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The petitioner OCRE herein submits comments and reports to be
made part of the record in this petition to reopen the ATWS
rulemaking proceeding in 1light of the power oscillations
occurring at the LaSalle-2 BWR following a dual recirculation
pump trip on March 9, 1988.

The following encleosed reports should be made part of the
record:

Exhibit 1: AEOD Special Report on the LaSalle-2 event, AEOD
Special Report No. AEOD/S803, dated June 8, 1988.

Exhibit 2: excerpt from the NRC Augmented Inspection Team
report on the LaSalle-2 event.

Exhibit 3: letter report by the Advisory Committee on Reactor
Safeguarde, dated June 14, 1989, re Boiling Water Reactor Core
Power Stability.

Exhibit 4: "A Report on Reactor Study Issue Number 25" prepared
for the Ohio State University Expert Panel by Dr. William P.
Stephany of Nuclear Education & Training Services, Inc.
("NETS"). (This report is part of the comprehensive review of
the 1975 General Electric Nuclear Reactor Study (commonly known
as the Reed Report) commissioned by the Public Utilities
Commission of Ohio. The attachments to the report are not
included herein.)

These reports support OCRE's position regarding the ATWS
rulemaking in light of the LaSalle-2 power oscillation event.
The AEOD report, which was largely the basis for OCRE's 1988
petition in this matter filed under 10 CFR 2.206, states that
the LaSalle event "necessitates that ATWS mitigation be
reviewed in light of this event." Exhibit 1, p. 7, emphasis
added. The NRC's Augmented Inspection Team also expressed
concern that, "in view of the large magnitude of the APRM
oscillations in LaSalle, the AIT believes that the ultimate
power level without scram is wunknown, and that the 500%
bounding level assumed in the ATWS investigation may not be
bounding. LPRM oscillation magnitudes more than seven times

those of the APRMs have been observed in the case of regional
oscillations." Exhibit 2, p. 24. These reports illustrate the
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NRC Staff's concerns and advice on this matter, which OCRE is
endorsing.

Significantly, the reason ATWS is still a safety issue today,
despite the ATWS rule, 10 CFR 50.62, is that the Commission
failed to follow the advice of its own Staff in the ATWS
rulemaking process. In NUREG-0460, Volume 4, the Staff made
the following comments regarding ATWS in BWRs:

Several events are shown to have significant, periodic
oscillations in neutron flux following an initial, large
neutron flux spike. The staff has never before encountered
this type of accident behavior prediction, and so it has never
been specifically considered in previous PCI evaluations. . .
. T combined effects of high neutron flux spikes, resulting
in hagh cladding and boil temperatures, followed by oscillation
in flux, fluid flow, etc., raise questions not only about fuel
future, but also about the potential for loss of coolable
(rod-like) geometry. The 2200 F, 17 percent oxidation LOCA
limits that GE proposes as evidence of coolable geometry are
not applicable here because those 1limits address cladding
oxidation and embrittlement effects only. They do not address
the potential effects of oscillating mechanical loads on wasted
and collapsed cladding that might be "locked onto" the fuel
pellets as a result of a BWR ATWS involving a high flux spike,
nor do they consider center-melted oxide. NUREG-0460, Volume
4, pp. A-87 to A-B9.

The recommended mitigative measure, an automatic, high-capacity
standby ligquid contro! system (300-400 gpm), would eliminate or
greatly reduce the oscillations. NUREG-0460, Volume 4, pp.
A-64, A-48 to -52, A-43, and 29. Unfortunately, this ‘' measure
was not incorporated into the final ATWS rule. OCRE believes
that incorporation of the automatic, high-capacity SLCS, along
with the other provisions of the ATWS 1rule, 10 CFR 50.62,
pertaining to BWRs, would allay any concerns about power
oscillations resulting from the recirculation pump trip, which
is a necessary feature to gquickly reduce power and reactor
pressure to avoid failure of the reactor cocolant pressure
boundary.

