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At approximately 1300 MST on April 22, 1994, Palo Verde Units 1
and 2 were in Mode 1 (POWER OPERATIONS) and Unit 3 was in a
refueling outage with the core off loaded to the spent fuel pool
when APS Nuclear Fuel Management personnel determined that
Technical Specifications (TS) 3.1.1..1, 3.3.1, and 3.9.1 Limiting
Conditions for Operation (LCO) may not ensure that plant
operation is maintained within the assumptions used in the
associated safety analysis as required by 10CFR50.36. On
June 7, 1994, while continuing to investigate the original
condition, TS Table 4.3-1 was identified as having a similar
condition On September 6, 1994, APS NFM personnel identified
that the current operating procedure for exercising Control
Element Assemblies (CEA) in Modes 3, 4, and 5, could allow
conditions which violate assumptions used in the subcritical CEA
bank withdrawal analysis. Administrative controls were
implemented or verified in place while potential changes to
analysis methodologies or amendments to TS are identified and
reviewed.

There have been no previous similar events.
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I. DESCRIPTION OF WHAT OCCURRED:

0 0,2 0 2 OF

A. Initial Conditions:

At approximately 1300 MST on April 22, 1994, Palo Verde
Units 1 and 2 were in Mode 1 (POWER OPERATIONS) and Unit 3
was in. its 4th refueling outage (3R4) with the core (AC)off-loaded to the spent fuel pool (ND).

B. Reportable Event Description:
Event Classification: A condition that resulted in the

plant being in an unanalyzed
condition.

A condition that resulted in the
plant being in a condition not
covered by the plant's operating
procedures.

APS has recently completed a Technology Transfer Programwith the fuel vendor to allow increased involvement in
the reload analysis process. As a result, on
March 18, 1994, while performing the reload analysis forUnit 3, Cycle 5 and reviewing associated Operating
Procedures, Nuclear Fuel Management (NFM) Engineering
personnel (utility, nonlicensed) identified that
Technical Specification (TS) Limiting Conditions for

. Operation (LCO) 3.1.1.1, 3.3.1, and 3.9.1 may not ensurethat plant operation is maintained within the assumptions
used in the current safety analysis as required by
10CFR50.36.

On April 22, 1994, NFM Engineering personnel completed aninitial investigation of TSs 3.1.1.1, 3.F 1, and 3.9.1
Basis, associated safety analysis, and in-place
administrative controls. This investigation determinedthat these TSs did not correctly reflect the current
reload analysis and that administrative controls may
not have been. effective in maintaining Plant operationswithin safety analysis assumptions. At approximately1354'ST, PVNGS informed the USNRC Operations Center of
the potential condition.
TS 3.9.1 and Table 4.3-1 were later determined to be notreportable under 10CFR50.72 and 50.73. The information
previously reported for these conditions has been moved
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to Section V, Additional Information, to allow coherent
reporting of the issues surrounding Subcritical CEA
Withdrawal (SCEAW) safety analysis.

At the time of discovery (March 18, 1994), TS 3.1.1.1
required a 1 percent shutdown margin (SDM) in Modes 3, 4,
and 5 with all Control Element Assemblies (CEA)(RCT)
inserted and TS 3.3.1 required the Core Protection
Calculators (CPC) to be operable in Modes 1 and 2. In
addition, operating procedures required that the CPC
Bypass be functional during any subcritical operation
(Modes 3, 4, and 5) with the trip breakers closed or the
boron concentration be maintained >All Rods Out (ARO) Hot
Full Power (HFP) Equilibrium Xenon (EXe) while
subcritical (Modes 3, 4, and 5) with the trip breakers
(BRK) closed.

