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UMNMTED STATES

t NUCLEAR REGULATORY COMMISSION
‘A ' I : WASHINGTON, D. C. 20555
3

i May 17, 1988

Cocket Nos.: 50-528/529/530

Licensee: Arizona Public Service Company
Facility: Palo Verde, Units 1, 2 and 3
SUBJECT: SUMMARY OF MEETING TO DISCUSS MONITORING PROGRAM

FOR REACTOR COOLANT PUMP SHAFTS

A meeting was held on April 14, 1988 in Rockville, Maryland between
representatives of the licensee and the staff. The purpose of the meeting was
to: (1) discuss the RCP vibration monitoring program; (2) provide information
re?arding the current inspection of the Palo Verde Unit 2 RCP shafts; and

(3) discuss proposed changes to the RCP vibration monitoring program,
Eng%osure 1 provides the 1ist of attendees and the meeting is summarized as
ollows.

SUMMARY

The licensee briefly discussed the development of the vibration monitoring
program for the RCP shafts, The licensee also provided vibration monitoring
data for Palo Verde, Units 1 and 2, which are included as Enclosure 2. To date
none of the Palo Verde data have correlated with positive indications of the
presence ot any shaft cracks., This result is expected since all of the cracks
discovered on Palo Verde, Units 1 and 2 have been much smaller in depth than
the size that can be picked up by vibration monitoring (i.e., all were much
smaller than 40% of the shaft diameter).

The licensee also provided the status of the shaft inspections currently in
progress for Palo Verde, Unit 2. Cracks have been found on 3 of the 4 shafts,
Pump 18 has no indications of a crack, Both numps 1A and 2B have two cracks
with depths of 1,6 mm or less, Pump 2A has one crack which is estimated to be
about 12.7 mm deep. This latter depth is equivalent to the largest depth
reported on the Palo Verde, Unit 1 shafts,

A1l four shafts in Unit 2 will be replaced with new modified shafts, The
modified shafts will be the same as those installed in Unit 1, except that the
Unit 2 shafts will also have a center hole drilled to facilitate ultrasonic
inspections during shutdowns,

The licensee also discussed propos«¢ changes to the vibration mon1t0r1n? ‘
program which are included as Enclosure 3. The staff expressed the following

concerns with the proposed changes.

(1) The changes would eliminate the requirements for orbital monitoring which
is considered to be an important element f.r earlier detection of large
cracks (Items a and d cf Enclosure 3).
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(2) The changes would allow continued plant operation with pumﬁ shaft
vibrations up to 15 mils which are significantly greater than baseline
values for the pumps (Item e).

(3) The changes would allow continued plant operation by monitoring with
other undefined "equivalent" external equipment in lieu of the
established monitoring equipment (Item a),

(4) The changes would allow the plant to stay in hot standby indefinitely
even with a large shaft vibration suspected to be due to a cracked shaft
(Items a and f),

The licensee stated that it appreciated the staff's comments and would take
them into account in determining to what extent it would formally propose

changes.
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(&) The changes would allow continued plant operation with pumg shaft
vibrations up to 15 mils which are significantly greater than baseline
values for the pumps (Item e),

(3) The changes would allow continued plant operation by monitoring with
other undefined "equivalent” external equipment in lieu of the
established monitoring equipment (Item a),

(4) The changes would allow the plant to stay in hot standby indefinitely
even with a large shaft vibration suspected to be due to a cracked shaft
(Ttems a and f),

The licensee stated that it appreciated the staff's comments and would take
them into account in determining to what extent it would formally propose

changes.,
E. A, Licitra, Senior Project Manager
Project Directorate V
Division of Reactor Projects - III,
IV, V and Special Projects
Enclosures:
As stated

cc: See next page.



