo.F)

5.00 601
10.I)0 903
15.00 1075
20.00 1172
25.00 1227
30.00 1259
35.00 1277
40.00 1207
45.00 1292
50.00 1296

(
'

..,J

CASE NUMBER: 1

11U L LDING :
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALTZED HEATING OF MEMBER TYPE W18x40

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 40
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.30

TIME STEEL TEMPER ATURE
(Min) (dea.F)

5.00 607
10.00 1039
15.00 1238
20.00 1351
25.00 1416
30.00 1452
35.00 1473
40.00 1485

(7 45.00 1491;
''' 50.00 1495-

.. . - . - _



.

CASE NUMBER: 2
BUILDING:

('^~'i ELEVATION AND AREA DESCRIPTION:
'w/ CAbE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 18WF45

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 45
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 4.41

TIME STEEL TEMPER ATURE
(Min) (dea.F)

5.00 545
10.00 037
15.00 1016
20.00 1126
25.00 1193
30.00 1235
35.00 1260
40.00 1275
45.00 1235
50.00 1291

,n

%)

CASE NUMBER: 2
OUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE 18WF4S

EFFECTG OF 1OCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./ft): 45
SURFACE OF S1 EEL MEMBER HEATED ( sq .f t ./f t ) : 4.41

TIME STEEL TEMPER ATURE
(nin) (deo.F)

5.00 622
10.00 962
15.00 1170
20.00 1293
25.00 1376
30.00 1424
35.00 1453
40.00 1471

(~s. 45.00 1483
i 50.00 1407

,

'
-

.



.

4

:

CASE NUMBER: 3

'_ BUILDING:

') ELEVATION AND AREA DESCR IP T ION :.
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W21 x44

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 44
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 4.94

TIME STEEL TEMPERATURE
(nin) (deg.F)

5.00 614
10.00 918
15.00 1008
20.00 1102
25.00 1234
30.00 1263
35.00 1280
40.00 1289
45.00 1294
50.00 1296

x

CASE N' UMBER: 3
BUILDING:
LLEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W21x44

EFFECTS OF LOCAL HEATING ON STRUCTURAL GTEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./f t ) : 44
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 4.94

TIME STEEL TEMPERATURE
(nin) (deg.F)

5.00 703
10.00 1056
15.00 1253
20.00 1363
25.00 1424
30.00 1457
35.00 1476
40.00 1407
45.00. 1493
50.00 1496

- - - .



-

.
'

dASE NUMBER: 4
DUILDING:

(
.s ELEVATION AND AREA DESCRIPTION:

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W21x50,

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEfGHT OF STEEL MEM3ER (lbs./ft): 55
SURFACE OF STEEL NEMBER HEATED (sq.ft./ft): 5.01

TIME STEEL TEMPER A TURE
(nin) (dea.F)

5.00 511
10.00 795
15.00 977
20.00 1093
25.00 1167
30.00 1215
35.00 1246
40.00 1265
45.00 1270
50.00 1206

,

/
$'d CASE NUNDER: 4'

BUILDING:
ELEVATION AND AREA DE".CRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF .1 EMBER TYPE W?t x55

EFFECTS OF LOCAL HEATING ON S TRUCTUR AL CTEEL

FIRE TEMPERATURE (1eg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 55
SURFACE OF STEEL MEMBER HEATED ( sq .f t ./f t ) : 5.01

TIME STEEL TEMPER ATURE
(nin) (dea.F)

5.00 583
10.00 913
15.00 1124
20.00 1259
25.00 1346
30.00 1401
35.00 1437
40.00 1460
45.00 1474

, - . , 50.00 1433
! +

L.



_

. _ . .

.

CASE NUMBER: 5

f~) BUILDING:
( ,! ELEVATION AND AREA DESCRIPTION:

,

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x60

EFFECTS OF' LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 68
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.06

TIME STEEL TEMPERATURE
(nin) (dea.F)

5.00 502
10.00 703
15.00 965
20.00 1033

25.00 1159
30.00 1209
35.00 1241
40.00 1262
45.00 1275
50. 00 1284

Iv)
CASE NUMDER: 5
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W24x60

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./ft): 68
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 6.06

TIME STEEL TEMPERATURE
(nin) (d eg .F )

5.00 572
10.00 099
15.00 1110
20.00 1247
25.00 1336
30.00 1394
35.00 1431
40.00 1455

(''3 45.00 1471
k- ' 50.00 1481

.

Y



.

CASE NUMBER: 6
DUILDING:

O ELEVATION AND AREA DESCRIPTION:
O CASE DESCRIPTIOti: LOCALIZED HEATING OF MEMBER TYPE W24x76

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 76
SURFrCE OF STEEL MEMBER HEATED (sq.ft./ft): 6.09

T IMI:. STEEL TEnPERATURE
(min) (d ea .F )

5.00 458
10.00 724
15.00 '70 7
20.00 1U31
25.00 1116.

30.00 1174-
35.00 1214
40.00 1241
45.00 1260
50.00 1273

,-
.Y

C ASE tJUMDER : 6
UUILDING:
ELEVATION AND AREA DESCRIPTI0ti:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x76

EFFECTS OF LOCAL HEATItJG ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1500
WEIGHT OF STEEL t1 EMBER (lbs./ft): 76
SURFACE OF STEEL MEMBER HEATED (sq.Ft./ff): 6.09

,

TIME STEEL TEMPERATURE'

(nin) (deq.F)

5.00 521
10.00 031
15.00 1043
20.00 1187
25.00 1286
30.00 1354
35.00 1400
40.00 1432

,- 45.00 1453
( j) 50.00 1469

,



.

-

CASE NUMBER: 7
BUILDING:

< S. ELEVATION AND AREA DESCRIPTION:'

'(_/ CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE G1(W24x293)

EFFECTS OF LJCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT UF STEEL MEMBER (lbs./ft): 293

' SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.37

TIME STEEL TE*iPER ATURE
(min) (deo.F)

5.00 190
10.00 301

15.00 400
2 () . 0 0 4 t19

25.00 570.

