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Pacific Gas and Electric Company 77 Beate Street

San Francisco, CA 94106

415I972 7000
415/973-4684

Dames D. Shiffer
Senior Vice President and
General Manager
Nuclear Power Generation

March "21, 1990

PG3rE Letter No. DCL-90-079

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Re: Docket No. 50-275, OL-DPR-80
Docket No. 50-323, OL-DPR-82
Diablo Canyon Units 1 and 2
Long Term Seismic 'Program — Probabi listi c Risk Assessment

Gentlemen:

On January 19, 1990, the NRC Staff issued a letter transmitting
questions regarding the Long Term Seismic Program Probabi listic Risk
Assessment (PRA) for electric power systems. PGhE's responses to
those questions were provided in PGttE Letter DCL-90-046, dated
February'6, 1990, with the exception of questions related to
instrument AC analysis. Responses to the instrument AC analysis
questions are provided in Enclosure 1 of this letter. Additionally,
Enclosures 2 and 3 provide clarifying information on PRA initiating
event frequencies and other miscellaneous PRA issues, respectively,
as requested verbally by the Staff.

Kindly acknowledge receipt of this material on the enclosed copy of
this letter and return it in the enclosed addressed envelope.

Sincerely, ~

J. D. ffer
cc: M. Bohn, Sandia

N. Chokshi
R. Fitzpatrick, BNL
A. P. Hodgdon
J. B. Hartin
M. H. Mendonca
P. P. Narbut
H. Rood
CPUC
Diablo Distribution (w/o Enc.)
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PGhE L er No. DCL-90-079

ENCLOSURE 1

PG&E RESPONSES TO NRC STAFF QUESTIONS
ON PRA - INSTRUMENT AC ANALYSIS

3109S/OOBOK
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PACIFIC GAS AND ELECTRIC COMPANY

SUPPLEMENTAL RESPONSE TO

BROOKHAVEN NATIONAL LABORATORY LETTER REPORT-08

A REVIEW OF SYSTEMS ANALYSIS IN THE DCPRA

"ELECTRIC POWER SYSTEMS"

(Instrument AC System Only)

MARCH 1990
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1.0 GENERAL DISCUSSION

This discussion provides PGEE's response to Brookhaven National
Laboratory (BNL) Letter Report-08, which documented questions on the
electric power systems modeled in the Diablo Canyon PRA. This
discussion (section 2.5) only addresses questions related to the
Instrument AC System; questions on the other electric power system
models were addressed previously (sections 2. 1, 2.2, 2.3, 2.4, and
2.6) in PGEE Letter DCL-90-046 dated February 16, 1990, Docket Nos.
50-275 and 50-323.

2.0 RESPONSES TO COMMENTS

2.5 COMMENTS ON INSTRUMENT AC SYSTEM

BNL COMMENT 1

The unavailability analysis of the Instrument AC System
assumes no common cause failures between the instrument AC

system's channels. On the other hand, the analysis calls
attention to the condition that two or more simultaneous
instrument AC channel failures, in fact even one channel
failure, result in a reactor trip, i.e., instrument AC

channel failures represent a potential event initiator.
Indeed, the DCPRA identified by the Master Logic Diagram
(MLD) method the "Loss of Instrument AC Power" as an
initiator category, MLD-20. However, the DCPRA did not
analyze this event category and states (see Table C. 1-3 of
DCPRA), "A failure mode and effect analysis shows that
failure of more than one instrument channel is a low
frequency event and is not included as a separate initiating
event." Table C. 1-4 reiterates, "Plant will be tripped by
loss of RCP if more than one instrument AC channel failure
occurs. Random failure of more than one passive system is an
extremely low frequency event and, therefore, is not included
as a separate initiating event. However, multiple failure of
instrument channels due to external causes (e.g., earthquake
and 480V switchgear ventilation) are addressed."

In order to check whether the DCPRA's claim about the
negligible occurrence frequency of multiple instrument
channel failures is valid or ~ot, the reviewers looked at the
results of a recent BNL study fsee BNL Letter Report-08 for
reference] conducted on inverter aging. According to this
study, in the nine years from 1976 to 1984 (i.e., during 720
reactor years of operation), there were 42 reactor trips that
resulted from (multiple) inverter failures, i.e.. .058
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Enclosure 1

trips/reactor year. From 1984 to 1986 (i.e., during 308
reactor years), 57 reactor trips occurred due to (multiple)
inverter failures, i.e.. . 185 trips/reactor year. (In both
cases, the majority of the trips occurred during high power
operation.)

