
~

>
'.,a,

'a

s

CONTAINMENT VENTING AS A SEVERE ACCIDENT
MITIGATION TECHNIQUE FOR BWR PLANTS

!. - WITH MARK I CONTAINMENT

R. M. Harrington
S. A. Hodge

Severe Accident Sequence Analysis (SASA) Program
Oak Ridge National Laboratory

Oak Ridge, Tennessee

Let ter Repor t
June 26, 1986

Research sponsored by the U.S . Nuclea r Regul a t ory Com:ni ss ion
Of fice of Nuclear Regulatory Research under Interagency Agreements
DOE 40-551-75 and 40-552-75 with the U. S . De par tmen t of Ene rgy .

under contract DOE-AC05-840R21400 with the Martin Ma rie t ta Energy
Systems, In c.

NOTICE

This report was prepared as an account of work sponsored by an
agency of the Uni ted' States Government. Neither the United
States Covernment nor any agency thereof, or any of their em-
ployees, makes any wa rran ty , expressed or implied, or assumes
any legal liability or responsibility for any third party's-

use, or the results of such use, of any inf orma tion, apparatus
product or process disclosed in this report, or represents that
its use by such third party would not infringe priva tely owned
rights.

0703170003 870312
PDR FOIA
CORMANB7-102 PDR



'

,
..

Introduction

This re po rt describes the results of analyses performed to assess
the ef fectiveness of containment venting as a Severe Accident mitigation

technique for potential accidents at BWR plants with the Mark I contain-
ment design. Calculations have been performed for Station Blackout and
ATWS, the two accident sequences recently shown by the Accident Sequence
Evaluation Program (ASEP) to dominate t he BWR Seve re Accident risk for
core melting. The model plants used for this study are Browns Ferry and
Peach Bottom. Differences in plant design that must be considered in
severe accident studies are listed in Tables 1 and 2.

Containment Venting for Station Blackout

The sequence of events associated with BWR Station Blackout is
listed in Table 3, togethe r wit h the calculated timing and the concur-
rent drywell conditions. The calculations were performed with the ORNL
Severe Accident Sequence Analysis (SASA) program codes BWR-LTAS and
MARCON 2.1B with code input specific to t he Peach Bottom plant (Browns
Ferry input dif fers only in the characteristics of the drywell concrete
and the results, over the period covered by Table 1, would be virtually

identical). It has been conservatively assumed that no action is taken
to depressurize the reactor vessel during the early phawe of the acci-
dent while the opportunity (battery power) to do so remain s available.
Based upon best available information, it is assumed that the plant bat-
teries would provide DC power for six hou r s . Reactor vessel injection
capability is lost when DC power fails and the core would subsequently
become uncovered.

The ORNL SASA program me t hodolog y for analysis of the BWR severe
accident sequence events that are expected to occur between the onset of .

core degradation and the failure of the reactor vessel pressure boundary
is described in Table 4. It is believed that the reactor vessel would
be breached by overtemperature failure of pene t rat ion welds while the

core debris remained frozen. As t he core debris subsequently became
liquidus, it would leave the reactor vessel in such quantities as to run
out over t he d rywell floor and fail t he drywell shell on contact by
direct burn-through.

With the sequence of events described in Tables 3 and 4, contain-
ment (wetwell) venting during Station Blackout has limited beneficial

potential for BWR MK I Containment plants. This is because venting can-
not prevent drywell shell failure ( t he presence of a deep layer of mol-
ten corium on the drywell floor shortly af ter reactor vessel failure is

predicted to f ail the dryvell shell by direct burn-t hrough). However,
early, temporary, vent ing would be of some bene f i t by causing a small
fraction of the hydrogen generated in-vessel to bypass the reactor
building and, more importantly, by reducing the magnitude of the drywell
blowdown (and consequent initial rate of flow of fission products
through the secondary containment ) at the time of drywell shell failure.
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' If a procedure for early, temporary, wetwell venting is adopted for
use in Station Blackout, then the time at which venting should be initi-
ated is plant-specific because of the differing venting paths avail-
able. The release of steam and non-condensible gases to the containment
atmosphere is relatively low under Station Blackout conditions and ac-.

cordingly, the venting capacity required to control containment pressure
is not large. Since a six-inch, high-pressure venting path exists to
atmosphere at Peach Bottom, venting could be delayed for several hours.
As indicated on Table 3, the containment pressure would be only about 25
psia (0.17 MPa) at the six-hour point, when the bat teries are expected
to fail and reactor vessel injection capability would be lost. Tem-
porary . venting, if attempted, might begin at this point and be termi-
nated when the first fission products are detected in the venting path.