30.00 642
35.00 708
40.00 767
45.00 020
50.00 B67
.

m
'(n-)

CASE NUMBER: 7
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEtiBER TYPE G1(W24x293)

EFFECTS OF LOCAL HEATING UN STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL hEMBER (lbs./ f t ): 293
SURFACE OF STEEL MEMBER |lEATED (sq.ft./ft): 7.37

TIME STEEL TEMPERATURE
(nin) (deo.F)

5.00 210
10.00 338
15.00 454
20.00 550
25.00 651

30.00 736
35.00 812

,r's 40.00 0U0

.-) 45.00 942
50.00 997

o



.

CASE NUMBER: O
BUILDING:

r'~'N ELEVATION AND AREA DESCRIPTION:
' ,-) CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W27x04-

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MLMBER (lbs./ft): 84
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.78

TIME STEEL TEMPERATURE
(min) (deo.F)

5.00 461
10.00 729
15.00 911
20.00 1035
25.00 1119
30.00 1177
35.00 1216
40.00 1243
45.00 1261
50.00 1273

('3
L)

CASE NUMBER: O

BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W27x04

EFFECTS 0/-LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 84
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.78

TIME STEEL TEMPERATURE
(nin) (den.F)

5.00 524
10.00 835
15.00 1047
20.00 1192
25.00 1290
30.00 1357
35.00 1403
40.00 1434
45.00 - 1455

f)x(_ 50.00 1469



.

.

CASE NUMBER: 9
BUILDING:

,

( } ELEVATION AND AREA DESCRIPTION:
'

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x102- ' '-

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEICHT OF STEEL MEMDER (lbs./ft): 102
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.05

LIME STEEL TEMPERATURE
(nin) (deg.F)

5.00 395
10.00 635
15.00 811
20.00 9 11
25.00 1036
30.00 1106
35.00 1150
40.00 1195
45.00 1223
50.00 1243

/^%
./

UASE NUMDER: 9
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIP TION: LOCALIZED HEATING OF MEMBER TYPE W27x100

EFFECTS 0F LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPENATURE (deq. F): 1500
WEIGHT OF ' STEEL MEMDER ( ) b s . /I' t ) : 102
SURFACE 0F STEEL MEMBER HEATED (sq ft./ft): 6.35

TIME STEEL TEMPERATURE
(min) ( d eo . F )

0.00 448
10.00 727
15.00 932
20.00 1083
25.00 1193
30.00 1275
35.00 1334
40.00 1370
45.00 1411

^ 50.00 1434
(\s)

- - - , - - ,- - . - . - _
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CASE NUMDER: 10
BUILDING:

(, ,) ELEVATION AND AREA DESCRIPTION:
' ' ' -CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x114

'

EFFECTS OF LCCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 114
SURFACE OF STEEL tiEMBER HEATED (sq.ft./ft): 6.89

TIME STEEL TEMPERATURE ,

(min) (deo.F)

5.00' 362
10.00 536
15.00 756
20.00 8H6
25.00 985
30.00 1060
35.00 1117

~

40.00 1161
45.00 11'74
50.00 1219

#
T(

' ' ~ '
CASE NUMDER: 10
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MENDER TYPE W27x114

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F); 1500
WEICHT OF STEEL MEMBER (lbs./ft): 114
SURFACE OF STEEL MEMDER HEATED (sq.f t /f t ) : 6.89

L TIME STEEL TEMPER ATURE
(min) (deq.F)

S 00 410
10.00 670
15,00 060
20.00 1019
25.00 1134
30.00 1221
35.00 1208
40.00 1330
45.00 1377

(3, 50.00 1406
' !

.

I



-

CASE J4 UMBER : 11
BUILDING:

(^ ELEVATION AND AREA DESCRIPTION:
- CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W30 x?9

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WE [GHT OF STEEL MEMBER (lbs./ft): 9?
SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 7.37

TIME STEEL TEMPERATURE
(min) (dea.F)

5.00 430
10.00 606
15.00 066
20.00 994
25.00 1004
30.00 1147
35.00 1192
40.00 1224
45.00
50.00

, 1246
1262

.

7--

' !

'

CASE NUNDER: 11
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING QF{ MEMBER TYP,E W30 x99

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE- (deg. F): 1500
UEIGHT UF STEEL MEMBER (lbs./ft): 99
3URFACE UF STEEL MEMBER HEATED (sq.Ot./ft): 7.37

TIME STEEL TEMPERATURE
(nin) (deo.F)

5.00' 409
10.00 786
15.00 996
20.00 1144
25.00 1249
30.00 1323
35.00 1375
40.00 1412

(' , 45.00 1430
' / S0.00 1456

.



.

CASE NUMDER: 12
DUILDING:

/^'; ELEVATION AND AREA DESCRIPTION:
\/ CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W33x118

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 118
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 0.15

TIME STEEL TEMPER ATURE
(nin) (d ea .F )

5.00 404
10.00 648
15.00 026
20.00 955
25.00 1049
30.00 1110
35.00 1167
40.00 1204
45.00 1230
50.00 1249

g x,
i_)

CASE NUMBER: 12
DUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W33x110

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMDER (lbs./ft): 110
SURFACE OF STEEL MEMBER HEA1ED (sq.ft./ft): 0.15

~

TIME STEEL TEMPERATURE
(nin) ( d eg . F )

5.00 459
10.00 743
15.00 949
20.00 1999
25.00 1209
30.00 1280
35.00 1346
40.00 1300

/^3 45.00 1419
(,) 50.00 1441



.

CASE NUMBER: 13
DUILDING:,- 3

i ! ELEVATION AND AREA DESCRIFTION:
''

CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W33x152

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER ( l b e. . / f t ) : 152
SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 8.27

TIME STEEL TEMPERATURE
(nin) (dea.F)

5.00 333
10.00 541
15.00 704
20.00 832
25.00 932
30.00 1011
35.00 1073
40.00 1102
45.00 1160
50.00 1190

,-.
'

t
'w,I

CASE NUMBER: 13
8UILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: 1.0CALIZED HEATING OF MEMBER TYPE W33x152

EFFECTS OF LOCAL HEATING ON STNUCTURAL SIEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMDER (lbs./ft): 152
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 0.27

TIME STEEL TEMPER ATURE
(nin) (deg.F)

5.00 376
10.00 617
15.00 807
20.00 956
25.00 1073
30.00 1165
35.00 1237
40.00 1293
45.00 13387g

() 50.00 1373

. . _ .



.

CASE NUMBER: 14
BUILDING:

n ELEVATION AND AREA DESCRIPTION: i

(_) CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W36x230 !