It is significant that independent reviews of ATWS and the
LaSalle event also point out the need to reconsider the ATWS
rulemaking in light of the LaSalle oscillations. Exhibit 4,
prepared by NETS, a firm which provides consultants and
servicee to the nuclear industry, concludes that "“there is a
large gap between the ATWS prevention and mitigation
recommendations stated in NUREG-0460 and the ATWS Rule stated
in 10 CFR 50.62. In light of the recent LaSalle event, the




consequences of the recirculation pump trip ATWS mitigation
feature do need to be reviewed, and the concerns expressed by
the NRC Staff in Vol. 4 of NUREG-0460 also need to be looked at
again." Exhibit 4, p. 16. The ACRS also recommends that
"considerable attention be given in the longer term to the
development of an improved understanding of the conditions that
can lead to an ATWS compounded by core power oscillations."
Exhibit 3.

OCRE would urge the Commission to follow the advice of its
Staff as given in NUREG-0460, the AEOD report, and the LaSalle
Augmented Inspection Report, as well as that of independent
reviewers such as the ACRS and NETS.

Respectfully submitted,

el

Susan L. Hiatt

OCRE Representative
8275 Munson Road
Mentor, OH 44060
(216) 255-3158
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UNITED STATES
NUCLEAF REGULATORY COMMISSION
WASHINGTON, D C. 205855

JUN 08 1388

MEYORANDUM FOR: Thomas E. Murley, Director
. Office of Nuclear Reactor Regulation

Eric S. Beckiord, Director
Office of Nuclear Regulatory Research

FRCM: Edward L. Jordan, Director
Office for Analysis and Evaluation
» of Operational Data
SLZJECT: AEQD CONCERNS REGARDING THE MARCH S, 1988 POWER

OSCILLATION EVENT AT LASALLE 2

Erclosed is an AEQOD Special Peport det2iling our concerns about the L2Salle 2
power oscillation event of March 9, 1988. We have reviewed calculations
performed by Brookhaven on the BWR Nuclear Plant Analyzer, as well as the
licensee's LER and other foreign and U.S. information. . Although this is the
first event of this type at a domestic reactor, similar events have occurred
in foreion reactors. Based on this review, we classify this event as an
icportant precursor event with significant safety concerns. Our mos cia

sionificant concerns and associated recommendations are described below. .

1. The LaSalle event raises questions about the adequacy of the analysis
used to meet the coire stability requirements of 6DC-12 when both
recirculation pumps are tripped. The event also points out the
difficulties the operators face in rapid diagnosis of and respofice to an
event which readily promotes significant complicating factors such as
subsequent loss of feedwater heating and reactor water level fluctuations.
Simple and unambiguous procedures are needed to 2ssure prompt proper
operator response which ensures .compliance with GDC-12. GE SIL 380 does
not provide adequate cuidance.

2. During startup and shutdown, BWRs routinely enter regions of potential
thermz)-hydraulic-neutron kinetics instability. This operation can be
avoided without large impact on plant operations by modifying plant
operating procedures to increase recirculation flow slightly early in
the startup and by inserting contro! rods sooner during shutdown.

Several foreign reactors operate with power/flow operating restrictions
that avoid the unstable regior. Additionally, reduction or loss of

forced recirculation flow durin) plant transients can result in the plant
entering regions of potential instability. Prudent operator action is
needed to restore stable plant operation and to avoid actions which could
initiate events with more significant consequences. For example, restart
of recirculation pumps following loss of feedwater heating or MSIV closure
could result in additional reactivity insertion while the reactor was
exhibiting power oscillations.

3. This event has implications regarding the reactor transient response to o
recirculation pump trip during an ATWS. In particular, the power oscilla-
tions may substantially exceed previously predicted values and thus raise
questions regarding previous fuel integrity evaluations.
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Thomas E. Murley
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Conclusi n

The March 9 LaSalle event indicates sericus deficiencies in the core stability
analysis for LaSalle and perhaps other BWPs. Further, such undamped power
oscillations call for prompt operator recognition end action, yet at LaSalle,
operators were not trained to recognize or respond to such oscillations.
Adequate plant procedures did not exist at LaSalle, and few, if any, plant
simulators in the U.S. are capable of modeling these types of oscillations.

