ATTACHMENT (1)

PHILADELPHIA ELECTRIC COMPANY

LIMERICK GENERATING STATION

UNIT 1

STRUCTUKAL STEEL SURVIVABILITY EVALUATION

February 24, 1984

8403050163 840229
PDR ADOCK 05000352
e PDR




Section

Section
Section
Section
Section

1

Il
I
v

vl
VII

r

T B W

TABLE OF CONTENTS

Methodology for Evaluation of Fire Resistance of
Structural Steel

SREPOONCE IO cavnsonvs a4 v a s awnesaésstnsivnssss
Assessing Fire Development..oveeeuevoceensns
Limits on Fire Development........
Fire Modeling TechNiQUeS.c.eeeerencecrsccnsnsens
Localized Heating EffectS.ceecircenccnoscoces
Transient CombuStiDl@Seueeevsscacescsosncocnsnnes

Structural Steel ResSpPONSC.eeereecese Fe

T T e N e A T S e P

Conservatisms
Summary
Calculations
Appendices:

[. Column Calculations

[1. Beam Calculations

fe s

L I I Y




P L C Professional Loss Control, Ine.

4

SECTION 1

METHONOLOGY FOR EVALUATION OF

' +RE RESISTANCE OF

STRUCTURAL STEEL

Prepared by: 51[4-" lMM Date: February 14, 1984

5o 4 2
Reviewed by: /// ’?. W Revision: 2

P. O. Box 446 ® Oak Ridge, Tennessee 37831 o (615) 182-3541




l.

INTRODUCTION

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

needed modifications if deemed necessary.




. [1. 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 from internal or external sources. The heat
output from a cabl2 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 2scape and burn, Other types of com-
bustibles 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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[IT. 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 -ombustion
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 laye: 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 controlied fires as well as resultant heat release rates and peak
fire temperatures, ihis analysis employs a relationship developed by Coul-
bert(1l) which pred’ ‘ts the heat release rate that can be supported by the
fire induced air flow. The relation is:

Q = 1580 AVH

where Q = heat output (kW)
A = area of opening (m?)
H = height of opening (m)

The term A/H is often called the ventilation factor. Any empirical rela-
tionship for the heat release rate or mass burning rate will pe propor-
tional to the ventilation factor. If there is more than one ventilation
opening, then the ventilation factor is taken as the sum of the individua)
ventilation factors.



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

(neat of combustion times quantity) of all the combustinles 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.

Fuel Controlled Fires

When excess air is available for combustion, the heat output of _.he fire
will be dependent on the free burning characteristics of the . 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 ..mbustible Tiquids 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 (1b/min)/ft2 of cable tray
or a heat release rate of 1000 (BTU/min)/ft2 (190 KW/m2),

Another parameter vital to cable tray fire assessment is flame spread
rate, Full scale tests conducted by FMRC/EPR] demonstrate a lateral
spread rate of six te 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 fire, For
this analysis a more conservative figure of 10 ft/hr has been assumed,



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 (I1bs/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 involv-
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
¢f 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
invoived when the original point of the fire buris itself out defines
the steady state fire size. This quantity is multiplied by 1000 (Btu/
min,)/ft2 (190 kw/m?) 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 of the fire through its entire duration. This is a very con-
servative assumption since the quantity of cabling involved will pe
less as the fire spreads out of the area of origin, The assumptions
governing spreading cable fire scenmarios 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 Limerick
s approximately '100°F, If the area temperature exceeds 1100°F, 1%
must e assumed that all cables are burning simultaneously unless the
fire becomes ventilation controlled.




Lubricating 01l Burning Characteristics

Free burning fires involving combustible liquids have been avaluated
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 liquids 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 spil)
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
01l quantities have been doubled in the calculations. !Inder free burn-
ing conditions a variety of oil leakage rates and consequent fire dur-
ations and heat outputs are possible.



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 thc 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

Ariting 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)
fs 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, ¢ CpK (assumption of semi-infinite slab approximation).

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 =~/ 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 tu the
back side. The thermal penetration time is a material property and can be
determined if the thermal diffusivity of the wall material and its thick-
ness are known,



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 on/ﬁ—for ventilation
controlled fires)

Q= oApn  (Tg? - T,%) = radiant heat transferred to

boundary
Q = (m0Cq kfiAt (Tw=Tg) = conductive heat loss through
e e boundary
2Vt

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

Q *{Hb+Q\Tv 41%

following expression:

\

S Agn Ak !

where (} = heat release rate (kW) of fire

K = 1/2 (ko cp)%
n = function of emissivity of fire gases and boundary walls
At = total heat loss surface area of boundary

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 i3 that no heat will be lost through the floor.

3




V.

LOCA. 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.

Plume Modeling:

Alpert and Ward (8) present empirical relationships for temperature in-
crease, A T, with respect to height above fuel packege, H, and size of
fire, Q. This general relationship is as follows:

AT = 300 (kQ)+667 n-1.67

Using this relationship, "safe" separation distances from fuel pac‘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
highe~ than the critical temperature of the steel, the heating of the
steel is assessed.

1. Cable Tray Fires

Cable tray fire tast data was examined to establish temperature pro-
files above burning cable trays. Tests performed by Sandia Labora-
tories (7) and FMRC/EFRI (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.




,

. 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 profiies. During FMRC/EPRI (2) large scale tests on hypalon |
cable, the temperature measured by thermocouples 6'S" above the top
tray of the 12 tray array (2 s‘acks of 6) was 840°F. Using this data |
and applying the plume relationship described above, a temperature
profile can be estimated as follows:
T = 1100°F H=5.4]1 ft
1300“F 4.87 ft
1500°F 4.45 ft

Applying the plume relationships to other cable arrays is necessary to
estimate the plume effects 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

Tq= 1300°F Tg = 1100°F
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 local effects 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

. 3-5 4 ft
55 5 ft




2.

These criteria were used to identify areas where stacks of cable trays were
located less than these "safe" separation distances from struciural steel.
These areas were then evaluated regarding the cable loading, size of steel

member, and number of trays to determine the potentia. 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 (canle 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.

Pool Fires

Realistic relations for determining temperature distributions for fire
plumes have been developed by Heskasted of FMRC (9). These relationships
are based un large scale fire tests involving a variety of liquid fuels.

Fire plumes are considered to have a virtual origin (point source) frow
which the plume can be considered ty 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, Hg,» (relative to floor
level) can be theoretically predicted using the following relation:

Ho = -1.02D + 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 (atove ambient) at any height in the plume. This equa-
tion is used to determine the temperature to which the structural stee)
Tocated above the pool will be subjected.




:.TO = 9'1 [Tn/(gcpz 52)] » 333 OC-667 (H_Ho) -1.67

Where 4T, = temperature rise in plume (°K)
T= = ambient temperature (°K)
g = acceleration of gravity (m/s?)

Cp = specific heat of air (KJ/Kg”K)
ow = ambient density of air (Kg/m3)
Qc = convective heat flux in plume, Q. = .650, (KW)

H = height above pool surface



VI. TRANSIENT COMBUSTIBLES

The effect of transient combustibles on the fire exposure to structural
steel was also evaluatza. This evaluation fincluded 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. oi transient combustibles which could be in an area, the approach
taken was to quantify the size of fire which would cause the a~ceptance
criteria outlined in Section VII to be exceeded.

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 II[). 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 éxceed the acceptance
criteria and multiplying this extended duration by the ventilation limited
heat release rate.

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 graphically 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/Ay) to calculate the duration of
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 solution 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,

13
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8.

Localized Effects

The hazards of transient combustibles may be either that of an ignition
source for insitu combustipbles (i.e. cables) or as a direct exposure to
structural steei. 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,

HEAT RELEASE FATE (BTU/SEC)
s00C 10,000 1S, 000 20,200
L 1 1 1

FUEBL. ARRAY

#)

{
\

UEIGHT A20ovE

¥
5,000 16,200 15,000 20,000

HEAT RELEASE RATE FIGURE 3

(Kw)
Fire Plume Effects
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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 impor.ant to remember that the heat release rate is the driving force

and not the total heat of combustion of the materials. Alpert and Ward (83)
provide some data on heat release rates ror various materials such as wood-
en pallecs, flammable liquids and storage related commodities. Limited
data exists on "trash" or health physics supplies. To develop some guid-
ance for these commodities, Sandia Laboratories 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.

Table 1
Characterization of Transient Combustible Fi.es

Estimated Peak Heat

Test # Test Description Release Rate
20 1b of computer paper in two 570 Btu/sec
plastic trash bags

4 25 1b of rags, 17 1b of paper towels, 600 Btu/sec
13 1b of plastics (gloves and tape),
2 gal methanol placea in two plastic
trash bags

5 30 1b of computer paper in two 50 gal 700 Btu/sec
plastic trasr cans (16.5 1b 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




VII STRUCTURAL STEEL RESPONSE

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 i5 a conservative criteria because it neglects
the added fire endurance provided by end restraints and composite con-
struction,

The following measures are used in verifying compliance with this

1100°F temperature criteria:

If the area and localized peak temperatures are less than 1100°F,
then the unprotected structural steel member is acceptable.

- 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 coa*ad to ,rovide the required
fire resistance or measures will be taken to reduce the fire
exposure tc the beam to a level such that the member tempera-
ture will be less than 1100°F,

A 1700°F cross sectional average temperature of the steel member has
been established for columns with similar verification steps.

18



Heating of Structural Steel Members

The temperature of the structural steel member 15 determined using the
unsteady state heat transfer calculation outlined by Stanzak (10).
8T =231 U (T3 -Tj)at

5

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)
Tij = 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.

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.

19
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CONSERVATI SMS

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.