Each reactor trip has the potential for impacting safety
because of the additional equipment response and operator
actions generally needed to bring the plant to a safe and
controlled condition. In the DCPRA, the reactor trip
initiator, RT, and the associated event tree do not account
for events of the above type, since the RT event tree is not
conditioned for simultaneous guaranteed failure of more than
one instrument AC channel.

The closest event tree involving simultaneous guaranteed
failures of instrument AC channels is the one associated with
the initiator "Loss of One DC Bus" with an initiator
frequency, L1DC = 3.32-2/year.

In order to make a rough estimate about the impact of the
neglection of the loss of instrument AC power initiator from
the DCPRA model to the core damage frequency, the simplest
way is to increase the value of the L1DC initiator, e.g., by
the weighted average of the above reactor trip frequencies,
i.e., 0.096 trips/reactor year. Then, the new value of the
initiator would be L1DC = 0.096 + .0332 = .129/year and the
associated sequences would be multiplied by a factor of
. 129/.0332 = 3.89. (PG&E may wish to perform a more accurate
plant-specific Bayesian updating for the loss of instrument
AC power initiator and requantify the associated (correctly
conditional) event tree.

RESPONSE TO
COMMENT'fter

the modifications were made to the reactor trip logic for low
reactor coolant pump flow (see response to BNL Comment 2) at Diablo
Canyon, it was judged in the DCPRA study that loss of power to'
single instrument AC bus would not result in a reactor trip.
Therefore, loss of power to a single instrument AC bus was not modeled
in DCPRA as an initiating event. Furthermore, because it is believed
that the failure frequency of multiple instrument inverters is very
low, loss of multiple instrument AC buses as an initiating event was
not modeled in the DCPRA.

A review was conducted of the inverter related events listed in the
USNRC case study report entitled, "Operational Experience Involving
Losses of Electrical Inverters (AEOD/C605)", December 1986. This
report was referenced in the BNL report on inverter aging. The AEOD
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report contains descriptions of inverter-related events that occurred
from 1982 to 1984. Out of all of the inverter failure events that
caused reactor trips during power operation, none of these events
involve failures of multiple instrument AC buses. Only a couple of
events resulted from failures of the normal static inverter and its
associated standby inverter. These are the only reactor trip events
involving multiple inverter failures. These types of events are not
the same as multiple normally operating inverters failing
simultaneously. Descriptions of the events other than those between
1982 to 1984 were not reviewed because they were not available in the
referenced documentation. It is believed, however, that the same
conclusion would be reached if these events were reviewed.

Therefore, it is maintained that multiple inverter/instrument channel
failures is a low frequency event.

Regarding the reactor trip events in which only one instrument bus is
lost, the causes of reactor trips can be broadly grouped in the
following categories:

1. Failure of one instrument AC bus at plants that are designed with
one-out-of-four reactor trip logic for low reactor coolant pump flow
(i.e., one reactor coolant pump breaker indicating open).

2. Degradation of certain control or normally operating systems which
result from failure of a single instrument AC bus and which cause
operational transients, which then lead to reactor trip parameters
being exceeded, or operator failure in response to the transient.

3. Failure of one instrument AC bus coupled with independent failure,
or unavailability of an additional piece of equipment.

4. Failure of one instrument AC bus occurring when another RPS

channel is tripped due to testing or other activities.

Failure of an instrument inverter, as discussed above, may be a result
of random equipment failure, electrical transients, loss of
ventilation, etc. In the DCPRA, inverter failure and reactor trip
events caused by vent'i lation losses have been included as a separate
initiating event (loss of 480 V switchgear ventilation). In the four
categories of reactor trip events involving single instrument bus
failure, only categories 2, 3, and 4 could be applicable to the Diablo
Canyon design. Thus, the frequency of this initiating event should be
significantly lower than the BNL calculated value of 0.096 trips per
year, since only those non-ventilation related events grouped in
categories 2, 3 and 4 should be included and since category 1 type
events are not applicable to DCPP.

Even though category 2, 3, and 4 events were not modeled in DCPRA as a





separate initiating event, the frequency of these events was included
as part of the frequency for reactor trip initiating event. This
treatment is somewhat non-conservative in that equipment degradation
as a consequence of single instrument bus failure is not accounted for
in the modeling of the plant response. It can be seen in Tables 6-34
and 6-35 of the Long Term Seismic Program Final Report that the major
impact of single instrument bus failure is as follows:

Loss of instrument Channel I would disable train A SSPS.

