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Advanced Reactor Program
San Jose, Colitornia

Phone (408)9251785
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CEB92-41

Thu, Sep 24,1992

To: Chet Poslusny, NRC
~ %b Palla, NRC
Jack Kudrick, NRC
J.Jo, BNL

From: Carol E. Buchholz

Subject: Clarification / Additional Information Needed for Closure of
Level 2 PRA issues

Dfli

Question 1:

The Level 1 analysis does not consider depressurization of the sequences in-

accident classes 1&l,132, IB-3, yet the Level 2 analysis (Table 1, CEB-92 39)
reports that the bulk of these sequences are depressurized. Provide supporting
analyses and/or revised 1.evel 1 event trees which demonstrate that these
sequences will in fact be depressurized. Identify and discuss the specific
gmdance provided to the operator in the EPGs for these sequences.

Response it

The depressurization system in the ABWR is automatic and does not rely on
AC mower. As a backup to the automatic actuation, the emergency procedure
guic elines (EPGs), contained in subsection 18A of the SSAR, require the
operator to manually initiate the ADS system when the water leve! reaches the
top of active fuel Since the EPGs are symptom based, there is no
(2fferentiation between station blackout events and other events. Therefore,
there is no difTerence in the reliability for this class of events. The operability
of the ADS system is discussed in subsection 19E.2.1.2.2, where it is shown that
there is adequate DC power and nitrogen suoply to actuate the ADS system |
during a blackout event.
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Bued on the above discussion, the probability for depressurnation used for
stadon blackout events (class IB 1,13 2 and 18 5 sectuences) should the same as
that used in the Level 1 event trees for non station blackout events in CEB92

. 59 the values for manual depressuritation had conservatively been used instead
of the values for automatic depressurization 'vhich are appropriate since a
bypus timer was added to the reactor design, The appropriate corrections to
Table 1 of CEB92 39 are attached. Based on the very low frequency of high
pressure events u indicated on the table, high pressure melt sequences may be
neglected.

Question 2:

Provide justification that the reactor depressurization system is highly reliable
during seismic events, and will assure a very low absolute frequency of high
Pressure reactor vessel failures in scismic events. This should include-

,

discussion of: (1) the impact of SRV discharge pipe failures on the ability to
depressurize (indicated to be a concern in draft section 19E.2.3.3.4), and (2)
quantitative estimates of the availal,ility of wetwell sprays in these events,

Reeponse 2:

The response to this question will be provided at a later date.

Suppression Pool BJPate

Question 1:

Quantification of the failure probability of vacuum breakers in the pool bypass
CET/DET is based on vacuum breaker operating data collected over a ten year
period. It is our understanding that this includes surveillance (stroke) test,

data as well as leak rate test data, and is used to quantify several branches in
the DET. - Please provide a sumraary of the operating data, e.g., summary tables -
showing the component operating time, number of tests of each type, failures '

to open, failures to reclose, failures ofleak rate tests.

Response 1:

The data includes failures and abnormalities encountered during surveillance
testing and leak rate tests. The data was based on BWR operating experience:
from 4/81 to 3/9). The failure probabilities were based on the following data.

Cumulative component time: 2.66E7 hours, AT R

Number of occurrences:-
failure to close: 18, Nclo,e
failure to open: 10

*~

leakagc: 45,Nic.t
_

other: 8
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Failures to close were detected during stroke capability test which are
performed every month (Tejo., = 720 hours). Vacuum breaker leakage was
detected during leak rate testing performed during every refueling outage
(Tie t = 13,140 hours). The ABWR will contain eight vacuum breakers (Nnwe,
- 8). The failure probabilities were calculated as follows.

P(VB Leak) Nic tTie.kNyave /oT=

0.18=

P(VD Stuck Open) = Neto.,Tcjo.,Nv,1,e,/ AT
3.9E 3=

Failures in the "other" category do not effect actual vacuum breaker operation.
Examples are failure of the disk position indicator lights when the disk was in
the desired position and faDure of the air cylinders which are used to perform
the stroke capability testt The air cylinders (which are not included in the
ABWR design) are used only during tesung and do not affect normal vacuum
breaker operation, it should aho be noted that the probability of failure to
close and leak are conservative since the closing forces during accident
conditions will be at 1 cast an order ofinagnitude greater than those presentduring testing and normal o
sealing and overcome some,peradon. Additional closing force will enhanceif not all, closing resistances.

Questic,n 2:

Provide additional discussion of the criteria and rationale for excluding
failures to open and failures oflocal leak rate tests from the dvabase. It would
appear that valves which fail to open during a surveillance test (perhaps due tobmding on the shaft t might still open during an accident if the difTerential
3ressures are greater than used during the surveillance test. They would then
se likely to stick open. Valves which fail to pass local leak rate tests even
though their indicator switch indicates "close" may be a precursor to binding
on the shaft, and may exhibit a similar tendency to fall to reclose. Given these
uncertainties, and the lack of data on vacuum breaker performance under
a<.'ual accident conditions, provide an assessrnent of the effect of retaining
these failures in the database on the probability cf a stuck open vacuum -
breaker (event VB) and the probability of vacuum breaker leak (event VB
LEAK).

Response 2:

Twelve failures to open occurred in the ten year observation period. Eight of
these failures were due to vacuum breakers driftirig out of calibration. This
type of faih.re would not affect vacuum breaker closure ability once it had
opened.. Two of the failures were attributed to worn or broken magnets.
Again, this would not prevent the vacuum breaker from closing during an
accident after it had opened.

-

The other two failures were due to: 1) e loose x: screw on the Da
pin, and 2) excessive clearance between .ne nlve shaft and disk. pper pivotThe force

.
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required to open these valves wu greater than technical spet.ification limits i

and greater than the force required to open the other vacuum breakers tested
in the same sequence, in the ABWR design, depressurization transients which
lead to opening of the vacuum breakers are very mild. Therefore,if either of
the failure conditions existed during an accident, the affected valves would not
open bec use th other vacuum breakers would open ana relieve the wetwell
pressure. Therefore, these failures were :xcluded in the probabilities of
vacuum breaker leakage and sticking open.

Failures oflocal leak rate tests but included in the database. Failures
attributed to worn gukets, pitted seating surfaces or slight misalignment were
included in the probability of VB 1.EAK. Failures due to mechan' cal binding
or excessive closure force were included in the VB STUCK OPE,N failure
probability.

Failures of the position indicating lights were not included in the failure
probabilities of VD 1.EAK or VB STUCK OPEN.

Based on the above discussion the treatment of the varioua failure modes is
appropriate. Therefore, no additional assessment of the impact of vacuum
breaker failures must be performed.

col'S

Question 1:

Section X.4.1 provihs a comparison of sequences with and without COPS.
This assenment is insufficient to fully resolve the issue regarding net risk
impact of COPS (0-14). Specifically, the net risk impact of COPS, and the effect
of suppression pool bypass, CCI, etc. on this result cannot easily be ascertained
by comparing results from MAAP calcub+Jons with and without COPS. Rather,
the net risk imp:ct should be assessed based on considering the impact of the
system on the CET results,i.e., by assessing the risk profile or CET end states
with and without COPS. In thir way, any effects that system would have on
shifting releases from one release category to another, or any interactions
between phenomena / events would be accounted for. 'Ihe information
provided in Section XA.1 of CEB-92 X should be supplemented in this regard
to resolve the issue.

.

Response 1:

Section X.4.1.6 will be modified as follows:

X.4.1.6 Summary

A wetwell pressure setpoint of 0.72 MPa (90 psig) for the overpressure
relief rupture cisk meets the design goal. The probability of containment
cructural failure is minimized while maximir.ing the time to fission -

product release in a severe accident. The 5.1% maximum probability of
containment structural failure if the pressure reaches the rupture disk

CEB92-414 September 24,1992
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setpoint in a severe ' accident combined with the already low core damage
i

frequency produces an extremely low probability of significant fission
product release. In addition, the eh psed time to rupture disk opening is

j

greater than 24 hours for most severe accident sequences.
;

'

The net risk reduction associated with the implementation of the
.

