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U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, DC 20555

Subject: Response to NRC Requests for AdditionalInformation

Reference: Letter, Risk Assessment Branch RAls, T. V. Wambach (NRC) to 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 to this letter provides our responses to 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.

/ +445 ----

C. B. Brinkman
Acting Director
Nuclear Systems Licensing
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Enclosures: As Stated-
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Ouestion 720.3

On page B-30 of the CESSAR PRA, it is stated that, for a small LOCA with
failure of SIS, the shutdown cooling system (SCS) can be used to provide
injection for RCS inventory control, if the primary system can be
depressurized below the SCS pump shut-off head by aggressive secondary
cooldown. One of the success criteria for aggressive secondary cooldown
is that all four safety injection tanks (SITS) inject borated water into
the RCS during the primary-side depressurization. Examination of the
fault trees developed for aggressive secondary cooldown during small LOCAs
(page 6-862 of the PRA) revealed that the success criterion requiring
injection of SIT water is not modeled. Please explain why or modify the
fault trees.

Ec.sponse 720.3
- - -

The aggressive cooldown models will be modified to reflect the appropriate
SIT success criterion. This will not significantly affect the PPA results
as failure of aggressive cooldown is dominated by the operator failing to
initiate the cooldown in time.

_

_ _ _ _ _ . ______________ _
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Question 720.4

To succeed in long-term decay heat removal using the shutdown cooling
system (SCS), the operator uust properly align the flow path (taking
suction from the hot legs) and start the relevant pumps. This operator
action is modeled in the fault trees by the basic event, JSX0SDC (operator
fails to establish shutdown cooling) and assigned a failure probability of
1.7E-06. Note, however, that the required operator actions differ
somewhat if the SCS has been used for injection purposes (taking suction
from the IRWST) prior to being used in the long term decay heat removal
(compare, for example, sequence 3 and sequence 9 of the small LOCA event
tree).

(a) Are these differences in the required operator's actions taken into
-

consideration when quantifying the f aelt traes?

(b) Please explain how the human error probability of 1.7E-06 was
obtained.

Rosponse 720.4

(a) The differences in the operator actions were not taken into
consideration when quantifying the fault trees. It was assumed that
the operator would be working from procedures, would have good
displays as to the system alignment and would have ample time in
which to make the appropriate system alignmen;s, Based on these
assumptions, it was deemed that there was no sign!ficant difference
between the required actions for initiating shutdWn cooling from
various configurations.

(b) The human error rate was obtained based on several llCR calculations.
The basic assumptions in these calculations were that initiating
shutdown cooling did not require a lot of time to accomplish and

~that there was a lot of time available.

C-E is currcntly updating the System 80t pRA. As stated in the response
to Questions 721.1 through 721.17, C-E is revising the calculation of
human error rates as part of this update.

___ _______ ___ _ _- _
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Eyestion 720.10

Sequence #11 of the AWS event tree involves a SGTR, failure of the safety
injection system, with success of aggressive secondary cooldown and
success of SCS (injection mode). This sequence is considered to lead
directly to a " success" state without core damage. The success criteria
for aggrcssive secondary cooldown, however, require that both steam
generators and their ADVs be used in the RCS heat removal.

(a) What is your basis for assuming that the broken generator can be
successfully used in aggressive cooldown? What are your estimates
of the doses compared to Part 100 due to the radioactive nuclides
transported to the secondary-side of the broken generator and
released through the ADVs during this operation?

(b) liow long does it take to reach the SCS entry conditions by employing
aggressive secondary cooldown? For all other transients, it is said
to take 6 to 8 hours. With no RCS inventory makeup and continuous
leakage to the SG secondary-side , can core uncovery occur prior to
reachina the SCS entry conditions?

(c) Why does the success of subsequent SCS injectian by itself lead
directly to a " success" state without taking credit for isolating
the broken generator? Based on the capacity of a single SI pump
(800)gpm), the IRWST (116,000 cubic feet) will be exhausted in less
than 20 hours.

Response 720.10

.

(a) A SGTR does not physically preclude the use of the affected
generator for heat removal. Although the affected generator is
normally isolated following a SGTR, the affected generator can be
steamed as a way of controlling excess inventory in the affected
generator, and the isolation valves can be manually opened. It is
felt that if the operator has the choice of steaming the affected
generator or melting the core, the operator will steam the affected
generator. No specific calculationt were made as to the doses

- resulting from using the affected generator since no core damage is
predicted.

(b) For a small LOCA or a SGTR, shutdown cooling entry conditions can be
reached in 4 to S hours without violating the Technical
Specification 100 F/ hour cooldown rate. If the Technical
Specification cooldown rate is exceeded, shutdown cooling entry
conditions can be reached much sooner. la analysis performed for
CEN-239, "Depressurization and Decay lleat Removal - Response to NRC
Questions, it was shown that for a System 80 plant, given failure of
the llPSI system, SCS entry conditions could be reached and RHR
injection initiated prior to core uncovery using aggressive
secondary cooldown.

(c) With success of SCS injection, the RCS pressure has been reduced and
heat removal in conjunction with pressure control is established.

|

_ __ _ _ _ _ _ _ _ _ _ _ _ _ __________ _ _
;
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The SGTR leak rate is significantly reduced from its initial value
of about 600 gpm because of the reduced pressure differential
between the SG and the RCS. Calculations performed for a System 80
plant under equivalent conditions indicated that it would take well
in excess of 24 hours to deplete the equivalent of the inventory in
the IRWST. This provides sufficient time to cool the plant down and
termir ate the leak.

C-E is currently updating the System 80+ PRA. Additional documentation on
aggressive cooldown, particularly as it applies to SGTR, will be provided
in the updated report.

1

_
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Question 72Q,21

Although the event stuck-open primary safety valves (PSV) is rodeled in
the ATWS 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 720.2Z

For an ATWS with consequential SGTR, a large leakage rate can be expected
because of the high reactor power and high RCS pressure, it is tius more
difficult to manually control the RCS pressure to stop the leakag9 and to
bring the reactor to stable cold shutdown conditions. Examination of the
human error probability, PPAX010X (operator controls RCS pressure),
however, revealed that the same failure probability of 1.0E-03 is used
regardless of whether. ATVS 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 controlling
the RCS pressure to stop the leakage is assumed to be similar whether ori

,

| not an ATWS was involved. In addition, the RCS baration 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

ATVS sequence #19 involves an ATWS with consequential SGTR, failure of
secondary-side cooling through an intact SG, 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 IRWST7 Will the IRWST be depleted,
thereby leading to core damage? If not, why not?

B!1sJtonse 720,31

The success criteria used for IRWST cooling was that one of the four RilR
or Containment Spray pumps must recirculate the IRWST 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 ATWS with a consequential SGTR and feed
and bleed cooling was not, however, explicitly considered when setting the
success criteria. C-E is currently updating the System 80t- Hs, The
success criteria, timing, and logic for this sequence will be included as
part of this update.

|
t

|

|

|
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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+
PPA. Where, for example, is the seismic basic event, LTXZ (seismic
failure of the accumulators shown in Table 7.3-2) used?

Besponse 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 con.ponents in the
model are all 2.5g or greater. C-E is currently updating the System 80+
PRA. The seismic model for the SIIs will be reconstructed and included as
part of the update. This should not impact the results.



Question 720.55

Examination of the seismic event tree for ATWS sequences revealed that no
top event was allocated for " turbine trip' or "PSV Open" following the
occurrence of an AlWS and loss of main feedwater. Justify omission of
these events from your seismic core damage frequency estimate.

Response 720.55

Failure of the turbine to trip was assumed in all ATWS analyses. With
respect to " failure of the PSVs to open", see the response to Question
720.26.

-_
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Ouestion 720.61.

Please provide a list of all the human error probabilities used in
quantifying the core damage frequencies attributable to tornado strike
events and seismic events. How do these human error probabilities reflect
the stressful circumstances encountered by the operators?

Response 720 61

All human error probabilities used in the System 80+ PRA are listed in
Tables 5-6 and 5-7 of the System 80+ PPA Report, DCTR-RS-02 Rev. 0,
January, 1991. No special differentiation was used for human errors for
seism.lc and tornado strike events. As stated in the response to Questions
721.1 through 721.17, C-E is re-evaluating the human reliability analysis

~

as part of the update of.the System 80+ PRA.

,

no
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Dneition 720 61m

Please provida discussions regarding the modeling of electrical equipment
(such as an electrical breaker) to account for relay chatterins effect in
fragility quantification. Provide discussion regarding accident sequences
(such as loss of containment isolation function) that could result from
relay chattering failure mode, and method of quantifying such failure
modes, including human recovery actions, if any.

BUMDifLRo SJm

System 80+ employs a primarily solid state protection system and component
control system as opposed to the relay logic employed in previous
generation C-E plar.ts. However, it was conservatively assumed for this
analysis that relays would be used in areas such as motor controllers.
During a seismic event, the relay contact chatter failure mode was assumed
to result in a momentary opening of the relay contact. The assumed result
of this was a loss of control signal to the affected component. This
analysis also used the "one fail- all fail" assumption. This meant that
all relays were assumed to be af fected by relay chatter. As a consequence
of these assumptions, all safety equipment which needed :ctuation were
assumed not to be actuated. The median fragility used for relay chatter
failure was 1,0 9 At this g level, there would be little other
significant damage and the transient would be essentially a loss of
offsite power. The required safety system responses for this transient
would be starting of the diesel generators, and the actuation of the
emergency feedwater system. The available response time would be on the
order of one to two hours. Following the loss of control / actuation
attributable to relay chatter, it was assumed that the operators would
have to reset the relays and re-issue the actuation signals. The recovery
action, ECHATIER, "f ailure to recover bus chatter failure", was applied to
all chatter related seismic cutsets. The value used for this element was
0.05 with an assigned error factor of 1.0

I

__ _ _ _ _ _ -_ _ _ _ _ __ _ - _ _ _ -
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Questign 720.8.5

general aviationSection 4.1.1 The PRA states that "- ...

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 minimum
wall and. roof thickness for all System 80+ Category I
structures? -Is the statement true even if such walls and
roofs 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 thickness for
all System 80+" Category I structures. The minimum wall and
roof thicknesc currently being used for System 80+ Category I
structures in areas subject to aircraft impact is 36' inches.

-

All System 80+" Category I structures are designed to protect
against design-basis aircraft impacts and fire. System.80+" ,

category-I 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 radioactivity which would exteed 10 CFR
Part 100 dose guidelines.

Barrier thicknesses less than 18 inches could be used to
protect-against aircraft impact and fire p m ,adeu sufficient
justification is presented to support their design.
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. Question 720.06

Section 4.2,3 - Provide wind / tornado fragility /.escriptions for structures
and outdoor equipment used to calculate the core damage frequency values
given in Table 84.2.3-1.

Egiponse 720.86

The structures for the nuclear annex and the structures housing the
service water pumps are designed to withstand winds with speeds of up to
330 mph. Thus, these structures and the safety-related equipment within
them were considered not to be susceptible to wind / tornado-induced
failures. Equipment in other structurcs, such as the standby combustinn
turbine, were assumed to be enavailable due to wind / tornado-induced
failures. Also, the potential for blockagn of the service water intake
structure due to tornado generated debris was faodeled.

i
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Ouestion 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.
,

!

: Rgnponse 720.87

The wind speed of 330 mph in the correct value, section
4.2.2.2 will be revised to reflect this. .

,
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Qqqstion 720.90

Tat,les 84.3.1-1 and 84.3.1-2 - Why is the median capacity of seismically
isolated 125 Vdc-480 Vac inverters presented in Table 4.3.1-2 greater than
that of the battery chargers and inverters presented in Table 443.1-17
Note that the EPRI document recommends a value of 2.5.

Response 729 90

The median capacity for battery chargers and inverters presented in Table
84.3.1-1 is the value recommended by EPRI in the EPRI ALWR Key PRA
Assumptions and Groundrules Document, Revision 0, July, 1989. Based on
the preliminary Seismic PRA, the DC-AC inverters for the cavity flood
valves were found to be key components for scismic severe accidents.
Based on this, an interface requirement was established that these
inverters be seismically isolated such that their effective median
capacity would be reasonably close to that of the batteries, the other key
component, it was felt that with reasonable anchorage and isolation, the
median capacity of the inverters would approach that of motor control
centers. Since 1989 EPRI has revised their estimate of the median
capacity of battery chargers and inverters from 1.69 to 2.5 . C-E9
belie"es that a median capacity of 3.0g accurate if the inverters are
seismically isolated.

Question 720.91

Table 84.3.12 - Describe how the median seismic capacity of the diesel
generator building (Event EDGZBLOG) was derived. Describe how the median
cap tcity of the seismically-induced large break LOCA (Event LBLOCA) was
derived. Why is it 2.09, whereas the piping capacity is 3.89 (Table
84.3.1-1)?

Rgsponse 720.91

The preliminary System 80+ Seismic PRA was performed by an Advanced
Reactor Severe Accident Program (ARSAP) contractor and transmitted to C-E
via the ARSAP Task Report ROC-69-89, " Interim Estimation of Core-Damage
frequency for CE System 80+ Due to Seismic Initiating Events". (Note: This
report has been supplied to the NRC.) The median seismic capacities for
the diesel generator building (Event EDGZBLDG) and seismically-induced
large break LOCAs (event LBLOCA) were provided in this report, but there
was no description of how they were derived. The median seismic capacity
for LBLOCA may be based on the EPRI estimate of the median seismic
capacity of the reactor pressure vessel. C-E is currently updating the
System 80+ PRA and will reassess the median capacities of these two events
as part of the update.