. R 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/1b 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
Q 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-
sure of the entire exposed surface area to the plume and temperature
at the bottom flange, regardiess of the beam depth and ignores conduc-
tive heat losses down the length of the beam,
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CALC AREA

HO. ~DESCRIPTION

01 UNIT 1 REACTOR BUILDING
EL. 177" RHR HX & PUMP
ROOM 102

01

02 UNIT 1 REACTOR BUILDING
EL. 177" RHR HX AND PUMP
ROOM 103

02

c3 UNIT 1 REACTOR BUILDING
EL. 177" RCIC PUMP ROOM
108

03

04 UNIT 1 REACTOR BUILDING
EL. 177" HPCI PUNP &

e TURBINE ROOM 109

05 UNIT 1 REACTOR BUILDING
EL. 177' CORE SPRAY PUMP
ROOM 110

06 UNIT 1 REACTOR BUILDING

EL. 177
111

CORRIDOR ROOM

CASE

SUMMARY OF STRUCTURAL STEEL EVALUATIONS

==zz==z

TFzzzzzz===

CASE
DESCRIPTION

sS====s

VENTILATION CONTROLLED
FIRE, ONE DOOR OPEN

VENTILATION CONTROLLED
FIRE, 2 DOORS OPEN

VENTILATION CONTROLLED
FIRE, ONE DOOR OPEN

VENTILATION CONTROLLED
FIRE, TWO DOORS OPEN

VENTILATION CONTROLLED

FIRE, ONE 3' X 5'10' DOOR

OPEN

VENTILATION CONTROLLED
FIRE, TWO 3' X 5'10"
DOORS OPEN

VENTILATION CONTROLLED
FIRE, OnZ DOOR OPEN

VENTILATION CONTROLLED
FIRE, ONE DOOR OPEN

NO EXPOSED COMBUSTIBLES

FIRE
DURATION
uun)

125

3

180

37

PAX.
AREA
TEMPERA-

JURECFILL)
841

1118
T(S)=109%

770

1020

1291

1373

1237

1128
T(s)=1070

LOCALIZED
HEATING

PROBLEN
NO

PAGE 1

COMMENTS
STEEL DOES NOT REQUIRE FIREPROOFING.

CASE 2 IS VERY CONSERVATIVE BECAUSE
DOORS ARE MONITORED WATER-TIGHT DOORS.
IT IS EXTREMELY UNLIKELY THAT BOTH DOORS
WOULD BE OPEN.

72 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIONS.

STEEL DOES NOT REQUIRE FIREPROOFING.

CASE 2 IS VERY CONSERVATIVE BECAUSE
DOORS ARE MONITORED WATER-TIGHT DOORS
AND IT IS EXTREMELY UNLIKELY THAT BOTH
DOORS WOULD BE OPEN.

72 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIONS

PREACTION SPRIMNKLER SYSTEM INSTALLED IN
THIS AREA. STEEL WILL NOT BE
FIREPROOFED.

80 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIONS.

PREACTION SPRINKLER SYSTEM INSTALLED IN
THIS AREA. STEEL WILL NOT BE
FIREPROOFED.

155 GALLONS OF TRAMSIENT LUBE OIL
INCLUDED IN CALCULATIONS.

STEEL DOES NOT REQUIRE FIRCPROOFING.

24 GALLONS OF TRANSIENT LUBE OIL
INCLUDED IN CALCULATIONS.

STECL DOES HOT FEQUIRE FIREPROOFING.
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84/02/27 SUMMARY OF STRUCTURAL STEEL EVALUATIONS PAGE
ASSSSSS3sszsszsssszzszcszzszz=zzs==z=ss=ss
MAX .,
FIRE AREA LOCALIZED
CALC AREA CASE CASE DURATION TEMPERA- HEATING
MO, DESCRIPTION HO.  DESCRIPTION (MIN) _ TURE(F PROBLEM _  COMMENTS
67  UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 37 1072 NO STEEL DOES NOT REQUIRE FIREPROOF ING.
EL. 177" CORE SPRAY PuMP FIRE, ONE DOOR OPEN
ROOM 113 24 GALLONS OF TRANSIENT LUBE OIL
T''CLUDED IN CALCULATIONS.
08  UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 37 1118 HO STEEL DOES NOT REQUIRE FIREPROOF ING.
EL. 177" CORE SPRAY PUMP FIRE, ONE DOOR OPEN T(S)1=940
ROOM 114 24 GALLONS OF TRANSIENT LUBE OIl
INCLUDED IN CALCULATIONS.
09  UNIT 1 REACTOR BUILDING 1 FUEL CONTROLLED FIRE, ALL 15 713 NO STEEL DOES NOT REQUIRE FIKEPROOFING.
EL. 177" SUMP ROOM, ROOM CABLES BURNING
115 SiMULTANEOUSLY CONSERVATIVE BECAUSE CABLES WILL NOT
BURN SIMULTANEOUSLY.
10 UNIT 1 REACTOR BUILDING NO EXPOSED COMBUSTIBLES STEEL DOFS NOT KEQUIRE FIREPROOFING.
EL. 177' CORRIDOR ROOM
118
11 UNIT 1 REACTOR BUILDING NO EXPOSED COMBUSTIBLES STEEL DOES NOT PEQUIRE FIREPROOFING.
EL. 198" PIPE TUNNEL ROOM
202
12 UNIT 1 REACTOR BUILDING 1 VENTILATION CONTROLLED 95 814 CABLE PREACTION SPRINKLER SYSTEM WILL BE
EL. 201" SAFEGUARD SYSTEM FIRE, ONE DOOR OPEN, ALL TRAY INSTALLED BECAUSE THE AREA IS A LIKELY
ACCESS AREA ROOM 200 CABLES BURNING PATH FOR TRANSIENTS.
T($)=1100
AT 16 HIN
12 2 VENTILATION CONTROLLED 46 1065
FIRE, THWO DOORS OPEN, ALL
CABLES BURNING
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 SPRINKLER SYSTEM WILL BE
EL. 201' COOLING WATER HX FIRE, OHE DOOR OPEN, ALl TRAY INSTALLED BECAUSE THE AREA IS A LIKELY
AREA ROOM 207 CABLES BURNING PATH FOR TRAISIENTS.
T(S)=1100
AT 16 MIN
13 2 VENTILATION CONTROLLED 45 1028
FIRE, TWO DOORS OPEN, ALL
CABLES BURNING
-l UNIT 1 REACTOR BUILDING NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.

EL. 253" MAIN STEAM 2
FEEDWATER PIPE TUNNEL



84/02/27

CaLC

15

15

16

17

18

19

20

AREA
DESCRIPTION

UNIT 1 REACTOR BUILDING
EL. 17
ACCESS AREA ROOM 309

UNIT 1 REACTOR BUILDING
EL. 217" GENERAL FLOOR
AREA NE CORNER

UNIT 1 REACTOR BUILDING
EL. 217" GEMNERAL FLOOR
AREA SE CORNER

UNIT 1 REACTOR BUILDING
EL. 217' GENERAL FLOOK
AREA MW CORNMER

UNIT 1 REACTOR BUILDING
EL. 253" GENERAL FLOCR
AREA

UNIT 1 REACTOR BUILDING
EL. 283" GENERAL FLOOR
AREA

UNIT 1 REACTOR BUILDING
EL. 295'-3" PIPE CHASE
SERVICE ROOM

UNIT 1 REACTOR BUILDING
€L. 313° LAYDOWN AREA
ROOM 601

UNIT 1 REACTOR BUILDING
EL. 313" LAYDOWN AREA
ROOM 602

SAFEGUARD SYSTEM

CASE

CASE
DESCRIPTION

VENTILATION CONTROLLED
FIRE, ONE DOOR OPEN, ALL
CABLES BURING
SIMULTANEOUSLY

FUEL CONTROLLED FIRE, TWO

DOORS OPEN, ALL CABLES
BURNING SIMULTANEOUSLY

FUEL CONTROLLED FIRE,
SPREADING CABLE FIRE

FUEL CONTROLLED FIRE,
SPREADING CABLE FIRE

FUEL CONTROLLED FIRE,
SPREADING CABLE FIRE

FUSL CONTROLLED FIRE,

SPREADINC CABLE FIRE

FUEL CONTROLLED FIRE,
SPREADING CABLE FIRE

SUMMARY OF STRUCTURAL STEEL EVALUATIONS

FIRE
DURATION

inpey)
120

65

180

180

Jao

180

180

FUEL CONTROLLED FIRE, ONE 40

DOOR OPEN, SPREADING
CABLE FIRE

FUEL CONTROLLED FIRE, ALL 40

CABLES BURNING

FUEL CONTROLLED FIRE, ALL 35

CABLES BURNING

MAX .

AREA LOCALIZED

TEMPERA- HEATING

TURE(F)(1)  PROBLEM _

643 NO

808 HOHE

650 CABLE
TRAY
Ti(Si=700
AT 32 MIN

550 CABLE
TRAY
T(S)=1100
AT 25 MIN

629 CABLE
TRAY
Ti(S)=1100
AT 24 MIN

1045 NO

854 CABLE
TRAY
T(S)=1100
AT 19 HIN

1035 CABLE
TRAY
T(S)=1100
AT 19 MIN

543 NO

404 NO

PAGE 3

COMMENTS

STEEL DOES NOT REQUIRE FIREPROOFING.

PREACTION SPRINKLER SYSTEM INSTALLED FOR
SAFE SHUTDOWN CONSIDERATIONS. MENBERS.

AFFECTED BEAMS WILL BE COATED.

W 27 X 94 WILL BE FIREPROOFED.

W 14 X 87 COLUMN IS NOT REQUIRED
STRUCTURALLY AND WILL NOT BE
FIREPROOFED.

PREACTION SPRINKLER SYSTEM INSTALLED IN
NE CORNER FOR SAFE SHUTDOWN
CONSIDERATIONS.

PREACTION SPRINKLER SYSTEM WILL BE
INSTALLED IN AFFEZTER AREA (MW CORNER)
IN LIEU OF FIREPROOFING STRUCTURAL
MEMBERS .

W 14 X 87 COLUMN NOT REQUIRED
STRUCTURALLY AND WILL MNOT BE
FIREPROOFED.

STPUCTURAL MEMBERS NOT REQUIRED. SLAB

IS SELF SUPPORTING. NO ACTION TO BE
TAKEN.

STEEL DOES NOT REQUIRE FIREPROOTING.

STEEL DOES NOT REQUIRE FIREPROOFING.