COPS system in the design of the ABWR is summanred in Table COPS.I.1
' '

and ngure COPS 1.1. All sequences which would result in COPS o ration 1;
were assumed to lead to failure of the drywell head. This may sli tly

be qoverpredict the probability of drywell head failure since there wi
somewhat more time available for the recovery of containment heat f:

!

removalif the COPS system were not present. Table 6 (of CEB-92-
XJindicates a low probability of RHR recovery in the interval between the
thne of COPS initiation and the time of drywell head failure if COPS were .|

not present. For the case with firewater addition to the containment, the
-

probability of RHR recovery during the period ofinterest is 45 Therefore,
-

:
no significant error is introduced into the calculation.

Table COPM.1 indicates that the probability of drywell. head failure
increases by a factor 50 for sequences with core damage (Cluses I and 111) if
the COPS system is not present. For Class 11 sequences, the low of:- o
containment heat removal may lead to core damage for those sequences
which have drywell head failure. Since the probability of drywell head ,

failure increases by a factor of 100 without the COPS system, the core *

damage probability associated with Class 11 events also increases by a factor
of 100. Figure COPS 1.1 shows the probability of exceedance versus whole- .

'

body dose at 1/2 mile for the ABWR and for the ABWR without the COPS -
system. The offsite dose is reduced as a result of the' COPS implementation
into the design.

,

Table COPS.1,1 -

Probability of Release Mode with and without COPS

Class I/III Class 11 - q

RD DW Head RD .- : DW Head - Core :
'

): pens Failure Opens' Failure. ' Damage

Base Case 2,0868 5,25L10 1.0967 1.10E 9 ? 1.10E 12-
.

s,

(with COPS)

Withc,ut - 0.0 2.13L8 0.0 ' 1;1057; 1.10L10L -

COPSo :3 :
.

xi

-

a.
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Question 2:

Provide a breakdown of the frequency of containment venting in terms of time
to vent, e.g., the frequency of venting early (such as < 12 h),intennediate (such
as 12 24 h), and late (such as >24 h).

Respome 2:

There are three important considerations for the timing of fission product
,
'

release when considering the consequences of a potential severe accident.

The time available for fission product decay affects the maximum source1.
which could be released. In an extreme case,if all of the fission products
were released after an infinite period of time, the offsite dose would be
zero because all the fission products would have decayed to stable states.
In the ABWR, the COPS ensures that the noble gasses are the only
significant release from the containment for most sequences. The
potential dose associated with the release of noble gasses drops to less
than 10% of its initial value within 7 hours of shutdown. Twelve hours
after shutdown, the potential dose has dropped to 5% ofits initial value,
and it decreases very slowly diereafter. For cases without COPS actuation,
the potential dose can be dominated by iodine species. These species
decay very slowly retaining two thirds of their potential dose after 40
hours.

ne time between the release of fission products from the core and the2.
time of release from containment (residence time) affects the removalin
containment. For releases through the COPS system, this term is not
important since noble gasses are not retained, and the suppression pool
efTectively scrubs the remaining fission products as they pass through the
pool. This time can be important or accidents which have drywell
releases. However, for most sequences, a time delay of a few hours after
release from the fuel brings the airborne fission product concentration
to its equilibrium value. This is primarily the result of the submergence
of the debris with water from the firewater addition system or the passive
flooder.

The fmalimportant measure of time is the time available for offsite3.
evacuation, should it be necessary. Discussions with several utilities
indicate that evacuation of their Emergency Planning Zones (EPZ) can
be completed in less than 8 hours, even in the worst weather conditions.
Experience has also indicated that ad hoc planning can successfully
evacuate a region in about 24 hours (Reference: WASH 1400, Appendix
6J).

Based on the forgoing, four time frames were selected in determining the
tir to fission product release, either via the rupture disk or directly from the
drywell. Table COPS 2.1 summarires the results which were obtained ,by using30,1992) and
the probabilities given in Figure 2 of CEB92 X (submitted, June

September 24,1992
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usigning them to a time and mode of release based on the accident snalysis
contained in subsection 19E.2.2.

Table COPS-2.1
Frequency of Fission Product Release

Time of Release Release Frequency

No Release 1.$4E 7

Release via Rupture Disk Release via Drywell

> 24 hours 9.1 E4 3.9E 10-

16 to 24 hours 1.l E-10 3.6E Il

8 to 16 hours 0.0 0.0

< 8 hours 7.5E Il 3.3E 10

h11hLU9pder System

Quevtlon 1:

Provide the assessment of net risk impact of the pusive Dooder system
dentified in 015. As discussed above for COPS, net risk impact should be

assessed using the modified CETs/DETs as the basis for demonstrating how
the design feature in0uences the risk profile for the ABWR.

Response it

in order to assess the net risk of the passive flooder system, a sensitivity study
-

was performed us'.1g three failure probabilities for the passive flooder node P,.

in the containment event trees. In these cases, the failure probability of the
passive flooder wu increued from its base case value of 0.001 to 0.01,0.1, and
1.0.

As indicated in Table PFSl.1, the ov:rall results are not sensitive to this
parameter. Failure of the passive flooder leads to an increase in the probability
of Dry CC1. Thu:. the probability of Dry CCI increues by one, two and three
orders of magnitude, respectively for the (l. ee sensitivity cases, liowever, the
bue case results for Dry CCI are so small that a three order of magnitude
increase does not impact other results significantly.

The principal conclusions of the sensitivity studies are:

1. Pedestal failure does not increase since it is dominated by the Wet CCI
sequences. -

CEB92417 September 24,1992 |
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2. The only probabilistic output which shows any signiacant variation is
dr>well head seat overtemperature leakage (Pen OT) which exhibits a two
fold increase for a two orders of magnitude increase in the passive
Dooder failure probability, and a ten fold inerene for a three order of
magnitude increase. The change in sealleakage is much less than die
change in passive Dooder fallute urobability since high RPV pressure
sequences with entrainment of de aris to the upper drywell and failure of
the upper drywell sprays dominate the seal leakage sequences in the base
analysfs.

3. Even for the case where the nusive Gooder is assumed to be unavailable,
the probability ar,sociaied with the Dry CCI is only 3.5E 10. Since only the
Dry CCI cues have failure of the pusive Gooder, this frequency represents
an upper bound for the impact of passive Gooder failure on offsite dose.

Thus, it is seen that the lower drywell Dooder does not affect net risk for '

probabilities above SE.10. Therefore, no chart of 'he in, pact on risk was
created. The value of the COPS system is not in a direct impact on risk. Rather,
it shodd be viewed as a passive system which serves to limit the impact of
uncertainty in operator actions and allows die ABWR design to mitigate a
severe accident m a purely passive manner.

<
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Table PFS 1.1

Senalthity Studies for Passive Flooder Reliability
Frequencies of Important CET Results -,

Failure rate of passive flooder on demand-

0.001 0.01 0.1 1.0

LpeofCCI

No CCI 6.73La 6.73L8 6.75L8 6.70L8
!

Wet CCI 7.11E 9 7.1159 7.10L9 7.07L9 :

jDryCCI S.45L13 3.45L12 3.45L11 3.45L10 4

Ecdcatal Condhitm .

o

7.5758No Pcd Failure 7.41L8 7.4158- 7.40L8 -
;

Ped Failure 1.06L10 1.06L10 1.06L10 ' l.06L10 -
a

FP Release Mode .

