TENNESSEE VALLEY AUT 4ORITY
CHATTANOOGA. TENNESSEE 37 101

6N 38A Lookout Place

JUN 18 1980

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:
In the Matter of ) Docket No. 50-327
Tennessee Valley Authority )

SEQUOYAH NUCLEAR PLANT (SQN) - UNIT 1 CALORIMETIC

The purpose of this letter is to ‘nform NRC of an issue recently identified
during startup of SQN Unit 1 from tie Cycle 4 refueling outage and how it was
addressed to support continued escalarion to 100 percent power. This
information has been previously discussed with NRC in continuing communication

+ with the onsite senior resident inspector and in telephone conference calls
held between TVA and NRC staff on June 13 and 14, 1990, During the
performance of the startup secondary and primary calorimetric, an unexplained
increase in core delta T was discovered. This increased and anomalous delta T
measurement resulted in a reactor coolant system (RCS) flowrate calculation
less than the required technical specification (TS) value. Preliminary
assessment of implemented changes to plant equipment, test data (recent and
historical), and core parameters provided high confidence that the RCS
flowrate had not actually degraded. However, power escalation was temporarily
suspended pending confirmation of the condition and cause. Status of this
issue was communicated to the serior resident inspector, and ongoing
communication continued throughout the issue investigation and resolution
process. To ensure that no safety concerns existed during resolution of the
issue, TVA requested Westinghouse Electric Corporation to evaluate the worst
case scenario of an actual reduction in RCS flowrate. The resultant
justification for continued operation verified acceptability of operation at
100 percent power, and a copy is enclosed for reference.

As a result of numerous changes, which had been implemented to both primary
and secondary equipment, an in-depth investigation was initiated to determine
the cause of the anomalous indications. After extensive compilation and
evaluation of data, TVA concluded that RCS flowrate was in fact greater than
the TS value and that the earlier calculated low value had resulted from
errors in indicated RCS hot leg temperature (Ty). The following summarizes
the basis for this determination,

RCS flowrate, Mpcs, is normally calculated (inferred) from the following
equation:
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The primary enthalpy change is derived from measured core delta T, i.e., Ty
minus ccld leg temperature. A secondary plant calorimetric is performed to
establish the right side of the equation, RCS hot and cold leg temperatures
are measured, and the Macs is then calculated.

As previously mentioned, a variety of plant changes had been implemented
during the Cycle &4 refueling outage, a number of which were considered to have
potential for impacting the rrimary or secondary data. Feedwater venturi's
were cleaned, tested, and new calibration curves were provided; Eagle 21
protection sets were installed; RCS narrow range resistance temperature
detector (RTD) bypass manifold elimination was implemented, replacing the
previous manifold with thermowells and fast actiig RTDs; Vantage 5H fuel was
loaded to enhance fuel economy and reliability. Other key modifications such
as upper head injection removal and boron injection tank deactivation were not
considered to affect calorimetric data.

The following actions were taken to verify secondary plant data validity. A
precisinn feedwater calorimetric was performed and verified with results
utilizing condensate flows; calculated secondary plant power was verified
consistent with both electrical output and turbine impulse pressure; the
feedwater venturi calibration was checked and transmitter output verified to
be consistent with raw differential pressure data; power output and data was
reviewed against previous cycle data for consistency. In evaluation of
primary side data, Ty RTD leads were lifted upstream of Eagle 21 processing
to verify consistent input and output; power distribution was reviewed against
previous cores and incore thermocouple (TC) maps; RCS elbow tap pressure drop
data was reviewed against previous data; core exit TCs were compared to Tyj
and RCS parameters were compared to design data and operating data for plants
of similar configuration.

Completion of these reviews confirmed the validity of secondary plant data and
that errors in core RCS temperature measurement were not being introduced by
Eagle 21 implementation. The review also confirmed that RCS flowrate had not
changed since initial startup as indicated by consistent elbow tap pressure
drop data. The review did determine that RCS delta T had increased from
previous operation values and Ty had increased from expected values as
compared to core exit thermocouple data without apparent cause. Review of the
previous equation shows that this indicated temperature increase thereby
results in a corresponding lower calculated RCS flowrate; in fact, a
significant reduction in calculated flowrate for a small increase in indicated
delta T. Close review of this situation by Westinghouse's thermal hydraulics
specialist confirmed TVA's previous data evaluation results and concluded that
Tw was incicating erroneously high because cf changes in hot leg flow
streaming resulting from indicated changes in core exit temperature
distribution., A similar conditicn had been previously observed at several
other sites, although to a lesser extent., While still under evaluation by
Westinghouse, it is considered to have resulted from depression of the radial
power distribution at the periphi 'y of the core. This type of profile causes
colder water streaming along the bottom of the hot leg pipe. Some of this
colder flow is not included in the average temperature measured by the RTDs,
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resulting in the erroneously high Ty indication. (Ty utilizes RTDs in

