February 18, 1992

LD-92-023
Docket No., 52-002
U. §. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555
Subject: Response to NRC Requests for Additional Information
Reference: Letter, Risk Assessment Branch RAls, T. V. Wambach (NRC) 10 E. H.

Kennedy (C-E), dated October 30, 1991

Dear Sirs:

The Reference requested additional information for the NRC staff review of the Combustion
Engineering Standard Safety Analysis Report - Design Certification (CESSAR-DC). Enclosure
I 10 this letter provides our responses 10 a number of these questions including corresponding
revisions to CESSAR-DC.

Should you have any questions on the enclosed material, please contact me or Mr. Stan
Ritterbusch of my staff at (203) 285-5206.

Very truly yours,

COMBUSTION ENGINEERING, INC.

(_,./; " i?‘ ‘SW\

C. B. Brinkman
Acting Director
Nuclear Systems Licensing
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Enclosures: As Stated

cc: J. Trotter (EPRI)
T. Wambach (NRC)
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Question 720,26

Although (he event stuck-open primary safety valves (PSV) is wodeled in
the A event tree, failure of the PSVs to open to relieve pressure is
not modeled. Please explain why. Note that for an ATWS, several PSVs may
have to open to prevent RCS for overpressurization.

Response 720,26

CE is currently updating the System 80+ PRA. The potential impact of
failure of a PSV to open following an ATWS will be evaluated as part of
this update,

Question 720.27

For an ATWS with consequential SGIR, a large leakage rate can be expected
because of the high reactor power and high RCS pressure. It is tlus more
difficult to manually control the RCS pressure to stop the leakag: and to
bring the reactor to stable cold shutdown conditions. Examination of the
human error probability, PPAXOIBX (uperator controls RCS pressure),
however, revealed that the same failure probability of 1.0(-03 is used
regardless of whether ATWS is involved. Please explain why.

Response 720.27

While the initial pressures and leakage rates for an SGTR following an
ATWS are higher than those for standard SGTR, the process of controlging
the RCS pressure to stop the leakage is assumed to be similar whether or
not an ATWS was involved. In addition, the RCS boration and pressure
control process for responding to the ATWS is complementary to the process
for responding to the SGTR.
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Question 720.31

ATWS sequence #19 involves an ATWS with consequential SGIR, failure of
secondaiy-side cooling through an intact S$G, but success of safety
injection and late safety depressurization (bleed). The IRWST, in this
case, serves as the heat sink for the "bleed" function and the water
source for the safety injection. In view of the high reactor power and
the continuous loss of RCS coolant through the ruptured tube, what will be
the success criteria for cooling the IRWST? Will the IRWST be depleted,
thereby leading to core damage? If not, why not?

Response 720.31

The success criteria used for IRWST cooling was that one of the four RHR
or Containment Spray pumps must recirculate the [RWST inventory through
its respective heat exchanger. This success criteria was based on normal
feed and bleed heat loads. Evaluations of IRWST depletion for an SGTR
indicated that the IRWST inventory will last well in excess of the 24 hour
mission. The combination of an ATNS with a consequential SGTR and feed
and bleed cooling was not, however, explicitly considered when setting the
success criteria. C-f is currently updating the System BO+ Vvam., 1ue
success criteria, timing, and logic for this sequence will be included as
part of this update,



Question 720,50

Based on the seismic event tree shown in Figure 7.3-3, SIT injection (2/4)
is required if a large LOCA is brought about by a seismic event. However,
no seismic fault tree for the SIT injection can be found in the System 80+
PRA. Where, for example, is the seismic basic event, LIXZ (seismic
failure of the accumulators shown in Table 7.3-2) used?

Response 720,50

The seismic fault tree for the SITs was deleted during an early phase of
the analysis because the system is a passive system with no dependencies
on power or cooling water, and the fragilities for the components in the
model are all 2.5g or greater. C-E is currently updating the System 80+
PRA. The seismic model for the SITs will be reconstructed and included as
part of the update. This should not impact the results.
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Question 720,85

Section 4.1.1 - The PRA states that " ., general aviation
aircraft cannot damage equipment protected by structures of
reinforced concrete with a minimum wall and roof thickness of
structures greater than 18 inches." Is 18 inches the minimunm
wall and roof <hickness for all System 80+ Category 1
structures? 18 the statement true even if such walls and
roofe are not specifically reinforced to withstand the impact
due to general aviation aircraft?

Response 720.85

Eighteen inches is not the minimum wall and roof thicknese for
all System 80+™ category I structures. The minimum wall and
roof thickness currently being used for System 80+ Category I
structures in areas subject to aircraft impact is 36 inches.

All System 80+™ Category 1 structures are designed to protect
against design basis aircraft impacts and fire. System 80+™
Categury 1 structures are designed to be fully capable of
withstanding the effects of postulated aircraft impacts and
fires without loss of safe shutdown capability and without
causing a release of radiocactivity which would ex eed 10 CFR
Part 100 dose gudelines.

Barrier thicknesses less than 18 inches could be used to
protect against aircraft impact and fire p>v~.idea sufficient
justification is presented to support their design.






Question 720.87

Section 4.2.2.2 -~ The wind speed of 360 mph (Amendment H)
is not consistent with number (330 mph) presented in
Section 3.3.2.1 (Amendment 1), Clarify the discrepancy.

Response 720.87

The wind speed of 330 mph i{s& the correct value. Section
4.2.2.2 will be revised to reflect this.









Question 722.1

Please provide detalled drawings showing the geonct 'y of
the reactor cavity region including: floor area, volume,
openings to other parts of the containment, thickness of
the walls, details of the basemat (species of concrete to
be specified, location and depths of sump(s), and
existence of any encapsulated components within the
basemat) , and equipment/structures located in the cavity,
Discuss whether the cavaity wall supports the vessel load
in such a way that damage to ur erosion of the wall could
result in relocation of the vessel, other RCS components,
or any of the containment penetrations,

Besponse 722.1

A draving of the reactor cavitv is presented on the
attached figure.

As shown on the figure, the reactor vessel is supported
by columns which bear on concrete support corbels., These
corbels preject from the primary shield wall which has a
minimum thickness of 6'~0". No scenarios exist which
would result in erosion or damage of the concrete in this
area. Therefore, structural integrity is maintained,




Question 722.2

Please provide the following additional information regarding the
reactor cavity flood system: PEID drawings showing number, type
and location of valves; estimated flow rate for the system;, and
ph'losophy (and any operating procedures) regarding system
actuation. Specifically address the time at which the system would
be actuated re'ative to the time of coure slump and vesse! failure,
and the plant parameters, when the system should be actuated (e.g.,
core exit thermocouples excerding some prescribed value).

Response

A PRIC of the Cavity Flooding System (CFS) 1s shown in Figure 6.8-4
in chapter 6 of CESSAR-DC., The CFS has six motor operated, gate
valves consisting of four holdup volume tank (WVT) spiliway valves
(S1+-390, SI-3u., $1-382, S1-393) and two reactor cavity (RC)
spillway valves (S1-394, S1-39%), Figure 6.8-2 1)lustrates the
typical location of these valves, A1 CFS valves are located in
the HVT so that these valves can be accessed for maintenance and
inspection., The function of the CFS is to flood the reactor cavity
with water during beyond design basis events.

The water flow rate through the CFS varies with time and is a
function of the wat.. height in the IRWST. Assuming a normal water
level in the IRWST, the average cavity flooding flow rate will be
approximately 6,000 gpm. The instantaneous flow rate rises to a
maximum in the first several minutes following CFS actuation and
then decreases to zero with time as the water levels in the IRWST,
HVT and RC tend to egqualize. Flooding time, initiated when there
fs & normal initial water level in the IRWST, is less than one
hour. Over 100,000 gallons of water will have been d¢livered to
the reactor cavity during this time frame.

The CFS is actuated manually by the operator. This allows
flexibility in responding to changing plant conditions during &
severe accident. Manual control of the (F5 alse gives the operator
the option of terminating RC flooding, if necessary.
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The general philosophy regarding the time at whic the operater
would actuate the CFS is that such actuation would occur as soon as
possible so that the reactor cavity is flooded prior to the time of
vesse! fatlure. Typica) plant conditions that would indicate the
need for cavity flooding include (1) core exit temperature.
exceeding a threshold value and increasing, and/or (2) water leve)
below the top of the core and decreasing with no inventory makeup
expected for a sustaivwed period of time. Specific details
regarding actuation time and the parameters that will be used to
determine the need for cavity ‘ood would be developed as part of
the Accident Management Guidance for severe accidents, This effort
will employ NUMARC and EPR] recommendations for Accident Management
Strategies,




Question 722.3

Pressurization of containment as a result of steam generation or ex-vessel
steam explosion would appear to be a potential disadvantage of flooding
the cavity prior to vessel fatlure in sequences in which sprays are
unavaillable.,  As evidence, the containment release characteristics
presented in Table 9.3-1 indicate that dry cavity sequences (RCs 6.2 and
6.4) resslt in basemat melt through in about 180 or more hours, in
contrast to wet cavity sequences resulting in containment overpressure at
much earlier times. This would fmply that more time is available in the
case of dry cavity than in the case of a wet cavity before containment
failure., If this is true, use of the cavity flood system only when the
containment heat removal system is available would appear to offer risk
reduction potential. Discuss the significance of this challenge, and
whether any constraints on the use of the cavity flood system (such as
manua'ly flooding the cavity only when containment heat removal fis
available). Discuss the value of adding success a strategy{constraint
recognizing the competing effects of delaying containment failure at the
expense of reducing the fission product scrubbing and containment coeling
afforded by a flooded cavity. (Also see Question 80.)

Response 722.3

The cavity flood system urse which this analysis was based was a desi?n
arrived at in the earlier stages of the System 80+ design. For this
design, when the system was actuated, an initial volume of water was
released to the cavity, and this volume was not replenished except by the
containment sprays, It was also assumed that if the cavity was not fully
flooded within a short time after vessel failure a coolable geometry for
the corium could not be established. Thus, all dry cavity cases would
lead to a late containment failure due to basemat meltthreugh. On the
other hand, if the cavity was flooded and a coolable geometry established
for the corium, even with the containment heat removal unavailable, there
was the potential for recovering containment heat removal in time to
prevent containment failure,

The System 80+ Cavity Flood System design has significantly changed. The
current Cavity Flood System design provides more operational flexibility.
Thus, when containment heat removal is avvailable, the operator can
immediately flood the cavity. MWowever, if containment heat removal is not
available, the operator can delay flooding the cavity until containment
heat removal 1§ restored and still have reasonable assurrance that the
cavity can be flonded and the corium will be coolable. C-t is currently
updating the System 80+ PRA and will assess the impact of the new cavity
flood system design on the issues discussed above.







1ife and depletion due to the use of other equipment of this power
source.

In the event that all CFS valves are inadvertently actuated or

damacs 4 s0 as to cause flooding of the RC during a worst-case DBA,

sufficient water existe in the IRWST to flood the HVT and RC and

stil] maintain suffizfent static suction head for all Engineered

Safety Features (ESF) system pumps such that the available net

positive suction head (NPSH.) exceeds that required (NPSNr) by the
' pmps, A1l ESF system pumps take suction from the IRWST only.

In the event that only the RC spiliway valves are inadvertently
actuated or damaged so as to cause flooding of the RC from the WVT
during a worst-case DBA, sufficient water exists in the IRWST to
allow the HVT and RC to fi11 to an elevation high enough to allow
water to replenish the IRWST through the IRWST spillways,
accounting for water held up in coatainment from sprays. The
minimum water level in the IRWST during this scenario is still
sufficient to satisfy the ESF system punp NPSH reguirements,
Therefore, the CS pumps continue to take suction from the IRWST.
The design only permits the €S pumps from caking suction from the
IRWST, and there is no need to taxe suction from the RC,

Water flooded into the RC cannot be directly recycled to the [RWST.
However, as explained above, there is sufficient water in the [RWST
to allow IRWST replenishment during worst-case DBA's and satisfy
ESF system pump suction requirements.
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Question 722.5

Provide information regarding the water leve! that would be reached
in the reactor cavity after actuation of the cavity flood system,
and the extent to which the reactor vesse)l would be submerged,
Discuss any strategies planned or under study for flooding the
reactor vessel externally (prior to vesse! fallure) to arrest core
damage in-vessel. Provide any supporting analyses of heat transfer
from the vessel to the surrounding water, including the effect of
thermal insulation on this heat transfer.

Response

The Cavity Flooding System (CFS) is designed to operate only during
beyonu design bases events. For those events, actuation of the CFS
will flood the reactor cavity (RC) to a level below the reacter
vesse) (RV),

There are no strategies currently planned or under study for
flooding the RV externally prior to vesse! failure to arrest core
damage in-vessel,






Question 722.7

Please provide details on the geometry and orientation of
the IRWST. Discuss whether failure of RHR piping (such
as heat exchanger piping) during a selsmic event can
drain the IRWST, how an accident such as this would
affect the core injection and containment epray
capability, and how this failure potential was treated in
the PRA.

Response 722.7

Details on the layout of the IRWST are provided in the
System 80+'" General Arrangemant figurec as listed below:

Figure 1.2~4 Plan at Elevation 5040
Figure 1.2-5A Plan at Elevation 7040
Figure 1.2+3 Section A=A
Figure 1.,2-2 Section B-H

These figures were recently submitted via C-E letter LD~
92-005, dated January 28,1992, For design basis
accidents no scenarios exist whereby a failure of the RHR
piping could affect the IRWST such that draining of the
tank could oceur,

For accidents beyond the design bases, it is possible
that failure of piping upstream of the isolation valve
could cause drainage of the IRWST.

C-E is currently updating the System 80+™ PRA., The
impact of this potential failure will be addressed in
this revision,
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Question 722.8

In Section 9.1.4.1, containment heat removal is defined to be available if
containment spray is working or if the IRWST inventory is being cycled
through the containment spray or RHR heat exchangers. If the containment
spray headers are not available and containment heat removal is being
accomplished by cyclinr IRMST inventory, please describe how energy
released into the containment atmosphere from the reactor coolant system
and from ex-vessel severe accident phenomena 1s transported to the [RWST
and then removed from the containment.