Loss of instrument Channel II would prevent the miniflow valve of
train A RHR pump from opening.

Loss of instrument Channel III would prevent the miniflow valve of
train B RHR pump from opening.

Loss of instrument Channel IV would disable train B SSPS.

Failure of any one instrument channel results in failure of two of
four 10K steam dumps in the AFW system.

These impacts are much less severe than the effect of single OC bus
fai lure. In addition, loss of SSPS does not always cause failure of
the safeguard systems actuated by SSPS; it is very likely that SSPS

failure can be recovered by the manual actuation of safeguard
equipment from the control room. As such, the impact of failure of
instrument AC Channel I or IV is substantially reduced.

Finally, failure of a RHR miniflow valve is assumed to fail the
associated RHR pump if it is actuated to start while the reactor
pressure remains high and if the operator fails to stop the pump.
This however is unlikely because the operators will act promptly to
re-energize the instrument bus from another power source (i.e., the
regulated backup transformer).

A sensitivity study was performed which evaluates the impact of the
loss of a single instrument bus as an initiating event. The study
utilized the results of the OCPRA non-seismic dominant sequence model.
Reactor trip initiating events followed by failure of an instrument
bus were considered equivalent, in terms of plant response, to loss of
an instrument inverter followed by subsequent reactor trip.
Therefore, these sequences were re-evaluated using the loss of
instrument bus initiating event frequency calculated by BNL (0.096)
and by replacing the instrument bus split fraction with the guaranteed
failed split fraction. This treatment is more realistic than using
the plant response for the loss of OC bus initiator; the results of
the sensitivity study indicates an increase of approximately 0.8X in
the total core damage frequency. This increase, however, is offset by
a reduction in the reactor trip initiating event frequency and a
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corresponding reductions in the frequency of core damage due to
reactor trip initiating events. The net effect is an increase of
approximately 0.2X in the total core damage frequency.

Based on the preceding reasons, it is believed that the treatment of
single instrument bus failure initiating event in DCPRA (i.e., as a
reactor trip initiating event) does not significantly underestimate
the core damage frequency.

BNL COMMENT 2:

As concerns reactor trips due to a single instrument channel
failure, it is remarked on p.3.6-4, "Credit was taken for
modifications made to the units to prevent certain types of
transient events, such as reactor trip caused by loss of
certain instrumentation bus and safety injection actuation
after reactor trip or turbine trip due to overly sensitive
instrumentation in the main steam lines."

It would be very useful for PG&E to describe these
modifications and indicate which part of the DCFSAR describes
these modifications more precisely.

RESPONSE TO COMMENT:

Two design changes related to the vital instrumentation system have
been credited in the DCPRA. The first is related to reactor trip
logic and the second is related to safety injection actuation.

Reactor Tri Lo ic: Loss of a single instrument bus results in
indication of a Reactor Coolant Pump (RCP) breaker being open. Prior
to the design change, the reactor trip system would generate a reactor
trip signal if one-out-of-four RCP breakers indicated open. After the
design change, the logic was changed to two-out-of-four; consequently,
failure of a single instrument bus will no longer result in this trip
signal. This trip fu'nction is discussed in the Diablo Canyon FSAR in
Chapter 7, section 7.2.1.1.1.4.

Safet In 'ection Actuation: A design change was implemented to
eliminate inadvertent safety injections following reactor trip. This
design change consisted of the installation of lead/lag modules in the
steam generator flow instrumentation loops. The previous
instrumentation loops did not have the damping feature that would
filter the low frequency noise signals or "ringing" that cause
spurious SI initiation from steam flow/feed flow mismatch. The
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lead/lag modules give the loops the damping feature that is needed to
screen out or filter this low frequency noise. Based on operating
experience, this design change has been successful in eliminating
inadvertent safety injection signals following reactor trip.

BNL COMMENT 3

Figure 3. 1 [see BNL Letter Report-08] shows the distribution
of causes of inverter failures for LER events in the
1984-1986 period (figure is also taken from Reference 7).
One observes that 18K of the inverter failures were caused by
personnel error (made during unscheduled maintenance, test,
etc.). Therefore, it would seem that human error
contributions should be included in the split fractions of
the instrument AC system.

RESPONSE TO COMMENT:

Review of the inverter-related events (from 1982 to 1984) listed in
the USNRC case study report (entitled "Operational Experience
Involving Losses of Electrical Inverters," AEOD/C605, December 1986)
indicates that most of the personnel errors resulting in loss of
inverters occurred during plant shutdown. This is because the amount
of test, calibration, maintenance, and design modification activities
in progress during shutdown is far greater than those performed during
power operation.