At Browns Ferry, wetwell venting would have to be through an
18-inch line with interf ace from high-pressure to low-pressure ducting
on the second floor of the reactor building (the 565 level). Conse-
quently, unless the venting is done at a very low pressure, the low
pressure portion of the ducting would rupture and a continuous steam
source would be introduced into the secondary containment. Fortunately,
there is no disadvantage to beginning venting very early since the RCIC
pump suction remains on the condensate storage tank (see note 1). The |
containment pressure can be maintained less than 4 psig (0.1239 MPa) if
venting is begun within two hours of the inception of Station Blackout.

If early containment venting is initiated, it should be terminated
at the time when significant fission product release begins. For Sta-
tion Blackout without manual reactor vessel depressurization (Table 3),
this would occur about 9 hours af ter scram and about 4.5 hours before
drywell shell failure.

The opening of wetvell vents is dif ficult under Station Blackout
conditions and the potential benefits are limited. Furthermore, there
is a distinct possibility that the vents would not be reclosed when sig-

*

nificant fission product release begins (thereby advancing the time of
significant release by as much as 4.5 hours). Accordingly, it is con-
cluded that containment venting is not practical for BWR MK I Contain-
ment Station Blackout. In other words, the small potential benefit is
not worth the risk of advanced release.

Containment Venting for ATWS

Calculations have been performed to determine the of ficacy of con-
tainment venting for the mitigation of postulated ATWS accident se-
quences at Browns Ferry and Peach Bottom. As noted previously. ATWS has
been identified by the ASEP program to be one of the two accident se-
quences that dominate the BWR severe accident risk of core melt.
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It should be recognized that the purpose of containment venting is
inherently dif ferent for BWR ATWS than for BW Station Blackout. In-

ternal pressure that threatens the continued integrity of the primary
containment does not build up be f o re reactor vessel f a ilure in Station
Blackout, but does it. AWS. The only reason to consider wetwell venting
in Station Bl ackout is to attempt to ensure t hat t he pressure suppres-

sion pool is placed in the fission product release path f rom the drywell
atmosphere to the surrounding environment. Ilowever, significant quanti-

ties of fission products do not appear in the drywell atmosphere unt il
reactor vessel bottom head f ailure, and shortly thereaf ter, the dryvell
shell would fail by direct burn-through, opening a direct path to the
surrounding environment. Thus wetwell venting cannot accomplish its

main purpose in Station Blackout.

In the AWS accident se que n ce , howeve r , a gre a t deal of energy is
deposited in the pressure suppression pool during tre pe riod be f ore pe r-

,

manent core uncovery or core damage of an y kind . As the suppression

pool temperature increases, so does the associated saturation pressure;
the primary containment is pressurized by means of the resultant sup-
pression pool evaporation and stea:ning. Should the primary containment

f ail by overpressure, the failure is expected to occur at the juncture
of t he cylindrical and spherical portions of t he drywell shell. The
consequent blowdown from the drywell into the secondary containment
might incapacitate the reactor vessel injection systems within the sec-
ondary containment; without continued injection, the core would be un-
covered. Of course, once uncovered, core power would be limited to that
provided by decay heat and core damage would progress under the impetus
of decay heat as in all other severe accident sequences.

It is important to recognize that core melt might be caused by
catastrophic f ailure of the drywell shell and the associated blowdown of
the drywell into the reactor building, if the only available reactor
vessel injection systems are failed as a result. Accordingly, contain-

ment venting to retteve pressure and preclude catastrophic failure of .

t he drywell shell alght be beneficial during ATWS. On the other hand,

containment venting, as usual, carries a penalty; the pressure suppres-
sion pool would quickly become saturated and would boil. The viability

of reactor vessel injection systems with pumps that take suction on the
pressure suppression pool would be threatened with failure by means of
inadequate net positive suction he ad . If these injection systems are

the only ones available, then core uncovery and melt might actually be
caused by wetwell venting.