Response 722.8

Prior to vessel failure, the reactor core transfers energy to the water in
the reactor coolant system, generating steam which is discharged to
containment, either directly or via the IRWST. After vessel failure, the
corium transfers energy to water in the cavity, generating steam which is
directly discharged to the upper containment, As the containment reaches
saturation conditions, some of the steam condensec on the containment
shell or other heat sinks inside containment. Al)l condensate flow is
directed tu the holdup volume and then back into the IRWST.  The
containment spray pumps and RHR pumps can take suction from the IRWST and
discharge flow back to the IRWST via either the containment spray heat
exchangers or the RHR heat exchangers. The IRWST inventory being pumped
through these heat exchangers transfers energy to the component cooling
water. From the component cooling water, the energy 1s transferred to the
service water and thence to the ultimate heat sink,




Question 722.9

Please describe how containment spray water, breakflow
from the RCS, and condensed water on the containment wall
flow will return to the reactor cavity or to the IRWST,
If this return flow is split between the cavity and
IRWST, please provide information regarding water levels
in the reactor cavity and containment as a function of
volume of water in containment, and any related flow
eplit fractions, Discuss how leng the spray system will
continue to operate after the containment fails.

Respongse 722.9

Containment spray water, RCS breakflow, and condensed
water on the containment wall will drain first into the
holdup volume tank which is located adjacent to the
IRWST. The water draining into the hoeldup volume tank is
ultimately returned to the IRWST through spillways
connecting the IRWST to the holdup volume tank once the
water in the holdup vc¢'ume tank reaches the spillway
elevation. Thrse spillways are always open and contain
no valves., When the water level in the holdup volume
tank reaches the inlet of the spillway, water flows by
gravity from the holdup volume tank into the IRWST. The
spillways are located at an elevation above the IRWST
normal water level,

The return flow is not split Letween the reactor cavity
and the IRWST. In order for cavity flooding to occcur,
manual actuation of spillway valves allows flow from the
IRWST to the holdup volume tank, and from the holdup
volume tank to the reactor cavity. These spillways rely
on static head and gravity flow following valve actuation
for communication of water between the IRWST, holdup
volume tank and the reactor cavity.

This process, of providing water to the safety systenms,
continues until the system ie removed from actuation. In
the PRA analysis, once the containment fails, no credit
is taken for continued operation of the system.













Response 722,12 (Cont’d)
The specific factors listed above are addressed as follows:

1.
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Early battery failure/unavailability due to improper/
missed surveillance:

The Class 1E divisional batteries provide power to the
igniters in the highly unlikely event of a loss of all AC
power, including the diverse AAC source. These batteries
provide the most reliable power source available with at
least eight hours of capacity following the loss of all
AC power.

Battery depl anion (especially for late containment
failure, in v ich the mission time may exceed the stated
40 hour life »f the internal battery packs):

For the station blackout scenario (loss of offsite power
and failure of both diesel generators to start), the AAC
source provides a diverse source of electrical power for
the igniters., Upon loss of all AC power, the Class 1FE
batteries are the most reliable power sources available,
and provide at least eight hours of capacity following
the loss of all AC power. By the time the batteries are
depleted, the containment is anticipated to be inerted
with steam which will preclude accumulation of detonable
hydrogen concentrations.

F. ilure of the operator to actuate the igniters:

Igniter actuation and operation will be addressed in the
detailed Severe Accideni Management Procedures prepared
by the owner/operator using the most current knowledge
available at that time., Failure to actuate the igniters
would mean either that the operators were not following
the Severe M\ccident Management Procedures, or that they
did not realize that the reactor core was being
uncovered, both of which are highly unlikely.

Preexisting contamination of the passive lgniter
catalytic surface due to long-term exposure to
containment environment:

This factor does not apply to the g'ow plug igniter
design.

Failure of catalytic igniter assemblies to properly open
(assuming they are sealed during normal operation):

This factor does not apply to the glow plug igniter
design.
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Responee 722,12 (Cont'd)
6.

Moderate steam concentrations (20-30 percent), while not
high enough to inert a hydrogen/steam/air mixture, can
significantly shift the lower flammability limit:

Evaluation of 2low plug igniter performance under
accident conditions was performed as part of the
qualification testing for the ice condenser PWRs. This
gqualification testing determined that the glow plug
igniters effectively burn hydrogen at concentrations
greater than 5%, and that 100% humidity or stean
concentrations up to 40% do not  hinder igniter
performance. The System 80+ igniters will be comparable
to those tested.
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Question 722.14

Please provide justification for not addressing in the PRA the potential
for either global or local detonations. Include in your response a
description and assessment of : the transport and mixing of gases from the
reactor cavity and IRNST to other regions within containment, for
sequences with and without containment sprays available; areas fin
containment where detonable concentrations of combustible gases can fo
(during sequences in which igniters are unavailable); the potential fo,
detonations in these regions; and the impact of such detonations on
structures and equipment. Also discuss any credit taken in the MAAP
analyses for recombination of hydrogen in the reactor cavity or other
areas in containment,

|
\
|
|
\
|
Respense 722,14

C<E 1s currently updating the System 80+ PRA. As part of this update, the
potential for hydrogen detonations will be re-evaluated and incorporated
in the PRA as appropriate. Tae System B0+ containment has a large, open,
unobstructed upper containment area. Based on a review of other PRAs, it
is felt that hydrogen detonation will not be a problem for Syster 804,




QUESTION 722.15

Please provide the following additional information
rozardinq the reactor depressurization system: operating
philosophy for use of the system under accident conditions;
details regarding the power supply for the depressurization
valves, including a description of other loads carried by
the batteries; a description of any procedures/provisions to
assure the availability of the batteries when it is decided
by operators to open these valves at the latey stages of a
gevere accident (such as after a prolonged operation of
turbine doiven AFW pumps): and a description of any
procedures/provisions to connect the valves to external
sources of motive power. Discuss how the failure of the
operator to open these valves before battery depletion was
treated in the evaluation of unavailability of this system
during high pressure sequences.
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RESPONBE _TO 722,18

Operating Philosophy

The Rapid Depressurization System (RDS) has been designed to
permit a rapid depressurization of the the Reactor Coolant
System (RCS). The system operates in conjunction with the
gafety Injection System (818) for feed and bleed cooling of
the RCS as a last resort for the beyond design basis event
of total loss of feedwater (TLOFW). The RDS is a manual
safety-grade means of quickly depressurizing the RCS when
normal and emergency feedwater are unavailable for RCS heat
removal from the steam generators.

A TLOFW, if not corrected, prevents the steam generators
from performing the RCS heat removal function. The operator
actions for a TLOFW are directed at determining the cause of
the TLOFW and regaining and establishing a feedwater source
to one of the two steam ganerators, If it is not possible to
restore feedwater flow to one of the two steam generators,
operator actions are then directed at establishing feed and
bleed (feed and bleed is used as a last-resort method of
core cooling if steam generator heat removal is no longer
adeqguate). All safety functions will be monitored to assure
public safety, or to detect changes in plant conditions.

once the operator has successfully established feed and
bleed, efforts to restore steam generater heat removal
capability will continue. When normal RCS and core heat
removal are re-established via one of the two steam
generators, then feed and bleed will be terminated. This
will re-establish the normal mode of RCS heat removal.

1f normal RCS and core heat removal cannot be established,
the operator will have to perform a cooldown to the shutdowr
cooling system entry conditions using the RDS and the SIS,

Power to SDE Valves

As stated in CESSAR~DC Section 6.7,1.,2.C.12 the power supply
for each RDS valve is from a DC bus. The power is connected
such that in the care of a loss of both sources of offsite
power, both EDGs, the combustion turbine, and the loss of
one battery bank, a RDS bleed path can be established. Each
DC load group, as stated in CESSAR-DC Section 8,3.2.1.2.1.1,
is provided with a separate and independent 125 volt battery
charger. The battery chargers are nowered from Division I
and I1 of the Class 1E Auxiliary Power Systems. Normally,
each battery charger supplies the loads to its associated
distribution center while maintaining a float charge on its
associated battery. The Class 1E DC loads have an operating
voltage range of 105 to 140 volts. The minimum battery
discharge voltage is 105 volts. As stated in CESSAR-DC
Section 8.3.2.1.2.1.2 each battery is sized to supply the
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continuous emergency load of its own load group for a period
of 4 hours.

In addition, the batteries provide a station blackout coping
capability which, assuming manual load shedding or the use
of load management programs, exceeds 4 hours and, as a
minimum, permits operating the instrumentation and control
loads associated with the turbine-driven emergency feedwater
pumps for 2 hours.

As stated in CES8SAR~DC Section 8.3.1.1.2.2 the 480 volt
Class 1E Auxiliary Power System receives its power from the
4160 Volt Class 1E Auxiliary Power System. Further, as
stated in CESSAR-DC Sect'on 8,3.1.1.2.1, on a loss of normal
power, emergency power is provided to each of the redundant
4160 volt Class 1E Auxiliary Power System Divisions by two
(one per division) separate and completely independent
emergency diesel generators (EDGs). In the event a diesel
generator is out of service or fails, the Alternate AC
Source can be aligned to provide emergency power to either
Clase 1E Auxiliary Power System Division.

Typical loads carried by the Class 1E DC Vital Power System
are given in CESSAR-DC Table 8.3.2-4, Generally, the
batteries are supplied with a float charge by their
respective battery chargers and do not carry any loads.
However, a description of loads that might be carried by the
batteries during a station blackout are also listed in Table
8.3'2-‘.

Pattery Availability

Battery availability procedures/provisions will be such that
during a station blackout manual load shedding will be used
in conjunc.ion with load management programs to extend
battery life. Further, procedures/provisions will consider
the effect of battery depletion on the operability or the
RDS valves.

External Power Source

Normally, the batteries are always available to provide
power to the RDS valves. In the unlikely event of a station
blackout in conjunction with a TLOFW, the Alternate AC
Source (combustion turbine) can be manually aligned to
provide power to one permanent non-safety bus and one safety
bus. This will then provide power to the 480 velt Class 1E
Auxiliary Power System, which, will in turn, provide power
to one set of batteries through their respective battery
chargers. The batteries provide a standby power source to
operate the RDS valves., If 2 station blackout and a TLOFW
occurred simultaneously, the batteries would be required to
provide power for approximately the first ten minutes in
order to operate the RDS valves. This will allow the




Alternate AC Source to come up to power and be manually
aligned to the appropriate safety bus to provide power to
one train of RDS valves.

Bzuton 80+ does not need sources of motive power to operate
the RDS valves other than those described in CESSAR-DC.

Unavailability

In the PRA evaluation of high pressure sequences, the
failure of the operator to open the RDS valves before
battery depletion was treated as a failure to depressurize
as stated in sub-sections of CESSAR-DC Appendix B dealing
with high pressure sequences.
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QUESTION 722,16

Please provide an assessment of the influence of containment
pressure on the operability of the reactor depressurization
valves. Discuss whether the valves are subject to reclosing
upon high containment pressure, or battery depletion,
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RESPONBE TO 722,16

As described in CESSAR-DC Section 6.7.2.2.2 the Rapid
Depressurization System (RDS) valves are motor-operated. The
operators are sized for the maximum expected differential
pressure across the valve, Therefore, the valves are
doairnod to operate under the expected range of containment
conditions.

For the "beyond design basis" event of a Total loss of
Feedwater, the RDS valves will not be subject to reclosing
on high containment pressure. Containment pressure is not
expected to be significantly affected during RDS operation
gsince the RDS flow discharges directly to a sparger network
in the In-Containment Refueling Water Storage Tank (IRWST)
and not the containment atmosphere. The IRWST {s designed
with the capability of condensing the 'S flow. The IRWST in
cocled by the 8CS or the C88 heat exchangers during flow
from the RDS.

The RLS valves will not be subject to automatic reclosing
upon battery depletion because the valves fail sc-is. The
RDS valves are powered frowm an ex.remely reliable set of
power sources. Loss of all motive power is nut considered a
credible event. As described in the response to RAI 722.1%
the batteries provide a standby power source to the RDS
valves. Normally, the RDS valves are powered from the DC
bugs, The DC bus is supplied power from the 480 volt Class 1E
Auxiliary Power System which (oceives its power from the
4160 volt Class 1E Auxiliary Power Syatem. Upon a loss of
normal power, the 4160 volt Class 1E Auxillary Power Systen
receives power from the Emergency Diesel Generators vhich,
in turn, provide power to the 480 volt Class 1E Auxiliary
Power System which provides power to the 0DC bus through
battery chargers.

During a station blackout and a total loss of feedwater
event the batteries will be required to provide power to the
RDS valves for approximetely the first ten minutes of the
event. This will allow time for the Alternate AC Source to
come up to speed and be manually aligned to provide power to
one 4160 volt Class 1E Auxiliary Power System, which through
the above distribution system, provides power to the DC bus
and charges the batteries,
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Question 722.17

The System 80+ containment 1s substantially different from the
contaimments considered in the NUREG-1150 study in terms of shaﬂc
materials and design pressures. Yet, the uncertainty distribution for the
containment strength of the System B0+ design was obtained by fitting to
the distributions developed in the NUREG-1150 study. Experience in
containment overpressure evaluations on several containments shows that
pressure capacities and failure wodes are very plant specific. In this
regard, please justify the applicability of containment ultimate pressure
capacity estimates and uncertainty distributions for the NUREG-1150 plants
go %he System 80+ design considering the radically different containment
esigns.

Response 722,17

A distribution of containment failure probability versus containment
pressure, the uncertainty distribution for containment strength, is needed
for the level 2 PRA analyses. At the time of the analyses, the System B0+
containment design pressure and ultimate capacity had been established,
but there was not sufficient design detail to determine the plant specific
uncertainty distribution for containment strength. An examination of the
various uncertainty distributions for containment strength developed in
the NUREG-1150 study indicated that the distributional shapes were
reasonably similar despite the containment design diiferences. It was
assumed that a curve fit to these distributions and normalized to the
calculated ultimate capacity for the System B0+ containment would provide
a reasonable estimate of the uncertainty distribution for the System 804
containment strength. A least squares fit curve was developed to obtain
the best possible fit to all of the NUREG-1150 curves., This fitted curve
was constrained to yield u failure probability of 50% at the ultimate
capacity pressure. Thig is consistent with the definition of the code
calculated ultimate capacity., Because containments are pressure tested to
the full design pressure, it was assumed that the probability of
containment failure at or below the design pressure was 0. Therefore, the
fitted curve was further constrained to yield a failure probability of 0
at the design pressure, It is agreed that containment pressure
capacities and failure modes are plant specific. The uncertainty
distribution for the System 80+ containment will be confirmed during the
detailed design phase as part of the Reliability Assurance Program.




-----

Question 722.18

Describe the structural analyses performed to assess the
potential for failure of equipment hatches, personnel
airlocks, electrical and piping penetration sesemblies,
and seals. Provide an estimate of the pressure capacity
for each of these components,

Response 722.18

Personnel airlocks, equipment hatches, electrical and
piping penetration assemblies and seals are items that
will be provided by equipment vendors via procurement
design specifications. The design for these items will
be specified such that the structural performance meets
or exceeds that of the steel containment vessel. The
specifications will outline the details for structural
design and manufacture using design information for the
reguired pressure capacity when this information is more
defined, i.e., detailed design stage.




