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ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
" Units1,2,and 3 ‘
Docket Nos. STN 50-528, 50-529, and 50-530
Request to Amend Technical Specification (TS) 3.8.7, “Inverters —
Operating,” to Extend Completion Time for Restoration of an
Inoperable Inverter — Request of Additional Information Response
(TAC Nos. ME2337, ME2338, and ME2339)

In accordance with 10 CFR 50.90, Arizona Public Service Company (APS) submitted
letter No. 102-06069, dated September 28, 2009 (Agencywide Documents Access and
Management System (ADAMS) Accession No. ML092810227), requesting an
amendment to Operating License Nos. NPF-41, NPF-51, and NPF-74, that revises the
Technical Specifications (TS) that are incorporated as Appendix A to the Operating
Licenses for PVNGS Units 1, 2, and 3.

Specifically, the proposed license amendment would revise Required Action A.1 of
TS 3.8.7, “Inverters — Operating,” to extend the Completion Time for restoration of an
inoperable vital alternating current (AC) inverter from 24 hours to 7 days. On April 13,
2010, the Nuclear Regulatory Commission (NRC) Staff provided APS a Request for
Additional Information (RAI) to assist its evaluation of the license amendment request.

Enclosure 1 to this letter provides the APS response to the NRC request. The basis for
the APS determination that the proposed license amendment does not involve a
significant hazards consideration, under the standards set forth in 10 CFR 50.92(c), is
unchanged as a result of the additional information provided in this response.

By copy of this letter, this‘submittal is being forward.ed to the Arizona Radiation
Regulatory Agency (ARRA) pursuant to 10 CFR 50.91(b)(1).

No commitments are being made by this letter. Should you need further information
regarding this amendment request, please contact Russell A. Stroud, Licensing Section
Leader, at (623) 393-5111. .

A member of the STARS (Strategic Teaming and Resource Sharing) Alliance : / ‘ ‘ ’
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| declare under penalty of perjury that the foregoing is true and correct.

Executed on 0 I 2‘4‘ 19
(Date)

Sincerely,

AR

Enclosure:  APS Response to NRC Request of Additional Information

JHH/RAS/CJS/gat

cc: E. E. Collins Jr. NRC Region IV Regional Administrator

J. R. Hall NRC NRR Project Manager

L. K. Gibson NRC NRR Project Manager

R. I. Treadway NRC Senior Resident Inspector for PVNGS
A. V. Godwin Arizona Radiation Regulatory Agency

T. Morales Arizona Radiation Regulatory Agency
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DRAFT REQUEST FOR ADDITIONAL INFORMATION
ARIZONA PUBLIC SERVICE COMPANY, ET. AL.
PALO VERDE NUCLEAR GENERATING STATION, UNITS 1,2, AND 3
DOCKET NOS. STN 50-528, 50-529, AND 50-530

LICENSE AMENDMENT REQUEST
- TO EXTEND THE COMPLETION TIME IN TECHNICAL SPECIFICATION 3.8.7
FOR RESTORATION OF AN INOPERABLE INVERTER
TAC NOS. ME2337, ME2338, AND ME2339

By letter dated September 28, 2009, Arizona Public Service Company (APS) submitted
a license amendment request for the Palo Verde Nuclear Generating Station (PVNGS),
Units 1, 2, and 3. The proposed amendment would revise Technical Specification (TS)
3.8.7, “Inverters - Operating,” to extend the allowable Completion Time for Required
Action A.1, applicable when one inverter is inoperable, from 24 hours to 7 days.

APS is providing responses to each of the U.S. Nuclear Regulatory Commission (NRC)
staff requests for additional information provided on April 13, 2010.

I. Electrical Review

NRC Electrical Review RAIl Question 1

Provide current as-built simplified one-line schematics of the Vital Direct Current system
and the Vital Alternating Current (AC) Instrumentation and Control power system
including the backup regulated power supply.

APS Response

Current as-built simplified one-line schematics of the vital direct current (DC) system
and the vital alternating current (AC) Instrumentation and control power system
including the backup regulated power supply are provided for PVNGS Units 1, 2, and 3
in the Attachment to this Enclosure.

NRC Electrical Review RAIl Question 2

Describe in detail the maintenance plan/schedule to conduct online corrective
maintenance, which is cited in the LAR as justification for the extension of the
completion time from 24 hours to 7 days. |n the response, include a description of all
post-maintenance and surveillance testing necessary to return the mverter to operable
status.
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APS Response

An objective of this LAR is to provide a technical basis for the Technical Specification
LCO action completion time, which is risk-informed, rather then qualitative. While the
extended completion time proposed by the LAR could permit routine scheduled
maintenance at power, that is not the primary objective of the proposed amendment.

Preventive maintenance on the inverters is currently performed during refueling
outages. There are no current plans to perform corrective or routine preventive
maintenance on a scheduled basis at power. Should the need for such maintenance be
identified as a result of component performance, the necessary corrective or preventive
maintenance would be planned and scheduled at that time. An effect of the LAR will be
to permit more time (7-days vs. 24-hours) for emergent corrective maintenance and
post-maintenance testing, should such a need arise during power operations.

As stated in response to Clinton Power Station NRC RAI Question 3, in Enclosure 4, of
the original LAR package, corrective maintenance at power is not expected to be
routine. Specifically, the response states:

Major overhauls are not anticipated at Palo Verde; only sufficient repair to restore
operability. An estimate of two entries per year on each of the four inverters was
used in the calculations, which is believed to be very conservative.

During power operations, operators perform limited non-intrusive verifications from
panel meters on the inverter cabinets. These verifications include input and output
voltage, input and output current and frequency. Data outside specified parameters are
alarmed through the system engineering network for trending and reporting information
(SENTRI) tool. Procedure 40ST-92Z05, Weekly Electrical Distribution Checks,
Appendix D — 120 VAC Class 1E Inverters Checklist, records DC bus supply to inverter,
inverter input, inverter output, main breaker position, transfer switch position, and
inverter AC output voltage and frequency. These checks involve the use of a Fluke
multimeter to take readings from the back of the AC output voltage meter for each
inverter and include opening and closing inverter cabinet doors.

In order to establish a consistent approach to online corrective maintenance on the
inverters, a comprehensive maintenance plan (i.e., troubleshooting game plan) has
been developed. The game plan directs that the current revision of PVNGS procedure
32MT-9Z258, Preventive Maintenance of Elgar Inverters, be followed. Second party
verification is required for appropriate steps throughout the game plan. A sensitive
issues briefing is conducted with the affected organizations. If a failure occurs during
normal operation, components or equipment will be quarantined for root cause anaIyS|s
As-found condltlons are documented

A series of non-intrusive checks are perforrhed prior to the inverter beihg de-energized
for troubleshooting, such as a visual inspection for anomalies such as discoloration,
expanded/popped capacitors, cracked components, loose Molex connectors, blown
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fuses and recording of various alarm conditions, voltage, current, frequency readings
and breaker positions.

Operations personnel are responsible to de-energize the associated distribution panel.
Loads are powered from their associated voltage regulator and the inverter is de-
energized. Prior to being de-energized, proper operation of the silicon controlled
rectifier (SCR) gating signals is verified. A strip chart recorder or Fluke oscilloscope is
connected to record gate drive wave forms and is evaluated for proper signal. DC to
DC converter card output voltage readings are also recorded.

Once de-energized, inverter printed circuit boards solder connections are inspected,
and deficiencies are recorded and reworked. Various appendices are included in the
troubleshooting game plan to provide additional specific instructions for such activities
as replacement of: blown fuses, commutating diodes, inverter printed circuit boards,
logic control boards, static transfer switch logic boards, and control panel cooling fan
and/or air switches. A materials list is also included as an appendix to the -
troubleshooting game plan.

The retest portion of the troubleshooting game plan includes the following post-
maintenance and surveillance testing instructions:

If any static transfer switch components were replaced, test in accordance with’
procedure 32MT-9Z758; section Single Phase Inverter Static Switch Test. Connect
a load bank to the bus side of the AC output breaker.

Post-maintenance testing involves having the inverter energized from a load bank and
the load bank brought up to 100 percent inverter load. The output voltage and
frequency are recorded at the start and end of 15 minutes.

Following this post-maintenance test, the inverter is energized from its normal source
and Operations configures the normal lineup. Operations perform procedure 40ST-
97705, Weekly Electrical Distribution Checks, Appendix D - 120 VAC Class 1E Inverters
Checkilist.

in addition, any affected system or component Technical Specification surveillances are
performed [e.g., control element assembly (CEA) position indication resets, essential
chilled water and ventilation systems restoration actions, and the inoperable action
surveillance for the core operating limit supervisory system (COLSS) out-of-service, as
appropriate]. '

NRC Electrical Review RAI Question 3
Provide a detailed discussion concerning corrective actions and causal analyses which

were undertaken for the numerous inverter failures at PVNGS, including the current
status and whether inverter reliability issues have been adequately addressed. Also,
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provide a detailed discussion of other options evaluated (such as modifications, -
procurement of additional spare parts and/or complete inverters, etc.) to allow operation
and necessary maintenance within the requirements of the existing Technical
Specifications.

APS Response

The 120 VAC class 1E instrument system (PN system) experienced four Elgar inverter
events within a five month period, from April 24, 2008, through September 18, 2008.
The first event was due to a failed DC/DC converter card at Unit 1 [April 24, 2008,
equipment identification (EQID) number - 1TEPNCN13]. The second event occurred at
Unit 2 on July 23, 2008, (EQID - 2EPNBN12) and was associated with four degraded
SCRs (one failed / three leaking) plus one blown fuse [reference root cause evaluation
under Condition Report / Disposition Request (CRDR) 3202468]. The third and fourth
events, two static transfers, occurred at Unit 2 on September 15, 2008, (EQID -
2EPNCN13) and September 18, 2008, (EQID - 2EPNAN11). The investigations for the
DC to DC card failure on April 24, 2008, as well as the two transfers in September 2008
are addressed in CRDR 3165478.

The probable cause of the inverter failure on April 24, 2008, was determined to be the
failure of a voltage regulator on the DC-DC converter board due to random electronic
failure. The converter board did not have a -15 VDC output. This was verified by the
on-site electronic rework facility. It was determined that the board was approximately
29 years old at the time of failure. As a result of this failure, each of the DC to DC
converter boards were replaced in each inverter. Also, as a result of this failure, DC to
DC converter output voltage readings are recorded as part of routine observations.

The root cause of the two static transfer events which occurred in September 2008 has
not been determined. Elgar service personnel were consulted in the efforts to identify
the causes of the inverter failures and to improve performance. It is probable that the
activation of the instantaneous over-current (zip) circuit was the cause of the spurious
transfers. Upon activation of the zip circuit, the inverter shuts down, searches for the

~ initiating fault condition and will start up if the fault condition has cleared. This fits the
scenario in which the inverter was found immediately after the transfer events. There
were no alarms recorded, no failed components, and the inverter was powered up.

