k December 23, 1992

Docket No. 52-002

)~

..r. Charles B, Brinkman, Acting Director
Nuclear Systems Licensing

ABB-Combust ion [n?inocrtng

1000 Prospect Hill Road

Windsor, Connecticut 06095-0500

Dear Mr. Brinkman:
SUBJECT: REQUEST FOR ADDITIONAL INFORMATION ON CESSAR-DC, SYSTEM 80+

Enclosed is a request for additional information based on a review of the
System B0+ Shutdown Risk Evaluation Report. Please respond within 45 days
following the receipt of this request.

The reporting and/or recordkeeping requirements contained in this lettor
af;oct fewer than ten respondents; therefore, OMB clearance 1s not required
under P. L. 96511,

Sincerely,

(Original signed by)

Michael X, Franovich, Project Manager

Standardization Project Directorate

Associate Directorate for Advanced Reactors
and License Renewal

Office of Nuclear Rractor Regulation

Enclosure:
As stated

| cc w/enclosure:
See next page
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Nuclear Systems Licensing
Combustion Engineering, Inc.

1000 Prospect Hill Road

Windsor, Connecticut 06095-0590

Mr. C. B. Brinkman, Manager
Washington Nuclear Operations
Combustion Engineering, Inc.

12300 Twinbrook Parkway, Suite 330
Rockville, Maryland 20852

Mr. Stan Ritterbusch

Nuclear Systems Licensin?
Combustion Engineering, Inc.
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Post Office Box 500

Windsor, Connecticut 06095-0500

Mr. Daniel F. Giessing

U. §. Department of Energy
NE-42

Washington, D.C. 20585

Mr. Steve Goldberg
Budget Examiner

725 17th Street, N.W.
Washington, D.C. 20503
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Washington, D.C. 20006
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440.177

440.178

440.179

440.180

Table 4.0-1 and Table 4.0-2 provides requir¢ients for the
operating range of initial conditions and RCP operating
conditions. How would these reguirements be controlled
(e.g9., TS) for applicable modes?

Section 4.3.1, Total Loss of Reactor Coolant Flow, concludes
that the SCS relief valves will ensure that the P-T limits
for brittle fracture are not viclated for transients postu-
lated in Modes 4 or § with RCS temperatures below LTOP
enable/disable temperatures, and Figure 4.0-1 rovides
initia) conditions for P-T 1imits in modes 3 through 6 with
the SCS relief valve setting at 565 psia. It appears to the
staff that the operators can operate shutdown cooling at
other conditions than the design initiating conditions of
350 °F and 400 psia for SCS systems, If the operators were
to operate the SCS at temperatures and pressure higher than
the system design initiating temperature and pressure condi-
tions, provide (1) procedi ~al guidance and design features
to address the staff’'s Open Issue 5.4.3.2-2 in the Sys-

tem 80+ draft safety evaluation report (DSER), and

(2) provide an analysis to address that the ralief valve
sizing design basis for overpressure protection for the SCS
system is still bounded by design criteria discussed in
CESSAR-DC, Section 5.2.2.

Section, 4.1.2 states tha® to maximize the cool down rate
and the time requir.d to reach the steam generator water
(S6) level trip setpoint, the events were assumed to be
initiated at the minimum Mode 3 technical specification with
5G water level of 25 percent wide range. Provide the basis
for using SG water level of 25 percent wide range and justi-
fy the ~onservatism in your assumption. In addition, ADB-CE
also states tnat the ra*e of cooldown for the excess /eed-
water flow events is less dependent upon the steam generator
temperature than it is for the steamline break eventis. What
is the difference between selecting the initial conditions
to gener te the lowest DNBR in couincident with the pre-trip
for the steamline break event and this case.

Section 4.1.5 disrusses the evaluaticen of steam system
piping f. ilures inside and outside containment. The evalua-
tion indicated the minimum transient DNBR for the soutdown
mode cases was greater than 2. Prov'ie:

(1) assumptions used for DNBR calculation, including
peaking factors, pressure, flow rates, and provide the
justification for the assumptions made in the analy-
sis.

(2) identify worst case for shutdown mode.



440.181

440 182

440.183

440.184

440.185

Section 4.2.8, Feedwater System Pipe Breaks, states that the
snergy mismatch between the primary and secondary system is
very much less for events postulated to cccur in shutdown
modes other than for event of Section 15.2.8 of CESSAR-DC.
Provide the technical basis for this assumption.

Section 4.6.3, Steam Generator Tube Rupture, indicates that
the leakage rate could range from 0.0 to approximately

315 gallons, and at the maximum leakage rate, the operator
would have more than 45 minutes to diagnose the event and
take appropriate actions. Provide (1) calculation results
to show that 315 gallons is a maximum leakage rate and is a
limiting case, (2) basis for the 45 minutes available time
for operator’s actions.