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE 1EnPERATURE (deg. F): 1300
WEICHT 01- STEEL MEMBER (lbs./ft): 230
SURFACE OF STEEL MEMBER HEATED (sq f t /f t) : 9.84

TIME STEEL TEMPERATURE
( tii n ) (deq.F) i

!
5.00 276

10,00 449
15.00 593
20.00 712 l
25.00 812 '

30.00 094
35.00- 963
40.00 1020
45.00 1067
50.00 1106

/G
'

(~: ASE NUMf!ER : 14
DUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF fiEMBER TYPE W36x230

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT UF STEEL MEMDER-(1bs./ft): 230
SURFACE OF STEEL (1 EMBER HEATED (sq.ft./ft): 9.34

i TIME STEEL TEMPER ATURE
(nin) (dea.F)

5.00 310
10.00 511
15.00 678
20.00 017
25.00 932
30.00 1020
35.00 1108
40.00 1174
45.00 1229

,

'50.00 1 2 ""~,os

i._j *

- _ . - .-- -



,

CASE NUMBER: 15
BUILDING: *

ELEVATION AND AREA DESCRIP TION:
'

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W36x245

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 245
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 9.07

TIME STEEL TEMPER ATURE
(deo.F)(nin)

2645.00
42910.00
56715.00
6U420.00
73225.00
86430.00
93435.00
99240.00

45.00 1041
100250.00

im
( )

CASE NUMDER: 15
'

DU 'l LD ING :
ELCVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE t.;36x245

EFFEClO OF LOCAL liEATING ON STRUCTUR AL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 245
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 9.07

STEEL TEMPER ATURETIME
(deu.F)(min)

2965.00
40710.00
64915.00
70420.00
89025.00
99430.00

107435.00
114240.00
119945.00
124750.00

( )

-



.

CASE NUMBER: 16
BUILDING: ,

ELEVATION AND AREA DESCRIPTION: I

/^N CASE DESCRIP TION: -LOCALIZED HEATING OF MEMBER TYPE W36x260
(_/

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT GF STEEL MEMBER (lbs./ft): 260
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 9.9n

TIME STEEL TEMPER ATURE
(min) (deg.F)

5.00 253
10.00 411
15.00 544
20.GO 658
25.00 755
30.00 837
35.00 906
40.00 965
45.00 1016
50.00 1059

(~S
CASE NUM!<ER: 16
11U I.LDING :
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOC ALIZED HE ATING OF i<. EMBER TYPE W36x260

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMDER ( lb s . / f' t ) : 260
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 9.90

TIME STEEL TEMPERATURE
(nin) (deg.F)

5.00 203
10.00 466
15.00 622
20.00 754
25.00 066
30.00 961
35.00 1042
40.00 till
45.00 1170
50.00 1219,o

. . .. .



.

CASE NUMDER: 17
DUILDItJG :
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W36x300

EFFECTS Ol' LOCAL. HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F)- 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 300
SURFACE OF STEEL MEMBER HEATED (sq,ft /ft): 9.79

TIME STEEL TEMPERATURE
(min) (deo.F)

5.00 230
10.00 371
15.00 493
20.00 SV9
25.00 691
30.0,0 771
35.00 041
40.00 Yul
45.00 YS4
S0.00 999

CASE NUMBER: 17
BUILDING:
ElEUATION AND AREA DESCRIPTIUN:
CASE DESCRIPTION: LOCALIZED HE ATIN'; 0F MEMDER TYPE W36x300

l EFFECTS OF LUCAL HEATING ON STRUCTURAL S1 EEL

FIRE TEMPERATURE (deg. F): 1500
WEICHT OF STEEL MEMDER ( l b s . / I' t ) : 300
SURFACE OF STEEL MEMBER HEATED ( sq .f t . /f t ) - 9.99

TIME STEEL TEMPER ATURE
(min) (deq.F)

5.00 256
10.00 420
15.00 562
20.00 605
25.00 792
30.00 006
35.00 966

'

40.00 1037
. 45.00 1097
| 50.00 11b0

O'

.

4
' O *

,

- g4[ . ' _

. - . .
_ _ - - . , - . - -
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CASE NUMBER: 18
BUILDING:
ELEVATION AND AREA DESCRIPTION:

(n) CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE G1(W42x316)

EFFECTS OF LOCAL HEATING ON ST9UCTU.RAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ff): 316
SURFACE OF STEEL MEMBER HEATED (sq.Pt./ft): 10.91

TIME STEEL TEMPER ATURE
(nin) (deg.F)

5.00 236
10.00 381
15.00 506
20.00 615
25.00 700
30.00 709
35.00 050
40.00 919
45.00 971
50.00 1016

, - -,

A

CASE NUMDER: 18
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE G1(W42x316s

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

!

TIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMDER (1bs./Ft): 316
SURFACE OF STEEL MEMDER HEATED (sq.ff./ft): 10.91

TIME STEEL TEMPER ATURE
(min) (dea.F)

5.00 263
10.00 432
15.00 578
20,00 703
25.00 012

| 30.00 906
'

35.00 907
40.00 1057

(^)Y
45.00 1117

( 50.00 1169
.

. - _



.

CASE NUMBER: 19
-BUILDING:

(' ''; ELEVATION AND AREA DESCRIPTION:
kJ CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE G52(W51x366)
.

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL *

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 366
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 13.30

TIME ETEEL TEMPER A TURE
(Min) (dea.F)

5.00 245
10.00 396
15.00 S26
20.00 637
25.00 732
30.00 814
35.00 803
40.00 943
45.00 994
50.00 1038

t,

CASE NUMDER: 19
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE G52(W54x366)

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1500
WEIGHT OF STEEL MEMDER (lbs./ft): 366
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 13.30

'

TIME SlEEL TEMPER A~iURE
(Min) (dea.F)

5,00 274
10.00 450
15.00 600
20.00 729
25.00 840
30.00 935
35.00 1016
40.00 1085
45.00 1145,,

( ) 50.00 1196 -

v

, _ _ _ - --



_
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.