A possible cause of the activation of the zip circuit is radio-frequency interference (RFI).
RFI may have affected the electrical circuit due to electromagnetic conduction emitted
from an external source, such as a high powered radio. Another possibility is harmonics
from another circuit, or even external noise may have been introduced to the circuit.
The zip circuit set point has been raised from 110 percent to 157 percent of inverter
load at the recommendation of the Elgar field representative, which is consistent with
industry operating experience. '

As described in response to NRC Electrical Review RAl Question 2, above, a
troubleshooting game plan has been developed and this game plan was exercised on a
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training inverter to identify specific circuit board monitoring points and to ensure that the
desired measurements could be made without any risk to personnel or equipment. As a
result of the testing performed on the training inverter, several additional troubleshooting
measurements were identified that were incorporated into the game plan. These
included additional voltage and current measurements, as well as, a recommended set
point adjustment on the analog logic board instantaneous over-current set point.

The direct cause of the July 23, 2008 Unit 2, inverter 2EPNBN12 failure was an SCR
which leaked reverse current from the cathode to the gate termination. The apparent
cause of the failure'was that preventive maintenance was ineffective in identifying the
degraded SCR. As a result of the findings, SCR testing voltage was increased from a

low of approximately 5.81 volts to 6.31 volts to ensure better identification of ‘leaking’
SCRs.

The overall system performance since 2008 shows a positive trend as there were no
functional failures during 2009 and through April 2010. A failure, however, occurred
shortly after returning the Unit 1 PN channel D (1EPNDN14) inverter to service after
maintenance during the recent Unit 1 R15 refueling outage. Troubleshooting identified
bad gate signals on SCR driver boards, which was attributed to a failed pulse width
modulation (PWM) logic board. The logic board was replaced and the inverter was
returned to service with no further problems noted.

As a result of the failures during 2008, a recovery plan was developed for the PN
system to re-establish inverter reliability. Under the recovery plan, the system color
improved from yellow to white in March 2010. An indication that inverter reliability
issues have been adequately addressed is good performance of the inverters '
throughout 2009 and into 2010.

Other options considered to allow operation and necessary maintenance within the
requirements of the existing Technical Specifications include conceptual studies to
determine alternatives for possible inverter replacement and installation of swing
inverters. An action in the PN recovery plan includes an assessment for installation of
static transfer switches in Unit 1.

Replenishment of critical boards has been reviewed and/or established. Purchase
orders have been issued to obtain additional parts to meet minimum stocking levels for
critical parts. A modification to raise the instantaneous over-current (zip) set point on
the analog logic board has been completed in each of the inverters. Full board
inspections are completed during the performance of procedure 32MT-927258,
Preventive Maintenance of Elgar Inverters.
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NRC Electrical Review RAI Question 4

Provide a detailed discussion of the loss-of-power effects for each of the Vital AC
busses on an operating unit along with abnormal operating procedures (AOPs)
developed to respond to such events. In addition, provide more detail as to why the
assumption is made that a loss of offsite power (and resulting unit trip) was the only
reason for the de-energization of a vital bus while powered from the backup supply (loss
of a vital bus could occur while the unit is operating due to other failures in the backup
supply path), for the purpose of evaluating effects on the plant.

APS Response

The effects of a loss of each vital 120 VAC class instrumentation panel (PNA-D25,
PNB-D26, PNC-D27 or PND-D28) is provided, followed by a discussion of the PRA
assumptions. The level of detail provided, while extensive, establishes the operator
actions context for a loss of vital AC instrumentation. The increased time for completion
of the LCO action, proposed by this LAR, does not increase the potential for a loss of
vital instruments. It simply provides a risk-informed basis for the completion time.

As described in the following sections, there are a number of time sensitive actions that
are competed by the operations staff when there is a loss of vital instrumentation. This
LAR has the effect of balancing some of the demands on the operations staff. Once
approved, the LAR will permit more focused operator attention upon risk significant
actions, as compared to actions that are based upon qualitative completion times.

General Design Description - The vital PN 120 VAC class busses provide power to
the class 1E equipment. The 120 VAC vital instrument busses are arranged in two
channels per train and are normally powered from the inverters. There are four
channels designated as A, B, C and D for each unit. The alternate power supply for the
vital instrument busses are class 1E constant voltage source regulators powered from
train-related class 1E motor control centers.

Technical Specifications — The governing specification for the inverters is Technical
Specification LCO 3.8.7, Inverters—QOperating. With vital AC instrument bus(ses)
(channels A or C, or channels B or D; see also, Technical Specification Bases, Table B
3.8.9-1) in one train inoperable, the remaining operable vital AC bus electrical power

~ distribution subsystem is capable of supporting the minimum safety functions necessary
to shut down the unit and maintain it in the safe shutdown condition. Overall reliability is
reduced, however, since an additional single failure could result in the minimum
required ESF functions not being supported. Therefore, the required vital AC
instrument busses must be restored to operable status within two hours by powering the
bus from the associated inverter by inverted DC voltage or the class 1E voltage
regulating transformer.

LCO 3.8.9, Distribution Systems — Operating, condition B, is relevant upon a loss of any
of the four vital 120 VAC busses. This has a 2-hour completion time to restore power
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and a second completion time of 16 hours. The second completion time for action B.1
is a limit on the maximum time allowed for any combination of periods the distribution
subsystems are inoperable during any contiguous occurrence of failing to meet the
LCO. Failure to meet either of these completion times requires the plant to be
shutdown to Mode 3 within 6 hours and Mode 5 within 36 hours.

LCO 3.1.5, Control Element Assembly (CEA) Alignment - Another unique situation of
the short LCO completion time is the loss of either PN channel C or PN channel D. As
identified in the detailed information sections of this response, loss of PN channel C
results in a loss of power to the reed switch position transmitters (RSPT) associated
with the control element assembly calculator (CEAC) number 2. This causes a loss of 1
of the 3 position indications required by LCO 3.1.5, condition B.

Control element drive mechanism control system (CEDMCS) cabinet C5 is also
powered from PN channel C. This loss of power results in false upper electrical limits
(UEL), lower electrical limits (LEL) and rod drop contacts (RDC) for CEAC number 1
and the channel A, B, and C core protection calculator (CPC) and their respective target
rods in all four CPC'’s. A byproduct of the RDC is to reset the CEA pulse counters
(plant computer function) to 0 inches withdrawn.

The combination of these losses results in 75 percent of the CEAs having only a single
position indication. LCO 3.1.5, condition B, allows for only one CEA position indicator
channel operable for only one CEA per CEA group. The loss of power, as assumed by
this NRC Electrical RAI, causes a situation where multiple CEAs will have only a single
position indication available. As this condition is not.addressed in LCO 3.1.5, the
requirements of LCO 3.0.3 become applicable. [t states:

When an LCO is not met and the associated ACTIONS are not met, an
associated ACTION is not provided, or if directed by the associated ACTIONS,
the unit shall be placed in a MODE or other specified condition in which the LCO
is not applicable. Action shall be initiated within 1 hour to place the unit, as
applicable, in:

a. MODE 3 within 7 hours:
"b. MODE 5 within 37 hours.

The loss of PN channel D has the result of enterlng LCO 3.0.3 for much the same
reason as the loss of PN channel C.

A loss of any one of four channels will result in the loss of incore nuclear instruments
and thus will result in the loss of the core operating limit supervisory system (COLSS).
Operator requirements are to perform (within 15 minutes) surveillance test procedure
72ST-9RX03, DNBR/LHR/AZTILT/ASI with COLSS Out of Service, to ensure that
Linear Heat Rate (LCO 3.2.1), Azmuthal Power Tilt (LCO 3.2.3), Departure from
Nucleate Boiling Ratio (LCO 3.2.4), and Axial Shape Index (LCO 3.2.5) are all within
allowable values.
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Loss of Vital AC Instrument Bus Description - A detailed description of the actions
which the operations staff are directed to perform for the loss of each vital AC
instrument bus is provided in the following sections of this response. Abnormal
operating procedure 40A0-92213, Loss of Class Instrument or Control Power, is the
primary governing procedure for addressing this abnormal condition.

With some exceptions, the loss of PN channel A or PN channel B have basically the
same impacts. Likewise, the PN channel C and PN channel D have fairly equal effects
on the operatlng unit.

The following table illustrates the basic differences in irhpact on plant systems based on
the loss of one of the class PN busses.

Equipment / Condition Impacted by Loss of PN Bus AChBannglsD
Emergency Plan Classification. - XX
Pressurizer Heaters lost (conditional). I {1
Loss of Ability to Start Reactor Coolant Pumps. X
Loss of Automatic Make up to Volume Control Tank. X ,

Loss of CVCS Letdown: X 1
Loss of COLSS (complete). X XXX
Loss of associated Essential Chill Water System.. X | X
CEA Calculator No. 1 inputs Lost to Operable CPCs. EEEERN
Trips of Associated Channel RPS and ESF Inputs. XXX X
Reactor Trip Breakers A & C Tripped Open. X X
Reactor Trip Breakers B & D Tripped Open. X X
ADV’s 179 & 184 Fail Closed (normally closed). Can be operated locally. X
ADV’s 178 & 185 Fail Closed (normally closed). Can be operated locally. X

‘| Loss of Associated QSPDS System. : X ] X
Partial Actuations (half leg trips) of ESFAS. X XIX]X
Loss of Associated Shutdown Cooling Valve Electrical Opening Capability. | X | | | X | X
Loss of Associated Radiation Monitors. ' , X | X
Associated BOP-ESFAS Actuations (CREFAS, FBEVAS, CPIAS). X | X _
Automatic and Manual CEA Motion Lost (Remain Trippable). XX
LCO 3.0.3 Entry on Loss of CEA Indications. ' X | X

~ Note: An “X” indicates the stated condition occurs. An “I” indicates an impact to the system where
" actions are available to restore/ maintain the function.

Detailed Information - Loss of Vital Instrumentation and Control Distribution
Panel PNA-D25 - Should power be lost to PNA-D25, the following effects can be
expected, foIIowed by the associated operator actions.

The potential exists that pressurizer class heaters will be lost if the selected heater
control circuit level transmitter was powered from the PN channel A bus. Should this
occur, an early direction in procedure 40A0-92Z13, Loss of Class Instrument or Control
Power, addresses transferring the heater control to the PN channel B bus powered
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pressurizer level instrument. The pressurizer heaters can be reset following this
transfer.

Also, a loss of channel A pressurizer level indication will be detected as a level
deviation, low, between the indicated level and the level set point, if the level control
selector switch was selected to the level instrument power from the PN channel A bus.
This will result in the automatic start of the normally secured 3" charging pump in an
attempt to correct the ‘indicated’ low pressurizer level condition. Upon detection,
operators transfer this control to the PN channel B powered pressurizer level
instrument.

Due to a loss of instrumentation power, the reactor coolant pumps (RCP) cannot be
started due to the nuclear cooling water (NC) low flow interlock for seal and bearing
cooling. If running, the RCPs will continue to run.

The boric acid makeup pumps will become unavailable due to a loss of the channel A
refueling water tank (RWT) level transmitter CHA-LT-210. This will result in the
operators being directed to place both boric acid makeup and the reactor makeup water
controllers in manual, preventing any automatic make-up to the volume control tank
(VCT).