TIUN 7

Discuss how the effect of temperature in the containment during severe
accidents was accounted for in the evaluation of ultimate pressure capacity for
the containment boundary and key penetrations. Provide justification for not
sddressing temperature induced fallure in the PRA.

RESPONSE 122.19

The effect of temperature in the ultimate capacity analysis was accounted for
by determining the containment material properties, i1.e., yleld strength,
modulus of elasticity, etc., for the SA 537 Class 2 steel vessel at the design
temperature of 290 degree F. C-E is currently updating the System B0+ PRA,
This revised PRA would employ containment ultimate pressure capacity that is
calculated on the basis of containment temperatures realized during severe
accident scenarios tc quantify the containment failure times and fission
product elease fractions,



Question 722.20

The mathematical procedure used to fit the NUREG-1150 data is not a
rigorous least squares fitting of data in that the parameters ir equations
§.2-8 and 5.2-9 were adjusted to fit the presumed distribution (i.e., the
median and zero probability point), separately from the least fitting
procedure. Please comment on this.

Response 722.20
See the response to Question 722.17.

Question 722.21

Please describe the technical basis for assumptions in the PRA concerning
the 1ikely locations of containment failure, and associated containment
leak areas. Discuss whether the probability of the various failure
locations/areas would realistic~ily be dependent on containment challenge
(e.g. rapid wversus gradu»® overpressurization). Discuss how &
catastrophic failure of %« SCV will be avoided when the .nternal pressure
approaches the ultimate capacity.

Response 722.21

C~E concurs that the probability of the various failure locations/areas is
to an extent dependent on the type of containment challenge. Failure
locations and areas are also dependent on the specific as procured details
of the containment penetrations. This information will not be available
until the detailed design phase. For the System 80+ PRA at this stage,
very conservative assumptios were made regarding the specific location of
containment failures, For overpressure failures, the failure was
considered to be catastrophic, and leak size of several square feet was
assumed. With the exception of the interfacing systems LOCA, all
failures were assumed to occur directly to the atmosphere with no
deposition of the fission products. When making CRAC2 runs to determine
doses at 0.5 miles, high pressure releases were assumed to occur at the
top of containment and low pressure releases were assumed to occur ot
ground level. The primary reason for this is that these are the only two
release locations permitted by CRAC2. A more extensive evaluaticn of
containment failure modes and locations will be included in the PRA as it
is updated during the detailed design,
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ATTACHMENT 1

LISTING OF MAAP PARAMETER FILE FOR THE SYSTEM 80+ DESIGN

THE FOLLOWING 16 PAGES CONTAIN COMBUSIION ENGINEERING
PROPRIETARY INFORMATION



ATTACHMENT 2

LISTING OF CASE DATA FILE FOR REPRESENTATIVE ACCIDENT SCENARIOS

THE FOLLOWING 1) PAGES CONTAIN COMBUSTION ENCINFZRING PROPRIETARY
INFORMATION



ATTACHMENT 3

MAAP OUTPUT FOR REPRESENTATIVE ACCIDENT SCENARIOS
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QUESTION 722.23

Describe the version/revision of the MAAP code used for the containment and
source term analyses, and how this version differs from MAAP3. 0B, Rev. 7.0,
Discuss any changes to the code/deck to accommodate the specific geometry of
the CE system 80+ containment or to provide CE specific constitutive equations,
Also identify major input assumptions regarding modelling of the NRC/IDCOR
phenomenological issues, such as in-vessel flow blockage due to cladding
relocation, hydrogen recombination in the reactor cavity, and debris
coolability in the reactor cavity.

RESPONSE 722.23

Most of the severe accident deterministic analyses in support of the System 80+
PRA effort were performed using MAAP3.0B, Revision 16. In some of the early
calculations Revision 11 was used, however, for each of these cases a
benchmark Revision 16 calculation was also performed to validate the results.
On January 31, 1991 Fauske and Associates issued Revision 17 of MAAP3.0B

(CE assumes that "Rev., 7.0" in the above question was a typographical

error, meant to read "Revision 17") to the MAAP Users Group members. There
were many changes made in Revision 17 relative to Revision 16. These included
enhanced core modeling, mid-loop operation modeling, better 1/0 capability,
more efficient numerical calculations, and many engineered safety features
mode| upgrades. Reference 1 (attached) provides brief descriptions of these
changes/enhancements.

The computer data file that represents CE's System 80+ design contains

fully integrated flexible models for simulating all essential features of

the system containment design as well as the engineered saftety features
systems. This includes the capability to model the in-containment refueling
water storage tank (IRWST), the cavity flooding system, and the safety
deprescurization system (SDS). The IRWST model! is implemented using the guench
tank model of MAAP3.0B, Revision 16 as a starting point. Additional modeling
changes were made as necessary to model the cavity flooding system, the lower
compartment, and the holdup volume. The SDS valves were modelled using the
PORV mode! of MAAP3.0B, Revision 16 and by modifying the relevant input to
reflect the design and operation of the SDS valves.

Reference 1. Letter to MAAP Users Group Members from M. Plys, Fauske &
Associates, January 31, 1991.
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Fauske & Associetes, Inc.

January 31, 1991

MAAP Usere Group Members

Marein Plys, FA1 T

Release of MAAP 3.0B BWR Kevision 7 and PWR Revision 17

FAY is pleased to announce the release of the new revisions of MAAP
3.0B to MAAP Users Group Members, We received approval from Ed Fulle:r o f
EPRI on Jaraary 17. His approval was based on code performance for sample
problems rua in both single and double precision on VAX, 386 PC, and special
purpose CPUs. Since that time, a fewv last wminute bugs were repaired,
Quality Assuraunce was completed, and voluminous documentation was assembled.

Accompanying this merorandum are the new MAAP aoftvuko. a description
of the software transmittal format, and new code documentation as explained
below,

We have created a documenuacion package for each code that explains the
contents of the new revisions. You will find a summary of major updates,
detailed descriptions of major new models plled from QA documentation that
sumparize individual code changes, a list of new parameter file inputs,
exanples of new input decks, and a 1list of all subroutines changed in these
revisions, and station blackout sample problem plots. We anticipate that
this level of documentation will be more than adequate for QA requirements
of most MUC members. Note that we cannot send out our entire QA document on
each code becouse each one (s about 4 times larger than the abridged ver-
sions you received.

Sample problems for the new revisions differ from the old sample
problems because the blockage model is turned off by default. Therefore,
expect more in-vessel hydrogen with the unew sample parameter file.
Generally speaking, code performance is not significanrly different for
these new revisions compared to the old revisions. However, users should
check for differences in results that may be caused by threshold criteria.
For example, check sequences for which pressures or temperatures reached
transient levels near failure levels to ensure that results are unchanged.
In pgeneral, output should be scrutinized for these kinds of events and
sensitivity studies should be made whenever fallure thresholds are ap-
proached. We found that selection of the no blockage option for the BWR
blackout sample problem can result in transient drywell pressure near the
old assumed failure level immediately following vessel failure, and this
provides a good example to all users concerning threshold sensitivity be-
havior

16W070 West B3rd Street « Burr Ridge, llinois 60521 « (708) 323-8750
Telotax (708) 986-5481
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Numerical performance for the PWR code is better than ever. However,
nuserical performance for the BWR code is nov somewhat poorer. This is due
to the new core model and is compounded by the use of the no blockage op-
tion. FAl s investigating BWR code numerical performance. Despite this
shortcoming, the essential character of BWR code results is unchanged, and
judgements concerning the risk significance of sequences or mitigative
actions are unaffected. Since results for major event times are usually
within the 3% acceptance criterion, EPRI and FAl have judged the codes
acceptable for release.

In the new code revisions, there are new and revised parameter file
entries and there is an upgrade to 1/0 for the parameter file and Iinput
deck. You can use the previous 1/0 features except that you must use the
new plotting format (see *PLTMAP in the parameter file). You will only need
to change or add a small number of parameter file entries to run these new
code versions. However, you will need to change or add more parameter file
entries to use nev model features, such as the ESF upgrades and FWR half
loop operation.

Major model additions include the eng.neered safety feature upgrades,
an improved BWR HEATUP model, PWR changes for half loop operation, upgraded
PWR numerical performance, and enhanced 1/0 for the parameter file and input
decks, including upgrades to the user defined event codes. ESF upgrades are
those approved at the June 1990 MUG meeting plus extra modifications agreed
upon during the November steering committee meeting. The BWR HEATUY model
new includes control blade motion separate from fuel motion. PWR half-loop
operation modifications go beyond the proposed scope to include separate
mass fractions for hydrogen and air in all primary system nodes.

Enhanced I1/0 allows definition of automatic operator actions that occur
when event codes (essentially any desired intervention condition) change
state. Since event codes are monitored continuously and che actions are
automatic, you may in effect look for intervention conditions in parallel
with this new change. As an example, suppose you wish to open a relief
valve when the water level reaches a certain low threshold, and you want to
turn on containment sprays when the teamperature reaches a certain high
threshold, but you do not know in advance which condition will be reached
first, Simply create a user defined event code for each intervention condi-
tion, and create an automatic action corresponding to each. Each action
will be taken when its condition is reached regaruless of order. Order may
be established by making one intervention condition contingent upon previous
occurrance of another.

The mass and energy balance output developed for the MELCOR/MAAP com-
parison are not yet completely installed. They are not provided with the
PWR code, and they are overridden by default in tue BWR code, We will
provided fully debugged mass and energy balances in future wminor code revi-
sions.

PC users may need a modified INPUT]1 subroutine to open files. We have
included our version ¢f this file for PC's. We encourage PC users to inform
us of PC difficulties and theilr resolution so that other MUG uwmembers wmay
benefit from the ewperience and to identify simple remedies in future code
releases

T R R i AT e e e T
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FAT will transmit revised MAAP Users Manual and Users Cuide sections
through MAAP RAAP,

Please contact Barbara Schlenger if you have any difficulzies install-
ing the new revisions or require clarification of the new code input or
models.



Question 722.24
In Section 2 of the Ct System 80+ PRA it is stated that:

- a full recovery analysis was performed for each core damage sequence
with point estimate frequency greater than 1.E-i2,

- each core damage sequence with mean frequency greater than 1.E-11
was linked to containment safeguards states to generate a set of
plant accident sequences,

- each plant damage state (PDS) contribution whose frequency was
greater than 1.E-10 was reviewed ' fidentify the dominant PDS for
each release class,

Please describe the rationale for se:« ring each of these screening
thresholds. Specifically address what .as done with the frequency
associated with sequences below the noted threshold value at each
successive step of the analysis, and what was done with those sequences
whose release category frequency was less than 1.E-10.

Response 722.24

The basic criterion for determining which sequences would be subject to
recovery analysis was that all major sequences would be subject to
recovery analysis. The original numerical threshold was set to be
approximately 3 orders of magnitude below the point estimate for total
core damage frequency, or about 1.E-10, Several interesting sequences
with frequencies less than 1.E-10 were found, so the threshold value was
reduced so that these sequences would be included. A1l sequences, both
recovered and unrccovered, were used to calculate the final total core
damage frequency.

In selecting sequences to 1ink with the containment safeguards states, the
‘ntent was to account for at least 99% of the core damage frequency while
wnimizing the number of sequences that had to be linked with containment
sateguards states because of the multiplicative effect. Originally a
threshold value of 1.0E-11 was arbitrarily established. After a
preliminary screening, it was determined that if a threshold value of
1.0E-10 was used, more than 99% of the core damage frequency would be
covered while reducing the number of sequences that had to be dealt with
by 20%. (Note: the threshold value of 1.GE-11 on page 2-17 should be
changed to 1.0£-10.) The sequences with freguencies below the 1.0£-10
threshold were not propagated further in the analysis. This affected much
less than 1% of the total core damage frequency.

The third threshold value was established for release class filtering. On
page 2-18 of the PRA report, the statement reads "To do this, the row
vector of PDS contributions fur each release class whose frequency of
occurrence was greater thian or equal to 1.0£-10/reactor year was reviewed
...". The objective of setting this threshold value was to reduce the
number of release ciasses for which CRAC2 runs were to be made while
covering at least 99% of the total releases. One additional criterion
used to establish this value was that each major containment failure mode



would include at least ene release class for which a CRACZ run was made.
The threshold value was set at 1.00-10 so that tarly Containment Faflure
would be covered by at least one CRACZ run. Release classes below the
threshold value were excluded from further analysis. Less than 1% of the
total releases were thus excluded.



Question 722,28

Clarify the apparent inconsistency between the statement on page 2-17 that
"each core duna‘e sequence with a mean probability greater than or equal
to L.E<11 was linked to the set of containment safeguards states to
gnn.ratn a set of plant accident sequences.” and the statement on page 9-

1 that "only core damage sequences with an occurrence frequency of 1.£-10
or qt’ater‘ were propagated through the containment safeguards event
tree.*.

Response 722.2%

As discuzsed in the response to Question 722.24, 1.0f-11 was the
preliminary value set for the screening threshold. This value was latter
revised to the 1.00-10 value. The value provided on page 2-17 will be
changed to reflect the actual screening value of 1.0(-10,

Question 722.26

It appears that core damage sequences with an occurrence frequency of 1.[.
10 or smaller were truncated when mapped to plant accident sequences.
Please provide an assessment of the total core damage frequency that is
thus ignored, and what fraction of the overall core damage frequency this
represents.  Discuss the effect on the CCFP when these sequences are
1nclu?ed (particularly in view of the fact that the calculated CCFP is
0.099).