When the discrepancy between TS and the safety analysis
was identified, the SCEAW safety analysis assumed
automatic protection was provided by the High Log Power
Trip (HLPT) at 1.0E-2 percent power (except in cases
where <4 Reactor Coolant Pumps (RCP)(RCT)(P) are
running) . When <4 RCPs are running, the analysis assumed
automatic protection was provided by the automatic
removal of the CPC Bypass at 1.0E-4 percent power prior
to reaching the HLPT setpoint.
General Design Criteria (GDC) 25 requires the protection
system to be designed to assure that Specified Acceptable
Fuel Design Limits (SAFDL) are not exceeded for any
single malfunction of the reactivity control system. The
SCEAW analysis evaluates reactivity control system
malfunctions resulting in uncontrolled inadvertent SCEAW.

Prior to 1987, the original safety analysis assumed theinitial conditions for the SCEAW to be the Limiting
Conditions for Operation (LCO) allowed by TS. For the
SCEAW with <4 RCPs running, the analysis took credit for
the CPC Bypass removal at 1 percent power as providing an
automatic protective trip.. For the SCEAW with 4 RCPs
runny.ng, the analysis credited the HLPT at 0.8 percent
power as providing the automatic protective trip.
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Both the 4 RCP and «4 RCP SCEAW safety analysis concluded
that the results were acceptable and GDC 25 was satisfied
since automatic protection was provided that prevented
the SAFDLs from being exceeded.

The <4 RCP analysis took credit for the CPCs
providing an automatic trip upon bypass removal
during modes when CPCs are not required to be
operable (TS did not require the CPCs to be
operable in Modes 3,,4, or 5, and there was no
Surveillance Requirement (SR) to test the trip) ..
A discussion of the CPC Bypass is provided in
Section V, Additional Information.

In 1987, a temperature dependent SDM TS change was
implemented. The new SDM TS reduced the amount of SDM
required in Modes 3, 4, and 5 such that the SDM limits
varied with RCS temperature. In support of the SDM TS
change request, ABB-Combustion Engineering (ABB-CE) re-
analyzed the SCEAW event.

The safety analysis assumed the event began from the TS
LCO limits. Since the proposed SDM TS reduced the SDM
requirements, the re-analysis showed that to justify the
reduced SDM requirements the HLPT and CPC Bypass
setpoints would have to be reduced. As a result, the TS
change request on SDM also included TS changes associated
with HLPT and CPC Bypass setpoints. The HLPT setpoint
was reduced from 0.8 percent to 1.0E-2 percent power and
the CPC Bypass setpoint decreased from 1 percent to 1.0E-
4 percent power. The revised safety analysis for the
SCEAW with 4 RCPs was incorporated into the UFSAR, but
not the SCEAW with <4 RCPs. Although the TS change
submittal discussed the use of the CPC bypass removal for
a protective trip in the <4 RCP SCEAW analysis, the lack
of TS OPERABILITY criteria for the CPCs in Modes 3, 4,
and 5 was not recognized or questioned.

In June 1991, ABB-CE informed APS of an error in the
subcritical neutron source term used in the SCEAW safety
analysis. The error was in the non-conservative
diredtion. This resulted in an unacceptable SCEAW safety
analysis (SAFDLs exceeded) and GDC 25 could no longer be
met. However, ABB-CE determined that if the analyzed
rate of reactivity addition was limited to that resulting
from Regulating Bank withdrawal (i.e., Shutdown Banks
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excluded), the SAFDLs would not be exceeded and theresults would be acceptable.

To exclude the shutdown banks from the analysis, a new
assumption was added to the analysis. It was assumedthat RCS boron concentration would be maintained high
enough to prevent the reactor from going critical if the
shutdown banks were unexpectedly withdrawn. This
assumption was implemented by maintaining boron
concentration >ARO HFP EXe, and was incorporated into the
Groundrules (See Section V, Additional Information, for adefinition of Groundrules). ABB-CE determined that there
was no immediate safety concern since their understandingof PVNGS'perating procedures was that the RCS boron
concentration would be maintained at or above ARO HFP
EXe. ABB-CE also stated in this letter that either the
boron restriction or operation of the CPCs was sufficientto correct for the source term error.
Based on this statement, APS changed the Operating
Procedures to require the boron restriction or operable
CPCs. However, the need for the CPCs to be operable
during Modes 3, 4, and 5 with <4 RCPs running was not
addressed in a TS change and no changes were made to the
UFSAR Chapter 15 description of the SCEAW event.
Since the new assumption required boron to be maintainedsignificantly higher than the amount needed to satisfythe TS SDM LCO with all rods bottomed and CEA withdrawal
possible, changes to the analysis, FSAR, or TS
incorporating thi;s assumption should have been
implemented. Thus the SCEAW safety analysis initial
conditions were no longer the limiting conditions allowed
by TS. This conflicts .with .10CFR50.36 which requiresthat operation within the TS LCOs is sufficient to ensure
the safety analysis remains valid and SAFDLs will not be
exceeded following Anticipated Operational Occurrences.