I

__. - _ _ _ _ - _ _ _ _ _ _ _ _ . _ _ ___
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attestion 7tqdh
i

Describe to what extent the documentation and documentation process for
the System 80+ PPA meets Appendix B requirements.

Response 720.95

The System 804 PRA documentation and documentation process meets the
intent of Appendix B. The System 80+ PRA Report, (DCTR-RS-02, Rev. O,
January, 1991) is the primary document for the System 80+ PRA. This
document describes the methodology and computer codes used, states the
analysis assumptions, presents the data used, the systems an;1ysis models
and results, and presents the final results. Sufficient information has
been presented so that a skilled PRA practioneer should be able to
reproduce the results. The PRA report was reviewed by the engineering and -

analysis groups in C-E.

.
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punation 722_d

Pleano provido detailed drawings showing the geomc tty of
the reactor cavity region including floor area, vslume,
openings to other parts of the containment, thicknoon of
the walla, detallo of the basemat (apacios of concrote to
be specified, location and depths of nump(a), and
existence of any encapsulated componento within the
basemat), and equipment /atructures located in the cavity.,

Diocuns whethor the cavity wall supporto, the voocol load
in such a way that damage to or crosion of the wall could
result in ro]acation of the venuel, other itCS componento,
or any of the containment penotrations.

E n E1 M I Ln e 7 2 2 . 1
|

A dratting of the reactor cavity in procented on the
attached figuro.

An shown on the figuro, the reactor vennel la supported
by columno which bear on concreto support corbolo. Theco
corbola project from the primary shield wall which has a
minimum thickness of 6'-0". 11 0 cconarion exist which
would result in oronion or damage of the concrote in thin
area. Thereforo, structural integrity in maintained.

,

| -

|

|
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Question 722.2
,

Please provide the following additional information regarding the
reactor cavity flood system: P&l0 drawings showing number, type
and location of valves; estimated flow rate for the system; and
philosophy (and any operating procedures) regarding system
actuation. Specifically address the time at which the system would
be actuated relative to the time of core slump and vessel failure,

,

and the plant parameters, when the system should be actuated (e.g., I

core exit thermocouples exceeding some prescribed value).

Response

A P&!D of the Cavity Flooding System (CfS) is shown in Figure 6.8-4 q

in chapter 6 of CE$SAR-DC. The CfS has six motor operated, gate
valves consisting of four holdup volume tank (HVT) spillway valves

'

(S1-390,51-391,$1-392,$1-393) and two reactor cavity (RC)
spillway valves (51-394, 51-395), figure 6.8-2 illustrates the-'

typical location of these valves. All Cf5 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 eventt

*

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 equalize. Flooding time, initiated when there
is a normal initial water level in the IRWST, is less than one

hour. Over 100,000 gallons of water will have been dtlivered 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 a
severe accident. Manual control of the CFS also gives the operator
the option of terminating RC flooding, if necessary.

|
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The general philosophy regarding the tir.e at whic. the operater i

i

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
vessel failure. Typical 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 level !

below the top of the core and decreasing with no inventory makeup
expected for a sustaisied period of time. Specific details ;

regarding actuation time and the parameters that will be used to
determine the need for cavity iood would be developed as part of
the Accident Management Guidance for severe accidents. This effort !

will employ NUMARC and EPRI recommendations for Accident Management

Strategies.
;

i

;

,

9

-k

I
t

7

,

_ _ _ ._

p y- ':h'fw 9-,__ , 9-p,-y.--- aw,w,-yg wy_q..p. 9 9 9 9-ym e. g.% q peu, y,em-pq.gg y y- q w g, = w. #p.9 %y g.,9,9, p p g,m eu: -pg a ty WrMM-''NT"'rf$ T''WM'"W'FNft'F y g='y-Ut:W-+TwW_J



_ _ _ _ _ _ _ .

|

:
,

J

l
; question 72RJ
t

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 failure in sequences in which sprays are
unavailabic. As evidence, the containment release characteristics
presented in Table 9.3-1 indicate that dry cavity sequences (RCs 6.2 and
6.4) result in bastmat melt through in about 180 or more hours, in
contrast to wet cavity sequences resulting in containment overpressure at
much earlier times. This would imply 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 availabic wauld appear to of fer risk
reduction potential. Discuss the significance of this challenge, and
whether any constraints on the use of the cavity flood system (such as
manually flooding the cavity only when containment heat removal is
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 cooling
afforded by a flooded cavity. (AlsoseeQuestion80.) i

Response 7?ld

The cavity flood system ur7r which this analysis was based was a design ,

arrived at in the earlier stages of the System 804 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 meltthrough. 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 i

current Cavity flood System design provides more operational flexibility.
Thus, when containment heat removal is avvailable, the operator can
immediately flood the cavity. Ilowever, if containment heat removal is not
available. the operator can delay flooding the cavity until containment
heat removal is _ restored and still have reasonable assurrance that the
cavity can be flooded and the corium will be coolable. C-f is currently ;

updating the System 80s pRA and will assess the impact of the new cavity
flood system design on the issues discussed above.



Question 722.4

Provide a discussion of the power supply to the cavity flood system
valves, the impact of station blackout or battery depletion on
operation of the valves, and the modelling of failure of the
operator to open these valves before the depletion of batteries (or
other motive sources). Discuss whether (and hov, far) the IRWST
would be drained if these valves or connected piping are damaged,
how this would affect the core injection or containment spray
capability, and whether the possibility is included in the Levels 1
and 11 analyses, especially for seismically initiated events.
Discuss whether water in the cavity can be recycled to the IRWS1 or
vessel, and whether spray can take suction from the cavity.

Responso

The Cavity flooding System (CfS) consists of six, motor operated
valves, four valves at the discharge of the Hold-up Volume Tank

(HVT) spillway connect the inccntainment Refueling Water Storage

Tank (IRWST) to the HVT. Two valves at the inlet to the reactor
cavity (RC) spillways connect the HVT to the RC. All CFS valves
are in the HVT and are connected to emergency battery power.
Actuation of the CFS causes all of these valves to open

simultaneously, The location of these valves in the MVT is
illustrated in figure 6.8-2 of CESSAR-DC.

The plant has two redundant and independent Class 1E Auxiliary

Power Systems, identified as Safety Divisions I and 11. Two of the
HVT spillway valves are powered from Division 1 buses and the
remaining two from Division 11 buses. One of the RC spillway
valves is powered from a Division i bus and the other from a
Division 11 bus, Given a worst-case design bases accident (DBA)
and a single f ailure, actuation of the CFS will result in at least

two HVT spillway valves and one RC spillway valve opening and

flooding the RC.

.

During a statico blackout stenario, the CFS valves will be powered
by emergency battery power. The need for dedicated battery power
will be considered in the design in the context of minimum battery

._
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life and depletion due to the use of other equipment of this power |,

source.
.

!

In the event that all CFS valves are inadvertently actuated or
dama9M so as to cause flooding of the RC during a worst-case DBA,

sufficient water exists in the IRWST to flood the HVT and RC and i

still maintain sufficient static suction head for all Engineered
Safety features (Esf) system pumps such that the available not t

positive suction head (NPSH,) exceeds that required (NPSH ) by thep

pumps. All ESF system pumps take suction from the IRWST only. ;*

In the event that only the RC spillway valves are inadvertently
actuated or damaged so as to cause flooding of the RC from the HVT

!during a worstacase DBA, sufficient water exists in the IRWST to
allow the HVT and RC to fill 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
rninimum water level in the IRWST during this scenario is still

| sufficient to satisfy the ESF system punip NPSH requirements.
Therefore, the CS pumps continue-to take suction from the IRWST.
The design only permits the CS pumps from taking suction from the
IRWST, and there is no need to take suction from the RC. ;

Water flooded into the RC cannot be directly recycled to the IRWST.
However, as explained above, there is sufficient water in the IRWST
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 level that would be reached
in the reactor cavity after actuation of the cavity flood system,
and the extent to which the reactor vessel would be submerged.
Discuss any strategies planned or under study for flooding the
reactor vessel externally (prior to vessel failure) 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
beyond design bases events, for those events, actuation of the CfS
will flood the reactor cavity (RC) to a level below the reactor f.

vessel (RV). !

There are no strategies currently planned or under study for- -

flooding the RV externally prior to vessel failure to arrest core
damage in-vessel.

_.
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Question 722.6 :
Discuss whether the CE system 80+ design includes any drain
connections from the reactor cavity or sump whose failure could
result in drainage of the cavity water. Describe how the
potential foi failute of these connections (e.g., from scismic
events or contact with core debris) and subsequent drainage of
the cavity was assessed.

Fesponse 722.6 :

The reactor cavity sump is located in the reactor cavity area and
has no drain connections. Discharac piping f rom the sump pwnps
is routed up and out of the reactor cavity and will exit the
containment in the containment penetration at:ca above elevation
area 41+0. The difforence in elevation of the sump discharge
piping containment penetration and the maximum expected wate
icvel in the cavity in a severe accident prevents gravity
draining of the cavity water.

.

_ _. _ __
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Question 722.7

ploano provido details on the geometry and orientation of
the IRWST. Discuss whether failure of RilR piping (such
as heat exchanger piping) during a colomic ovent can
drain the IRWST, how an accident such as this would
affect the core injection and containment opray
capability, and how this f ailuro potential was treated in

; the PRA.

IblDDanse 722.7

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

CESSAR-DC figure Number Drawinct Descrint;.12D._ -

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-D

Those figuros woro recently submitted via C-E Ictter LD- -

92-005, dated January 28,1992. For doolgn basis
accidents no scenarios exist whereby a failure of the EllR
piping could affect the IRWST such that draining of the
tank could occur. '

For accidents beyond the design bacon, it in poncible
that failure of piping upstream of the isolation valve

1

could cause drainage of the IRWST.

C-E in currently updating the System 804" PRA. The
impact of this potential failure will be addressed in
this revision.

.
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Duniton 31LQ

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 RilR heat exchangers. If the containment
spray headers are not availabic and containment heat removal is being i

accomplished by cycling IRWST inventory, please describe how energy
released into the containment atmosphere from the reactor coolant system
and from ex-vessel severe accident phenomena is transported to the IRWST
and then removed from the containment.

Emponitl2LD

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. Af ter 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 condenset on the containment
shell or other heat sinks inside containment. All condensate flow is
directed to the holdup volume and then back into the IRWST. The
containment spray pumps and RllR pumps can take suction from the IRWS1 and
discharge flow back to the IRWS1 via cither the containment spray heat
exchangers or the RilR 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 is transferred to the
service water and thence to the ultimate heat sink.

,

!
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QREDij on 72L,S,

Please describo 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 betwoon the cavity and'
IRWST, pleaso provide information regarding water levels
in the reactor cavity and containment as a function of
volume of water in containment, and any related flow :
split fractions. Discuss how long the spray system will '

continue to operato after the containment falla. ;

-!
Responso 722.9 ;

!

Containment spray water, RCS breakflow, and condensed i
water on thn containment wall will drain first into the '

holdup volume tank which is located adjacent to tho ;
IRWST. The water draining into tho holdup volume tank is
ultimately returned to the IRWST through spillways
connecting the IRWST to the holdup volume tank once tho
water in the holdup ve'uma tank reachen the spillway
clavation. Those spillways are always open and contain
no valvos. When the water level in the holdup voluma .

tank reaches the i nlet of the spillway, water flowa by |
gravity from the holdup volumo tank into the IRWST. The
spillways are located at an olevation above the IRWST
normal water level.

The return flow is not split betwoon the reactor cavity
and the IRWST. In order for cavity flooding to occur,
manual actuation of spillway valvos allown flow from the,

IRWST to the holdup volume tank, and from the holdup ,

volume tank to the reactor cavity. Those spillways rely |
on static head and gravity flow following valvo actuation !for communication of water between the IRWST, holdup
volume tank and the reactor cavity.

This process, of providing water to the safoty systems,
continuon until the ayatem is removed from actuation. In
the PRA analysis, once the containment fails, no credit
is taken for continued operation of the syntom.

i
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Q1estion 7?2.19

Please describe the operating philosophy (and any operating ptocedures)
regarding use of the containment spray system during severe accidents.
Specifically address any provisions (and associated procedcres) for:
connecting the spray system to sources of water other than the IRWS1 (such
as external sources of water), throttling containment spray flow rate in
order to conserve IRWS1 inventory, and replenishing the water in the
IRWST.

BUnonse 72L19

Containment spray will be actuated on high containment pressure. Its
function is to provide containment heat removal and pressure control and
radioisotope scrubbing from the containment atmosphere. The general
operating philosophy would be that once the spray system is actuated, it
would remain operating as long as it is needed. The operator guidance is
the same as CEN-152. Additional guidance may have to be developed fo-
conditions where containment spray can be recovered late in a severe
accident sequence. 1he containment spray system draws suction from the
IRWST and discharges back to the IRWST via the holdup volume. Thus,
containment spray flow does not have to oe throttled to conserve IRWS1
inventory. No specific provisions have been made to connect the
containment spray to external water sources. The IRWST can be connected
to the Doric Acid Storage lank (BAS 1) which can be used to provide
additional inventory to the IRWST in the unlikely event that it is needed.