CASE NUMBER: 20
BUILDING:
ELEVATION AND AREA DESCRIPTION:

' ' . CASE DESCRIPTION: LOCALIZED HEATING OF MENDER TYPE W36x 194
Q,)

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (-d e g . F): 1300
WEIGHT OF STEEL MEMBER (lbn ./f t ) : 194
SURFACE OF STEEL MEMBER HEATED (sq.Ot./ft): 8.88

TIME STEEL TEMPER ATURE
(min) (deg.F)

i

5.00 291
10.00 473
15.00 623
20.00 745
2S.00 8 ^, b

30.00 928
35.00 995
40.00 1050
45.00 10'75
50.00 1132

q
V CASE NUMBER: 20

DUILDING: '

ELEVATION AND ARdA DESCRIPTI0tJ:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W36x 194

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMDER (lbs./ft): 194
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft). 0.88

TIME STEEL TEMPERATURE
(min) (deo.F)

" 00 327.

10.00 539
15.00 713
20.00 855
25.00 972
30.00 1067
35.00 1145
40.00 1209
45.00 1262

p_ 50.00 1305
'

)
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CASE NUMBER: 21
es BUILDING:
(_) ELEVATION AND AREA DESCRIPTION:

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x130

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 130
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.12

TIME STEEL TEMPERATURE
(min) (den.F)

5.00 334
10.00 543
15.00 707
20.00 835
25.00 936
30.00 1015
35.00 1076
40.00 1125
45.00 1163
50.00 1192

- [^\
r

( ).
' s/

CASE NUMBER: 21
DOILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x130

EFFECTS OF LUCAL 11 EATING ON STRUCTURAL STEEL

i

! FIRE TEMPERATURE (deg. F): 1500
L'l IGHT OF STEEL MEMBER (lbs./ft): 130

[-
.aORFACE OF STEEL MEMBER HEATED (sq,ft./ft): ?.12

i

p TIME STEEL TEMPERATURE
! (nin) (dea.F)
i
'

5.00 378
*0.00 620
15.00 011
20.00- 960

; 25.00 1077
l 30.00 1168
! 35.00 1240-

40.60 1296
! 45.00 1340
f

/~}V 50.00 1375
f
i

l

.
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CASE NUMPER: 22
,- DUILDING:(S_j ELEVATION AND AREA DESCRIPTION:

CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x110
*

,

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 110
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.04

TIME STEEL TEMPERATURE
(min) (dea.F)

5.00 379
10.00 612
15.00 706
20.00 916
25.00 1013
30.00 1006
35.00 1140
40.09 1130
45.00 1211
50.00 1233

,m

\_.,

CASE NUMBER: 22
UUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W24x110

EFFECTS OF LOCAL llEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 110
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 7.04,

|
' $ TIME STEEL TEMPERATURE

(nin) ( d e o . F )'

5.00 430
| 10.00 700
| 15.00 903
; 20.00 1054
- 25.00 1166
| 30.00 1251
i 35.00 1314

|'J]
40.00 1361
45.00 1396

's 50.00 1422
.

?
.

..
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CASE NUMBER: 23
BUILDING:

c'~ ., ELEVATION AND AREA DESCRIPTION:
U CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W30x210

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEICliT OF STEEL MEMBER ( l b s . / f' t ) : 210
SURFACE OF STEEL MEMBER HEATED (sq.Ft./ft): 8.71

TIME STEEL TEr1PER ATURE
(min) (dea.F)

5.00 270
10.00 439
15.00 580
20.00 698
25.00 796
30.00 879
35.00 948
40.00 1006
45.00 1054
50.00 1094

A
t !
s,_-

CASE NUMDER: 23
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W30x210

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 210
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 0.71

TIME STEEL TEMPERATURE
.

(min) (den.F)

5.00 303
10.00 499
15.00 663
20,00 000
25.00 915
30.00 1010
35.00 1091
40.00 1150
45.00 1214m

f i 50.00 1261LJ

--

.'
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CASE NUMBER: 24
BUILDINC:

|9 ELEVATION AND AREA DESCRIPTION: ' ' '

' ' ' CASE DESCRIPTION: LOCALIZED HEATING CF MEMBER TYPE W18x 105

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER ( 1 b r, . / f t ) : 105
SURFACE OF STEEL MEMBER HEATED (sq ft./ft): 5.77

TIME STEEL TEMPERATURE
(nin) (dea.F)

5.00 335
10.00 545
15.00 709
20.00 037
25.00 937
30.00 1016
35.00 1078
40.00 1126
45.00 1164
50.00 1193

/^'s
't)

CASE NUMBER: 24
DUILDING:

- ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W10x105

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 105
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): b.77

TIME STEtEL TEMP ER ATURE
(min) (deg F)

5.00 379
10.00 622
15.00 813
20.00 962
25.00 1079
30.00 1170
35.00 1242
40.00 1298

(3 '45.00 1342
- 50.00 1376

. . . . -
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CASE NUMDER: 25
,

_ DUILDING:

~ [''#} ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W27x145

~...; ._ -

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL ;

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 145
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 7.07

TIME STEEL TEMPERATURE
(nin) (deg.F)

5.00 332
10.00 540
15.00 703
20.00 H31
25.00 931
30.00 1010
35.00 1072
40.00 1121
45.00 1160
50.00 1190

,-

%)

CASE NUMDEE: 25
'DUILDING:
' ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W27x 145

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F.) : ,1600
_

WEIGHT OF STEEL MEMBERf.llbs./ft): -145
SURFACE OF STEEL MEMbriR HEATED ( si; . f t . ?f t ) : 7.07

TIME _ ATEEL TEMPER ATURE
'

(nin)-s - (deg.F)
s

"

5.00 e375
10.00 / 616

=' ' 80615.00-
20 00' - 954'"

25.00. i_ ,

:1163-
1071

,

30.00
'

35.00 ,1233
,

,

40.00 c 12Y2
O 45.00

I b - 1'137
.50.0o Y 1372 '

~

w
,%-qs ~

~
-
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. CASE NUMBER: 26 -

'DUILDING:s % , ,

ELEVATION ANJ ARFA DFCCR [P TION:
C A!4F^' DESCR IP T,I ON : LOCALIZED llEATING OF MEMBER TYPE W24x55

- f)'t - y
*

+
' EFFECTS OF L'OCAL llEA11NG ON STRUCTURAL STEELN s , .