In 1992, the reload groundrule concerning SCEAW
was changed such that the required RCS boron
concentration was assumed to prevent criticality on a CEA
Shutdown Bank withdrawal. The HLPT was then assumed onlyto protect against a CEA Regulating Bank withdrawal
condition. The CPCs continued to generate a trip in anycondition above 1.0E-4 percent power where <4 RCPs arerunning. At this point, the previously describedAdministrative Controls (which required one or the other
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of the above requirements) no longer assured operation
within the safety analysis since both the boron
restriction and CPCs would be required. The need to
change the Operating Procedures was not identified during
cross-organizational review of the groundrules.

In February 1994, NFM Engineering personnel identified
that the subject groundrule required both the boron
restriction and operable CPCs to cover the safety
analysis assumptions. The investigation of the issue
included ABB-CE involvement and resulted in theinitiation of proposed TS changes. Since the analysis
required boron concentration to be maintained >ARO HFP
EXe, a change to the SDM TS was proposed which would
ensure that the boration required to satisfy the TS SDM
LCO would be more restrictive (higher boron) than that
required to satisfy the SCEAW safety analysis assumption.
In addition, since the safety analysis took credit for a
CPC trip at 1.0E-4 percent power with <4 RCPs, a TS
change was proposed to implement this requirement.
However, rather than require operability of CPCs while in
Modes 3, 4, and 5, the proposed change required the HLPT
setpoint to be decreased to 1.0E-4 percent power. This
would ensure an automatic protective trip would occur at
1.0E-4 percent as credited in the <4 RCP SCEAW safety
analysis. It is important to note the issue with the
analysis relying on a trip at 1.0E-4 percent power for
protection on an SCEAW with <4 RCPs is NOT related to the
source term error discovered in 1991. Corrected
Operating Procedures became effective on March 4, 1994.

On September 6, 1994, NFM Engineering personnel
identified that the current operating procedure for
exercising CEAs in Modes 3, 4, and 5, although meeting TS
requirements, could allow conditions which violate
assumptions used in the SCEAW safety analysis'hissafety analysis only accounted for the reactivity worth
of unexpectedly withdrawn shutdown banks. If enough
regulating CEAs were withdrawn prior to the event, the
combined worth of the regulating and'hutdown CEAs would
result in criticality. Operating procedures for CEA
testi'ng only require the boron to be maintained such that
K-effective will be maintained less than 0.99 for the
desired CEA testing configuration. There are no
Technical Specifications limiting the withdrawal of CEAs
during shutdown conditions. Therefore, the TS change
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being proposed for TS 3.1.1.1 and 3.3.1 would not ensureoperation within the assumptions of the SCEAW analysis
during CEA exercising.

At this point the proposed TS changes were put on hold
and the issue was discussed with the Plant Review Board
(PRB). The PRB imposed an interim requirement that priorto closing trip breakers for CEA withdrawal in any unit,
the administrative restrictions necessary to ensure
operation within the SCEAW assumptions would be presentedto the PRB for review and approval.

C. Status of structures, systems, or components that were
inoperable at the start of the event that contributed to
the event:

Not applicable — no structures, systems, or components
were inoperable at the start of the event which
contributed to this events

D. Cause of each component or system failure, if known:

Not applicable — no component or system failures were
involved.