three thermowells~scoops 1ocated at O degrees, 120 degrees, and 240 degrees
from the top center of the loop piping.) Review of the SQN Unit 1 radial
power profile substantiates the potential for this phenomenon. A variety of
options are under consideration by Westinghouse to address this situation for
affected plants. In the interim, the impact of higher indicated Ty on
protection and control functions was evaluated and determined not to represent
a safety issu: or to adversely affect SQN analyses.

Discussions were held with the NRC staff on June 13 and 14, 1990, to provide
the statf vith information concerning this issue and respond to any questions
that the staff may have had with regard to the present status or TVA's plans
for increasing power on SQN Unit 1 to 100 percent. During the discussions,
TVA provided a uetailed description of the issue, investigation efforts, and
resolution status, Also included in these discussions was a description of
the effect of operating with an increased indicated Ty on the reactor
protection set setpoints and control circuits that use RCS average temperature
(Tavg) and delta T as inputs. It was concluded that all effects were in the
conservative direction, and no safety concerns would be introduced by high
indication.

’
|8

At the conclusion of the June 14, 1990, telephone call, NRC indicated
agreement with TVA's approach in resolving this issue. The staff found that
power escalation to 100 percent using the secondary side calorimetric program
performed by the plant process computer is acceptable. The staff did,
however, express continued interest in TVA's long-term resolution., It is
recognized that uncorrected, the higher Ty will result in adverse

operational effects, e.g., reduced margin between 100 percent power and
runback/tripg setpoints and depressed actual Tavg and steam pressure
Accordingly, a number of options are being evaluated for both short and
long-term resolution. In the short term, TVA rescaled indicated delta T to
slightly above 100 percent power when actual power is verified by the
secondary side calorimetric, to be at 100 percent. A process has been
implemented to monitor delta T f.1

changes are implemented as the streaming phenomenon is expected to dampen over
core burnup. Rescaling to slightly above 100 percent provides acceptable
margin to runback/trip setpoints while additionally providing margin for
potential decreases in delta T prior to rescaling. Long-term actions being
pursued include development of scaling correction factors

further changes so that appropriate scaling

based on core exit
thermocouples, reprogramming of Tavg control systems, and possible testing to
validate and further define the cobserved streaming phenomenon,
being coordinated with Westinghouse and will be carefully evaluated for full
on safe plant operation. Preliminary results of ongoing
evaluations are expected to be available by mid July. Condition
Quality Report SQP 900286 documents this issue

Actions are
assessment

Adverse to
and will be used to track short
and long term corrective actions. TVA will continue to keep the senior NRC
resident inspector briefed on both related changes in plan

term issue resolution developments
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In summary, TVA has determined both by calculation of RCS flowrate utilizing
RCS elbow taps and by comprehensive review of data that the RCS TS flowrate
has been satisfied. TVA has further determined that RCS Ty is indicating
higher than actual bulk Ty because of fluid streaming, and that this
condition does not compromise safe full power operation. Westinghouse has
reviewed associated data and has concurred '«ith these determinations. A
variety of options are being evaluated bv Westinghouse and TVA for long-term
resolution of associated issues.