*
,

": .' d
FIRE TEMPERATURE (deg. F): 1300
WEIGitT OF STEEL MEMDER (lbs./rt): 55
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 5.54

TIME STEEL TEMPER ATURE
(Min) (deo.F)

5.00 b50
10.00 053
15.00 1031
20.00 1130
25.00 1202
30.00 1241
35.00 1265
40.00 1279
45.00 1287
50.00 1292

/^

(\) CASE NUMBER: 26
BU1LDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W24x55

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (lbs./ft): 55
SURFACF. OF STEEL MEMBER HEATED (sq.rt./ft): 5.54

T IME STEEL TEMPERATURE.

(nin) (doo.F)

5.00 630
10.UU 901
15.00 1107
,20.00 1312
25.00 1387
30.00 1432
35.00 1459
40.00 1475
45.00 1485
50.00 1491

l'\
' LJ

. . _ , .~. -- - . - -
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CASE NUMBER: 07
DUILDING:' I ELEVATION AND AREA DESCRIPTION:

- CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W33x141

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq. F): 1300
WEICHT OF STEEL MEMBER (lbs./ff): 141
SURFACE OF STEEL MEMDFR HEATED (sq,ft./ft): O.23

TIME STEEL TEMPERATURE
(nin) (deo.F)

5.00 352,

10.00 571
15.00 739
20.00 8 /,0

25.00 968
30.00 1044
35.00 1103
40.00 1119
45.00 1103
50.00 1210.

. f)/%.

CASE NUNDER: 27
DUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE-DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W33x141

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

-FIRE TEMPERATURE (deg. F); 1500
WEICH1 0F STEEL MEMDER (lbs./Pi): 141
SURFACE OF STEEL MEMBER HEATED (sq,ft./ft): 0.23

IIME STEEL TEMPERATURE
(nin) (deq.F)-

5.00 390
10.00 652
15.00 048
20.00 990
25.00 1114
30,00 1203
35.00 1271

(3 40.00 1324
() 45.00 1365

50.00 1396

_ _, - _ , . . _ _ _ . _ . . . . _ , . _ . . _
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CASE NUMBER: 20
gm BUILDING:
L) ELEVATION AND AREA DESCRIPTION:

CASE DESCP.IPTION: LOCALIZED HEATING OF MEMBER TYPE W24x94
.

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMDER (1bs./ft): 94
SURFACE OF STEEL MEMBER HEATED (sq,ft./ff): 6.16

TIME STEEL TEMPER ATURE
(Min) (dea.F)

5.00 307
10.00 623
15.00 79U
20.00 928
25.00 1024
30.00 1096
35.00 1149
40.00 1100
45.00 1217
50.00 1230

(~N.
V

CASE NUMDER: 20
BUILDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W24x94

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg, F): 1500
WEIGHT OF STEEL MEMDER (lbs./ft): 94
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.16

TIME STEEL TEMPERATURE
( tsin ) (den F)

5.00 439
10.00 713
15.00 917
20.00 1060
25.00 1100
30.00 1263
35.00 1324
40.00 1370

-)'( ! 45.00 1403
50.00 1428

,, _ , . _ . . _ , _ _ _ _ . ._. . _.
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CASE NUMDEA: 29
( ' fiU I LD I NG :

.

k- ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE U21x112

EFFECTS UF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (dog. F): 1300
WEIGHT UF STEEL MEMBER (lbs./Pt): 112
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 6.51

TfME STEEL TEMPER A TURL
(min ) (deg.F)

5.00 251
10.00 569
15.00 737
20.00 866
25.00 966
30.00 1042
35.00 1101
40.00 1147
45.00 1102
50.00 1209

7
L)

CASE NUMBER: 2'?
DUILDING:
ELEVATION AND AREA DESCRIPTION:
(.; ASE DELCRIP T ION : LOCALIZED HEATING OF MEMDER TYPE W21x112

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./ft): 112
SURFACE OF STEEL MEMDER HEATED ( sq .C t ./f t ) : 6.51

11ME STEEL TEMPER ATURE
(ain) (deg.F)

5.00 397
10.00 650
15.00 045
20.00 995
25.00 1111
30.00 1201
35.00 1269

p 40.00 1322
V 45.00 1363

50.00 1394

.-
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CASE NUMBER: 30
BUILDING:,

(*) ELEVATION AND AREA DESCRIPTION:CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W18x85

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 05
SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 5.70

TIME STEEL TEMPERATURE
(nin) (dea.F)

5.00 394
10.00 634
15.00 810
20.00 940
25.00 1035
30.00 1106
35.00 1157
40.00 1195
45.00 1223
50.00 1243

--

% ,/

CASE NUnDER: 30
ButLDING:
ELEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE W18x05

EFFECTS OF LOCAL. HEATING ON STRUCTURAL STEEL

F[RE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (Ibs./ft): 85
SURFACE OF STEEL MEMDER HEATED (sq.ft./ft): 5.70

.

TIME STEEL TEMPERATURE
(min) (deg.F)

*

5.00 447 ,

10.00 726 -

15.00 931
20.00 1002
25.00 1192
30.00 1274
33.00 1334
40.00 1378
45.00 1410(') - 50.00 . 1434

N,s

. _ _ .
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-CASE NUMBER: 31
MUILDING: .

CLEVATION'AND AREA DESCRIPTION:

("N CASE DESCRIPTION:
LOCALIZED HEATING OF MEMBER TYPE W10 x39

m)
EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (1bs./ft): 39
-SURFACE OF STEEL MEMBER HEATED (sq.ft./ft): 3.53

TIME STEEL TEMPER ATURE
(nin) (deg.F)

5.00 500
10.00 791
15.00 973
20.00 1090
25.00 1165
30.00 1213
35.00 1244
40.00 1264
45.00 1277
50.00 1285'

.

(~N 2ASE NUMBER: -31
(_):3OILDING:

iLEVATION ARD AREA DESCRIPTION:
:ASE DESCRIPTION: LOCALIZED HEATING OF MEMDER TYPE W10x3Y

EFFECTS OF LOCAL HEATING ON S TRUCTUR AL. STEEL

FIRE TEMPERATURE (deg. F): 1500
WEIGHT OF STEEL MEMBER (1bs./ft): 39
SURFACE OF STEEL MEMBER HEATED (.s q . f t . / f t ) . 3.53

TIME STEEL TEMPERATURE
(nin) (den.F)

5.00 580
10.00 909
15.00

- 1120
20.00 1256
25.00 1343
30.00 1399
35.00 1435
40.00 1458
45.00 1473
50.00 1403

( 'lv

_- . _.
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CASE NUMBER: 32
UUILDING:
LLEVATION AND AREA DESCRIPTI0tJ:

9 CASE DESCRIPTION: G7

EFFECTS OF LOCAL HEATING ON 9TRUCTURAL STEEL

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMBER (lbs./ft): 435
SURFACE OF STEEL MEMBER HEA1ED (sq.ft./ft): 11.25

!