E. Failure mode, mechanism, and effect of each failed
component, if known:

Not applicable - no component failures were involved.
F. For failures of components with multiple functions, listof systems or secondary functions that were also

affected:
Not applicable — no failures of components with multiplefunctions were involved.

G. For a failure that rendered a train of a safety system
inoperable, estimated time elapsed from the discovery of
the failure until the train was returned to service:
Not applicable - no failures that rendered a train of asafety system inoperable were involved.

H. Method of discovery of each component or system failureor procedural error:
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As discussed in Section I.B, the discrepancies between TS
and the current safety analysis were identified as partof the Unit 3 Core 5 Reload Analysis and during a reviewof Operating Procedures.

I. Cause of event:

In previous reload analysis, the nuclear fuel reload
groundrules have been treated as an adjunct to the TS.
When groundrules were more restrictive than the current
TS, Administrative Controls were used to implement the
groundrule restrictions and allow operation of the Plant.
The limits defined in the TS were not always revised toreflect the reload analysis if the Administrative
Controls were more restrictive. Because of this,
analysis assumptions in the groundrules were not
completely consistent with the TS.

Secondly, NFM depends upon the cross discipline review of
the groundrules to target Operating Procedure changes.
These cross discipline reviews did not always identify
the impacts that the groundrule changes had on Operating
Procedures. This is likely related to the complexity of
the analyses (SALP Cause Code A: Personnel Error).
Contributing to this is the fact that ABB-CE did not
always incorporate all assumptions into the reload
groundrules. APS initially deferred to ABB-CE's
experience when previously unknown assumptions wereidentified.
An investigation of this event is continuing to be
conducted in accordance with the APS Incident
Investigation Program. As part of the investigation, a
determination of the cause(s) will continue. If the
evaluation results differ from the determinations alreadyidentified in this LER, a supplement to this report will
be submitted.

J. Safety System Response:

Not applicable — there were no safety system responses
and none were necessary.

K. Failed Component Information:
Not applicable - no component failures were involved.
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II. ASSESSMENT OF THE SAFETY CONSEQUENCES AND IMPLICATIONS OF
THIS EVENT:

TS 3.1.1.1 and 3.3.1 Control Element Assembly (CEA)
Withdrawal from critical Conditions

The RCS boron concentration was to be administratively
controlled at such a level that the SDM requirement would
be met and a SCEAW would not result in criticality. Even
though the administrative control was incorrect, allowing
use of the CPCs rather than maintaining the boronrestriction, the CPC Bypass removal at 1.0E-4 percent
power would provide a trip for SCEAW with <4 RCPs
operating. There have been no SCEAW events during the
time the Administrative Controls were incomplete.

CEA Exercising in Modes 3, 4, and 5

A root cause investigation is being conducted into thiscondition and if significant information is discoveredthat would change the reader's perception of thesignificance of this condition, a supplement to this LERwill be submitted. At no time in plant history has there
been an incident of an inadvertent rod withdrawal.

Since there have been no SCEAWs, the conditions identifiedin this LER did not result in any challenges to the fission
product barriers or result in any releases of radioactive
materials.

III.CORRECTIVE ACTION:

A. Immediate:

TS 3.1.1..1 and 3.3.1

Operating Procedures became effective on March 4, 1994,
which required boron concentration to be maintained at
ARO HFP EXe and operable CPCs during subcritical
operations when the CEAs are capable of being withdrawn.
On June 14,1994, Operating Procedures were revised to
remove the requirement of maintaining CPCs operable byrequiring the HPLT to be reset to 1.0E-4 percent power if
<4 RCPs are in operation.
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An administrative restriction has been imposed by the PRBfor CEA exercising when a unit is shutdown. Thisrestriction requires prior PRB approval before CEA
exercising will be allowed in any unit.

BE Action to Prevent Recurrence:

The TS change request previously being prepared to
support changes to TS 3.1.1.1 and 3.3.1 has been delayeduntil the current issue of CEA exercising in Modes 3, 4,
and 5 has been investigated. This TS change is now
expected to be submitted to the NRC by December 30, 1994.