Response 722.26

The total core damage frequency ignored due to truncation is 5.39£-10.
This is less than 0.03% of the total core damage frequency. Since the
truncated core damage frequency is so low, it would have no impact on the
calculated CCFP,



Question 722.27

The largest accident sequence frequencies reported in Table 9.1-6 are
a:proxlnmtol 1.E-8. Thus, propagation of core damage sequences greater
than 1.£-10 through the containment safeguards event tree would appear to
rovide for retention of approximately 99% of the core damage frequency.
owever, the sequence frequencies entering the CSETs already reflect
credit for operator recovery actions. fFrom inspection of Tables 5-6 and
5-7, these actions typically reduce the sequence frequency by 3 to 4
orders of magnitude (human error probabilitias of 1.6-3 to 1.6-4). As a
result, sequences with a frequency of 1.£-6 to 1.E-7 before recovery
(which would otherwise be dominant) would not be captured in the analysis,
and any sugrorttng sensitivity analyses, In order to reflect all
potentially important sequences for subsequent treatment in sensitivity
and uncertainty analyses, pleawe provide a supplementary analysis of PDS
frequencies (including revised Tables 9.1-5 through 9.1-9) assuming either
a lower screening threshold or no credit for operator recovery action,

Response 722.27

As stated in the response to Question 722.26, the truncated sequences
accounted for a total core damage frequency of only 5.40-10, less than
0.03% of the total core damage frequency. Therefore, C-E does not believe
that updating Tables 9.1-5 through 9.1-9 to include these sequences would
provide any additional meaningful information or insights.
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Question 722.28

Please provide details on how the frequencies of “Plant Accident
Sequerces® in Tables 9.1-5, 9.1-6, and 9.1-7 were obtained from the *Core
Damage Sequences*, Specifically, provide a table showing the branch split
fractions of the CSET of figure 9.1-1 for each core damage sequence,

Response 722.28

The CSET in Figure 9.1-1 has six subsequences, each defined by specific
set of faulted and unfaulted systems. Likewise, each core damage sequence
is uniquely defined by a set of faulted and unfaulted systems as
determined from the appropriate event tree. The “Plant Accident
Sequences” presented in tables 9.1-5, 9.1-6, and 9.1-7 were developed by
appending the definitions of the CSET subsequences to the definition of
each core damage sequence, thus producing a possible six "Plant Accident
Sequences” for each core damage sequence. This process was performed
using the IRRAS 2.0 Beta Draft sequence definition module. These Plant
Accident Sequences were then solved using the TRRAS 2.0 Beta Draft event
sequence solution module in exactly the same way that the core damage
sequences were so'ved. Only those Plant Accident Sequences with a
frequency of greater than or equal to 1.06-10 are presented in tables 9.1~
5, 9.1-6, and 9.1-7. A table of split fractions of the CSET for each core
damage sequence is not provided because split fractions were not developed
and wer2 not used. A1l Plant Accident Sequences were solved using full
fault tree linking as described above.
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Question 722,29

Please describe the rationale for selecting the pressure ranges presented
in Table 9.1-1. For example, are they an outgrowth of accumulator
discharge pressure?

Response 722,29

T R | | e ——

The pressure ranges presented in Table 9.1-1 are essentially a
quantitative representation of a qualitative statement rqfardlnm the
susceptibility to a DCH event. Low pressure events, such as large LOCAs,
are not susceptible to DCH. MHigh pressure events such as those typified
by discharges through a cycling relief valve have a high susceptibility to
DCH, and medium pressure events, su~h as small LOCAs or SGIRs, have a
moderate susceptibility to DCH. A review of tha Chapter 6 and 15 analyses
for small LOCAs and SGTRs indicated that this type of event might have
pressures in approximately the 1200 psia range at the onset of core
damage. This value was established as the upper bound for the medium
pressure range. The lowor bound for the medium pressure range was
established based on the capability of the safety depressurization valves

The design intent of the safety depressurization system was that a high
pressure sequence could be reduced to a low pressure sequence by opening
both valves. Analyses demonstrated that with both valves open RC!
pressures in the range of 400 psia or less could be reached with in an
approgriate time frame. With only one valve open, the RCS pressure would
be greater than 400 psia but less than 1200 psia. Thus, 400 psia was
established as the upper bound of the low pressure sequences or the lower
bound of the medium pressure sequences.



Question 722,30

Low pressure plant damage states are defined to have pressures less than
400 psia, and in the PRA do not contribute Lo direct containment heating
(DCH) .  However, in Section 9.2.2.6.1, direct heating is sald tu be a
problem for reactor system pressures as low as 250 psia. Thus, a sequence
with a pressure of 350 psia would be assigned to a low pressure plant
damaoe state but would stil) pose a threat for direct containment heating.
Please address the apparent discrepancy between the pressure ranges used
to define low pressure plant damage states and the threat of DCH, and the
:i ?1ficance of this discrepancy on the resuits for ecrly containment
atlure.

Response 722.30

In the early stages of the System 80+ level 2 analyses, a preliminary
value of 250 psia was used as the break point between low and medium
pressure sequences. This value was later changed to 400 psia, The 250
psia value in the text in section 9.2.2.6.1 should be 400 psia. This
error will be corrected in the updated PRA Report. (See the response to
Question 722.29 also,)

Question 722.31

Section 9.1,2.2 states that the second PDS parameter is "RCS pressure at
vessel fatlure", and 1ists PDSs with medium or high RCS pressure at vessel
fatlure in Table 9.1-8. The<e include PDSs 53 through 115, Yowever, in
Section 9.2.2.6.1, credit is taken for depressurizing these sequences is
taken. Please clarify this apparent inconsistency. 1s the second PDS
parameter actually “RCS pressure at core damage"?

Response 722.31

The second PDS parameter is intended to represent RCS pressure at core
damage as suggested, C(-E is currently updating the System 80+ PRA and
will correct the text in section 9,1.2.2.




Question 722,32

Core melt timing is not used for the definition of *plant Damage States*
since 1t 1s argued that it primarily affects warning time. However, core
melt timing is an important parameter in determining the time |vaila‘10 to
implement sctions to prevent core damage and to mitigate core damage in-
vessel. It also appears to be an important parameter for CET top event
CFM3 (failure before core melt prevented). Please provide additional
Justification for not explicitly addressing core melt timing in the PRA,
and explain further how time available for operator recovery was handled
in view of the approach taken.

Response 722.32

A description of how operator recovery for core damage mitigation is
rovided on pages 2-13 and 2-14 in Section 2.5 of the System 80+ PRA
eport, DCTR-RS-02, Rev. 0, January, 1991. The time from the initiating

event urtil the onset of core damagc was assessed in order Lo determine

the amount of time available for an operator to perform a recovery action

Lo prevent core damage. In-vessel mitigation of core damage was not

credited at all in the System B0+ PRA. The CET top event, CFM3, was
included to address a specific set of accident sequences. These sequences
involve a primary system breach with successful inventory and core heat

removal control, but with failure to remove decay heat by cooling the
containment. For these sequences, it was assumed that if containment heat
removal was not restored, the containment would eventually fail or
overpressure. It was further assumed that on containment failure, the
safety injection pumps would trip and core damage would occur shortly
thereafter. Again, core mell timing was not a critical issue. The PDS
parameters were selected based on their perceived importance to the
progression of the severe accident following the onset of core damage.

The time of core damage has a limited effect on the progression of the

severe accident following the onset of core damage. Therefore, C-f

believes that core damage timing was adequately treated in the Tevel 1 PRA

analyses and that it need not be treated as a primary Plant Damage State

(PDS) parameter.

Question 722.33

Re:p

Explain why the status of containment isolation is not treated as a plant
damage state parameter. Since top event question CFM3 handles only those
cases where containment failed before core damage due to loss of
containment cooling, describe how other containment failures before vessel
failure were handled (such as containment penetration failure in seismic
events or pre-existing containment leakage).

onse 722.33

for the System 80+ PRA, it was decided to treat containment isolation
failure as an independent event and address it directly in the containment
event tree (see top event CFMZ on figure 9.2-1). The treatment of
containment isolation failures is discussed in Sections 9.2.1.).3 and
9.2.2.4 of the System 80+ PRA Report, DCTR-RS-02, Rev. 0, January, 1991,



Question 722.34

For the sequences whose release point is outside containment, such as a
bypass se ce, in-vessel accideat progression should not be
significantly affected by whether the cav &i is dry or wet since
essentially the same amount of water is available for core cooling (if
some of the IRWST water 1s used to fluod the cavity before vessel failure,
the vessel failure would actually occur somewhat earlier). Accident
progression following vessel failure, however, would be influenced by the
avallability of water in the cavity. Please discuss the rationale for not
including a POS parameter combination deletion rule (in Table 9.1-2) which
would further simplify the initial plant damage states by combining those
PDSs with releases outside containment and unt/drg cavity conditions
(e.g., POs 13 and 15, and 14 and 16 in Table 9 1-3). In this regard
please describe the difference in how PDS 14 and 16 were handled in the
containment event tree analysis, and whether their containment failure
modes were different (Table 9.2-18).

Response 722,34

The PDS parameter combination deletion rules were established to delete
physically impossible combinations or combinations that would not
influence the progression of the severe accident or the releases. As
stated in the question, accident progression following vessel failure
would be influenced by the availability of water in the cavity. In the
case of the PDSs with releases outside containment, the primary effect is
on the nature of the releases. With the cavity dry, isotopic releases
associated with concrete ablation would occur whereas with the cavity wet,
there would be a difference in the type of radioisotopes released. The
treatment of PDSs 14 and 16 is described throughout section 9.2 of the
System 80+ PRA Report, DCIR-RS-02, Rev. 0, January, 1991. For both PDS 14
and PDS 16, containment failure occurred prior to core damage. For PDS
14, containment failed on overpressure prior to core damage due to loss of
containment heat removal while PDS 16 involved a containment bypass due to
an interfacing system LOCA (see Table 9.1-8),

Question 722,35

Plant Damage State parameter deletion rule #3 would preclude interfacing
LOCAs with a bhreak area greater than 0.5 square feet. Provide the
Justification for excluding breaks in piping systems greater than this
area, as well as multiple pipe breaks induced by seismic events.

Response 722.1%5

Plant Damage State parameter deletion rule #3 was based on the assumption
that the largest line for an interfacing LOCA was a 10 inch line. This
includes all lines except the RHR suction lines which use 16 inch pipe.
C-E is currently updating the System 80+ PRA. Plant Damage State
parameter deletion rule #3 will be revised and the PDSs will be re-
evaluated, This change is not expected Lo affect the results.



Question 722,36

The reactor cavity is defined to be wet {f containment srra‘ is available
Section 9.1.2.7), yet in the list of initial PDSs (Table 9.1-3) several
amage states exist in which sprays are available and the cavity is dry,

Please explain this discrepancy. Does “"spray available® 1uplzbt at spray

has always been actuated and is operating? Why is there no PDS deletion

rule to address this situation?

Response 722.36

Just prior to completion of the System 80+ PRA, the Cavity Flood System
design was changed such that when the Containment spray system was
operating, a portion of the spray runoff into the holdup volume would be
diverted into the cavity. This design change was factored into the level
2 analyses. However, several of the initial PDSs in Table 9.1-3 were not
corrected, and no specitic PDS deletion rule created for the situation,
Since then, the Cavity flood System design has changed again. CE is
currently updating the System 80+ PRA and will correct the PDSs listed in
Table 9.1-3 to reflect the final Cavity Flood System design. (see 722.9)

Question 722,37

Please identify the POSs that invelve containment failure due te a failure
of containment heat removal capacity. Indicate what percentage of these
PDSs are initiated by earthquakes. Ildentify and discuss any plant
feature, considered by C-f to prevent some of these PDSs.

Response 722 .37

PDSs 14, 24, 25, 67, 131, and 133 involve containment failure due to
failure of containment heat removal. These POSs have a total frequency of
2.24t-09, These PDSs do not include any seismic sequences. C-E has, in
conjunction with EPRI ALWR Utility Requirements Document efforts,
considered containment vents and external containment sprays as potential
ways to prevent these PDSs. Containment vents were not included because
| of utility concerns for adverse public reaction. An external containment
spray system was not included in the design because it has not been
| established that such a system would be able to remove sufficient
containment heat to be of benefit. C-E is preparing a Severe Accident
Mitigation Design Alternatives (SAMDA) evaluation Report for submittal in
March. This raport discusses the cost-benefit evaluation of these and
other SAMDAs in more detail.




Question 722.38

Please explain how Branches C and D are possible or necessary in the CSET,
f.e., how the containment heat removal 1s available when containment spray
is not available. Please provide some examples (Table 9.1-5 does not show
ny sequences with these designations.).

Response 722,38

Containment cooling can bv. achieved by cooling the IRMST inventory using
the RHR puvs and heat exchangers. Given that the containment spray
system has failed in certain ways, it is possible that containment cooling
via this path would still be available. Table 9.1-5 does not contain any
examples of C or D sequences because all C and D sequences had frequencies
of less than 1.E£-10,

Question 722,39

Discuss why there is not a corresponding £ sequence for every F sequence
in Table 9.1-5 (e.g., no LOFW-9E, no TOTH-9E, no ISL-9F), and a
corresponding F sequence for every non-LOCA E sequence.

Response 722.39

There 1s not a corresponding t sequence for every F sequence nor a
corresponding F sequence for every non-LOCA £ sequence in Table 9.1-5
because these missing £ or F sequences had frequencies less than 1.£-10.

Question 722.40

Discuss why there is not a corresponding B sequence for every A sequence
it Table 9.1-5 (only two B sequences are shown in Table 9.1-5) Is this
because frequencies of most B sequences are below 1.£-107 (e.g. ATWS-268)

Response 722.40

There is not a corresponding B sequence for every A sequence ir Table 9.1-
5 because most of the B sequences had frequencies less than 1.£-10. A “B*
sequence is defined as a sequence in which containment spray is working
but containment heat removal is not available. By definition, the
containment spray system is working. Thus, power and component cooling
water (CCW) are available. The only way that containment heat removal
could be Tost, given that the Containment Spray System is operating, is if
the valves controlling ccw flow through the heat exchanger are all failed,
This 15 a low probability sequence,



Question 722.41

Each release class in the PRA was characterized by a representative
sequence corresponding to the highest frequency CLT end states. Please
discuss the review performed to ascertainr that the sequences selected
represent the bounding or most conservative conditions for release.

Response 722.41

The POSs chosen to represent each release class were chosen primarily
based on frequency. 1he next higher PDSs were reviewed to determine,
based on engineering judgement, if there was any outstanding indication or
reason to believe that they might have larger or more energetic releases
than the selected PDS.

Question 722 .42

Please explain why further separation of Release Classes (RC) 1.1 through
1.8 are necessary. Specifically address why the top events S1C7 and SiC9
are re'evant for CFM1 (containment bypass sequences), when the only
relevant question here appears to be SICI0 and thus RCs 1.7 and 1.8,
(Your results show one entry each for classes 1.4 and 1.7, and none for
the rest of these classes.)

