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1.0 Introduction

Following the TMI-2 accident, the NRC staff expressed concern that the
ice condenser and Mark III containment designs might be wvulnerable to
overpressures produced by hydrogen deflagrations. Consequently the
CLASIX camputer code was developed to provide a conservative estimate of
the hydrogen deflagration pressure. The BWR version of this code,
CLASIX-3, contained the same conservatisms as the original CLASIX code.
The fact that the CLASIX-2 code was designed to provide a conservative
prediction of deflagration pressures in turn resulted in a conservative
prediction of temperatures resulting from deflagrations. Recent testing
performed by the Hydrogen Control Owners Group (HOOG) at the OQuarter
Scale Test Facility (QSTF) shows that the pressures and temperatures
predicted by CLASIX-3 are overconservative.

The RBS survivability analysis cowpleted to date, based on the CLASIX-3
analysis, indicates that all equipment located in the lower intermediate
volume just above the HCU floor will survive the thermal environment
present in this region. The survivability analysis campleted for
hydrogen igniters and igniter power supply cable in the wetwell region
indicates that survivability of these camponents is not assured for the
entire 75% MWR transient thermal environment as predicted by CLASIX-3.

The thermal environments predicted by CLASIX-3 are excessively
conservative for assessing the ability of equipment in the River Bend
Station to survive hydrogen cambustion. As indicated above, a mumber of
conservative assumptions have been incorporated in the CLASIX-3 analysis
to assure conservative predictions of containment pressure. In
addition, based on 1/4 scale testing, the serial deflagrations predicted
by CL+SIX-3 constitute a significantly more severe thermal environment
than the actual thermal environment which would be expected to occur in
a Mark III contairment.

The following report provides an evaluation of the conservatisms present
in CLASIX-3, a discussion of the cambustion phenomena cbserved in 1/4
scale testing and an evaluation of the ability of equipment to survive
the thermal environment expected to occur in a Mark III containment.



2.0 Evaluation of Conservatism in CLASIX-3 Assumptions

The CLASIX-3 code assumes that each campartment modeled by the code is
instantaneously completely mixed. Thus combustion in a campartment
cannot occur until sufficient hydrogen has been injected into the
canpartment to bring the hydrogen concentration throughout the entire
volume up to the hydrogen concentration which has been specified as the
concentration required to support cambustion. The CLASIX-3 code allows
combustion in a volume, e.g. the wetwell, when the average concentration
reaches 8%. Upon ignition, the volume is swept out by a flame front
assumed to travel at 6 ft/sec. This burn is assumed to go to 85%
campletion. The CLASIX-3 code accounts for heat losses to walls and
other surfaces. The heat losses during burning are directly affected by
flame speed since the flame speed will determine the time to lose heat
during flame propagation. The degree of conservatism resulting fram
this cambination of assumptions can be quantified by assessing the
deflagration pressures and temperatures expected to occur in a Mark III
containment.

Two general types of release histories have been injected into the 1/4
scale test facility to date., One (case C', 150 gm reflood) begins with
a quickly increasing hydrogen flow rate which should result in a large
vertical hydrogen concentration gradient in the wetwell, The other
(case B, 5000 gpm reflood) injects hydrogen for a relatively long period
at a low rate before a large spike in hydrogen flow is introduced. This
history, at least prior to the spike, should be representative of the
minimum vertical hydrogen concentration in the wetwell. A total of 21
scoping tests have been performed with such histories and in no case did
the initial lightoff deflagration (only deflagration observed in any
test) result in pressures or temperatures approaching those calculated
for the full scale plant using CLASIX-3 for the same (scaled up) release
histories. Figqures 2-1 and 2-2 provide a camparison of pressures
predicted by CLASIX-3 and 1/4 scale pressures respectively. Figures 2-3
and 2-4 provide a comparison of temperatures calculated by CLASIX-3 with
the 1/4 scale temperatures., Based on the above, the cambination of

ons used in the CLASIX-3 code yield pressures and temperatures
well above those which actually are expected to occur in Mark III
containment due to deflagrations.,