The process for reviewing groundrule changes for impact
on Operating Procedures has been reviewed by NFM. This
review identified that a multi-discipline review team
consisting of Safety Analysis, Reactor Engineering,
Operations, Licensing, and Operations Standards personnel
would be more effective in identifying impacts on
Operating Procedures and Licensing .Basis Documents.
Currently, the NFM department is undergoing a Re-
engineering process which is expected to be completed by
December 1, 1994. During this process, the Re-
engineering team will determine how to implement anmulti-discipline team review of groundrule changes.

NFM personnel have developed a long term project to
review the safety analysis assumptions and groundrule
document. This review is expected to be completed by
June 30, 1996.

NFM personnel are continuing to review the issuesidentified and the reload analysis process to determineif additional corrective actions may be required. This
review is expected to be completed by December 30, 1994.If significant corrective actions are developed which
could effect the reader's perception of the conditionsidentified in this LER, a supplement will be submitted.
An investigation into the root cause of the events
surrounding the CEA Exercising is being conducted. Thisinvestigation is expected to be completed in October,
1994. If significant information which could effect thereader's perception of the condition is identified, a
supplement to this LER will be submitted.



ik ll



LICENSEE EVENT REPORT (LER) TEXT NTINUATION

FACILITYaiAME

Palo Verde Unit 1

l)()CKET r'UAIBER LER iiUAIBER
SEQUE.'r TIAL

.r'UMBER
REYISI0
;r'UAIBER

PAGE

EXT

0 5 0 0 0 5 2 8'[4

IV. PREViOUS SIMILAR EVENTS:
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There have been no previous similar events.

V. ADDITIONAL INFORMATION:

Groundrule Definition:
The groundrule document provides a singular reference and
method for communicating detailed assumptions used in the
reload analysis that are not captured in other analysis
inputs, such as: Performance Objectives, Technical
Specifications, Updated Final Safety Analysis Report, Code
of Federal Regulations, etc.

Groundrule prior to March 4, 1994

"Subcritical CEA Withdrawal - The Reload Analysis Report
(RAR) analysis for subcritical CEA Bank Withdrawal shall
assume that Reactor Coolant System (RCS) boron
concentration shall be maintained such that K-effectivewill be less than 1.0 upon withdrawal of shutdown Full
Length (FL) CEAs when the trip breakers are closed withall other FL CEAs fully inserted."

Groundrule after March 4, 1994

"Subcritical CEA Withdrawal — The CPCs will be operable
when the RTSG is closed. The RCS boron concentration will
be maintained at or above the boron concentration requiredfor ARO HFP EXe conditions until the shutdown groups arefully withdrawn."

Previously Reported Conditions

TS 3.9.1 — Mode 6 Boron Dilution Analysis
TS 3.9.1 requires either a K-effective of </=0.95 or a
boron concentration of >/=2150 ppm, whichever is morerestrictive, when in Mode 6. The Mode 6 boron dilution
analysis (prior to Unit 3 Cycle 5) assumed an initial
boron concentration of 4000 ppm.

ABB-CE performed previous boron dilution analysis using
the Refueling Water Tank (RWT) limits of >4000 ppm and
<4400 ppm as specified in TS 3.1.2.5. This analysis
assumed that when the refueling cavity was flooded, the
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RWT would be the source of make-up. APS Engineering
personnel performing the reload analysis for Unit 3
determined that procedures do not limit the source of
make-up to the RWT.

The Unit 3 Boron Dilution Analysis for Mode 6 was analyzed
prior to entry into Mode 6 using an initial boron
concentration set at the calculated refueling boron
concentration. This boron concentration is more
restrictive than a 0.95 K-effective and complies with TS
3.9.1. The analysis verified that the Source Range
Monitoring (SRM) Setpoint Ratio of 2.2 remained valid.
The COLR Table 5 "Required Monitoring Frequencies for
Backup Boron Dilution Detection as a Function of Operating
Charging Pumps" for Mode 6 required revision.
Reanalysis for the current Unit 1 Core 5 and Unit 2 Core 5
were performed. This verified that the Mode 6 SRM
Setpoint ratio of 2.2 remained valid, but COLR Table 5 did
require minor changes. The required Mode 6 monitoring
frequencies for backup boron dilution detection in Table 5
of the COLR, for Units 1, 2, and 3 were revised.