ENCLOSURE 1

PALO VERDE MEETING ATTENDEES ON

VIBRATION MONITORING PROGRAM

Name
Manny Licitra

Mike Davis

C. Y. Cheng

Joseph R, Provasoli
Carter Rogers

Kerry Johnson
Howard Maxwell

L. B. Marsh

P. T. Kuo

kamal Bandyopadhyay

Paul Bezler

Affiliation
NKC/NRR/PDY
NRC/NRR/PDV
NRC/NRR/EMTB

APS - Licensing

APS - Licensing

APS - Unit 2 Lead STA
APS - Vibration Engineer
NRC/NRR/EMEB
NRC/NRR/EMES
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ANALYSIS OF UNIT § AND & RCP SHAFT CRACK SIZE VS VIERATION Fage 1
loads ULIECRACK
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ANALYSIS OF UNIT | AND & RCP SHAFT CRACK SIZE VS VIERATION Fage &

dOx =

Oxi1 = Oxf
¢ . .

1 1

corr(Cy,dOx) = =0, 167

d0y = lny - Oyf '
1 1 1 corr(C,d0y) = 0,257

alx 1= .5 [Ox;' + Oxf ] aly = .§ [Oyl + Qyf ] corr(C, alx) = -0, 589
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i 1 ’ 1
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i i 1 i i corr(C,aYl) = -0, 336
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A _
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ANALYSIS OF

UNIT 1 AND 2 RCP SHAFT CKACK SIZE VS VIEKATION
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UNIT 1 AND 2 RCH¥ CRRCK DATA - CORKELATIONS FROM MATHCAD ANALYSIS
UNIT 1 UNIT 2 EOTH 142

d0x -0, 449 0.441 -0.167? » <
d0y 0.152 0.314 0.257

a0x ~0.122 ~0.945% -0.589

a0y 0.153 =0.931  -0.335

dxi ~0.13 -0.,2877 -0.382

dvi 0.274 =0.295 -0.103

axi ~0.105 -0,889 -0,4%9

avri -0.082 -0,837 -0.336

dxa 0.171  =0.30% 0.083

dya ~0.346 -0.267 -0.121

axa 0.578 -0.104 0.023

ave 0.067 0.08 -0.131

Ox1 0.504 ~0.88 -0,434 - |
Oy1 0.481 -0.815 -0.197

Oxf -0.373 -0.914 -0.63

Oy f ~0.058 -0.928 ~0.403 l
X1i -0.089 -0,802 -0.496

Yii ~0.053 -0.692 -0.331

X1f ~0.116 =-0.962 =~0,377

Yif ~0.104 =0,978 ~-0.307

X21 -~0.069 ~0.109 -0.314

vai ~0.111 0.385 -0.078

xot 0.842 =0.093 0.236

Yaf 0.209 =0.07 -0.148
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APS shall

ENCLOSURE 13

INSERT

implement an augmented monitoring program for each of the fou:

reactor coolant pumps that includes the following elements:

Each pump will be continuously monitored with at least one of the
two channels with assoc{ated shaft proximity vibration transducer
and a control room alarm. No additional equipment or monitoring {s
required for the failure of a single channel.

Stould a channel fail, a channel check shall be performed within
one hour, to verify the failure of the channel. Within 48 hours of
the channel failure, excluding equipment inside containment, steps
vill be completed to correct the failed channel. 1f a single
channel inside containment has failed but spectrum analysis {s
still obtainable on the other channel, the failed channel will be
repaired/replaced at the next outage of sufficient duration.

When the ability to moniter both channels is lost, monitoring will
be restored within 24 houvs by repair or monitoring with equivalent
external equipment. If monitoring capability {s not restored
within 24 hours, within one hour initiate action to place the unit
in at least HOT STANDBY within the next 6 hours. The affected
reactor coolant pump(s) (RCP) will be secured (unless more than two
pumps are affected) except for testing until corrective action is
completed which would allow monitoring on at least one channel.

The Nuclear Regulatory Commission shall be notified, wvia the
Emergency Notification System within four hours, of the time
capability to monitor 'l channels is lost and again within four
hours of comamencement of a plant shutdown, should one be required,

Every four hours, vibration data on each pump will be monitored and
recorded,

On a daily basis, an evaluation of the pump vibration data obtained
per b. above will be performed by an appropriately qualified
individual,

When vibration of any reactor coolant pump reaches a level of 8
mils or greater the Nuclear Regulatory Comaission shall be notified
vithin four hours via the Emergency Notification System.