W 14 X 87 COLUMN NOT REQUIRED
STRUCTURALLY AND WILL NOT BE
FIREPROOFED.
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CALC

Mo,

24

25

26

27

28

29

30

3

32

33

34

35

AREA
DESCRIPTION

UNIT 1 REACTOR BUILDINS
EL. 313" CORRIDOR ROOM
605

UNIT 1 REACTOR BUILDING
EL. 313" REACTOR VENT
SUPPLY FAN ROOM, ROOM 607

UNIT 1 REACTOR BUILDING
El . 331° EXHAUST FAN
£ %, ROOM 615

UNIT 1 REACTOR BUTLDING
EL. 331" EQUIPMENT
COMPARTMENT EXMAUST
FILTER POOM 616 & 617

UNIT 1 REACTCR BUILDING
EL. 331' RECIRC FILTER
COMPARTHENTS R00t1 618

UNIT 1 REACTOR BUILDING
EL. 352" REFUELING FLOOR

CONTROL STRUCTURE EL.
180" BACKWASH PUMP ROOMS
161, 162 & 165

CONTPOL STRUCTURE EL.
180" BACKMWASH RECEIVING
TANK ROOM 163

CONTROL STRUCTURE EL.
180* CORRIDOR 164

CONTRGL STRUCTURE EL.
180" CORRIDOR 166

CONTROL STRUCTUPE EL.
200" MWEST CHILLER
EQUIPMENT ROOM, ROOM 258

CONTROL STRUUTURE EL.
200" RECOMBINER ACCESS
AREA ROOM 259

CONTROL STRUCTURE EL.
200" EAST CHILLER
EQUIPHMENT ROOM, ROOM 263

CASE

SUMMARY OF STRUCTURAL STEEL EVALUATIONS

e e e

CASE
QESCRIPTION

FUEL CONTROLLED FIRE, ALL
CABLES BURNING

FUEL CONTROLLED FIRE,
LOUVERS OPEN, ALL CABLES
BURNING

NO EXPOSED COMBUSTIBLES

NO CXPOSED COMBUSTIBLES

NO EXPOSED COMBUSTIBLES

NO EXPOSED COMBUSTILLES

FUEL CONTROLLED FIRE, ONE
DOOR CPEN, ALL CABLES
BURNING SIMULTANEQUSLY

FUEL CONTROLLED FIRE, ONE
DOOR OPEN, ALL CABLES
BURMING SIMULTANEOUSLY

NO EXPOSED COMBUSTIBLES

FUEL CONTROLLED FIRE, ALL
CABLES BURNING
SIMULTANEOUSLY

FUEL CONTROLLED FIRE, ALL
CABLES BURNING
SIMULTANEOQUSLY

NO EXPOSED COMBUSTIBLES

FUEL CONTROLLED FIRE, ALL
CABLES BURNHING
SIMULTANEOUSLY

).
.

FIRE
DURATION

oaum)
35

35

26

35

30

20

20

MAX,
AREA
TEMPERA-

TURE(FIL)
813

438

791

1002

511

689

689

LOCALIZED
HEATING

PROBLEN
NO

COMMENTS

PAGE

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES

STEEL DOES
STEEL

DOES

STEEL DOES

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

HOT

HOT

HOT

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

REQUIRE

FIREPROOF ING.

FIREFPROOF ING.

FIREPROOF ING.

FIREPROOT ING.

FIREPRCOF ING.

FIREPROOF ING.

FIREPROOF ING.

FIREPROOFING.

FIREPROOF ING.

FIREPROOF ING.

FIREPROOF ING.

FIREPROOF ING.

FIREPROOF ING.
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SSSSSESsssssscssszsssszzszssessssssss
MAX.
FIRE AREA LOCALIZED
CALC AREA CASE CASE DURATION TEMPERA- HEATING
}O.  DESCRIPTION MO.  DESCRIPTION (MIN) JURE(F)(1) PROBLEM _  COMMENTS
37  CONTROL STRUCTURE EL. 1 FUEL CONTROLLED FIRE, ONE 180 395 CABLE AFFECTED BEAMS WILL BE FIREPROOFED.
217" SMITCHGEAR AREA DOOR OPEN, SPREADING TRAY
CABLE FIRE T($)=1100
AT 24 MIN
37 2 FUEL CONTROLLED FIRE, ONE 15) 1188

DOOR OPEN, ALL CABLES
BURNING SIMULTANEOUSLY

38 CONTROL STRUCTURE EL. 1 VENTILAYTION CONTROLLED, 105 557 NO STEEL DOES NOT REQUIRE FIREPROOFING.
304" FAN ROOM, ROOM 619 ALL CABLES BURNING
SIMULTANEOUSLY, ONE DOOR
OPEN
38 2 VENTILATION CONTROLLED, 54 735 to

ALL CABLES BURNING
SIMULTANEOUSLY, TWO DOORS
OPEN

38 3 FUEL CONTROLLED, ALL 36 849 NO
CABLES BURNING
SIMULTANEOUSLY, THREE

DOORS OPEN

39 CONTROL STRUCTURE EL. NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
332' STANDBY GAS
TREATMENT SYSTEM FILTER
CONPARTMENT ROOM 624

40 CONTROL STRUCTURE EL. NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
332" STANDBY GAS
TREATMENT SYSTEM ACCESS
AREA ROOM 625

41 CONTROL STRUCTURE EL. NO EXPOSED COMBUSTICLES STEEL DOES NOT REQUIRE FIREPROOFING.
200" RADWASTE PIPE TUNNEL

42 UNIT 1 DIESEL GENERATOR 1 VENTILATION CONTROLLED 180 3520 FREACTION SPRIMKLER SYSTEM IS INSTALLED.
ENCLOSURE EL. 217' DIESEL FIRE, TWO LOUVERS OPEN

e GENERATOR CELL 1A

43 SPRAY POND PUMP STRUCTURE NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROOFING.
EL. 237" RHRSW PIPEWAY

44 SPRAY POND PUMP STRUCTURE NO EXPOSED COMBUSTIBLES STEEL DOES NOT REQUIRE FIREPROO: ING.
EL. 268" ESW & RHRSW PUMP
AREA

=45 SPRAY POND PUMP STRUCTURE NO EXPOSED COMBUSTIBLES STECL DOES NOT REQUIRE FIREPROOF ING.

EL. 237" MWEY PIT



8402727 SUMMARY OF STRUCTURAL STEEL EVALUATIONS
B L e
MAX.
FIRE AREA LOCALYZED

CALC AREA CASE CASE DURATION TENPERA- HEATING
HO. ~ DESCRIPTION MO. QESCRIPYION ____  (WIh)  JURE(F)(]) PROBLEM
46 SPRAY POND PUMP STRUCTURE NO EXPOSED COMBUSTIBLES

EL. 251'ESW & RHRSW PUMP

AREA
47  SPRAY POMD PUMP STRUCTURE NO EXPOSED COMBUSTIBLES

EL. 268" ACCESS HATCH

AREA
48  SPRAY POND PUMP STRUCTURE 1 FUEL CONTROLLED FIRE, ALL 30 729 NO

EL. 251" RHRSW VALVE CABLES BURNING

COMPARTMENT

(1) TtS) -~ TEMPERATURE OF
STEEL CROSS-SECTION

PAGE

COMMENTS

STEEL DOES NOT REQUIRE FIREPROOFING.

STEEL DOES NOT REQUIRE FIREPROOFING.

STEEL DOES NOT REQUIRE FIREPROOFING.
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conyersion Factors
Fires have been quantified in either Kw or Btu/sec. The following
conversion factors can be applied to convert the results to other
units.,

1 Btu/sec = 1.0551 Kw

[

Btu/sec ftl = 11,349 ¥w/m2
1 Btu/lb = 2337 J/,(g = 2,337 KJ,’,(g
1 Btu = 1060 joules = 1.06 KJ

For estimating purposes, it is within 6% to use Btu/sec and Kw or Btu and
KJ interchangably,
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1.

LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the RHR Heat Sxchanger and Pump Room, Room
102, on the '77' 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 reiiforced concrete construction with an average thickness of 3%,

The total surface area for heat transfer is 7843 ft2 (see Attachment A for
calculation of areas).

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
doubleu to account for postible maintenace activi®ies 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 1bs/ft2 of cable tray
surface,

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' nigh enter the area on the 201' eleva-
tion.

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

lons of lubricating oil, Case number one assumed the lube 01l fire with one
steamtight door open and case number two assumed both steamtight doors
open,

PESULTS

Case number one considered only one 3' x 7' door open which corresponds to
a ventilation controlleg heat output of 4504 kW, At this heat output the
fire would consume the 144 gallons of lude oil in 85 minutes, The gas
temperature at this time would be 841°F, which is below the critical
temperature of the structural steel (see Attachment B),

1 -1



The ventilation controlled burning rate of 4504 kW is equivalent to the
heat output from a pool fire with an area of 14 ftZ (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:
lo = -1.020 + .083 Q-4 = 1.09 m

Plume te jerature at bottom of structural steel supporting the 217' aleva-
tion floor slab.
ATy = 9.1[Tm/(gcp2 o 2)].333 QC.667 (2 - Zo)~l-67

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
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 ¢ritical
temperature of the structural steel (see Attachment B). The W24%68 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 ft2 (pool diameter of
approximateiy 6 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:
1, = -1,020 + 083 Q %4 = 1.32 m

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



aTg = 9.1[Tw /(gcp? pm 2)]-333 -667 (7 . 7,)-1.-67
4 T = 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,

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.

EFFECT OF TRANSIENT COMBUSTIBLES
The fire examined was ventilation controlled and had a duration of 44

minutes. The temperature at this time exceeded 1100°F, therefore, no
transient materials were quantified.

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




init 1 Reactor Building E1, 177"
RHR Heat Exchanger and Pump Room 102

Surface Area Calculation

Walls

North wall (32" x 4n") 1280 ft2

South wall (52' x 4n') 2080 ft?

Fast wall (29' x 4n') 1160 ft?

West wall (52' x 40') 2080 ft2
6600 ft2

Ceiling for area is at elevation 217"

Ceiling 28" x §2') 1248 ft?

Totz] Surface Area for Heat Transfer 7848 ft2

ATTACHMENT A
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CASE NUMEER: i

BUILDING: UNIT 1 REACTOR BUILDING

ELEVATION AND AREA DESCRIPTION: 177’ RHR HX & PUMP ROOM 102
CASE DESCRIPTION: ONE 3’x 7/ DOOR OPEN LUBE OTL FIRE

**!‘*!X-IX“X*X'XXX'!KXX!X—’XX*!X'!‘XX“XX!X‘X‘l‘ll‘lXXXKXXX‘) AEXXXXLEXXAXL XN NAAX XXX X X

CEILING/WALL CEILING/ WALL Ao Ho Aw (N
THICKNESS MATER I AL
(ft) vFt2) (1) (F22) (kW)
»xlx'-x-*'x-xvx-x\rxx-x-x--xxxxxxxx-xx»x--x&-xx»rxxx-x-x-x-xx~xxxxxxxxxx XAX XXXEX XX XXAAA L AN X LN XXX
3.0 CONCRETE 21.0 7.0 7848 4504

FIRE IS VENTILATION CONTROLLED

FIRF DURATION GAS TEMPERATURI
{Mmin) (deg.F)

w
'

10
15
20
2%
S0
3
410
4%
S0
oo
&0
69
70
7 o
G0
8%

ATTACHMENT B




CASE NUMEER: i
BUTLDING: UNIT 1 REACTOR BUILDING

. ELEVATION AND AREA DESCRIPTION: 1777 RHR HX & PUMP ROOM 160
CASE DESCRIPTION: 7TWO 37x 77 DOORS OPEN LUBRE 0@ FIRE

*i*n*xx:x!x**!*xxxxxxtl*%lixxxxx*xx*xxxx*xxxxmx»xxxxx:x1!vxxxxx!x11:~nxx

CEILING/WALL CETLING/ WALL Ao Ho Aw ]
THICKNESS MATER T AL
(ft) (ft) () (ft2) (kW)
xxllx*lixxxxx***xxxxvx*lx*xxxxxxxxx*xxxrx*xxtxxxxxxxxx:xxxxxtxxxxXxxxvxx
R CONCRETE 42 .90 7.0 7848 2008

FIRE IS VENTILATION CONIROLLED

FIRE DURA I ION CAS TEMPERATURY

(Mmin) (deag.F)
4 849
8 8726

12 ) 203

16 @30

20 58

< PH%

28 1012

30 1039

38 1066

. 40 1092
44 1118

ATTACHMENT B



LASE NUM

BUTLDING:
ELEVATION AND AREA

BER :

REAT

1
i

TOR

CASGE DESCRIPTION:

EFFECTS

FIRE TEMPERATURE

WE TGHT
SURFACH

0OF STEEI

GF

I TME

STEE])

LMin)

00
a0
00
00
00
U0
e
Ou
00
L 00
00
A
LU0

SUILDING
DESCRIPTION:
W24x 468

OF LOCAL HEAT

(deqg .