,

4

COPS 7.58L9 7.58L9 7.57L9 7.5169

DW Head 3.91510 3.91L10 S.91L10 3.89L10

Pen. Overtemperature 3.60L11 3.91Lil 6.98L11 3.77L10
,

Question ti

in the ITAAC submittal (June 30,1992), the minimum acceptable passive
Dooder now rete is indicated to be 10.51/sec per valve. Based on the analyses
presented in Section X.4.2.liof CEB-92-X, the expected flow rate for each valve
under accident conditions, using Bernoulli's equation,is approximately 11.0
1/sec Because the minimum acceptable flow rate is very close to the maximum ,

theoretical flow rate possible under accident conditions, lodging ~of the
*

Teflon disc in the valve, or small amounts of fusible material / alloy remaining
-in the valve after actuation may cause the valve now to be unacceptablylow.
Furthennore, the analyses in Section X.4.9 suggest that 8 valves would be
required to remove p11 the decay heat available at the time they would be

.actu sted. (This is based on all of the core participating, but also does not - ,

include heat Dom exothermic reactions in the debris bed.) In view of the fact -
-that a signincant number of the valves would be required to' ope,4te in order

' -to fu1Gil the system function, and the uncertainty in indhidualnralve

the PRA (0.999) probability of successful pusive Gooder operation assuucd inoperability, the
appears overly optimistic, in this regard, please provide an'

assessment of the impact of reduced passive flooder system reliability on the-

:

' CEB92-419 September 24,1992-
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AMVR risk profile. A recommended approach for addressing this concern is
to requantify the CETs/DETs usuming lower probabilities of successful
system operation.

Response 2:

The intent of the submittal on the Dow per valve wu to identify the basis for
the pusive flooder design. As conceived, the fusible material would melt
allowmg the Tenon disk to be ejected from the pipe. Therefore, there would
be Uttle variation in the flow rate through the valve.

The analysis reported in Section X.4.2 [of CEB92.X) for the sizin ; of the valve
does not re 3 resent the minimum acceptable flow condition. Rataer, the now
calculated there is the buis for siting the system to allow for rapid guenching
of the debris, in order to clarify this point,6ecdon X.4.2 will be modined and
expanded as shown below. As the results of this calculation show, the
minimum now rate rnay be accomplished by two fully open valves.

X.4.2 Lower Drywell Flooder

XA.2.1 Introduction

This section provides the bases for siting the lower drywell flooder
system. The system is described in detail in Section 9.5.12 of the
ABWR SSAR.

The lower dryweU (l.D1 flooder provides water to cool any core debris
which relocates from the vessel into the LD and to establish a water
pool above the debris. Water absorbs heat by first heating up to
saturation conditions and then boiling away. Debris cooling requires
that the water absorb the heat generated in the debris bed and the
latent and sensible heat released by the debris mass as its temperature
decreases. Quenching prevents or mitigates core concrete interaction
(CCl), An overlying water pool scrubs fission products which are
released from the debris bed. ;

The minimum acceptable Dow rate for the flooder system corresponds-
to the Dow rate which can just absorb the maximum heat generated in
the Jebris bed. Minimum t.cceptable now is calculated in Section r

X.4.2.2. the expected flow rate in the flooder system can be obtained
by applying Bernoulli's equation to the 000 der geometry. The
expected flooder flow is calculated in Section X.4.2.3.

X.4.2.2 Minimum Accepuble Flow Rate

Heat is generate 3 in the debris bed by fission product decay and
zirconium oxidation. Any flooder flow in excess of the amount
required to remove generated heat will participate in quenching th
debris and establishing a water pool above the debris hd. As shown
in Attachment 19EC to the ABWR SSAR, the time required to quench

CEB92-4110 September 24,1992
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the debris is not a critical parameter in detennining containment
aerfonnance. Therefore, the minimum acceptable Dow rate for the
;ower dr)well Dooder system is the rate which will completely absorb
all the heat generated by the debris bed. j

The decay heat generation rate at the time when debris is expected to
urst enter the lower dr well during credible accident scenarios is
approximately one perc)ent of rated power (39 MW). nirty nine
megawatts can be used as a first approximation of the decay heat
generation rate of the debris bed in the lower drywell. Tids
assumption is highly conservative because the entire core mass will
never completely relocate into the lower dr>well. Furthermore, noble
gasses and volatiles will escape from the molten debris, carrying away

|the decay heat associated with these two constituents. '

Heat can aho be generated in the bed by exothermic reacdons of the
debris constituents. The most energede reactions involve oxidation of
rirconium by water vapor and carbon dioxide. The only source of
significant amounts of oxidizing agents is the concrete beneath the
debris bed. NUREG 5565 indicates that a typical ablation rate for
concrete is two inches per hour. The generation rate, assuming that
the 110 and cog released during ablation completely react with2

rirconium, is 3.6 MW, Combining these two sources of heat yic!ds a
inaximum debris bed heat generation rate of 43 MW.

ne heat absorption capability of the suppression pool water is
2,550 MJ/m3. Therefore, the minimum acceptable Dow rate for the
lower drywell flooder systern is 0.018 m3/sec (18 IAcc). Assuming a
four inch throat as discuned in Section X.4.2 [of CEB 92 X submitted
to the stafT on June 30,1992), this Dow can be provided by two lines of
the lower drywell flooding system. Alternatively, if nine flooder lines
are active, this system Dow corresponds to a minimum indkidual line
Dow of 2 Usec.

X.4.1.3 Expected Flow Rate

same as X.4.2.1 in CEB-92.X

X.4.2.4 Time forInitial Flooding of the lower Dr)well

similar to X.4.2.2 CEB 92 X, but modified to reDect that using expected -
flow rate not minimum acceptable flow

X.4.2.5 Consequences of One Flooder Line Opening First

same as X.4.2.3 in CER-92-X

X.4.2.6 Valve Opening Time '

same as X.4.2.4 in CEB-92 X

CEB92-4111
September 24,1992
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The response to the first question on the passive flooder assesses the impact of
reduced pusive Gooder system reliability. The CET: were requantified
usuming reliability or0.99,0.9 and O. The results of this study indicated that
the risk profile is not affected by the assumed reliability of the pusive Dooder.

DMinpuualmte Accident Clorurtf.haput

Question 1:

Provide a sequence byequence comparison of accident frequency between
the ABWR and operating BWRs, and an explanation of s >ecific reasons for
differences. To the extent possible, this discussion shou.d indicate the
specific impact of the plant features (which account for the differences) on
key PRA models or assumptions.

'

Response 1:

The response to this question will be provided separately.

Question 2:

Prmide estimates of CCFP for the ABWR based on the revised CETs/DETs.
Also prmide separate estimates of CCFP for alternative definitions of
containment failure, e.g., CCFP il containment venting after 12h,18h,24h is
considered a success.

Resportse 2:

The containment overpressure protection system (COPS) provides for a
reclosable release from a controlled locauon. Therefore, operation of COPS is
not equivalent to containment failure GE and the NRC have agreed upon two
alternate definitions of containment failure. The first of these definitions is
hued on the functional performance of the containment to prevent a large
release of fission products in the event of an accident. Although no precise
definition of"large release" has been established,25 rem at the site boundary
has been selected as the basis for the measurement since there are no
observable health effects for this type of release. Based on this definition
CCFP s rem is 0.002.t

Alternately, CCFP can be defined in terms of the structuralintegrity of the
containment. Based on this definition, all sequences which lead to release sia
the drywellin the ABWR contribute to the CCFP. Using this definition and the
information contained in Table COPS 2,1, CCFPsi is 0.005.

Question 3:

Provide a breakout and discussion of the contribution /effect of key Level 2 -
issues on CCFP and risk. Specifically address what the PRA results say about
the importance of the indnidual issues / phenomena, including DCH, ,ool
bypass, and CCI. Quantitative rather than qualitative arguments shoulc be

CEB924112 September 24,1992
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used. This infortnation may be embedded in the recent GE submittals, but a
more concise and focused discussion of the role of these issues in the ABWR
risk pronle is needed.