In addition, when the vibration on any pump exceeds 8 nmils or
greater due to a shaft crack or unknown cause, within four hours
the affected pump shall have its orbit (1f available) and spectrums
continuously monitored and evaluated by an appropriately qualified
individual. 1If the vibration is confirmed to be caused by pump
conditions other than a crack or instrumentation malfunctions,
appropriate actions commersurate with the cause will be caken per
approved plant abnormal operating procedures. Monitoring shall
continue on a frequency determined by an {ndividual appropriately
qualified {n wvibrationa. analysis until cthe vibration decreases
below 8 mils.




When vibration of any reactor coolant pump reaches 2z level of 10
@ils or greater due to a cracked shaft, or other unknown cause, or
15 mils for any combination of causes, within one hour action shall
be initiated to place the unit in at least HOT STANDBY within the
following six hours. In addition, the affected pump will be
secured following entry into Mode 3 (HOT STANDBY) and it will
remain secured, except for the purpose of testing, until corrective
action has been completed.

On a daily basis, a spectrum analysis shall be performed on the RCP
shaft vibration and shall be evaluated for trends by using an
individual qualified in that technique. The evaluation shall
consist of comparing the running speed and twice running speed
components to limits computed from the baseline vibration, The
current method used {s to compute the lowest of: 1) 1.6 times the
baseline wvalue; i) the mean plus three standard deviations of the
baseline value; {i1) 2 mils for the twice speed component, or {v) 6
mils for the running speed comporient. In the event new limits or
wethods are chosen, prior to their {implementation they will be
evaluated to assure that quality of results will be equal to or
better than those for the current method. The Nuclear Regulatory
Commission shall be notified 10 days prior to the implementation of
a4 new spectral analysis method. When the amplitude exceeds any
limit, further analysis shall be performed. This analysis shall
consist of inspecting the umplitude versus time plots for a
steadily increasing trend, and review of other plant data which
might explain the change. If a trend is confirmed to indicate the
presence of a shaft crack, or unknown cause, the trend will be
extrapolated to predict the time at which vibration is expected to
reach 10 wmils. The unit will be brought to HOT STANDBY and the
affected pump will be secured per e. above at least one week prior
to the extrapolated time unless the projected time is within a week
in which case the unit will be shutdown per e. above. The affected
reactor coolant pump will remain secured, except for the purpose of
testing, until corrective action has been completed.



Attachment

RESCRIPTION OF THE PROPOSED AMENDMENT

ANFP will {mplement an augmented vibration monitoring program for each of
the four reactor coolant pumps for all three units that includes the
following elements.

a)

b)

c)

d)

Each pump will be continuously monitored with at least one of the
two shaft proximity vibration transducers each with a control roon
alare.

This secrion is nev and has been added for clarification which
allows the unit to remain at power while the operability of the
affected channel is revieved. The characteristics of an instrument
failure are easily distinguishable from those of a cracked shaft by
an appropriately qualified individual, €.g., rapid rise time pulses
(spiking), 60 Hz frequencies and/or 120 Hz frequencies, gap voltage
variations not confirmed by other sensors. If a channel becomes
inoperable, a channel check shall be performed within one hour, to
verify the failure of the channel. Within 48 hours of the channel
failure, excluding equipment inside containment, action will be
completed to correct the falled channel. 1If & single channel has
failed inside containment but spectrum monitoring is still possible
on the other channel, the failed channel will be repaired/replaced
at the next outage of suffient duration. 1In the unlikely event
that both channels become inoperable, corrective action shall be
{mplemented to restore monitoring capability within 24 hours.
During the period wvibration monitoring is unavailsile, the loose
parts vibration wmonitoring system audio channels and reactor
coolant pump seal stage pressures will be monitored every four
hours. The NRC shall be notified within four hours if the
capability to monitor both channels is lost.

Monitoring and recording of reactor coolant pump vibration data
every four hours.

This section has not been changed.

Evaluation of reactor coolant pump vibration data on a daily basis
by an appropriately qualified individual.

A change to this section deleted the tern "engineering” as {t
relates to an appropriately qualified individual, Some of the
individuals who perform an evaluation of the data are technicians
vhich are appropriately qualified. This 1{s in accordance with
dicussions in our Novesber 23 1987 wmeeting and s for
clarification purposes.

Reporting requirements when the vibration level on any reactor
coolant pump is equal to or exceeds 8 mils.