MEMBER

MEMEE R

F
(lbs ,/f

)

HEATED

EL

ING

177

ON STRUCTUS

1118
X a2 &8
(eq.ftr./¢F1)
sTEE L
€

ATTACHMENT C

R Al

FTEmMP
| =l
.;»."
s ¥ it
1040
10
1038
10
104
111
1112
1114
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1.

LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the RHR Heat Exchanger and Pump Room, Room
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 ft?2 (see Attachment A for
calculation of areas).

COMBUSTIBLE LOADING

Combustible loading in the area consists of 72 galluns of lubricating oil
contained in the RHR pump motors. For the analysis this quantity was
doudled 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
ft2 with an average combustible loading of 1.5 1bs/ft2 of cable tray
surface,

VENTILATION PARAMETERS

Trer: 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' nigh enter the area on the 201' eleva-
tion.

CASES EXAMINED

Two cases were examined, each assuming a lube oi)] fire involving 144 gal-
lo1s of lubricating oil. Case number one assumed the lube oil fire with one
steamtight door open and case number two assumed bhoth steamtight doors
open,

RESUL 'S

Case number one considered only one 3' x 7' door .pen which corresponds to
1 ventilaticn contrslled 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 wou'd be 770°F, which is below the critical
temparature of the structural steel (see Attachment B),




The ventilation controlled burning rate of 4504 kW is equivalent to the
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 fira on the structural steel supporting the intermedi-
ate grating'at the 201' elevalion, Hesketad's relations will be used:

Virtual point source determination:
Z, = -1.020 + .083 Q*% = 1.09 m

Plume temperature at bottom >f structural steel supporting the 217' eleva-
tion floor slab.
aTo = 9.1[T=/(9cp? o ?2)]-333 Q. -667 (7 - 7,)-1.67
3 Tg = 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 considered both 3' x 7' doors open which corresponds to a
ventilation controlled burning rate of 9008 kW. At this heat output the
fire would consume the 144 callons of lube 0il in 44 minutes. The gas
temperature at this time would be 1020°F which is below the critical
temperature of the structural stee’ (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 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:
Zo = -1.020 + .083 Q*% = 1,32 m

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



aTg = 9.1(T<v/(ngznw 2)1-333 . .667 (7 - Z5)"1.67
ATg = 169°K temperature rise
T = 372°F temperature of fire plume

The plume temperature is below the critical temperature of the structura)
steel.

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

Columns in this area are W14X730. When exposed to a plume temperature of
1500°F for 44 minutes, the steel temperature does rot exceed 590°F,

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,

The ceiling height in the area is 20'3". This distance is measured from
the floor slab to the bottum 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 tavle beiow., For temperatures greater than
1100°F, the time required to heat the steel *to 1100°F are alsn listed.

T(°F) Q (ki) Time to 1100°F (min)

1100 12,654
1300 16,134 21 min
1500 20,457 15 min
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Unit 1 Reactor Building El, 177"
RHR Heat Exchanger and Pump Room 103

Surface Area Calculation

Walls

North wall (52" x 4n") 2080 ft2

South wall (52" x an') 2n8n ft2

Cast wall (56' x 40') 224n fr2

West wall (29' x 4n') _1160 ft2
7560 ft2

Ceiling for area is at elevation 217

Ceiling (29' x §2') 1509 ft2

Total Surface Area for Heat Transfer 9068 ftl

ATTACHMENT A



CAGE NUMEBIR 1

BUTLDING: UNIT 1 REACTOR BUILDING

ELEVATION AND AREA PDESCRIPTION: 177 RHR HX A PUMI* ROOM 1
. CASE DESCRIPTION: ONE 3’x7’ DOOR OPEN LUBRE OlL FIRE

ll'!lf!!lf’xlxll'illl"XK‘ll—lxXXZXX’!X-X-!XXXXXI‘XKIIX1!!(7!!!».’1!!!1!!:!!_«

CEILING/WALL CEILING/ WALL Ao Hao i (3
THICKNESS MATER IAL
(f1) (£12) (Ft) (ft2) (kW)
le!l-’!l,f‘aXXX.‘(XKXXX\'I!X!X'Xll!!lllelllile!lllx:(xll‘l'l!'lxlix, A XX ¥
3.0 CONCRETF 1.0 2.0 9069 45049

FIRE 1S VENTILATTON CONTROLI ED

FIRE DURATION CAS TIMPERATLIRI
(min) deqg . !
W &L
10 O
o 630
20 &4 1
‘,'.0 552
30 6LS
3% &7 .3
40 L1,
4% 693
50 703
. 55 713
6H0 A
6S 7‘,'
70 742
7% 7%1
a0 261
085 770

ATTACHMENT B



CASE NUMLER ; s
BUTLDING ; UNTIT | REACTOR BUITLDING

' ELEVATION AND AREA PESCRIPTION: 177/ RMR HX A PUMP ROOM 163
LASE DESCRIPTION: TWO 37¢7- DUORS OPEN LUBE OIL FIRE

"Qil'!ll!’(lll!'lll!'!lXllll!l".\ll-llXxXl-!Villll'!ll."!x‘xl!A(\ll!,'xli'

% X x
CEILING/WALL CETLING/ WALl Ao Ho A (3
THICKNE S5 MATER T AL
(fet) (ft2) (ft) (£12) (kW)
KllKIIlllllllllXIX!VXXIIIXIYV.\)!!ll!llxk!(lll!ll\ t!ll!lll'!hll!\Xllvxl X X
3.0 CONCRETS 2«0 v.b 2068 U080

FIRE IS5 VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATUR]
(min) ‘tluq )
4 H01
{ 8.4
12 344
16 860
20 890
,:4 l,:la
o8 Y34
32 4 6
.'n"l 77
‘ 40
449 1020

TTACHMENT B
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2.

LIMERICK GENERATING STATION

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 heat transfer is 3820 ftZ (see Attachment A for calculation of
areas).

COMBUSTIBLE LOADING
Combustible loading in the area consists B0 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 1bs/ftZ of cable tray surface area is located along the west wall of
the room.

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,

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'l10" 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.

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




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

The ventilation controlled burning rate of 3417 kW is equivalent to the
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:
Z, = -1.020 + .083 Q-4 = 1.01 m

Plume temperature at bottom of structural stee supporting the ceiling,
8Ty = 9.1[T ,,(gcpz pw?)]-333 QC.667 (Z - 2,)1-67
ATy = 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 Attachmert 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:
2o = -1.020 + .083 Q-4 = 1.23 m



Plume temperature at Dogtom of structural steel sugport1ng ceiling:
ATO = 9, 1[T /(gcp ogu)] +333 Q 667 Z . )
4Ty = 482°K temperature rise

T = $35°F temperature of fire plume

The plume temperature is below the critical temperature of the structura)
steel,

The piume 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,

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.

—&50)' %—‘75% Time to 1100°F (min)

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




Unit 1 Reactor Building E} 177
RCIC Pump Room - Room 108

Surface Area Caiculation

Walls

North wall (48' x 23')
South wall (50" x 23')
East wall (20" x 23')
West wall (21' x 23')
Ceiling

Area | (23' x 21")
Area ? (6" x 28')

Total Surface Area for Heat Transfer

ATTACHMENT A

1104 ft2
1150 ft2
460 ft2
483 ft?

——

3197 ft2

483 ft2
140 ft2

3820 ft2



CASE NUMBER ; 1

BUTLDING: UNIT 1 REACTOR RUILDING

ELEVATION AND AREA DESCRIPT LON: 1777 RCIC PUMP ROOM 108
‘ CASE DESCRIPTION: ONE 37x%710 DOOR OPEN LURE OfL FIRE

ll****'xX‘X"XxX"XXl"'ll*%l!****ll‘*l AXXKXXKXLLAARXL L LAY LEXX XL XXX X e A 2 We e X 2 N

CEILING/WALL CEILINGZ WALL Ao Ho Aw (]
THICKNESS MATER TAL
(ft) (ft2) (ft1) (ft2) (kW)
x*%-xxlxlxxxx«t*lxxx-xxxx--:txxxxxxxxxx-axxxx—-xx-xxrx'x-xxxxxx-x~>-txx XA LAY AR AN X
2.5 CONCRETE i ©.8 3820 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURT

(min) Cdeg.F)
= 773
10 797
9 821
20 845
a0 869
30 89
€ o 215
41 Y328
4% P41
. S0 903
] 1006
L0 1028
65 1049
70 1071
75 1092
30 1113
a% 1134
90 ‘ l'.l“
L e 1174
100 1194
1035 1214
110 1234
115 1253
120 1090
15 1291

ATTACHMENT B
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1.

LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the High Pressure Coolant Injection (HPCT)
Pump and Turbine Room, Room 109 on the 177 elevation of the Unit 1 Reactor
Buildi~g (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).

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 1bs/ft2 of cable tray surface is located near the sast wall of the
room,

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.

CASES EXAMINED

A lube 0il 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 ft2 which results in a ventilation controlled maximum
heat output of 3417 kW.

RESULTS

With one door open, the resulting veatilation controlled heat ortput of

3417 kW will consume the 310 gallons of fuel in 238 minutes, Nue 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.




The ventilation controlled burning rate of 3417 kW is equivalent to the
output from a pool fire with an area of 11 ft2 (pool diameter of 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 Q4 = 1.0l m

Plume temperature at bottom of steel supporting the room ceiling:
To = 9.1 (T /(gcpZ 2)) 333 Q¢ 667 (2 - 2p) 1 67
To = 282°K temperature rise
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 1s positioned such that it does not present a localized heating
exposure to structural steel, Columns in the area are Wi4X730. When
exposed to a plume temparature of 1500°F, the steel will reach 757°F after
65 minutes if the fire is permitted to burn.