Appendix C, Reduced Inventory Operational Guidance, Precau-
ticn 3.4, states that operations directly affecting the
reactor vessel pressure boundary, i.e., I1CI1 Seal Table
Evolutions, shall be minimized during mid-loop. ABB-CE also
states in CESDR, Sections 2.12.3.1.2 and 2.3.3.5 that proce-
dura) guidance prohibits In-core Instrumentation Seal Table
Evolutions while the vessel head is on and mid-loop evolu-
tions are in progress. These two statements appear to
contradict each other. ABB-CE Reduced Inventory Operational
Guidance would allow the seal table evolutions to take place
during mid-loop operations, thus the potential lcss of
inventory exists. Clarify whether the operational guidance
allows or prohibits seal table evolutions to be performed
during mid-loop operations. If the evolutions are
permitted, discuss what actions are needed to prevent the
potential loss of coolant inventory.

Section 2.12.3.1.2 discusses the potential failure of the
reactor cavity seal during Mode 6, refueling. The cavity
seal can fail in some circumstances. For example, the
cavity seal can be displaced during an earthquake of certain
magnitudes, thus creating a total seal failure during
refueling process (i.e., refueling cavity is flooded, fuel
transfer gates are opened to connect with the spent fuel
pool, and fuel transfer is in process, when the veactor
cavity seal failure occurs). Please provide (1) time to
drain to the reactor vessel flange if water is not added,
(2) potential consequences to the spent fuel being trans-
ferred during the fuel transferring process, (3) radio-
logical consequences, and (4) what actions are needed to
mitigate and to maintain shutdown ceoling.

Appendix C, Reduced . entory Operational Guidance, Opera-
tional Guidance 4.¢ ¢ vides RCS/SCS system parameters
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440.190

440.191

440.192

440.193

440.194

minutes provided by ABB-CE appears to be too short for
preventing core boiling. Provide justification for the
shorter operator delay time,

Section 5.3.1, Description of LOCA Scenario, indicates that

a severe LOCA would occur at lower operating modes when the
RCS temperature are reduced slightly below the temperature
where no S1 pumps are required to be on automatic. Provide
the RCS temperature at which no SI pumps are required to be
on automatic.

Section 5.3.4, LOCA Analysis for Mode 4, discusses LOCA
analysis for hot rod heatup. Provide a detailed description
of the assumptions made including axial power shape and RCP
conditions.

In Section 5.3.3, ABB-CE has indicated that the Realistic
fvaluation Model (REM) was used to study the possible
impacts of a small break LOCA in Mode 4. Please, provide
(1) detailed description of the assumptions made using the
REM version of CEFLASH-4AS and PARCH cedes.

In Section 5.3.4, LOCA Analysis for Mode 4, ABB-CE has used
10 minute time available for operator action to take credit
for compliance with ECCS acceptance criteria. This assumed
10 minute time is inconsistent with SRP 6.3 8, Item 19 (see
RAIl question 440.190)

Section 2.6, Rapid Boron Dilution, discusses some potential
boron dilution evants. NUREG/CR-0105, Vol. 2, “"Seventeenth
water Reactor Safety Information Meeting,” identifies
several potential PWR boron dilution events that ABB-CE has
not discussed in Section 2.6 of the submittal. Please
provide the below discussions which emphasis in the use of
design features, detection, mitigation, and prevention
capability and relate these to resolutions in Table 2.6-1:

(1) addition of diluted accumulator water during shutdown
due to slow leakage or biowdown thru single valve,

(2) LOCA with diluted ECCS water from more than one accu-
mulator or IRWST,

(3) LOCA with sump water diluted,

(4) uncontrolled boron dilution from CVCS during shutdown
and the event of demineralized water from the purifi-
cation system entered the core via the SCS system (the
Belgians study;

(5) rod ejection accident.
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REQUEST FOR ADDITIONAL INFORMATION
(PROBABILISTIC SAFETY ASSESSMENT BRANCH)

Report the major findings and insights that were drawn from the shutdown
PRA. Provide a 1ist of shutdowr PRA insights that contributed to
changes in design, technical specifications, administrative controls,
procedures, etc.

Core damage frequencies were estimated for Modes of operation 4 through
6. It is mentioned that Modes 1 through 3 are covered in the PRA
performed for operation at power. However, although this may be true
for forced outages, it is probably not true for planned cutages. Please
explain how the plant risk during Modes 2 and 3 was included in the risk
estimate for power operation. Provide the assumed distribution of time
among the different plant configurations (plant states) during shutdown,
Also, for each plant configuration in Modes 2 and 3, provide an estimate
of the frequency of initiators, any relaxation in the technical specifi-
cations, and systems or functions that are unavailable or require
operator action.