By adding the term "i{f available,® clarification {s made. - If one
channel {s {inoperable, monitoring of the orbit {s net possible.
The orbital analysis i{s not required to detect a cracked shaft, {ts
primary use {s to confirm conditions other than a4 cracked shaft to
allow continued operation. Also, a statement {s added on actions
to be taken if other conditions exist causing vibration,

e) Reactor shutdown requirements when the vibration level on any
reactor coolant pump reaches 10 mils or greater due to a cracked
shaft or other unknown cause or 15 mils for any combination of I
causes.

Combustion Engineering guidelines for shutdown due to excessive
vibration on the Reactor Coolant Pumps {s 15 mils. Industry data
has shown that wvibration readings of 20 mils or higher were
achieved prior to shaft failures.

If the unit has to be shutdown, entry into Mode ? (HOT STANDBY)
should be sufficient. The reactor i{s stable and there i{s no chance
of being 1in an unanalyzed condition. If further testing is needed
it can be accomplished, in Mode 5 it cannot.

Entry into lower modes (4 or 5) unless required to affect repairs
or maintain compliance with LCO's, {s contrary to plant and federal
policies which require maintenance of personnel radiation exposure
ALARA »°d minimizing generation of radwaste.

In addition, the plant would be put through an unnecessary cooldown/
heatup cycle. Finally, further meaningful testing/troubleshooting
cannot be accomplishe. with the plant {n Mode §.

f) Spectrum analysis of the wvibration data on a daily basis with
associated reactor shutdown requirements based on the results of
the analysis.

This section has been revorded basically for clarification. Part
of this classification i{s {n accordance vitn NRC's request at the
November ZA, 1987 meeting. Also, the footnote is now incorporated
into this section vhich allows the NRC staff ten days instead of
five to review nev limits or methods of monitoring prior to their
implementation. As in section e. above, the unit will be shutdown
and resain in Mode 3 (HOT STANDBY) for the same reasons.

EURPOSE OF THE LICENSE CONDITION

The augmented RCP vibration monitoring program has been previously
incorporated {nto the Unit 2 and 3 Operating License(s). The NRC staff's
reasons for imposing the license conditions are summarized in a letter
from G. W. Knighton, of the NRC Staff, to E. E. Van Brunt, Jr., of ANPP,
dated October 25, 1987, In this letter the NRC Staff states that,
“...the European data, as well as the information obtained from Palo
Verde Unit 1, indicate an increased probability of a reactor ccolant pump
shaft failure, as w2ll as a potential fallure mode wvhich could involve
the failure of more than one reactor coolant pump., The failure of more




than one pump {s an unanalyzed condition and thus beyond the current
license design basis.... This (vibration monitoring) program, which is
baned upon documented European experience, should provide evidence of
{mpending pump shaft failure approximately two days prior to failure,
vhich {s sufficient time to place the unit in safe shutdown condition in
an orderly manner. *

BEED FOR THE OPERATING LICENSE AMENDMENT

The need for the ri:quested Operating License amendment {s the change will
witigate unnecessary plant shutdewns and clarify elements of the
augmented vibretion monitoring program.

To more fully explain unnecessary plant shutdowns, on March 6, 1988 Unit
1 was in Mode 2 ascending to Mode 1 after its first refueling outage. At
1950 hours an RCP shaft displacement alarm was received on RCP 1B.
Readings taken on the loose parts vibration monitoring system (LPVMS)
cabinet indicated (x) channel to be stable at 2:3 wmils, whereas (Y)
channel appeared erratic with general readings at 3.5 mils with spiking
up to approximately 12 mils, strongly indicating instrument failure, It
vas at this time Unit 1 Management, Instrument and Controls Engineering
(1&C) and the vibration group was notified. After consultation, Unit 1
operators initiatea action to place the Unit in Mode 3 which was
accomplished at 0147 on March 7, 1988, RCP 1B was then secured at 0226.
Pursuant to the augmented vibration monitoring program the NRC wvas
notified within the prescribed time via the Emergency Notification System.