___
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Q11gittlon 72 2.11

Please specify the igniter system that will be utilized in the
CE System 80+ design, and provide references for the
evaluation of their effectivenesa and reliability under
accident conditiona (such no moderate steam concentrations).

Rem _qnpc 722.31

The System 80+ liydrogen Mitigation System (llMS) ignitors are
described in CESSAR-DC, Section 6.2.5. These ignitern are of
the glow plug design, with at leant two ignitern at each
location. Ignitors will be located globally with special
consideration of areas where hydrogen may be produced (e.g.,
near the In-containment Refueling Water Storage Tank), or
where hydrogen could accumulate. The two ignitern at each
location are powered Irom neparate electrical divinions to
provide redundancy and protectir against loss of electrical-

power in a division.

The reliability of the 11MS is determined by the reliability of
the ignitors themnolven and igniter electrical power nources.

The igniter electrical power cources provide the maximum*
reliability and availability during all accident
scenarios through redundancy and diversity. The ignitern
can receive power from of f aite power, the Claca 1E diesel
generators, the Claus 1E divisional batteries, or the
diverse Alternate AC ocurce (combuction turbine
generator).

The glow plug ignitors are a proven design, used in the ~*
nimploice condenser PWRo. Those ignitors are of a

design and are capable of remote testing during power
operation. Evaluation of glow plug igniter reliability,
and testing under accident conditions was performed as
part of their qualification for the ice condenser PWRs.
This qualification testing determined that the glow plug
ignitera effectively burn hydrogen at concentrationc
greater than St, and that 100% humidity or steam
concentrationn up to 40% do .not hinder ignitor
performanen. The llMS ignitors will be comparable to
those tested,

i_ _ _ _ _ . - _
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Phle_ntion 722.J2

It is claimed (page 9-73) that a small igniter failure
probability (0.01) in used in the analynio nince hydrogen
ignitora are available which are independent of station power.
Thin value is very low and appearn to have ignored coveral
mechanisma which would tend to compromise igniter
offactiveness. These includes early battery failure /
unavailability due to improper / missed nurveillance; battery
depletion (especially for late containment failure, in which
the minaion time may exceed the stated 40 hour l i f:e of the
internal battery packs); failure of the operator t<> actuate
the ignitern; preexisting contamination of the passive igniter
catalytic curface due to long-term expocure to containment
environment; and failure of catalytic igniter assemblies to
properly open (accuming they are cealed during normal
operation). Also, moderate atoam concentrationn (20-30
percent), while not high enough to inert a hydrogen /ateam/ air
mixture, can signif icantly chif t the lower f lammability limit.
pleace provide justification for the accumed igniter failure
probability effectiveneco in view of these factorn. Provide
an accenament of the ofrect of each factor in your renponne.

Runo_une 72LR

The System 804 hydrogen igniter design han been revised since
the original PRA analynic which is nummarized in CESSAR-DC,
Appendix B. The ignitern are of the glow plug design an
described below. The pRA analysis in CESSAR-DC, Appendix B
will be updated to addrens the revised glow plug igniter
design.

The hydrogen igniter availability in ma>:imized by the igniter
dealgn and the reliability of the alcetrical power cources.
The glow plug igniters are of a proven design, which have
undergone qualification testing and are currently used in the
ice condenser PWRs. The availability of the igniter
electrical power sourcen provides maximum reliability and
availability during all accident scenarion through redundancy
and diversity. The igni*.orn can roccive power from offsite
power, the Clann IE diesel generators, the Claus 1E divisional
batterien, or the divorce Alternate AC (AAC) source
(combus& ion turbine generator).

Two ig.. tera are placed at each location where hydrogen in
produced or could accumulate. The two ignitern at each
location are powered from separate electrical divisions to
provide redundancy and protection against loan of electrical
power in a division.

. . . _
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Responso 722.12__ICont'd) i

The specific factors listed above are addressed as follows:

- 1. Early battery failure / unavailability duo to impropor/
missed survoillanco:

The Class 1E divisional battories provido power to the
ignitors in the highly unlikely event of a loss of all AC
power, including the diverso AAC sourco. Thoso batteries
provido the most rollablo power sourco available with at
least cight hours of capacity following the loss of all
AC power. !

|

2. Battery dep1h ion (especially for lato containment '

failure, in which the mission timo may exceed the stated -

40 hour lifo af the internal battery packs):

For the station blackout scenario (loss of offsito power
,

and failure of both diosol generators to start), the AAC
'

sourco providos a diverso sourco of cloctrical power for
the ignitors Upon loss of all AC power, the Class IE.

battories are the most rollable power ocurces available,
and provido at least eight hours of capacity following
the loss of all'AC power. By the timo the batteries are
depleted, the containment la anticipated to be inerted
with steam which will preclude accumulation of detonable
hydrogen concentrations.

3. Ti.ilure of the operator to actuato the ignitors:
-

Igniter actuation and operation will be addressed in the |

detailed Sovoro Accident Management Procedures prepared
'

by the owner / operator using the most current knowledge,

available at that timo. Failure to actuato the ignitors
would mean either that the operators were not following
the-Sovero Accident Management Procedures, or'that they
did not realize that the reactor core was being
uncovered, both of which are highly unlikely.

| |4. Prooxisting ' contamination of the passivo ignitor ,

catalytic surface due to long-term exposure to!

containment environment:
,

This factor does not apply to the glow plug igniter !

design.

5. Failuro.of catalytic ignitor assemblics to properly open-

(assuming they are scaled during normal operation):

This factor does not apply to the glow plug ignitor
design.

2
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Response 722.12 (cont'd)

6. Hodorato steam concentrations (20-30 porcent), while not
high enough to inort a hydrogon/ steam / air mixture, enn
significantly shift the lower flammability limit

Evaluation of glow plug ignitor performanco under
accident conditions was performed as part of the
qualification testing for the ice condonsor PWRs. This
qualification testing datormined that the glow plug
ignitors offectively burn hydrogen at concentrations
greator than 5%, and that 100% humidity or stoam
concontrations up to 40% do not hinder ignitor
performance. The System 80+ ignitors will be comparable
to those tested.

|
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OMntinn_22.2all
Describe the locationn of the hydrogen ignitern and the
philosophy and procedures for activating the syntem.
Specifically addreou any special proceduren ior nocuring the
igniter nyatom upon loan of otation power, and for
reactivating the igniter ayotem following recovery of power
(provided, of course, that they are remot o-rna nua l ly
controlled).

RCDpnn.no 722.tll

The evaluation to determine hydrogen igniter locationn, baned
on engineering judgement, la currentl'/ in progrenn.
Conditions to be considered are hydrogen sources, equipment
locations, and areas where hydrogen could accumulate (i.e.,
dead-ended compartments, upper portions of containment, etc. ) .
The renulta of this evaluntion are anticipated to be included
in a future CESSAR-DC amendment. See renponne to NHC RAIN
730.7 and 722.11.

The hydrogen ignitern are remoto-manually controlled (See
CESSAR-DC, Section 6.2.5). Ignitor actuation and operation
will be addrenced in the detailed Severe Accident Management
Procedures na indicated in the responne to RAI 722.12(3).

Upon loss of offuite power and failure of both diesel
generatora to start, the ignitern can receive power irom the
diverse Alternate AC (AAC) nource (comboation turbine
generator). Upon additional loca of the AAC cource, the Clann
IE divisional batterien can provide power to the ignitern
until depleted.

In the highly unlikely event of loan of offolte power, both
diesel generatora, and the AAC source, along with battery
depletion, the containment is anticipated to be inerted with
steam. When electrica i power in restored, the Severe Accident
Management Procedures will addrenn activating the ignitors and
controlling the rate of containment de-inerting with
containment spray to preclude achieving detonable hydrogen
concentrationn.

I
:
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Ouestion 722.14

Picase provide justification for not addressing in th9 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 -IRWS1 to other regions within containment, for
sequences with_ and without containment sprays availabic; areas in
containment where detonable concentrations of combustibic gases can foJd

(during sequences in which igniters are unavailable); the potential it,c
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.

Reipsnse 72L11

-

C-E is currently updating the System 80+ PRA. As part of this updato, the'

potential for hydrogen detonations will be re-evaluated and incorporated
in the PRA as appropriate. The System 80+ 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 System 80s.

2
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CLVEST10N __722_,.15'

IPleano provido the following additional information>

regarding the reactor depressurization nyutoms operating'

; philosophy for uno of the ayatom under accident conditional !,

dotniin regarding the power supply for the depressurization
;

valves, including a description of other loado carried by
the batterloat a doncription of any proceduron/proviolons to
annure the availability of the batterien when it in decided
by operators to open those valves at the later stagon of a .

| severo accident (such no after a prolonged operation of !
turbino d.*1 von Alv pumps); and a doncription of any +

procedures / provisions to connect tho valvoa to external
courcon of motivo power. Discuan how the failuro of the
operator to open thono valvon before battery depletion van .

treated in the ovaluation of unavailability of this syntom !

during high prosauro noquencen.

;
,
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}1HplQKpH TO 722.15

Operatina Philongnhy.

The Rapid Depressurization System (RDS) has boon designed to
permit a rapid dopronourization of the the Reactor Coolant
System (RCS). The ayatom operaten in conjunction with the
Safety Injection Syntom-(SIS) for foed and blood cooling of
the RCS as a last recort for the beyond design basis event
of total loss of feedwater (TboFW). The RDS is a manual
safety-grado means of quickly depronourizing the HCS-when
normal and emergency feedwater are unavailable for RCS heat
removal from the steam generators.

- !

A TLOFW, if not corrected, prevents the steam generatora
from performing the RCS heat removal function. The operator
actions for a TLOFW are directed at datormining the cause of
the TLOFW and regaining and establishing a foodwater nourco |
to one of the two steam generators. If it in not poaalble to
restore feedwater flow to one of the two atoam generators,
operator actions are then directed at catablishing foed and
blood (feed and biced in used as a lant-renort method of-
coro cooling if steam generator heat removal la no longer
adequato). All safety functions will be monitored to assure
public safety, or to detect changes in plant conditions.

Once the operator has successfully eutablished feed end
bleed, offorts to restoro steam generator heat removal
capability will continuo. When normal RCS and coro 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 modo of RCS heat removal.

If normal RCS and coro heat removal cannot be established,
the operator will have to perform a cooldown to the shutdowr
cooling'ayntem entry conditionn uning the RDS and the SIS.

Power t_o SDS V.glynn

As stated in CESSAR-DC Section 6.7.1.2.C.12 the power supply
for each RDS valvo is from a.DC bun. The power in connected

-

such that in the care of a lons of both nources of offsite
power, both EDGn, the combustion turbino, and the loss of'

one battery bank, a RDS bloed 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 chargera are powered from Division I
and II of the Class 1E Auxiliary Power. Systema. Normally,
each battery charger supplion the loads to its associated
distribution center while maintaining a float chargo on its
associated battery. The Class 1E DC loads have an operating
voltage range of 105 to 140 volts. The minimum battery
discharge voltage in 105 volts. As stated in CESSAR-DC i

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 instrumontation and control
-loads associated with the turbine-driven emergency feedwater
pumps for 8 hours.

As stated in CESSAR-DC Section 0.3.1.1.2.2 the 480 volt
Class 1E Auxiliary power System roccives its power from the
4160 Volt Class 1E Auxiliary power System. Further, as
stated in CESSAR-DC Section 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 por division) separate and completely independent
emergency diesel generators (EDGs). In the event a diesol
generator in out of service or fails, the Alternate AC
Sourco can be aligned to provide emergency power to either
Class 1E Auxiliary power System Division.

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

Pattery Availaltlll h

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

- f&Jnal Power _Jource

Normally, the batteries are always availablo_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
provido power to one permanent non-safety bus and one safety
bus. This will then provido power to the 480 volt Class IE
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 0 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

.



- _ _ _ - - - _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ - _ - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - - _ _ - _ . _ _ - - - _

.- .

A1tornato AC Source to como up to power and be manually
aligned to the appropriato cafety bus to provido power to

* one train of RDS valvoa.

System 80+ does not need nources of notivo power to operate
the RDS valvos other than those described in CESSAlt-DC.

.Qnaval1 ability

In the PRA ovaluation of high pronsure t.cquencon, the
f ailure of the operator to open the RDS valvoo before
battery depletion was trented as a failure to depressurize
as stated in sub-nections of CESSAR-DC Appondix 13 dealing
with high pronouro sequencen,

.

~
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OM10T10N 722.16

* Pleano provido an assensmont of the influence of containment
pronouro on the operability of the reactor depressurization

,

valvoa. Discuan whether the valvoo are subject to reclosingi

upon high containment prennure, or battery depletion.
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BEFPONSE TO,_722.tLi i

As described in CESSAR-DC Section 6.7.2.2.2 the Rapid I

Depressurization System (RDS) valvon are notor-operated. The ;
operatoru are sized for the maximum expected differential ;
prosauro across tho valvo. Thoroforo, the valvos are '

doulgned to oporato under the expected range of containment
conditions.

Por the "beyond donign bania" event of a Total Loan of
Foodwater, the RDS valvoa vill not be subject to reclosing

: on high containment pressure. Containment.prosauro is not
expected to be significantly affected during RDS operation
since the RDS flow dischargos directly to a aparger network
in the In-containment Rofueling Water Storage Tank (IRWST)
and not the containment atmosphere. The IRWST is designed

.

with the capability of condonsing the EDS flow. The IRHST in i
cooled by the SCS or the CSS heat exchangora during flow
from the RDS.