If you have any questions concerning this submittal, please telephone
M. A. Cooper at (615) B43-6651,

Very truly yours,

TENNESSEE VALLEY AUTHORITY

Mo &- DV erbg”

Mark O, Medford, Vice President

Nuclear Technology and Licensing

Enclosure

cc (Enclosure):
Ms. S§. C. Black, Project Chie
-1V
U.8. Nuclear Regulatory Commiss!
One White Flint, North
11555 Rockville Pike, MS

~

13H2
Rockville, Maryland 20852

g ”

NRC Resident Inspector
Sequoyah Nuclear Plant

2600 Igou Ferry Road

Soddy Daisy, Tennessee 37379

Mr. B. A. Wilson, Chiet

of TVA Projects
U,S, Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 290(
Atlanta, Georgi 30323
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Tennessee Valley Authority g:no 13, 1990 |

P. 0. Box 2000 fi  TVA Coniract

Soddy Datsy, TN 37379 NN -76!r0A
Tonnessee Vallay Authority

S$egquoyah Nuclear Plant Unit | f
Reduced RCS Flow i
Justification for Continued Operations

- Doar Mr. Trudel:'

1n responso to your request, attached is 8 Justification for continued :
operations of Unit 1 at & reduced RCS flow.  This Justification ghows that o
more rigorous safety evaluation would support & no significant hazards |
consideration pursuant to J0CFR 80.92 criteria.

If you have any comments or Questions, pleuse contact the undersigned. l
Very truly yours, y
WESTINGHOUSE ELECTRIC CORPORATION

Al N Dlasal

B, J. Garry, Manager l
TVA $oquo¥ah Project :
Customer Projects Department

LVT/ee

cct 0. M. Lafever
R. G. Davis
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Tennassee Valley Authority

g;guacyaﬁ Unit 1
uced REY Flow

Justificetion Por Cortinued Operation

SUMMARY

This JustiPieation for ¢ont {nuad ogewati@n of Unit 1, Cyele 8, at &
reduced ¥iew of ;gs,oeeogpn. less 3.8 % Teehnicai $pecivieation
uRcartaintios, and st 160 POMar, shows that 4 more rigorous evalyatien

gouve support & ne significant hazards cohsiderstion pursuant %o 10 CFR

0.02 eriteria, The $elyais Mow value dddrecsed, after Lhe uReaPtainty
adjust@ans, is 356,000 gom,

Thie doeument addrecnss the FSAR Chapters § and 18 accident enalyses,
whieh 1nciude LOCA, Aon-LOCA, STGR, and Containment Integrity,
8§ System COmpOnaRts dastgn trangients. Thisg ?uatifiea%?en

énd, the

18 based
Ron the consideratien that the Sequoyah Unit ¢ 1eoﬂcing 08818 taeludes

u
the ana?yooa/@valuation% parformed to aupgert the Cyele modifications,
Thegs modifications 1aelude VBH Fuel, RTD /Eeg%a/NSLB/HSS/E&N/TTD, (1)
Removal and RWST Boron Concantration Inereass,

JUSTIFICATION
NS8§ System Aad Ssuipment

avaiuoted RCS ceelant flow on
sddressed, A 10w of ¢he therms)
t B% steam
eratures
¢ change from the previeus 8%
Thus, ¢the ori 1nal analyses

uenced by rimary 35S paramaters
octed dy the assumad f?ow condition,

Par the secondary dide of the stean generator, the stoss pressurg and

temperature a7ge ghew vary 11ttla ¢hange for the reduccd flow condition,

and thus ths gonciusions of the structura) énalyges weuld be expected o
romaln unaffected, ¢ for the \-

Bend tube fatigus avaluation, .
the analysis was baged OR & conservative set of operating eonditions which

envelops the $equoyeh eperating conditions by & Targe mavrgin,
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Bvem with o small reduction 1n steen PPEESUPE ang Lomperature ae indicatad
By the thermg) éasi?abg:reaetnrs tomputations, tha current U.bend fatique

analysie would ot nd the steam conditions coincidant with the
S8sumed reduetion in primery systom fow,

LOCA Asetidente

Alteration of the design besis pesctor caolant systam kacs; flow rate doeg
not affeet the following Loss of Coelant Aceident (LOCA) velated analyses:
not Tag switchover o prac)ude boron precipitation, the post-LOCA long
torm core cooling subcriticality, and post-LOCA Tong tarm gore ceoling
mintaum cafaty 1n{ectien flow,  $e6ud ~8tats RCS Plow rates are mot
germéns o thase Yeng term w@guirenen o, Furgher, the emall break LOCA
anelysis performed with the NOTRUMP Gvaluatien Mode) in supoort of
removing upgor head 1n€®cﬁion from service and Cyele & oparatien has
desumed an RCS Mow rate of 388200 gom. Tho smell break LOCA RCS f1ow
rate therafore remains pounding, even at the evaluated Yow flow
gondition. The ebeve LOCA ro1a§ea dccidents are not adversely affectec g
100% powsr by the avaluated Tow Plew eitustion end they are conservative
oF lower powar oporatien. Horgover, & reduetion 1in the a%eady-atate {lew

rates 14 Judgad to heve mo significant effect upon the reactop vessel and
Yoop LOCA b1 owdown foreing funetions,