!

TIME STEEL TEMPERATURE
(min) (d en .F )

5.00 1 '? 4

10.00 307
15.00 400

l 20.00 4 '/ 7

25.00 531

30.00 655

| 36.00 720

| 40.00 700
4S,00 063
50.00 031

1 55.00 923

! 60.00 76?
I 65.00 996

LASE NUhDER: 32
I OUILDING:

LLEVATION AND AREA DESCRIPTION:
CASE DESCRIPTION: G7

!

|
EFFECTS OF LUCAL HEATING ON SIRUCTURAL STEEL

FIRE 1EMPERA1URE (deg. F): 1500
WCIGH1 0F SIEEL MENDER (lbs./ft): 435
SURFACE OF STEEL tiEMBER HEATED ( sq.f t . /f t ) : 11.25

FIME STEEL T E MP ER A T UR L:.

(nin) (deo.F)

5.00 211
10.00 346
15.00 463
20.00 567

25.00 664
30.00 7G0
35.00 826
40.00 095

j
45.00 957

| 50.00 1012
55.00 1062
60.00 1107

"

65.00 1147

. . - . - . . - . . , - , , _ - - . , - - . - - - . - . - . - . - - , - - , - . - , . . . . , . . . . - - - - . - - - . . _ - . - . . . , . - , - . . - ..
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C'
Ca parison of PECo Heat Balance Model With NUREG/CR-3192

Data for the tests reported on in NUREG/CR-3192 has been received frm
Sandia National Laboratories; enabling us to cmplete a cmparison between the
results of the UL tests and the calculated tenperatures frm the PECo heat
balance model. We have evaluated Tests 1 through 6 and Experiment 3. The
results of the cmparison are as follows:

Test 1

5 gallons Heptane and non-qualified cables (PE/PVC)
Experirental peak tenperatures at 5 minutes
Duration - 15 minutes
Heat release rate 1160 W Heptane

1750 W Cables
2910 W Total

PECo Heat Balance Calculated Temperature - 1507*F
Test 1 Average Pocm Tenp. - 784*F
Test 1 Tenp without lowest level thermocouples - 1212*F

Test 2

5 gallons Heptane and qualified cables (XLPE)
/N Experimental peak tenperatures at 6 minutes
V Duration - 14 minutes

Heat release rate Case A Case B
1160 W Heptane 1160 m Heptane

i 1234 W Cables 1410 W Cables
2394 W Total 2570 W Total

PECo Heat Balance Calculated Temperature - 1304*F 1363*F
Test 2 Average Rocm Tenp. - 659*F
Test 2 Tenp without lowest level themocouples - 1027*F

Test 3
<

; 5 gallons Heptane and non-qualified cables with ceramic fiber blanket
| Experimental peak tenperature at 15 minutes -

' Duration - 20 minutes'

Heat release rate 1160 W Heptane
1312 W Cables

| 2472 KW Total
:

PECo Heat Balance Calculated Temperature - 1461*F
Test 3 Average Rom Tenp. - 539 F
Test 3 Terp without lowest level thermocouples - 753 F

(,D .
\d
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'1bst 4

5 g d lons Heptane and qualified cable 3 with ceramic fiber blanket
Experimental peak tenperature at 16 minutes
Duration - 30 minutes
Heat release rate 1160 m Heptane

575 W Cables
1735 KW Total

PECb Heat Balance Calculated Temperature - 1283*F
Test 4 Average Roan Tenp. 519 F-

Test 4 Tenp without lowest level thermocouples - 742 F

Test 5

5 gallons Heptane and nonqualified coated cables
Experimental peak tenperature at 10 minutes
Duration - 20 minutes
Heat release rate 1160 KW Heptane

1312 FW Cables "

2472 KW Total

-(~ PIro Heat Balance Calculated Tenperature - 1461*F
\ Test 5 Average Roan Tenp. - 560*F

Test 5 Tenp without lowest level thermocouples - 789 F

Test 6

5 gallons Heptane and qualified coated cables
Experimental peak tenperature at 19 minutes
Duration - 23 minutes
Heat release rate 1160 KW Heptane

693 KW Cables
1853 KW 'Ibtal

PECo Heat Balance Calculated Tenperature - 1249*F
Test 6 Average Roan Tenp. 559*F-

Test 6 Tenp without lowest level thentoccuples - 774*F
,

!
'

Experiment 3

10 gallons Heptane
. Experimental peak tenperature at 20 minutes
Duration - 25 minutes
Heat release rate 1160 FW Heptane

PECo Heat Balance Calculated 'IWperature - 959*F
- Exper 3 Average Boan Tenp. - 524*F
Exper 3 Tenp without lowest level thermocouples - 710*F

| -M
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'Ihe above cccparisons were made on the following bares:

1. Average temperature calculation: Sandia Laboratories provided
thernoccuple readings and temperature plots for the six
full-scale tests conducted by UL. These readings were used to
calculate a volumetric average of the 76 thernoccuple locations
(Figure 1). In evaluating the data, thernoccuples #26 and 28
were not functioning properly, #56 was not included in the data
and #31 and 32 were interchanged. To replace #26 and 28,
thernoccuples #102 and 100, respectively, were used (see p.116,
IUPEG/CR 3192) . The value for #56 was taken to be the average of
adjacent thernocouples #44 and 68.

The test recm was divided into the 76 zones shown on Figure 2.
Each of these zones was assigned the temperatures of the
thermocouple within the zone. Weighted volumetric averaging was
then perforned by using the following formula.

N
T. x V.

1 1i=1 =T
N

,m y,

b i=1 1

Where Vf = Each of the 76 volumes shown on Figure 2

Tf = The therroccuple data for V1

All 76 zones were used in calculating the average rocm
temperature. An average temperature for the upper portion of the
rocm was calculated by eliminating the lower layer of
thermocouples and their associated volumes. The average
temperatures were calculated using the peak terperatures frcm the
test data.