From the above discussion, it can be concluded that CLASIX-3 severely
over-predicts both the expected full scale temperatures and pressures,
The following discussions identify key CLASIX-3 assumptions which may
produce this over conservatism. In the CLASIX-3 code, cambustion is
assumed to be initiated in a volume when the hydrogen concentration by
volume reaches 8%, This represents an upper bound on the hydrogen
concentration at which deflagrations would be initiated by igniters. A
large nurber of tests including the recently campleted Nevada Test Site
Tests demonstrate that mixtures with hydrogen concentrations as low as
5.8 can be ignited. It is completely reasonable, based upon tests
campleted by Acurex for EPRI, tests campleted by Ferwal Laboratories for
Westinghouse, and tests campleted by Whiteshell Laboratories for EPRI,
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to conclude that mixtures with volumetric hydrogen concentrations of 6%
will be reliably ignited in the Mark IIT containment.

Another CLASIX-3 assumption which may result in over-prediction of
temperatures and pressures is cambustion campleteness. when mixtures
with lower volumetric hydrogen concentration are ignited, less of the
hydrogen present in the mixture is burned. For example, cambustior of
mixtures with a hydrogen concentration of 6% by volume will consume only
about 65% of the hydrogen present in the mixture even when very high
levels of turbulence are present. The cambination of initiating
cambustion at lower hydrogen concentrations than assumed in the analysis
of wetwell hydrogen cambustion and burning less of the hydrogen would
result in a considerable reduction in peak temperature for wetwell
burns. Since the peak temperature has a significant effect on radiant
heat transfer in equipment survivability analysis, use of higher
hydrogen concentrations to initiate cambustion and higher burnup
fractions results in considerable conservatism in thermal environment
definition.

The burn duration assumed in CTASIX-3 will have a direct affect on peak
pressures and temperatures. The rate at which energy is added to a
volume by hydrogen cambustion in the CIASIX-3 camputer code is
controlled by a burn duration time input for each volume treated by the
code. The burn durations used to date in GSU's CIASIX-3 analysis are
based on an average flame propagation speed of 6 feet per second. This
is a conservative basis for defining cambustion duration for the River
Bend Station. Flame speeds for cambustion propagation decrease
significantly when cambustion is initiated at lower volumetric hydrogen
concentrations such as 6% hydrogen concentration mixtures. In addition,
flame speed is related to the turbulence levels present in the
containment., Since the River Bend Station does not utilize containment
sprays to provide bulk contaimment heat removal, but rather uses salcty
grade containment unit coolers, the relative turbulence levels in the
River Bend Station containment should be significantly lower than the
turbulence levels present in other Mark III containment plants, Lower
flame speeds would result in greater burn durations. This would result
in more time for pressure equalization, more uniform mixing of the
containment air spaces and reduced temperatures due to dilution by the
entire containment volume. In addition, a longer burn duration will
result in a lower heat addition rate to the contaimment which will allow
more time for heat removal by the RBS containment heat sinks and unit

coolers.,

The methodology used to calculate heat transfer fram a campartment
atmosphere to campartment heat sinks is extremely conservative, At the
NRC staff's suggestion, heat transfer correlations used to calculate
envirormental conditions following design basis accidents have been used
to calculate heat transfer to containment passive heat sinks. This
methodology is described in detail in NUREG 0588. The conservative
character of these heat transfer correlations is intended to provide
adecuate margins in defining the thermal environments produced after a
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design basis accident. These conservatisms are not appropriate for
definition of thermal envirorments following degraded core accidents
since the same levels of margins are not warranted for less probable
recoverable degraded core accidents.

The above CLASIX-3 conservatisms when coupled with the conservative
modeling of the River Bend containment heat sinks and conservative
modeling of the containment unit coolers result in a thermal environment
significantly more severe than that which would be expected at full
scale.
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3.0 OOMBUSTION PHENOMENA OBSERVED IN 1/4 SCALE TESTING

Testing campleted in 1983 in a 1/20 scale model of a Mark III
containment plant (reference 1) indicated that for full scale
release rates above approximately 0.4 lbm/sec, steady diffusion flames
would be produced on the suppression pool surface. The 0.4 lbm/sec
flow rate was defined as the threshold above which steady
diffusion flames would be expecied. It was assumed that the repeated
deflagrations predicted by the CLASIX-3 camputer code would provide a
conservative representation of the cambustion phenamena below the
diffusion flame threshold.