It is not at 211 clear at this time that we understand the nature and potential
consequence of such power oscillations considering such factors as improper or
no operator action, alternative core configurations and equipment failures, or
divergent localized power oscillations. Since it will take time to thoroughly
analyze and understand the LaSalle event and its implications on other BWRs, we
conclude that, at least in this interim period, action is warranted to minimize
the potential for core instability. Our recommendations in this regard are
presented below. -

We anticipate a written response to these recommendations within 45 days as
discussed in NRC Manual Chapter 0515.

Recommendation to NRR

Pending a full understanding of the LaSalle event ang its implications, we
believe that all BwRs should be required to: ; .

(a) Immediately insert control rods o below the 802 rod line following
reduction or loss of recirculation flow or other transients which result
in entry into potentially unstable regions of the power/flow map.

(b) Increase recirculation flow during routine reactor startups ano insert
some control rods prior to reducing recirculation flow below 50% during
shutdowns to avoid operation in potentiaily unstabie areas of the power/
flow map. -

(c) Immediately scram the reactor if (a) or (b) above are not successful.

Recommendation to RES

Review resclution of GIs B-19 and B-59 anc #7¥S mitigation in light of the
LaSalle operating experience.

Please let me know if we can provide any clarification or additional assis-
tance. If you have aquestions regarding the enclosed Special Report, please
call Jack Rosenthal on x24440,
Bryinal Signed By:
B Jordmn

Edward L. Jordan, Director
Office for Analysis and Evaluation
of Operational Data
Enclosure: As stated
Distribution: See next page

*SEE PREVIOUS CONCURRENCE
*OSP:AEQD *DSP:AEOD *DSP:4EOQD *DSP:AEOC *D:DSP:AEOD DD:AEQD *D:AEQD
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AEOD SPECIAL REPORT

IINIT: LaSelle 2 " SPECIAL PEPOPT NC.: AEQD/SEO3

OCCKET NO.: SC-374 DATE: June 7, 1988

LICENSEE: Comacnwealth Ecdison EVALUATOR/CONTACT: J.Kauffmun/G.Lanik
SUBJECT: AEOD CONCERNS REGARDING THE POWER OSCILLATION EVENT

AT LASALLE 2 (BwWR-5)
EVENT DATE: March 9, 1988
SUMMARY

The LaSalle event invclved power oscillations caused by reutron flux/thermal
hydraulic instabilities of a magnitude that were not precicted by design
enalysis, unanticipated by the operators, anc gotentially in conflict with
Ceneral Desion Criterion (GDC) 1Z2. Based on vendor analyses, two NRC Generic
Issues (Gls) had previously been resulved concerning stability of BwWRs; and
this event raises questions regarding the adecuacy of those resolutions.

Since analyses predicted thet these oscillations would not occur, little
guidance and training were provided for operator detection and response.
Further, operation in unstable areas of the BWR power/flow map has potential
adverse safety consequences. Because LaSalle 2's core was calculated to be
more stable than the typical BWR core, other BWRs may be more susceptible to
this problem,

it light of the present uncertainties, we recommend that BWP licensees should

be required to implement procecures to:

a) Immediately insert control rods to below the 80% rod line following
recuction or loss of recirculation flow or other transients which result
in entry into potentially upstabie regions of the power/flow map.

b, Increese recirculation flow ouring routine reactor startups ard insert
scme control rogs prior 1o reducing recirculaticn flow beluw 503 during
shutdowns to avoid operstion in potentially unstable areas of the pover/flow
map.

c) Immediately scram the reactor i€ 2) or b) above are not successful in
preventing and suppressine oscillations.