In estimating the frequency of an initiating event wnile the plant is in
a certain state, it was assumed that the frequency of each initiating
event (as calculated by operational history of current PWR plants) can
be distributed among all plant states according to the fraction of time
the plant is in each configuration. However, some initiating events
could occur only (or more frequently) during a particular plant state.
For instance, LOCA frequency will vary with pressure and maintenance
activities allowed dunin? the various plant configurations. Similarly,
loss of DHk may be more 1ikely at the reduced inventory configuration
and loss of power related frequencies may vary according to the allowed,
and scheduled, maintenance activities. The affect of this assumption on
the estimated core damage frequency (CDF) during shutdown must be
investigated. The staff strongly recommends reviewing experience data,
as wel) as the results of existing anaiyses, to resolve this issue.

Tha fractions of time that the plant is expected to be in a certain
configuration (plant state) were used to estimate initiating event
frequencies for the various plant states during shutdown. However, no
complete information was provided on how the assumed 23-day refueling
schedule waz divided among plant states. In addition. the assumption of
equal times in Modes 4 and 5 due to scheduled and forced outagers may be
optimistic. Please provide, details and justification of assumptions
made in duviermining the initiating event frequencies for the various
plant states.

Provide a 1ist of al! dominant accident sequences that lead to cor®
damage during plant snutdown and associated frequencies. For each
sequence, 1ist all iuitiating events, including failures and successes.

In the event tree for loss of DHR in Mode 4 (Figure 3.4-1), Technical
Specifications (see Table 2.4-3, LCO 3.4.5) require: a) two RCS loops
or two SCS trains gr any combination of trese to be operable; and b) one

15






require only one charging pump to be available) may be significant and
should be calculated.

11.  In the event tree for loss of DHR during Modes 5 and 6 (Figure 3.4-7),
using feed-and-bleed with SCS (event SCSFB) 1s needed only if feed-and-
bleed with SIS (event S1FB2) fails. Event SIFB2 includes failure of the
Safety Injection System (SIS) as well as failure of the Safety Depressu-
rization System (SDS). Event SCSFB includes faiiure of the Shutdown
Cooling System injection as well as failure of the SDS. This implies
that if SDS is not available for feed-and-bleed with SIS (event SIFB2)
it will not also be available for feed-and-bleed with SCS (event SCSFB).
Therefore, the event tree should be modified by adding a branch for the
$DS function. The same is true for the event tree for LOCA Modes $ and
6 with IRWST available (Figure 3.5-1%)

12.  The event tree of Figure 3.4-9 was used to model: a) the loss of DHR
during Mode 5 operation when the roola ! level is reduced and b) a LOCA
during Mode 5 operation when the coolent level is reduced. Using the
same event tree for these two initiators causes confusion (especially
when no connection is made with the appropriate sections, where LOCAs,
loss of DHR and reduced inventory are discussed;. Please explain why
the operator would “"perceive" LOCAs as a loss of DHR. Does this mean
that the leak will not be diagnosed prior to pum, avitation? How was
the leak location tanen into account? Is the leak recoverable? Are
operator actions and associated time windows following a LOCA same as
those for a loss of DHR due to other reasons? Please document all the
assumptions and try to connect them with Section 2.12 (potential for
draining the reactor coolant system), Section 2.3 (reduced inventory
operation and GL 88-17 fixes), and Section 2.4 (loss of DHR capability).

| 13.  How were the probabilities in the event tree of Figure 3.4-9 (loss of
DHR or LOCA in Made £ =ith reduced inventory) calculated? They were
assumed to be identical given either a lToss of DHR or LOCA initiating
event. Please justify. For example, given a LOCA, is the probability
that the operator restores DHR still 0.16?

14.  Event MUI ("Operator checks coolant level” in event tree of Figure 3.4.
9) was assigned a probability of 4.1 x 10, This includes, in addition

| to the human error, the probability of a mechanical failure of the SCS

| to make-up inventory (1.0 x 10'3). How was this probability estimated?

Does this estimate take into account the fact that a loss of DHR (or a

LOCA that causes a loss of DHR) and failure of the operator to restore

DHR have preceded this event? Please explain.

|

| 15. The probability of event 0S1 (operator starts second DHR train) in

| Figure 3.4-9 is conditional on the failure of event OR (operator

‘ restores DHR) and the success of event MUl (operator uses SCS pumps to
| provide RCS makeup from the IRWST). How are these dependencies taken
| into account when assessing the probability for event 0S1?

16. The success criteria for event SIFB2 in the event tree for "loss of DHR
or LOCA in Mode 5 with reduced inventory" (see Figure 3.4-9) is not

17




17.

18.

19.

20.