2. Heat Release Rate

Heptane - Literature values for heat release rates for flanmable
liquid pool fires gegerally and heptane specifically vary in the range
of 2500 to 3300 kW/m . For the Sandia and UL tests, the heat release

rate was calculated by tak2ng the total heat yalue of the fuel divided
by the duration of the fire, and is 1966 kW/m . The table below shows
the heat release rate for the heptane fire using this data.

Pg
4,_#
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Heat Release Rate for Heptane Pool Fire

O Source

913 Mi Sandia/UL - NUREG/CR-3192

1160 Mi Based on 120,000 BTU / gal - Coulbert Fire
Technology Aug. 1977

1530 kW FMRC-Alpert & Ward, SFPE-TR 83-2

The methodology used for Limerick for pool fires was based on
Coulbert's approach. Therefore, for this emparison, the value
of 1160 kW was used.

Cables - The heat release rate for the non-qualified PE/PVC was
calculated using the mass loss data and heat of embustion
similar to the methodology used for Limerick. The Di test data
(see EPRI NP-1881) for Pg/PVC was used. This yields a heat
release rate of 628 kW/m of cable-tray.

In the case of the qualified (IEEE 383) XLPE cables, no large
( scale test data was available similar to that on PE/PVC or

hypalon jacket conducted by FMRC. To develop the heat release'

rate for these cables, the small scale tests outlined in EPRI NP
1200 (see Table S-4) were used as a cmparison to develop a heat
release rate. 'Iwo such values were developed. The first was .

developed by taking the PE/PVC data frm EPRI NP-1881 and
nultiplying by the ratio of small scale heat release rates frm
EPRI NP-1200 as follows:

2628 Mf/m x 475 XLPE = 506 Mi/m frm PE/PVC
[ 589 PE/PVC
:

The second was developed by taking the hypalon data and
j nultiplying by the ratio of small scale heat release rates as

follows:
2 2

190 Mf/m x 475 XLPE = 443 kW/m frm hypalon
204 hypalon

| These caparisons yield a range of heat release rates for Test 2
of 1234 kW - 1410 kW.

,

| In the cases where cable protection schemes were provided (i.e.,
l ceramic fiber insulation or cable coatings) no test data exists

regarding heat release rates. To estimate these heat release rates,
the duration of the fire for protected cables was campared to that of

-unprotected cables. The heat release rate was then developed by
[) nultiplying the heat release rate of the unprotected cables by the

ratios of fire duration."
,

|

|

|

t
'
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3. Fire duration: The fire duration was determined frcm the
thernoccuple readings in the fire plume (Nos. 13, 14, 15, and 16 on
Figure 1). When the tenperature of these thermocouples dropped
sharply, the fire was assumed to be ccepleted.

Sunmary+

The results of the work undertaken to ccupare the test data of the UL
test fires analyzed by Sandia National Iaboratories in NUREG/CR-3192 with
the analysis of identical fires using the PECo heat balance nodelindicate
that the model predicts temperatures which are higher than the weighted
volumetric average tenperatures obtained frcm the test data. tbte that the
calculated average temperatures frcm the test data are based on instantaneous
maxinum peak values.

To perform calculations for these comparisons required that
assunptions be made for burn rates and heat releases because no data was
available for scme of the materials being burned. The input to the
Limerick and-Peach Bottczn calculations have been gathered frcm test data
and were not based upon assumptions.

The heat balance methodology is not intended for use as a tool for
calculating a precise tcstperature that results frcm a fire. The,

u intended application is that of a conservative screening device in the
process of determining the surviv@ility of structural steel during a fire.,

In addition to using the heat balance model to determine overall rocxn or area
tenperatures localized effects of fires on the structural steel are evaluated.
This is accenplished by looking at the plumes of the hypothesized fires. Cnce
tenperatures are obtained frcm these devices steel temperatures are calculated
by using the methodology presented by Stanzak as subnitted with our
calculations.

.
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CASE NUMBER: 1

BUILDING:
[') LLI.i.VA TION AND ARE A DESCR IP TION : UL TEST 1
'" CASE DESCRIPlION:

4 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 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,

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

(ft) (ft2) (ft) (ft2) (kW)
#: 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 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-

.7 BLOCK 32.0 8,0 1130 2910

FIRE IS FUEL CONTROLLED

F IttE DUR ATION GAS TEMPERATURE
(nin) (dea.F>

1 1119
2 1143
3 1169
4 1195
5 1222
6 1250
7 1273
8 1307
9 1335

n 10 1364
(d 11 1393

12 1421
13 1450
14 1478
15 1507

:

/\
w

.

6
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'

f ,

l
'

t-
3

)

I
; !

CASE NUMBER: 2A;

1 . DUILDING: e
i

! ELEVATION AND AREA DESCRIPTION: UL | GT 2 [
CASE DESCRIP FION:

|
,

|

f XXXXXXxXx X xMxXxx XxWXxx XW AXxXx Xxx xXMMX Xx x X xXYYXxXxxxXxxXWx x xx xxxx xx xX X XX4

CEILING / WALL CEILING / WALL Ao Ho Aw Q
l TilICKNESS MATERIALi
' (ft) (ft2) ( l' t ) (ft2) (kW) ,

x x x xxxx x x x xx x *-x xx x x x x x **x xx x-xx x x x * x* x x x xxxx xx x x xxx xx x x*x x x xx x x xxx x x x x x x ix;

I
4 ,7 DLOCK 32.0 8.0 1130 2390 |
|
,

i

| FINE IS FUEL CONTROLLED

| FIRE DURATION GAS Tb hPERATURE
( t'ii n ) 'deg.F> t,

1 1841
2 1059 !

3 1078 [
4 1097 !

a5 1117
6 1137
7 1157
8 11'/O I

? 1198 [
10 1219 '

.G 11 1240 i.

12 1261
13 1282 i
14 1303 j

|
|

!

<

~
t
'

t

| I
: >
i i

,

F

t

,

I P

I i

|- t
i $
'

i

.