The Boron Dilution analysis for Mode 6 was recalculated
using the minimum boron concentration required by TS 3.9.1
for each Unit. When this was done, it was determined that
the Mode 6 Source Range Monitoring (SRM) setpoint ratio of
2.2 remained valid for all three Units.
The assumption of 4000 ppm for the initial boron
concentration in the Mode 6 Boron Dilution analysis has
been changed to the boron concentration required to comply
with TS 3.9.1 and the Boron Dilution Analysis for Mode 6
was reanalyzed.

Table 5 of the COLRs, Frequencies for Backup Boron
Dilution Detection as a Function of Operating Charging
Pumps for Mode 6, has been changed to explicitly include
conditions when boron concentrations are <4000 ppm.

Operating history was reviewed to identify any cases where
the Mode 6 boron assumption was violated. This review was
conducted for all 3 units and focused on Beginning of Core
(BOC) plant operations. Two situations were identified
where the assumption of >/=4000 ppm was violated for an
extended period of time.
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The more significant case involved the re-entry into Mode
6 at the end of the first refueling in Unit 1. This
occurred after refueling had been completed, startup
testing was in progress, and removal of the vessel head
was required due to a jammed CEA. During this time
(approximately February 3, 1988, through February 20,
1988) boron was allowed to decrease to 2275 ppm. Although
boron concentration was maintained at or above the 2150
ppm limit in TS 3.9.1, the previous safety analysis
assumption of 4000 ppm was not met.

The second case was during startup testing in Unit 2.
During the period between April 1, 1988, and May 13, 1988,
boron concentration was allowed to float between 3900 ppm
and 4000 ppm. At one point boron was allowed to decrease
to 3700 ppm.

NFM personnel reviewed these conditions and determined
that due to the lower critical boron concentrations
associated with the early operating cycles, using a limit
of 2150 ppm boron produced acceptable analysis results.

TS Table 4.3-1 — CPC Power Calculations

On June 7, 1994, APS NFM personnel (utility, nonlicensed)identified an additional condition where the safety
analysis used more restrictive requirements than the
requirement described in the TS. TS Table 4.3-1 requires
adj'ustments to linear power level, CPC Delta T Power and
CPC nuclear power signals if they differ from the
calorimetric by an absolute difference of >2 percent. The
ABB-CE letter that transmitted the final CPC/CEAC
addressable constants .for Unit 3 Cycle 5 requires thecalibration tolerance to be administratively restricted
below 30 percent power.

This restriction is based on implementation of the interim
approach to the CPC power calibration that was firstidentified by ABB-CE in 1988. Currently the difference
between CPC neutron power, CPC Delta T Power, and COLSS
primary calorimetric power is between the range of -0.5
pezcent to +2.0 percent. These requirements are currentlyadministratively controlled.
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The more restrictive requirements for adjustments to
linear power level, CPC Delta T power, and CPC neutron
power have been administratively controlled since they
were first identified by ABB-CE in 1988 and at no time
have the safety analysis results been compromised.

Operation of the CPC Bypass Trip Functions

If less than 4 pumps are running, the CPCs will calculate
a Departure from Nucleate Boiling Ratio (DNBR) value less
than the trip setpoint due to the penalty imposed for
partial flow conditions. Below the CPC Bypass setpoint
however, the CPC trips are blocked at the input to the
Reactor Protections System (RPS). The trips are
automatically unblocked when the log power signal reaches
the CPC Bypass setpoint . When a SCEAW event occurs, the
reactor goes critical increasing log power until it
reaches the bypass setpoint. At this point, the CPC
bypass is removed providing a low DNBR trip signal (since
less than 4 pumps) to the RPS and opening the Reactor Trip
Breakers.
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