Nevertheless, certain test and maintenance activities will still be

taking place during routine power operation. Personnel errors
committed during the performance of these activities may cause loss of
inverters and thus the instrument AC power. However, the types of
activities that occur during the response and mitigation period
following an initiating event are very different from those during
routine operation. This, in fact, substantially reduces the chance of
inverter losses due to personnel errors made during the mission time
following an initiating event.

Since the instrument inverters are normally operating equipment,
except for plants with backup inverters, any personnel errors (such as
inadvertent or erroneous opening of inverter breakers, accidental
shorting/grounding of inverter circuitry, improper setpoint
adjustment, inadvertent transfer of power sources, incorrect equipment
operation procedure, etc.) that may result in a loss of instrument AC

power would be quickly detected and corrected by following the proper
compensating measures or by aligning an alternate source of power to
the affected instrument AC bus if component failures are involved.
This is the reason that personnel errors made prior to the onset of
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initiating event have insignificant effect on the instrument AC

unavailability during the mission time following an initiating event.
It is, however, appropriate to include the inverter failures caused by
these personnel errors (made prior to an initiating event) in the
calculation of initiating event frequency if a reactor trip has been
induced. For the instrument AC split fractions which model the
unavailability of instrument AC during the 24-hour mission time after
an initiating event, personnel errors were not judged to be an
important contributor.

There are some types of personnel errors, such as the installation of
improper size/type of a device, which do not cause immediate inverter
failures. These defects may cause excessive stresses on other
components under certain operating conditions and cause eventual
failure of an inverter. These fai lures would not be treated
separately as human error contribution in OCPRA. Instead, they would
be included with other hardware failures in the calculation of
component (e.g., inverter) failure rates. These types of personnel
errors have therefore been accounted for in the split fractions for
instrument AC power.
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The PLG Generic Initiaiin event Fre uencies for PRA.

The two main sources for the generic plant data used in the development of
transient initiating event frequencies were:

an Idaho National Engineering Laboratory (INEL) study of transients at
U.S. nuclear power plants (Reference 1). Events selected from this
study were those causing forced shutdowns at PWR units from 1980 to
1983.

a compilation of Licensee Event Reports (LERs) by Tennessee Valley
Authority. PWR transients from 1984 through July 1987 were considered
from this source.

The transient events collected from the above sources covering a period of
7.6 years (from 1980 through July 1987), were further, screened to include
only those events that are appropriate for use in a PRA of a nuclear plant
in power operation. The criteria used in the screening process were:

1) Those trip events occurring at or below 25K power were excluded if they
occurred during power ascent or during shutdown. Trip events at or
below 25K power were included if they occurred during power descent or
during prolonged operation at a low power level. It was assumed that
the decay heat at low power levels during power ascent would not be
significant.

2) Trip events occurring between 25K power and 50K power were excluded if
they occurred during ascent and were also due to feedwater instability.
Feedwater problems are extremely common during power ascent, and it was
judged that these events would not be applicable to normal plant
operating conditions.

Many trip events not appropriate for a PRA of a nuclear plant in power
operation were excluded from the database when the above screening criteria
were applied. Moreover, by considering PWR transients from the period 1980
through July 1987 only, trip events occurring during the first year of
operation for many PWR units were also excluded from the database. These
are PWR units whose first year of commercial operation is prior to 1980. It
is evident from Reference 1 that, in general, nuclear reactors experienced
many more trip events in their first year of operation than in subsequent
years.

It is expected that the transient initiating event frequencies computed
from the above sources would be less than those values calculated from a
PWR transient events database which includes events from all years of
operation for all the PWR units (i.e., includes first year of operation).
Furthermore, the screening criteria described above will also tend to yield
lower values for initiating event frequencies.

REFERENCE'.

Idaho National Engineering Laboratory, "Development of Transient
Initiating Event Frequencies for Use in Probabi listic Risk Assessments,"
NUREG/CR-3862, May 1985.
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SPECIAL ISSUES OF INTEREST TO PRAs

In Chapter 6 of the Long Term Seismic Program Final Report dated July 1988
page 6-90, six issues were identified as being of special interest to PRAs.
These issues are of interest because they are either unresolved safety
issues or have been shown to be significant contributors to risk in other
PRAs. The six issues are:

- Station Blackout

- Failure to Trip the Reactor (ATWS)

- Reactor Coolant Pump Seal LOCA

- Primary Relief Valves Open and Fail to Re-close

- Bleed and Feed Cooling

— Pressurized Water Reactor Pressurized Thermal Shock

The importance of each of these categories, measured in terms of core
damage frequency and percent contribution to core damage, is presented in
the attached table. The importance measures are provided for both seismic
and non-seismic initiators.