Loss of the channel A powered incore nuclear instrument inputs results in the loss of
both trains of the COLSS, if reactor power is greater than 20 percent. This will require
the operating crew to perform surveillance test procedure 72ST-9RX03,
DNBR/LHR/AZTILT/ASI with COLSS Out of Service. This must be performed within 15
minutes of the loss of power.

Power is also 10st to the flow transmitter for the train A essential chilled water system.
This will result in the chiller tripping, if running, and will prevent starting. This will require
the performance of procedure 40ST-9ECO03, Essential Chilled Water & Ventilation .
Systems Inoperable Action Surveillance, within one hour of the initial loss of PNA-D25.

Any‘CPC energized, and not in bypass at the time of the loss of power, will require
operators to enter an ‘inoperable’ code into that CPC, to'identify the CEA calculator as
inoperable, to keep that CPC operable.

Loss of power to one leg of the engineered safety features actuation system (ESFAS)
logic matrices AB, AC, AD and loss of power to the plant protection system (PPS)
initiation path number 1 for the ESFAS actuations results in channel A and B, leg 1-3
trips. Loss of PN channel A will result in simultaneously de-energizing the initiation
relay lamps on C channel. No equipment will be actuated by this unless other failures
exist.

Loss of power to channeI'A input parameter instruments results in channel A trips on
each parameter that has a trip set point. Parameters that fail high or low are
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inoperable. The operators will bypass the PPS channel A trrp bistables that are not
bypassed in PPS Channels B, C, or D

Reactor trip switch gear (RTSG) breakers A and C trip open due to loss of power to one
leg of the reactor protection (RPS) logic matrices AB, AC, and AD. RTSG breaker A
also receives a trip signal on a supplementary protection logic assembly (SPLA) trip and
loss of power to RPS initiation path number 1. Any situation where the B and/or D
RTSG were to open at this time, would result in a reactor trip.

Atmospheric Dump Valves (ADVs) SGA-HV-179 and 184 fail closed due to loss of
power to their associated controllers. These valves are normally closed, and
redundant ADVs SGB-HV-178 and 185 remain available.

Power is lost to the qualified safety parameter display system (QSPDS) channel A. The
redundant QSPDS channel B remains available.

Instrument power is lost to pressurizer pressure instrument RCA-PY-103. Interlocks
associated with this instrument will prevent shutdown cooling (SDC) isolation valves
SIA-UV-651 and 655 from being opened electrically. If originally opened, the valve(s)
wr|| remain open and can be closed electrlcally _

Power is lost to the following train A powered radiation monltors which may have
rncorrect set pornts when power is restored

RU-29 CR Vent Intake RU-37 Power Access Purge
"~ -RU-31 ___Fuel Pool Area ‘ RU-148 -~ | - CTMT High Range
RU-33 Refueling Machine Area RU-150 Primary Coolant

In addition, loss of power to the balance of plant essential safety function actuation
system (BOP-ESFAS) remote indicator cabinets SQA-C01 and C05 will result in
actuations of the control room essential filtration actuation system (CREFAS), fuel
building essential filtration actuation system (FBEVAS), and the containment purge
isolation actuation system (CPIAS). ‘Guidance is provided in procedure 40A0-92713,
Loss of Class Instrument or Control Power, to bypass and reset these systems and
restore normal ventilation systems to service.

In the unlikely event'that channel A 120 VDC is also lost, then the train A BOP-ESFAS
will be de-energized. Operators disable train A equipment, as needed, to prevent load
shed and subsequent sequencing following power restoration.

Detailed Information - Loss of Vital Instrumentation and Control Distribution
Panel PNB-D26 - Should power be lost to PNB-D26, the following effects can be
expected, followed by the associated operator actions.

The potential exists that pressunzer class heaters will be lost if the selected heater
control circuit level transm|tter was powered from the PN channel B bus. Should this

10
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occur, an early direction in procedure 40A0-9ZZ13, Loss of Class Instrument or Control
Power, addresses transferring the heater control to the PN channel A bus powered
pressurizer level instrument. The pressurizer heaters can be reset following this
transfer.

Also, a loss of channel B pressurizer level indication will be detected as a level
deviation, low, between the indicated level and the level set point, if the level control
selector switch was selected to the level instrument power from the PN channel B bus.
This will result in the automatic start of the normally secured 3™ charging pump in an
attempt to correct the ‘indicated’ low pressurizer level condition. Upon detection,
operators transfer this control to the PN channel A powered pressurizer level
instrument.

Chemical and volume control system (CVCS) letdown isolation valve CHB-UV-515
closes due to loss of power. This results in a loss of letdown. The operators are
directed to procedure 40A0-9ZZ05, Loss of Letdown. |f necessary, during a plant
shutdown/ cooldown, the charging pumps can be cycled to maintain pressurizer level.

Loss of the channel B powered incore nuclear instrument inputs results in the loss of
both trains of the COLSS, if reactor power is greater than 20 percent. This would
require the performance of surveillance test procedure 72ST-9RX03,
DNBR/LHR/AZTILT/ASI with COLSS Out of Service. This must be performed within 15
minutes of the loss of instrument power.

Power is also lost to the flow transmitter for the train B essential chilled water system.
This will result in the chiller tripping, if running, and will prevent starting. This will also
require the performance of procedure 40ST-9ECO03, Essential Chilled Water &
Ventilation Systems Inoperable Action Surveillance, within one hour of the initial loss
of PNB-D26.

Loss of power to each channel B input parameter instruments results in channel B PPS
trips on the parameters that have a trip set point. Parameters that fail high or low are
inoperable. The operators are directed to bypass the PPS channel B trip bistables that
are not bypassed in channels A, C, or D.

RTSG breakers B and D trip open due to loss of power to one leg of the RPS logic
matrices AB, AC, and BC. RTSG breaker B also receives a trip signal on a SPLA trip
and loss of power to RPS initiation path number 2. Any situation where the A and/or C
RTSG were open at this time would result in a reactor trip.

Loss of power to one leg of the ESFAS logic matrices AB, AC, BC and loss of power to
PPS initiation path number 2 for all ESFAS actuations results in channel A and B leg 2-
4 trips. Loss of PN channel B will result in simultaneously de-energizing the initiation
relay lamps on the D channel.

11
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Any CPC energized, and not in bypass at the time of the loss of power will require
operators to enter an ‘inoperable’ code in that CPC, to identify the CEA calculator as
Inoperable, to keep that CPC operable.

In the unlikely event that channel B 120 VDC is also lost, then the train B BOP-ESFAS
will be de-energized. The operators disable train B equipment, as needed, to prevent
load shed and subsequent sequencing following power restoration.

Instrument power is lost to pressurizer pressure instrument RCB-PY-104. Interlocks
associated with this instrument will prevent SDC isolation valves SIB-UV-652 and 656
from being opened electrically from the control room. A local-remote switch located at
the power supply panel PHB-M36, if selected to local, will allow powered operation of
these valves.

The following radiation monitors lose power which may have incorrect set points when
power is restored:

RU-1 Containment Atmosphere | RU-145 | Fuel Building Vent Exhaust Low Range
RU-30° Control Room Vent Intake RU-146 FB Vent Exhaust Mid Range
RU-34 Containment Purge RU-149 Containment High Range
RU-38 Power Access Purge RU-151 Primary Coolant

In addition, loss of power to the BOP-ESFAS remote indicator cabinets SQB-C01 and
CO05 will result in actuations of the CREFAS, FBEVAS and the CPIAS. Guidance is
provided in procedure 40A0-92713, Loss of Class Instrument or Control Power, to
bypass and reset these systems and restore normal ventilation systems to service.

Power is lost to the QSPDS channel B. The redundant A channel QSPDS remains -
available. :

ADVs SGB-HV-178 and 185 fail closed due to loss of power to their associated
controllers. These valves are normally closed, and redundant ADVs SGA-HV-179 and
184 remain available.

Detailed Information - Loss of Vital Instrumentation and Control Distribution
Panel PNC-D27 - Should power be lost to PNC-27, the following effects can be
expected, followed by the associated operator actions.

Loss of the channel C powered incore nuclear instrument inputs results in the loss of
both trains of the COLSS, if reactor power is greater than 20 percent. This would '
require the operating crew to perform surveillance test procedure 72ST-9RX03,
DNBR/LHR/AZTILT/ASI with COLSS Out of Service. This must be performed within 15
minutes of the loss of power.

Any CPC energized, and not in bypass at the time of the loss of power, would require. .

operators to enter an ‘inoperable’ code in that CPC, to identify the CEA calculator as
inoperable, to keep that CPC operable.
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Loss of power to one leg of the ESFAS logic matrices BC, BD, CD and loss of power to
PPS initiation path number 3 for each ESFAS actuations results in channel A and B leg
1-3 trips. Loss of PN channel C will result in simultaneously de-energizing the initiation
relay lamps on channel A. No equment will be actuated by this unless other failures
exist.

Loss of power to the channel C input parameter instruments resuits in channel C PPS
trips on the parameters that have a trip set point. Parameters that fail high or low are
inoperable. The operators are directed to bypass the PPS channel C trip blstables that
are not bypassed in channels A, B, or D.

RTSG breaker A and C trip open due to loss of power to one leg of the RPS logic
matrices BC, BC, and CD. RTSG breaker C also receives a trip signal on a SPLA trip
and loss of power to RPS initiation path number 3. Any situation where the B and/or D
RTSG were to open at this time, would result in a reactor trip.

Instrument power is lost to pressurizer pressure instrument RCC-PY-105. Interlocks
associated with this instrument will prevent SDC isolation valve SIC-UV-653 from being
opened electrically. If open, the valve will remain open and can be closed electrically.

CEAC 2 in the CPC channels becomes inoperable due to loss of power to the CEA
RSPT and may generate penalty factors when reenergized.

CEDMCS looses power to cabinet C5. This results in false UEL, LEL and RDC
indications on the operator module and core mimic for CEA number 1 and CPC A, B,
C target rods. The UEL, LEL inputs to the subgroup logic prevents CEA motion for all
subgroups in AS, MS, and MG. Movement in manual individual is prevented for the
affected CEAs. Because of this, the operators will not be able to move the CEAs.

Detailed Information - Loss of Vital Instrumentation and Control Distribution
Panel PND-D28 - Should power be lost to PND-28, the following effects can be
expected, foliowed by the associated operator actions.

Loss of the channel D powered incore huclear instrument inputs results in the loss of
both trains of the COLSS, if reactor power is greater than 20 percent. This will require
the operating crew to perform surveillance test procedure 72ST-9RX03,
DNBR/LHR/AZTILT/ASI with COLSS Out of Service. This must be performed within 15
minutes of the loss of power.

Any CPC energized, and not'in bypass at the time of the loss of power, would require
operators to enter an ‘incperable’ in that CPC, to identify the CEA calculator as
inoperable, to keep that CPC operable.

Loss of power to one leg of the ESFAS logic matrices AD, BD, CD and loss of power to
PPS initiation path number 4 for the ESFAS actuations results in channel A and B leg 2-
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4 trips. Loss of PN channel D will result in simultaneously de-energizing the initiation
relay lamps on B channel. No equipment would be actuated by this unless other
failures exist.

