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1.0 Introduction

The Ennco Ferm: Atomic Power Plant Unit 2 (Fermi 2) was designed and built
before the promulgation of the fire protection requirements embodied in Title 10 of the
Code of Federal Regulations, Part 50, Appendix R (10 CFR 50, Appendix R). In several
areas, the requirements of Appendix R are more conservative than the previously
accepted design criteria of the Fermi 2 plant. During the U.S. Nuclear Regulatory
Commission (NRC) staff’s review of the Fermi 2 plant in light of Appendix R, the
Detroit Edison Company made a commitment to instzll additional fire protection
features. These commitments are documented in Detroit Edison correspondence with
the NRC (Colbert, 1981a- 1981g) and in the NRC's Safety Evaluation Report (SER)
related to the operation of Fermi 2(NRC, 1981). For the postulated exposure fire in the
control room, Detroit Edison believes that a consideration of the plant-unique features is
needed when addressing the requirements of Appendix R

Because the control room is continuously occupied, an exposure fire in the
control room was considered highly improbable and beyond the original design basis
Any exposure fire in the control room would be discovered and extinguished quickly,
and damage would be limited to one divisional panel. Therefore, the remote-shutdown
features of the Fermi 2 plant were designed to meet the requirements of 10 CFR 50,
Appendi.c A, General Design Criterion 19, which required an evacuation of the control
room and the use of the remote-shutdown panel, but did not postulatc damage of the
circuits in the control panels. Thus, the remote-shutdown features of the Fermi 2 plant
v.ere not required to be electrically isolable from the circuits in the centrol panels.

To help demonstrate taat circuits in the control panels at Fermi 2 would remain
intact during an exposure fire in the control room and thereby to demonstrate that the
remote-shutdown features of the Fermi 2 plant meet the intent of Appendix R, Detroit
Edison ran a test in June 1981. The details of the test procedure were discussed and
cleared with the NRC staff hefore the test was run. The test procedure and results are
documented in Detroit Edison’s report to the NRC (Colbert, 1981g) and the NRU
consultant’s report (Behn, 1981) and are not repeated here. The test consisted of burming
| gallon of a flammable liquid (heptane)in front of a simulated control panel and showed
that switches and circuits on the control panel remained intact and did not malfunction.

In the Fermi 2 SER. the NRC reported that its consultant had identified the
following four deficiencies with the test (Behn, 1981)

1. The mock-up parels did not simulate the plastic components mounted on the

control room pancls

T'he fire configuration was altered during the test because of ihe distortion of

the fuel pan

3. The mock-up panels did not simulate the control room panel ventilation
system. which had not yot been designed.

4. The cffects of fire suppressants on the components were noi. demonstrated.

ro
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Figure 1-2. Closeup of control panel 601 = Fermi 2 control room
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Oven Test

2.0 Oven Test




Oven Test
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Figure 2-1. Metal enclosure and mounting of CMC switch and pushbutton switch for
600 F oven temperature test.




Oven Test

Location of thermocouples on CMC switch during elevated temperature
test of 600" F.




Oven Test

An overall calibration of the mp

sample of the ther mocoupie

wire used and the isothermal connecting block
are shown in the calibration certif ‘ 1 Appendix A of this 1. port

was ust after the te I'he results

2.2 Results

Visual inspection showed that

of the CM(

ol panel surface, were deformed,

switch and the actuator knob, which are
h

a
but intact and supporting the switch switch located inside
the enclosure showed no damage or deto

temperature. The

n

indicating lights and switch contacts w ‘ 1d were operational during and
th

ajter the test

No deformation

recorded

2.3 Conclusions
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Oven Test

Figure 2-3. Temperature profile of temperature-monitoring positions during 600" F

oven test.
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Oven Test

Table 2-1. Summary of Temperatures Measured During Oven Test

—— e

Maximum
Temperatuse
Measured

Location (°F) (minutes into test)




3.0 Plume Calculations

cal analysis ! nel temperature pro

ntained within a 2-foot-square pan located

ad n 1€ EMETRENCY COore s tem (ECCS) operating panels in the Ferm

control room. I he model, anal 1 results are presented h

1

calculations was descnt I'he analvtical results confirm the panel

test data recorded | ! 1 (Colbert, i981)

1 Analysis

of heptane

1on to tuel

assumpt




Plume Calculations

R e e e

Figure 3-1. Vertical cross section of control panel and model exposure fire.