After securing the pump, investigation by 1&C found the output lead from
the amplifier wmodule for the RCP 1B (Y) channel to be loose. It Jas
tightened and all other accessible connections were checked. After
further discussions with Unit 1 managemen: and the Resident Inspector,
concurrence was given to restart RCP 1B to retest the (Y) channel
vibration circuit. The pump was restarted at 0605 and the (Y) channel
vibration readings all appeared normal.

BASIS FOR NO SICNIFICANT HAZARDS CONSIDERATION

5 The Commission has provided standards for determining whether a
significant hazaris consideration exists as stated in 10CFRS0.92.
A proposed amendment to an Operating License for a facility
involves no significant hazards consideration if operation of the
facility in accordance with a proposed amendment would not: (1)
invoive a significant increase in the probability or consequences
of an accident previously evaluated; or (2) create the possibility
of a new or different kind of accident from any accident previously
evaluated; or (3) involve a significant reduction in a margin of
safety. A discussion of these standards as they relate to the
amendaent request follows:



Standard 1 .- Invelve a significant {ncrease in the
probability or the consequences of an accident previously
evaluated.

Basis -+ The proposed Operating License amendment does not
invelve a significant ({ncrease in the probability or
consequences of an accident previously evaluated, This
amendment will impose an additional restriction on Unit 1
operaiions by adding a license condition requiring RCP
vibration monitoring. The additional RCP wvibration
monitoring will not increase the probability of occurrence of
any of the previously analyzed accidents. This anendment
vould also clear up ambiguity in the program.

The additional RCP vibration monitoring program imposed by
this amendment and the clarification afforded will not affect
the consequences of the previously analyzed RCP sheared shaft
event,

Standard 2 .- Create the possibility of a new or different
kind of accident from any accident previously evaluated.

Basis -- This proposed Operating License amendment does not
create the possibility of » new or different kind of accident
from any accic .t previously analyzed, The design and
operation of FVNGS Units 1, 2 and 3 {s not changed by this
propnsed amendment. The amendment involves the addition of a
augnmented vibration monitoring program for Unit 1 and a
change to Units 2 and 3 programs which clarifies the existing
criteria.

Standard 3 .- Involve a significant reduction in a margin of
safety. "

Basis -- This proposed Operating License amendment does not
involve a significant reduction in a margin of safety. The
proposed change {uvolves the {mposition of additional
restrictions on Unit 1 operations and additional
clarification for Units 2 and 3. The augmented RCP vibration
monit-ring program is designed to provide advance wvarning of
RCP shaft failure. This early warning will allow the reactor
to be safely shutdown prior to the occurrence of a RCP
sheared shaf. event,

The Commission has provided guidance concerning the determination
of whether a significant hazarcs consideration exists by providing
certain examples (51FR7751) of amendments that are considered least
likely to invelve a significant hazards consideration. This
proposed Operating License amendment matches example(s) (i) and
(11) of S51FR7751 in that, (i) a purely adaministrative change in
that certain statements are clarified and (ii{) a change that
constitutes an additional lisitation, restriction or control not
presently included in the Operating License.



. NDMEN

This proposed Operating License amendment will not increase the
probability or the consequences of previously evaluated accidents nor
will it create the possibility of a new or different kind of accident,
The proposed amendment will {mpose an additional restriction on Unit 1
operations by adding a license condition requiring RCP vibration
monitoring. The augment:d RCP vibration monitoring program has already
been incorporated into the Unit 2 License by Confirmatory Order an into
the Unit 3 Operating License. This amendment will also provide
clarification to ambiguous terminology in the program. The RCP vibration
monitoring program {s being added to provide an early warning of
impending RCP shaft failure due to the shaft cracking phenomenon found at
Unit 1 as well as at several European facilities. The accident analysis
of primary concern in this case is the RCP sheared shaft event. The
vibration monitoring program imposed on the units will decrease the
probability of experiencing a sheared shaft event. Additionally, this
proposed amendment will not afiect the operation of the wunits.
Therefore, the change will not increase the consequences of previously
analyzed accidents nor will it create the potential for a new or
different kind of accident.

This proposed Operating License amendment will not reduce the margin of
safety as defined in the basis for any Technical Specification. This
change adds a license condition to the Unit 1 Operating License and
clarifies the Unit 2 and 3 Operating License condition. There are no
existing Technical Specifications impacted by the addition of the RCP
vibration monitoring program.