Loss of power to the channel D input parameter instruments results in channel C PPS
trips on the parameters that have a trip set point. Parameters that fail high or low are

inoperable. The operators would bypass the PPS channel D trip bistables that are not
bypassed in channels A, B, or C.

RTSG breakers B and D trip open due to loss of power to one leg of the RPS logic
matrices AD, BC, and CD. RTSG breaker D also receives a trip signal on a SPLA trip
and loss of power to RPS initiation path number 3. Any situation where the A and/or C
RTSG were open at this time would result in a reactor trip.

Instrument power is lost to pressurizer pressure instrument RCD-PY-106. Interlocks
associated with this instrument will prevent SDC isolation valve SID-UV-654 from being
opened electrically. If open, the valve will remain open and can be closed electrically.

CEAC 2 inthe CPC channels becomes inoperable due to loss of power to the CEA
RSPT and may generate penalty factors when reenergized.

CEDMCS Iooses ‘power to cabinet C6. This results in false UEL, LEL and RDC
indications on the operator module and core mimic for CEA number 1 and CPC channel
D target rods. The UEL, LEL inputs to the subgroup logic prevents CEA motion for the
subgroups in AS, MS, and MG. Movement in manual individual is prevented for the
affected CEAs.

PRA Assumptions Discussion - The assumption that a loss-of-off-site power (LOOP)
is the only reason for loss of power to a vital bus, while it is powered from the voltage
regulator, meant that LOOP is the only initiating event that would lead to this condition.
The probabilistic risk analysis (PRA) model includes all components in the power supply
to the voltage regulator. So, it is correct that any fault in the voltage regulator supply
path to the vital bus would cause a loss of power to the vital AC bus, but these faults are
modeled as subsequent failures following an initiating event, not initiating events. Loss
of power to a single vital AC channel is not an initiating event, because there is
sufficient redundancy in power supplies for reactor protection logic and essential safety
features actuation logic that no trip or actuations occur. Furthermore no loss of
equrpment that could cause a transrent occurs.

Conclusion — As stated in the beginning of this response, the LAR proposed increased
LCO completion time does not increase the potential for a loss of vital instrumentation; it
simply provides a risk-informed basis for the completion time. While time sensitive
actions are required when there is a loss of vital instrumentation, this LAR will reduce
the immediate demands on the operations staff. Once approved, this LAR will better
focus the operators on risk significant actions, as compared to actions that are based
upon qualltatrve completion tlmes ‘
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NRC Electrical Review RAIl Question 5

Provide a detailed discussion of compensatory measures enacted whenever an inverter
is out of service (inoperable) during the proposed 7-day Completion Time, and how
such compensatory measures are documented (e.g., captured in the Final Safety
Analysis Report) to ensure their consistent and continued use going forward.

APS Response‘

Operations will declare the inverter inoperable and perform the necessary log entries
documenting the time. Procedures are currently in place to address or mitigate the loss
of a 120 VAC class instrument channel as described in detail in response to NRC
Electrical Review RAI Question 4. As described in Section 3, Limitations and
Precautions, of procedure 400P-9PN01/2/3/4, 120 VAC Class 1E Instrument Channel
A/B/C/D:

Section 3.3 — Electrical lineups required by Tech Spec 3.8.7 and 3.8.9 are to be
maintained when bypassing an Inverter or de-energizing a 120 VAC Bus.

Section 3.4 — A simultaneous loss of any two PN busses will cause one of the six
PPS trip matrixes to be completely de-energized. This will result in a reactor trip
as well as a complete ESF initiation for all outputs (i.e., CIAS, CSAS, SIAS, etc.)
to both "A” and “B” Trains. Therefore, only in exceptional cases, as deemed
necessary by the CRS/Shift Manager, shall more than one PN bus be placed on
the backup voltage regulator at any one time. This will ensure that the effects of a
loss of offsite power will only momentarily de- energlze one PN bus until it is re-
energlzed by the diesel generator.

Bus power is provided by the associated voltage regulator. Maintenance rule
performance criteria of unavailability (UA) is updated upon approval of the maintenance
work to carefully track the amount of time the inverter is out of service.

To provide a defense-in-depth administrative control of planned inverter maintenance,
this LAR includes a change to the Technical Specification Bases. Specifically, as
further described in the response to NRC PRA Review RAl Question 14 below, the
administrative control states: '

Planned inverter maintenance or other activities that require entry into Required
Action A.1 will not be undertaken concurrent with the following:

a. Planned maintenance on the associated train Diesel Generator (DG),

or

15



Enclosure
APS Request to Amend Technical Specification 3.8.7 — RAl Response

b. Planned mainténance on another RPS or ESFAS channel that results
in that channel be|ng in a tripped condition.

These actions are taken because it is recognized that with an inverter inoperable
and the instrument bus being powered by the regulating transformer, instrument
power for that train is dependent on power from the associated DG foIIownng a
loss of offsite power event.

As required by 10 CFR 50.71(e), the approved license amendment safety evaluation will
be reviewed for impacts to the UFSAR and addressed, as needed.

Il. PRA Review

NRC PRA Review RAI Question 1

The LAR describes the process for capturing plant design and procedure changes, but
does not address plant operating experience (i.e., failure data and initiating events
data). Describe how such plant-specific data and experience is reviewed and
incorporated into the Probabilistic Risk Assessment (PRA) models. If the current model
used for this application does not use recent plant-specific data, justify that the results
would not be significantly impacted.

APS Response

Unavailability, unreliability, and initiating event (IE) frequency data are periodically
updated. Unreliability data is based either on generic data, or Bayes-updated data if
sufficient plant-specific data is available. The unavailability, unreliability, and IE
frequency data were last updated in November 2005, although the unreliability and
unavailability data for the mitigating system performance index (MSPI) system
components were updated in 2008.

The PRA model revision used for this LAR was issued in September 2007. Emergency
diesel generator (EDG) failure rates were updated with the other MSPI components.
For the EDGs, both failure modes (start and run) decreased, and risk achievement
worth (RAW) for both failure modes also decreased.

Most initiating event frequencies were last updated in 2001, although loss of coolant
accident (LOCA) frequencies were updated in 2002, and Steam Line Break frequency
was updated in 2005. The most recent PRA revision (March 2010) updated all initiating
event frequencies. Those that increased were loss of main feedwater pumps, loss of
instrument air, miscellaneous transients (uncomplicated trips), and loss of a DC bus.
The first three have no significant impact on the importance of the vital AC systen.
Loss of a DC bus could have some impact. Examination of the importance of the
inverters and voltage regulators shows that the RAW of the vital AC inverters increased .
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from undetectable to 3.4 E-4, and that the back-up voltage regulator RAW decreased
slightly from 3.6 E-6 to 3.1 E-6. Thus the update of initiating event frequencies in the
March 2010 model did not significantly impact the conclusions of the analysis performed
for the LAR using the September 2007 model.

NRC PRA Review RAI Question 2

The LLAR does not identify if there are outstanding plant changes (configuration changes
or procedure changes) which would require a change to the PRA models, but which .
have not yet been incorporated into the PRA models used for this application. Identify if
such changes exist, and if so, provide an appropriate disposition that the risk impact of
these changes would not adversely |mpact the acceptability of the proposed Technical
Specifications (TS) change.

APS Response

Procedure 70DP-ORAQ3, Probabilistic Risk Assessment Model Control, Section 3.2.1,
Identification and Resolution of Potential Impacts to PRA Models, provides direction on
assessing impacts on the PRA model. Plant design changes are captured the same -
way procedure changes are, through periodic review of relevant changed documents.
These change documents include the mechanical and electrical drawings. Whena
document has been revised, an ‘impact’ to the PRA model is initiated and the change is
evaluated for its impact to the PRA model. An open impact evaluation was performed
for this LAR and is documented in the engineering study performed by the PRA group in
support of the LAR. No changes were identified that would affect the analysis
performed for the LAR. An exception to the above routine document reviews is that the
fire suppression system drawings are not currently routinely reviewed. In response to
this RAI, however, it was verified that no fire suppression system changes have
occurred that would affect the way the fire suppression system is modeled in the PRA.

NRC PRA Review RAI Question 3

The LAR identified that the licensee used an integrated fire PRA model to assess the
risk impact from internal fires for this application. The LAR did not provide sufficient:
information as to the technical adequacy of this model, as required to support a risk-
informed licensing action, for the staff to conclude that the fire PRA model is of sufficient
quality and scope to support this application. The staff requests the following additional
information relevant to the technical adequacy of this model for this application.

APS Response
The Palo Verde fire PRA model was developed in accordance with the EPR/ Fire PRA

Implementation Guide (TR-105928) using the EPRI! Fire Events Database (TR-
1000894). The fire PRA model used for this application has not been evaluated for

17



' _ ~ Enclosure
APS Request to Amend Technical Specification 3.8.7 — RAl Response

compliance with RG 1.200 since the version of the RG 1.200 in effect at the time of the
LAR submittal did not include specific supporting and peer review requirements for fire
models. The risk results provided from the fire PRA model were included as additional
information to support the conclusion that the requested change meets RG 1.174
acceptance criteria, but not as the principal basis for that conclusion.

A qualitative assessment of LAR change on fire risk has also been performed. Palo
Verde's Fire Hazards Analysis was developed on a train basis. Any fire would leave
one train capable of supporting safe shutdown. A fire completely disabling one of the
two trains would leave two functioning channels of vital AC, which is sufficient for
operating any needed equipment, such as an Auxiliary Feedwater Pump, an
Atmospheric Dump Valve, and monitoring plant conditions. The increased risk from
such a scenario is only minimally affected by loss of the second train’s two channels of
vital AC.

Nevertheless, since the ICCDP and ICLERP values calculated from the fire PRA are
three orders of magnitude lower than internal events values, it is highly unlikely that any
shortcomlngs in the fire PRA model would result in an increase in either metric sufficient
to result in different conclusions. This would seem quite sufficient for this application.

Responses to é‘ach of the specific RAI sub—q"uestions are prdvided below.
NRC PRA Review RAI Question 3a

Address how the current fire PRA model satisfies the technical elements identified in
Regulatory Guide (RG) 1.200 Rev. 1, Section 1.2.4.

APS Respbnse‘ ‘
The technical elements of RG 1.200 Rev. 1, Section 1.2.4 are addressed as follows:

e Screening Analysis - Only areas and compartments separate from the nuclear
support and power generation areas were screened out. The compartments
in'the Auxiliary, Main Steam Support Structure, Control, Turbine and Corridor
Buildings were modeled, even if there were no trip initiators or mitigating
equipment or cables present. This is conservative, since the potential exists
for a manual trip due to fire in any of these areas (which would not be
mcluded if they were screened).

e Fire Initiation AnaIyS|s EPRI TR-1000894, EPRI Fire Events Database, was
- used as the source for frequencies with apportionment among compartments -
and equipment per the EPRI Fire PRA Implementation Guide.

o Fire Damage Analysis - Fire event trees were constructed that split the total
frequency for a compartment into fractional contributions from each fire
source in the compartment and from transient materials. Fire propagation
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potential is modeled. Fire suppression is only credited where it can
reasonably be expected to arrest propagation to needed mitigating equipment
or cables within the same compartment, and would not render equipment
unavailable from the spray. The fire propagation code COMPBRN was used
only to generate a few bounding cases for fires. Over one hundred specific
plant damage states were defined, which are linked to mitigation event trees.