We alsu recommend that NRR revisit Gls B-19 and B-59 unc ATWS mitication in
light of the LaSalle operating experience.

Cescription of the Event (Compiled from licensee's 50.72 report, March 9,
TE80, and reterences | through 5).

While performing the functional test on a differential pressure switch, an
instrument maintenance technician inadvertently valved in the variable and
reference legs with the equalizing valve open, thereby connecting the variable
and reference legs. This initiated a "pressure equalization” between the
variable and reference legs, and resulted in a high "indicated” level to the

-SP0NTTO076 860608
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feeawater level control system, causing the feedwater pumps to begin reducing
flrw. Realizing a valving error wes made, the reference leg was immediately
isclated from the variable leo. This resulted in a low "indicated" level
sprke. The level spike caused other level switches, utilizing the same
reference leg, to also actuate, including the trip of the reactor recirculation
pumps from an Anticipated Transient Without Scram (ATWS) signal.

Due to the rapid power reduction from 84% to approximately 40% ca'sed by the
trip of both recirculation pumps, feedwater heater high level alarms were
received and heaters began automatically isolating. This resulted in reduced
feedwqter temperature and the insertion of posftive reactivity due to the
negative moderator temperature coefficient. With feedwater level control
ecequately handling the level transient, the licensee tried to re-establish
feedwater heating and to restart the recirculatiun pumps. Attempts to restart
the recirculation pumps were unsuccessful,

With the unit in o high control rod line condition (power was 853 prior to the
event) ano low flow condition (natural circulation), the unit started
experiencing neutron flux oscillations from reapid creation and co)lopse of
voids in the core region. Approximately 5 minutes into the event, multiple
high and low 2larms were recorded by the local power range monitors (LPRMs).
The average power rance monitors (APRM) recorcers were cscillating between 25%
and 50% of full power with an approximate 2 to 3-second period. Because of
limitations of the APRM recorders, the actual neutron flux oscillations
(approximately 75% power) were larger than the indications of the APRM
recorders. The control room operators were in the process of menually
scramming the unit, when an automatic scram occurred on upscale neutron trip
(i18% on APRMs)., Immediately prior to the scram, the operators noticed that a
majority of the LPRM Hi alarms were 1it., The setpoint for the LPRM Hi alarms
is 10E% of full scale.

Foreion Nperating Experience

A number ¢f power oscillation eventS have been reported by the KEL ]PS system.
Fower nscillations were reportec in 1985 ang 1GE€ at @ foreiqn ChR-2 in

iFS-€77 ena €P1., The oscillations were 187 peak to peak curinc ratural circula-
tion testing. In June 19E2 in IRS-ZZ(, o foreign B¥R-% reportec cscillations

of 75% of the "mean” flur during forced circuletion after muving one control
rod. The resctor tripzed on APRM Kigh Flux efter five &77F hglf scrans had

been reset. These power oscillations had 2 2.5 secorc period. 'r response,
operatinn limits were established at that facility tc prevent operation in the
arce of instabilities. Another event (IRS-220.2) at this reactor in January,
1983, demonstratec that it is possible to start these power gscillations from
ncrmal operating conditions. [RS-362 reported that in Cctober, 1983, during
testing et the same reactor, divergent, out-cf-phase oscillaticns were
experienced. The report describing this event stated that this was "a
potential GDC-12 violation." Again, operating restrictions were implemented
that require rapidly maneuvering the reactor to a stable region following 2
single recirculation pump trip. Information received as followup to these
events indicates that coperating instructions were also cevelopeo fur loss of
feedwater heating events, lots of all recirculation flow, and low recirculation
flow conditions. We have ¢lsu received information that following startup
testing at yet another foreign EWP, ope'ating instructions were implemented