EFFECT OF TRANSIENT 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 1s 19'3". 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 tnan
1100°F, the time required to heat the stee! to 1100°F are also listed,

T (°F Q (kW) Time to 1100°F (min)
1100 11,178
1300 14,236 46 min
1500 17,926 32 min

|
l
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UNIT 1 Reactor Building E1, 177
HPCI Pump & Turbine Room 109

Surface Area Calculation

Walls

North wall (30" x 23')

East wall (28" x 23')

South wall

West wall (46" x 23')

Ceilin

Krea 1/2(20" x 2n*)

Area ? (20' x 18') - 160 ft2 (Hatch)
Area 3 (35" x 26)

Total Surface Area for Heat Transfer

ATTACHMENT A

690
644
1058

345N

200
200

910 ft«

1310

4760

ft2
ft?
ftl
ft2

1058

ft2



CASE NUMEER : 1

BUTLDING: UNIT 1 REACTOR BUILDING

ELEVATION AND AREA DESCRIPTION; 1777 HPCT PUMP AND TURKINE ROOM
. CASE DEGCRIPTION: OME DOOR OPEN LURBE OTL FIRE

xl!ﬂll*lxﬂ’llx!‘XXX!lxlll!lll!x&l**lixt*xl*xiltx!llXX!!!l%x!!lXXXX!IXXXx

CETLING/WALL CEILING/ WAL Ao Ho Aw (0]
THICKNESS MATER TAL
(fFr) (fr2) (ft) (f1) (kW)
:x*xvxxxxxxxxXixxxXJxtlillxxxxx:xxxxxxmx1xxxxxxxz:xxxxxxxXxx:xxxxx:uxn:x
3.0 ce TE 17.5 5.8 4760 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GRS TEMPERATURE

(Mmin) tdeg.F)
10
20 761
30
410 829
90 Q462
&0 Q64
70 -;")‘/
10
0 07
. LO0 1017
110 1047
120 1075
130 1103
140 1131
1510 1158
160 118%
170 1211
130 i

ATTACHMENT B
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3.

LIMERICK GENERATING STATION

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 ara 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).

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 1bs/ftZ of tray surface area.

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

west wall of the room.

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 1n a veatilation controlled maximum heat
output of 3417 kW.

RESULTS

With one door open, the resulting ventilation controlled heat output of
3417 kW will consume the 48 gallons of lube 0il in 37 minutes., The gas
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 ir 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
heat output from a pool fire with an area of 11 ft2 (poo! diameter of
approximately 4 ft). In order to assess the effect of the plume of heated



gases above tne pool fire on the structural steel located above the fire,
Hesketad's relation will be uysed:

Virtual point source determination:
Io = -1.020 + ,083 Q4 = 1.01 m

Plume temperature at bottom of steel supporting the room ceiling:
ATy = 9.1[Te ,(gcpzo. 2)7-333 Oc'667 (2 - Z5)1:67
4 Tg = 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 cadle tray in the area was positioned such that it did not present a
localized heating exposure to the structural steel.

EFFECT OF TRANSIENT COMBUSTIBLES

The fire examined was ventilation controlled and had a auration 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 W27x34.

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) g guug Time to 1100°F (min)

1300 15.712 24 min
1500 19,613 17 min

5 -2




Unit 1 Reactor Building
Core Spray Pump Room 110

Surface Area Calculation

Walls

North wail (27' x 23')
South wall (20' x 23')
East wall (24' x 23')
West wall (248" x 23')
Ceiling

Rrea | (20" x 24')
Area 2 1/2(24' x 7')

Total Surface Area for Heat Transfer

ATTACHMENT A

h21
460
552
552

2185

480
84

2749

£ 2
ft2
ft2
ft2

ft2

ft
fr?

fte



CASE NUMEER : 1

BUTLDING: UNIT 1 REACTOR BUTLDING

ELEVATION ND AREA DESCKRIPTION: 1777 CORE. SPRAY ROOM 110
CASE DESCRIPTION: ONE. DOOR OPEN LURE 0OIL FIRE

i‘f‘*ﬂ'**l?!&ixl!'!!-'XXXXII*'X"X*'!'X‘X-‘YX!X"X"X*X-XX-,\ EEXAXBRAXXXLX X XE XN L XXX EE NN XXX x X%

CEILING/WALL CETLING/ uwalLL Ao Ho Al L
THICKNESS MATERIAL
(ft) (f12) (ft) (f12) (kW)
TR0 T 000000036 000000 0000060002000 0000 300020 0000 06 0600 20000006 06 06 96 06 626 36 38 9636 0636 36 2626 30 36 3696 36 2696 3 360696 3 3 2 K 2.9 % X X
3.0 CONCRETE : b gt 0.8 2749 2417

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATURI
(Mmin) (dea.F)
1 852
& 880
3 848
4 876
] 814
b 291
7 89
f 97
? 714
1 U (’J" “..
11 229
4 Gi7
13 FAa%
14 o
15 Q&
16 968
17 7%
18 QA
19 CAYS |
20 298
21 10656
a8 1014
&3 1021
24 1029
Ky 1037
26 1044
27 1052
a8 1040
2% 1067
20 1079
31 1082
32 1090
33 1098
34 110%
L84 1113

36 1120
‘ 37 1128

ATTACHMENT B



’CASE NO.: 1

BUILDING: UNIT 1| REACTOR BUILDING

ELEVATION AND AREA DESCRI®PTION: 177°

CORE SPRAY ROOM 110
CASE DESCRIPTION: W 27x84

EFFECTS OF LOCAL HMEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (DEF. F): 1128
WEIGHT OF STEEL MEMBER (LES./FT.): 84
SURFACE OF STEEL MEMBER YEATED (SQ. FT./FT):

6.78
TIME STEEL TEMFERATURE
(MIM.) (DEG. F)
< 406, 240502
10 636.550214
15 793.36929
20 00.1482173
29 972.854535
30

1022.260648
9 1056.069615
40 1079.022227

ATTACHMENT C
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LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the Corridor (Room 111) on the 177’ elaya-
tion of the Unit 1 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 ft2, (See Attachment
A for sketch and calculations of the area.)

COMBUSTIBLE LOADING

There are no cable trays or combustible liquids located in thie area,

VENTILATION PARAMETERS

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

CASES EXAMINED

With a0 exposed combustible cabling and no combustible liquids in the
corridor, there is no fuel in the area to support a fire.

RESULTS

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

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) Q (kW)
1 hour 10.5 3857
2 hours 1.5 2755
3 hours 6.5 2387




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 i 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 »elow. For temperatyres greater than
1100°F, the time required to heat the steel to 11ND°F are also listed,

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

1300 17,188 16 min

1500 >21,089 12 min
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Sirface Area Calculation

Walls

North wail (24" x 23')

East well (51" x 23')

South wall (24' x 23*)

Weet wall (51' x 23')

feiling (33" x 7') + (16" x 18') + (8’

Total Surface Area for Heat Transfer

ATTACHMENT A

< 6')

552

1173
552

ft2
ft2
fe2
fe2

1173

3450

503

— e

3953

ft2

ft2

fr2
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LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under cons’ ‘aration 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 2975 ft2 (see Attachment A for calcula-
tion of areas).

COMBUSTIBLE LOADING

Combustible loading in the area consists of 24 gallons of lubricating oil
contained in the core spray nump. For ‘he analysis this gquantity was
doudbled 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 1bs/ft2 of tray surface area is located along the north wall.

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

wes. wall of the room.

CASES EXAMINED

A lTube oil fire was assumed in the area involving 48 gallons of lubricating
oil. The door entering the area was assumed to be open. This i5 an opening
area of 17.5 ft2 which results in a ventilation controlled maximum heat
output of 3417 kW.

RESULTS

With one door open, the resulting ventilation controlled heat output of
3417 kW will consume the 48 gallons of lube 0il in 27 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 onutput 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 the pool fire on the structural steel located above the fire,
Hesketad's relation will be used:

Virtual point source determination:
Zo = =1.020 + ,083 0% = 1.01 m

Plume temperature at bottom of steel supporting the room ceiling:
AT = 9,1[T‘n/(gcp200,2)]-333 QC-667 (Z - Zo)-1-67
4Tg = 282°K temparature rise

T = 576°F temperature of fire plume

The plume temperature is dbelow 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,

EFFECT OF TRANSIENT COMBUST!BL§§

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
L100°F, the time F2quired to heat the steel to 1100°F are also listed,

T (°F Q (ku% Time to 1100°F (min)
l§ﬁ5 12,

1300 15,712 38 min
1500 19,613 27 min
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Unit 1 Reactor Building
Core Spray Pump Room 113

Surface Area Calculation

Walls

North wall (34 x 23')
South wall (40' x 23')
Fast wall (5' x 23")
West wall (24" x 23")

Ceilin
Krea 1

(11' x 19*)
Area ? (38' x §5')
Area 3 1/2(28' x 19')

Total Surface Area for Heat Transfer

ATTACHMENT A

782
920
115
552

2369

209
170

2976

ft2
ftl
ft2
ft2

Fel

ftl

ft2

228 ft2

fr2




CASE NUMRER: 1

BUTLDING: UNIT 1 REACTOR RUILDING

ELEVATION AND AREA DESCRIPTIUN: 177’ CORE SPRAY KROOM 113
‘ CASE DESCRIPTION: ONE DOOR OPEN LURE OTL FIRE

LR R e R R e e S P R I 2232222222 P ESE L BRE S PR T

CEILING/WALL CEILING/ walLl Ao Ho Aw (N
THICKNESS MATERI AL
(ft) (ft2) (ft) (Ferd) (kW)
X000 0360 006 06 0 X0 00 000000006 06 2 0300 3 0006 006 000 0K 06 0K 60 06 3 036 6% 3 06 30 X XX XXX X B X
3.0 CONCRETE 7.5 5.8 2976 3417

FIRE IS VENTILATION CONTROLLED

FIEKE DURATION GAS TEMPERATURE

(min) (deqg . )
1 826
2 854
3 841
4 G649
o 856
& B4
7 86L9
£ Q76
9 133
'l’ 10 HY0
11 897
12 903
13 210
14 17
o 924
16 931
7 937
10 Y44
e o1
20 958
21 265
22 971
LS 978
24 PO
2 92
26 PG
" 1008
28 1612
29 1019
30 1026
31 1032
32 1039
33 1046
34 1052
3% 1059
36 1066

‘ 37 1072

ATTACHMENT B
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LIMERICK GENERATING STATION

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 ft, The total
surface area for heat transfer is 2784 ft2 (see Attachment A for calcula-
tion of areas).