HOOG cammitted to complete additional testing in a 1/4 scale simulation
of a Mark III contaimment in order to define the thermal environment
produced by steady diffusion flames. Based upon discussions between
HOOG and the NRC staff, HOOG also camitted to camplete testing in the
1/4 scale test facility which would allow HCOG to demonstrate the degree
of conservatism present in the CLASIX-3 camputer analyses.

HOOG has now completed the scoping test portion of the 1/4 scale test
program. HCOG's initial evaluation of the scoping test program results
as they relate to evaluation of parameters which could affect the
thermal envirorment produced by diffusive hydrogen cambustion are
contained in reference 10, The scoping tests have provided considereble
information on the cambustion phencmena which is expected in full scale
Mark IIT cortainments. The combustion phenamena observed were not
Aiscussed in detail in reference 2.

Three scoping tests were coampleted to evaluate the threshold for
existence of steady diffusion flames., The first two were intended to
evaluate the threshold for steady diffusion flames under conditions
which would be representative of degraded core accident conditions. The
third test was intended to provide a cawparison with the threshold
testing campleted in the 1/20 scale test facility.

Test 5.08 was campleted to evaluate the threshold for existence of
steady diffusion flames under degraded core accident tions when a
single safety relief valve is stuck open. The 330 similated safety
relief valve was assumed to be stuck open for this test., Since all
scoping tests were campleted using a Mark IIT plant geometry which has a
larger core than River Bend, eight simulated ADS safety relief valves
are open for the tests, In order to simulate potential degraded core
accident conditions, a hydrogen release history corresponding to
hydrogen jon following recovery of an BOC system with flow
capacity of 5000 GPM was injected, Reference 3 discusses the

release histories used in the scoping test prag . Following the
reflood release history, the hydrogen injection rate is dropped
to 0.21 sec (all hydrogen injection rates are full scale equivalent
values) and held for approximately one minute, The flow rate was then
reduced to 0,14 lhm/sec for another minute, The flow was then decreased
to 0.07 lbm/sec and held constant at this value for 45 minutes to define
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the daminant cambustion phencmenon present at very low hydrogen
injection rates.

The hydrogen release history used for test S.08 is shown in figure 3-1.
This release history presents actual 1/4 scale hydrogen injection flow
rates. An initial deflagration established a steady diffusion flame on
the suppression pool surface coincident with the rapid hydrogen release
associated with reflooding the reactor vessel with an BCC system. Since
the release history used in this test has the highest hydrogen injection
rate, this will produce the maximum hydrogen gradient in the wetwell
campared to other release histories. Infrared video cameras in the test
facility showed horizontal propagation of the flamefront with the
apparent point of initiation under the steam tunnel. The pressure rise
produced by the deflagration was very small indicating that the total
amount of hydrogen consumed in the deflagration was not appreciable.
This indicates the conservative nature of CLASIX-3 analysis which
predicts an approximately 9 psi initial deflagration pressure rise for
the same release history. The pressure history for a pressure
transducer located in the wetwell is shown in figure 3-2. In addition,
the hydrogen concentration which is measured continuously in the wetwell
by sensor H190 shows that the hydrogen concentration measured by H190 at
the time of the initial lightoff deflagration was approximately 4%. The
hydrogen concentracion measurement fram instrument HI190 is shown in
figure 3-3. 1In addition, the hydrogen concentration measured by HOOl is
approximately 4% and the concentration measured by HO02 is approximately
5% at the time of the initial lightoff deflagration. These measurements
indicate that the global hydrogen concentration measured in the wetwell
and at higher elevations at lightoff is in the range of 4-5%, These
measurements agree with the 4,.7% hydrogen concentration calculated by
assuming that all hydrogen released prior to lightoff is uniformly mixed
throughout the containment,

Following the initial lightoff deflagration, hydrogen burned as a steady
diffusion flame on the suppression pool surface until the hydrogen
injection rate dropped below 0.14 lbm/sec full scale equivalent. At
about thirty minutes into the trami.ant, a weak and intermittent
diffusion flame appeared in the 315 chimney for approximately 10
minutes, This diffusion flame appeared with no visibly propagating
deflagration., The flames appeared to originate under the steam tunnel.
A thermocouple trace for instrument T-187 which is immediately adjacent
to the steam tunnel and under the HCU floor is shown in figure 3-4,
This figure demonstrates the weak character of the diffusion flame in
comparison to the diffusion flame present during the earlier high

hydrogen release,

Test S.10 was campleted to evaluate the effects on diffusion flame
threshold of assuming that the stuck open relief valve was actually an
ADS valve, For this test, only 8 simulated safety relief valves are
open, This is similar to the River Bend case in which there would be 7
ADS valves plus one stuck open relief valve open, The same hydrogen
release history is used for this test as the release history used for
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test S.08. The hydrogen release history injected into the facility is
shown in figure 3-5.