Response 3:

A systematic examination of severe accident challenges was performed as part
of the A1)WR PRA development. After screening the challenges for their
applicability to the ABWR, a sensithity study was performed to examine their
potentialimpact on the ADWR severe accident performance. As a result of this
screening, three issues were identined for more detailed examination a being
potentially risk significant. The following provides a discussion of how DCli,
pool bypass, and CCI each impact the containment failure probability and risk
profile.

Deli .

A la.rge number of calculations were performed to determine the impact of
'

DCH on the probability of containment failure and offsite risk. The analysis
investigated uncertainties in a variety of phenomena:

Mode of vessel failure
Mass of molten core debris at the time of vessel fallu.c
Potential for high pressure melt ejretion
Fragmentation of debris in the cantainment

Additional sensitivity studies were perforrned to examine other phenomena
which could affect DCH. The study concluded that a deterministic best
estimate for the peak pressure from DCli would not lead to containment
failure. Consideration of the uncertainties in the phenomena lead to an
estimated CCFP cf 0.1% for all core damage events. Since the probability of
containment failute due to DCH is very low, there is no measurable impact on
offsite dose.-

Pool Broasn

Analyses performed in subsection 19E.2,3.3.3(4) indicate that the only
significant mode of suppression pool bypass occurs via the vacuum breakers.
Uncertainty analyses and sensitivity studies were performed to assess the effect
of pool bypass on risk. Some of the key conclusions of these studies are
summarized below.

1. The probability of a large leakage path between the wetwell and dr)well is
approximately 0.4%.

2. There is a 2% probability that there is a small leakage path between the
dr)well and wetwell. Based on the Morowitz plugging model,90% of these
sequences are expected to plug before the rupture disk setpoint is *
reached. In setjuences with plugging, there is no significant increase in
the time of Assion product release or in offsite dose.

CEB92-4113 September 24,1992 -
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3. Use of the firewater spray system can prevent early opeaing of the rupture
dhk for a bypass path of any siic.

The net impact of pool bypass events on fission product release frequency may
be assessed by exa.mination of Figure 2 (in CEB9b39). The sum of the
frequency of pool bypass sequences with no drywell spray available is 7.4E 11;
0.05% of all core damage events. Since this value is extremely low there is no
impact on offsite dose.

CCh

A large number of calculations were performed as part of the investigation
into corc<oncrete interactions in the ABWR. These calculations addressed
uncertainties in the following parameters:

Amount of core debris
Debris to-water heat transfer
Amount of additional steelin the debris
Delayed Gooding of the lower drywell
Fire water injection instead of passive flooder

The conclusion from all of these uncertainty calculations were:

1. For the dominant core melt sequences that relcue core materialinto the
containment,90% result in no significant CCI. An insignificant number
of sequences are expected to experience dry CCI.

2. Even for those low frequency cases with signiflunt CCI, radial erosion
remains below the structural limit of the pedestal. After consideration of
uncertainties only 15'To of the sequences with significant CCI will suffera

pedestal failure. Combining this conclusion with the first, only 0.15% of
all core melt sequences with venel failure will lead to additional drywell
failures as a result of CCI.

3. The time of fission product release is not significantly affected by
continued CCI.

4. The fission product release is dominated by the noble gasses when the
containment overpressure protection system operates. This conclusion is
unalTected by assumptions on debris coolability. Therefore, the offsite
dose for sequences with rupture disk operation is not impacted by core
concrete attack.

.

These conclusions would indicate that the uncertainties associated with CCI
have an insignificant influence on the containment failure probability and
risk.

.
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CrtdlLior F1rewater Addition

Question 11

Considerable credit is taken for recovery of core damage in vessel for certain
subclasses (e.g., IB 2, ID, and !!!D), however, the bases for the assigned
probabilities is vague. Specifically, it is not clear how much of the credit is due
to (1) recovery of AC power, (2) recovery of previously failed systems, or (3) use
of previously unavailaale systems such as fire water. For each accident
subclass, please identify the specific systems being credited, and the credit
taken for each, so as to support the probability values used in the analysis.

Response 1:

The following summarizes the usumptions used to assess the probability of
in vessel recovery from a core damage accident. Injection into the vessel using
the firewater addition system is not credited in the Level I core darnage
analysis. Availability of the firewater injection system has been considered only
in the Level 2 analysis. Consequently. all accident sequence classes enter the
Level 2 analysis with availability of the firewater system not determined. Since
the firewater nystem is powered by its own direct drive diesel, its reliability is
not affected by a station blackout event.

Classes IA_0, IA 1, Illa 0 and !!!A_1

These classes of accidents are initiated either by a transient or by a LOCA.
High pressure injection failed and RPV depressurization was not successful
prior to RPV failure. In order to prevent RPV failure, recovery of a high
pressure injection system is required in less than I hour. A recovery
arobability of 0.05 is calculated assuming a mean time to repair (MTTR) of 19
aours for the failed system.

Class IB2_0

This accident class consists of SBO sequences with operation of the RCIC
systern for eight hours. After failure of the RCIC, the RPV is depressurized. If
in vessel injection is re established within about two hours ofloss of RCIC,
core damage can be arrested and vessel failure can be prevented.'In vessel
injections is re established if either the offsite power is recovered in 2 hours or
the firewater system is initiated. The conditional probability of recovering
power in this 2 hour period is 0.6. The firewater system is assigned a failure
probabllity of 0.01 based on operator error probability. This yields a combined
failure probability of 0.006. The operator is expected to momtor the availability
of DC power during the blackout, so there will be approximately 10 hours of
warning time before use of the firewater addition system is necessary..

'

Classes ID and IllD
.

These accident classes consist oflow pressure sequences with loss oflow
pressure injection, if in-vessel injection is established within about half an
hour of initiation of core uncovery, core damage arrest in vessel is likely. For

CEB92 4115 September 24,1992
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these accident cluses, the probability of in vessel injection is based on
alignment of the firewater system. A probability of 0.1 is assigned for failure to
establish firewater injection.

Other sequences excluding Class 11

For all other sequences in which the vessel failed before any presumed
damage to the containment, core damage arrest in vessel was conservatively
neglected.

Question 2:

Citrify how the use of firewater was treated in the revised PRA. (It is our
urderstanding that no credit has been taken for severe accident prevention
(i.e.,in the Level 1 analysis), and that credit is taken only in the Level 2
analysis.)

Response 2:

Your understanding is essentially correct. No credit was taken for the firewater
system in preventing severe accidents for most classes of events since firewater
addition must be initiated relatively quickly to prevent core damage. There is,
however, one exception. Class !! events, which have successful core cooling but
no containment heat removal develop very slowly so it isjudged that the
operator has adequate time to use the firewater system to prevent core damage.!

'| In these cases, credit was taken for the firewater to prevent core damage.
'

Question 5:

Provide references to SSAR sections or GE submittals in which details
regarding use of the ACindependent firewater addition systems are provided.
This should include specific human actions required to cannect the diesel-
driven pumps and the fire trucks, locations that these actions would be taken,
emergency procedures guiding these actions, necessary spool pieces, tools,
etc. and design details such as pump head curves, pressure capacity of fire
hose / piping, and in line check valves to assure that rapid RCS pressurization
will not result in a breach of the injecdon path.

"
Response 3:

The use of the firewater system for injection to both the vessel and the drywell
sprays was identified as being impmant to the PRA in Appendix 18F. The use
of the fhewater system is addressed in the symptomatic emergency procedure
guidelines (EPGs). A listing of the locations in which the firewater addition
system is mentioned in the EPGs is provided below in the response to the
question on modelling of operator actions in the Level 2 analysis. The
specific, detailed human actions which are required for initiation of the
firewater addition system and the requirements for tools and spool pieces will
be developed by the COL applicant.