As discussed above , containment venting for mitigation of an ATWS
accident would be initiated be f ore permanent core uncovery or severe
fuel damage; therefore, various MSIV-closure AWS accident se quence s ,
with and without containment venting have been studied by use of the
BWR-LTAS code, supplemented as needed by of fline codes.

Previous work has shown that containment venting is not necessary
under ATWS conditions if the SLC system injection of sodium pentaborato
can be initiated within 15 minutes, since containment integrity will not

3
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be threatened and the reactor will be safely shut down without it. If,

however, som malfunction delays the initiation of the Sl4 system, then
venting might be bene fi cia l . For the purposes of this study, the cri-
teria for success of containment venting are t hat without venting,
severe core damage would occur during the first three hours of the acci-
dent sequence, and that with venting, the onset of severe core damage is
delayed beyond the three-hour point. Three hours is believed long
enough to permit repair of any SLC system malfunctions that might sud-
denly be revealed at the inception of an AWS accident sequence.

An event tree (Fig. 1) has been constructed to promote understand-
ing of the various circumstances for which containment venting might
prove useful for ATWS mitigation. Venting is unnecessary if the Standby

Liquid Control (SLC) system is used to inject sodium pentaborate solu-
tion. Other branch points on the tree represent the availability of the
RCIC system, the availability of the various low pressure injection sys-
tems, pressure suppressinn pool cooling, and operator skill in throt-
cling low-pressure injection. It has been assumed in building the tree

that pressure suppression pool cooling is lost if the containment is
vented, since the Residual Heat Removal (RHR) System pumps take suction
on t he pressure suppression pool and venting would make t he pool sat-
urated. Similarly, injection into the reactor vessel by the core spray
pumps is assumed lost if the containment is vented. The condensate
booster pumps (CBPs), on the other hand, are fed by the condensate
pumps, which take suction on the main condenser hotwell in tk turbine
building so the continued viability of the se condensate system pumps
would not be af fected by containment venting. The CRD hydraulic system
is assumud to be operating in all cases. Where injection by the conden-
sate system is indicated, it is assumed that operator action is taken as
necessary to replenish the main condenser hotwell water inventory.
Table 5 provides a discussion of the eight situations developed by the
tree at which containment venting might be undertaken, and the outcome.

Containment venting appears to be of little value in actually pre- .

venting severe core damage. At Browns Ferry, wetwell venting would have
to be t hrough 18-inch lines with interf ace from high-pressure to low-
pressure ducting on the second floor of the reactor building (the 565
level). Consequently, unless t he venting is done at a very low pres-
sure , the low pressure portion of the ducting would rupture and a con-
tinuous steam source would be introduced into the secondary contain-
ment. This would preclude personnel access to the reactor building for
repair to SLC pumps or other equipment and could greatly impede gttempts
at system recovery. The situation is the same at Peach Bot tom, except

that there the ducting failure would occur in the torus room. In either

case, resort to primary containment venting sacrifices access to the
secondary containment.

*The alternate six-inch high pressure vent pa t h at Peach Bottom is
inadequate fur wetwell venting during ATWS.
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Nevertheless, delay of the onset of severe core damage by contain-
ment venting does seem feasible in certain narrowly defined cases in
which all of the following conditions are satisfied: (t) pressure sup-
pression pool cooling not available, (2) low pressure injection provided
by the condensate system pumps vi a the startup bypass path around the
main feed pumps with throttling of the startup bypass valve, and (3) a
means for high volume repl eni s hme n t of main condenser hotwell water in-
ventory is available (see Pa th $ on Fig. 1). On the other hand, con-
tainment venting would be counterproduc tive in mos t cases and theref ore
is not recommended as a general ATWS mitigation measure. For example,
venting would cause the luss of pressure suppression pool cooling and
bring on early core melt in Path 6 of Fig. 1, but if pool cooling is
maintained instead, pe rma nen t core uncovery and severe core damage can
be delaye! beyond the three-hour criterion.