The Targe brosk LOCA JOCFRB0,46 analysis for $aquoyah 1 has algo baen

eonsidered. Yo suppert ugpar head 1n$oction removal and Cygle 8
Gperation, the large break LOCA Timig

ng case was analyzed using the BASH
Evaluation Model at 16% stoan generator tubg

ing and a RCS ?ow rate
of 362000 gpm. A% the prazent time Lhe ¢ loadad into the cere
for Cycle

hes achigved 112t burnup and pogsesses very 11tt1e deeay
hest velative te the 16A% Powsr bagis of the Terge breek LOCA énalysis,
While the snalygis of the frashly lead

6¢ fual 1s tharefera Ve Py
conservative for the current gituetion, pravieus anglysis of Sequoyah Unit

Cy¢le § has demanstrated that encesburned fus) esgamb){as betn
rainserted 1nto the cord are mors 1imiting 1n calouiated paak ¢ladding
tamparature (PCT) than the fresh aseambl e,

The salculat@g PCT for thase 1miting relonded fuel sesemblies 1s
2013°F; b coneideving the axpected actyal cor

@ peeking factors,
benafietal peductiens 4n both hot asgambly and

peaking and in
init1al fue) peilet temperaturs are dchievad, the reduced
steady-state flew rate wil

X{8ting
analysis result. A g ' " & plant
in 6 %0 sgquo¥an idontified that a 1% decresss 11

flow causes g 173F increase 1n ealeulated PCT for & UNI imperfect mixing
cass,

Although Saquoyah mow Opdrates with U1 removad, the UN] imperfoct mixing
transient 13 simifar eneugh t0 & non<UH! cusg o app)

y this sensitivigy
for JCO purposes, The 388000 gpi flew rate represents a reduction of

1.66% from the 8nalysls value, and ovor & 1imited ran?O 1t 15 Judged to be -
reasencble to extrapeiate the pertinent sonsitivity 1 nearly,
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The a8seaged 1ty 1n PCT therefore 1s 269F, giving & new net PCY

1 aoazgg“303”@»@ Baquoyah Uit 1 Cyele Bgia 3 breek LOCA

ces8, Bince no cradit he {dent{f{ed

boneficial aspacts of %hg Paai-11fe core poaking Psctors, 20419F 1g o
suitably connervetive value for ths a 6 break LOCA BCT 4% Sha evaiueted
flow, and substantial @&rg%n exists ¢o the 2200°F regulatory 1imit, As
eone! udad adove for the othar LOCA.Peiatad acgidents, operetion of
Sequoyeh Unit § with an aceident anelysis bagis 356000 gpa RCS flow rate
during Cycle 8 1o Judged %0 be eccaptable.

Containmont Refated Anaiyees

$hort Term Subcompartment Analyses

The short Lerm subeompartment anpiyais wag performad at 108% power with o
thavmel design fiew of 3@&‘090 GPM, This 15 a 2.8% dosreass 1n RCS fiow,

The analyses would net be aguet@d by this flow change becauss b 2,68
reduction in RCS Flow would have ne significant offes% oR the 1nitial

s{s@mn temg@?azu?@s. 80 the 1nitial system enargy would remein unchanged,
The short Lera mass end enorgy ralesses ogeur for a sael) blewdewn peried
1.6. 1 <3 gee.)., $inco the Initiel system snargy wouid remein the 8&ra,
and energy veleases would vema:n unchenged. Therefore, the paak
caleulated differantia) pressures would ramain unchanged frem the gurrant
Geaign basie subcempartment analyses for a 2, 8% decraase {n RCS flow racs,

Loag Term Conta{nment Analysas
LOCA Containment Integrity Amalysis

The most reesat analysis thet wag performed for lon torm LOCA containment
integrity (CIA) wae for o reductio g foronee 2), (]
analysis wes also perfermad ag 102% powe rual design Plow of

1
aes.g For the Tong tevm degign basis LOCA containment analysis, a
fi 0% 10 an Ineignificent change. Thers would be ne
affaet on tha inteial &verage sysvem temparature, so thers weuld be no
ghange to the initial system stored enargy. The mags and energy raleases
for the Ion? tarm LOCA transignt have four (4% distinct ph