CEI192 4116 September 24,1992
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Information about the hardware connections are supplied in the description
of the RHR system in SSAR subsection 5.4.7.1.1.10. In particular, Figure 5 +10
shows the connections from either the diesel driven purnps or the fire truck to
tht; RHR system. The connection to the diesel driven pump are in the RilR
valve roorn. Opening valves F101 and F102 allows water to llow from the fire
protection system into the RHR piping. Periodic stroke testing of these valves
us required by Table 3.9-8 of the SSAR to ensure valve operability. 'Ihe fire truck
connection is located outside the reactor building at grade level. Both
connections to the RHR system are prosected by check valves (F100 and F104)
to insure that RCS pressurization does not result in a breach of the infection
path. The required now rate for the firewater addition system is specified in
section 2.15.6 of the ITAAC.

Modem; oLQpgrator Actiongjn_the Ixvel 2 Anahsis

Question 1:

Provide references to specific sections of the EPGs and SSAR which address
the following:

A. operator actions in response to failure of SRV uischarge line in seismic
events,

n. operator actions following rupture disc opening,
f

C. operation of drywell sprays as alluded to on page 19E.211 of draft Section
.'19E.2.2,

D. oaeration of wetwell sprays alluded to in insert toJune 4,1992 GE markup
'

o' hection 19E.2.LSA.(1),
)

E. hookup of diesel driven fire sprays, and fire truck for core / spray
injection, and

.

F. operator response to RWCU line breaks alluded to in Insert 3 toJune 4, ,

'
1992 GE markup of Scotion 19E.2.3.5.3.(4).

Response 1:

The ABWR EPGs are symptom based. Therefore, there are no event based'
procedures in the_ ABWR SSAR. Any event specific procedures will be -
determined in the plant specific procedures. Therefore, the diwussions below.
re! ate the event described to the obsenable sym? toms. Then, based on the'
symptoms, the proper procedures are referenced.

A. Failure of an' SRV'discliarge line would result in' increased pressurization-
and elevated temperatures in the wetwell. The vacuum breakers would
open and the drywell temperature and pressure would also rise. .

Therefore, the operator would enter the procedures for drywell,

.

,
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temperature control DW/T (page 18A.54) and PC/P (page 18A.5-7). More )
details on these procedures are shown in Appendix 18F, Table 18F 3.

B. Procedure PC/P 5 (page 18A.5 9.1) indicates that the rupture disk path
should not be closed until directed to do so by post accident recovery
procedures. Development of these procedures will be the responsibility of
the COL applicant.

C. The drywell spray actuation described in the draft of Section 19E.2.2 is
specified in the drywell temperature control procedure, DW/T (page
18A.5-3).

D. The operation of wetwell v.e. . neferenced is specified in response to
increasing pressure. The appropriate steps are specified in steps PC/P-1,
PC/P 2 and PC/P-6 (pages 18A.5/l,8 and 10).

E. Initiation of the firewater addition system is specified in the ABWR PGs
as the final option each time vessel injection or containment spray is
required. Table OA-1 indicates each of the procedure steps in which the
firewater addtion system is mentioned in the EPGs. The location of the
step in the inventory of emergency operation information and controls is
also given in Table OA 1. ,

F. The early stages of the response to an RWCU line break will be performed
in accordance with the symptom based procedures, The operator will take
the appropriate steps to shut the plant down, control water level and
control containment pressure. The recovery actions identified in the
referenced section are deferred te the event specific procedures to be
developed as a part of the plant specific procedures.

.
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Table OA 1
References to the idewater Addition System in the ABWR EPGs

_

Location in Inventory

Table Page
Procedure Step

hnel Invenwry Congpl
18F2 18F 63

RC/1,2

I)nwell Temocrature Control

DM/T 2 1SF 3 18F146

Containment Pressure Control

1SF 3 18F 156
PC/P-1

18F5 18F 159
PC/P-2

18F3 18F163
PC/P-6

18F-3 18F198
PC/H-4.1

18F5 18F 20)
PC/H 4.4

18F4 i8F 268
Cl 2

18F-9 18F-306
C4/3.1

18F 10 1SF 326
C5/3.2

18F11 18F 333
C62

1_8F-11 18F 337
C64

Level 2 Resulta

heStion 11

Fi ure 2 in CEB-92 39 appears to play a key role in integrating the results of
6the individual CETs for each-accident subclass /PDS, and establishing

frequencies for (ach release class / case in the Level 3 analysis. However, the
submittal provides no discusssion of the role of this figure, how it was
developed, and how it_is used to support the frequencies of the various releases
in the Level 3 analysis. A detailed discussion of this figure and how it is used
is needed.

September 24,1992
CEB92 41-19
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Response 1:

The following description of Figure 2 will be incorporated into 19D.5.11 of the !
SSAR.

19D.5 ll.2 Level 2 Results

The logic diagrarn shown in Figure 2 groups the set of Level 2
sequences into release categories based on similar sequence '

characteristicsjudged to be important to definition of the ofTsite
source term and consequences. Five parameters are used to define the *

release categories. This grouping resulted in the definition of 53
distinct release categories. The characterist_:s of each release. category

datermined by the branch attributes for the pathway through the
The five grouping parameters are discussed below.e

v' .1 Initiator Code (INITCODE)

meter groups the sequences based on the accident sequence
accident-sequence. type deGnition is described in Section

- Note that sequence types NSCL (class IC) an'd NSCil (class IE)
. af such low probability that they were truncated prior to

performing the Level 2 analysis and are not included in the grouping
diagram. In addition, as a result _of the low probability of Class IV -

ATWS sequences (sequence type NSRC), they were also not evaluated
in the Level 2 model although the Class IV frequency is shown in the
logic diagram (STC 53).

19D.5.11.2.2 Core Melt Arrested In-Vessel (IV),
. .

This parameter groups sequences based on whether late in vessel
cooling is successful in preventing vessel failure.

19D.5.11.2.3 Mode of Release (REL MODE) -

This parameter groups sequences based on the mode of any fission-
- product release from the containment. The following important
characteristics are considered.=

19P.6.11.2.3.1 Normal Contalnusent Leakage

Containment pressurization-is terminated, so there is no containment
failure or COPS operation. These sequences have very small releases to

-the environment as a result of no -1 containment leakage.

19D.5.11.2.3.2 Rupture Disk :

Operation of the COPS leads to nearly complete release of the noble
gases. Other fission product releases are negligible.

,
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19D.5.11.2.3.3 Drywell Head Fallure

Long-term steam and non-condensable gas production leads to over
pressurir.ation of the containment. The drywell head fails before the
COPS opens in these sequences.

19D.5.11.2.3.4 Penetration Over. temperature Failure

High temperatures lead to failure of the large penetration seals in the
drywell.

19D.5.11.2.3.5 Early Containment Fallure

Overpressure failure of the drywell head occurs at the time of RPV
failure.

19D.5.11.2.4 Pool Bypmas (POOL,,,BP)

This parameter groups sequences based on whether radionuclides
released into the drywell gas space bypass the suppression peol prior
to release from containment. All drywell containment failure modes
result in eventual pool bypass and no branching is required. For
sequences without containment failure, this parameter is irrelevant.
Hence, branching under this, heading is only significant for the COPS
release moc'e.

19D.5.11.2.5 Drywell Spray (SPRAY)

Operation of the drywell sprays can be effective in mitigating the
release of radionuclides. However, for sequences where vessel failure
has not occurred and sequences where pool bypass ha not occurred,-
operation of the sprays has no signincant impact since suppression
pool scrubbing will effectively mitigate radionuclide releases.
Therefore, tranching is only considered for sequences with pool
bypass. Note that for sequences with drywell penetration
overtemperature failure, the drywell sprays are not operating and no
branching is necessary.

Question 2:

Provide a description of the process used to assign release characteristics to
each cf the end states of Figure 2 in CEB-92-39 is needed, and to group these
releases for subsequent Level 3 analysis. Also identify: (1) the accident
sequence group assigned to each of the 53 end states /STC#s, and (2) the
frequencies assigned to each accident in Table 11 of the updated ABWR
consequence analysis (June 30,1992 fax fromJ. Duncan).