N N

The proposed change request does not involve an unreviewed environmental
question because operation of PVNGS Units 1, 2 and 3 i{n accordance with
this change would not:

1. Result in a significant increase in any adverse environmental
impact previously evaluated in the Final Environmental
Statement (FES) as modified by the staff'’s testimony to the
Atomic Safety and Licensing Board (ASLB), Supplements to the
FES, Environmental Impact Appraisals, or in any decisions of

the ASLB; or

2. Result in a significant change in effluents or power levels;
or

3. Result in matters not previously reviewed in the 1lic:nsing
basis for PVNGS which may have a significant environmental
{mpacrt,

MARKED-UP OPERATING LICENSE CHANCE PAGES

See revised Attachment 1 of the Unit 1, 2 and 3 Operating License(s):
NPF-41, NPF-5), and NPF-74.
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CONTROLLED BY USER “Novesber 25, 1987

ATTACHMENT 1

PALO VERDE NUCLEAR GENERATING STATION, UNIT 3
CPERATING LICENSE NPF.7a

Thisg attachment 1Centifies ftems that must be completed to the NRC staff's
satisfactign in accordance with the schecule identified below.

1. Prior to entering Mode 1 for the first time, Aps shall:

4. Have Completed a review of the shrveillance Procedures applicable
to the change of mode and determined that the Procecures demonstrate
the operabilit, ¢r the required Systems with the respect to an
- acceptance criteris defined in the Technical Specificaticns.
b: Have dispatched written notification to the NRC Regional

- Administrator. Region V, that the action defined in (a), above, has
been Completed for Mode 1,

S The Post accident sampling System shall pe Crerable prigr to'exceeding
5% power,

very four hours, monitor and record vibration data on
he four reacter coolant pumps,

basis, perform an evaluation of the
data obtai in a above, by usino an epproppfate
jvidual,

™0 vibration
ly cualifieg

‘&!‘Eﬁ’ C. When any one vibra; monitor on thefeacter coolant Fumps

fndicates a vibration S OF creater, the Kuelear
Regulatory Cormission shat: ] '

Emergency Notification Systed
On any pump exceeds 8 mils
cause, within four hour
and spectra continuoy
apprepriately que!

3 shaft crack CF unkngwn

“&2 purp shald have jts ordit
J moritored an valuated by en

ed indivicual,

fCration ronitor on the rescsor @
ibraticn level of 1p m1iS or greater

cur, inytiate action ta pisce the uniy 4p ¢t Teect NJ 5 "CEY
WithinAha next $1x hours, ard at 'etst COLS SRUTCCY Y |
the 0licrirg ip Reurs, hACCiting the af¢oesce sun

L& securee afrer entering k(T STAnDsy



s shall be performed on th

1 be eva
ndividual q

311 consist of compari 0 ' M) and
tWice runningspevd (2xRPM) spectral components imits computed
: from the baseline {tration. The 1imits shal L% based on the
lowest of: (a) 1.6 YNpes the baseline valy (b) the mean plus
three standard deviation {¢) 2 mils fo he 2xRPM component, or- (d)
mils for 1xRPM cCcmponent, ¥ amplitude exceeds any limit,
further analysis shall pe per This analysis shall consist
of an inspection of the amplity $ time plots for a Steadily
Increasing trend, and a reyi BR plant data which might
explain the change in am h§_confirmed that the trend

1s not caused by plan lated to a shaft crack,
. the trend shal) be computer to

: i at least
8Y within the next six ho SHUTDBWN
' the following 30 hours, In e affected pump shay

secured after entering KCT STANDBY

Vi

Regional Acvinistrat:r, Region v may relax op "esSCind, in writi
a

ing, any of
bove vibratien monitoring conditions upen a showing by the licensees of
d cause.

Within 90 days of the commencement of the Palo Verde Unit » first
refueling outage, the licensee shall submit a report to the NRC concerning
the inspection of the Unit 2 reactor coolant pumps, This report shal)
include inspectien results, an evaluation of the unit 1 and Unit 2 pump
shaft deoradation findings ard Proposed actions to be taken with respect
to Unit 3 continued operation,

APS shal)
refueling outage which
DES-3 of the attackment