In spite of the differences in plant design listed in Tables I
and 2, the responses of Browns Ferry and Peach Bottom to MS1V-closure
AWS are suf ficiently similar during the first three hours of the acci-
dent sequence that Fig. I can apply to Peach Bottom as well as to Browns
Ferry. Nevertheless, these plant differences do cause some variation in
the details of the response, as discussed in the following paragraphs.

Paths 2 and 3 of the AWS event tree shown in Fig. I represent an
intentional steam cooling strategy in which the lower por tion of the
core is kept covered by RCIC system injection at full capacity while the
upper portion of the core is cooled by the resulting steam flow. With
suppression pool cooling available (Path 2), there is essentia11y' no
difference butween the Peach Bottom and Browns Ferry responses and the
pool temperature would not exceed 200'F during the first three hours at
either plant. Path 3 of the event tree includes independent failure of
pressure suppression pool cooling and leads to core melting within three
hours at both plants. RCIC system failure would be caused by high
containment back pressure (40 psia) at about time 120 minutes.

*

A seemingly minor dif f erence in plant design has been shown to have
an important effect on the calculated plant response for the path indi-
cated by Path 4 of the event tree. In this case, the reactor vessel is
depressurized and the opera to rs are supplying reactor vessel injection
by means of the condensate system pumps. This is accomplished by iso-
lating the (idle) cuin feed pumps and injecting via the line normally
used to bypass them during reactor startup. As indicated on Fig. 1,
core integrity is not threatened during the first three hours, regard-
less of whether or not venting is employed. Close examination of the
calculated results indicates some plant-speci f ic di f f erences, however.

The calculated Peach tiottom response is more favorable for Path 4
because of the smaller startup/ bypass line at Peach Bo t t om, which per-
mits much better operator control of the injected flow under ATV9 condi-

tions. (The s tar t up/ by pass line is three-inch at Peach Bo t tom, eight-
inch at Browns Ferry; only about 2000 Rin is to be injected.) The
effect of this can be recognized by considering how long it takes for
the increasing containment pressure to reach the point (75 psia) at
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which venting migh t be attempted. This is 90 mi nu tes in the Br own s

Ferry calculation, 168 minutes for the Peach Bottom calculation. The
additional time at Peac1 Bottom is won because the better controlled and
therefore lower average injection rate translates directly into a lower

average core power and lower average steam release rate into the pres-
sure suppression pool.

The improved operator control of reactor vessel injection afforded
by the smaller feedpump startup/ bypass line at Peach Bottom also causes
differences in the detailed results for calculated plan t-s peci f ic re-

sponse along Path 5 of the Fig. 1 event tree. Again, the calculated
Peach Bo t ton response is more favorable. The pressure (15 psia) at
which venting might be initiated is reached after 77 minutes at Peach
Bottom and 60 minu tes at Brown s Fe r ry . If the containment is not
vented, the loss of low pressure injection by reactor vessel repressuri-
zation would be delayed un ti l 105 mi nu tes at Pea ch Bo t t om, bu t would
occur af ter only 65 minutes at Browns Ferry.

One of the most important plant-specific equipmen t dif f erences with
respect to impact upon plant response to ATWS is the installed reactor
vessel pressure relief system. The Peach Bo t tom plant employs the
three-stage Target Rock safety relief valves, which dif fer significantly
f rom the two-stage Target Rock valves installed at Br own s Fe rry wi th re-
spect to the ability of the valves to remain open in the f ace of in-
creasing drywell pressure. In the two-s tage Ta rge t Rock design (Browns
Ferry), the reactor vessel-drywell pressure dif ferential and the control
a ir-drywell pressure differential are applied in tandem' to reposition
the pilot valve and cause the main valve to open. In the three-sta3e
design (Peach Bottom), these two pressure dif f erentials act in opposi-
tion. Therefore, these two valve designs respond dif feren tly in the
face of steadily increasing drywell pressure.