In test S.10, a steady diffusion flame is established on the suppression
pool surface before the rapid hydrogen injection associated with BCC
recovery occurs. The initial deflagration which ignites the diffusion
flame again appears to originate under the steam tunnel. As with the
initial deflagration which occurs for test S.08, a relatively small
pressure rise is produced by this deflagration. Figure 3-6 shows the
pressure history for instrument P-100. The initial deflagration occurs
when the global hydrogen concentration is slightly less than 4% by
volume, Figure 3-7 shows the hydrogen concentration measw d in the
upper region of the wetwell by instrument H-190 for test S.10.

After the hydrogen injection decreases below 0.14 1bm/sec full scale
equivalent for test $.10, the diffusion flames on the suppression pool
surface extinguish and do not reappear. No additional cambustion is
visible on the videotapes fram the infrared television cameras in the
wetwell. As can be observed in figure 3-7, the hydrogen concentration
reaches virtually a steady state value during the transient. This
conclusion is reinforced by the continuous hydrogen concentration
measurements from ig.st.nment H-410 which is located immediately below
the top of the 45 chimey. Figure 3-8 shows this hydrogen
concentration measurement as a function of time. Since hydrogen is
being injected thrcughout the test, it is apparent that same type o‘g
carbustion must be consuming hydrogen. Thermocouple data in the 45
chimney indicates that same type of weak, localized cambustion is
occurring in this chimney. Figures 3-9 and 3-10 show temperature traces
for tlnmoowpleso'r-m‘) and T-410. These thermocouples are in the upper
regions of the 45  chimney.

The third test campleted to investigate the threshold for establishing
steady diffusion flames was test S.04. This test was intended to
replicate as closely as possible the threshold tests campleted in the
1/20 scale test program. Eight simulated SRV spargers were used in this
test., A steady diffusion flame was established as early as possible
with an initially high hydrogen flow rate. This prevented accumulation
of a significant background hydrogen concentration which HCOG believes
contributes to a lower threshold for establishing diffusion flames. The
hydrogen f£low rate was then stepped down to 0.28 lbm/sec and held at a
constant value. The hydrogen flow rate was then reduced to 0.21 lbm/sec
and following that to 0.14 lbm/sec. The diffusin flames became
intermittent when the flow rate was reduced fram 0.21 lbm/sec to 0.14
lbm/sec. The diffusion flames did not extinguish until the flow rate
was lowered to 0,07 ltm/sec. The apparent lowering of the flow required
for initiation of intermittence, (threshold) at 1/4 scale is partially
attributed to the improved modeling of the sparger devices which have
vertical slits simulating the flow fram each colum of sparger holes as
opposed to the 1/20 scale spargers which contained only 4 holes in each
side of each arm., In addition, the improved overall modeling of the

at 1/4 scale, i.e. fully turbulent flow vs, somewhat laminar
flow off the pool at 1/20 scale, is also a contributing factor.
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The HOOG campleted two tests to identify the limiting thenmal
environment produced by hydrogen cambustion. Test S.11 was campleted
with a hydrogen release history corresponding to a 150 GPM reflood of
the vessel and a sustained hydrogen release of 0.14 llm/sec full scale
equivalent hydrogen release until the total hydrogen produced equalexi
the amount produced by oxidizing 75% of the active core cladding
inventory. The hydrogen release history Ior this test is shown in
figure 3-11. The purpose of this test was to identify a limiting
thermal envirornment produced by diffusion flames when total hydrogen
pmdu:timread:eda?S%uetalwaterreaction (75% MWR) . The hydrogen
was released through the 8 simulated ADS safety relief vglves ard a
single safety relief valve assumed to be stuck open in the 45 ochi:vney.
The stuck open relief valve was postulated to occur in the 45 chimney
in order to create the most severe diffusion flame environment. Since
test S.11 was intended to define a limiting thermal envirommeut for
plants with containment sprays, the sprays were actusted when the
average contaimment air spice temperature reached 185 in accordance
with the existing prima:y ¢ ntsinment emergency procedure cuideline.