1
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to preverti routine entry into,potentfal.y unstable areas. In particular,

guidance was developed to prevent routine entry into these areas during reactor

startups ana shutdowns, to require increased monitoring of APPMs and LPRMs 1n
potentially unstable areas, ar< to provide ouidance for operator response to
certain transients such as loss of feedwater heaters and recirculation pump
trips and restarts. In summary, these foreicn plants have taken action to

restrict or prohibit operation in areas of instebility. Fioure | is an example

of operating restrictions during sta=tup and shutdown in place at one foreign
ehRo

U.S. Operating Experience

Other than (aSalle, no events involving diverging pewer oscillations at BWRs
were identified in the SCSS operating experience data base. However, startup
testing and cther testing have included Ynducing power oscillations, observing
the reactor response, and testinc the effectiveness of oscillation suppression
me thods.

Peview of the deta base since 1980 did capiure 167 cvents involving a trip of
cre or two recirculation pumps while the reactor was critical. Thus, when
combined with routine startups ano shutdowns, it is clear that BwRs are
frequently operated in potentially unstable regions. The number of reported
events 1s low since there are no reporting requirements for recirculation pump
trips, unless it 1s in conjunction with some other reportable condition.

Seall power os:illations are similarly not reportable.

Related GDCs and Gls § e ‘g iy &

The LaSelle event relates to two GOCs and two Gls:

"GENERAL DESIGN CRITERION 10 - Reactor Desion. The reactor core and
associated coolent, control, and protection systems shall be designed with
appropriadte mergin to assure that specified acceptable fuel design limity are
not exceeced during any condition of~normal operation, including the effects
of anticipated orcrational vccurrences."

é
“GENERAL DESIGH CFITERION 12 - Suppressiun of Feacicr Power Osciiiations. The
reactor core and assuvciated coolant, contrul, and protection systems shall be
Cesigned tu atsure that power pscilletions whict cen resuit in conditiuns
erceeoing specified acceptelle fue! desicn 1imits are rot possible or can be
reliebly and reedily detected and suppreésseo.”

C! B-19: "“"Thermal - Hydreulic Stability" and G! F-55: "(N-1) Lorp Operatior
in BWRs and FwRs",

These Gls were closed out by the issuance of Generic Letters 86-0Z and 86-09.
Generic Letter B6-02 stated that the approved GE and Exxon methods for
calculation of core stahility decay ratio are urcertain by 20% and 25%,
respectively, 1n precicting the onset of limit cycle oscillations (cecay ratio
= 1,0). The Generic Letter noted, "...BWR 4, 5, anc €s mav not be eble to
show compliance with GOCs 10 and 12 solely usinc anelysis procedures to prove
that thermal hydraulic instabilities are prevented by design." However, the
Generic Letter concluded that BWR 1, 2, and 3s should have sufficient margin,
It also stated that for cores which do not meet the analytical criteria (decay
ratio less than 0.8), the operating limits of GE SIL 380 would be sufficient

to provide for detection and suppression of flux cuscillations in operating
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recions of potential instability adequate to demonstrate compliance with GOC
IC and GOC 12 for cores 1oac$d with approved fuel cesigns.

Ceneric Letter 86-0° noted that the review of BWF (N-1) loop nperation was
ceriplicateo by potential thermal-hvereulic instability anc et purg vibration
problems during single loop oreration. In low flow operating reqicns, it was
necessary to cevelop special operating procedures to assure thet GOCs 10 and
12 were satisfied in regaro tu thermal-hydraulic instabilities. Flant
Technical Specifications consistent with these procedures were accepted by the
staff for reactors which were not cemonstrahly stable based on analyvses using
the then approved analytical methods; details of the operating limitations
were developed for GE SIL 380 and contributeo to the resolution of G/ B-19,

Ir addition, tests at Brown's Ferry demonstrated that single loop cperation
had similar stability characteristics as two-loop operation under the same
pcwer/flow operating conditions. The tests confirmed the staff's finding that
Technical Specifications based on GE SIL 3EC which were proposed f‘ur some BwPs
were eppropricte for the detection and suppression of therms! hvdraulic
instabilities. The staff expected to approve single loop operaticn for
licensees whe submittec the appropriate ECCS anelysis.