The RDS valvos will_not be nubject to automatic reclosing
upon battery depletion because-the valven fail an-in. The
RDS valvoo are powered from an excremely rollable not of
power sourceo. Loss of all motivo power is not considered a
credible event. As doacribed in the responce to RAI 722.1S
the battories provido a standby power nourco to the RDS
valvoa. Normally, the RDS valvon are' powered from the DC
bus. The DC bus-in. supplied power from the 400 volt Class IE
Auxiliary Power System which racolves its power from the
t.160 volt. Clana 1E Auxiliary Power System. Upon a loca of
normal power, the 4160 volt Claus 1E Auxiliary Power System
rocolvos power from the Emergency D10001 Generatora vhich,
in turn, provido poWor to the 480 volt Class 1E Auxiliary
Power System which providos power to the DC bus through
battery chargers.

During a station blackout and a total loss of foodwater >

event the batteries will be required to provido power to the.;

RDS valves for approximttely the first ton minutos of the
ovent. This will allow-timo for the Alternato AC Source to

j como up to spood and be manually aligned to provido power to
one 4160 volt class 1E Auxiliary Power System, which through'

the above distribution syntom, providos power to the DC buo
and-charges the batteries. ,

i
.
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The System 80+ containment is substantially different from the
containmer,ts considered in the NUREG-ll50 study in torus of sha3e
materials and design pressures. Yet, the uncertainty distribution for t1e
containmont strength of the System 80+ design was obtained by fitting to
the distributions developed in the NUREG-ll50 study. Experience in
containment overpressure evaluations on several containments shows that
pressure capacities and failure modes are very plant specific. In this
regard, please justify the applicability of containment ultimate pressure
capacity estimates and uncertainty distributions for the NUREG-ll50 plants'

to the System 80+ design considering the radically different containment
designs.

Egw onse 722 dl

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 80+
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-llSO study indicated that the distributional shapes were
reasonably similar despite the containment design differences. It was
assumed that a curve fit to these distributions and normalized to the
calculated ultimate capacity for the System 80& 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-ll50 curves. This fitted curve
was constrained to yield a failure probability of 50t, at the ultimate
capacity pressure. This 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.

_. _ _ _ . _ . - . _ .
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Question 722.,la

Describo the structural analysos performed to assess the'

potential for failure of equipment hatches, personnel
airlocks, electrical and piping ponotration assemblica,
and seals. Provido an estimato of the pressuro capacity -i
for each of those components,

i

iEnI!nonso 722.1%

Personnel airlocks, equipment hatches, electrical and |,

piping penetration assemblics and seals are items that '

will be provided by equipment vendors via procurement
design specifications. The design for thoso items will
be specifiod such that the structural performance moots
or exccods -that of the stool containment vossol. Tho
specifications will outline the details for structural

,
' design and manufacturo using design information for the
'

required prosauro capacity when this information is more
defined, i.e., detailed design stage.

!'

i

i

|
,

i

J

__..__.___.._..____.__._.;_;_.. .__



1
;

|

QUESTION 722.19

>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
addressing temperature induced failure in the PRA.

g

*

RESPONSE 7?2.19

The effect of temperature in the ultimate capacity analysis was accounted for
'

by determining the containment _ material properties, i.e., yleid 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 80+ PRA.
This revised PRA would employ containment ultimate pressure capacity that is
- calculated on the basis of containment temperatures realized during severe
- accident scenarios te quantify the containment failure times and fission
product release fractions. -
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Question 722.20
i

The mathematical procedure used to fit the NUREG-ll50 data is not a
rigorous least squares fitting of data in that the parameters in equations
5.2-8 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.

Et$panso 722.20

iSee the response to Question 722.17.

'

01q111on 722.21

Please describe the technical basis for assumptions in the PM concerning t

the likely locations of containment failure, and associated containment
leak areas. Olscuss whether the probability of the various failure
locations / areas would realistic 6:1y be dependent on containment. challenge
(e.g. rapid versus gradusi overpressurization). Olscuss how a

catastrophic failure of the SCV will be avoided when the .nternal pressure
'approaches the ultimate capacity.

Rgsp.pnse 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+ PM 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 CMC 2 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 ct
ground level. The primary reason for this is that these are the only two
release locations permitted by CMC 2. A more extensive evaluation of
containment failure modes and locations will be included in the PM as it
is updated during the detailed design.

._~ ~ ___ . _ _ . . _ _ _ -_ _ . . _ _ . _ . . . _ . _ _ _ . _ . - _ . _ _ .
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QUESTION 722.22

Please provide MAAp input listings for a representative set of those accident
scenarios used to develop the source term information for each release
category. For several accident sequences which have relatively high

,

frequencies of occurrance, provide MAAP output (in graphical form) showing:
containment pressure sincluding partial pressures of steam and non-condensible
gas); temperature of water and air space; distribution of core materfal and
non-condensible gases in each compartment; mass of water in the IRWST and
cavity; heat loss through the containment wall; fission product release
fractions; and erosion depth of the basemat and the cavity wall. Include a
basemat melt-through sequence (i.e., a dry cavity case) in these outputs.

1

Resp 0NSE 722.22

'

A listing of the MAAP_ parameter File which cont: i ; the plant design and
operations data for the System 80+ design is pron ded in Attachment 1. The

parameter file along with specific case data file are employed to perform
MAAP analyses for specific accident scenarios used to develop the source term
information. Case data file listings for a representative set of accident-

scenarios are provided in Attachment 2. These accident scenarios consist of
the following Release Classes (RCs):

RC 2.2 -- Small LOCA (0.02 sq ft) in hot leg with no safety injection and no
emergency feedwater: containment isolation failure at the start of
the transient.

RC 2.4 -- Loss of Offsite power transient with diesel generators available.

RC 3.1 -- Total Loss of Feedwater transient with manual feed and bleed cooling
of the RCS. Containment heat removal is assumed to be unavailable. I.

RC 4.1 -- Large hot leg LOCA coincident with failure of safety injection.
*RC 5.1 -- Station Blackout with battery depletion at 8 hours.

RC 6.2 -- Large cold leg LOCA with coincident failure of safety injection; no
cavity flooding (dry cavity).

RC 7.1 -- Station Blackout with battery depletion at 8 hours and late recovery
of power and containment heat removal.

Readily available output parameters for the above accident scenarios are
provided in Attachment 3. These include the containment pressure plot, tabular
data for fission product release fractions, height of water level in the
cavity and/or the IRWST, concrete erosion of the basemat, and mass of hydrogen4

generated.

The proprietary versions of Attachments 1 and 2 are being submitted under
a separate cover letter.

_. . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _____ __________ - _____ - -
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ATTACHMEt/T 1

LISTING *0F MAAP PARAMETER FILE FOR THE SYSTEM 80+ DESIGN

THE FOLLOWING 16 PAGES CONTAIN CJMBUSTION ENGINEERING

PROPRIETARY INFORMATION

,

*
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ATTACHMENT 2 .

LISTING OF CASE DATA FILE FOR REPRESENTATIVE ACCIDENT SCENARIOS
.

THE FOLLOWING 11 PAGES CONTAIN COMBUSTION ENGINCRING PROPRIETARY

INFORMATION
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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 MAAP3.08, 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 Reviston 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 I/O capability,
more efficient numerical calculations, and many engineered _ safety features
model 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 safety features
systems. This includes-the capability to model the in-containment refueling

- water storage tank (IRWST), the cavity flooding system,.and the safety
depressurization system (SDS). The IRWST model is implemented using the quench
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 model of MAAP3.0B, Revision-16 and by modifying the relevant input to-
reflect the design and operation of the SOS valves.

Reference 1. Letter to MAAP Users Group Members from M. P1ys, Fauske &
Associates, January 31, 1991.

f
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Reference 1. of NRC
Question 722.23

-

Fauske & Associates,Inc.

DATE: January 31,.1991

ID: MAAP Users Group Members

DLON: | Martin Plys, FAI }N W

SUMECT: Release 'of MAAP 3.0B BVR Revision 7 and PWR Revision 17

FAI is: pleased to announce the release of the new revisions of MAAP
3.08 'to MAAP Users Group Members. We received approval from Ed Fullet of
EPRI on Jarlary 17. His approval vas 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- few last- minute bugs were repaired,

- Quality Assurance was completed, and voluminous documentation was assembled.

Accompanying:this memorandum are the new MAAP software, a description-
of the software transmittal format, and new code documentation as explained '

below.

We have created a documenuncion package for each code that explains the
'f- contents-of the new revisions. You will find a summary of - major updates,

detailed descriptions of major new models - piled- from QA documentation that
summarize individual code changes a' list of new parameter ' file' inputs,
examples- of new input decks, and a list 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 MUG members. Note that we cannot send out' our entirelQA docu:nent on
each : code _ because each one is about 4_ times _ larger than the abridged ver--

sions-you received.

Sample probler2s 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 .new sample parameter file.
Generally speaking,. code _ performance _. is not_ significantly 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 general, output should be _ scrutinized for these kinds'of events and

|. -
sensitivity studies .should be - made whenever failure thresholds are. ap-
proached.' We found that_ selection of the no blockage option for the BWR-

I 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-'

l' havior.
i

16WO70 West 83rd Street Burt Ridge, Ilknots 60521 (708) 323-8750
Telefax (708) 986-5181

, _,. .. - -_ _ _ _ _- ._ ._ ,



Reference 1. of NRC
Question 722.23

Numerical performance for the PWR code is better than ever. However,
numerical performance for-the BVR code is now somewhat poorer. This is due

no blockage op-to the new core model and is compounded by the use of the
tion. FAI is 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 EAI 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 I/O for the parameter file and input
deck. You can use the previous 1/0 features except that you must use the
new plotting format (soo *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 new model features, such as' the ESF upgrades and PUR half
loop operation.

Maj or model additions include the engineered safety feature upgrades,
an improved BWR HEATUP model, PWR changes for half loop operation, upgraded
PWR numerical performance, and enhanced I/O 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 HEATUP model
now includes control blade motion separate from fuel motion. PVR half-loop
operation modifications go beyond the proposed scope to include separate
mass fractions for hydrogen and air in all primary system nodes.

Enhanced I/O 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 the 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 temperature 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 regardless 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 MEi.COR/MAAP com-
parison are not yet completely installed. They are not provided with the
PWR code, and they are overridden by default in the BUR code. We will
provided fully debugged mass and energy balances in future minor code revi-
sions.

PC users may need a modified INPUTl subroutine to open files. We have
included our version of this file for PC's. We encourage PC users to inform
us of PC difficulties and their resolution so that other MUG members may
benefit from the experience and to identify simple remedies in future code
releases.

_ __
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Question 722.23

FAI will transmit revised HAAP Users Manual and Users Guide sections
through MAAP RAAP,

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

.L

|
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Ouestion 722.24

In Section 2 of the CE 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-12,

each core damage sequence with mean frequency greater than 1.E-Il-

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 '' identify the' dominant PDS for
each release class.

Please describe the rationale for sei. 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. All sequences, both
recovered and unrecovered, were used to calculate the final total core
damage frequency.

In selecting sequences to link with the containment safeguards states, the
intent was to account for at least 99% of the core damage frequency while
annimizing 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-Il 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 1.0E-11 on page 2-17 should be
changed to 1.0E-10.) The sequences with frequencies below the 1.0E-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 for each release class whose frequency of
occurrence was greater than or equal to 1.0E-10/ reactor year was reviewed

The objective of setting this threshold value was to reduce the"
... .

number of release classes 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

-



l

would include at Icast ene release class for which a CRAC2 run was made.
The threshold value was set at 1.0E-10 so that Early Containment f ailure
would be covered by at least one CRAC2 run. Release classes below the
threshold value were excluded from further analysis. Less than .1% of the
total releases were thus excluded.

,
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Qgni.lon 7222
,

Clarify the apparent intontistency between the statement on page 2-17 that
*each core damage sequence with a mean probability greater than or equal
to 1.E-Il was linked to the set of containment safeguards states to
generate a set of plant accident sequences.' and the statement on page 9-
21 that "only core damage sequences with an occurrence frequency of 1.E-10
or greater were propagated through the containment safeguards event
troc.'.

Ruponse 722.25

As discu: sed in the response to Question 722.24, 1.0E-Il was the
preliminary value set for the screening threshold. This value was latter
revised to the 1.0E-10 value. The value provided on page 2-17 will be
changed to reflect the actual screening value of 1.0E-10.

Dyntion 722.26

It appears that core damage sequences with an occurrence frequency of 1.E-
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
included (particularly in view of the fact that the calculated CCFP is
0.099).

Eqsyg11se 722.2$

The total core damage frequency ignored due to truncation is 5.39E-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.

|
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htestion 722.27

The largest accident sequence frequencies reported in Table 9.1-5 are
a) proximately 1.E-8. Thus, propagation of coro damage sequences greater
tian 1.E-10 through the containment safeguards event tree would appear to ,

provide for retention of approximately 99% of the core damage frequency. [
llowever, the sequence frequencies entering the CSETs already reflect4

: credit for operator recovery actions, from inspection of Tables 5-6 and '

5-7, these actions typically reduce the sequence frequency by 3 to 4
orders of magnitude (human error probabilitlos of 1.E-3 to 1.E-4). As a
result, sequences with a frequency of 1.E-6 to 1.E-7 before recovery ,

(which would otherwise be dominant) would not be captured in the analysis,
and any sup)orting sensitivity analyses. In order to reflect all,

potentially 'mportant sequences for subsequent treatment in sensitivity
and uncertainty analyses, pleau 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.