The contributions to core damage frequency associated with non-seismic
initiators were computed from the results of the OCPRA dominant sequence
model. The scenarios in the dominant sequence model were sorted into the
above groups and the frequencies of each group summed to determine
contribution to each of the categories.

The scenarios associated with ATWS events in the dominant sequence model
were supplemented with additional ATWS event sequences identified from a
larger list of key sequences; i.e. sequences which were too low in
frequency to be included in the dominant sequence model.

Control room and cable spreading room fire scenarios from the results of
the external initiating events analysis were also included in the dominant
sequence model. The total non-seismic core damage frequency
calculated from the dominant model is 1.73E-04 per year.

For seismic initiators, the contributions to core damage frequency were
obtained from the DCPRA seismic key event sequence list, not the seismic
uncertainty model. The key sequence list (the top 791 core damage
sequences) accounts for approximately 82K of the total seismic core damage
frequency. It is assumed that the remaining 18K contribution to the seismic
core damage is distributed proportionally among each of the scenario
groups of interest. The contributions from each of the scenario groups in
the key event sequence list were therefore scaled up. The point estimate
seismic core damage frequency from the key sequences is 3.43E-4 per year.
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The contributions from the scenario groups of interest shown in the
attached table are not mutually exclusive. Therefore, care must be taken
when combining different scenario groups. For example, it would be
incorrect to add the seismic initiated station blackout "ATWS" contribution
to the "total" seismic initiated station blackout contribution since the
"total" already contains the "ATWS" contribution. Notes to the table
indicate the type of sequences that each of the groups contain.
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DCPRA SPECIAL ISSUES IMPORTANCE SUMMARY

SPECIAL SCENARIO GROUP

IMPORTANCE
TOTAL NON-SE ISMI C SEISMIC

1. STATION BLACKOUT

A) RCP SEAL LOCA

8) FAILURE OF SECONDARY
HEAT REMOVAL,

C) PRIMARY RELIEF VALVE OPEN
AND FAIL TO RE-CLOSE

D) TOTAL

4.1E-5
(20K)

1. 3E-5
(6X)

3.6E-6
(2X)

5.8E-5
(28')

2.3E-5
(13Ã)

5.9E-6
(4X)

2.2E-6
(iC)

3.1E-5
(18K)

1.8E-5
(53')

7.4E-6
(22K)

1.4E-6
(4X)

2.7E-5
(79K)

2. FAILURE OF REACTOR TRIP (ATWS)

A) NON-STATION BLACKOUT

8) STATION BLACKOUT

C) TOTAL

3. RCP SEAL LOCA
(NON-STATION BLACKOUT)

4. PRIMARY RELIEF VALVE OPEN

AND FAIL TO RE-CLOSE

5. BLEED RI FEED COOLING

6. PRESSURIZED THERMAL SHOCK

1.9E-6
(1X)

3.2E-6
(2X)

5.1E-6
(3X)

3.2E-5
(i5X)

3.5E-5
(i75)

2.0E-5
(iOX)

7.2E-6
(3X)

1.4E-6
(O.BX)

0.0
( OX)

1. 4E-6
(0.8X)

3.0E-5
(isx)

3.4E-5
(20K)

2.0E-5
(i2X)

7.2E-6
(4X)

5.0E-7
(2g)

3.2E-6
(9X)

3.7E-6
(llX)

1.8E-6
(5X)

1.0E-6
(3X)

"0.0
( 0Ã)

0.0
(ox)
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NOTES TO THE TABLE:

2A) Seismic core damage sequences due to failure of reactor trip but
not concurrent with station blackout.

2B) Seismic core damage sequences due to failure of reactor trip with
station blackout.

3) Non-station blackout scenarios; these scenarios result from loss of
RCP seal injection and cooling.

4) Non-station blackout scenarios.

5) For seismic events, the contribution to core damage due to failure of
operators to initiate bleed and feed cooling is negligible.

6) PTS events were not modeled for seismic initiators.

TOTAL CORE DAMAGE FREQUENCY (POINT ESTIMATE) 2.07E-4
NON-SEISMIC CORE DAMAGE FREQUENCY (POINT ESTIMATE) 1.73E-4
SEISMIC CORE DAMAGE FREQUENCY (POINT ESTIMATE) 3.43E-4
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