Felevant Licensing Actions

The foreign event involving out-of-phese, divergent oscillations, resulted in
issuance of a board notification (No, 84-062) in March, 1984, Stability tests
demonstrated that "limit cycle oscillations” could occur within permissable
operating space below the rated rod line at natural circulation flow. The
high power level (120%7) scram protection which is baseo on APRM signals would
not necessarily prevent vioiation of critice) heat fluy limits if such local
instabilities were to occur. The test demcnstreted that local thermal
hydrauvlic cscillations which are out of phase with the APRMs could occur. It
wes unclear at that time (1964) how high a local vscillation could reach
before detection by an ogperating crew using then current monitorirs
procecures. ’

Th1s board notification was made afser the issuence of GE SIL 3PC, which iy
currently usec 4$ Quidence to operators for these type of events. Plant

Technical Specificetion changes were made for piants uncdercoine licensing
hearincs to address the concerrs of this board rntification.

Previous Vendnr Pecommendeticns

' anr

General Electric Co., had previcvusly identified in CE SIL 300 anc cther
dccuments thet the congition of hiok rod lineg eand low flow was susceptiblie to
neutron flur/thermal-hydraulic oscillations. FKowever, based upon enalysis,
Commonwealth Edison did not believe such cscillaticrns woulo occur at LaSalle,
and as a result, the SIL was nct implemerted.

Becausv this event at LaSalle involved large power oscillations, General
Electric Co. has issued Rapid Information Communicetion Services Infcrmation
Letter (RICSIL) No. 006 Pevision | pertaining to BWF core thermal hvdraulic
stability. The RICSIL supplements GE SIL No. 3RC Fevision 1 on tre same
sublect.




Concerns Regardina This Event‘
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Stability analysis methods are highly uncertain. LaSalle 2's calculated
decay rativ was approximately 0.6 for this fuel cvcle. This means that
that the transient reactor behavior that was observed during this event
was predicted not to occur. The licensee's review of this event stated
that the conditions present at the start of the oscillations appear to be
only slightly more severe than the assumptions used to analyze the
LaSalle cdecay ratio. There is also informatfon that indicates that the
stability analysis for Vermont Yankee was shown by stability tests as
nen-conservative (Ref, 6).

LaSalle operators were not trained for this type cf event. Because GE
anilyses predicted that this event would not occur at LaSalle, GE SIL 380
was knowingly not in place ana operators not trainec on GE SIL 360 at
LaSelle, as allowed by Generic Letter 86-02.

GDC 12 may have been violated. Although chemistry samples following the
LaSalle event did not disclos2 any fuel daniace, the event was potentially
8 violation of GOC 12 in that undampened power oscillations occurred and
no procecures or methods were implemented to reliably and readily detect
and suppress these power oscillations.

Other BWRs may have 2 susceptibility to unstable power oscillations.
Because analyses similar to the ones used at LaSalle are used at other
plants to meet GDCs 10 and 12, this transient response could occur at
other BWRs with decay ratios less than 0.8. Like LaSalle, these other
BWRs may not have implemented procedures to reliably detect and suppress
power oscillations. At LaSalle, the operators 21lowed nedrly two minutes
of unsteble operation hefore decicing to take ection to shut down the
unit.,

GE SIL 380 Revision 1, even if implemented, is inadequate tu ensure
compliance with GDC-12. This raises the issue of the adequacy of GL B6-02
in assuring that GNC-12 is met for plants with predicteo decay ratios greater
than 0.8. The SIL has a rumber of inadequacies:

--APRM "noise" and not actual rapid power changes 15 discussed as a
result of flow instabilities.

-=This noise is said tu normally rance between &4-12% (peak-to-peak) of
reled power, whereas LaSalle reported puwer oscillations of resrly full
scale (75% power).

--Some of the terms are nut defined or commonly understood by utility
operations personnel, e.g. "limit cycle uscillation.” This makes it
difficult to use as the basis for operator cuidance and procedures.