¢ Plant Response Analysis and Quantification - Each plant damage state from
the previous step is then an input to a mitigation event tree. Several types of
transient event trees were used from the internal events analysis, including
uncomplicated reactor trip, turbine trip, loss of off-site power and loss of
“HVAC. Most transient event trees include induced LOCA through stuck-open
pressurizer safety valves.

NRC PRA Review RAIl Question 3b

Provide an appropriate justification of any outstanding plant changes not incorporated
into the fire PRA model per RG 1.200, Rev. 1, Section 4.2. :

APS Response

There are no plant changes that have not been incorporated into the mode!.

NRC PRA Review RAI Question 3¢
Describe how spurious component operations are addressed in the fire PRA model.
APS Response

Components were analyzed regarding their potential spurious operation and how a fire-
induced transient might be impacted. Given that hot standby is a safe end-state, very
few spurious operations are of concern. For example, high pressure safety injection
(HPSI) pump head is below normal RCS pressure; shutdown cooling isolation valves
will not open against high pressure. Main steam and feedwater isolation valves were
assumed to close for a fire in any compartment through which their cables pass (they
fail closed on loss of power, and cannot re-open against pressure). Atmospheric dump
valve spurious operation would require three hot shorts in different areas.

NRC PRA Review RAI Question 3d

Describe how plant components, modeled in the PRA but not in the scope of the plant’s
fire safe shutdown licensing basis, have been addressed in the fire PRA. Specifically,

19



Enclosure
APS Request to Amend Technical Specification 3.8.7 — RAl Response

identify how cable route informatioh for such components is handled if these
components are credited in the fire PRA.

APS Respbnse

The Palo Verde cable routing database is comprehensive. Only-a few cables in the
Turbine Building lack complete routing information. Plant équipment was not credited if
its cable routing was unknown.

NRC PRA Review RAI Question 3e

|dentify how the human reliability analysis was modified for the fire PRA to account for
the impacts of fire on these actions; identify any fire-specific recovery actions credited in
the fire PRA, their failure probabilities, and the basis for the probabilities.

APS Response

The EPRI Fire PRA Implementation Guide applies penalty factors of two or three
depending upon time constraints and whether the action is inside or outside of the
control room. HRAs were not credited if the operator had to go into a compartment
affected by the fire. The only HRA specific to fire is establishing plant control from the
remote shutdown panel in the event of a control room fire. The time constraint is '
associated with establishing controlled secondary heat removal that allows proceeding
to plant cooldown. There are only twelve critical steps. The HRA value is 8.8 E-3.

NRC PRA Review RAI Ques_tion 3f

Identify the reviews (internal, external, and/or peer) completed for the fire PRA model to
assure its quality.

APS Response

ERIN Engineering performed an independent assessment of the fire PRA in 2003. A
total of 39 Facts & Observations (F&Os) were generated, of which one was Category A
(Extremely important and necessary to address to assure the technical adequacy of the
PSA, the quality of the PRA, or the quality of the PRA update process), and six were
Category B (Important and necessary to address, but may be deferred until the next
PRA update). Only five F&Os are currently open, all of them either Category C
(considered desirable to maintain maximum flexibility in PRA applications and
consistency in the industry, but not iikely to significantly affect results or conclusions) or
D (editorial or minor technical item, left to the discretion of the host utility).
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NRC PRA Review RAI Question 4

The LAR does not provide an internal flood analysis for this application, but instead
states general conclusions about the insignificance of internal floods generally, and that
“‘equipment of importance for the vital AC application” is not located in areas where a
significant flood could occur. Provide the basis for this conclusion; what equipment is
important for this application, where is it physically located, what are the significant flood
sources; so that the staff can reach a conclusion about the importance of mternal floods
for this application.

APS Response
The equipment important to this application, along with its location and potential flooding

sources are shown in the following table. This information was gathered from the
ongoing internal flood model development effort. All the flood walkdowns for flood

sources and affected equipment in the listed areas have been completed.

Equipment

Location and Elevation

Flooding Sources

Vital AC inverters-

.DC equipment rooms, Control

Building ground level

None direct (Note 1)

Vital AC distribution panels

-DC equipment rooms, Control

Building ground level

None direct (Note 1)

'Back-up voltage regulators

DC equipment rooms, Control
Building ground level

None direct (Note 1)

DC busses DC equipment rooms, Control | None direct (Note 1)
: Building ground level
Battery Chargers DC equipment rooms, Control | None direct (Note 1)

Building ground level

Motor Control Centers
supplying voltage regulators
and battery chargers

ESF switchgear rooms,
Control Building ground level

Air Cooling Unit supplied by
Essential Chilled Water,
approximately 130 gpm
capacity, 2” diam. (Note 1);
Domestic water piping <2”
diameter

Auxiliary Building containment
electrical. penetration rooms on
ground level and 20 feet
above ground level

Air Cooling Unit supplied by
Essential Chilled Water,
approximately 130 gpm
capacity, <2" diameter (Notes
1 and 2)

Fire suppression (Note 2)

Load Centers supplying above
MCCs

"ESF switchgear rooms,

Control Building ground level

Air Cooling Unit supplied by
Essential Chilled Water,
approximately 130 gpm
capacity, 2” diam. (Note 1);
Domestic water piping <2”
diameter

ESF switchgear :

ESF switchgear rooms,
Control Building ground level

Air Cooling Unit supplied by
Essential Chilled Water,
approximately 130 gpm
capacity, 2" diam. (Note 1);
Domestic water piping <2"
diameter
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Equipment Location and Elevation Flooding Sources
Diesel Generators Diesel Generator Building Fire suppression (pre-action,
ground level dry pipe, cross-zone &ctuated,

diverse detectors)

Essential Spray Pond (cooling
water supply) (Note 3)
Off-Site Power ESF Service Outside ground level Fire suppression (deluge type,
Transformers ' dry pipe)

Note 1. Make-up to the Essential Chilled Water expansion tanks comes from the Condensate
Storage and Transfer system. A train-dedicated transfer pump can supply about 130 gpm once
the expansion tank low level condition actuates it. This is well within the capacity of the floor
drains. Any spray could only impinge the back of one Load Center. Doors from the switchgear
rooms to the DC Equipment Rooms have threshold seals that would further limit any flow into
those rooms. All electrical equipment is elevated off the floor at least two inches.

Note 2: MCCs are in NEMA-4 rated (spray-tight).enclosures. Fire suppression piping is dry (pre-
action type).

~Note 3: The effects of Spray Pond cooling water piping rupture are limited to a single Diesel
Generator by raised thresholds, sump pumping and door seals. . Fire suppression piping is dry.

NRC PRA Review RAI Question 5 -

The self-assessment identified the failure to conduct walkdowns with system engineers
and operators, as required by the American Society of Mechanical Engineers (ASME)
PRA standard, element SR SY-A4. The licensee’s disposition acknowledges the
deficiency, but justifies that system engineer reviews of fault tree models and PRA
analysts’ familiarity with the plant layout and operations is acceptable. The staff does
not agree with this generic disposition, which excludes operator input to the system
model development. Describe the experience of PRA analysts with regard to plant
layout and current plant operations specific to the vital AC inverter system and other
plant systems important for this application.

APS Response

Walkdowns of the modeled systems were performed by the PRA group. The PRA

- group at the time of the walkdowns included two engineers holding Senior Reactor
Operator licenses for Palo Verde. One of the licensed individuals was a licensed
operator trainer for several years, and the other was a Shift Technical Advisor for seven
years at Palo Verde.

The PRA documentation makes extensive reference to the abnormal and emergency
operating procedures, both in understanding how the systems work, and also in Human
Reliability Analysis. System operation, as modeled and documented, is consistent with
those procedures. There is reasonable expectation of fidelity given the numerous
times procedure changes have been examined for their impact to the PRA model.
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NRC PRA Review RAIl Question 6

The self-assessment identified the failure to address the state-of-knowledge correlation
in estimating the mean core damage frequency, as required by the ASME standard,
elements SR QU-A2b and SR QU-E3. The licensee’s disposition acknowledges the
deficiency, but justifies that the uncertainty in the underlying failure data and its
treatment of this “older” data as median values compensate for ignoring the correlation.
The staff does not agree with this justification for not considering correlated data
sources. Evaluate the results for this application to determine if the failure to address
correlated data is having a significant adverse impact on the results; either justify that
this impact is not occurring, or provide an appropriate sensitivity study to bound the
impact. ' '

APS Response

As a point of clarification, Palo Verde was not claiming to meet the standard regarding
the “State of Knowledge Correlation.” Rather, that not meeting it was partially
compensated for by taking generic data, presented as “best estimate,” as median
values and converting them to means. Since the mean is higher, this would yield higher
CDF and LERF values. However, since the LAR submittal, significant improvements in
documentation have been achieved, including this particular area. The following is a
paraphrased excerpt from the updated engineering study that documents the current
March 2010 PRA model results:

EPRI Technical Report TR-1013941, Guideline for the Treatment of Uncertainty in
Risk-Informed Applications, December 2006, says that the “state of knowledge
correlation” is not generally of concern for Level 1 base case PRA, particularly for
models that generate a large number of cutsets. Paragraph 3.1.1.5 suggests
performing a Monte Carlo simulation with at least 10,000 samples to help minimize
this type of uncertainty (10,000 samples is used in the Palo Verde PRA solution).
The state of knowledge correlation is also minimized by use of common-cause
modeling and also by small error factors. In general, error factors for failure
parameters used by multiple basic events that contribute significantly to CDF are
three (3) or less. It is also smaller where correlated variables contribute less to the
total result. EPRI Technical Report TR-1009652, Guideline for the Treatment of
Uncertainty in Risk-Informed Applications Technical Basis Document, December
2004, paragraphs F7 and F9, conclude that the state of knowledge correlation effect
is not significant for typical nuclear power plant PRAs.

CDF results for the model version used for this LAR were re-run to provide the
calculated mean resulting from the uncertainty analysis for the base case, along with
the minimum cut-upper bound, which was provided in the original submittal. The
estimated internal events mean CDF from the uncertainty analysis was just over 1%
greater than the minimum cut-upper bound. Cutset examination shows that correlated
variables do not contribute a large fraction of the result. Components that could be
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correlated, such as auxiliary feedwater and safety injection pumps and valves, have
parameters with small error factors (3 or less) and are in common-cause groups. The
internal events CDF solution has 82,800 cutsets.

NRC PRA Review RAI Question 7

The self-assessment identified the failure to perform cross-comparisons to other similar
plants to identify causes of significant differences, as required by the ASME standard,

~ element SR QU-D3. The licensee's disposition identifies a dated comparison performed

by the owners’ group. Discuss the results of this comparison; were any results of the

PRA identified as an outlier? What was the disposition of these outliers, if they exist?