During test S.11, tne initjal deflagration which r:stablishes the
diffusion flame on “nhe supression pool surface occurs curing the
hydrogen production spike associated with initial injection of 150 GPM
into the reactor oressure vessel, A steagy diffusion flame exists on
the suppression ool surface in the 45 chimmey throughout the
transient, Diffusion flames exist on the pool surface above each
sparger jce during the hydrogen production spike and reappear twice
in the 315 dmmeyduringﬂ\esustainedhydroqenpmductimpoztimog
the transient. Fiomre - 12 shows the temperature profile in the 45
chimney above the HCU floor as measured by le T-204. Figure
3-13 shows the temperature profile in the 315  chimney above the HCU
floor as measured by thermocouple T-287. These ¢two thermocouples
represent limiting thermal environments in these two chimmeys at the HCU
floor.

Test S.09 was completed to evaluate the limiting thermal enviromment
which could be produced by localized cambustion for accidents involving
total hydrogen production equivalent to 75% MWR. The same hydrogen
release history used in test S.11 was used in test S.09 except that the
sustained hydrogen injection following the 150 GPM reflood hydrogen was
reduced to 0.07 lbm/sec. Ficure 3-14 shows the hydrogen release history
used in test S.09. As in test S.11, the containment ays were
actuated when the average contaimment temperature reached 185°F. The
hydrogen was released tiarough the eight ADS valves which correspond to
the scoping test ADS locations. The stuck open relief valve was assumed
to be an ADS valve for this scenario since the only test in which
localized cambustion had been observed was test S5.10 which used only the

8 ADS spargers,

puring test S.09 the initial deflagration which establishes the
diffusion flame on the suppression p-ol surface occurs during the
hydrogen production spike associated with the 150 GPM reflood. A steady
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diffucion flame exists in the 45° chimney throughout the period of
hydrogen injection into the facility. Figure 3-15 shows the temperaturg
measured by thermocouple T-209 which is above the HCU floor in the 45

i . No evidence of the localized cambustion which occurred in test
S.10 was during this test. Thermocouples in the upper regions
of the 45° chimney which provided evidence of localized coambustion in
test 5.10 seem to indicate only the presence of diffusion flames on the
suppression pool surface. Figures 3-16 and 3-17 show the temperaturg
response for themmocouples located in the upper regions of the 45
chimneys. A camparison of these temperature plots with figures 3-9 and
3-10 verifies that the same phenamenon present in test S.10 is not
occurring in test S.09.

The testing campleted to date has demonstrated that in a Mark III
containment, hydrogen cambustion will be initiated before bulk average
wetwell hydrogen concentration reaches 6%. The testing has shown that
for very low hydrogen generation rates, it is still possible to maintain
intermittent diffusion flames on the suppression pool surface. All
deflagrations observed to date in the facility are very weak, and in
many cases virtually imperceptible. Bulk average hydrogen concentration
throughout the test facility never exceeds 6% by volume.



o0 T
1 1
! 1
£ 1
N
n L | + e
- T -1 e
3 T
g f e + —— —
—p + — » —{
"o —t
09:03:19,23 TIME (SEC ) = "1:13:19,23
" EPRI-FIRST SCOPING TEST FOR CASE B RELEAGE, TEST N0, 548 0
TEST ATE: 18- JN-65 START TDE: 14:16:23.8

WOOL MINIMM  0.000 1N MO0 MAXIMN 3,844 /N



o T o TR R T
(I I S (S SN S
" 2P A D e
"y N N N I S
®
)

-t
o
(4.09 T T
003,19, 23 TIME (SEC ) => 0i:13:19,23
‘ EPRIFIRST SCOPING TEST FUR CAGE B RELEAGE, TEST M0, 548 9°°°
TEST DWTE: 1+ AMN-G8 START TDE: 14:16:20.8
PO NININN 16,797 PSIA LW WACDHM 20,814 PSIA