It should be recalled that in MSIV-closure ABIS , several of the
SRVs raust be open or cycling in order la pass the stetim generated within

*

the reactor vessel into the pressure suppression pool. Recognition tha t

different SRV designs are employed at Peach Bottom and Browns Ferry is
most important for the calculations that represent Pa th 6 of the ABJS
event tree. For this path, the reactor vessel is depressurized, reactor
vessel injection is provided by two core spray pumps, and pressure sup-
pression pool cooling is ope ra tiona l. For both plants, calcula tions
show that, without venting, a balance is reached between the core
thermal power and the heat removed by the four RHR system heat exchang-
era operatin,1 in tt.e suppression pool cooling mode. With venting,
neither the RHR pumps nor the core spray pumps would have adequate net
positive suction head (NPSH) to continue pumping. Even if adequate NPSH
did remain, the survival of these pumps would be questionable in the
steam environment that would exist in their vicinity after a venting
path was opened frors the primary containment to the reactor building.

The serendipitous balance between reactor power and pressure sup-
pression pool cooling that autoru tically comes about in Pa th 6, wi thou t

6
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venting, is due to several conplex interrelated system characterts-
tics. As the increasing drywell pressure comes within a certain range
of the available control air pressure, the S RV s , which were heretofore
held open only by the impetus of control air, would begin to close. The
steaming rate f rom the reactor vessel would be correspondingly reduced,
slightly increasing reactor vessel pressure. Increased reactor vessel
pressure reduces the rate of reactor vessel water injection by the low-
pressure systems, which in turn reduces reactor power. Wi th a lower
rate of steam discharge f rom the reactor vessel to the suppression pool
through the SRVs, the continued heat removal by the RHR system heat ex-
changers reduces suppression pool tempe ra ture. l.ower drywell pressure
follows, and soon the available control air pressure is again suffi-
ciently above the drywell pressure so that the SRV s reopen. The' cycle
repeats, core thermal power averages about 9 7. , and this energv is re-
moved f rom the suppression pool, whose bulk-averaged temperature remains
in the neighborhood of 300*F, by the RHR system heat exchangers.

The calculated equilibrium drywell pressure for Pa th 6 wi thou t
venting is lower for Browns Ferry (80 psia) than for Peach Bottom
(103 psia) . This is simply because the pressure of the isolated stored

drywell control air volume at Browns Ferry would decrease with time,
whereas the control air system at Peach Bot tom would be vibrant through-
out the ATWS accident sequence. [There is an automatic shutdown of the
drywell control air compressors when drywell pressure exceeds 2.45 psig
at Browns Ferry, such that, af ter about 24 minutes into the ATWS, the
control air pressure would begin decaying . at a rate of about 10 psi /
hour. There is no such failure of the drywell control air sys tem at
Peach Bottom (see note 2); therefore, the Peach Bottom drywell control
air pressure should remain approximately constant during the first three
hours of the ATWS accident sequence. ]

Calculations reveal tha t the favorable outcome of the no-venting
branch of Path 6 at Peach Bottom depends u pon the details of how the
SRVs are assumed to behave as the control air pressure becomes inade- -

quate to hold them open. Control air pressure must exceed drywell pres-
sure by a t least 5 psi in order for an open three-stage Target Rock SRV
to remain open (seen Table 1). If all five of the open ADS SRVs are as-
sumed to close at the same instant as soon as the five psid criterion is.

violated, then the reactor vessel will repressurize and the SRVs will
remain closed until the setpoint for au toma ti c actuation is reached.
The repressurization would fail low pressure injection and fuel damage,

would follow as the vessel remains pressurized. If, however, it is as-
sumed that there is a statistical variation among the individual SRVs of
as little as 0.1 pst in the control air pressure required to hold an in-
dividual valve open, then all of the autonatic depressurization system
SRV s do not close simultaneously. While some of the va l ves close,
others remain open so that the vessel does not repressurize, and low
pressure injection is maintained. This model sensitivi ty does not occur
f or the Browns Ferry case, because the two-stage Target Rock SRVs behave
differently. Even if all six of the Browns Ferry ADS SRVs closed simul-
taneously on inadequate control air pressure, they would soon reopen
when the reactor vessel reached a slightly higher pressure. For the
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two-stage valves (see Table 1) reactor pressure and control air pressure
act in tandem, so increasing reactor pressure makes it easier for the
control air pressure to open or hold open the va lves.