APS Response

There are numerous unique characteristics of the Palo Verde design that make cross-
comparisons to other plants less insightful. Taken from the current PRA documentation,
these characteristics are listed below: ‘ - '

¢ Unlike most multi-unit sites, the three units are completely independent and
physically separate; there are no shared mitigation systems. The only significant
connection is through the switchyard where the units share the output of three
dual-secondary winding start-up transformers for off-site power. There are no
inter-unit dependencies, nor is there capability for one unit to support another in
mitigating an event. There are procedures to route emergency diesel generator
output from one unit to another, but this is not currently credited in the model due
to its complexity and timing.

o Off-site power is always the preferred source for the ESF busses; the unit
auxiliary transformer (UAT) does not supply the ESF busses. The fast bus
transfer only affects power to station auxiliaries, not the ESF busses. Loss of
power to an ESF bus:(even both) is not expected to trip the unit. Despite this,
loss of either ESF bus is modeled as an initiating event due to the short
Technical Specification allowed outage time in that condition, which would force
a near-term shutdown. '

e The Station Blackout Generators (SBOGs) are common to the three units. Their
13.8kV output is brought into each unit through its Train A ESF Service
Transformer from which it can supply either ESF bus. This results in some
asymmetry, primarily in station blackout cutsets. Although procedural guidance
exists for supplying two units with power from the SBOGs, it is highly unlikely that
more than one unit would need power from them. The PRA does not account for
simultaneously supplying more than one unit.

e Palo Verde does not have power operated relief valves (PORVs) to provide a
core heat removal alternative to secondary cooling. This results in the auxiliary
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feedwater (AF) system being by far the most risk-significant front-line mitigating
system and the PRA results being dominated by secondary cooling failures.

The steam generators are unique in the U.S. nuclear industry in two ways:

First, they are the only ones with an economizer section. (The economizer is

located at the bottom of the tube bundle on the cold leg side. Its purpose is to
improve thermal efficiency by allowing a higher average temperature in the boiler .
section.)

At full power, 90% of the feedwater is directed to the economizer section and
10% to the downcomer. Auxiliary feedwater is directed only to the downcomer.
There are, therefore, two separate feedwater containment penetrations for each
of the two SGs. Also, an economizer feedwater line break behaves differently
from a downcomer line break, so must be modeled separately. Steam and
downcomer feedwater line breaks are cool-down events, because inventory is
lost as steam and significant feedwater flow- continues. An economizer line
break is a heat-up event, because inventory is lost as water; i.e., the entire SG
blows down without any feedwater being delivered to remove core heat.

The second unique feature is that each SG has two steam lines. There ié an
atmospheric dump valve (ADV) on each of the two lines on each SG for a total of
four ADVs.

Palo Verde's reactor coolant pumps are also unique in the industry. The seal
package design is such that even if all three seal stages fail, clearances are so

- tight that only seventeen gallons per minute would leak from each pump at full
system pressure. This is within the capacity of two of the three charging pumps
(two of the three are normally operating). Thus, as long as the RCP is shut down
prior to damage, an RCP seal LOCA cannot occur. This, along with not having
PORVs, results in much lower importance of the safety injection system. It also
makes the plant less vulnerable to station blackout, since loss of seal cooling
does not lead to a LOCA that cannot be mitigated due to loss of all AC power.

Furthermore, with the RCP shut down, either seal injection (supplied by the
charging pumps) or seal cooling (supplied by non-class component cooling
water, backed up by class component cooling water) is adequate to prevent any
seal degradation. Pressure breakdown is normally staged across the three
seals; however, each seal is capable of withstanding full system pressure.

Palo Verde's original auxiliary feedwater design had two class 1E pumps, one
turbine-driven (Train A) and one motor-driven (Train B), with a start-up electric
auxiliary feedwater pump located in the Turbine Building that was powered from
non-class distribution and which feeds into the downcomer feedwater lines
upstream of containment isolation. Before the plant was licensed, it was
determined that, without PORVs, more reliability was needed for auxiliary
feedwater. As a result, the non-class pump was given Train A ESF power,
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valves needing to be operated to use the pump were also given Train A power,
and the containment isolation valves altered such that there would be no
dependence on Train B to keep them open.

In addition, the turbine-driven pump can be operated locally with no power at all
for the 24-hour PRA mission time. Due to very limited loading on the channel C
~and D batteries, two channels of steam generator (SG) level indication remain
available under station blackout conditions. The end result is a highly
asymmetric system in terms of reliability and relative importance.

Palo Verde is designed to accommodate a full load rejection without tripping the
reactor. This is accomplished by a steam bypass system that can dump 70
percent of full steam flow to the condenser and a reactor power cutback system
that drops some control rods to rapidly reduce reactor power and primary
temperature. The reactor regulating system adjusts other control rods to
establish a steady-state plant power around 30%. The operators then decide
whether the turbine can be rapidly recovered or if a controlled reactor shutdown
is to be done. This makes turbine trip a smaller contributor to risk, since failure
or-unavailability of the above control systems is required for a turbine trip to lead
to a reactor trip.

Most plants rely on some normally-operating systems for post-transient or
accident mitigation, such as service water, component cooling water, chilled
water for HVAC, and perhaps HVAC systems themselves. Palo Verde has class
1E standby systems for all of these functions (two independent trains).

Furthermore, the class 1E mitigating systems have no dependence on instrument
air. Although the PRA model credits the Balance of Plant (BOP) systems, they
are of low importance. It also alleviates the need to model loss of those BOP
systems as complex initiators.

Palo Verde's inland, low desert location results in several unusual or unique
conditions: no salt spray, no icing, no fluctuations in ultimate heat sink water
supply levels, ultimate heat sink temperature that fluctuates in a predictable
(seasonal) way, and chemistry-controlled ultimate heat sinks (no biological
fouling). Condenser heat sink water is treated effluent from the Phoenix metro
area. Between two and three weeks worth of water can be stored on site in two
ponds to support all three units at full power. The safety grade ultimate heat
sinks are two concrete basins with spray nozzles for evaporative cooling. Make-
up is from either treated effluent water or domestic water. The combined water
volume of the two basins can support safe shutdown needs for a more than a
week without make-up. Each train can use the volume of the opposite train by
opening a cross-tie valve (combined 26-day inventory).

The closest design to Palo Verde'is that of San Onofre Units 2 and 3. The power
rating, while not the same is close (3,410 MWt vs. Palo Verde’s 3,800 MWt
original design), and they also do not have power operated re)l_ie'f‘valves.
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However, it is a dual-unit site with system sharing capability, its location and
ultimate heat sink are very different, and its off-site power-system is significantly
different from Palo Verde. Comparing initiating event frequencies and relative
CDF contributions shows the following:

e SONGS uses a much higher small break LOCA frequency. Palo Verde
used an estimated value from NUREG/CR-5750 tailored to our specific
small break LOCA break range (the break size range for SONGS may be

- different). That break range is defined as greater than charging pump
make-up capacity up to the point where secondary cooling is no longer
effective, because sub-cooling cannot be maintained. The overall CDF
portion from all LOCAs at SONGS is over 40%, but a significant part of this
is from RCP seal LOCAs, to which Palo Verde is not susceptible.

e The SONGS loss of off-site power frequency is about twice as large as
Palo Verde. This initiator value is unique to each site. In spite of their
frequency being higher, their fraction of core damage from this IE is only
10% vs. 30% for Palo Verde.

e The SONGS turbine trip and uncomplicated reactor trip frequencies are
similar to Palo Verde, although the CDF contribution at SONGS is about
20% vs. about 28% for Palo Verde.

e The SONGS loss of component cooling water frequency is lower than Palo

Verde; however, theirs is a loss of class component cooling water, whereas
 Palo Verde is non-class, which does not supply cooling to ESF :

components or HVAC. Thus, the contribution to CDF is higher for SONGS.

A Combustion Engineering Owners Group (CEOG) cross-comparison was performed in
1998 for the fifteen Combustion Engineering units that looked at all initiators, their
frequencies and CDF contributions. Palo Verde was found to be an outlier on three IE
frequencies (greater than one standard deviation, but less than two); small break LOCA
and steam generator tube rupture (SGTR) were on the high side, and turbine trip with
reactor trip (TT/RT) on the low side. However, CDF contribution was not an outlier for
any initiator. The high small break LOCA frequency was due to the combination of
small and very small break sizes. The SGTR frequency was high due to Bayes
updating the industry value with Palo Verde's own SGTR event. The low TT/RT
frequency is due to Palo Verde's capability to withstand load rejection without tripping
the reactor. This document also compared common cause methods and values, failure
data, HRA methods and results, LOCA success criteria, uncertainty and importance
results, and system dependencies, such as HVAC, direct component cooling, electrical,
etc. No conclusions were drawn from most comparisons. In any event, virtually
everything examined at that time has been changed at least once since then.

Another CEOG cross-comparison was performed in 1999 that covered three dominant
CDF contributors: small break LOCA, loss of DC bus and loss of off-site power. Among
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the parameters compared were |E frequencies, overall internal events CDF, CDF from
each of three subject IEs, top contributing cutsets for each of the three IEs and CDF by
frequency range. Palo Verde was not an outlier in any area; generally we were close to
the mean.

In late 2008, a comparison of the top most important operator actions at SONGS,
Waterford-3 and Palo Verde was performed. Although significant differences exist,
reasons for those differences were found in the areas of RCP seals design and
capability, design of the auxiliary feedwater systems, and HVAC capabilities and
dependencies.

NRC PRA Review RAIl Question 8

The self-assessment identified that sources of model uncertainty are not identified, and
that there was no systematic approach to assure key assumptions are identified, as
required by the ASME standard, elements SR QU-E1 and SR QU-E2. The licensee’s

. disposition addresses only parametric uncertainties. There is no.discussion or
disposition of other sources of uncertainty or the key assumptions. Discuss other

. sources of uncertainty and key assumptions relevant to this application, and provide
appropriate sensitivity studies to bound the impacts.

APS Response

The following are paraphrased excerpts from the current March 2010 dobumentation of
the PRA model for areas of uncertainty relevant to this application:

Loss of off-site power frequency is one parameter with high uncertainty. There is
not a statistically significant history of these events, plus the electrical grid is not
a static system. A large number of variables, such as generation availability,
load magnitude and characteristics (location, power factor, etc.) and weather
contribute to the likelihood of either a local disturbance sufficient to cause loss of

~ the plant’s switchyard or general collapse of the grid, which requires much more
recovery time and relies on procedures never (or very rarely) actually used.
Furthermore, there are several operating entities, as well as presumed
availability of some minimum set of black-start capable power plants and

_transmission facilities, along with command function and monitoring availability
for remote operation of breakers. It is, therefore, useful to do a sensitivity study
on LOORP frequency.

NOTE: A sensitiVity study was performed on Iosé of off-site power frequency and
reported in the LAR submittal in Section 3.4.4.

Another source of uncertainty is lack of completeness. Since resources are

required to produce the modeling of the plant, the depth of modeling is often a
function of how important a system is believed to be. There may also be
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limitations in modeling and quantification software that in turn limit the number of
basic events, number of minimal cutsets, or would result in an unacceptable
solution time. (No such shortcomings are known to exist in Risk Spectrum or the
solution engine RSAT.)

NOTE: The vital AC system is thoroughly modeled; lack of completeness is not an

issue.