Hi9@ (VOLX) —>

22

012:30:9.2 TIME (SEC ) = 309,20
v EPRIFIRST SCOPING TEST FOR CAGE B RELEASE,TEST MO, 548 /"
TEST DATE,  16-JN8 START TDE:  14:16:23.8

MO NINIMM 0,065 VILX  HISO MAXIMN 4,979 VOUX



&
—

Ti87 (DEGC) >

—— 1

—t— l e ——

L

o1 | | 1 [

012:30:99. 2

TIME (SEC ) = 03092

EPRI-FIRST SCOPING TEST FOR CASE B RELEASE, TEST N0, §-48
TEST DATE:  18-JUN-68 START TDE: 14:16:20.8
TIG7 NINIMN 36,5 DECC T167 MXIMM  327.4 DECC



[ A N N I
¢ +— L* —— e ———
z
T
S
]

» | I S —
o ||
®
T
d  +—t
R T DA
0:23.8 TIME (SEC ) - 03202
EPRI-GC0PING TEST, CAGE *B* RELEASE, ADS ONLY, TEST 0. S0
TEST ATE!  21-AN-45 START TDE:  13:47:24.6



LA l

—t—
—J'—F—F—J'—'—-*——#——L
I S —

\

w—-—-‘
C—

P12@ (PSIA) —>

N

' ) — - i — -
{ UFAN. ) TIME (SEC ) =

t

w8
EPRI-GCIPING TEST, CAGE *B* RELEAGE, A0S ONLY, TEST MO, §-10

TEST DATE:  24-JUN-8 START TINE: 13:47:24,6
PLOO NINIMN 16,975 PSIA  PLO® WAXIMM  21,88¢ PSIA



TEST DATE:  21-JUN-88

L gL _‘.
Hud rosges

4.0
_ 4 -
1 i
”~
3 E T
>} -t
\
(]
(1))
-
I
"zom‘ L se— J-t J——-—-J
% 0.2 TIME (SEC ) = TRHTH U

EPRI-SCOPING TEST, CAGE “B* RELEAGE, ADS OMLY, TEST MO, §~14

START TINE:  13:47:24.6

4,97 Yo



14,000
§| 1
) 1 1
™~
— T
O
11 +
. -
1+t .
'20“
02:30:03,28 TIME (SEC ) = 3400028
EPRI-SCOPING TEST, CASE "B* RELEASE, ADS OALY. TEST MO, 5-10
TEST DATE: 2{-JN-88 START TDE: 13:47:24.6

HALO MINDMM 0,060 VOLX WA40 MWAXIMM 4,794 YOLX



§26.7

(DEGC) —>

T329

-17.8
$12:34:03.28 TIME (SEC ) = 34000, 28
O

EPRI-SCOPING TEST, CASE "B" RELEASE, ADS ONLY, TEST NO. 5-10%00
TEST DATE:  24-JUN-89 START TINE: 13:47:24.6
THO NINIMN 420 DECC  TI09 MAXIMN  243.9 DECGC

Figure 3=0
L ABEUL'S ~ .
Temperature Profile in upper region of the

i . T . - |
himney - Test S



6.7
N |
O
T
w
Q
e
i
*
-
17,8
H2:31:0.28 TIME (SEC ) = HEMEE
EPRI-SC0PING TEST, CASE *B* RELEASE, ADS ONLY, TEST MO, S-40
TEST DATE:  20-JN-E5 START TINE:  13:47:24.6

TA10 MINIMN 42,1 DECC T410 MAXIMM  330.8 DECC

ir

Toemnerat yure Pr
f a



.40 H
2
=
N
“T1
i
S [ |
5 L
L
809:03:22.63 TIME (SEC ) = “2:“:02.6% "
v EPRI-S-11 RELEASE TO 75 PERCENT WITH TAIL JUST ABOVE THRESHOLD

TEST DATE: S-AL-85 START TIE: 15:47:24.4
MOOL NINIMUM  0.000 §/N  MBO1 MAXIMM  {.824 I/



m'7
O
o
71}
(&
* |
o
N
-
-17.8
85:19:42.83 TIME (SEC ) = #7:16:22.63
EPRI-S-11 RELEASE TO 75 PERCENT WITH TAIL JUST ABOVE THRESHOLD
TEST DATE: S-JML-85 START TIME: 15:47:24.1