COMBUSTIBLE LOADING

Combustible loading in the area consists of 24 gallons of ludbricating oil
contained in the core spray pump. For the analysis this guantity vas
doudbled 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 Ibs/ft2 of tray surface area is located along the east wall,

VENTILATION PARAMETERS
A single watertight door measuring 3' wide by 5'10" high is located in the
east wall of che room. K

CASES EXAMINED

A lube oil fire was assumed in the area involving 48 gallons of lubricating
0il. 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,

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 ft2 (pool diameter of
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approximately 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,
Hesketad's relations will be used:

Virtual point source determination:
Zop = -1.020 + .083 Q-4 = 1.01 m

Plume temperature at bottom of steel supporting the room ceiling:
8 Tg = 9.1[T= /(chZQ,n 2)7.333 Qe+ 667 (7 - Z,) .67
4 Ty = 282°K temperaturs rise

T = 576°F temperature of fire plume

The plume tempera.ure 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,

EFFECT OF TRANSIENT COMBUSTIBLES

The fire examined was ventilation controlled and had a duration of 37 mir
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 kW Time to 1100°F (min)
0 12,
1300 15,712 38 min
1500 19,613 27 min
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Unit 1 Reactor Building
Core Spray Pump Room 114

Surface Area Calculation

Walls

North wall (29' x 23')
South wall (12' x 23')
East wall (25' x 23')
West wall (30" x 23')
Cetling

Area 1 (10" x 24')
Area 2 1/2(24' x 28')

Total Surface Area for Heat Transfer

ATTACHMENT A

667
276
575

ft2
ft2
ft2
ft2

690

2208

240

2784

ft2

ft2
ft2

336

ft2



CASE NUMEER : 1

BUTLDING: UNIYT 1 REACTOR BUILDING

ELEVATION AND AREA DESCRIPTYON: 1777 CORE SPRAY PUMP ROOM 114
CASE DESCRIPTION: ONE DOOR OPEN LURE OIL FIRE

K"K‘!-I‘Kl'***!*l**lllXX*X‘**‘X'I*!X-!Xl'X'X"X'**X“X'X’KX'X‘X'l‘!v*!(l! 22NN XN NN KN RN NN

CEILING/WALL CEITLING/ WALL Ao Ho A 0
THICKNESS MATERIAL
(ft) {f12) (ft) (Ftd) (kW)
*ilx*uxlxx***x*xxxxxxx*xinlxxxxxxx*l**xxxxxxxxlxxlxxxxrxrx*xxxxxxxxxxxxx
3.0 CONCRETE b 5.8 2784 3417

FIRE IS VENTILATION CONTROLLED

FIRE DURATIUN GAS TEMPERATURI
(Mmin) (deqg.F)
1 847
- Bas
3 8&4
A 872
o 879
b 387
4 894
8] Y02
9 Q09
10 Q17
11 P24
12 9332
13 P39
14 G4
15 954
14 962
17 P69
18 @77
1Y 984
Q 992
21 299
o 1007
o ) 1014
24 1022
25 1029
286 1037
27 1044
a8 : 1052
29 1059
30 1067
31 1074
B 1082
33 1049
34 1096
3% 1104
36 111
37 1119

ATTACHMENT B



CAGE NUMBER ;

BUTLDING
ELEVAT ION
CASE DESCRIPTION:

FIRE TEMPERATURI

WE IGHT
SURFACE

EFFECTS

1
i

OF STEEL

fOF STEEL

I I ME

(Mmin)

v
J

o
)

30
3%
41)

50
”©
[ B

\‘_)l'

"tl\l.

5,00
10,
A
20 .
U
.00
00
, 00
A%,
0
LOu
00

gn

01

00

00

REACTOR BUILD IN(
AND AREA DESCRIPTION:

We7x145

GF LOCAL HEAT

(deg. F):
MEMEBER (lbhs./f
MEMEBER HEATED

€L . 177

[NG ON STRUCTU

1118
t): 145
(sq.ft./ft):

STEE|

ATTACHMENT C

LAl
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LIMERICK GENERATING STATION

AREA ESCRIPTION
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 walis 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),

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 Ibs/ft2 of cable tray surface area, There are
no combustible liquids in the area.

VENTILATION PARAMETERS

This room is open to the Corridor Passageway, Room 113, There are two doors
which enter into the Sump Room. One door measuring 3' wide by 5'10" high
is located in the east wall, and one door measuring 3' wide by 7' high is
located at the entrance to the stairwell.

CASES EXAMINED

With the light combustihle loading in this area, tne assumption that all
cabies are burning simultaneously would present tne worst case. With all
cables burning simultaneously, a surface area of 96 ft2 would be involved,
This corrcsponds to a heat output of approximately 1700 kW. With al}

combustibles issumed to be burning simultaneously, the duration of the fire
would be 1.5 1bs/ft2 s .1 1b = 15 minutes.
min/ft2

RESULTS
With all the cable trays in the area assumed to be burning simultaneously
and a 3' wide by 5'10" door open, the resulting fire was fuel controlled.
A gas temperature of 713°F was achieved after 15 minutes, which is helow
the critical temperature for the structural steel (see Attachment 8),

9 -1



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

EFFECTS OF 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 ares which will result in an
area temperature less than 1100°F is listed below.

Fire Duration Q/A (kW/m?) 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,

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 als¢ listed.

T (°F) Q (kW) Time to 1100°F (min)

1100 12,654
1300 16,134 19 min
1500 20,457 13 min
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. Unit 1 Reactor Building E1, 177"
Sump Room 115
Surface Area Calculation
Walls
North wall (724" x 23') 562 ft2
East wall (28' x 23') 562 ft2
South wall (21' x 23') 483 ft2
West wall (28" x 23') 552 ft2
2139 ft2
Ceiling (24' x 25') - (18' x 8') 456 ft2
Total Surface Area for Heat Transfer 2605 ft?

ATTACHMENT A




CASE NUMMER 1

BUILDING . UNTT 1 PrACTOR RULILDING

ELEVATION AND ARE A DESCRIPTION: 1277 SUMP ROOM FIRE ZOw $4p
"CASE DESCRIPTION: ONE DOOR OPEN ALL CARLES RURNING

l*x*xxtlx1!****!&!XXXX**X{{X’!XX*&*I!!XIIX!XXXXYxXIXX!*:X!xXilXXlx:!1x"

CEILING/WALL CEILING/ WALL Ao Hao Auw Q
THICKNESS MATER T AL
(f1) (ft2) (Ft) (Fft2) (ki)

XX'X‘K!"X’XK”X,(‘.(K'X'XX'XX‘X&X(-XX-‘XX-XIE'XX!‘XX‘XKXXK-KXXKXX%XXXXXXXX"IX"Ix,ix’:!_XXXX,ZXx:' X

e CONCRETE g b TP PG A 1700

FIRE IS FUEL CONTROLLED

FIRE DURATINON GAS TEMPLERATURE

tMin) (deqg.F?
5 T

4

o &910

& Hl3

7 683

8 &0

> 599
L0 T

11 00

12 704
13 207

14 10
’UL" I
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LIMERICK GENERATING STATION

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
4976 ft2 (see Attachment A for sketch and surface area calculations)

COMBUSTIBLE LGADING

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

VENTILATION PARAMETERS

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,

CASES EXAMINED

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

»

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

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)
1 hour 10.5 4855
2 hours 7.5 3463
3 hours 6.5 3005

10 -1




The ceiling height in the area is 20 feet. This distance is measured from
the floor slab to the bottom of the largest structural stee] member in the
area which is a W27184.

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 areater than
1100°F, the time required to heat the steel to 1100°F are also .sted.

T_(°F) Q (kW Time to 1100°F (min)
1100 12,232
1300 15,712 24 min
1500 19,613 17 min
10 - 2
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Unit |1 Reactor Building EI, 177'
Corridor & Passageway Room 118

Surface Area Calculation

Area 1 (Corridor)

ft2l
ft?

ft2
ft2
ft2
ft2

——— ———

Walls
Fast wall (29" x 23') hh7
West wall (29' x 23') 667
Ceiling (29' x 6')

Area ? (Room 113)
Walls
North wall (22' x 23') 506
East wall (31' x 23') 713
South wall (32' x 23') 736
West wall (31' x 23') 713
Ceiling

Total Surface Area for Heat Transfer

ATTACHMENT A

1338 ft?2
174 ft?

2668 ft?
ann fi2
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LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the Pipe Tunnel Room 202 on the 198"
elevation 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 ft2,
(See Attachment A for sketch and calculation of areas,)

COMBUSTIBLE LOADING

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

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,

CASES EXAMINED

With no exposed combustible cabling and no combustible liquids in the

tunnel, there is no fuel in the area to support combustion,

RESULTS

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

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 aroa temperature less than 1100°F are listed
below:

Duration 0/A gkw/mZ) Q (kW
[ hour 10. 14,370

.0 10,630

.5 8,620

2 hours

8
3 hours 6




The ceiling height in the area is 15'3", This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area, which is a W24x94.

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 6116

1300 7381 30 min

1500 10,018 21 min

11 -2
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Reactor Building E1. 198’
Pipe Tunnel Room 20?2

Surface Area Calculation

Walls

North wall (320" x 18')
East wall (8' x 18')
South wall (8' x 18')
West wall (320" x 18')

[Wall neignt = 217' el - 198' e) - f1' floor slab) = 18']

Ceiling (320" x 8')

Total Surface Area for Heat Transfer

ATTACHMENT A

5760 ft2
144 ft2
144 ft2

5760 ft2

11,808 ft?

256N ft2

14,368 ft2
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LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the Safequard 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 ft, The total surface area for heat transfer is
8611 ft2 (see Attachment A for sketch and calculation of surface areas),.

COMBUSTIBLE LOADING
Combustible loading in the area consists of the cahle insulation located in

cable trays. The total surface area of the cable trays is 684 ft2 witn an
average combustibie loading of 3.5 1bs/ft2 of cable tray surface area.
There are no combustible liquids in the area,

VENTILATION PARAMETERS
There are four doors which enter the area. All doors measure 3' wide hy 7'

high., Two doors are located on the south wall, one door on the east wall
and one door on the north wall.

CASES EXAMINED

Three cases were examined. Case number ¢ie 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.

RESULTS

Case number one considered all cables burning simuitaneously with a 3' x 7'
door open. This resulted in a ventilation controllad fire with a heat out-
put of 4504 kW, and a duraticn 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 considered 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 duration of 46 minutes. The gas temperature at this

12 - 1




time would be 1065°F which is below the critical temperature of the s' uc-
tural steel (see Attachment B).