Ru ponse 722.27
,

As stated in the response to Question 722.26, the truncated sequences
accounted for a total core damage frequency of only 5.4E-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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Dygstion 722.20

Please prov!de details on how the frequencies of " Plant Accident
Sequer.ces" in Tables 9.1-5, 9.1-6, and 9.1-7 were obtained from tlio " 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.

Enponse 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. 1he " 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 IRRAS 2.0 Beta Draft event
sequence solution module in exactly the same way that the core damage
sequences were solved. Only those Plant Accident Sequences with a
frequency of greater than or equal to 1.0E-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 were not used. All Plant Accident Sequences were solved using full
fault tree linking as described above.

:
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Question 722.29 I

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?

Resnonse 722.29

The pressure ranges presented in Table 9.1-1 are essentially a
quantitative representation of a qualitative statement regarding the
susceptibility to a 0C11 event. Low pressure events, such as large LOCAs, :
are not susceptible to 0011. liigh pressure events such as those typified ;

by discharges through a cycling relief valve have a high susceptibility to '

DCil, and medium pressure events, su.h as small LOCAs or SGTRs, have a
.

moderate susceptibility to DCil. A review of the Chapter 6 and 15 analyses j
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 lower 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 RCS
pressures in the range of 400 psia or less could be reached with in an
appropriate 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.

,
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Dyestion 722.39

L.ow pressure plant damage states are defined to have pressures less than
400 psia, and in the PRA do not contribute to direct containment heating
(DCil) . Ilowever, in Section 9.2.2.6.1, direct heating is said to be a
problem for reactor system aressures as low as 250 psia. Thus, a sequence
with a pressure of 350 psla would be assigned to a low pressure plant
damage state but would still 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
significance of this discrepancy on the results for early containment
failure.

[LeJppnse 722.3Q

in the early stages of the System 806 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 9.2.246.1 should be 400 psia. This
error will be corrected in the updated PRA Report. (See the response to
Question 722.29 also.)

Question 71.7 J

Section 9.1.2.2 states that the second PDS parameter is "RCS pressure at
vessel failure", and ilsts PDSs with medium or high RCS pressure at vessel
failure in Table 9.1-8. 1hese include PDSs 53 through 115. !!owever, in
Section 9.2.2.6.1, credit is taken for depressurizing these sequences is
taken. Please clarify this apparent inconsistency. Is the second PDS
parameter actually "RCS pressure at core damage"? '

flesponse 722.3J.

The second PDS parameter is intended to represent RCS pressure at core i

damage as suggested. C-E is currently updating the System 80+ PRA and
will correct the text in section 9.1.2.2.

T
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Westion 722.32

Core melt timing is not used for the definition of " plant Damage States"
since it is argued that it primarily affects warning time, llowever, core
melt timing is an important parameter in determining the time available to
impicment actions to prevent core damage and to mitigate core damage in-
vessel. It also appears to be an important parameter for CET top event
CIM3 (failure before core melt prevented). Picase provide additional
justification for not explicitly addressing core melt timing in the PM,
and explain further how time available for operator recovery was handled
in view of the approach taken.

hsn9nse 122 32

A description of how operator recovery for core damage mitigation is
provided on pages 2-13 and 2-14 in Section 2.S of the System 80, PM
Report. DCTR-RS-02, Rev. O, January,1991. The time from the initiating i

event ur.tll the onset of core damage was assessed in order to determine '

the araount of time available for an operator to perform a recovery action
to prevent core damage, in-vessel mitigation of core damage was not
credited at all in the System 80+ pM. The CET top event, CTM3, 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 fall 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 melt 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-E
believes that core damage timing was adequately treated in the level 1 PM
analyses and that it need not be treated as a primary Plant Damage State
(pDS) parameter.

he.Ls_t1VlL122 33

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 vessei
failure were handled (such as containment penetration failure in seismic
events or pre-existing containment leakage).

B m 19nse 722.33

for the System 80t PM, it was decided to treat containment isolation
failure as an independent event and address it directly in the containment
event tree (see top event CfM2 on figure 9.2-1) . The treatment of
containment isolation failures is discussed in Sections 9,2.1.1.3 and
9.2.2.4 of- the System 80+ pM Report, DCTR-RS-02, Rev. O, January,1991.
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D estion 722.34

for the sequences whose release point is outside containment, such as a
bypass sequence, in-vessel accidelit progression should not be
significantly affected by whether the cavity is dry or wet since
essentially the same amount of water is availabic for core cooling (if
some of the IRWST water is used to flood the cavity before vessel failure,
the vessel failure would actually occur somewhat earlier). Accident
progression following vessel failure, however, would be influenced by the
availability of water in the cavity. Picase discuss the rationale for not
including a PDS parameter co:nbination deletion rule (in Table 9.1-2) which
would further simplify the initial plant damage states by combining those
PDSs with releases outsidn containment and wet / dry cavity conditions
(e.g., PDs 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). '

Reunit_Z212
The PDS 3arameter 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 804 PRA Report, DC1R-RS-02, Rev. O, 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 Tabic 9.1-8).

Question 722.35

Plant Damage State parameter deletion rule #3 would preclude interfacing
LOCAs with a break 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,

lleWEER_12LM

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 RilR 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 to affect the results,

i

:

;

(
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Onill a 722.36

The reactor cavity is defined to be wet if containment saray is available
(Section 9.1.2.7), yet in the list of initial PDSs (Table 9.1-3) several
damage states exist in which sprays are available and the cavity is dry.
Please explain this discrepancy. Does ' spray available" imply that spray
has always been actuated and is operating? Why is there no PDS deletion
rule to address this situation?

ILesponse 722.30

Just prior to completion of the System 806 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 icvel
2 analyses. However, several of the initial POSs in Table 9.1-3 were not
corrected, and ho specific PDS deletion rule created for the situation.
Since then, the Cavity flood System design has changed again. CE is
currently updating the System 80s PRA and will correct the POSs listed in
Table 9.1-3 to reflect the final Cavity flood System design. (5... 7me.9)

Qui. Lion 7?L_31

Please identify the POSs that involve containment failure due to a failure
of containment heat removal capacity. Indicate what percentage of these
PDSs are initiated by carthquakes. Identify and discuss any plant
feature > considered by C-E to prevent some of these PDSs.

Rt.uumnie 722.37_

l POSs 14, 24, 25, 67, 131, and 133 involve containment failure due to
failure of containment heat removal. These POSs have a total frequency of
2.24E-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 report discusses the cost-benefit evaluation of these and
other SAMDAs in more detail.

|
|
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Duestton.l22.38

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

Eupqnse 722.36

Containment cooling can b<. achieved by cooling the IRWST inventory using
the RilR pumps and RilR 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
exampics of C or D sequences because all C and D sequences had frequencies
of less than 1.[-10.

Question 721JJi!

Discuss why there is not a corresponding E sequence for every f sequence
in Table 9.1-5 (e.g., no L0fW-90, no 10111-9E , no ISL-9E), and a
corresponding F sequence for every non-LOCA E sequence.

Ru ponse 722.39

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

Question 722.40

Discuss why there is not a corresponding B sequence for every A sequence
in 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.E-107 (e.g. ATWS-268)

Reiponse 722dQ

There is not a corresponding B sequence for every A sequence ir. Table 9.1-
5 because most nf the B sequences had frequencies less than 1.E-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 lost, given that the Containment Spray System is operating, is if
the valves controlling ccw flow through the heat exchanger are all failed.
This is a low probability. sequence.

._ _ _ _ _ , _ _ _ _ _ _ _ . _



01tstion 722.41

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

Eqipase 722.41

1ho PDSs chosen to represent each release class were chosen primarily ,

based on frequency. T'io 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 P05.

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 SlC7 and STC9
are re'evant for CfM1 (containment bypass sequences), when the only
relevant question here appears to be SIC 10 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 POSs through it. Branch points
were excluded only if they were deemed tt, 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 containment bypass ,

sequence. Thus, S107 is a valid question for containment bypass
sequences. STC9 addresses the potential for reduction of the fission
product content of a release via the scrubbing effect of 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 because of the primary release paths. C-E
is currently updating the System 80+ PPA. The CET will be revised to
reflect this change.



l

|Question 722.43

Clarify whether top event STC10 is relevant for isolation failure. 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, i
Please discuss and justify the lack of such sequences for the System 80+
design.

Eq1ppnse 722.43

As discussed in the resnonse 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 STC10 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 i

identified. As discussed ir Section 9.2.2.12 of the System 80+ PRA
report, DCTR-RS-02, Rev. O, January, 1991, top event STC10 was primarily
used to determined whether there was a potential for attenuation of the i

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-E 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.

D_u_eit.lon 722.41

Clarify whether top event CTM2 is the same for internal and seismic
events, and whether CfM2 includes sequences with isolation failure due to
seismic events.

Egippnse 722.44

CfM2 is 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.

____
]
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httilion 722.45

:op events CfM2 and CTM3 both appear to represent sequences where
containment fails before vessel failure. Picase explain the difference
between those two events , and whether CFM2 is actually a subset of CTM3.
Olscuss whether CFM3 includes containment failure due to ATWS, or only

I includes containment failures due to long term loss of containment
cooling.

Reippnse 722_.45

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. There is no ATWS 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 CDF is calculated for sequences which are caused by loss of
containment cooling (i.e., those sequences where the top event CFH3 is
relevant), is loss of containment cooling always assumed to result in
the core damage in these sequences 7.

R!Liponse 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

j 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 806-PRA Report, DCTR-RS-02, Rev. O, January,1992 for an additional
discussion of this type of sequence.

w - - - _-_. _ _ _ - - - . . .
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Duestion 722.47

Scrubbing of fission products in the IRWST can be significant for the
sequences where the fission is released through the IRWST during core
damage perloc before vessel failure (compared to LOCAs). In view of this,
explain why early scrubbing is not treated as a top event question in the
CET.

Ensponse 722 d l

Early scrubbing 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.

Dyestion 722.48

Please justify how fission product scrubbing is possible when the cavity
is dry in figure 9.2-1, e.g., S109 would not appear to be relevant for
"STC7 t10" 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, ?.5,
2.6, 4.3, 5.3, 5. 5, 6.1 and 6.3)

Rtsponse 722.48

for the original System 804 cavity flood system design, it was possible
for the cavity to be dry with the containment spray system operating.
(flote: top event STC9, " fission Product scrubbing available" portains 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 5109 was no longer appropriate for
"STC7 t10" branches. The CET was not modified, but the affected POSs were
repropagated through the CET. That is why there are no entries for the
listed RCs. lhere have been additional Cavity Flood System design changes
since the submittal of the System 80+ PRA. C-E is currently updating the
System 80+ PRA and will modify the CET to reflect effects of the final
Cavity Flood System design. (sec. 7.2a.h

|

|
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h estion 722.42

Explain why RC 3.2 is necessary, and who ner top event STC7 is relevant
for tho 'CfM3 110" branch. Doesn't this sequence presume a wet cavity?

Response 72L12

Tho "CfM3140" branch pertains to sequences for which the containment falls
on overpressure due to loss of long-term containment heat removal prior to
core damage. In general, containment spray is not availabic for these
sequences, so the cavity is not automatically flooded by the runoff from
the containment spray into the holdu' volume. The cavity flood systems

requires manual actuation. Thus, it i s 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 5.1 and 5.2. For example,
since i t is possible to have spray but no containment heat removal,
wouldn't PDS 24 contribute to this category 7

Rein 9nse 722.50

further review of the definition of STC9 and the definitions of release
classes 5.1 and 5.2 indicate that STC9 is potentially 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-E is currently updating the System 80+
PRA and will include this set of conditions.

POS 24 would not contribute to any " late containment failure" (RC5.x)
release class because it involves containment failure prior to core
damage.

.
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Dustion 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 " SIC 7 N0' lead to late '

overpressurization rather than melt-through since they would also have a |
dry cavity. '

'
'Ruponse 722 2

A late containment overpressure failure can occur as a 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 mell-through occurs. Reicase classes 5.3 through 5.6 <

portain to these sequences. Per the discussion in the response to
Question 722.48, top event STC9 is not applicable for these sequences.
C-E is updating the System 804 PRA and will correct the CET.

Question _11L12

Since it 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
important for early containment failure modes, shouldn't it- be still
important for late f ailures and asked after CfM57

Resppnse 722.52

For this analysis, the CET top event question CFM6 means *ls 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. If the dry cavity sequence
does not lead to an early containment failure, it can lead to a late
containment everpressure failure due to a late hydrogen burn. If the dry
cavity sequence does not result in either an early containment
overpressure failure or a late containment overpressure failure, it will
lead to containment failure due to basemat molt-through. Containment
basemat melt-through requires several hundred hours, for the other
containment failure modes, the impact of the concrete ablation on the
release fractions is addressed via CET top event question STC7.

Question 11L_53

Explain why CFM6 and SlC7 were not combined in the CET since the
supporting logic models for these questions (figures 9.2-4 and 9.2-5) are
essentially identical.