4

!
,

P

l

'
t
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CASE NUMBER: 2B
BUILDING:
ELEVATION AND AREA DESCRIPTION: UL TEST 2
CASE DESCRIPTION:

x x x x x x xxx x xx x x xxx x x x x xxxx x x-x *xx x xxx x x x x x x x x x x x x x x x x x x x x x * r x x x x x x x x x x x x x x

'

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

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

.7 BLOCK 32.0 8.0 1130 2570

FlRE IS FUEL CONTROLL.Eb ;

FIRE DURATION GAS TEMPER ATU!!E
(Min) ( cl ec . F )

1 1069
| 2 1 1t '/ 0

3 1110
4 1132
5 1154
6 1177
7 114/V
8 1223
V 1246)

[' 10 126?
11 1293
12 1316
13 1340
14 1363

.

|

1
-

t

I

(

i
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.
.

CASE NUMBER: 3
/^s BUILDING:
U ELEVATION-AND AREA DESCRIPTION: UL TEST 3

CASE DESCRIPTION:

i'
xx x x x* x xxxxx xxx x x xx xx * xxx xx xx x x x * xx x-x x x x x x x x x x *x xx x x x x x x xx x x x x x x x x x x xx x x

CEILING / WALL CEILING / WALL Ao Ho Aw r)
THICKNESS MATERIAL

(ft) (ft2) (ft) (ft2) (kW)
'

xxxx*****x*xxxxxxxxxxxxxxxxxxxxx*xxx*xxxxxxxxxx x xxxxxxxx xxy x xx x xxxxxx *xx
.7 BL OCis 32.0 8.0 1130 2472

FIRE IS FUEL CONTROLLED

FIRE DUR A TION GAS TEMPE!! A TURE
(Min) (deg.F)

1 10b4
2 10'/3
3 1U93
4 1113
5 1134
0 11b5
7 1177
8 11YO
9 1220.

/D 10 1242
'

11 1264
12 1206
13 1300
14 1330
15 1352 -

16 1374
17 1396
18 1417 x
19 1439
20 1460

/^\
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|

|

!

_
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CASE NUMDER: 4
BUILDING:*

ELEVATION AND AREA DESCRIPTION: UL TEST 4
CAGE DESCRIPTION:,

xxxxxxxxx**xxxxxxxxxx***xx*x*xxxxxxxxxxxxxx*xx*xxxxxxxxxxxxxxxxxxxxx*xxw

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

(ft) (ft2) (f t) (ft2) (kW)
x x x.**xx x x x x x x.x xx x* x ** x x x **x x x x xx xx x x x xx 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

.7 BLOCK 32.0 00 1130 1735

FIRE IS FUEL CONTROLLED

FIRE DURATION GAS TEMPERATURE
(nio) (den.F)

1 924
2 937
3 949
4 961
5 973
6 905
7 99?
8 1009
9 1022

g 10 1034
11 1047
12 10b9
13 1072
14 1004
15 1097
16 1110
17 1122 '

18 1135
19 1147
20 1160
21 1172
22 1105
23 1197
24 1209-

25 1222
| 26 1234

27 1246
28 1260
29 1271
30 1203

e. .

. -. . . .. -- - .- -- . .
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CASE NUMBER: 5
BUILDING:-

' ELEVATION AND AREA DESCRIPTION: UL TEST 5
CASE DESCRIPTION:

xx x.xx x xxx**x x** x xxx x x x x x x xxx xx xx x x xxx x x x x x xx:x x x xx x x x xxxx xx x x x x x x x x x x y. x x

CEILING / WALL CEILING / WALL Ao llo Aw Q
THICKNESS MATERIAL

(ft) (ft2) ( f t) (ft2) (kW)
x x x x x x xx xxxx x xx x x xxxx x x x x x x xxx x x x-x *-x ** x x x x x x xx x x-x x x x xxx x x x x x x x x xx x x xx x x x

.7 DLOCK 32.0 0.0 1130 2472

FIRE IS FUEL C0tJI ROLLLD

FIRE DURATION CAS TEMI'LR AT UR L
(Min) (doa .F )

1 10S4
2 10'73
3 1093
4 1113
5 1134
6 1155

'

7 1 1 7'/
8 11YU
9 1220

(3 10 taaa
'% ) 11 1261

12 1206
13 1308
14 1330
15 1352
16 1374
17 1396
18 1417
19 1439,
20 1460

blv
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CASE NUMBER: 6
DUILDING:

7- j ELEVATION AND AREA DESCRIPTION: UL TEST 6(
CASE DESCRIPTION:

:t X X x x X X X X x x X X X X X W 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 W 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

CEILING / WALL CEILING / WALL Ao Ho Aw Q

THICKNESS MATERIAL
-(ft) (Pt2) ( -F t ) (ft2) (kW)

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 xx x x x x x x X x x x X x xxx x x x x x x

.7 BLOCK 32.0 8.0 1130 1853

FIRE IS FUEL CONTROLLED

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

1 947
2 961
3 974
4 987
5 1000
6 1014
7 1027
0 1041
9 1055

~ 's 10 1060{d 11' 1002
12 1096
13

'

1110
14 1124
15- 1130
16 1152
17 1166
18 1130
19 1193
20 1207
21 1221
22 1233
23 1249

O
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- - . .
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CASE NUMBER: 7
fm, DUILDING:
(_,j ELEVATION AND AREA DESCRIPTION: UL EXPERIMENT 3

CASE DESCRIPTION:

x x x xx x x xx x x-x x* **x x..x x x x xx x x x xx x x x x xx x x x xxxx xx xx x x -x xx x x x x x x x x x x x x x x x x x x x x x

CEILING / WALL CEILING / WALL Ao Ho Aw q
TilICKNESS MATERIAL

(ft) ( f' t 2 ) (ft) (ft2) (kW)
x xx xx x x xx x** x xx xx x ** x xxx x xx x x x xxx*xxx xxxxx * x x x x x x xxx x.xxxx x x x x x x x x x x x x x x x

.7 BLOCK 32.0 8.0 1130 1160

FIRE IS FUEL CONTROLLED

FIRE DURATION CAS TEMPER ATURE
(min) (deg.F)

1 793
2 001
3 000
4 016
5 ga3
6 330
7 037
8 044
9 050

!O 10 0 b';'

V 11 864
12 071'
13 078

'

14 003
15 891
16 390
17 905
10 912
19 919
20 923

) 21 93a
22 939
23 946

.

24
. 952I.

25' V59
,

!
i

f

!
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