--Power oscillations may nut be readily identified and suppressed.
furing an event with numerous failures aug alarms, it is nct certain
that operator attention will be promptly called to power oscillations,
especially since the APRM instruments typically have larce cscillations
(noise up to 10% under normal 100% power steady state operation) and
the APRM recorders do not show the full magnitude of power oscillations




due to time delays. Operators might consider any indicated oscillations

as normal, '

--The basis for the proposed actions is apparently non-conservative or
sensitive tr small parameter changes.

--Guidance is provided without explaining in detail why the actions are
taken or the bases for the actfons. Even in the case where out-ot-phase
oscillations were experienced, GE SIL 380 states that "very large margin
to safety limits were maintained.” This downplaying of the potential
severity of thermal-hydraulic instabflities may mislead operators into
thinking that the stability concerns are not important.

Operator training on recognizing and responding to power oscillations {s
poor. Few, if any, simulators used by utilities are capable of modeling
the type of oscillations that occurred at LaSalle. Since the existing
guidance in GE SIL 380 coes not state that power oscillations from

0 to 120% power are possible and have been experienced, it is likely that
very few licensed operators or training instructors were even aware that
oscillaticn of this maonitude could occur. If operator action is necessary
to ensure compliance with the GD(Cs, it is essential that licensed operators
be trained regarding the assumptions, conditions, limitations, etc. of

the operating concerns. However, simple guicance - such as: “reduction

or loss of recirculation flow resulting in entry into a potentially
unstable area, insert control rods to below the 80% rod 1ine* - that
ensures avoidance of the unstable or unanalyzed regions is preferable to
reliance on operator memory to ensure operation within analyzed regions.

Improper operator acti could worsen the event. The operators at

LaSelle tried recirculation pumps because their training and
procecdures allowed them to do so. In this event, with a downcomer filled
with cold feedwater and an unstable reactor, 2 successfu)l restart of
recirculation pumps would lead to further rapid reactivity insertion with
potential adverse consequences. We are also concerned about the effect
that would have occurred if adcitdional reactivity insertion due tu void
collepse in response tu a turbine trip or an MSIV clusure had occurred
guring the power oscillations. ,Other operatcr actions, plant conditions,
such as end of cyc or ogifferent power distribution, or plant transients
mey have resultec uel

Several calculatio
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low due to loss of furced circulation. Formation of voids then drives
neutron power down which slows further void formation, resulting in lower
two-phase flow resistance, and increased natural circulation flow into

the bottom of the core. This cold water increases core reactivity and
results in @ power increase. The resultant voio formation continues

the cycle of oscillation. Large neutron power oscillations are the result
of large reactivity changes.

Preliminary resuits from the Brookhaven analyzer indicate that large
reactivity changes occur during these events. Figure 4, for example,
represents the LaSalle base case, where the analyvzer calculated 0.5
dollars total reactivity inserted just prior to the reactor trip.

The LaSalle event is an important precursor event. Although the
consequences of this particular event were not serfous, they could have
been worse in other circumstances. First of all, the potential exists for
localized power oscillations where one half of the core oscillates 180
degrees cut of phase with the other half; and ir that caese the APRM trip
would not trip the reactor until the amplitude of the local power
escillations was much greater. An actual event of this type is noted in
the foreign operating experience. Secondly, the potential exists for
operator action or plant equipment failure to worsen the event, for
exampie, restart of a recirculation pump or MSIV closure could result in
additional reactivity insertion, .o

Previous efforts taken in regard to ATWS mitigation may be inadequate.
The action of tripping recirculation pumps automatically and inducing an
event similar (¢ the LaSalle event when it 1s not clear where the power
osciliations would stop dano what the effects uf these cscillations would
be in the absence of an automatic scram, necesSitotes that ATHS
mitigation be reviewed in 119ht of this event. »
The resolution of Gls B-19 and B- -59 may be inadequate. The enalyses
which form the technical bases for the resclution of these issues have
been chalienged. The LaSalle event was predicted by analyses to be
prevented by desion, but it uccurred.