Plume Calculstions
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Plume C

Figure 3~2. Cross section of the “A” surface of the control panel showing the positions
at which the test switch temperatures were calculated.
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Plume Calculations
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Table 3-1. Fire Characteristics

gnnmegg Value

Heat release rate

Tota! 2150 kW m2*

Convective 1150 xW m?2*
Heat of combustion

Total 43 kJ g*

Convective 23 kJ/g*
Mass loss rate 50 g mZsec*
Flame temperature 1763°F (1235 K)*
Emissivity

Gas 0.2

Soot 0.1%

Total 0.3¢

*From Tewarson, Lze, and Piou (1979). Tewarson
(1980), and Blinov and Khudiakov (1961)

*From Stavriamdis (1980)

{¥From Hottel and Sarofim (1967)

Table 3-1 summarizes the values used in the analysis. With a conservative mass loss rate
of 50 g/ m2Zsec, total combustion of | gallon of heptane in a 4-square-foot fire would be
predicted to occur within 139 seconds, a duration supported by Pinkel (1978).

Despite predicted fuel exhaustion and self-extinguishment of a 1-gallon heptane
fire at the end of such an intense burn, the burn time was conservatively extended to
S minutes at a lower mass loss rate of approximately 23 g m2sec (Figure 3-3). This has
the effect of providing additional fuel to the postulated I-gallon fire. Thus, although an
efficient combustion of | gallon of heptane was modeled to burn within 139 seconds. a
total quantity in excess of | gallon was actually considered to conservatively predict the
thermal effects of a S-minute fire on the benchboard and typical switches

A final element of the analysis is related to the effects of flame impingement on
the underside of the panel. Such impingement contributes to panel heatup as a result of
conduction up along the panel. Flame impingement is conservatively taken to be full and
direct. Using a model taken from Rohsenow and Choi (1961), an analysis of both
realistic and artificially higher values of heat flux were considered. This, in turn, led to an
exponential heatup of the panel’s edge with time constants of 902 and 275 seconds for the
rcalistic and worst cases, respectively. This aspect of the model is discussed in
Appendix E

16



Plume Calculations

Figure 3-3. Assumed heptane mass loss (burn) rate as a function of time.
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1.2 Results

The results of calculations for the most severe exposure fire involving in excess of
1 gallon of heptane in a confined 2-foot-square pan include the following:

1. Centerline temperatures above the fire (Table 3-2).

2. Temperatures out from the fire axis above the Stavrianidis critical height
(Table 3-3).
3. Temperatures out from the fire axis above the Stavrianidis critical height

using normalized distance from the fire ax’s (Tabie 3-4).

4. Switch temperature at the end of the intense portion of the fire due to
radiation (Table 3-5).

5. “Realistic” worst-case control panel temperatures as a function of time and
radial distance from the point of contact of the panel edge with the fire
(Table 3-6).

6. “Conczervative” worst-case control panel temperatures as a function of time
and radial distance from the panel edge assuming arbitrarily a heat flux three
times the caiculated effects of flame impingement (Table 3-7).

The nature of these results is especially itlluininating from the perspective of the
effects of convective heating. Centerline temperatures using both the Stavrianidis and
the Yokoi models are presented in Table 3- 2. Yokoi presented two models: Yokoi-Tamb
and Yokoi-Tgasc. The Yokoi-Tamb model correctly calculates centerline temperatures
without modifying air density or specific heat as discussed in Pinkel (1978) and Lie
(1972). The Yokoi-Tgasc model demonstrates a calculation as performed by Campbell
(1979) for the NRC. It is provided to demonstrate the consistency of the Yokoi-Tamb
model with the Stavrianidis model and to compare it with the Gage-Babcock calcula-
tional procedure, which appears to overestimate the magnitude of the risk of pool fires.

The Yokoi-Tamb model predicts thermal conditions consistent with the Stavni-
anidis model until the flame height is approached: at this point, the Stavrianidis model is
more conservative in predicting higher temperatures. The Yokoi calculations are carried
into the flame for comparison although this violates Yokoi's assumptions and invalidates
the model. The Campbeil (Gage-Babcock) approach becomes unstable at that point
because of the attempt to modify the Yokoi parameter, und SO00°F is linearly projected
at the point of instability

In Tables 3-3 and 3 4, air temperatures from convective heating away from
the fire axis (centerline) are presented. Above the Stavianidis critical height, such
heating must be considered in the analysis due to the divergence of the plume from the
pan geometry. Below this height, however, the en*rainment effects of the fire result in »n
air velocity component directed inward toward the fire axis, inhibiting any convective
heating adjacent to the fire. Thus, below the critical height (5.63 feet) for the 1-gallon
heptane fire analyzed, convective heat transfer need not be considered outside the fire gas
plume

19



Plume Calculations

Table 3-2. Centerline Temperatures Above the Fire




Plume Calculations

3-3. Temperatures as a Function of Distance frcm the Fire Axis at Heights
Above the Stavrianidis Critical Height
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Table 2-4. Normalized Temperatr 2s as a Function of Distance from the Fire Axis
at Heights Above the Stavrianidis Critical Height
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Plume Calculations

Table 3-5. Switch Temperature due to Radiation at the End of the Intense
Portion of the Fire