Enponse 722.53

See the response to Question 722.52.

- . , - - - . - . . ,- --- - - , - _ _ -__ - - _ - - . - - -
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Ouestion 722.54 .

Please provide a discussion of ha- STWS accidents are handled in the CETs. ;

i

Response 722,.51
:

There are felt to be no special properties unique to ATWS sequences that t

would affect the progression of a 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.
.

I

'

.

_

I
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QUES 110N 722.55

Containment liner melt-through due to direct contact of debris with the
containment vessel is not addressed as a potential containment failure
mechanism in the CETs. Please provide justification for excluding this
challenge from consideration in the PRA. Include a discussion of CE System 80+
design features which minimize its potential (e.g., concrete walls which
separate the liner from the cavity region), and an asaessment of the
effectiveness of these features. Specifically address the challenge
represented by the mass of debris assumed to escape the cavity during DCH
events.

RESPONSE 722.55

The containment liner melt-through due to direct contact of debris with the
containment vessel in the upper compartment is not included as a potential
containment failure mechanism due to its low probability of occurrence.
However, basemat melt-through in the cavity region was considered as a failure
mechanism in the PRA.

Containment liner molt-through in the upper compartment of the containment was
not considered since the potential for escape of sufficiently energetic debris
projectiles from the cavity region was considered to be negligible. The
debris dispersion into the upper compartment was assumed to be
minimal due to the debris doentraining and retention features of the cavity
design (e.g. core debris chamber designed to minimize the flow rate of the
debris, and the tortuous pathway that the debris would have to traverse in
order to communicate with the upper compartment). In the System 80+ design,
any debris leaving the reactor cavity will be delivered to the Refueling Water
Pool (RFWP) region via the seal table. The concrete walls of the RFWP surround
the seal table and extend vertically for 20 feet. The RFWP volume provides
rubstantial area to decelerate any steam and debris exiting the reactor cavity.
From this position the decelerating debris would have to travel more than
another 100 feet before contact with the upper containment sphere. Therefore,

the containmnet missile challenge represented by ejected corium debris can be
considered negligible. CE is currently updating the System 80+ PRA. The
potential for containment melt-through in the upper compartment region will be
re-evaluated, and if warranted, would be considered at that time.
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. Question 722.dQ

In calculating the probability of late containment failure due to steam I

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
.

,

1 cast 48 hours. A value of 0.1 was assigned for seismic events. While 48
' hours is a significant amount of time in which to implement recovery

actions, these values appear optimistic recognizing that the ability to
recover-might be hampered by several factors, lhese include lack of
spare / replacement parts and components, the ability to cross-connect all !
necessary systems (due to lack of pre-existing cross-connect capability),
the ability to access areas of containment in order to perform
recovery / repair, and the ability to obtain offsite support during seismic
events. Picase 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 fcctor for containment heat removal.

I

R e n ton i e 12 L M
,

C-E understands the imC concern about the non-recovery factors assigned,

for the recovery of containment cooling systems after 48 hours in severe
accident late-overpressurization scenarios. C-E is currently updating the
System 800 PPA. The recovery of containment cooling will be reassessed as ;

part of this update, r

>

|

|

!
'

?
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Question 722.57

In Section 9.2.1.1.2, containment isolation failure is defined as leakage
exceeding 200 volume percent per day. Please provide the basis for
selecting 200 sorcent per day Icak as criterion of containment isolation,

failure. Clar" fy how this leakage rate was calculated, e.g., was it based
on normal containment pressure or accident pressure, were flow ,

'

restrictions / loss coef ficlents accounted for. Describe the expected
icakage rato due to severe accident challenges, such as containment
temperatures and pressures beyond the design values, and how leakage
between the design basis leak rate and 200 percent per day were
categorized.

Rg_sponse 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 pressurcs. This information was used to back calculate
an effective Icak area which was then used for determining Icakage and
releases over the temperature and pressure ranges calculated by MAAP when
determining the releases. The effective leak area, based on the
originally assumed leak area, was used to represent all containment
isolation failures. C-E is currently updating the System 80+ pRA and will
include a more mechanistic evaluation of containment isolation failures
and their ramifications.

..
,

Russtion 72L5]

Containment isolation failure probability of 2.0E-3 per demand was taken
from WASil-1400. Justify this approach 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.

Ep_sponse 722.58

C-E concurs that the isolation probability is strongly dependent on the
specific containment design. The WASil-1400 isolation failure value was
used as a preliminary estimate, 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 mechanistic evaluation of-
containment isolation failures and their ramifications.

.
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OUESTION 722 Jag

In Figuro 9.2-2, DCH loads are combined with hydrogon combustion |
loads in estim4 ting the pressure rise associated with the DCH
ovent. Please discuss why rapid steam generation loads were also i

not combined in astimating the combined pressuro rise for DCH
ovents. Also clarify whether DCH and rapid steam generation are
considered mutually exclusive in the PRA.

RESPONSE 722.}2

This question addresses the structure of the Supporting Logic
Model (SLH) 03r the event DCHFAIL on pago 2 of Figuro 9.2-2. In
catablishing tho.DCH containmebt challongo the datorministic peak j
pressure analysis was performed

!
using the Modular Accident Analysis Program (MAAP) code. In this !
context the DCH contoinment challenge includod all non-combustion I

aspects of the ejected debria containment hoatup process. |
Specifically, MAAF calculated contributors to DCH include the |
following:

(a) onorgy transfer from the fragmented corium to tho i

containment atmosphere,

(b) onorgy transfer from the fragmented corium directly to the
stainless steel

containment shell, and

(c) rapid stuam generation due to corium-water intoraction in
the reactor

cavity.

This approach was taken sinco water availability during DCH was i
'low and its contribution to the limiting DCH pressure spiko was

small. Thus, rapid steam generation loads were also included in
the calculation of the combi.1od pressure riso during DCH ovents.
However, DCH ovant and rapid steam generation event woro
considered to be mutually exclusive containment challenges in tho
PRA. A-rapid steam generation containm^nt chullonge implies the
existence of sufficient water in contaLiment to preclude the
conditions necessary for a DCH challengo. Conversely, a DCH
containment challengo implies that the amount of water in
contianment would be insuf ficient for a rapid steam generation
challongo. -

.
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QUESTION 722.60

in the quantification of containment failure probability (DCHfAll) it ap p ars |
that double credit is incorrectly taken for the cavity trapping core debris.
Furthermore, no basis for establishing a baseline (pre-existing) containment '

pressure for this event is presented. The first credit is taken by assuming fthat the cavity design is effective in eliminating debris dispersion 90 percent -t
oftho 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 is ineffective, the pressure rise shoulet 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 sequencen !
: for the System 80+ containment design, rather than assuming that the NOREG-1150 '

value is applicable.
i,

Resp 0NSE 722.60
|

The quantification-cf the containment failure probability (DCHfAIL) does not i

double credit the debris retention capability of the System 80+ cavity design.
The 100 psia peak pressure is established from a pre-reactor vessel failuro r

value of 20 psia followed by a DCH pressure spike of about 80 psi. fhe 80 poi e

DCH spike is realized from MAAP analyses which assume ineffective holdup of tho-
core debris in the cavity region. This peak DCH spike value for the System 804 i

- design can be justified in relation to the NUREG-1150 value of 90 psi spike '

by assuning that the DCH pressure spike for' largo dry containment is directly
proportional to the reactor power and inversely proportional to the containment
free volume as follows:

6(3800 11Wt) x (2.6 x 10 cu. ft) j,

f [0CH 4 P] (90 psi) x ---------------~~----- 6= ----------
'

(3250 MWt) x-(3.4 x-10 cu. ft)

80 psi..
|'

I =

|

I The high System 80+ containment failure pressure provides sufficient margin
| such that assumed OCH loadings can be accommodated by the System 80+ )

containment design without failure of the containment shell., ;

/. ,
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QUESTION 727.61

In section 9,2.2.6.1, the reactor cavity is said to include a convoluted path
that would disentrain corium before it reaches the upper containm+nt. 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 details
'

of the debris entraining features of the cavity, and the technical basis for
the judgements that the probability of dispersing corium into upper containment

,is essentially zero and that a value of 0.1 for CAVTGEOM is a conservative '

estimate. Also provide an assessment of the effect of higher values of
,

CAVTGEOM on the risk rerults.'

.

,

RESPONSt' 722.61 I

' The cavity region of the System 80+ design is designed to minimite debris '

| entrainment and subsequent debris dispersal in the upper compartment of the t

containment, System 80+ is equipped with an offset core debris enamber t

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 chamber and exit shaft have been designed ,

such that high inertia corium debris would de-entrain and collect in the debris
chamber while the lower inertia steam / hydrogen / air mixture would negotiate a
right angle turn and exit the reactor cavity via the seal table. Once 1

| deposited in the debris chamber, the debris would be difficult to re-entrain
s. since the retention zone should e,hibit a low velocity re<:irculation flow

pattern. Any corium negotiating the 90 degree turn woud he 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 S-nndia correlation for debris

,

7impingement determined from high pressure melt ejection tests (See Reference 1 -'

Appendix 0). Application of this model to the System 80+ cavity geometry -

results in a prediction that 90% of the corium debris we ad be de-entrained -

L into the debris chamber and that 10% of th+ debiis could potentially negotiate
I the turn into the reactor cavity shaft. Consequently, the probability of
| oispersing corium into the upper r.ompartment was conservatively assumed to be
|'

of the cavity ceiling and internal shaft structures and walls,
0,1. - This estimate neglects the-significant debris de-entrainment capability

,

|
Reference 1. Advanced Reactor Severe Accident Pro 0 ram, " M vention of Early"

Containment Failure Due to High Pressure Melt Ejection and Direct
Heating for Advanced tight Water Reactors", Prepared by TENERA,
SAROS, and Fauske & Associates for EG&G Idabo and the U.S. !
Department of Energy under Contract No. DE-AC07-761001570, *

March 1990.

1

!
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Duest i01L222R
|

In estimating the probability of containment failure due to DCil, the study
assumes a 90 percent probability that high pressure sequences (other than
SLOCAs) will be reduced to low pressure sequences as a result of creep i

rupture in the hot legs or surge line. (SLOCAs, also high pressure
sequences, are assigned a 0.01 probability of failure). While
temperature-induced failures may be highly likely under idealized ilow
conditions, realistic accident sequences can be expected to involve
perturbations which would disrupt or prevent the natural circulation flows'

needed to produce piping failure. Examples include actuation of PORVs or
partially successful operator attempts to add water. These details are
generally beyond the level 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 en the risk results.

R u ps. u t Z2? J Z i

If a lower probability of hot leg / surge line failure was assigned for high i

pressure melt through sequencer., the split fraction probability of an i

carly containment failure due to DCil would increase and the split fraction I

probabilities for late cnntainment failures would decrease. 1he total |
magnitude of the change in split fractions would depend on the probability
assigned for hot leg / surge lino failure. The overall plant risk would
increase because the releases calculated for an early containment failure o

due to DCil tend to be greater than the releases calculated for the other l

carly and late containment f ailure modes,
;

.0uts1LoltZ?lJt3

Since the reactor cavity in the System 804 design is configured to '

minimize the dispersion of the corium into the upper containment, the !

| associated flow restrictions may tend to increase the potential for local
| pressurization of the reactor cavity due to DCl! 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 loads on the cavity walls and vessel supports due to
high pressure ve sel failure.

Runo_nse 722M

The response to Question 722.1 provides a description of the geometry of
the System 804 cavity 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 ficw.
The cross-sectional areas of the flow path to the upper containment
compartment are large cnough to prevent overpressurization of the cavity
and adjoining areas. Thus, the loads on the cavity walls and vessel

;

supports will remain within acceptable limits.

'

|
1

1
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QUESTION 722.64

The early hydrogen burn logic treo does not reflect the potential for large
hydrogen burns coincident with reactor vessel failure at high pressure. In
such sequences, a significant quantity of hydrogen would be released at a rate
far greater than the igniters can handle at low concentrations. Please discuss
how the challenge to' containment from large hydrogen burns at vessel failure is
addressed.

RESP 0NSE 722.64

The potential for large hydrogen burns coincident with reactor vessel failure -
is addressed within the DCHFAIL and EH2BFAIL elements of the early containment
failure logic diagram.

,

:
The early containment failure logic diagram (ECFAIL) presented in Figure 9.2-2 ,

Page 1 (Page 9-40 of System 80+ PRA Report) denotes early containment failure
occurring due to "0CH 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 tho
DCHFAIL containment logic (Page 9-41). lDCH 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 no reduction in the available hydrogen
source due to ignitors 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 (EH2BFAIL, 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 (EH28 URN)", and (3)
" containment strength cannot withstand H burn pressure spike (EH2BSTREN)",
mustbetruetoresultincontainmentfa$1ureduetotheearlyhydrogenburn

,

logic. Success of item I would indicate that hydrogen is generated at a rate
far greater than the-igniters can handle. This will allow for large buildup of
hydrogen within the containment potentially leading to a large hydrogen burn.
Success of item 2 suggests that large early hydrogen burn occurs. Item 3 shows '

that a. pressure spike due to large hydrogen burns is considered in relation to
the containment strength.