21.

clear. How many SIS trains are required for success? If two SIS trains
are required (as the event tree headifg suggests), then the assessed
probability for this event (4.2 x 10°°) is wrong and should be recalcu-
lated,

In discussing event SIFB2 (pages 3-24 an4 3-25) for loss of DHR or LOCA
in Mode 5 with reduced inventory, it is mentioned: "As noted in Section
3.4.1, in this mode, the pressurizer manway has been removed and opening
the SDS valves is not necessary. . ." However, in Section 3.4.1,

the yrobability of a failure of the SDS (8.0 x 10™) was included.
Please remove this inconsistency. Also, please relate the event tree
modeling of Figure 3.4-9 to the plant states and termination points for
restoration of DHR (Figure 2.4-1 and Table 2.4-3). Ducument all
assumptions made.

The event tree for loss of DHR in Mode 6 with the refueling cavity
filled (Figure 3.4-11) does not model the effects of the potential
presence in the vessel of the upper internals. Please relate this event
tree model and assumptions to the criteria, analysis and resolution of
the issue of the inhibition of natural circulation due to the presence
of upper internals as discussed in Section 2.10 of the System 80+
shutdown risk report. Also, provide the same information for the event
tree of Figure 3.4-17.

The event tree that models a LOCA in Mode 4 (Figure 3.4-12) is applica-
ble when RCS temperatures are above 317 °“F and pressures are above

500 psig. The .ow pressure and temperature part ol FMode 4 is
ropresented by the Mode 5 riormal inventory event tree (Figure 3.4-15).
This 1s not veflected in the estimates of the frequencies of the
initiatiag events M4LOCA and MS6IK. Please explain or correct this
discrepancy.

The event trees either do not model or they lump together many of the
several major plant confiqurations of interest to shutdown risk as
identified by the termination points of Figure 2.4-1 and Table 2.4-3.
For example, no distinction is made in the event tree (Figure 3.4-1) for
termination points 2 and 3 (related to a loss of DHR during plant Mode 4
with RCS cold leg temperature greater than and less than 317 °F,
respectively). Please explain how Figure 2.4-1 and Table 2.4-3 were
used in constructing the event trees. Provide 1ists of all the
important assumptions (implicit and explicit) thet were made in con-
structing the event trees (for all che event tree headings by event
tree).

The probability of event O (operator isolates the leak loca’ly) was
assumed to be the same for leaks inside the containment as for leaks
outside the containment. Justify this assusption, In addition, link
the method for estimating the probability of event Ol to specific Teak
paths, failure mechanisms, required operator actions, available proce-
dures, monitoring parameters that alert operators upon the occurrence nf
a leak, and other information present in Sections 1 and 2 of the
shutdown risk report.
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2.

23,

24.

25.

26.

4

The frequencies of event L60C and L6IC (LOCAs in Mode 6 with refueling
cavity flooded outside .nd inside containment, respectively) were
estimated by assumin? taat half of the LOCAs experienced in current
plants dur1n? this plant configuration occurred inside containmer.. and
the other half occur outside containment. In view of the high
sensitivity of the total shutdown core-damage frequency estimate to the
frequency of event L60c (see event tree of Figure 3.4u;]). rlease
justify the assumed frequency for event L60C (5.5 x 12°7).

Provide 1ist(s) of “>atures, human actions, technical specifications,
administrative cor rols and procedures, by shutdown phase and plant
configuration, that were found to be important in maintaining the
shutdown risk levels as estimated in the PRA. Such 1ists could also
provide part of the PRA input to reliability assurance program (RAP) and
inspections, tests, analyses and acceptance criteria/design acceptance
criteria (1TAAC/DAC).

Provide important analysis that identifies the dominant contributors to
the assessed COF during plant shutdown. Also, determine, study end
characterize the dominant human errors in order to draw insights for the
following:

(1) shutdown phase/plant configuration combinations with highest
human error contributions

(i1) any additional procedures, administrative controls and
technical specifications that can be used to further reduce
risk during shutdown,

(111)  any guidelines that can be used for outage planning that
would even the risk profile and reduce overall risk during
shutdown,

(iv) sensitivity of the shutdown CDF estimate to variations in
human error probabilities,

Provide a clear definition of what is assumed to be a stable cnd-state
in the event trees. Also, define mission times for the va 5 systems
and accident scenarios.

The PRA indicates that the refueling configuration is the mosi important
contributor to risk during shutdown. This is not in agrement with the
results of other PRAs. Please discuss the reasons for this.

The human error probability (HEP) estimates are not clearly documented.
Please provide a concise description of the methodology used to assess
human error probabilities. Also, provide clear references to tables or
pages in NUREG-1278. Same HEPs were used in different eveni tree kranch
points (e.g., events OR, OS1, SIFB2, BOC) regardless of the initiators
(e.g., event trees in Figures 3.4-1 and 3.4-9). This needs to be
justified since HE} depends strongly on the time available for operator
actions and the failures that preceded in the sequence.
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