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ENCLOSURE
SAFETY EVALUATION BY THE OFFICE OF SPECTAL PROJECTS

SHUTNOWN MARGIN

TENNESSEE VALLFY AUTHORITY

SEQUOYAH NUCLEAR POWER PLANT UNIT® 1 AND 2
DOCKET NOS, 50-327 AND 50-328

1.  INTRODUCTION

During scrams at Sequoyah Unit 2 on May 19, 1988 and June 6, 1988, NRC
inspectors noted and brought to the attention of TVA operational management an
anomaly in the behavior of the core average temperature (Tav) 1nmodiatol{ after
a scram, Immediately after both of these scrams, Tav dropped substantially (at
least 25°F) below the no load Tav of 547°F, This drop was much greater than
the values the inspectors were familiar with at other Westinghouse plants,
Sequoyah operators told the inspectors that these drops were typical at

Sequoyah,

Sequoyah, 1ike all Americ’n PWRs, exhibits a marked'y negative moderator temp-
erature coefficient at the end of core 1ife, A temperature drop of this
magnitude adds significant reactivity to the core and mav compromise the

minimym reactivity shutdown margin requirement of the Technical Specifications
(1S). Therefore, the NRC conducted an inspection at Sequoyah of the core
shutdown margin on July 11-14, 1988, The results of that inspection are
documented in Inspectinn Report 50.377,378/R8-13 dated September 12, 1988,

TYA also addressed the shutdown margin issue in a Licensee Event Report

(LER 50-378/88-020) dated July '4, 1988 and in a submittal dated August 31, 1988,

2.,  EVALUATION

During the July 11-14, 1988 inspecticn, an NRC team determired for Sequoyah

Unit 2 Core 3 that after a reactor trip, Tav decreared to an average value of
§19°F, This is a drop of 28°F, The minimm teaperature reached was S06°F,

There was no sionificant differerce ir the average minimym post-trin temperature
before and after the |985-FR shutdown,

During Sequoyah's initial test program, a post-trin plant performance test was
ruti. During that test, minimum Tayv only dropped tc 537°F, Durin, the July,
1988 inspection, TVA attributed the current ‘arger drop to increased leakage

in the auxiliary steam systems, While *his undoubted!y could be a factor, the
team observed that changes in the main feedwater pump trip functions to prevent
water hammer which had the corsequence of starting the steam driver auxiliarvy
feedwater pump earlier in the post-trip transient could also be a factor,
Similarly, changes in control loop tuning for main and auxiliary feedwa'er
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and for stean dump could influence core Tav behavior, Therefore, the staff
felt that no sinale factor could be judged a priori to be the cause of the
current greater post-trip drop in Tav and that only a comprehensive examina«
tion of al) possible causes would be sufficient to address the problem, In
a» August 31, 1988 letter, TVA described a study they were undertaking to
adcress these various factors, The results of that study and a program for
long-term corractive action will be subiitted by TVA by October 14, 1988,

During the inspection, TVA provided an analysis by “estinghouse that concluded
that for all trips to date the TS 3/4,1.1 shutdown marain of 1600 pem for

Unit 2 had been maintained. The irspection team indeprndently calculated the
shutdown margins for the five scrams that occurred after restart on May 13,
1988 and examined the input data for the earlier pre-ghutdown scrams, PRased
on this indeperdent review, the staff concurs in Westinghouse's conclusion
that, in terms of the actual physics of the core, the 7S minimum shutdown
margin has been maintained for Unit 2,

However, for the scram occurring on June 6, 19f8, calculations by the team
using the approved TVA shutdown marain procedure then in place, showed that the
TS minimum allowable shutdown marain requirement had been violated, TVA's
recalculation, which wae done at the team's request, confirmed this finding,
The team noted, durinc its inspection, that the TVA shutdown margin irstruce
tion (T1-22) was in error in the conservative direction in that the procedure
required use of a N0 pcm reactivity pemalty to account for rower Xenon worth
effects, According to Westinghouse's June 17, 1987 ‘etter to TVA, this peralty
needed only to be taken when the reactor core was not at equilibrium prior to
the scram, The procedure in effect on June £, 1988 did not reflect this
caveat, The procedure has since been corrected, For the particular scram in
guestion, the staff agrees with Westinghouse that the pemalty need not have
been applied and, had 1t not been applied, the TVA calculation wonld have shown
adequate TS shutdown margin, The staff notes that had this scram occurred
pefore the xenon had stahilized or if the temperature *tad, during this trip,
dropped as low as the lowest valve in the past (i.e., S06°F), the TS margin
req .rement would have been violated,

As part of its review, the staff examined the Sequovah Fina) Safetv Analysis
Report (FSAR) and the underlyino Jestinghouse calculations, It discussed the
calculations with Westinghouse on July 13 and 14, 1988 to determine the details
of the basis on which che shutdown limit was based, The steam line break
accident controls the minimum core shutdown margin, Westinghouse calculations
indicate that a steam line hreak wil)l cause localized recriticality due to
excess conling and that without adequate shutdown margin this can lead to
departure from nucleate boiling (DNPY in the core ar. conseouent fuel clad
fatlure in the accident, The accident i3 most severe at no-loag Tay at 0%
power and at end of core life, According to Vestinghouse, its calculations
assume a power defect reactivity eauivalent to that for 2°F above full load
Tav to 2°F below no load, and, therefore, dn rot inclyude margin for larce
gxcursions below no 1nad Tav,




.3.