Probabilistic risk assessment is intended to be based on best-estimate plant
response. Where best-estimate analyses are not available, PRA analysts may
resort to design basis analyses and success criteria, which can be significantly .
more conservative. Examples are environmental factors, such as equipment or
room temperature limits. One best-estimate analysis that has been done and
applied in the Palo Verde PRA is: Room heat-up calculations to determine either
the equilibrium temperature or how long it takes to reach some maximum

temperature.

Table H-13 of EPRI Technical Report TR-1009652, shows sources of modeling
uncertainty specific to quantification. Those sources are shown in the following table
along with how each is dispositioned:

Sou'r¢és of Uncertainty in Quantification

Truhcated The truncation analysis serves to minimize this uncertainty. The HRA

sequences/cutsets dependence analysis also assists in this by causing cutsets with operator actions
to rise several orders of magnitude, where they can be examined (all HRAs are
set to a value of 1.0).

Rare Event Care was taken to ensure success branch.values are close to 1.0.(no less than

Approximation 0.9). S ‘

Cutset Merging Risk Spectrum solves the whole model rather than sequence-by-sequence. Thus

only minimal cutsets result.

State of Knowledge
Correlation

The State of Knowledge correlation effect is minimized by several factors,
“including: ‘ '

e Correlated variables do not contribute a large fraction of the total
numerical result
¢ Common-cause modeling is used for components that could be
- correlated . : :
e Error factors are generally 3.0 or less

NRC PRA Review RAI Question 9

The self-assessment identified that there was no documented basis for cfediting a
decontamination factor for scrubbing effects, as required by the ASME standard, . .
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element SR LE-C10. The disposition of this item implies that scrubbing is credited for
preventing large releases for steam generator tube rupture, based on an assumed
operator response to assure steam generators are water-filled (“flooded”). Describe
where the large early release frequency (LERF) analysis credits scrubbing, and provide
a basis for this credit.

APS Response

The LERF analysis credits scrubbing in accident scenarios with no loss of steam
generator secondary cooling by means of normal auxiliary feedwater or through the
turbine-driven auxiliary feedwater pump (when loss of offsite power occurs). A SGTR
event was assumed to contribute directly to LERF when the flow through the break is
uncovered and flashes out through the Atmospheric Dump Valves. An lodine
Decontamination Factor (DF) of 1.0 should be assumed for the flashed fraction of RCS
water, and a DF of 100.0 may be assumed for non-flashed fraction. Prior to loss of
power, the flow continues to go through the condenser and the corresponding DF is
100.0. These DF values are consistent with the Safety Analysis Basis Document on
record (SABD-3.06.03, Rev. 06). These LERF model DF values were validated by
engineers from the Transient Analyses Group who are responsible for the generation of
SABDs.

In 2005, Westinghouse Electric Corporation (WEC) completed WCAP-16341-P, -
Guideline for PRA Level 2 Analysis. The new guidelines are designed to meet the
ASME Standard, R.G. 1.200 capability category Il. In their report, WEC provided plant-
specific results on key aspects of LERF modeling parameters including the credit for
SGTR flow scrubbing. The new PVNGS Steam Generator deS|gn (with pristine tubes,
<2.5% plugged) aIIows for scrubblng credit.

A samplé Event Tree from the WEC report is prowded below to demonstrate that
induced-SGTR questions (6th and 8th) are asked on the tree branches with AFW failure
(5th question from the left). The lodine-free water level above the break location allows
for a negligible value of ﬂashlng fraction at normal SG water levels. When coupled with
required operator action to “flood” the SG, the water level above the break location
exceeds 30 feet.
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NRC PRA Review RAI Question 10

The self-assessment identified that the limitations of the LERF model for applications
were not identified, as required by the ASME standard, element SR LE-G5. The
licensee disposition acknowledges the deficiency, and then states that the existing
LERF model is “clearly adequate for this application...” Provide the basis for how the
LERF model was found to be clearly adequate.

APS Response

The main reasons the LERF model was determined to be adequate for the intended
application are: ' ‘

» The basic events in the PRA model representing the vital AC inverters are minor
contributors within fault trees leading to eventual loss of shutdown cooling and core
damage. These basic events have no direct impact on containment performance or
containment bypass.

e The vital AC inverters’ fail-safe design, equipment redundancy, and redundancy in
power sources led to negligibly low risk-importance measures for these equipment
(Fussell-Vesely and Risk Achievement Worth).

» The resulting increase in LERF (presented in the original application) is two orders
of magnitude lower than the allowable insignificant increase described in
Regulatory Guide 1.174. The LERF increase obtained was the total contribution
from internal events and fire PRA plus seismic effects. The deficiencies noted in
the PRA model from the in-house self-assessment are largely associated with the
lack of a plant flood-model. The flood-model contribution to increase in LERF has
to.be a factor of 300 higher than the combined contributions from internal events
and fire PRAs. The APS response to NRC PRA Review RAI Question 4 provides
related details about the risk impact from the missing plant flood model.
Furthermore, the design of Palo Verde reflects important industry and NRC issues
related to flood risks. Hence, the flood-model contribution to risk increase in this
application is expected to be very small or negligible.

NRC PRA Review RAI Question 11

The self-assessment identified 15 separate deficiencies related to documentation of the
PRA model. The staff expects that licensees pursuing risk-informed changes to their
license have a robust program for configuration control of the PRA, including
maintaining adequate documentation per the industry consensus standards. Given the
scope of this deficiency in documentation, address how the technical adequacy of the
overall PRA model has been assured for this application.
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APS Response

Since the LAR was submitted, significant improvements have been made in model
documentation, in the March 2010 PRA model. The only remaining supporting
requirements for documentation not met are those associated with system modeling
(SY-C1, -C2 and -C3) and Level 2 (LE-G4 and -Gb5).

In the system modeling area, APS assures that the assumptions and boundary
conditions are maintained in memos within the Risk Spectrum PRA database. As such,
they are directly linked to the fault tree gates, basic events or parameters to which they
apply. Since this LAR was submitted, additional memos have been added to address
the more global aspects of a system model, such as system boundaries and operation
in normal and emergency conditions. The only reason supporting requirement SY-C1 is
stated as not met, is that the information contained in these memos is not organized in a
manner that facilitates peer review in a system notebook. Furthermore, the following
sub-elements of SY-C2 are considered to be met: a, b, ¢ (schematics do exist in
outdated system studies; boundaries have not changed in any significant manner), d, f,
g, h, i, j (spatial information is documented in one of fire PRA studies, but not in internal
events PRA documents), and k, |, n, g, r and s (nomenclature is documented in a Risk
Management department procedure). The following sub-elements are considered to be
not applicable: e, m and p. This leaves only sub-element 0. System fault trees are not
solved by themselves, due to the linked nature of the model. Cutset analysis typically

- can reveal shortcomings or inconsistencies within the fault trees.

Supporting requirement SY-C3 addresses key assumptions and uncertainties. Using
the EPRI guides mentioned earlier in the response to NRC PRA Review RAI Question 8
(specifically, Table H-12 of EPRI Technical Report TR-1009652), the following table
shows the areas of uncertainty that are applicable to system modeling and how (or if)
they are addressed in the Palo Verde PRA:

Sources of System Modeling Uncertainty

- . Source ‘ . How Addressed

Super components ‘ Super components in the PRA model are the
R L diesel generators, chiller packages, and
instrument air compressor packages. Reliability
and availability data used are consistent with

the boundaries of the super component.

Black box models ‘ The only components in the Palo Verde PRA
model that might be considered a black box are
the load sequencers, the Supplementary
Protection Logic Assemblies (diverse reactor

| trip) and the non-class control systems, such
as Steam Bypass. Control and Reactor.Power
Cutback systems. Failure rates for similar
components are used with relatively high error
factors.
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Source How Addressed
Use of generic “black box” models {for No generic black box models are used in the
example, RPS, rod insertion, and so on) Palo Verde PRA model. .
Treatment of equipment repair Equipment repair is not credited in the Palo

Verde PRA - this results in conservative results
if equipment can, in fact, be repaired. - ‘

Credit for manual operation or local operation Any credit taken for manual or local operation
: is done through appropriate Human Reliability
Analysis.

Component boundaries Boundaries are specified to assure both
completeness and non-overlap.

Modeling of unigue components (data Data are used that come as close as possible
applicability) to the unique component. This could be .
conservative or non-conservative, but an
appropriately high error factor is assigned.

[This does not apply to this LAR]

Use of spare equipment L ‘ No use of spare equipment is currently
' -credited.
Design or construction flaws , This is an unknown guantity and cannot be

accounted for.

System capabilities (flows capacities and so System capabilities are verified in modeling.
on) o : )
Flow diversions - _ . ' Significant.‘potehtial erW diversion pathways

are accounted for in the model.

[This doe_s not apply to'this'LA'R.] ,

Treatment of mstrumentatlon requured for There are four channels of instrumentation,
operator actions : which receive power from the four independent
vital AC channels. Loss of all four is modeled
as a secondary cooling failure, since the
operator has no indication of steam generator
inventory. This would be a highly unlikely
situation. The Channel C and D batteries are
expected provide power to their associated
vital AC distribution panels for more than 24
hours even under Station Blackout conditioh'sT

Alternative systems S Available alternative systems are appropriately
' ' modeled. 4

[This eees not abply to this LAR.]
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Source

How Addressed

Offsite resources

Off-site resources (Technical Support Center)
are credited in the PRA model with regard to
improvement of HRA values due to additional
checks that the correct actions are performed.
Physical resources, such as equipment repair
or substitution are not credited. This may result
in a conservative estimate of CDF or LERF,
since Emergency Response Facilities are
generally fully staffed within two hours of
declaration of an Alert or higher level
emergency.

Alignments

The failure to restore a component or train to
service following maintenance is explicitly
modeled.

Active/passive failure mechanisms

Reliability data include failure mechanisms that .
are applicable.

Active/passive degradation mechanisms
(corrosion, erosion, inspection detail, hidden
flaws, aging, and so on)

These types of degradation are beyond the
capability of PRA. Degradation is expected to
be detected through periodic testing and
monitoring programs.

Dynamic system response modeling limited by
Boolean logic models

Only discreet failures and recoveries are
typically modeled in the Palo Verde PRA. This
generally results in conservatism; the main

.| reason convolution techniques are used in

some PRAs is to reduce conservatism and
obtain lower risk results.

Operability of equipment in beyond design
basis environments

Environmental conditions are considered when
crediting equipment or operator actions in the
PRA.

Operability of equipment given a loss of room
cooling

Environmental conditions are considered when
crediting equipment or operator actions in the
PRA. Palo Verde’'s ESF and AF pumps have
been shown through engineering calculations
not to be vulnerable to room heat-up during the
24-hour PRA mission time. However, electrical
equipment and instrumentation in the DC
equipment rooms and the Control Room are
modeled as vulnerable to high temperature,
thus dependent upon HVAC, which is
appropriately accounted for in the modeling.

Operation of pumps without flow (for example,
deadheading of low-pressure safety injection
pumps in small LOCAs)

Minimum flow recirculation requirements are
considered and modeled where appropriate.