1

Summary

This report concerns the efficacy of con ta inme n t ven t ing for the
BWR E I containment design. Conclusions are based upon calculated re-
sults for the Station Blackou t and ATWS severe accident sequences. The
analyses are based upon the Browns Ferry and Peach Bottom plant config-
urations.

A weakness of the BWR * I containment design is that failure of
the drywell pressure boundary would permit escape of any fission prod-
ucts in the drywell atmosphere to the secondary containment wi thou t j
first passage through the pressure suppression pool. This is undesir-

'

able, because passage of flow through the pressure suppression pool is
very effective in removal of any fission products entrained in the
entering flow.

J

Although containment venting would certainly prevent failure of the
drywell shell by overpressure, we believe that if a severe accident se-
quence were to proceed to the poi n t of emergence of molten corium from
the reactor vessel, then the corium would spread over the small drywell
floor to the extent that the ' drywell shell would be failed by direct
burn- th r ough. Thus we do not believe that containment venting can pre-
vent the opening of a direct path from the drywell a tmos phere to the
secondary containment in the BWR * I design for a severe accident that

,

proceeds to the point of reactor vessel bottom head f ailure and release !

of corium onto the drywell floor.

For the Station Blackout accident sequence, the calculated contain-
,

ment pressures do not threaten the integrity of the drywell pressure '

boundary before reactor vessel bottom head failure, when the drywell
shell would be f ailed anyway. Nevertheless, early containment venting
would have some beneficial effect in that the initial rate of blowdown
into the secondary containment would be reduced. If opened, the vents
would have to be reclosed when si nificant radioactive noble gasJ
inventories began to appear in the wetwell airspace. Otherwise, the
timing of significant release from the plant would be advanced by

| hours. We do not recommend an attempt at early, temporary, containmen t
i venting for the reason that the small potential benefit is not worth the

! risk that the vents might not be reclosed before significant noble gas
; release began.

1For the ATWS accident sequence, we have the results of other i

s tudies that show that no additional operator action, including con-
tainment venting, is necessary if the injection of sodium pen ta bor a te
solution is initiated within 15 minutes. If, however, the AWS acciden t
sequence should be compounded by loss of the Standby 1.i q u id Con t rol

'
,

1
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(SLC) system, then plant survival would depend on the success of mea-
sures taken to delay core damage until the SLC system could be repaired
or individual, manual, rod insertion could be ef fective.

Wetwell venting to atmosphere under ATWS conditions has very unde-
sirable side-effects. First, the pressure suppression pool would imme-
diately become saturated and all pumping systems taking suction on the
pool would be threatened by loss of their necessary net positive suction i

head. Thus reactor vessel injection capability by the core spray or RHR
systees and pressure suppression pool cooling would probably be lost if
wetwell venting is attempted under ATWS conditions. Second, the price
for resort to containment venting includes sacrifice of any persc,nnel
access to the secondary containment since the vented steam would be re-
leased into the lower levels of the reactor building.

; We have examined all of the MSIV-c losu re ATWS accident sequence
1 scenarios from the standpoint of the ef fect of containment venting upon-

3 them. We have asked whether or not containment venting could plaf an
i effective role in staving off severe core damage for the first three

hours of the accident sequence. In most cases, venting does not signif-
icantly affect the outcome . In one case , containment venting is count-

| erproductive, causing core melt within the three-hour timef rame. In one
case, containment venting is beneficial, delaying the core melt beyond
the three-hour timeframe.

! !
We do not believe that containment venting should be automatically

required by symptom-oriented emergency procedures f or BWRs . The integ-
rity of the containment should not be intentionally violated unless
there is a clear understanding of the accident sequence in progress aid

! the effect that containment venting would have on the operating pumping
! systems.
t

Notes
.

!

1. At both Browns Ferry and Peach Bottom, the HPCI booster pump suction,

is automatically shif ted from the condensate storage tank (CST) to,

| the pressure suppression pool upon a low CST level or high suppres-
sion pool level signal. The operators can restore the suction to

.