.

1

i
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Response 2:

The important release characteristics for each of the severe accident '
nequences are summarized in Figure 2 of CEB92-39. The fhst branch of the
uee identifies the initiating event for each sequence. This information is used

.

to specify the first four letters of the severe accident sequences used for the
deterministic analyses performed in Section 19E.2.2. Later branches identify
the potential impact of other important issues such as flooder operation and
mode of fission product release. Table L2-1 below identifies the deterministic
accident sequence associated with each of the end states in Figurc 2 with a
fr quency of at least IE-ll. Note that all sequences with an intact containment
and no rupture disk opening are assigned to class NCL (Normal Containment
Leakage) Sequences with a frequency ofless t%n IE 11 are neglected.

STC#55 in Figure 2 (of CEB92 39) was binned with Case 9 of the consequence
bins. 'Ihis is a very conservative assumption since the frequency associated
with this sequence is the initiating event frequency for ATWS events. The
assumption is made only because there is a negligible effect on the
consequence analysis. If this assumption impacts the risk, a containment'

event tree should be developed for ATWS events.

The deterministic sequences are then binned according to the characteristics
of the fission product release. 'Iable 11 [of the ABWR PRA Consequence
Analysis Submittal, June 30 fax from J. Duncan) indicates combination of the
deterministic sequences into release bins. Column F(i) of Table 11 gives the
probabilities associated with each of the consequence bins with frequcacy
above IE-10. These values are simply the result of summing all of the
sequences in a given consequence bin.

.

.
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Table L21
Binning of Containment Event Tree Results

STC # Deterministic Bin Consequence Bin

1 NCL NCL
4 NCL NCL

5 LCHPPFP Case 7

6 LCHPFSR Case 1

8 LCHPPHR Case 8 See notes

10 LCHPPBD90 Case 7 See notes

12 LCIIP00E Case 8

13 NCL NCL

14 LCLPFSR Case 1 See notes

15 LCLPFSR Case 1 See notes

16 NCL NCL

18 LCl,PFSR Case 1 See notes

19 LCLPFSD90 Case 7

21 LCLPFSD90 Case 7

25 NCL NCL

26 LCLPFSR Case 1 See notes

28 NCI. NCL

30 SBRCPFR Cue 1

37 NCL NCL

38 LBLCFSR Case 1 Sen notes

40 NCL NCL

Nuies

Sequences 8 and 10: Releases taken from vacuum breaker study

Sequence 14,26 and 38: Scouence is arrested in vessel indicating high
probability of the use of the firewater addition system.

'

Sequence 15: This sequence is binned with those which have releases through
the rupture disk since any fission products which are released from the vessel
will be scrubbed through the suppression pool.

Sequence 30; No credit taken for firewater system since a long time was
available to prevent core damage but the operator failed to do so. .

CEB92-4123 Septernber 24,1992
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Question 3:

Based on our initial review,it appears that core concrete interactions should
be included as a top event in Figure 2. P ovidejustification for not including
it.

Response 3:

Section X.5.2 provides a detailed investigation into the impact that CCI has on
the overall ABWR risk. As described 93 part of a previous respon", the
following conclusions are pertinent to CC1:

1. The frequency of sequences expected to experience dr= C' is

insignificant due to the high reliability of water addition to the lower
drywell For dominut core melt sectuences that release core materialints
the containment 90% result in no s gnificant CCI since the floor area of
the lower drywell is large and water is present.

2. Even for those low frequency cases with significant CCl, radial crosion
remains below the structural limit of the pedestal. Thus containment
failure will not occur even for these sequences.

3. Regardless of assumptions about debris coolability, fission product
release is dominated by the release of noble gasses because the
containment overpressure protection device opens, forcing all fission
products through the suppression pool.

Figure 2 is a release category grouping tree and includes only the most
significant events relative to fission product release. Since the majority of the
ABWR sequences involve water on the debris ex vessel, CCI does not impact the
source term.

Question 4:

The treatment of Class 2 accidents in the Level 2 analysis is limited to the
information presented in Figure 9 in CEB 92 39. This figure is not discussed in
the text, and the bases for the branch point probabilities are not presented.
Furthermore, several of the probability values appear extremely optimistic. In
particular, the assumption that continued core cooling is assured after rupture
disc actuation does not acknowledge the potent al for failure ofinjection dr.c
to decreased NPSH and the potential for random failure during the mission

*

time. The assumption that gross containment failure leads to loss of core
cooling ith a probability of only 0.001 is also extremely optimistic given that
contaimaent failure can affect long term operability via radiation and
temperature effects and access, as well as the two concerns noted above. In
view of the importance of this event tree in virtually eliminating Ciass 2
sequences, a detailed discussion of the Class 2 analysis is needed, along with
justification for the probability values assumed.

*

|

t

'
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Response 4:

The following description of Class 2 will be incorporated into 19D.5.11 of the
SSAR.

19D.5.11.4 Decomposition Event Trees for Class II

The containment event tree (CET) for Class !! sequences is shown in
Figure 9 [of CEB92-39). The supporting DETs are shown in Figures 27
through 29 [also in CEB92-39). This CET is substantially different
from those for the Class I events. Class 11 consists of sequences with
loss of containment heat removal (CHR) but with successfulin-vessel
injection. If CHR is not recovered within about 20 hours, the
containment pressure will exceed the COPS rupture disk setpoint -
press.ure (90 psig).

The first event in the CET assesses the probability of recovery of the
RHR system piior to COPS operation (or containment overpressure
failure) given that RHR was not recovered within 20 hrs. If the RHR
system is successfully recovered, containment pressure will decrease
and the event will be terminated. The probabiity of this is estimated
assuming a mean time to repair of 19 hours for the system.

The second event in the Class 11 CET assesses the probability that the
COPS rupture disk opens prior to drywell head failure for sequences
without recovery of RHR. The probability of this event is consistent
with the value described in Subsection 19D.5.11.3.12.6 with no pressure
difference between the wetwell and dr>well.

Given failure of the COPS rupture disk to open prior to drywell head
failure, the third eve ~ in the CET assesses the probability that drywell
head failure will result in loss of in vessel injecuon and core damage.

A discussion of the considerations and assumptions used to estimate
these event probabilities is provided below.

19D.5.11.4.1 Loss of In-vessel Injection Given Venting with COPS

The COPS is designed to vent the wetwell gas space when the wetwell
pressure exceeds 90 psig. As discussed below, high suppression pool
temperatures or loss of NPSH will not threaten the abi.ity ofin vessel
injection systems to operate for an extended period of time after COPS
initiation. In addition, random failures of the in-vessel injection
systems during their mission time have been considered in the Level 1
analysis. Consequently, it was estimated that there was a negligible
probability of failure ofin vesselinjection given successful COPS.

.

|
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19D.5.ll.4.2 Loss of In-vessel Injection Given Containment Failure

'Ihe node CC models the probability that core cooling will be
impacted following structural failure of the containment. The
quantification of this node is described below.

For cases in which the core is successfully cooled but the containment
is not, the containment will pressurize. If the rupture disk fails to
open, the containment boundary will eventually be breached. But if
core cooling is maintained, the offsite consequences of the breach
will be negligible, if the containment boundary failure causes core
cooling failure, the consequences will be more severe. Therefore, this
potential was reviewed. The following general areas were reviewed and
are brie 0y discussed below.

(1) dr)well head failure,

(2) high temperatures in the suppression pool,

(3) high drywell temperatures.