T2 NINIMM 45,5 DEGC  T204 MUIMM  283.5 DECC

emperature Profile in &4 “himr



m.?
O
O
W
Q
“ ]
1)
N l .
8
-12.8
%5:19:40.683 TIME (SEC ) = W7:16:2.63
EPRI-5-{1 RELEASE TO 75 PERCENT WITH TAIL JUST ABOVE THRESHOLD
TEST DATE:  &-JUL-85 START TINE: 15:47:24.1

Te87 MINIMM 43,7 DEGC  T287 MAXIMM  204.6 DECC



2.40
Z
5
N
R4
“11
i
S/ |
1)
=
L
il
000:03:23.0 TIME (SEC ) = “2!&:23;2:.;
() Soo

EPRI-G4 RELEASE TO 75 PERCENT WITH TAIL JUST BELOW THRESHOLD

TEST DATE: {5-JUL-89
Hoe1 MINIMM

drogen Release

0.600 /N MB81 MAXIMM

-l

Toaot

START TIME: 16:56:24.3

{.826 /N



&

T202 (DEGC) —>

-17l8

010:44:43.00

TEST DATE!
T203 MINIMM

emperat

el t o

TIME (SEC ) =

EPRI-5-09 RELEASE TO 75 PERCENT WITH TAIL JUST BELOW THRESHOLD
START TIME: 16156:24.3

{5-JUL 85

4.6 DEGC

ire .f:?‘r l~‘ riy

Or - Test

T209 MAXIMN

mr¢

913:39:43.00

192.3 DecC



%

T32 (DEGC) —>

¥

90:4.4.0

TIME (SEC ) =

EPRI-5-9 RELEASE TO 75 PERCENT WITH TAIL JUST BELOW THRESHOLD
START TIME: 16:56:24.3

TEST DATE: {5-JUL-8%

T309 MINIMM

45.9 DEGC

T309 MAXIMN

913:39:43.00

214,7 DEGC

e i S S b,

T o



R

T412 (DEGC) —>
-
|

-
-{7.8 1
010:44:43.00 TIME (SEC ) = 013:39:43.00
EPRI-5-09 RELEASE TO 75 PERCENT WITH TAIL JUST BELOW THRESHOLD
TEST DATE: 15-JUL-85 START TIME: 16:56:24.3

T410 NINIMK 45,1 DEGC  T410 MAXIMM 221, DEGC



4.0 Assessment of Equipment Survivability

GQulf States Utilities has provided a preliminary assessment of
equipment's capability to survive deflagrations. As noted in section
2.0, a number of conservative assumptions were included in the CLASIX-3
analysis which was used to define thermal environments for assessing
equipment survivability. The analysis discussed in reference 4 showed
that the calculated peak equipment surface temperature or the
temperature of the critical canponent for the igniters and cable located
in the wetwell exceeded the equipment qualification temperature. As
noted in section 3.0 of this report, additional testing in the HCOG's
1/4 scale test facility has indicated that the CLASIX-3 predictions of
thermal environments is excessively conservative. Gulf States Utilities
has campleted additional analyses to assess equipment's ability to
survive combustion phenamenal observed in the 1/4 scale testing.

The 1/4 scale facility has been designed to allow simulation of each
Mark III containment's plant unique gecmetry. The scoping testing phase
of the 1/4 scale test program has been campleted using the plant unique
geametry for another Mark III contairment. This geametry also provides
a reasonable basis for assessing equipment survivability at the River
Bend Station. The principle geametric difference between the scoping
test gecmetry and The River Bend Station is the significant flow
restriction present at the refueling floor in the River Bend Station
design, This flow restriction will not affect conditions in the wetwell
or near the HCU floor. Tests campleted in the 1/20 scale test facility
demonstrated that the extensive restriction to flow at the refueling
floor elevation will not alter the character of cambustion.