Case number three considered all cablzs burrning simultaneously with three
3' x 7' doors open. This resulted in a fue! controlled fire with a heat
output of 12,078 kW and a duratfon of 3.5 1os/°t2 5 .1 Ibs = 35 winutes.

min/vt?

The gas temperature at this time would be 1203°F which is above the criti-
cal temperature of the structural steel (see Attachment 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 nember types
W30X99, W33X152, W27XB4, W24X76, W24X68, W27X114, W21X44, and W21X5%.

Attachment C contains the results of calculations performed to determine
the response of the structural steel members tc localized heating., These
calculations are conservative because they issume that the entire length of
the structural steel member is subje ted to 1300°F when, in actuality, only
a small section of the steel would be subjecied to lccalized heating., As
can be seen from the results, member types W3(X39, W27X34, W24x76, w2462,
W27X114, W21X44 and W21X55 exceeded the localized failure temperature of
1100°F during the 35 minute exposure period (Lime required for tray to burn
to completion).

Columns 1n the area are W14X730. When exposed to p'ume temperatures of
1500°F for 35 minutes, the steel tempe:ature does not exceed 500°F.

EFFECT OF TRANSIENT COMBUSTIBLES
The fire examined was fuel controlled with a duration of 5 minutes. The

temperature at this time exceeded 1100°F. therefore, no trancient materials
were quantified,

12 - 2




The ceiling hetght in the area is 12 feet. This distance is measured from
the floor slab to the bottom of the larcest structural steel member in the
area, which is a W33Xisl.

The heat release rates from transient coabustibles in the area necessary to
reach plume temperature of 11G0°F, 1300°7 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 hezt the stes] to 1100°F are also listed.

T°F) Q_(kW) Time_to 1100°F (min)

1100 2,952
1200 4,007 35 min
1500 5,062 24 min

12 - 3
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Unit 1 Reactor Building El1, 201"
Safequard System Access Area Room 200

Surface Area Calculation

Walls

North wall (61" x 15')

East wall (71" + 59') x 15']
South wal)l (29' x 15')

West wall (123" x 15')

Ceiling

Total Surface Area for deat Transfer

. ATTACHMENT A

394
1929
393
1765

8611

ftl
frl
ftl
ft2

ft2

3630 fe2

ft2



CASE NUMEBER: 1

BUILDING : UNIT 1 REACTOR RUILDING

ELEVATION AND AREA DESCRIPTION: 201’ SAFEGUARD SYSTEM ALLESS AREA
. CASE DESCRIPTION: ONE DOOR OPEN ALL CARLES RURNING

XK'X-K**K'X“XX‘X‘IX"!IIX‘I.‘(!XX“Xlllx."'!XX“!‘X‘X'K"X'X’XXX"'l'i'X*X'X-X‘X/.l“l AXXXAXAZTIXXLXALAX XX

CEILING/ZWAL! CELILING/ WALL Ao Ho Aw (W
THICKNESS MATERIAL
(ft) (Ft2) (fer) iVTa) (kW)
00002000000 0000 0503 00K 02000300 2006900 0000 0600 6366 26 26 362 06 3 60 06 360X 26 K 5 3 6 % %36 X 36 % ¥ 3¢ % X 3 X % X %% N XXX N
2.9 CONCRETE 21.0 7.0 8611 4504

FIRE IS VENTILATION CONTROLLED

FIRE DURATITON GAS TEMPERATURE

(Mmin) tdeq.F)
- &1
10 63
15 645
0 657
peosr L&
50 L0
3% £91
40 742
4% o
& 0 i
99 733
60 744
&5 7548
7 76H-4
P e 774
8y 204
8% 794
bl a04
9% 214

ATTACHMENT 8



LASE NUMRER o

BUILDING: UNIT 1 REACTOR HUTLDING

ELEVATION AND AREA DESCRIPTION: 201/ SAFEGUARD SYSTEM ACCESS AREA
. LASE DESCRIPTION: ‘WO DOORS OPEN  ALL CABLES BURNING

1”'."-!""XX!X!I‘I,(!-XXllll-!l!lllxlll?(’li!lllIXKXXXZ AAXX XA TREL CXNXAANXRL Y

CEILING/WALL LEILING/ WAL Ao Ho A (N
THICKNESYS MATER I AL
(ft) (f£t2) (ftr) £Ft2) (et
xxxxxrxxx<xrx-x!»xax;'.-rxxx‘txlx:xxxxxxxx::«x»txxxxrxy4:-,\xx:nxx:xwx:'-x.v..u':-
279 CONCRETE 42 .0 7.0 1611 008

FIFE I8 VENTILATION CONMTRULLED

F'IRE DURATLON GAS TEMPERATURI
(min) vdeg.F )
H 8i4
4 a1e
& SR AT
o a4,
10} 8.4
12 BLE
14 8%
1’, T
18 P4
. 20 91
,',' YA ]
l.‘ l’ 4
26 QP4
«a 951
S0 "
L 4 Y14
s_,‘ -'))',}./,
& 1on’?
56 1019
40 1040
42 1042
44 1053
& 1 0&S

ATTACHMENT B






CASE NUMBER 1

BULLDING: UNIT 1 REACDR BUILDING

ELEVATION AND AREA DESCRIPTION: 201’ SAFEGUARD SYSTEM ACCESS
LASE DESCRIPTION: LOCALIZED HMEATING OF MEMEER TYP! Wo1lx44

EFFECTS OF LOCAL MHEATING ON STRUCTURAL STEEI

FIRE TEMPLRATURE (deg., F); 1300
WEIGHT OF STFEL MEMBER (1bs./f1): 44
SURFACE OF STEFL MEMHEER HEATED (3q.Fft,./ft): 4. .74
TIME STEEL TUEMPERATLIRE
(Mmin) (deg,F)
5.00 614
10,00 916
15.00 1 0E#H
20,00 1182
25.00 1234
30.00 263
3%5.00 1280

ATTACHMENT C
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LASE NUMEER:
BUILDING: UNIT
ELEVATION AND AREA DESCRIPTION:

CASE DESCRIPTION:

EFFECTS

FIRE TEMPERATURE

4

WEIGHT OF STEEL

TIME

(Mmin

a0

]

.00
00
00
00
00
00
5.00

REACOR BUILDING
2017
LOCALIZED HEATING OF

LOCAL HEATING ON

1308
(ibs./ft);
SURFACE OF STEFL MIMEER HEATED

TR
70

(sq.ft./f1):

STEE!]

ATTACHMENT C

SAFEGUARD

STRUCTURAL STIEL

5.09

TEMPERATLIRG

(dee )

SYGTEM ACCESS AREA
MEMEER TYPE W24x756



CASE NUMBER : o/

BUILDING: UNIT 1 REACOR BUILDING

ELEVATION AND AREA DESCRIPTION: 201’ SAFEGUARD SYSTEM ACCESS AREA
CASE DESCRIPTION: (OCALIZED HEATING OF MEMEER TYPL W27x04

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEI

FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMEFR (1bs./ft): G4
SURFACE OF STEEL MEMBER MEATED (sq.fr./Ft): b.78
TIME STEEL TEMPERATLIRE
(rmin) (deqg,F)
5,00 441
10.00 728
15.00 P11
20,00 1035
25,00 1119
30.00 2377
35.00 1014

ATTACHMENT C



CASE NUMBER: &

BUTLDING: UNIT 1 REACUR BUILDING

ELEVATION AND AREA DESCRIPTION: 201 SAFEGUARD SYSTEM ACCESS ARY
CASE DESCRIPTION: LOCALIZED MEATING OF MEMBER TYPE W27x114

A
e

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deq., F); 1300
WEIGHT OF STEEL MEMEER (lbs./ft): 114
SURFACE (OF STEEL MEMBER HEATED (sq.ft./€ft); 5.89
TIME STEEL TEMPERATURI
{(min) (deg.F?
5.00 3462
10.08 586
15.00 %4
20,00 Qa4
25. 00 oas
30 .00 1060
33.00 1137

ATTACHMENT C



CASE MNUMEER ; 7

BUTLDING: UNIT 1 REACOR EUTLD ING

ELEVATION AND AREA PESCRIPTION: 201’ SAFEGUARD SYSTEM ACCESS ARFA
CASE DESCRIPTION: LOCALIZED HEATING OF MEMEER TYPE W30x99

EFFECTS OF LOCAL MEATING ON STRUCTURAL STEEL

FIRE TEMPLRATURE (deq. F); 1300
WEIGHT OF STEEL MEMEER (1hs Ift): 9y
SURFACE OF STEFL MEMRER HEATED (aq.ft./Ff1); 2437
I TME STEEL TEMPERAT
(min) (deqg.F)
S5.00 430
1()0” &HilG
15.00 864
20,00 794
2%5.00 1084
30.00 1147
35.00 1192

ATTACHMENT C



CASE NUMEER: 4
BUILDING: UNIT 1 REACOR BUILDING

ELEVATION AND AREA DESCRIPTION: 2017 SAFEGUARD SYSTEM ACCES
CASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE WIZx

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL

FIRE TEMPERATURE (deqg, F): 1300
WEIGHT OF STEEL MEMEER (lbs./ft): L S
SURFACE OF STEEL MIEMEER HEATED (sq.ft. /Ft): B.27
TIME STEEL TEMPERATURE
(min) (adeq,F)
S5.00 333
10.00 941
15.00 704
20.00 032
2%.00 932
30.00 1011
35.00 1073

ATTACHMENT C
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P L C Professional Loss Control, Inc.

STRUCTURAL STEEL ANALYSIS
for

LIMERICK GENERATING STATION
Calculation No. 13
Unit 1 Reactor Building El, 201°

Cooling Water HX Area Room 207

Fire Area 4]

Prepared by: {Z” 2;;- jZKL{Zf7_~__ Date:. February 7, 1924

Reviewed by: :}7}'4( foan ey Revision: 1
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LIMERICK GENERATING STATION

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 a1).
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
8985 ft2 (see Attachment A for sketch and calculation of surface areas),

COMBUSTIBLE LOADING

Combustible loading in this area consists of cable insulation located in
cable trays. The total surface area of cadble trays is 702 ft2 with an
average combustible loading of 3,5 lbs/ft of cahle tray surface area.
There are no combustible liquids in this area,

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
wall and enters stair No. 2.

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.

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-
tural steel (see Attachment B),

13 -1



The position of cable trays relative to structural members were examined

throughout the area in order to assess the potential for localized heating,
Cable tray 1DCQA is located within 12 inches of member types W27xa4,
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 stael would be subjected to
localized heating. As can be seen from the results, member types W13x40,
W21X44, W27X34 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,

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
quantified,

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 W33xX141.