'

the CST when both signals are cleared, or if the high suppression I

pool level signal is jumpered.
|

) There are no automatic shif ts of RCIC pump suction at Browns Ferry.
' At Peach Bottom, the RCIC pump suction is shifted f rom the CST to

the pressure suppression pool only on low CST level.

.

2. At both Browns Ferry and Peach Bottom, the drywell control air i

| system is automatically isolated upon high drywell pressure or low
reactor vessel water level. At Peach Bottom, bypass switches to-

1 eliminate this isolation signal are available in the Control Room

( and the Transient Response Implementation Plan (TRIP) calls for the
operators to take this action almost immediately.

i
i

I 9

i
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; Table 1. Plant dif f erences af fecting pri: nary system and !
'' primary containment response to accident conditions

!

!
j Item Peach Bottom Browns Ferry |
1

! Safety / Relief Valves (SRV) Il Three-Stage Target Rock 13 Two-Stage Target Rock
: Control Air Requirement for 26 psi at 1150 psid 0 psi at 1120 psid
' SRV Opening as Function for 5 psi at 50 psid 25 psi at 0 psid 1

i Reacter Vessel-Drywell
! Pressare Dif ferential !

! Control Air Requirement to 5 psi 0 psi at 1120 psid [
j Hold an Open Valve Open 25 psi at 0 psid ;

Ij Number of SRVs Assigned to Five Six.

! the Aatomatic Depressur-
.

| 1:ation System (ADS) '

! Spring-Loaded Safety Valves Two None i
(Discharge into Drywell)

; Drywell Control Air System Long-term assured supply Compressors lost at

| Reliability 2.45 psig drywell pres-
sure; accunulators bleed i

j down a t 10 psi /hr l

*

RCIC System Pump Suction Automatically shif ted to No automatic shif t
pressure suppression pool-

on low CST level
Stae of Feedpump Startup 3-inch (RFP A only) 8-inch

i Bypass Piping

j Condensate System Pumps Condensate ptmps only Condensate pumps and
condensate booster pump s

Location of Control Rod Turbine Building Reactor Building .

Drive Hydraulic System Pumps (116 level) (Basement Corner Room)

Condensate Storage Tank 200,000 gallons 375,000 gallons !;

j Volume

! Drywell Concrete Weight Fractions
t

| Al203 0.016 0.018

f Cao 0.454 0.310
! CO2 0.357 0.200

] S102 0.036 0.388
! H29 Evap 0.039 0.048
!

| H2O Chem 0.020 0.017 |
Other 0.078 0.019 f

k '

1

1 u
r

11 j

! t

! !
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Table 2. Plant dif f erences af fecting secondary containment

response to accident conditions

item Peach Bottom Browns Ferry

Area of Ref ueling Bay -- 240 ft2 3200 ft2
Atmosphere Blowout Panels
(0.35 psi)

Ref ueling Bay Free Volume 1.10 m 106 ft3 2.62 m 106 gg3
(per unit) (common to all three

units)
Ref ueling Bay -- Reactor None. Eq uipme n t shaft is Blowout Panels (0.25 psi)
Building Separation open within reactor lin i t 1: On vertical

building and to refueling walls enclosing equip-
bay ment shaft in reactor

building

Units 2 & 3: On hort-
tontal equipment shaft
hatch cover at refueling
floor. Equipment shaft
is open within reactor
building.

Reactor Building Free 1.3 x 106 gg3 1.8 m 106 gg3

Volune (One Unit)
Reactor Building Torus room + three floors, Torus room + four floors,

Compa r tmen ta11:a tion basement corner rooms basement corner rooms
isolated open to torus room and

first floor above.

Stairwells Within Reactor Enclosed Open

Building
,

Fire Protection System None except limited-area Overhead and cable tray
Sprays spray curtain on 135

level (168 gpm)
i

Reactor Building Basement Corner room drains iso- All basement drains
i Drains lated from torus room interconnected.

and from each other

Location of Interf ace Torus room 565 level (first floor
Between High-Pressure and above torus room)
Low-Pressure 18-inch Wetwell
Vent Ducting

Alternate High-Pressure Six-inch None
Venting Path line direct to atmosphere

Location of Reactor Basement corner room 565 level
Building - Wetwell Sacuun
Breakers