[This does not apply to this LAR]
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Source : How Addressed
Water hammer impacts on system This is not accounted for.
performance -
[This does not apply to this LAR.]
Multi-unit interactions ' Palo Verde’s three units are completely

independent of each other, with the exception
of off-site power supplies and grid interactions.

Common cause failure of groups (intra-system | Intra-system common cause is modeled in
and inter-system) accordance with NUREG/CR-5485. Inter-
system common cause is not accounted for.

Time dependence of system failures due to Systems on which other systems depend are
system interdependencies or environmental modeled according to their capabilities, both in
conditions time and expected environmental conditions.
DC power dependencies on chargers and The DC busses are currently modeled as
batteries requiring either the battery (for short-term

power when off-site power is lost) or requiring a
charger with the battery to act as a voltage
stabilizer for the charger (for longer term,
following battery discharge); i.e., the energy in
the battery is not credited long-term, even |f the
battery was not discharged.

Subtle interactions (NUREG/CR-4550 Vol. 1) There is no documentation that subtle
interactions were specifically investigated
during construction of the original fault trees.
However, the methodology of NUREG/CR-
4550 was followed in model development.
Furthermore, over twenty years of plant
operation has contributed insights that have
been incorporated into the fault tree modeling,
initiating event updates and failure data
updates.

The gaps in documentation are associated with system notebooks which have not been
updated to facilitate peer review. However, the notes in the Risk Spectrum PRA model
file provide a suitable alternative to the modeling assumptlons information in the system
notebooks. Also, given that most sources of uncertainty listed in the above table are ’
addressed in the internal events PRA model, and those that are not addressed are -
typically not addressed in any PRA model, we have high confidence that the Palo Verde
PRA model is adequate for this application.

In the Level 2 area LE-G4, key assumptions are in two engineering studies .
documenting the Level 2 analysis. They are also presented in the Risk Spectrum data
base memos linked to the appropriate model parameters. Key uncertainties are not
impacting this inverter application due to the large margin (a factor of 300) for LERF
increase versus allowable increase.

36



Enclosure
APS Request to Amend Technical SpeCIflcatlon 3.8.7 — RAIl Response

The LE-G5 deficiency of not meeting Cat || was addressed in the response to NRC PRA
Review RAI Question 10.

NRC PRA Review RAIl Question 12

It is unclear how the cause/effect relationship was modeled in the PRA for this
application. Specifically, with the inverter inoperable, it is assumed that the associated
instrument bus is energized from its backup alternating current (AC) power supply, and
that this power supply would then be subject to random failures. This seems to be
contradicted in Enclosure 1, Section 3.4.4, in the discussion of the static transfer switch,
where the submittal states that the operator action for aligning the backup power is set
to “TRUE”, which would indicate automatic failure and de-energizing of the associated
bus. Clarify how the PRA model was modified for evaluating this configuration. If the
bus is assumed energized from its alternate source, confirm how the TS require this
configuration. :

APS Response

The HRA for aligning a back-up voltage regulator for a second failed inverter is set to
TRUE solely for the purpose of obtaining a conservative risk result. Thus, the situation
modeled is one voltage regulator already supplying one vital AC bus (complying with
LCO 3.8.7, condition A) when a second inverter fails, thus requiring alignment of its
back-up voltage regulator: This is not really a meaningful scenario, since the unit would
be in LCO 3.0.3 and would be required to shut down. However, it points out that even if
the manual transfer switch operation HRA failure probability was. high, the rlsk
significance would still be .very low.

NRC PRA Review RAI Question 13'

Identify how equipment unavailability other than the inverter was addressed by the PRA
model in determining the risk metrics for this application. Specifically, also address any
PRA assumptions for the proposed tier 2 restrictions on diesel generator (DG)
unavailability and Reactor Protection System (RPS) and Engineered Safety Features
Actuation System (ESFAS) channel maintenance.

APS Response

In accordance with Regulatory Guide 1.177, paragraph 2.3.3.1, random maintenance
events are included in the fault trees for all components.- It was assumed there could be
.maintenance occurring on any other system allowed by the Technical Specifications
when'an inverter is out of service. Thus, the analysis is conservative; since it is unlikely
the components of greatest importance would be the ones that are unavailable
concurrently.
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NRC PRA Review RAI Question 14

The proposed tier 2 restrictions on DG maintenance and planned RPS or ESFAS
channel maintenance, applicable for planned inverter maintenance activities, are
proposed to be included in the TS Bases, rather than being restrictions of the TS action.

APS Response

Responses to each of the specific RAl sub-questions are provided below.

NRC PRA Review RAI Question 14a

It is not clear why equipment operability requirements for a permanent TS change are
being proposed to be placed in the Bases, rather than being placed directly in the action
requirement. If Action A.1 of TS 3.8.7 is in effect, and a DG failure or RPS/ESFAS
channel trip were to occur, what action would be required to comply with the TS, given
the proposed TS Bases? Similarly, if DG maintenance were in progress, or if one or
more RPS/ESFAS channel(s) were in trip condition when an inverter failure occurred,
what action would be required by TS? Further, the licensee has not made any formal
commitment for these tier 2 equipment restrictions. The licensee should clarify the
intent of the proposed TS Bases changes with regard to plant operations and regulatory
commitments.

APS Response

The proposed Technical Specification Bases statements (Page B 3.8.7-4), related to
administrative controls on planned maintenance, represent a defense-in-depth strategy
to provide greater confidence that vital busses will remain powered during periods of
planned inverter maintenance and are not ‘equipment operability requirements.” The
administrative controls, as a practical matter, will have the effect of reducing the
potential for a loss of vital bus power and limit the exposure to various potential single
failures during planned maintenance. The technical basis for the proposed extended
Technical Specification 3.8.7, Action Completion Time of 7-days, however, as described
in the response to NRC PRA‘Review RAI Question 14.d, below, does not rely upon
these prudent administrative controls.

The Technical Specification Bases statements are not intended to modify or take the
place of the Action requirements. These administrative controls are not equipment
operability requirements, since Action A.1 is entered whenever an inverter fails or
maintenance is performed on an inverter (whether planned or unplanned), rendering the
inverter inoperable. The existing Technical Specification Bases (Page B 3.8.7-2) states:
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OPERABLE inverters require the associated AC vital instrument bus to be
powered by the inverter with output voltage and frequency within tolerances, and
power input to the inverters from a 125 VDC station battery.

if Action A.1 of Technical Specification 3.8.7 were in effect (i.e., inverter considered
inoperable), and a DG failure or RPS/ESFAS channel trip were to occur, the vital bus
would remain powered from the off-site power source and the affected RPS/ESFAS
channel which tripped, would place the RPS/ESFAS closer to an actuation signal,
based upon the number of channels that were tripped or bypassed at the time. The
failure of the DG or the tripping of the RPS/ESFAS channel would not change the Action
requirement and Completion Time. The Technical Specification Bases statements are
not intended to control the Action requirement or Completion Time.

The plant would - remain in Action A.1. It should be recognized that Action A.1 contains
a Note that LCO 3.8.9, Distribution Systems — Operating, must be entered with any vital
instrument bus de-energized. Should there be an additional loss of off-site power or a
loss of the regulating transformer, the individual vital bus would become de-energized
and LCO 3.8.9, Action B.1 or D entered. These Actions require restoration of vital
instruments in 2 hours or plant shutdown in 6 hours.

Similarly, if DG maintenance were in progress, or if one or more RPS/ESFAS
channel(s) were in a tripped condition when an inverter failure occurred, for Units 2 and
3, the static transfer switch would transfer vital instrument power to the regulating
transformer and Action A.1 would be entered, since the inverter is inoperable. There
would not be a loss of vital instrument power. For Unit 1, however, there is no static
transfer switch, so the vital instrumentation supplied by the failed inverter would be de-
energized and Technical Specification 3.8.7, Action A.1 and related LCO 3.8.9, Action
B.1 entered, due to the vital instrumentation being de-energized. Again, the Technical
Specification Bases statements are not intended to control the Action requirements or
Completion Times.

The technical basis for the proposed extended Technical Specification 3.8.7, Action A.1
Completion Time of 7-days, as described in the response to NRC PRA Review RAI
Question 14.d, below, does not rely upon the Technical Specification Bases described
administrative controls. The controls are not credited PRA equipment restrictions;
rather, they are prudent defense-in-depth strategies.

The purpose of placing the discussion of planned malntenance in the Technical
Specification Bases was to place this prudent control in a licensing basis document
(controlled under 10 CFR 50.59) that is readily accessible to the operations and work
planning staffs. Consistent with NEI 99-04, Guidelines for Managing NRC Commitment
Changes, APS is placing the commitment to implement the additional administrative
controls for planned inverter maintenance in a licensing basis document. Specifically,
NEI 99-04, Section 4.2 (page 8) states, in part:
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Licensees who employ a formal commitment tracking system may choose to
remove items from their tracking systems upon placement of the information into
another licensing basis document.

As such, APS will be committed to implement the additional prudent administrative
controls for planned inverter maintenance.

NRC PRA Review RAI Question 14b

As written, it appears that thAé restrictions o.nly apply to “planned” inverter maintenance
or other activities. The licensee should clarify the meaning of “planned” with regards to
the applicability of these restrictions.

APS Response

“Planned” has reference to routine scheduled preventive or corrective maintenance. It
does not include emergent corrective maintenance resulting from component failures or
other design or operational def|c1encaes that may be identified during the course of plant
operations.

NRC PRA Review RAI Question 14c

The restriction on application of Action A.1 of TS 3.8.7 apparently applies to any
associated DG maintenance (planned or unplanned), but only to planned RPS/ESFAS
channel maintenance. The licensee should clarify its intent with regard to the
planned/unplanned unavailability status of these components.

APS Response

As previously stated in response to NRC PRA Review RAIl 14.a, the Technical
Specification Bases statements describe prudent administrative controls, which do not
restrict application of Technical Specification 3.8.7, Action A.1. The objective of the
Technical Specification Bases statement relates to 'planned’ maintenance, and as such,
there was no intent to include ‘unplanned’ maintenance on the associated train diesel
generator within the administrative control statement. For example, should planned
inverter maintenance be underway and a need for corrective maintenance be identified
on the associated train DG, there would not be a PRA reason to delay the emergent DG
maintenance until the planned inverter maintenance activities were completed.

The Technical Specification Bases will be corrected to add the word “planned,” such
that the statement will read as follows:

- Planned maintenance on the associated train Diesel Generétor (DG)
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NRC PRA Review RAI Question 14d

Clarify how the risk analyses addressed these proposed TS Bases equipment
restrictions. :

APS Response

The risk analysis did not take credit for any of the proposed tier 2 equipment
restrictions, since they were not derived from the PRA results as necessary to meet the
Regulatory Guide 1.174 or Regulatory Guide 1.177 acceptance criteria. The tier 2
restrictions were derived from defense-in-depth considerations. Thus, random
maintenance events associated with the tier 2 restrictions were not excluded from the
risk analysis.

41



. ~ Enclosure
APS Request to Amend Technical Specification 3.8.7 — RAl Response

Attachment_

Simplified One-Line Schematics of the Vital Direct Current System
and the Vital Alternating Current (AC) Instrumentation and Control
Power System
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