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)

1300 a.007 38 min
1500 5.062 24 min

13 -2
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Unit 1 Reactor Building El, 2n1'
Cooling Water Heat Exchanger Area Room 207

Surface Area Calculation

Walls
North wall (95" x 15') 1425 ft2
Fast wall (132' x 15') 1980 ft2
South wall (33" x 15') 495 ft?
West wall (105' x 15') 1675 ft2
5475 fte
Ceiling
Area | (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(48')(32") 768 ft2
t
Total Surface Area for Heat Transfer 9030 ft2

ATTACHMENT A



CAGE MUMERER 1

BEUTLDING: UNIT 1 REACTOR RUILDING

ELEVATION AND A"FEA DESCRIPTION: 2017 COOLING WATER HX ARLA RM 207
CASE DESCRIPTI LN ONE DOGR OPEN ALL CARLES RURNING

l‘l'llllliﬂllllll'l!?A!!-IXKIIKXX!KIXXXIIX!Xlxl*l‘x.\'ﬁ(ll?\llll,\.x'.x!l“l!lxl» ¢ XX

CEILING/WALL CETLING/ wall Ao Ho Aw , W
THICKNESS MATER TAL
(ft) (£t2) (Ft1) (Ft2) (kW)
0 D000 0000 00 0000006000000 3000 0000000000000 03606 0006 06 08 30 300 36 0 902606 606 06 06 06 260 3 3K 0 56 36 5 96 %06 36 3 M 06 36 3 ¢ 3 X ¢
3.0 CONCREYE el.9 7.0 Y030 4504

FIRE IS VENTILATION CONTROLLED

FIRE DURATION GAS TEMPERATUIRE

(Min) (deg .|
) HO06

10 &H1Y

15 631

20 LA3

i L5149

40 &EHY

L o b7:

40 6HUO

4% 675

S0 705

s 715

60 205

6o 734

Vd ] 744

Ao Lo

£ 765

8% iy o)

70 761

ATTACHMENT B



LASE NUMEER ; &

BUTLD ING

UNTT 1 REACTOR BUILDING

ELEVATION AND AREA DESCRIPTION: 2017 COOL ING WATER MX
DESCRIPTION fWl DOORS OPEN ALL CABLES BURNTNG

THICKNESS

lelllel."!’lXX!‘lXXXZlXXll‘XX!XXXXX!X‘XK!XX!X)X!!!'X_.‘(xx,(vXl.(\,‘

CEILING/WAL! CEILING/ WALL Ab Hao
MATER TAL
(£t2) (ft1) (ft2)
'.((IX.‘!X‘{)!!I!!I!!!X(1(1!'XI—X;(;i.(lXXXXlXX!}!.xYI7Yll.",‘lxx",IXXT‘
CONCRETH 4: .0 7.0
FAIRE IS VENTILATION CUNTROLLED

DURATION GAS TEMPERATUR
{min) ieg.F
" 80

10 H$326

19 86

20 89

‘»’.‘ ("l"

50 Q47

5% Q74

41 1any

4% i G2

ATTACHMENT B



CASE NUMELP 1

‘ BUTLDING: UNIT 1 REACTOR ERUILDING
ELEVATION AND AREA DESCRIPTION: 201~ COOLING WATER MX AREA ROOM
CASE DESCRIPTION: LOCALIZED HEATING OF MEMEER TYPE W16x40

EFFECTS OF LOCAL HEATING ON HTIKUCTURAL STEE!

FIRE TEMPERATUKRE (deg, F); 1300
WEIGHT OF STEEL MEMEER (1be./ft): 40
SURFACE OF STEEL MFMEBER HEATED (sq.ft./f1); 4.38
I'IME STEEL TEMPERATUR!
(min) (deqg.F)
.00 601
10.00 903
5.00 1075
20.00 1172
eS.00 1227
30.00 1259
35,00 1277

ATTACHMENT C

<07



CASE NUMBER: g

BUTLDING: UNIT 1 REACTOR RUTILDING

ELEVATION AND AREA DESCRIPTION: 2017 COOLING WATER HX AREA ROOM
CASE DESCRIPTION: LOCAL IZED HEATING 0Of MEMEER TYPE W21x44

EFFECTS OF LOCAL HEATING ON STRUCTURAL STIE!

FIRE TEMPERATURE (deq., F ' 1300

WEIGHT OF STEFL MEMRER <(ibs./ft): 44

SURFALE OF STEEL MEMHER HEATED (sq.ft,./ft); 4.94
TIME STEEL. TEMPERATUIRE
{(man) (deq.F)

S.00 14

10.00 ?19
15.00 1088
20,00 1182
25,00 1254
J0.00 1263
35.00 1280

ATTACHMENT C

w07



CASE NUMEER: 3

BUILDING: WUNIT 1 REACTOR BUTLDING

ELEVATION AND AREA DESCRIPTION: 201° COOLING WATER HX AREA ROOH
CLASE DESCRIPTION: LOCALIZED HEATING OF MEMBER TYPE w27x84

EFFECTS 0OF LOCAL MEATING ON STRUCTURAL STEE!

FIRE TEM'ERATURE (deg, F): 1300
WEIGHT OF STEEL MEMBER (lbs,/ft): 84
SURFACE OF STEEL MEMBER MEATED (sq.ft./ft); .78
TIME STEEL TEMPERATURE
(Min) (deg.F)
S.00 461
10,00 726
159,00 P11
20.00 1035
e%.00 1T17
30 .00 1177
35.00 1216

ATTACHMENT C

207



CASE NUMEER :
BUTLDING: UNI

4
T

1

REACTOR RUILDING

ELEVATION AND AREA DESCRIPTION: 201° COOLING WATER HX AREA
CASE DESCRIPTION:

LOCALIZED HEATING OF MEMBER TYPE W27x102

EFFECTS OF LOCAL HEATING ON STRUCTURAL STEEL
FIRE TEMPERATURE (deg. F): 1300
WEIGHT OF STEEL MEMEBER (1bs./ft): L02
SURFACE 0OF STEFL MEMBER HEATED (sq.ft./ft): 6.8%59
TIME STEEL. TEMPERAT'IR!
{min) (deqg , F)
S.00 19%
10.00 b3
135,00 a1
20.00 941
25.00 1036
30.00 1106
3%5.00 1158

ATTACHMENT C

ROOM

2807
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for

LIMERICK GENERATING STATION

Calculation No. !4

UNIT 1 Reactor Building E1. 253"

Main Steam & Feedwater Pipe Tunnel

Fire Zone 45
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1.

LIMERICK GENERATING STATION

AREA DESCRIPTION

The area under consideration is the Main Steam ind 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
ftl, (See Attachment A for a sketch of the area under consideration and a
calculation of areas).

COMBUSTIBLE LOADING

A1l cadbling in this area is routed in conduit, there are no cable trays.,
There are no combustible liquids in this area,

VENTILATION PARAMETERS

There is cne 3' wide by 5'1C" high door serving this area,

CASE> EXAMINED

¥ith no exposed combustible cabling and no combustible liquids in the area,
there s no fuel in the area to support a fire,

RESULTS

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

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 controllad
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
cetling.

14 -1
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Unit 1 Reactor Building E1, 253"
Main Steam and Feedwater Pipe Tunnel Fire Zone 46

Surface Area Caiculation

Walls )
North wall (40" x 29') 1160 ft2
Fast wall (a0' x 33') 1320 ft?
South wall (a0' x 30') 1200 ft2
West wall (40" x 33') 1320 ft2

5000 £t
Ceiling

Area 1 (30' x 30') - [(3.5' x 3.5') + (10" x 3')] 857,75 ft2

Total Surface Area for Heat Transfer 5857.,75 ft?

ATTACHMENT A



P L C Professional Loss Control, Inc.
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LIMERICK GENERATING STATION
Calculation No. 15
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Safequard System Area Room 09

Fire Area 43
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1.

LIMERICK GFNERATING STATION

AREA DESCRIPTION

The area under consideration is the Safeguard System Area, Room 303, on the
217" elevation of the Unit 1 Reactor Building (Fire Area 43). 8ounding
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
ft2 (see Attachment A for sketch :aud surface area calculations).

COMBUSTIBLE LOADING
Combustible loading in this area consists of two cable trays, 10CRA and

LOIWA, which are located along the south wall of the area. The total sur-
face area of the cable trays 1s 460 ft2 with an average combustible loading
of 6.5 1bs/ft2 of cable tray surfaze area. There are n0 combustible liquids
in this area,

VENTILATION PARAMETERS

Two steam tight doors each measuring 3' wide by 7' high anter this area.
One door is located in the east waill while the other door is located in the
west wall,

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

RESULTS

Case number one assumed one 3' x 7' door open with ali cables burning
stmultaneously. This resulted in a ventiiation controllad fire with a heat
output of 4504 kW and a duration of 120 minutes. The Jas 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

" simultaneously. This resulted in a fuel controlled fire with a heat output

15 - 1



of 3123 kW. The fire duration would be 5.5 1bs/ft2 5 .1 1bs = 65 minutes,
min/ft2

The gas temperature at this time would be 808°F, which is below the criti-
r21 Lemperature of the structural stee! (see Attachment B),

The location of the cable trays relative to structural steel members was
examined in the area. No cable trays were positiored so as to prasent a
localized heating axposure to structural steel,

Columns in the arca are W14X730, W14X550, and W14X287. Yhen exposed tn a
plume temperature of [500°F, the temperatures of Lhe siz2al columns are as
follows:

W14x730 757°F after 65 minutes
W14Xx5519 876°F after 65 minutes
W14x287 1000°F after 47 minutes

EFFECTS OF TRANSIENT COMBUSTIBLES

The fire examined was fuel controlled with a duration of 65 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 i3 listed below.

Fire Duration 0/A (kW/m 0 (kW
85 min ‘L"i'd““)‘ (4

The ceiling heignt in the area is 18'6". This distance is measured from
the floor slab to the bottom of the largest structural steel member in the
area which is a W18xs0.

The heat release rates from transient combustiples 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 te neat the steel to 1100°F are also listed.

I {*F KW Time to 1100°F (min})
1 10,

1300 12.076 19 min

1500 16,450 13 min

15 - 2
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Unit i Reactor Building E1 217°
Safequard System Area Room 309

Surface Area Calculation

Walls
North wall (14n' x 35') 4900 ft2
South wall (107* x 35') 3745 ft?
Fast wall (31' x 35') 1085 ft?
West wall (62' x 35') 2170 ft?
11,900 ft2
Ceilin
IFEZ"TQ (7' x 107*) 749 ft2
Area ? 1/2(32' x 36') 576 ft?2
Area 3 1/2(48' x 23') 552 ft?2
Total Surface Area for Hea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>