The most hkely containment failure location is the drywell head.
Drywell head failure would pressurize the relatively small volume
between the head and concrete shield plugs. This could levitate some
of the plugs which would then fall, potentially causing equipment
damage. There is no potential for plugs falling between the reactor
vessel and drywell wall because the annular space is too smal!. The
vessel vent could be damaged but the consequences would be no worse
than a small LOCA. Although unlikely, plugs could fall through thee
vertical equipment hatch and camage electrical equipment and/or an
RHR heat exchanger. It is extremely unlikely that more than one
division of core cooling wculd be lost as a result.

High temperatures in the suppression pool would result in increased
suction temperature for core cooling pumps. However, pump
performance should not be impaired because the pumps are designed
for water temperatures as high as 360'F. Further, condensate storage
tank water and Src tank water temperatures would not be affected. 4

liigh drywell temperatures were considered for their potential effects
on SRV performance, electrical equipment, and water level
instrumentation. SRV performance should not be degraded because
the expected temperature /ume history is less severe than the LOCA
condition for which the SRVs will be qualified. There is no electrical
equipment in the dr>well which is required to operate to establish or
maintain core cooling. Effects on water level instrument accuracy
should be small since the reference and variable legs experience the
f.ame elevation drop in the drywell.

CEB92-4126 September 24,1992
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After reviewing these potential causes of core cooling loss resulting
from high-temperatore conditions / containment failure, it was judged
that the probability of core cooling loss ranged between 0.01 and
0.001. A value of 0.01 was used in the analyses for loss of conventional
core cooling. In the class !! sequences derived from the Level 1 PRA,
firewater availability had not been censidered. Firewater can be used
as an additional source of water following containment failure. The
firewater system is much less vulnerable to containment failure. The
combined failure probability of conventional cooling and firewates is
estimated to be 0.000), but a value of 0.001 was used for consenatism.

Question 5:

In the various CETs in CElk92 39, the top event dealing with active injection to
the lower drywell (LDWI) appears to assume that injection via firewater sprays
(branch "FW SPRAY') assures that water will be added to the lower drywell. As
a result, the potential for failure of the passive flooder system is not assessed in
the subsequent branch. This treatment is inconsistent with ouri

; understanding that the lower drywell will only be flooded after a significant
amount of water is added with this system, and only after a significant delay.
Please address this apparent inconsistency.

Response 5:

Your understanding oflower drywell flooding is cerrect. The use of the
firewater addition system will not lead to early flooding of the lower drywell.
The apparent inconsistency is a result of a simplification made to the
containment event trees. If the operator follows the emergency procedures,
the firewater system will be initially configured to add water to the vessel. The
alignment will be changed to firewater spray mode only if high temperatures
are present in the drywell. However, modelling this as two separate actions
adds considerable complexity to the containment event trees. Since very little
insight can be gained by modelling the actions separately, it was decided to
combine the two separate actions into one node.

Question 6:

In CEB-92-39, accident subclass IB2-1 is discussed in several locations in the
text and is depicted in Figure 16. However,it is our understanding (based on
information on page 1 of that submittal) that an event tree for this event was
not developed based on'its low frequency. Thus, the split fraction information
for this subclass presented in the submittal (e.g., on page 3 of the submittal)
appears irrelevant. Picase clarify this.

Response 6:

The split fraction information associated with subclass IB2-1 was developed-
before the very low frequency of these events was identified. References to
subclass IB2-1 will be deleted from the text and Figure 16.
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Question 7: -

In CEB-92 39, si
. product release,gnificant credit is taken for recovery of RHR prior to fissionhowever, little information or bases are provided for the
values selected. Please identify: (1) the actions to restore RHR that are credited
in the analysis, and (2) the measures that are assumed to be taken by the COL
applicant prior to the accident to assure that these actions can in fact be
implemented. Such measures would include accident management measures,
storage of spare parts, installation of flanges or croseconnect ca) abilities, etc.
The time available to implement these actions, and the accessibi'ity to the
necessary areas in the reactor building should be explicitly addressed for each
accident subclass.

Response 7:

Recovery of the RIIR system is described in 19D.5.4. The time available to
repair the system is dependent on the use of the firewater addition system
There is little or no dependence ou accident class. For sequences in whicit the
firewater system is nut used, the time available for repair is about 20 hours. For
nequences in which the firewater system is used, the thermal mass of the
suppression pool is increased, and the time available for recovery of RHR
increases to about 30 hours.

Revised MAAP Calculatim

Question 1: <

In CEB92-X and previous communications, GE indicated that the probability
of a flooded lower drywell cavity at the time of reactor vessel failure is
extremely low because the firewater system would need to inject for about Ilh
in order to overflow the suppression pool into the lower drywell. However, in
the revised MAAP analyses provided in draft Section 19E.2.2 the reactor cavity
is calculated to be flooded m cases NSRC PF R N and SBRC PF R-N. Please
provide a discussion which reconciles this conflicting information. Also
provide a quantitative estimate of the probability of a flooded cavity at the time
of reactor vessel failure based on the revised PRA.

Response 1: -

In the NSRC PF R N sequence, the RCIC system is used to inject water from
outside the containment mto the vessel. The water is boiled in the vessel and
the steam passes into the suppression poo! where it is quenched. This causes
the water level in the pool to rise. Eventually, the water in the pool rises above
the suppression pool return path, and the lower drywell begins to fill wkh
water. Hooding of the lower dqwell begins at about 2 hours. Since the RCIC
flow is approximately six times the firewater system flow, these results are in
good agreement. ,

In sequence SBRC-PF R-N, water is introduced into the lower drywell only as a
result of discharge of the lower plenum inventory after vessel failure.
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The NSRC-PF R N sequence is a subset of the Class IV sequences. Class IV

sequences represent sequences with successful vesselinjection but failure toscram. The probability of all Class IV sequences is less than 1.66E 10. Since the
initiating event frequency is very small (about 0.1% of the frequency of core
damage events), containment event trees were not developed. However, since
class IV sequences have injection available, it is judged that only a small
fraction of these will result in core damage. Therefore, the contribution of
these sequences to core damage with water present in the lower drywell may be
neglected. The probability of a flooded cavity at the time of vessel failure is
about 0.2% as discussed in CEB 92 X.

Question 2:

With regard to Figure 19E.2 6E, please provide an explanadon for the lower
drywell water mass increasing over a 10h period (apparently due to
suppression pool overnow), while suppression pool mass continues to
decrease.

Response 2:

l'he sequence depicted in Figure 19E 6 represents a sequence where a
considerable amount of water has been addtd to the containment. The water
reaches tne suppression pcol via the SRV discharge from the vessel. Therefore,
the suppression , col temperature at this time is high. At approximately 10
hours the water evel in the suppression pool has reached the level cf the
suppression pool return path. This allows water in the lower drywall to spid
into the lower dowell Mass and energy flow continue from the vessel. Smce
the SRVs discharge low in the pool the temperature in the pool continues to
rise. This causes a slight volumetric expansion of the water. Since the water
levelin the suppression pool is already at the overflow point, the expansion
results in flow into the lower drywell and leads to a sligat decrease in
suppression pool mass.

Question S1:

Provide the rationale for utablishing the time of dowell spray initiation. In
some cases analyzed, sarays are not considered to be started until 2h after
reactor vessel failure. bishuss the reasons for this delay.

Response S1:

The drywell spray initiation times used in the analysis are simply assumptions
used for the purpose of the analysis. As a consequence of the accident
progression, as modeled in the CETs, it is known that the operator failed to
initiate the Stewater injection system. Thus, it is logical to assume that she
does not initiate the system in drywell spray mode immediately after vessel
failure. If the system were operated immediately, the containment water level
wotild reach the level of the bottom of the vessel somewhat sooner (a '
maximum of two hours earlier in this example). At this time the operator
would be directed to terminate injection. As seen in Figure 19E.? N (Update

September 24,1992
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to 19E.2.2, submitted June 30,1992), the containment pressure rises at this .
time eventually leading to opening of the rupture disk. The change in time of
rupture disk ' opening m this case would be about two hours earlier than that
in the base analysis.