,

f

i
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Ryntion 722.65

in assessing the potential for containment failure due to late hydrogen
burn Section 9.2.2.7.2), the probability of a pressure rise of sufficient
magni (tude to challenge containment (Lil20 STERN) was assigned a value of 0.0
for all PDSs in which containment sprays are available, and 0.5 for all i

other POSs. The former value appears to be based on fact that baseline
'

pressures would be low when sprays are available, combined with an
implicit assumption that hydrogen ignition will always occur at low
concentrations due to igniters or random ignition. This value does not
appear to be valid for sequences in which an ignition source is
unavailable until late in the sequence, please justify a P(Lil2BSTERN)
value of 0.0 for sequences in which sprays operate but hydrogen burn does
not occur until late in the sequence (e.g., due to late recovery of ,

ignitors). 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.

891pDnse 72L.Ch .

C-C has reviewed the late hydrogen burn calculation and understands the
i NRC's concern regarding the split fractions assigned to Lil2BSTREN. C-E is

currently updating the System 80+ PRA and will re-evaluate the potential,

; for a late hydrogen burn challenging containment.

:

i
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Destion 722.66

in assessing the threat from late hydrogen burn (Section 9.2.2.7.2.2),the
probability of high hydrogen concentration existing late in an accident
sequence (tHill200N) is modelled as a product of: (1) the probability that
an ignition source was not available to burn hydrogen as it was generated,
(2) the probability that hydrogen burn did not occur earlier (N0Dl2 DURN,
and (3) the probability that core concrete interaction occurs to generate
hydrogen (112001). This legic (see figure 9.2-3, page 2) appears to have
several deficiencies as identified below:

the probability IGNilft is redundant with the probability N0fil2 burn,-

and in effect takes doubic credit for ignitor system operation.
IGN11FL is already imbedded in Ell 2 BURN and does nnt appear
appropriate as a separate event in determining Lillil2 CON. The

'

probability N0EH200RN also appears to be redundant with the
probability LSPARKX in the proceeding branch. Specifically, bcth
N0 Ell 2 BURN and LSPARKX in effect are equivalent to the probability
that an 190ltion source did not exist early (1. -ESPARK). Since
this probability is already imbedded in N0ll200RN, the probability,

LSPARKX does not appear necessary as a separate condition.

' - it is conceivable that greater than 75 percent of the fuel cladding
| can be oxidized in-vessel, and can pose a challenge to containment

if it accumulates, lhus, 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 natural processes are an example
of such challenges.

Please address this apparent inconsistency in the analysis.
I

Response 722.66 ,

The element, IGNilft, appears in the branch, Lillll2 CON, 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,
N0 Ell 2 BURN is not completely redundant to LSPARKX as can be seen from the
logic on page 3 of figure 9.2-3 and page 5 of figure 9.2-2.

After further review of-the logic for late hydrogen burn and the logic for
I early containment failure, C-E concurs that core-concrete interaction may
| not be the sole requisite condition for generating sufficient hydrogen for

a large hydrogen burn late in the sequence. As stated in the response to
Question 722.65, C-E inter.ds 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,

I
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Duestion.12LQ2

in Section 9.2.2.6.3, the probability that the RCS is at high pressure
[RCSPillCll) 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 POSs. I!owever, the associated logic tree (Figure 9.2-2, page 7)
refers back to page 3 of figure 9.9-2 for value of RCSPillGil. When the
basic event probabilities are propagated up through the latter, the values
of RCSPillGil obtained are 0.1 for high. 0.5 for medium, and 0.0 for low
pressure POSs. These values are inconsistent with the values presented on
page 9-81 for high pressure POSS.

893poDie 722 M

C-C concurs that the values presented for RCSPillGil 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 RCSPillGil in section 9.2.2.6.3
should be based on page 3 of figure 9.2-2 and not determined directly from
the PDS. C-E is currently updating the System 804 PRA. Sections
9.2.2.6.1 and 9.2.2.6.3 will be corrected as part of this update.

,

.
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, QUESTION 722,68

Please provide details regarding the calculation performed to predict the
# containment pressure rise associated with rapid steam generation, Identify and

justify major parameters and assumptions including: RCS pressure at vessel
'

failure; mass,t;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 stears generation calculations were performed within the MAAP code using
the EXVIN I.Ex-Vessel Steam Explosion) subroutine. The MAAP users Gui 'e
documentation on-th's subroutine describes the major assumptions, the modeling
and implementation of 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 generation 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. nepresentative 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 55 to 60 %. In computing the debris
temperature distribution, the melting temperature of the U-ZR-ZR0 eutecticp
mixture was assumed to be 4040 degree F, and the latent heat of fusion was-

assumed to be 107,48 Btu /lbm.

,
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1 EXVIN

N
f2-VESJl1 STFAM EXPIDSIOJ

JNTRODUCTION

For -- .ccident sequences there may be water present on the reactor
navity or pedestal floor prior to vessel failure. In this case, as the

degr&ded core material is -released from the reactor vessel it would
comparatively low pressure, and the potential wouldencounter vater at r

exist for a steam explosion. The experimental observations reported in

References [1]. [2), and [3] showed that a steam explosion coul6 b.e trig-
gered in water when the molten material contacts a vetted, solid wall.

Contact with a solid wall would first occur when high temperature core

material penetrates through the water and contacts the floor.

Th6 purpose of the EXVIN is to calculate the mass of steam produced
during the first interaction between debris and water. No structural ef-

fects are predicteu because of the low potencial for containment failure..,.-.}-, --

j Steam production after initial contact of debris with water is handled by
subroutine:PLSTM.

ASSUMPTIONS

It is assumed that an explosion occurs when debris contacts the floor.
It is assumed that the maximum amount of debris involved is that which would
be .in a 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 is 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
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2 EXVIN *j

I
|

comes first. After contact, the explosion occurs if more than 1 kg of
1

debris and 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 failure increases l'.nearly with time (see VFAIL).

- current penetrationDefining r , - init.41 penetration radius and rp p
radius, x, as the water height, and x as the vessel height, the radius of jy

corium at the water surface is equal to

-x
r -- fr -r 1+r (1)
8 x (P Pol Poy

Therefore, the mass of corium available for the interaction is equal to

*# (2)
"cm ~ #cm *w po

O~
| vhere p ,- the corium density.c

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

.

2 + 2g xu + u " (3)-tg-

" u, - U /(p A (4)
;

,

where

u, - initial corium velocity,

| g - acceleration of gravity.

|.
. V - corium flow rate from the vessel, and ,

| cm ;

A - penetration area, i

P
,

| !
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3 EXVIN-

...

' When either t is elapsed or the accumulated corium mass exceed m ,g e

given by (2), the resulting steam mass is calculated, m , is limited to bec
no more than the accumulated corium mass in containmenc.

The resulting steam mass is

h,-hc eesat
m,t -e n h .

fB

where

h , - corium enthalpy,c

h ,,,e - corium enthalpy at water saturation, and
,

-

e

hj - water latent heat.g
.

IMPIFKr'RTATION,

s

EXVIN is called by EVENTS if corium contact with the floor has not

($hg occurred yet. Contact is defined by either the elapsed time or accumulated
"

mass as explained above. The steam explosion event code is only set if more

than 1 kg of steam is produced. No steaming is calculated if there is

either less than 1 k5 corium or water.

EXVIN-therefore only calculates contact and a steam explosion once. In

EVENTS, the corium, vater, and steam mass and energy variables are updJted
based on the energy and mass transfer from EXVIN.

REFERENCES

1. G. Long, " Explosions of Molten Alainum 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, " S te au. Explosion Efficiency Studies",
!MREC/CR-0947, SAND 79-1399, November 1979.
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Ouestion 722.69

In estimating DCilSTERN, Ell 2851ERN and RSGSTERN by comparing the pressure
generated by DCil, 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.

-Bn ponse 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 DCilSTREN, Ell 2BSTREN and RSGSTREN. C-E is
currently updating the System 80+ PRA. As discussed in the response to
Question 722.90, C-E intends to address uncertainties and sensitivities as
part of this update.

I
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Question 722J 0

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 % 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.

Response 722.70

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 thei

' overlying water pool would scrub most of the fission products prior to
reaching the contri1 ment 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'

I discuss and justify the disposition in the PRA of those sequences where
| corium is dispersed into the upper containment but DCH 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
additional combustible gases.

RLsponse 722.71

These conditions were not covered in the System 80+ PRA. C-E 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 '>ystem 80+ cavity design, it is felc that little corium, if
any, will be dispersed into the upper containment area.

|



Duestion 722.72

Discuss why the probability of molt-through given core concrete
interactions (i.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. O,
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
procetd 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 coriumwould 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 7k?J_33

To determine revaporization release, the availability of steam generators
late in the core-melt sequence (i.e., P(fl0SSilR) in Figure 9.2-6) is
checked based on the plant damage parameter "SGA (Steam Generatorp

! Availability)." Justify how the SG status is still relevant at the time
of containment failure which in some cases occurs 'ater than 48 hours.

I

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 af ter core damage. C-E is currently updating the'

System 80+ PRA and will re-evaluate the appropriate means for establishing
,

the value of fl0SSilR 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
generators are available for some of these accident sequences during this
period.

RESPONSE 722.74

P(DEPOSIT) is the probability of fission product plateout/ deposition in the
primary system, It is assumed to be zero for mediam and large LOCA sequences
since, for these scenarios, the primary system blowdown occurs so rapidly that
the fission products have little time to plateout/ 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.



- - - _ - -.

Eufstion 722.75

Please ioentify the potential points of release froii; the containment into
auxiliary or other adjacent buildings. Describe the fission product
removal characteristics for each potential release path (e.g.. flow paths,
volumes, surface areas, and fire sprays if available). 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.

EnggBse 722.75

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
fissiori products, for other containment 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 products.

i
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. QUESTION-722.76

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

RESPONSE 7E2.76

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 80+ release classes. These
data were obtained from analyses 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 " Release Energy". The MAAP

- code calculates this energy release rate in Btu /hr which is converted to yield 4

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.

,
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OUESTION 722.77
,

The soquence 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 sequence should result in more rapid failure of the basemat.
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 failure 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 erouion level of 15 feet of
concreto, the meltthrough time would be extended from 180 hours
to 350 hours. 'Thus, for a similar basemat failure criterion
the LOCA sequence results in faster basemat meltthrough than that
predicted for the station blackout sequence.

.
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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
total 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 Al.WR 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, to 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-E 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.

.
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_ QUESTION 722.79

Explain why the vessel failure time _is longer for RC 5.2 than RCS.I. 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
power 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 throughLthe 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.

,
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QUESTION 722.80 i

- 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 this is true, explain why is it necessary to
' flood cavity.

Resp 0NSE-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 theseLsequences 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

- and 94 hours respectively. The dryout of the reactor cavity following
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,r 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.

.
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* QUESTION 722.81

Explain why the release fraction for Group 3 " iodine" is less for RC 5.2 than
for RC 5.1. These classes appear to include similar sequences except for
reevaporation in RC 5.2.

RESPONSE 722.81

Table 85.3-2 of CESSAR-DC Appendix B contains a typographical error in the
column heading " Group 3 Iodine" release fraction for RC 5.2. The table reads a
value of 3.26E 2. The correct value is 3.26E-1. Comparison of this value
against the " Group 3 Iodine" release fraction for RC 5.1 suggests that the
release fraction for RC 5.2 is larger than that for RC 5.1. The " Group 3
iodine" release fraction consists of iodine as cesium iodide (CSI) and cesium
as cesium hydroxide (CSOH). A corrected Table B5.3-2 will be submitted as part
of a future CESSAR-DC amendment.

A comparison of release classes RC 5.1 and RC 5.2 is provided in response to
Question 722.79. There are two reasons for the higher " Group 3 Iodine"
release fraction for RC 5.2. First, RC 5.2 is a low pressure melt-through
scenario caused by a late break in the RCS due to a hot leg creep failure.
However, since the creep failure occurred after substantial core damage, an
efficient path to the containment was established to release the iodine and
cesium that was generated in the core subsequent to the damage. Second, the
containment failure time was a full day sooner than that for RC 5.1, as
explained in response to Question 722.79. This results in a shorter duration
for any deposition or settling of CSI and CSOH in the containment structures,
leading to a higher release fraction at containment failure in comparison to
the release fraction for RC 5.1.

_
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QUESTION 722.82

' Compar.ing 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 isolation 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 scrubbing 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 00E/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 fiAAP.

,
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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.

RESP 0NSE 722.83

In CESSAR-DC Apper. dix B, the statement is made that "if containment heat
removal is 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 722.84

Please explain why the containment failure time for RC 3.1 (36 hours) is
significantly shorter than those of late containment f ailure sequences, RC 5.1
(128 hours), or 5.2 (90 hours). The rate of heat addition to the containment
is similar in both cases. Please also explain why it takes 15 hours af ter loss
of core cooling to fail the vessel in RC 3.1.

RESPONSE 722.84

-t tn >riar ?:The accident sequence for RC 3.1 leads to a containment
any RCS damage or reactor vessel failure. The failun ccatair'. ,t

occurs due to a lack of containment heat removal whi; s,c tvne is

facilitated via feed and bleed with safety injection availabit, t. total loss

of feedwater scenario is postulated for RC 3.1 leading to a manual actuation of
_

feed and bleed for removing the energy generated within the RCS. No
containment heat removal occurs since the containment sprays are assumed to be
unavailable. As a result the containment pressure rises to its ultimate
failure point at 36 hours with the RCS still intact.