Response 722.42

The CET was developed prior to propagating PDSs through it. Branch points
were excluded only if they were deemed tu be physically impossible or
would not influence the containment failure mode or the type of release.
Top event STC7 addresses the potential for vaporization releases which are
primarily affected by whether or not the cavity is flooded. There is no
physical reason the cavity would not be flooded for a ¢ ntainment bypass
sequence. Thus, STC7 is a wvalid question for containment bypass
sequences. S51CY9 addresses the potential for reduction of the fission
product content of a release via the scrubbing effect uof containment
sprays. Further review of the bypass sequences indicates that the
operability of the containment spray would have little impact on the
releases for bypass sequences beceuse of the primary release paths. C-f
is currently updating the System 80+ PRA. The CET will be revised to
reflect this change,



Question 722.43

Clarify whether top event STC10 is relevant for isolation fatlure. If so,
explain why there are no entries in RCs 2.1, 2.3, and 2.7 in Table 9.2-22.
We would expect that the PRA would have identified some containment
isolation failure sequences which release to the auxiliary building.

zlo:sc discuss and justify the lack of such sequences for the System 80+
esign,

Response 722.43

As discussed in the resmonse to Question 722.42, during the development of
the CET, Branch points were deleted only if they were physically
impossible or did not affect the containment failure mode or nature of the
potential releases. Question STCI0 is a valid question for release class
2. In the System 80+ PRA, a single probability for isolation failure was
applied for all initiators, Containment isolation failures were not
investigated individually, so specific isolation failure locations are not
identified, As discussed ir Section 9.2.2.12 of the System 80+ PRA
report, DCTR-RS-02, Rev. 0, January, 1991, top event STCI10 was primarily
used to determined whether there was a potential for attenuation of the
releases due to passage through extensive portions of the auxiliary
building. In the analysis, it was assumed that this would occur only for
the interfacing system LOCA. Because the specific locations of the
isolation failures were not known, it was conservatively assumed that
these failures would all occur in a location that would not result in
significant attenuation of the releases. Thus, STC10 was answered “no"
for all isolation failures. C-f is currently updating the System 80+ PRA,
This update will include a more detailed evaluation of isolation failures.
The CET and the propagation of POSs through the CET will be revised as
needed.

Question 72Z.44

Clarify whether top event CFM2 is the same for internal and seismic
events, and whether CFM2 includes sequences with isolation failure due to
seismic events,

Response 722.44

CFM2 15 the same for both internal and seismic events, CFM2 does not
include sequences with isolation failure due to seismic events. It was
assumed that there would be no significant increase in isolation failure
due to seismic events because the containment is well embedded in the
concrete of the auxiliary building and they both have a common basemat.




Question 722.45

op events CFM2 and CFM3 both appear to represent sequences where
containment fails before vessel failure. Please explain the difference
between these two events , and whether CFM2 is actually a subset of CFM3.
Discuss whether CFM3 includes containment failure due to ATWS, or only
inc:?dot containment failures due to long term loss of containment
cooling.

Response 722.4%5

Top event CFM3 represents a “catastrophic® containment failure on
overpressure occurring prior to the onset of core damage specifically as
a result of loss of long term containment heat removal. CFM2 represents
a failure of containment isolation such as a failure of a valve or hatch
or as a result of penetration leakage regardless of the core damage
initiator, CFM3 pertains to all sequences in which core damage occurs as
a direct result of loss of long-term containment heat removal regardless
of the transient initiator. ere 1s no ATNS sequence other than a loss
of long-term containment heat removal that leads to containment failure
prior to core damage.

Question 722.46

Describe how COF is calculated for sequences which are caused by loss of
containment cooling (i.e., those sequences where the top event CFM3 is
relevant). 1Is loss of containment cooling always assumed to result in
the core damage in these sequences?.

Response 722.46

Sequences involving containment failure prior to core damage due to the
loss of long-term containment heat removal are always assumed to result in
core damage. The CDFs for these sequences were calculated using fault
tree linking for the fault trees for the system failures leading to the
long-term loss of containment heat removal. See section 4.1.1.4 of the
System 80+ PRA Report, DCTR-RS-02, Rev. 0, January, 1992 for an additional
dis-ussion of this type of sequence.



Question 722.47

Scrubbing of fission products in the iRWST can be significant for the
sequences where the fission s released through the IRWST during core

damage perioc before vessel failure (compared to LOCAs). In view of this,
Eé¥'.1n why early scrubbing is not treated as a top event question in the

Response 722.47

tarly scrubbin? of the fission products in the IRWST {is treated via the
"Release Point" parameter in the PDS definitions. It is felt that this
provided adequate treatment of early scrubbing. Therefore a separate CET
top event is not needed,

Question 722,48

Please justif, how fission product scrubbing is possible when the cavity
is dry in Figure 9.2-1, e.g., STC9 would not appear to be relevant for
“STC7 NO" branches when the vessel and containment are failed. Also
explain why there are no entries in Table 9.2-22 for many RCs representing
these sequences while they are shown in your CET (e.g., RCs 1.5, 1.6, 2.5,
2.6, 4.3, 5.3, 5.5, 6.1 and 6.3)

Response 722.48

For the original System B0+ cavity flood system design, it was possible
for the cavity to be dry with the containment spray system operating.
(Note: top event STC9, “Fission Product scrubbing available" pertains to
the time prior to containment failure.) Just prior to completion of the
level 2 analyses, the cavity flood system design was changed such that the
cavity would be flooded whenever the containment sprays were operating.
Given the design change, top event STCY was no longer appropriate for
"STC7 NO" branches. The CET was not modified, but the affected PDSs were
repropagated through the CET., That is why there are no entries for the
listed RCs. There have been additional Cavity Flood System design changes
since the submittal of the System 80+ PRA. C-E is currently updltin? the
System 80+ PRA and will modify the CET to reflect effects of the final
Cavity Flood System design. (see 72a.9)
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Question 722.49

Explain why RC 3.2 is necessary, and whe ner top event S7C7 is relevant
for the "CFM3 NO* branch. ODoesn’'t this sequence presume a wet cavity?

Response 722.49

The "CFM3 NO* branch pertains to sequences for which the containment fails
on overpressure due to loss of long-term containment heat removal prior to
core damage. In general, containment spra{ is not available for these
sequences, so the cavity is not automatically flooded by the runoff from
the containment spray into the holdup volume. The cavity flood system
requires manual actuation. Thus, it 1s possible for the cavity to be dry
for these sequences and RC 3.2 is a physically achievable release class.

Question 722,50

Explain why Question STC9 isn't asked for RCs 6.1 and §.2. For example,
since it is possible to have spray but no containment heat removal,
wouldn't PDS 24 contribute to this category?

Response 722.50

Further review of the definition of STCY9 and the definitions of release
classes 5.1 and 5.2 indicate that ST1C9 is potentiaily a valid question for
release classes 5.1 and 5.2 because it is possible, however unlikely, that
containment spray will be available with no containment heat removal.
Sequences with this set of conditions are expected to be filtered out with
frequencies less than 1.E-10. C-f is currently updating the System 80+
PRA and will include this set of conditions.

PDS 24 would not contribute to any "late containment failure" (RCS.x)
;elease class because it involves containment failure prior to core
amage.
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Question 722.51

Explain why RCs 5.3 through 5.6 are not the same as RC 6, since both

require dry cavities and would be expected to lead to containment melt-

through. Similarly, explain why [sic) on the “STC7 NO* lead to late

:vcrprc:surixatton rather than melt-through since they would also have a
ry cavity.

Response 722.51

A late containment overpressure failure can occur as a4 result of steam
generation or a late hydrogen burn. Sequences with dry cavities can
produce significant amounts of hydrogen, thus creating the potential for
a late containment overpressure failure due to a late hydrogen burn before
the containment melt-through occurs. Release classes 5.3 through 5.6
pertain to these sequences., Per the discussion in the response to
Question 722.48, top event SICY is not applicable for these sequences.
C~E 1s updating the System 804 PRA and will correct the CLT,

Question 722.%2

Since 1t is possible for containment melt-through to occur simultaneously
with other containment failures, the top event question CFM6 should be
asked for all other failure modes which have dry cavities. If CFM6 is not
fmportant for early containment failure modes, shouldn't it be still
important for late failures and asked after CFMS?

Response 722,52

For this analysis, the CET top event question CEM6 means “Is containment
basemat melt-through the containment failure mode?". Containment basemat
melt-through does not occur simultaneously with other containment failure
modes. Dry cavity sequences can result in early containment overpressure
failure due to DCH or early hydrogen burn. 1f the dry cavity sequence
does not lead to an early containment failure, it can lead to a late
containment cverpressure failure due to a late hydrogen burn. If the dry
cavity sequence does not vresult in either an early containment
overpressure failure or a late containment overgressure failure, it will
lead to containment failure due to basemat melt-through. Containment
basemat melt-through requires several hundred hours. Ffor the other
containment failure modes, the impact of the concrete ablation on the
release fractions is addressed via CET top event question STC7.

Question 722.%3
Explain why CFM6 and S1C7 were not combined in the CET since the
supportin? logic models for these questions (Figures 9.2-4 and 9.2-5) are
essentially identical.

Response 722.53

See the response to Question 722.52.
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Question 722,54

Please provicde a discussion of he ATWS accidents are handled in the CiTs.

Response 722,54

There are felt to be no special properties unique to ATNS sequences that
would affect the progression of & severe accident. Therefore , the ATWS
accident sequences are mapped into Plant Accident Sequences and then Plant
Damage States in the same manner as the core damage sequences for the
other accident initiators.
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Question 722,56

In calculating the probability of late containment failure due to steam
overpressure, a non-recovery probability of 0.01 was assigned for all
internal event cutsets involving failure of components outside containment
based on the assumption that containment failure would not occur for at
least 48 hours. A value of 0.1 was assigned for seismic events. While 48
hours 1s a significant amount of time in which to implement recovery
actions, these values appear optimistic rccognizina'that the ability to
recover might be hampered by several factors. These include lack of
spare/replacement parts and components, the ability to cross-connect all
nocessar{ systems (due to lack of pre-existing cross-connect capability),
the ability to access areas of containment 1in order to perform
recovery/repair, and the ability to obtain offsite support during seismic
events. Please justify credit taken for recovery of containment heat
removal in view of these concerns. Include in your response a description
of provisions in the System 80+ design which would facilitate long term
recovery actions to recover heat removal (e.g , ability to connect
containment spray headers to external water sources and to remove water
from the containment sump). Also, identify components/parts that are
assumed to be available (in stock or accessible on short notice),
Describe commitments/interface requirements related to assuring a high
recovery factor for containment heat removal.

Response 722,56

C-E understands the NRC concern about the non-recovery factors assigned
for the recovery of containment cooling systems after 48 hours in severe
accident late-overpressurization scenarios. C-f is currently updating the
System 80+ PRA. The recovery of containment cooling will be reassessed as
part of this update.




Question 722,87

In Section 9.2.1.1.2, containment fsolation fatlure is defined as leakage
exceeding 200 volume percent per day. Please provide the basis for
selecting 200 percent per day leak as criterion of containment isolation
fatlure. Clarify how this leakage rate was calculated, ¢.g., was it based
on normal containment pressure or accident pressure, were flow
restrictions/loss coefficients accounted for. Describe the expected
leukage rate due to severe accident challenges, such as containment
temperatures and pressures beyond the design vaﬁuet. and how leakage
between the design basis leak rate ang 200 percent per day were
categorized.

Response 722.57

The containment isolation leak rate was established based on a review of
NUREG/CR-1150. It is intended to represent the leakage under design basis
temperatures and pressures. This information was used to back calculate
an effective leak area which was then used for determining leakage and
releases over the temperature and pressure ranges calculated by MAAP when
determining the releases. The effective leak area, based on the
orfiginally assumed leak area, was used toc represent all containment
isolation failures. C-€ is currently updating the System 80+ PRA and will
include a more mechanistic evaluation of containment {solation failures
and their ramifications.

Question 722,58

Containment isolation failure probability of 2.0F-% per demand was taken
from WASH-1400, Justify this appraach in view of the fact that isolation
probability strongly depends on the specific design of the containment
(such as number of penetrations), and the reliability of the isolation
system., Clarify whether failure of containment isolation concurrent with
the core damage due to a seismic event is included in this number.

Response 722,58

C-E concurs that the isolation probability is strongly dependent on the
specific containment design. The WASH-1400 isolation failure value was
used as a preliminary esvimate, and design requirements have been
established to ensure that it is achievable. C-E is currently updating
the System 80+ PRA and will include a more wechanistic evaluation of
containment isolation failures and their ramifications,



QUESTION 722.29

In Figure 9.2-2, DCH loads ave combined with hydroyen combustion
loads in estimuting the pressure rise associated with the DCH
event, Please discuss why rapid steam generation loads were alsn
not combined in astimating the combined presnure rise for DCH
events. Also clarify whether DCH and rapid steam generation are
considered mutually exclusive in the PRA.

RESPONSE 722,59

This question addresses the structure of the Supporting lLogic
Model (51M) for the event DCHFAIL on page 2 of Figure 9.2-2. 1In
estahlishing the DCH containment challenge the deterministic peak
pressure analysis was performed

using the Modular Accident Analysis Progqram (MAAP) coda. In this
context the DCH cont.inment challenge included all non-combustion
aspects of the ejected debrin conta.nment heatup pracess.
Specifically, MAAY calculated contributovs to DCH include the
following:

(a) energy transfer from the fragmented corium to the
containment atmosphere,

(b) energy transfer fror the fragmented corium directly to the
stainless stee.
containment shell, and

(¢) rapid ctvam generation due te corjium-water interaction in
the reactor
cavity.

This approach was taken since water availability during DCH was
low and its contribution tn the limiting DCH pressure spike was
small. Thus, rapid steam guneratiovn loads were also included in
the calculation of the combined pressure rise during DCH events,
However, DCH eveant and rapid steam generation event were
considered to be mutually exclusive containment challenges in tho
PRA, A rapid steam generation containm nt chullenge implies the
existence of sufficient water in conta..ment to preclude the
conditions necessary for a DCH challenge. Conversely, a DN
containment challenge implies that the amount of water in
contianment would be insufficient for a rapid steam generation
challenge,




T RV V.

In the quantification of containment failure probability (DCHFAIL) 1t appears
that double credit is incorrectly taken for the cavity trapping corve debris.
Furthermore, no basis for establishing & baseline (pre-existing) containment
pressure for this event is presented, The first credit is taken by assuming
that the cavity design is effective in eliminating debris dispersion 90 percent
ofthe time. The second credit is taken by assuming that for the 10 percent of
the time the cavity is ineffective, the peak pressure will still be limited to
100 psia (partly due to debris holdup in the cavity). For that fraction of
sequences in which the cavity 1s ineffective, the pressure rise should be based
on ineffective holdup of debris (e.g., a pressure rise of 90 psi for
NUREG-1150). Please address this apparent inconsistency. Also, ~ ovide a
baseline containment pressure specific to the dominant high pressure sequences
for Lhe System BO+ containment design, rather than assuming that the NUREG-1150
value 1s applicable.