The team, during the inspection, examined the process by which accident input
data was developed by TVA for Westinghouse and determined that the system
provided formal methods for plant personrel including the plant reactor
engineer to concur in the data, Nonetheless, even though the post-trip Tav
undershoot was well-known, it was not identified in the reload checklist
provided to Westinghouse,

The consequances of Tav undershoot are more severe during Cycle 2 operation
since this was the first low leakage core for Sequovah Unit 2, The fue!
loaging pattern used for the low leakage core lowers total rod worth, There.
fore, the end-of-11fe calculated shutdown reactivity at 547°F decreases from
2120 pem in core 1 to 1600 pem in core 3, This elimination of excess shutdown
reactivity eliminates maroin between required and actual minimum shytdown
reactivity, Mowever, even thouoh this combinat.on of Tav depression and
reduction in margin might tend to increase the probability or consequences of
a design basis accident, it was not addressed in the analysis by TVA for the
Core 1 reload, Under 10 CFR 50,89, TVA must fustify not submitting

an application for a license amendment for the Core 3 reload,

when TVA began to addrees this issue in June 1988, there were two optionc
available to assure that Unit 2 remained within the design envelope ascumed in
the accident analysis, Either the operators could contro)l auriliary feedwater
(AFW) pump flow in manual to maintain Tav as is done at most other guﬂ plants
or they could inject boron to assure that the TS minimum shutdown margin 15
raintained, Since TVA had installed an automatic AFW contrn] system to acdress
what they perceived were deficiencies in relying on manual action to control
AFW, TVA elected to require the operators to add a soecified ameunt cf borated
water to the plant depending on the post-trip Tav, This alternative is accep-
table to the staff as a short-term measure until the restart from the Unit ?
Cycle 3 refueling outage, Yhe same problem exists for Unit 1 Core 4 as the
core physics characteristics are virtually identical. Therefore, TVA has
proposed to use the same corrective action, manual boration after trip, to
address the problem for Unit 1 restart, Early in core life, the calculated
shutdown reactivity is much higher and, for temperature undershnots of the
range Sequovah has experienced, the post-trip Tav excursion would not lead te
a violation of the TS shutdown margin limits, Therefore, the staff considers
manual boration an acceptable interim measure to fustify restart of Sequoyvah
Unit 1. However, the staff will review TVA's corrective action program, to

by submitted October 14, 1988, before deciding whether thc situation is
ycceptable for the entire 1ife of Unit 1 core 4,

The team examined the reactor trip procedure which was modified as discussed
above and concludes that the actions specified far the operators provide a
reasonable method *to assure that adequate shutdown margin will be maintained,
The staff alsn examined, at TVA's Fuel Performance Franch in Chattanonqa, the
TVA calculations that determined the amount of borated water to he inijected,
The calculations were dore usir. approved methods and techniques, were approe
nriate and conservative, used docuverted input cdata and were contralled and
verified in a manner consistent wity their cafety significance, Thre staff




nntet that the horon additicns were calculated using an assumption of a 7%
band to account for errors ‘n rod worth determiration, The Sequoyah FEAR
assumed a 107 band. However, Westinghouse in a Topical Report (WCAP 9217 2nd
9218 dated October 1977) provided a basiy for showing that the 7% was adequate.
This Topical Report was approved by the staff in an SER dated Jure 15, 1978
and is appropriate for application to Sequoyah,

As stated avove, the staff considers *he compenrsatory method dascribed above
to assure adequate shutdown margin to be an acceptable interim compensatory
action. In its August 21, 1988 letter on shutdown margin, TVA states that it
will submit details of its specific program to the staff b{ Nctober 14, 1988
to address long-term corrective actions, This program would presumably
address reduction in steam system leakage, improved control of steam dumps and
auxiliary feedwater system, modification of core physics parameters or changes
to accident aralyses,

3.0 CONCLUSION

Based on the reviews, inspections and submittals discussed sbove, the NRC
staff comcludes that the procedural changes implemented by TVA for Sequoyah
will assure adequate shutdown marain and that, for Unit ? Core 3 operation
and Unit 1 Core 4 restart, the identified excessive undershoot of Tav
following a trip does not row constitute an unresolved safety question, This
conclusion is limited to short-term operation since it clearly relies on
immediate operator action to compensate for identified deficiencies in either
the design or system maintenance at Sequoyah, The gtaff will reouire the
submicsion and staff review of the TVA corre tive action p'o?ram nlan and
correction of Unit ? prior to the restart from Cycle 3 refuzling of Unit 2,
The acceptability of the present situation for the entire Unit | Core 4 fuel
cycle will be addressed hy the stafé when the Nctober 14, 1988 submitta)

is reviewed, The need ard schedule for modifizations to systems or core
design will be addressed when the TVA corrective action plan is reviewed

by the staff,
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