L




Plume Cslculations

from the Panel Edge in the Fire

Table 3-6. Control Panel Temperatures as a Function of Time and Radial Distance
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Plume Calculations
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Table 3-7. Control Panel Temperatures as a Function of Time and Radial ) stance
from the Panel Edge in the Fire Assuming Flame Impingement Hest
Flux Three Times Calculated (60 kW/m?)
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Plume Calculations

In the worst-case |-gallon heptane fire in a control room, console switches
located approximately 3 to 3.5 inches from the panel edge may be expected to survive
intact with any such fire that is immediately adjacent

These conclusions should be viewed as bounding due to the conservatisms taken
in the modeling process. In order to confirm that the model is indeed bounding, the
conclusions may be reviewed against the actual experimental data obtained from the
Detroit Edison control room fire test (Colbert, 1981). A review of the photographs
indicates thdt paint on the control panels was not blackened at distances beyond
approximately | to 2 inches from the panel edge in contact with the fire. On this basis,
and from a review of the thermocouple data. it 1s apparent that panel temperatures of
600°F were not exceeded at distances greater than 2 inches and that temperatures were
around 400°F at | inch. Furthermore, thermocouple data indicate tl.at at approximately
4 inches from the panel edge, the temperature of the test-switch body never exceeded
125.5°F. The analytical model conservatively represents the worst-case conditions of the
postulated I-gallon heptane fire and confirms experimental evidence indicating the
survivability of control panel switches in the Fermi 2 control room.
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4.0 Conclusions

Throughout the NRC’s review of the fire protection features of the Fermi 2
plant, Detroit Edison has agreed to implement those mod:fications required by the NRC
that could reasonably be incorporated at this late stage in the construction of the plant
Detroit Edison i1s convinced that the Fermi 2 fire protection features ensure adequate
protection of the public health and safety. The control panel fire cest reported eariier and
the oven test and calculatic ns presented here confirm the vahidity of Detioit Edison’s
position and confirm the adequacy of the remote-shutdown capabilities of the Fermi 2
plant.
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Appendix B

Plume Equations
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Appendix B

Buoyant diffusion plumes are caused by gravitational forces acting on the difference in
density between the source fluid and its ambient environment. Batchelor (1954) proposed that

turbulent buoyant plumes may be described by

Rouse, Yih, and Humphrey (1952) ucted a series of experiments that indicated that

both mean temperature and velocity profiles were ly Gaussian

Stavrianidis (1980) modified » plume laws and obtained me I d generalized

correlations of experimental data from ee difterent fuels for the mean temperature and velocity
profiles and the actual convective heat rele rates. This work led to the rewriting of the plume laws

as follows

vigeotaped flames
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Substituting into the original expression
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Switch Radiation Model



Appendix C

The test switch that was analyzed was composed of a polymeric body and plate. The body
contained within the panel was ignored for the purposes of analysis and only that portion located
above the console was considered. The model effectively rotated the switch to the vertical position
so that the full face viewed the entire fire. The properties of the switch were considered to be
composed primarily of bakelite with values derived from Rohsenow and Choi (1961). As a gray
body, absorptivity was taken to be 0.95 with the emissivity assumed to be only 0.10.

The model used a night cylinder defired by the critical height and assumed the following
form:

d e :
_—I = ,__]__‘qr -, col’~1 )
dt CpP

where

¢y = 0.38 B/Ibm*°F (Rohsenow and Choi, i961)
p = 0.046 Ibm/in.? (Rohsenow and Choi, 1961)
e=010

o = Boltzmann Constant = 3.3044 X 107" B/sec*in.? *R*

This equation was solved using a Runge-Kutta integration where

Tasoy =T, +(1/6)K, + 2K, + 2K, + Ky)

a8 - .

K, = —(q, —€0(T,)*)
L‘rp(()
At L, i ;

K, = i—;s[q; eo(T, +1/2K,)*]
“p

, at ., B T e

Ky, = 7--ﬁ5[(1, eo (T, + 1/2K,)*]
\‘,p,
At .

K,; ‘—lq;' 'C—O(Tn + KA\ '41
CPD(S

. is taken to be a gray gas. Emissivity is taken to be that associated with <5ot, carbon dioxide, and

water.
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Numerical Solution
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Appendix D

Finite-difference algorithms are extremely useful where equations assume complex forms

or where boundary conditions impose difficult conditions. For the problem relating to console
temperatures, finite-difference metheds seemed appropriate. The console panel was considered asa
one-dimensional problem in order to effectively bound the outcome. The iollowing two processes

were assumed to occur simultaneously
Radiative flux that
Conduction

mpingement

4}75\\ wWo




Appendix D

With Fourier modules

x,. At
(AXx)*

and temperature increment due to radiation absorption is

(AX)* Q.
Al -
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Panel Heatup
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Conveetion
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