RESPONSE 722,60

The quantification ¢f the containment failure probability (DCHFAIL) does not
double credit the debris retention capability of the System Bu+ cavity design.
The 100 psia peak pressure is established from & pre-reactur vessel failure
value of 20 psia followed by a DCH pressure spike of about B0 psi., The HO psi
DCH spike is realized from MAAP analyses which assume ineffective holdup of the
core debris in the cavity region. This peak DCH spike value for the System BO+
design <an be justified in relation to the NUREG-1150 value of 90 psi spike

by assuming that the DCH pressure spike for large dry containment is directly
proportional to the reactor power and inversely proportional tu the containment
free volume as follows:

(3800 MWt) x (2.6 x 10% cu. 1)
COOMIBFY » . 108 Bui) 7 ivunparbevesnasebsnniss goeeermnee
(3250 MWL) x (3.4 x 10" cu. ft)

B 80 psi.
The high System B0+ containment failure pressure provides sufficient margin

such that assumed OCH loadings can be accommodated by the System B0+
containment design without failure of the containment shell.

| .
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QUESTAON 722.61

In Section 9.8.2.6.1, the reactor cavity 14 said to include a convaluted path
that would disentrain corium befure it reaches the upper containment. Based on
this design feature, the probability of dispersing corium into cavity is
assigned a probability of 0.1. Please provide a description and design detaiis
of the debris entraining features of the cavity, and the technical bas's for
the judgements that the probability of dispersing corium into upper containment
bs essentially pero and that a value of 0.1 for CAVTGEOM is a conservative
estimate. Also provide an ascessment of the effect of higher values of
CAVTGEOM on the risk results.

RLSPONSE 22,61

The cavity region of the System BO+ design is designed to minimize debriy
entrainment and subsequent debris dispersal in the upper compartment of the
cuntainment, System 80+ i1 equipped with un offset core debris chamber
designed to de-entrain and trap the debris ejected during a reactor vessel
breach. A discussion of the debris chamber design can be found in Reference 1.
In summary, the reactor cavity debris chamher and exit shaft have been designed
such that high inertia corium debris would de-entrain and collect in the debris
chamber while the lower fneitia steam/hydrogen/air mixture would negotiate a
right angle turr and exit Lhe reactor cavity via the seal table. Once
depusited in (he debris chamber, the debris would be difficult to re-entrain
since the retention zone should ehibit a Jow velocity recirculation flow
pattern. Any corium negotiating the 90 degree turn woud be de-entrained by the
reactor cavity concrete ceilings and seal table structure.

The estimate of the fraction of the debris able to negotiate the turn into the
vertical cavity shaft was established using a Sandia correlation for debris
impingement detarmined from high pressure meit ejection tescs (See Referenve 1,
Appendix D). Application of this mode! to the System Bu+ cavity geometry
vresults in a prediction that 90% of the corium debris we .1d be de-entrained
into the debris chamber and that 10% of ths debris cou'd potentially negotiate
the turn into the reactor cavity shaft. Conseauenily, the probability of
aispersing corium into the upper compartment was conservatively assumed to be
0.1, This estimate neglects the significant debris de-entraynment capability
of the cavity ceiling and internal shaft structures and walls,

Referance 1. Advanced Reactor Severe Accident Program, “Fo.vention of Early
Containment Ffailure Due to Migh Pressure Melt (jection and Direct
Heating for Advanced (ight Water Reactors", Prepared by TENERA,
SARDS, and Fauske & Associates for [GAG Jdako and the U.S§.
Uepartment of Energy under Contract No, DE-ACO7-761001570,
March 1990.




Question 722.62

In estimating the probability of containment failure due to DCH, the study
assumes a 90 percent probability that high pressure sequences (other than
SLOCAs) will be reduced to low pressure sequences as & result of creep
rupture in the hot legs or su line. (SLOCAs, also high pressure
sequences, are assigned a 0.001 probability of failure). While
temperature-induced failures may be highly likely under idealized tiow
conditions, realistic accident sequences can be expected to involve
perturbations which would disrupt or prevent the natural circulation flows
needed to produce piping fallure., Examples include actuation of PORVs or
partially successfal operator attempts to add water. These details are
generally beyond the Jlevel of detail in modelling in the PRA,
Accordingly, a lower value for probability of hot leg/surge line failure
would appear warranted. Please provide an assessment of the effect of
lower hot leg/surge line failure probabilities on the risk results,

Response '22.62

If a lower probability of hot leg/surge line failure was assigned for high
pressure melt through scquencer, the split fraction probability of an
early containment failure due to DCH would incraase and the split fraction
probabilities for late containment failures would decrease. The total
magnitude of the change in split fractions would depend on the probability
assigned for hot leg/surge line failure. The overall plant risk would
increase because the releases caleulated for an early containment failure
due to DCH tend to be greater than the releases calculated for the other
early and late containment failuce modes.

Question 722.63

Since the reactor cavity in the System 80+ design i1s configured to
minimize the dispersion of the corfum into the upper containment, the
associated flow restrictions may tend te increase the potential for local
pressurization of the reactor cavily due to DCH and rapid steam generation
phenomena. This pressure may cause the relocation of the vessel, other
RCS system components, and containment penetrations. Please provide an
assessment of the lvads on the cavity walls and vessel supports due to
high pressure ve.sel failure,

Response 722.63

The response to Question 722.]1 provides g description of the geometry of
the System B0+ cavily and adjoining areas. As can be seen from this
description, the System 80+ cavity design provides a convoluted path that
will dis-entrain the corium without significantly impeding the steam flew.
The cross-sectional areas of the flow path to the upper containment
compartment are large cnough to prevent overpressurization ef the cavity
and adjoining areas. Thus, the loads on the cavity walls and vessel
supports will remain within acceptable limits.
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QUESTION 722.64

The early hydrogen burn logic tree does not reflect the potential for large
hydrogen burns coincident with reactor vessel failure at high pressure. In
such sequences, a significant guantity of hydrogen would be released at a rate
far greater than the ignitars can handle at low concentrations. Please discuss
h:: the ;hallongo to containment from large hydrogen burns at vessel failure is
addressed,

The potentiul for large hydrogen burns coincident with reactor vessel failure
is addressed within the DCHFAIL and EM2BFAIL elements of the early containment
failure logic diagram,

The early containment failure logic diagram (ECFAIL) presented in Figure 9.2-7
Page 1 (Page 9-40 of System 80+ PRA Report) denotes early containment failure
occurring due to "DCH with unconditional hydrogen burn", "early hydrogen burn",
or “rapid steam generation”. For the most part, large hydrogen burns
coincident with reactor vessel failure at high pressure are modeled in the
DCHFAIL containment logic (Page 9-41). DCH occurs coincident with RV failure,
To assure that large hydrogen burns are considered, all hydrogen produced up to
the point of reactor vessel failure was unconditionally burned coincident with
the DCH pressure spike. For this event ro reduction in the available hydrogen
source due to igniters was credited,

For high pressure reactor vessel failure scenarios that do not result in DCH,
the large hydrogen burn potential is modeled through the “early hydrogen burn"
supporting logic model (EMZBFAIL, Page 9-44 of System 80+ PRA report). This
diagram shows that the three conditions, (1) “igniters fail to burn at low
flammability level (IGNITFL)™, (2) “early H, burn occurs (EHZBURN)", and (3)
“containment strength cannot withstand H barn pressure spike (EMZBSTREN)",
must be true to result in containment fa?lure due to the early hydrogen burn
logic. Success of item 1 would indicate that hydrogen is generated at a rate
far greater than the igniters can handle. This will allow for large buildup of
hydragen within the containment potentially leading to a large hydrogen burn.
Success of item 2 suggests that large early hydrogen burn occurs. [tem 3 shows
that a pressure spike due to large hydrogen burns is considered in relation to
the containment strength.



Question 722,65

In assessing the potential for containment failure due to late hydrogen
burn ‘Soction 9.2.2.7.2), the probnbil|t§ of a pressure rise of sufficient
magnitude to challenge containment (LHZBSTERN) was assigned a value of 0.0
for a'l PDSs in which containment sprays are available, and 0.5 for al)
other PDSs. The former value appears to be based on fact that baseline
pressures would bLe low when <prays are availabie, combined with an
fmplicit assumption that hydvogen ignition will always occur at low
concentrations due to igniters or random ignition. This value does not
appear to be valid for sequences in ich an ignition source is
unavailable until late in the sequence., Please justify a P(LH2BSTERN)
value of 0.0 for sequences in which sprays operate but hydrogen burn does
not occur until late in the sequence (e.g., due te late recovery of
igniters). Also justify the value 0.5 for sequences without sprays. As
part of this response provide a discussion of the containment pressure
rise calculations which form basis of these probability estimates, and
identify major input and modelling assumptions,

Response 722.6%

C-f has reviewed the late hydrogen burn calculation and understands the
KRC's concern regarding the split fractions assigned to LH2BSTREN, C-E is
currently ugdating the System B0+ PRA and will re-evaluate the potential
for a late hydrogen burn challenging containment.




Question 722.66

In assessing the threat from late hydrogen burn (Section 9.2.2.7.2.2), the
probabtlit{ of high hydrogen concentration existing late in an accident
sequence (LMIMZCON) is mode)led as a product of: (1) the probability that
an ignition source was not available to burn hydrogen as 1t was generated,
(2) the probability that hydrogen burn did not occur earlier (NOEWZBURN,
and (3) the probability that core concrete interaction occurs to generate
hydrogen (H2CC1). This legic ssee Figure 9.2-3, page 2) appears to have
several deficiencies as identified below:

the probability IGNITFL is redundant with the probability NOEHZBURN,
and in effect takes double credit for igniter system operation.
IGNITFL 15 already imbedded in [HZBURN and does not appear
appropriate as a separate event in determining LHIH2CON.  The
probability NOLHZBURN also appears to be redundant with the
probability LSPARKX in the proceeding branch, Specifically, beth
NOEHZBURN and LSPARKX in effect are equivalent to the gzvbabllity
thet an ignition source did not exist early (1. -ESPARK). Since
this probability is already imbedded in NOH2BURN, the probability
LSPARKX does nol appear necessary as a separate condition.

it 1s conceivable that greater than 75 percent of the fuel cladding
can be oxidized in-vessel, and can pose a challenge to containment
if i1t accumulates. Thus, it does not appear that core concrete
interaction is a requisite condition for a large hydrogen burn,
Sequences in which the containment is initially steam inerted and
subsequently deinerted by sprays or natura) processes are an example
of such challenges.

Please address this apparent inconsistency in the analysis.

Response 722.66

The element, IGNITFL, appears in the branch, LHIH2CON, and as an
independent element in figure 9.2-3 primarily to describe the conditions
that lead to a high hydrogen concentration late in the sequence. The two
occurrences of this element are redundant, but this does not affect the
calculation. Although they do represent similar conditions, the element,
NOEHMZBURN is not -ompletely redundant to LSPARKX as can be seen from the
logic on page 3 of figure 9.2-3 and page § of figure 9.2-2.

After further review of the logic for late hydrogen burn and the logic for
early containment failure, C-F concurs that core-concrete interaction may
not be the sole requisite condition for generating sufficient hydrogen for
a large hydrogen burn late in Lhe sequence. As stated in the response to
Question 722.65, C-f intends to re-evaluate the issue of late hydrogen
buras as part of the current update to the System 80+ PRA. This issue
will be covered as part of that re-evaluation.




Question 722.67

In Section 9.2.2.6.3, the probabilit( that the RCS is at high pressure
fRCSFHlOH) is said to be determined directly from the PDS definition, and
s assigned a value of 1.0 for high, 0.5 for medium and 0.0 for low
pressure PDSs. However, the associated logic tree ‘H re 9.2-2, page 7)
refers back to page 3 of Figure 9.9-2 for value of RCSPHIGH. When the
basic event probabilities are propagated up through the latter, the values
of RCSPHIGH obtained are 0.1 for high, 0.5 for medium, and 0.0 for low
pressure POSs. These values are ince sistent with the values presented on
page 9-81 for high pressure "0DS«.

Response 722.67

C-£ concurs that the values presented for RCSPHIGH in section 9.2.2.6.3
are inconsistent with the values that are calculated based on page 3 of
figure 9.2-2. The values presented for RCSPHIGH in section 9.2.2.€.3
should be based on page 3 of figure 9.2-2 and not determined directly from
the PDS. C<F is currently updating the System 80+ PRA. Sectiosns
9.2,2.6.1 and 9.2.2.6.3 will be corrected as part of this update.
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QUESTION 722.%8

Please provide details regarding the calculation performed to predict the
containment pres.ure rise associated with rapid steam generation. Identify and
Justify major parameters and assumptions including: RCS pressure at vessel
failure; mass, (omposition, and temperature of debris in the lower plenum at
vessel failure (including fraction of total core and percent oxidized); rate of
discharge into the cavity; mass of water in the reactor cavity and added over
the period of interest; core debris quench assumptions; containment spray
availability; and heat transfer to containment and structures over the period
of interest.

RESPONSE 727.68

Rapid steam generation calculations were performed within the MAAP code using
the EXVIN /LEx-Vessel Steam Explosion) subroutine. The MAAP Users Gui ‘e
documentation on th's subroutine describes the major assumptions, the modeling
and implementation «f the subroutine within the code. A copy of this
description from the MAAP Users Guide is provided as Attachment 1.

The pressure spike due to rapid steam generaiLion was established based on a low
pressure failure of the reactor vessel (RV) and an initial RV lower head
penetration radius of 0.052 f* which is the inside radius of a single In-Core
Instrumentation (ICI) tube. w~epresentative MAAP calculations indicate that the
fraction of the core in the lower plenum is approximately 90 % and the amount
of core oxidation at that time is between £5 to 60 %. In computing the debris
temperature distribution, the melting temperature of the U-ZR-ZR0O. eutectic
mixture was assumed to be 4040 degree F, and the latent neat of flision was
assumed te be 107.48 Btu/lbm.
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ANTRODUCTION

For  «tecident sequences there may be water present on the reactor
_avity or pedestal floor prior to vessel fallure. In this case, as the
degraded core materiul is released from the reactor vessel it would
encounter water at ¢ comparatively low pressure, and the potential would
exist for a scteam explosion. The experimental observations reported in
References (1], [2), and [3) showed that a steam explosion coulu be trig-
gered in water when the molten material contacts a wetted, solid wall.
Contact with a solid wall would first occur when high temperature core
material penetrates through the vater and contacts the floor.

The purpose of the EXVIN i{s to calculate the mass of steam produced
during the first interaction between debris and water. No structural ef-
fects are predicteu because of the lov potencial for containment failure.
Steam production after initial contact of debris with water is handled by
subroutine PLSTM.