A HEATING-6 model of the hydrogen igniter has been developed to provide
verification of the modeling documented in reference 4. This model was
used zlong with the thermal envirorment measured in the 1/4 scale
facility to calculate the igniter's temperature response. Data fram
test S.12.2 was used for this analysis. This test involves total
bydrogen release corresponding to 75% MWR. Although the containment
sprays were operational for this test, this test is believed to provide
the best basis using currently available 1/4 scale test data for
assessing equipment's ability to survive accidents where total hydrogen
generation equals 75% MWR. The use of sprays in this test will not
affect the applicability of test results to River Bend since the sprays
were not activated until the very end of release history A'. Since
sprays are not activated until late in the transient, the prior thermal
environment, which poses the greatest threat to equipment survivability,
is applicable to RBES.

Temperature data from thermocouple T-202 in the 1/4 scale facility was
used to evaluate the thermal response of the igniter., Thermocouple
T-202 represents a limiting diffusion flame thermal environment in the
45° chimney for test S.12.2. Since the safety relief valve spargey
which is assumed to be stuck open is placed in the 45 chimney, the 45
chimney should represent the most limiting thermal envirorment.
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The igniter assembly surface tempe: ture and the temperature of the
igniter transformer are plotted in figure 4-1. This figqure also shows
the temperature trace which has been hand digitized fram 1/4 scale test
data, Figure 4-2 shows the temperature data measured by thermocouple
T-202 during test S.12.2. Free convection has been used in this
calculation along with radiation fram the cambustion products plune. As
indicated in fiqure 4-1, the igniter's response remains well below the
equipment qualification temperature.

The response of a hydrogen igniter power supply cable to the 1/4 scale
thermal enviromment has also been calculated. The conduit through which
the hydrogen igniter cable is routed is included in the HEATING6 model.
The temperature of the conduit, the cable insulator, and the conductor
are shown in figure 4-3, Figure 4-4 shows the 1/4 scale temperature
plot for thermocouple T-200 which has been used for analysis of the
cable thermal response. This thenmocouple was selected for evaluating
the response of the igniter power cable in order to provide diversity in
the thermal environments used to assess equipment survivability. As
with the analysis for the igniter, free convection to the boundary of
the conduit has been used. Because the analysis has been campleted in
cylindrical ccordinates, the radiation has been applied uniformly to the
entire circumference of the cable. This represents a significant
conservatism in the analysis. Even including this conservatism, figure
4-3 indicates that the cable's ability to survive is not jeopardized.

The response of a pressure transmitter to the diffu~ion flame thermal
enviromment has also been calculated. Data from thermocouple T-200 was
used for assessing the ability of the pressure transmitter to survive
hydrogen cambustion. THis thermocouple was used to assess survivability
of the pressure transmitter because several HOOG member plants have
instrument racks containing pressure transmitters located near the steam
tunnel. This location corresponds to the location of thermocouple T-200
in the 1/4 scale facility. Figure 4-5 shows the surface temperature for
the pressure transmitter as a function of time along with the hand
digitized temperature data fram thermocouple T-200. As with the
analyses of the igniter and the igniter power cable, free convection and
radiation have been applied to the boundaries for the camponent. Figure
4-5 demonstrates that the pressure transmitter has considerable margin
in its ability to survive hydrogen combustion.
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5.0 Conclusions

The CIASIX-3 code has been used to date for purposes of assessing
's ability to survive hydrogen cambustion in the form of
deflagrations, Very conservative assumptions have been used in
campleting the CLASIX-3 analysis, This has resulted in very
conservative predictions of both the peak pressure produced by hydrogen
cambustion in the Mark III containment, and the temperature environment
to which equipment would be exposed during hydrogen generation events,
Although test $,08 did not involve total hydrogen injection equivalent
to 75% MWR, the ECCS reflood transient and the sustained, low hydrogen
production of 0.07 lbm/sec are directly camparable to the hydrogen
release rates used in the CLASIX-3 analysis. The camparison provided in
section two clearly demonstrates that the CLASIX-3 thermal profiles are
extremely conservative in camparison with the temperatures measured
during 1/4 scale testing. In addition, as discussed previously, the
comparison of 1/4 scale pressures with pressures predicted by CLASIX-3
reinforces the conclusion that CLASIX-3 is overly conservative,

Several key assumptions used in the CLASIX-3 analysis appear to be
excessively conservative. The 1/4 scale tests have demonstrated that
cambustion will be initiated well before global hydrogen concentration
reaches 5%. In fact, the tests have demo<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>