I

{
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Table 3. Sequence of events for Peach Int tom station blackuut
without voluntary reactur vessel depressurization

or containnent venting

Drywell conditions
Tire """
(min) Psia *F MPa K

0.? Lose AC power; scram; HSIV closure 15.8 150 0.1089 338.7

360.0 Lose DC power; lose llPCI and RCIC 24.7 236 0.1703 386.5

478.8 Top of core uncovered 31.1 273 0.2144 407.1

530.0 First H2 in containment 34.4 286 0.2372 414.3

570.0 First fission products in containnent 35.8 291 0.2469 417.1

609.8 Start melt 47.6 331 0.3282 422.6

650.0 Core plate dryout $2.0 301 0.3585 422.6

705.5 Core collapse at 50% f uel molten 59.6 306.5 0.4109 425.7

720.0 Bottom head dryout 74.6 326.2 0.5144 436.6

747.4 Bottom head penetration f ailure 76.2 318.9 0.5254 432.6

760.0 Vessel / containment pressures equalized 112.6 318.2 0.7764 432.2

810.9 Core debris leaves vessel 100.5 325.6 0.6929 4 36 .3

814.7 Burn-through f ailure of drywell shell 130.2 600.0 0.8977 588.7

.
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Table 4 ORNL SASA program methodology for events between
onset of core structural deformation and reactor

vessel bottom head f ailure for BWRs

1. Molten canister and control blade materials relocate onto the core
plate which causes

a. temporary steaming increase
b. dryout of core plate
c. core plate hestup

2. The core plate, loaded and overheated, f ails and f alls into the
reactor vessel lower plenum. causing a steam pulse to enter the
core region. Subsequent canister and control blade debris enters
the lower plenum directly.

3. All re:saining intact portions of the core suddenly collapse into
the lower plenum when the calculated UO2 molten f raction exceeds
50%.

4. The large volume of water in the lower plenum is boiled away. At
bottom head dryout, the debris temperature is about 2475'F
(1630.4 K). The debris begins to reheat.

5. Several of the reactor vessel bottom head penetration welds f ail as
the debris temperature rises above 2800'F (1811.0 K). The reactor
vessel blows down and its internal pressure equalizes with contain-
ment pressure.

6. The enre debris leaves the reactor vessel when it becomes liquidus
at 3500'F (2200 K).

.
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Table 5. Discussion of branches of Br own s Ferry
event tree (Fig. 1)

Branch Description

1. Containment venting is irrelevant if the SLC system is used
to inject Sodium pentahorate within 15 minutes. All other
branches involve failure of the SLC system.

2. The RCIC system is used for reactor vessel injection and all
four RHR pumps and coolers are employed for pressure suppres-
ston pool cooling. The core is partially uncovered, but the
upper portion is adequately cooled by steam cooling. The
suppression pool temperature does not exceed 200'F during the
first three hours, so containment backpressure does not
threaten RCIC operation or reach the point where venting.

would be necessary or considered.

3. The RCIC systen is used for reactor vessel injection but
there is no pressure suppression pool cooling. High contain-
ment backpressure (40 psia) causes loss of RCIC af ter about 2
hours. With only CRD hydraulic system injection available,i

the water level would drop near the botton of the core and
melting would follow. Venting, if attempted, would only
threaten the continued operation of the CRD hydraulic system.

4 The condensate booster pumps (CBPs) are used for low pressure
injection to the reactor vessel, with the operators
throttling the injection to control reactor power. All four
RHR pumps and enolors are used for pressure suppression pool
cooling. Without venting, the reactor vessel steaming rate
is within the capacity of the pool cooling and the maximun
containment pressure is about 77 psia. With venting,

,suppression pool cooling is lost but this does not threaten
continued injection by the condensate booster punps.

S. The CBPs are used f or controlled low pressure injection to
the reactor vessel but pressure suppression pool cooling is
not available. Without venting, drywell pressure would
exceed available control air pressure and the SRVs could not
be held open. As a result, CBP injection would be lost at 65
minutes. In this case, venting is necessary if the reactor
vessel is to remain depressurized. Calculations indicate
that venting would extend the time of CBP injection well past
3 hours.
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