It is assumed that an explosion occurs when debris contacts the floor.
It is assumed that the maximum amount of debris invelved is that which would
be in & column extending from the floor to the water surface, This is the
case for the first explosion. Succeeding explosions are ignored because
much less debris would be involved. It {s assumed that the energy transfer
to water is complete over a single timestep and that the debris is quenched

to water saturation.

MODEL

The potential for a steam explosion is evaluated after debris contact
with the floor occurs. Contact occurs either when the time for debris fall

has elapsed or when the defined interacting mass is accumulated, whichever

DATE: 03/16/90



comes first. After contact, the explosion occurs {f more than 1 ¥g of
debris snd water are present, and if the debris is above the water satura-

tion temperature.

The mass of corium interacting in the water is given by a conical
frustum volume times the density. For a constant debris flow rate, the
radius of the vessel faillure increases l’'nearly with time (see VFAIL).

Defining oo ® init.al penetration radius and £~ current penetration

radius, x, as the water height, and x, as the vessel height, the radius of

corium at the water surface is equal to

x .
- .
T, % [rp rPO] - (1)
Therefore, the mass of corium available for the interaction is equal to

N r (.2 2
Bem ™ Pem *v 2 [rn . rpo (2)

where fon * the corium density.

The time for corium to fall is given by the free fall relation

2
Lo — + u + 2g X, i
4 g

Ty cu/(’cm Ap] (&)

where

initial corium velocity,

c
(=}
1

acceleration of gravity,

o
1

corium flow rate from the vessel, and

>
]

penetration area.
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« 8 EXVIN

When efither te is elapsed or the accunulated corium mass exceed L

given by (2), the resulting steam mass {s calculated. ® is limited to be
no more than the accumulated corium mass in containment,

The resulting steam mass is

m =1 Ll _CmSat (5)

where
hc. = corium enthalpy,

hcnsat = corium enthalpy at water saturation, and

hf' = water latent heat.

. IMPLEMENTATION

EXVIN {is called by EVENTS {f corium contact with the floor has not
gﬁﬁb occurred yet. Contact is defined by either the elapsed time or accumulated
o mass as explained above. The steam explosion event code is only set if more
than 1 kg of steam is produced. No steaming {s calculated {f there {s
either less than 1 kg corium or water.

EXVIN-therefure only calculates contact and a steam explosion once. In
EVENTS, the corium, vater, and steam mass and energy variables are upd. ted
based on the energy and mass transfer from EXVIN,

1. G. Long, "Explosions of Molten Al.ainum and Water - Cause and
Prevention®, Metal Progress, May 1957.

2. P. D. Hess and K. J. Brondyke, “"Cause of Molten Aluminum - Water
Explosions and Their Prevention", Metal Progress, April 1969.

3. D. Buxton and W. B, Benedick, "Stear Explosion Efficiency Studies",
NUREG/CR-0947, SAND 79-1399, November 1979.
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Question 722.69

In estimating DCHSTERN, EH2BSTERN and RSGSTERN by comparing the pressure
generated by OCH, hydrogen burn, and rapid steam generation with the
containment strength, discuss whether and how the uncertainty ranges for
the pressure estimates and the containment pressure capacity were taken
into account.

Response 722.69

The uncertainty ranges for the pressure estimates and the containment
pressure capacity were not taken into account beyond the use of the
probability of containment failure versus pressure curve represented by
equation 9.2-9 when estimating DCHSTREN, EHZBSTREN and RSGSTREN. C-E is
currently updating the System 80+ PRA. As discussed in the response to
Question 722.90, C-t intends to address uncertainties and sensitivities as
part of this update,



Question 722.70

The logic tree associated with late containment failure (Figure 9.2-3,
page 1) assumes that the core debris is coolable and core concrete
interactions (CCI) are terminated ‘n the cavity once the cavity is flooded
(since it meets the requirement for the cavity floor area of the EPRI ALWR
Requirement Document). Experimental studies indicate that core concrete
interactions can continue in spite of the existence of an overlying water
pool. Continued interaction would produce non-condensible combustible
gases which can challenge long term failure of the basemat. Please
provide an assessment of how the PRA results would be affected if, for
some non-negligible fraction of the wet cavity sequences, core-concrete
interactions were unmitigated by the overlying water pool. Specifically
address the effect of continued core-concrete interaction on: the
magnitude of late combustion events, the frequency of late containment
overpressure failure, the frequency of containment basemat meltthrough
failure, and the structural integrity of the load bearing concrete walls.

If it were assumed that, for some non-negligible fraction of the wet
cavity sequences, core-concrete interactions were unmitigated by the
overlying water pool, the frequency of late containment overpressure
failure sequences and the frequency of containment basemat melt-through
sequences would increase while the frequency of intact containment
sequences would decrease a corresponding: amount. In addition, the
isotopic content of the releases for some of the late containment
overpressure failure sequences would also change due to the increased
| amount of material released by the ablation of the concrete althought the
{ overlying water pool would scrub most of the fission products prior to
l reaching the contiiment atmosphere.

Question 722.71

Figure 9.2-3, page 1, shows that it is necessary for the corium to remain
| in the cavity (NODISPERS) for late containment failure to occur. Please
| discuss and justify the disposition in the PRA of those sequences where
| corium is dispersed into the upper containment but OCH does not result in
| failure of containment. In either case the core debris continues to
| generate decay heat and can possibly attack structures and generate
I additional combustible gases.

Response 722.71

| These cenditions were not covered in the System 80+ PRA. C-f is currently
| updating the System 80+ PRA. The potential impact of corium in the upper
| containment compartment will be re-assessed as part of this update.
| Because of the Lystem B0+ cavity design, it is fel. that little corium, if
l any, will be dispersed into the upper containment area.

|



Question 722,72

Discuss why the probability of melt-through given core concrete
in%eractions (1.e., P(BMICVM) in Figure 9.2-4, page 1) is not assigned a
value of 1.0

Response 722.72

Section 9.2.2.8 in the System 80+ PRA Report, (DCTR-RS-02, Rev. 0,
January, 1991), provides a basic description of the element BMICVM, In
general, given a dry cavity, ablation of the concrete of the base mat will
procecd downward and, to a certain extent, laterally. The nearest point
of entry to the subsphere area is slightly below and to the side of the
cavity. As concrete ablation proceeds, the mass of corium will descend
and will spread laterally. It was assumed that there was a 90%
probability that the corium ~ould ablate laterally into the subsphere area
before the downward ablation had proceeded to a point where the corium in
the ablated cavity was below the floor level of the nearest subsphere
room, Thus, there was a 10% probability that the corium would not ablate
into the subsphere and would continue to ablate downward through the full
thickness of the basemat and the underlying stone or soil. It was assumed
that in this case there would be no atmospheric releases.

Question 727.73

Te determine revaporization release, the availability of steam generators
late in the core-melt sequence (i.e., P(NOSSHR) in Figure 9.2-6) is
checked based on the plant damage parameter "SGA (Stvam Generator
Availability)." Justify how the SG status is still relevant at the time
of containmen! failure which in some cases occurs iater than 48 hours.

Response 722.73

The parameter for Steam Generator Availability, SGA, is based on the
availability of the steam generators at the time of core damage. There is
no guarantee that the steam generator will continue to be available for
long periods of time after core damage. C-E is currently updating the
System 80+ PRA and will re-evaluate the appropriate means for establishing
the value of NOSSHR for long time frame sequences.



QUESTION 722.74

It was argued that the holdup time for large and medium LOCAs is very short,
therefore P(DEPOSIT)=0. Please justify this assumption in view of the fact

that fission products are produced in the vessel for several hours and steam
nenerators are available for some of these accident sequences during this

period.

RESPONSE 722,74

P(DEPOSIT) is the probahility of fission product plateout/deposition in the
primary system., It is assumed to be zero for medium and large LOCA sequences
since, for these scenarios, the primary system blowdown occurs so rapidly that
the fission products have little time to platecut/deposit in the primary
system. This assumption is considered to be conservative, since the fission
products are transported from the primary system to the containment and are
available for potential release to the environment following containment
failure. This assumption is further supported by the fact that for significant
plateout/deposition to occur the fission products must pass through the steam
generators. For the vast majority of LOCAs (except perhaps LOCAs occurring in
the pump suction line), the flow path of least resistance would be via the
downcomer for a RCP discharge or the reactor vessel inlet nozzle break and via
the hot leg nozzles for an outlet nozzle break. Thus, passage of significant
quantities of fission products through the steam generator will be unlikely.
While some amount of deposition is possible, increasing P(DEPOSIT) to a
realistic value greater than zero will have a negligible impact on the results
and conclusions of the PRA,



ng;“on 122.1%

Please ioentify the potential points of release frow the containment into
auxiliary or other adjacent buildings. Describe the fission product
removal characterisiics for each potential release path (e.g., flow paths,
volumes, surface areas, and fire sprays if avaiiable). Discuss why only
the interfacing system LOCAs are considered to have a release path through
the auxiliary building sufficient to allow deposition of fission products.

Response 722.79

The potential points of release from the containment into the auxiliary
building were not specifically identified except for the interfacing
systems LOCA (ISL). For an ISL, the release point would be in the RHR
pump room, low in the subsphere area. The path to atmosphere from this
area is long, tortuous and restricted. In this case, it was assumed that
the pathway to atmosphere was such that there would be deposition of
fission products. For other containmeni failures, it was assumed that the
containment failure point would, in general, be above the point at which
the containment shell was imbedded in concrete., In these cases, it
appeared that the release pathways would be such that there would be
little deposition of fission producls.
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QUESTION 722.76

Provide the basis for the release energy values listed in Table 9.3-1.

RESPONSE 722,76

Table 9.3-1 of the System 80+ PRA Report (Document No, DCTR-RS-02, Rev 0) lists
data for various release parameters for the System B0+ release classes. These
data were obtained from inalyses using the MAAP code. One of the parameters
listed in the table is the energy “lease rate to the environment through a
potential containment breach. The data for this parameter is given in the far
right hand column of Table 9.3-1 under the heading “Relcase Energy". The MAAP
code calculates this energy release rate in Btu/hr which is converted to yield
the data in cal/sec. The quoted value in the table is the energy release rate
at the start of the release for the most adverse accident scenario within a
particular release class.



QUESTION 722.77

The saguence selected for RC6.2 was a large LOCA with vessel
failure at 1.8h and basemat meltthrough at 330h, whereas the
sequence selected for RC6.4 was a station blackout with vessel
failure at 19h and basemat meltthrough at 180h. Intuitively, the
LOCA segquence should result in more rapid failure of the basenmat.
Please explain why this is not the case and why the rates of
meltthrough are significantly different for RCs 6.2 and 6.4.

RESPONSE 722.77

The difference in the basemat failure time for representative
sequences for release classes 6.2 (large LOCA) and 6.4 (loss of
offsite power, was largely due to assumptions made in the
analysis which set the amount of concrete ercsion necessary to
fail the basemat For RC 6.4 the basemat faillure distance was
conservatively set at 10 feet. For release class 6.2 basemat
failure was taken at a concrete erosion level of 15 feet. If RC
6.4 was assumed to fail at an erosion level of 15 feet of
concrete, the meltthrough time would be extended from 180 hours
to 350 hours. Thus, for a similar basemat failure criterion

the LOCA seguence results in faster basemat meltthrough than that
predicted _or the station blackort seguence.

S



Question 722.78

In calculating source terms, releases were tracked for 24 hours following
vessel failure for all release categories except RC3.1 (containment
failure before core melt) where they were tracked for 24 hours following
containment failure. However, in the consequence calculation, it is
mentioned that “"the fission product release fraction are based on the
totai release over a period of 24 hours from the onset of the release for
each of the release classes." Please explain this discrepancy. It is
noted that the EPRI ALWR Requirement Document states that the frequency of
exceedance of 25 rem at 0.5 miles in the consequence calculations should
be calculated for 24 hours following the release. (If “24 hours after
vessel failure" is used, very small frequencies will be calculated to
exceed 25 rem for many late containment failure sequences since there will
be no containment failures, and therefore, ro release before 24 hours
after vessel failure for these sequences. It appears that the CE results
indicate this is the case).

Response 722.78

In calculating source terms for the System 80+ PRA, the releases were
tracked for 24 hours following initial releases. C-t is currently
updating the System 80+ PRA. The text describing the release classes will
be revised to clarify the time over which the releases were tracked.



QUESTION 722.79

Explain why the vessel failure time is longer for RC 5.2 than RC5.1. It
appears that accidents in these classes are similar except that RC 5.2 is low
pressure vessel failure and RC 5.1 is high pressure vessel failure. The vessel
failure time for high pressure sequences (i.e., RC 5.1) should be later than
for low pressure sequences since high pressure sequences lose water slower,
Please explain why the containment failure times of these two sequences are
substantially different.

RESPONSE 722.79

A review of the primary sequences for Release Classes 5.1 and 5.2 shows that
the only difference between them is the presence of an induced hot leg failure
prior to vessel failure for RC 5.2. Both sequences start as loss of offsite
povar accidents with the turbine driven auxiliary feedwater pump flow

available for eight hours. For RC 5.2, the induced hot leg failure will cause
the RCS to depressurize earlier than that for RC 5.1 and subsequently lead to
an earlier actuation of the passive accumulators resulting in the delivery of
additional water to a reactor vessel that is still essentially intact. For RC
5.1, the accumulators will not begin to discharge to the RCS until the RCS has
begun to depressurize through the vessel breach. This timing is very important
because, for RC 5.2, the accumulator water adds to the RCS inventory thereby
extending the ultimate vessel failure time in comparison to that for RC 5.1 for
which no accumulator water is available until the vessel breach.

Containment failure for RC 5.2 occurs earlier in comparison to RC 5.1, since
(1) the induced hot leg failure for RC 5.2 adds more mass and energy to the
containment rapidly, and (2) the actuation of the passive accumulators in RC
5.2 provides more water to the RCS to generate additional steam which is
discharged to the containment atmosphere.



QUESTION 722.80

Table 9.3-2 shows that the release fractions for melt-through sequences (RCs
6.2 and 6.4) are generally lower than those of late containment failure
sequences (RCs 5.1 and 5.2). If t.is is true, explain why is it necessary to
flood cavity.

RESPONSE 722.80

RCs 6.2 and 6.4 represent dry sequences (no cavity flooding) for which
containment failure occurs late in the scenario due to basemat melt-through.
For these sequences containment failure occurred at 303 and 184 hours
respectively with the resulting radiological releases of 31 and 628 rems.