On the other hand,if the operator did not initiate the firewater addition
system in the assumed two hour period, more of the water initially in the lower
drywell would boil off. Eventually, the debris in the lower dr)well could begin
to heat up. This would lead to the actuation of the passive flooder in the lower
drywell. This would quench the debris and keep the drywell cool. If at some
later time the firewater system is initiated. the thermal mass of the suppression
pool would be increased as in other sequences with firewater addition, Since
the containment water level would reach the bottom of the vessel later than in
the nominal case, the firewater injection would be terminated later, leading to
later opening of the rupture disk. Although this might argue for delaying the
initiation of the firewater system, the effect on risk isjudged to be outweighed
by the simplicity of telling the operator to initiate the firewater system as soon
as possible in all circumstances.

The operator is instructed to initiate the firewater addition system as soon as it
la determined that the water level in the vessel canr.at be maintained using
other systems. However, if the firewater system it, not initialized c uickly, the
passive flooder will open allowing the lower drywell to be floodec from the
suppression pool. Thus, the assumed time for initiation of the firewater

_

,

addition system does not have a significant impact on the accident
progression or on any eventual fission product release.

Question S2:

Provide a detailed chronology of the "FS" cases which are identified in Table
19E.216 but not discussed in the text. Along with other events of significance,
please include the time to; suppression pool overflow, lower drywell dryout,
passive flooder opening, drywell spray start and stop, .nd firewater start and
sto)

Response S2:

The detailed chronologies cf all "FS" cases are presented in the text. Until the
sprays are initiated, the sequence is identical to the corresponding "PF" cases.

,

Table M 3.1 gives the section and page numbers (of the markup version of|

19E2.2) where the description of the time after the initiation of the firewater
system for each case begins.

i

.
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Table M 3.1
Location of Sequence Chronologica

Sequence Section Page

LCLP-FSR-N 19E.2.2.1 (b) 19E.2-13

LCHP-FSR-N 19E.2.2. (b) 19E.2-15

LBLC FS-R N 19E.2.2.5 (b) 19E.2-18.1

NSCL FSR N 19E,2.2.1 (b) 19E.2-13

NSCH FSR N 19E.2.2.6 (b) 19E.2-19.1
"

NSRC-FS-R N 19E.2.2.7_ (b) 19E.2 20

Querdon 4:

The reactor vessel failure times in the revised MAAP calculations appears to be
delayed about I hour relative to the times predicted in the original
calculations, however, no explanation for this change is presented. Please
discuss the reasons for these differences.

Response 4:

The times of vessel failure between the updated calculations and the original
analyses are compared in the following table.

Table M 4.1
Comparison of Vessel Failure Times

i
Sequence Original Updated

LCLP 1.0 1.8 -

LCHP 1.4 2.0

SBRC 10.9 12.3

LHRC n/a n/a

LBLC 0.8 1.4

NSCL 08 1.3

NSCH '8 1.3 .

NrRC 6.1 5.6_

I

. CEB924131 September 24,1992
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These differences are due primarily to changes that were made to the MAAP
ABWR parameter file. The most significant charn;c involved the core peaking
factors, in the original PRA calculations, the core included one radial region
that was highly peaked and, therefore, resulted in a faster heatup and vessel
failure. The revised parameter filc has a much more evenly distributed radial
power. Therefore, the core heats up slower and the vessel fails later.

Question 5:

The release fractions for similar accidents are much lower in the revised
MAAP calculations than in the original calculations, e.g., the Csi release
fraction for LCHP-PF P M is decre.. sed from 0.39 in the original analysis to$

0.088 in the revised analysis, and the releases for the other cases are decrea. sed
from <1E-5 in the original analyses to <1E 7 in the revised analyses. Please
discuss the reasons for these differences.

Response 5:

In general, the omeration of the containment overpressure protection system
prevents dr)well failure and results in pool scrubbing of all fission product
releases (except noble gasses). The change in the Cs1 release fraction to the
environment from <lEf to <lE 7 is not significant. In either case, the
contribution of Csl to dose is negligible.

For case LCHP PF P-M, the Csl release is Iower for the revited calculation due
to the difference in the contair. ment fai?ure mode. The original PRA analysis
assumed drywell failure at a pressure of 90 psig at a temperature of 700 F. The
drywell head was subsequently strengthened. The updated PRA used a drywell
head failure criteria of 134 psig at a temperature of 500 F. This difference in*

failure criteria resulted in the original case failing the drywell head, whereas
the updated case merely leaks through the penetrations. The updated analysis
shows the containment pressure maintained at an elevated pressure while, due
to dr>well head failure, the original calculation resulted in rapid containment
depressurization and increased Cal release. The same behavior was seen in
case NSCH PF P M.

Question 6:

The source terms predicted by MAAP for vented sequences are far lower than
predicted by other code calculations. This may be a result of
models/ assumptions regarding suppression pool scrubbing. In view of the
importance of this release class, provide an assessment of the impact that
higher release fractions for these sequences would have on the ABWR risk
profile, and compliance of the design with the ALWR' design goal regarding
25 rem dose at the boundary. This will be a critical issue in the staffs resiew.

-

Response 6:

In CEB92-X Section X.2.13, a sensitivity study was performed using a very
conservative decontamination factor for suppress on pool scrubbing. The|
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resulting release of Cal to the environment increased four orders oi
magnitude above the best estimate analyses presented in 19E.2.2 to
approximately 1.5E 3. The offsite dose for the base case and the sensitivity
study were presented in Figure 10 of CEB92-X. The Sgure indicates that even
for this very conservative case, the probability of exceeding 25 rem at the site
boundary (1/2 mile) is 45 Therefore,it isjudged that the uncertainties in
release fraction will not have a significant impact on meeting the ALWR
design goal of 25 rem at the site boundary.

LQfes Outside Containment

' esponses to these questions will be provided separately

Joel 3 Anabwis

Question 1:

The warning times used in the analysis (0.8 h for essentially all ABW"
sequences) appear unrealistic in view of the fact diat in certain accidents, the
event classificadon (emergency action level) will not be escalated to the point
diat evacuation would be recommended until late in the accident. In this
regard, providejustification for the warning time used for cach accident
sequence on which the various Level 3 cases were based. Discuss the
consistency of these estimates with the estimated timer < at which evacuation
recommendations would be made based on emergency action levels.

Response it

The basis for the warning time in each of the ABWR sequences is the onset of
severe core damage. The emergery action levels specified in NURECr0654
" Criteria for Preparation and Evaluation of Radiological Emergency Response
Plans and Prep wdness in Support of Nuclear Power Plants", Appendix 1
require a site . emergency be declared when " Degraded core with possiole
loss of coola! geometty..." occurs. This is consistent with the warning time
used in the ABWR Level 3 analysis.

ITAACs for Level 2 Dgign Features
.

GE would like to discuss these questions with the staff at the meeting on
October 1.

.
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GE Nuclear Energy Proprictuy Information
.

Table 1
DMAion of Accident Subclanes

Accident Subclus Subdivided RPV RHR Frequency
-

Class Subclass Pressure

1 IA 1A 0 High Yes 4.21 E.8

IA 1 High No 4.25 E-10

IB1 IBl.0 Low No 0.55 Ea 2,S'1E-7

IBl._1 High No L51E20. 2 '5 "'I A

IB2 IB2.0 Low No 1,62 E4

/* ' * #~IB2.1 High No -S-94-E4L

IBS IBS 0 Low No 461-Ble. g.26E 10

IBS 1 High No 6.52 LIE- 8 f' 6"'4

ID
__

ID Low No 6.95 E 8

II U U n/a n/a 1.10E 6

III IIIA IIIA._0 High Yes 3.85 E 10

IIIA 1 High No S.87 E-12 -

IIID IIID Low No 2.10 E-10_

IV IV IV n/a__ __ n/a 1.66 E-10

,.

e
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