Potential Actions to Address the Problem

l.

b)

We reconmend that PWR licensees should be reocuirec to develop and
implement procedures to:

Immediately insert control rods to below the 0% rod 1ine following
reduction or loss of recirculation flow or other transients which result
in entry intc potentially unstable regfons of the power/flow map.

Increase recirculation flow during routine +eactor startups and insert
some control rods prior to reducing recirculation flow below 50% during
shutdowns to avnid operation in potertiaily unsteble areas of the power/
flow map.




wls

Immediately scram the reactor {f a) or b) above are not successful in
preventing and suppressifg oscillations.

We 2lso recommend that NRR revisit Gls B-19 and R-59 and ATNS ritigation
in 11ght of the LaSalle uperating experience.
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Inspection on March 16 through 24, 1988 (Report No. 50-373/8B00B(DRP):

50-374/8B00B(DRY))
Areas Inspected: Special Augmented Inspection Team (AIT) inspection conducted
in response to the dual recirculation pump trip and subsequent core power




«oscillations resulting in a reactor trip on March g, 1988, at LaSalle, Unit 2.
The review included root cause determination, safety significance, performance
of operators and equipment, adequacy of procedures, effects on the reactor,
reporting actions and potential generic implications.

Results: No violations or deviations were identified; however, the licensee
as committed to procedure and Technical Specification changes as well as

~ further study in the areas of inherent shutdown mechanisms, instrumentation
capability and uncertainties in the decay ratio calculations. The licensee's

interim report, as required by the CAL, is included as attachment 5 to this

report.




15 needec to assess the nature and magnitude of neutron
flux oscillationc and the safety of rostart after an
instability event. .

. LaSalle anc some other BWRs do not have high speed data
recording instrumentation which can be committed for
availability during plant operation.

Oscillation Characteristics

Some characteristics of the LaSalle neutron flux oscillations
were atypical of previous events and have led to concerns about
the applicability of previous safety analyses. The magnitude of
in-phase 1imit cycle oscillations previously observed on the
APRMs during special stability tests and operating reactor

events were typically in the range of 5% to 15% (peak-to~peak) of
rated power, and as high as 25%. This compares to peak-to-peak
values of about 100% at the time of the 118% neutron flux trip
for LaSalle.

The estimated value of loca) power at the time of trip was
greater than 310% anc LPRM readings indgicate that the core power
peak shifted and increased by 25%. Even though the fuel LHGR
Timit of 13.4 kw/ft was not exceeded because of the thermal time
constant of the fuel, the increased power peaking was unexpected
based on Vermont Yankee stability tests, and was not factored
into the generic safety evaluation performed by GE during review
of the thermal hydraulic stability Generic Issue B-16.

The previous GE safety analyses considered several limiting
mocderate frequency transients which were initiated while the
neutron flux was oscillating below the 120% scram setpoint, and
included 2 rod withdrawal error with the flux oscillating up to
the 120% scram level. Additional analyses were performed to
evaluate the impact of oscillations that apprecached 300% of
rated neutron flux (e.g., regional oscillations) without scram
prior to rod insertion and termination of the event. A1l of
these analyses showed that significant fuel thermal margin
existed to safety limits. While there are several aspects of
these analyses which differ from LaSalle (initial power leve!
and amplitude of the oscillations; no change in bundle peaking
factors due to the event, etc.), the AIT agrees that they are
sufficiently representative anc conservative to demonstrate that
no fuel therma)l or mechanical limits were exceeded during the
event. However, reliable detection and suppression provisions
are necessary to assure protection against future events which
could involve regional oscillations to higher power levels.

The licensee was also asked to review the impact of the event on
stability considerations addressed in the 1979 GE Generic ATWS
report, "Assessment of BWR Mitigation of ATWS" (NEDE-24222).
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