For RCs 5.1 and 5.2 sequences the cavity flood system is actuated. However,
the cavity is dry well in advance of containment failure which occurs at 128
anag 94 hours respectively. The dryout of the reactor cavity foilowing
actuation of the cavity flood system was a feature of the cavity flood system
considered at the early stages of the System 80+ design. In light of this
early design feature, which was employed in the RCs 5.1 and 5.2 sequences, the
radiological release are in fact consistent with the time to containment
failure (i.e., the earlier the containment failure time, the larger the
radiological releases). The cavit' flood system has since been improved to
provide a continuous supply of wate- to the reactor cavity which is sufficient
to permanently quench and scrub the -~orium debris. This improved design
feature will be fully addressed in an updated System 80+ PRA submittal,






QUESTION 722.82

Comparing RC 4.1 to 4.2 and RC 2.2 to 2.4, fission product scrubbing by
containment spray appears to be very effective even for early containment
failure and isolatiun failure sequences. The release for these sequences
should be very fast and the release duration short, Justify that there
is sufficient time for spray to be effective for these sequences.

RESPONSE 722,82

The sprays are indeed very effective for scrubbing radionuclides from the
containment atmosphere. The results of above release classes, for which
fission product scrubbiny was very effective, were obtained through MAAP
analyses. Results typical of those cited above are supported by findings of
the Source Term Expert Group in their report DOE/ID-10298, “"Licensing Design
Basis Source Term Update for the Evolutionary ALWR", September, 1990. In this
study the effective spray induced aerosol removal constant was identified to
be greater than 100 per hour for the first ten minutes of the release and 50
per hour for the next half hour. These removal -ates will yield even faster
and more effective fission product scrubbing by the sprays than that predicted
by MAAP.



T

QUESTION 722,83

It is stated that "if containment heat removal is not reestablished within
approximately 42 hours, the containment maximum pressure capacity will be
reached at this point." However, the containment failure time for late
containment failure sequences RC 5.1 and RC 5.2 are given as over 90 hours in
Table 11.3-1. Please explain this discrepancy.

RESPONSE 722.83

In CESSAR-DC Apperndix B, the statement is made that "if containment hea”
removal i1s not reestablished within approximately 42 hours, the containment
maximum pressure capacity will be reached at this point." This statement
applies to a representative event within release class RC 3.1 category of
accidents where the containment overpressurizes and fails prior to sustained
core damage. This occurs due to a loss of containment heat removal (resulting
from a loss of component cooling water) in conjunction with an initiating
event that involves a loss of RCS coolant with RCS makeup available. For such
a scenario the secondary side heat sink is effectively unavailable, and if
adequate containment heat removal is not reestablished within about one and a
half to two days, the containment will overpressurize and potentially fail
prior to occurrence of any core damage.

With regard to release classes 5.1 and 5.2, the containment failure times
pertain to different accident scenarios such as a loss of offsite and onsite
power for which vessel failure occurs prior to containment failure. For RC 5.1
and 5.2, credit is given for the presence of 8 hours of station batteries
supplying power to the steam generator auxiliary feedwater pumps. The
auxiliary feedwater removes a significant portion of the RCS energy via the
secondary system in contrast to direct transfer of the RCS energy to the
containment atmosphere in the case of release class 3.1. Consequently, for
release class 5.1 and 5.2 significant heatup and pressurization of the
containment atmosphere is delayed until after vessel failure which is prolonged
due to the availability and use of the secondary side heat sink.
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QUESTION 722.86

Discuss why the release fraction of Groups 1 and 2 (noble gases) for RC 2.2 are
significantly smaller than for other classes.

RESPONSE 722.86

RC 2.2 events are representative of a small LOCA in an unisolated containment.
For this event, containment sprays and the spray cooling heat exchangers are
assumed to be available for containment cooling (as well as fission praduct
scrubbing). This combination of conditions has been predicted by MAAP to
result in a subatmospheric condition developing within the containment
approximately five hours after event initiation. In essence the small LOCA
produces a steam pressurized evacuation of air from the containment, thus
lowering the partial preusure of the noncondensible containment gases. This
process is accompanied by steam condensation and spray cooling of the
containment atmosphere which in effect reduces the steam partial pressure and
cools the steam/air containment mixture to below atmospheric pressure. Once
subatmospheric, any fission products remaining within the containment will be
trapped via the negative pressure gradient. This results in a smaller release
fraction of Groups 1 and 2 (noble gases) for RC 2.2 in comparison to the other
release classes.



Question 722.87

Large fractions of the containment melt-through sequences (RCs 6.2 and
6.4), and late containment failure sequences (RCs 5.1 and 5.2) were shown
to result in a dose less than 1 rem in Figures 10-2 through 10-5,
However, a dose of more than 2 rems was shown even for most of the "no
containment failure" case RC 7.1 (Figure 10-1). Please discuss the
reasons for this. Can this be because roleases were tracked for 24 hours
after vessel failure, rather than after the initial release?

Response 722.87

As discussed in the response to Question 722.78, the releases for all
release classes are tracked for 24 hours following initial release, In
most cases, this means from containnent failure. As shown in table 9.3-1,
the releases for Release Classes RC6.2, RC6.4, RCS5.1, and RC5.2 all
occurred relatively late, allowing time for radicactive decay and
deposition of fission products inside containment.

Question 722.88

Please provide comparisons of CE System 80+ risk results to NRC health
safety goals, including individual risk of early fatality, individual risk
of cancer fatality, and probability of one or more early fatality.

Response 722.88

Consistent with the guidance provided in Appendix A to Chapter 1 of Volume
2 of the EPRI ALWR Utility Requirements document, only the dose at 0.5
mi es was calculated for the System 80+ PRA. C-E is currently updating
th. System 80+ PRA and will provide a comparison of the System 80+ risk
resu'ts to NRC health and safety goals, including individual risk of early
fatality, individual risk of cancer fatality, and probability of one or
more early fatalities,
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Question 722.89

Please identify and discuss those areas in which the System 80+ design ang
PRA deviates from the EPRI ALWR requirements related to @ severe accident
(Chapter §) and PRA (Chapter 1, Appendix A), if any.

Response 722,89

In general, the System 80+ PRA conforms to the guidance provided in the
2990 version of Appendix A to Chapter 1 of Volume 2 of the EPRI ALWR
Utitity Requirements document. The primary areas in which the System 80+
PRA differs from these quideiines are:

-

the System 80+ PRA includes & numerical/data uncertainty analysis as
part of the level | analyses,

the System &0+ PRA used lower sequence truncation values than
recomnended

the System 60+ PRA wused slightly different initiating eovent
frequencies for some initiators based on a C-t evaluation of
pertinant operating experience data.

C-E is currently updating the System 80+ PRA. This update will discuss
conformance to the version of Appendix A to Chapter | of Volume 2 of the
EPRI AIMWR Utility Requirements document in effect as of January, 1992.
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Accide t management, as defined in SECY-89-012, involves actions taken by
plant staft to: (1) prevent core damage, (2) terminate progress of core
damage and retain the core within the vessel, (3) maintain containment
integrity, and (4) minimize offsite release. The present focus of the CE
PRA is on the first of these objectives (with the exception of a few
aperator actions te actuate desiyned systems such as the igniter system
and cavity flood system). However, the PRA can also be used as a tool to
identify and assess potential risk reduction measures aimed ai the latter
three objectives of accident management. If identified at the design
stage, spacific provisions can be made in the plant design to facilitate
(or eliminate the need for) such mea ure (e.g., automation of otherwise
manual actions, or use of remote manual rather than local manual valves).
Please describe your plans to use System 80+ PRA to identify and assess
additional azcident management measures, and tc expand the scope of the
study for this purpose.

Response 722.92

C-E is currently updating the System 80+ PRA, A severe accident
management plan wall be developed in parallel with this update, It is C-
£'s intention that the PRA will provide inpt® to the severe accident
management plan in terms of the potential severe accident progressions and
the assumed cperator respenses. The PRA results will also be used to
identify potential areas for risk reduction. The items in Generic letter
88-20 and in SECY-89-012 will be specifically addressed in the severe
accident management plan. This plan, when completed, will form the basis
for developing severe accident managemeni guidelines for System 80+.
These guidelines, the severe accident management plan and the System BO+
PRA will be provided t. the owner-operator. The owner-operator will use
this information to develop the severe accident management procedures.

Question 722.93

Please discuss the applicability and significance of each of the accident
management strategies identified in Generic letter 88-20, Supplement 2 to
the CE System 20+ design. Specifically identify any design features which
eliminate the need for a strategy, or facilitate implementation of a
strategy. Identify and discuss any other unique measures or strategies
for dealing with potential severe accidents in the System 80+ design,

Response 722.93

See the response to Question 722.92.
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Question 722.94

Provide a description of the d.sign of the equipment hatch and
its ability to be rapidly reclosed during shutdown, if
necessary. Include a discussion of the need for AC power or
any other support systems in order to effect closure, and the
pressure seal arrangement, i.e., whether the hatch is
pressure-seating as opposed to pressure-opening (which would
require full bolting to accomplish sealing under pressure).
Discuss any strategies/procedures for rapidly closing major
penetrations during shutdown.

Response 722.94

"he equipment hatch will be pressure-seating as opposed to
pressure-opening. In view of the expected nature of Systen
£0+™™ outage activities, the need to open and reclose the
equipment hatch will be infrequent. There are no foreseeable
reasons to maintain the equipment hatch in a continual open
position, such as for routing of welding cables or eddy
current testing cables, since cabling for such support
functions will utilize dedicated penetration(s) instead of
being routed through the equipment hatch. During periods of
Reactor Coolant system reduced inventory or midloop operation,
the equipment hatch will normally remain bolted closed. The
mechanical means for moving of the equipment hatch will be
powered from the Permanent Nonsafety buses, which are capable
of being fed from offsite power, the Alternate AC Source, or
the Diesel Generators.



Question 722.95

Please discuss CE's planned approach for assuring that each of the five
elements of accident management defined in SECY-89-012 will be
appropriately addressed by the vendor/licensee. Identify the respective
responsibilities of CE and of the licensee for addressing each of the
elements, and any methods and/or guidance that are expected to be used in
this process (e.g., the "Process for Evaluating Accident Management
Capabilities" developed by NUMARC, the *"Severe Accident Management
Guidance Technical Basis Report" developed by EPRI, or the accident
management guidelines now under development by each of the reactor vendors
as part of the industry Accident Management Program).

Response 727.95

See the response to Question 722.92.



ICE-459(PC/133)/cr-31

duestion 730.11.a

TMI Action Item 11.E.4.2, Position 5, states that the containment setpoint pressure that
initiates containment isolation for nonessential penetrations must be reduced to the minimum
compatible with norinal operating conditions. Clarification 6 of the same action item states
that the pressure setpoint for initiating containment isolation should be far enough above the
maximum expected pressure inside containment during normal operation so that inadvertert
containment isolation does not occur during normal operation due to instrument drift or
fluctuation due to the accuracy of the pressure sensor. A margin of | psi above the
maximum expected containment pressure should be adequate to account for instrument error,
What is the maximum expected containment pressure under normal operating conditions? At
what pressure is containment isolation initiated?

Respouse 730.11.a

Based on safety analysis requirements, containment isolation must occur prior to +4.0 psig.
The typical expected .nstrument uncertainty error is + 1.5 psig, which reduces the actuation
setpoint to a +2.7 psig nominal value. This allows a worst case early actuation to occur at

+1.4 psig (2.7 psig-1.3 psig).

A 1.4 psig actuation value provides an additional +1.1 psig margin from the maximum
normal containment pressure value of +0.3 psig. This additional margin was established 1o
conservatively bound expected fluctuations in containment pressure due to such factors as
instrument air leakage, containment air temperature changes, and changes in differential
pressure between inside and outside containment.

Since this high containment pressure setpoint actuates both the CIAS and SIAS, 1t was
conservatively established to minimize spurious challenges to the safety injection system.
The methodology employed in establishing this setpoint is consistent with other C-E
operating plants.
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6.2.4.1.2 Design Features

The following is a summary of Containment Isolation System iesign
foatures. Incorporation of these features into the Con’.inment
Isolation System results in a design where the design criteria
fer containment isolation barriers given above are met.

A.

Containment isolation valves and interconnecting piping are
designed and constructed to Safety Class 2 and Seismic
Category 1 standards as defined in ANSI N18.2-1973 and
Regulatory Cuide 1.29, respectively.

The desian ' ‘essure and temperature of all piping and
connectea equipment comprising the isolated boundary is
greater than the design pressure and tempeirature of the
containment,

Containment i{solation valves and interconnecting piping are
protected against missiles.

Containment jsclation valves and interconnecting piping are
protected against the effects of pipe whip and jet
impingement.

The maximum allowable particle size entrained in water taken
from the containment sump is limited. This ensures that the
proper operation of ESF systems and CIS valves will not be
inhibited by debris introduced inte the containment
following a LOCA.

Containment .solatico valves are designed tc operate under
normal environmental conditions and to fulfill their safety
related function under post-accident environmental
conditions, consistent with the requirements of
Section 3.11.

Containment isolation v-lve and associated penetration
piping are qualified in Section III of the ASME Code, as
Class 2 components, as described in Section 3.92.3.

Maximum allowable actuation times are imposed on containment
isolation valves consistent with their required safety
function and ANSI/ANS 56,2-1984.

Valve operators and power sources are selected for
containment isolation valves consistent with their required
safety function,

% Trnsers A

Amendment I

K. 2a%9 December 21, 1990
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REGULATORY GUIDES
lofcronco

Original or Revision
v Jssue Date

Revision .1»«:7:7-»

Document/Title GDC References

Reg. Guide 1.101 -
Emergency Plannlng for
Nuclear Power Plants

Reg. Guide 1.102 - Revision |
Flood Protection for Nuclear 9/76
Power Plants

Reg. Guide 1.103 - Withdrawn

Post Tensiuned Prestressing
Systems for Concrete Reactor
Vessels and Containment

Reg. Guide 1.104 - Withdrawn
Overhead Crane Handling

S{stens for Nuclear Power

p

ants
Reg. Gyide 1,105 - Revision 2
Instrument Setpoints for 2/86
Safety-Related Systems
Reg. Guide 1.106 - Revision 1
Thermal Overload Protection /n

for Flectric Motors on
Motor—Qperated Valves

Reg. Guide 1.107 -
Qualifications for Cement
Grouting for Prestressing
Tendons in Containment Structures

Reg. Guide 1.108- Revision |
Periodic Yesting of Diesel 8/17
Generator Units Used as Onsite

Electric Power Systems at Nuclear

Power Plants

eg, Guide 1.109 -
Calculation of Annual Dos<es to Man
From Routine Releases of Reactor
Fffluents for the Purpose of
Evaluating Compliance with 10 CFR
Part %50, Appendix |
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7:.1.2.27

7.1.2.28

Not Applicable

8.1

Not Applicable

Amendment E
December 30, 1988
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(Concrete containment)'
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