RCs 5.1 and 5.2 represent release classes for which the dominant sequences are
conventional loss of offsite power transients where the reactor vessel failure
occurs prior to the containment failure. The :ontainment failure times are
significantly longer for these release classes because RCS heat removal is
successfully accomplished via the use of the steam generators and the
turbine-driven auxiliary feedwater pump flow for the first eight hours of the
transient. This substantially reduces the steaming challenge to the
containment.

The vessel failure for RC 3.1 occurs at approximate;/15 hours af ter
containment failure. Safety injection la assumed to fail just af ter
containment failure resulting in the loss of core cooling. The long period of
time to fail the reactor vessel following the loss of core cooling is -

attributed to the small amount of decay heat present in the RCS af ter 3G hours
of adequate RCS heat removal.

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - __ - __ -
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QUESTION 722.85

Explain why the release fractions for RC 2.4 are significantly less than
for RC 3.1, especially for iodine and cesium. This is surprising since
in both sequences the containment failed before vessel failure, but in
RC 2.4 fission products are not scrubbed by the spray.

RESFJNSE 722.85

A review of representative transient results for RC 3.1 and RC 2.4
indicate that the major difference in the two event sequences is
associated with the length of time water is available in the cavity to
scrub the fission products. Both transients actuate the cavity flood

system prior to reactor vessel (RV) failure. However, for sequence _

RC 3.1 the RV failure occurs at a system pressure sufficiently high to
remove much of the water from the reactor cavity (For this transient the
reactor cavity is dry within 300 seconds of RV failure.). For RC 2.4
the RV failure occurs at a sufficiently low pressure so that most of the
water delivered to the reactor cavity remains. In this case water is
available for fission product scrubbing for about 80,000 seconds. While
both RC's deposit most of the corium in the cavity region, fission
product scubbing is more effective for RC 2.4 than for RC 3.1. Hence
the observed lower releases of iodine and cesium for RC 2.4.

__ . _ _ _ _ _ _ _ _ - _ _ _ _ _ _
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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.

RESP 0NSE 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 product
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 pressure 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,

,
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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 I rem in Figures 10-2 through 10-5.
llowever,-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 releases 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, RC5.1, and RC5.2 all
occurred relatively late, allowing time for radioactive 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

-

thc System 80t PRA and will provide a comparison of the System 80+ risk
results 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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DAtq) tion 722.89 )
J
'

Please identify and discuss those areas in which the System 804- design and
PRA deviates from the EPRI ALWR requirements related to a severe accident
(Chapter 5) and PRA (Chapter 1, Appendix A), if any.

Enp_qnse 722.81 '

In general, the System 80+ PRA confonns to the guidance provided in the
:990 version of Appendix A to Chapter 1 of Volume 2 of the EPRI AISR
Utility Requirements document, 'The primary areas in which the System 80+ |

PRA differs from these guidelines are:
.

the System 80+ PRA includes a numerichl/ data uncertainty analysis as-

part of- the level I analyses,.

the System 80t PRA used lower sequence truncation values than-

recommended,
,

the System 80+ PRA used slightly different initiating event 2--

frequencies for some initiators based on a C-E evaluation of
pertinant operating experience data.

C-E is currently updating the System 80+ PRA. This update will discuss ,

confonnance to the version of Appendix A to Chapter 1 of Volume 2 of the
EPRI Al.WR Utility Requirements document in effect as of January,1992.

1
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DaqSM.on 722.90

Please provide an assessc<ent of the sensitivity of ri sk results (core
L damage frequency and condittonal containment failure probability) to key

parameters and assumptions which are recognized to contain large
uncertainties. For the Level 2 portion of the analysis, include as a
minimum, treatment of the sensitivity to the following:

- SDSFAIL
- CAVIGEOM/N0DISPERS
- IISINTACl
- IGNITFl.
- ESPARK
- NCHRE0V

NOC00LG
'

Also provide an assessment of the sensitivity of risk results to different
strategies for actuating the cavity flood system, e.g., before versus
after vessel failure; independent of containment heat removal status
versus conditicaal on heat removal being available.

Bosporne.1E39

Consistent with the guidance provided in Appendix A to Chapter 1 of Volume
2 of the EPRI ALWR Utility Requirements document, the System 80+ PRA does
not include uncertainty or sensitivity analyses. C-E is currently

'updating the Synem 80+ PRA. It is C-E's intent to incorporate
uncertainty and sensitivity annlyses in the System 80+ PRA as part of this
update. The phenomenological uncertainties in the severe accident,

analysis will have a significant role in these uncertainty and sensitivity
analyses. Based on discussions with the NRC staff during the System 80+
review meeting in January,1992, C-E plans to meet with the NRC staff to
establish an acceptable scope and approach for performing these analyses.

,

DRR1 tion 122.91

Uncertainty in the ana' lysis of phenomena involved in core mel t ,
containment responses and source terms during severe accidents are
considerable. The uncertainty in estimation of the availability and
reliability of various systems to prevent or mitigate severe accidents
also adds to the uncertainty of evaluation of the final risks. Please
discuss your plans to account for this uncertainty in your final risk
analysis.

Resnonse 722.91

C-E is currently updating the System 80+ PRA. It is C-E's intent to ,

incorporate uncertainty and sensitivity analyses in the System 80+ PRA as
part of this update. Please see the response to Question 722.90.

_ _ _ _
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Du. cst ionJ/lL92u

Accido-t management, as defined in SECY-89-012, involves actions taken by
plant staff 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
PM is on the first of these objectives (with the exception of a few
operatnr actions to actuate designed systems such as the igniter system
and cavity flood system). However, the PM can also be used as a tool to
identify and assess potential risk reduction measures aimed at the latter
three objectives of accident management. If identified at the design
stage, specific 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+ PM to identify and assess
additional accident management measures, and to expand the scope of the
study for this purpose.

ResDo_nse 722.92,

C-E is currently updating the System 80+ PM. A severe accident
management plan will be developed in parallel with this update, it is C-

E's intention that the PM will provide inpr' to the severe accident
management plan in terms of the potential severe accident progressions and
the assumed operator respcises. The PM 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 management guidelines for System 80+.
These guidelines, the severe accident management plan and the System 80+
PM 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 80+ 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.

i
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Ouestion 722.94 $

Provide a description of the ds. 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 offect 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

.*h e equipment hatch will be pressure-seating as opposed to
preasure-opening. In view of the expected nature of System
-C0+" 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.
l

L

|
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Ouestion 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 722.95

See the response to Question 722.92.

_ _ - - - - _ -_ _. _. _ _ _ _ _ _ . ,.



.. ..- -.. - - .. . - - - - . - ._..-.. . - - - - .- - - - - .

ICE-459(PC/133)/ct 31
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?uestion 730.11;a'

TMI Action Item II.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 norfnal operating conditions. Clarincation 6 of the same action item states
that the pressure setpoint for initiating containment isolation should be far enough above the
rnaximum 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 1 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?

Response 730.I1.a

Based on safety analysis requirements, containment isolation must occur prior to +4.0 psig.
The typical expected .nstrument uncertainty error is 11.5 psig, which reduces the actuation
setpoint to a +2.7 psig nominal value. This allows a worst case cally actuation to occur at

'

+1.4 psig (2.7 psig-l.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 to
conservatively bound expected Ductuations in containment pressure due to such factors as
instrument air leakage, containment air temperature changes, and changes in differential 4

- pressure between inside and outside containment.

Since this high containment pressure setpoint actuates both the CIAS and SI AS, it 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

i l. operat ng p ants. ,

V
,

I

_
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Question 730.11 (II.E.4.2)
a. TMI Action Item II.E.4.2, Position 5, states that the

containment setpoint pressure that initiates containment
isolation for non-essential penetrations must be reduced
to the minimum compatible with normal 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 inadvertent 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 1 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 prescure is containment isolation
initiated?

b. In accordance with TMI Action Item II . E. 4. 2, Position 3,
all systems labelled as non-essential must be
automatically isolated by the containment isolation
signal. Provide a statement on the compliance with this
requirement.

Response 730.11

- ._
-

b. All containment penetrations not used for accident
mitigation or Jafe shutdown will be automatically '

isolated by a Containment Isolation Actuation Signal
(CIAS) unless:

The valves are normally locked closed*

* The penetrations are normally sealed (i.e.,

fuel transfer tube)

* The lines are needed for RCP operation (RCP
seal injection and component cooling water to
RCP seal coolers, motors, and lube oil

coolers)

The exception for RCP operation allows the RCPs to be
available for accident mitigation or safe shutdown if
offsite power and non-essential support systems are
available. These lines are continuously monitored for
radiation and can be manually isolated from the control
room. This clarification will be added to CESSAR-DC,
Section 6.2.4. This revision is attached.

._. _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ -___- _ .-_
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6.2.4.1.2 Design Features

The following is a summary of Containment Isolation System design
features. Incorporation of these features into the Containment
Isolation System results in a design where the design criteria
for 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 I standards as defined in AllSI 1118.2-1973 and
Regulatory Guide 1.29, respectively.

B. The design pressure and temperature of all piping and
connectea equipment comprising the isolated bodadary is
greater than the design pressure and temperature of the
containment.g

C. Containment isolation valves and interconnecting piping are
protected against missiles.

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

E. The maxiraum allowable particle si::e 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 into the containment g
following a LOCA.

F. Containment i..solatio. valves are designed te operate under
normal env 3.ronmental conditions and to fulfill their - safety
related function under post-accident environmental
conditions, consistent with the requirements of
Section 3.11.

G. Containment isolation v;1ve and associated penetration
piping are qualified in Section III of the ASl4E Code, as
Class 2 components, as described in Section 3.9.3.

11 . 14aximum allowable actuation times are imposed on containment
isolation valves consistent with their required safety |t
function and AliSI/AliS 56.2-1984.

I. Valve operators and power sources are selected for
containment isolation valves consistent with their required

E
safety function.

4 [ru e r 4- /\

Amendment I
A.7-17 December 21. 1990

-_ ,
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J. All containment penetrationo not used for accident mitigation
or safo shutdown are automatically isolated by a containment
Isolation Actuation Signal (CIAS) unicout

The valves are normally locked closed*

The penetrationn ero normally scaled (i .e. , fuel transfer*
tubo)

* The lines are needed for RCP operation (RCP ueal
injection and component cooling water to RCP seal
coolers, motors, and lubo oil coolers)

The exception for RCP operation allows the RCPn to be
,

available for accident mitigation or safo shutdown if of fsite
power and non-essential support nyatoms are available. Those
linen are continuously monitored for radiation and can be
manually isolated from the control room.

. _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ - - _ _ _ - _ ___ _ _ _ _ _ _ .
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Please explain why the CESSAR document (Section 1.8) lista 11RC 's
Regulatory Guide 1.101, " Emergency planning for 11ucicar Power Plants,"
an " withdrawn" and not applicable to the System 80+ design.

BSDD911EIL0lLl

Regulatory Guide 1.101 (Revision 1) tia n identifled as " withdrawn"
baced on a published status report. Table 1.8-1 will be revised in a
future amendment to refer to Revision 2 an "not applicable". Revision
2 endorces Revision 1 to 11UREG-0654 / PE!4A-REP-1, " Criteria for

Preparation and Evaluation of Radiological Emergency Response Plana
and Preparedness in Support of 11uclear Power Plants," which was
published in llovember 1980 to provide specific acceptance criteria for
complying with the standards set forth in S 50.47 of 10 CPR Part 50.
These criteria provide a basis for 11RC licenceen and State and local
governments to develop acceptable radiological emergency plans and
improve emergency preparedness and are, therefore, not app 11?able to
the System 804 design.

_ _ - - _ - _ _ _ - - _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _
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IABLE1.8-1(Cont'd)

V
(Sheet 13 of 19)

Ef M ATORY GulQl3

Original or Revision Reference
Ontument/lule GDS _ Referencu_ Isiut_ pat.e ._CESSAR Sectinn_.

Reg. Guide 1.101 - Tevip, A Withdrar, St Agl.hble
Emergency Planning for g[g; B

Nuclear Power Plants

Reg. Guide 1.102 - Revision 1 2 e

flood Protection for Nuclear 9/76
Power Plants

Reg. Guide 1.103 - Withdrawn
Post Tensioned Prestressing

DSystems for Concrete Reactor
Vessels' and Containment

Reg. Gyide 1.104 - Withdrawn
Overhead Crane llandling l

Systems for Nuclear Power |-

Plants )
IE-

Reg. Guide 1.105 - Revision 2 7.1.2.27
Instrument Setpoints for 2/86
Safety-Related Systems

Reg. Guide 1.106 - Revision 1 7.1.2.28
Thermal Overload Protection 3/77
for Electric Motors on
Motor-0perated Valves

Reg. Gylde 1.107 - Not Applicable B

Qualifications for Cement (Concreto containment)
Grouting for Prestressing
Tendons in Containment Structures

Reg. Guide 1.108- Revision 1 8.1 E

Periodic Testing of Diesel 8/77
Generator Units Used as Onsite
Electric Power Sy. items at Nuclear
Power Plants

Reg. Guide 1.109 - Not Applicable e
Calculation of Annual 00tes to Man
From Routino Releases of Reactor
f.ffluents for the Purpose of-

V Evaluating Compliance with 10 CfR
Part r,0, Appendix I

Amendment E
December 30, 1988

..
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