85065 Blowdown,
Ref111, Reflood, ane Post-Ref)ood (Froth). The 1nitia) systom conditiens
affect the blewdown phase, Once the biowdown has been completed, the

init1al RCS conditions do not centrol the Tast three phases of the
transtent, Sines the {nitia) conditions would be the 8ama, the maas and .
§nergy releases from the blowdown phase of the LOCA transient would FOMa1 A
the same as the current design basis analyais, Therefore, the peak
ealculeted sontainment precsura and temperature for the L&c& andlysis

would remain unchanged for the currant desfgn basis anslysis.

Hain §teemiine Brosk (H3LB) Tontainmant Analysis

The ?ong term MSLB containment analysis ylelds containment pressure and
Y

re profiies that are used to evaluite equipment qualification

tempara
? for Bequoyah Units } & 2,

(EQ
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§teantine Break Outside Containment

An analysis for stesamline break eutside containment wae recantly performed
§ part of the fagie-2] gr@gram. The results of thig an

8lysis were used
or €0 purposes A the steem)ine velive Vau1t and the suxiliary building,
SETR Aceident

gga §toam Ganepator Tube Rupture (86??& aecident 18 analyzed at & fiew of

1000 GPH, Therefore, the ecurrent SGTR FSAR snsiysis Bounds oparatien
0t @ flow of $86,600 apH,

NON-LOCA Accidends
OND Considerations

In onder €0 determine the effects of the evalusted flew eondition on the

ONB-related tramsients, the core thermal 1imits end subsoquant AT

- 80tpoint caleulations were exsmined. To accomodate the 2.%% decrosse in
the thermal design flow assumetion ugad 11 the thermal hydraulie design of

the fuel and the non-LOCA s&f@t{ enalyses, sensitivity studies &s we) '

& Sequoyash speeifie evaiuation hava shown that §,9% DNBR aar?in must be

allecoted to offset the Unit | Cycle § evaluated flow conditien.

Allocation of this marain énsures that tha DNB segmonts of the eore
thermal Timits w11 not chango.

Howevar, the vassel exit bofling 11mit segments of the core thermal Tinfts
do change, These eore 1imite are used in the calculation of the
Overtemparaturs and Ovarpowsr AT setpoint equation ceefficients., The
Overtemperature and Ovarpowsr AT getpointy protect sgainst DNB and

fuel centariine melting, reopocz1v01¥. for pressures as low as the Low
Pressurizér Prassure reactor trip. The chang@ 10 the vessel axit boi)ing
sagnents of ¢he eore 1imits impecis the Overtomperature setpoint equat on
such that the ceePPicionts weed 1n the safety analyses do not remain valid
at the lewer flow conditien, However, 17 the safety analysis 1imit for
the Low Pressurizer Prassure resctor Erip 15 {ncreased, then the

Ovartamparature 4T technical spocificatiorn equation as well as the
gafoty analysis equation wil) remain valid,

Sufficiont mergin exists betwssn the current Technieal Speeification
setpoint for the Low Pressuriger Pressurs raactor trip and the safet
énalyeis 11mit gsuch that the vessel exit Bo114n

segments arg ad@qua{a1y
p;otacged and the Tachnical 8pecification $0tpoint does not need to be
changad.

Zho flow condition also results in gortﬂono of the core thermal Vimits not

¢1hg protected by the Overpower se ?oint equation used in the safety
dnelyses. Therefora, the safoty analysis V1imit value for the Ké
goefficient ysed in the Overpowsr AY squation was also reduced,

JICC O YO @AnA I Anc w
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As with the Low Presourizer Pressure raacter trip safaty anelyets setpoint
ghange, this ehange s covered by ex{gting margin (1.0., She magnituda of

this ehanga 16 8mall enough that the Techaies! Specifieation value of Ké
would no% bo Impacted),

Comsﬁderin? the previous discygssion, 1% can ba congluded that the BNB
]

design basie 18 met for the following PSAR Chapter 18 non-LOCA safety
enalyses:

- Uncontrolled RCCA Beak Withdrawsl from & Suberitical Condition
- Uncontro)led RCCA Bank Hithdrawa) 8t Power
CA Hisalignment
Partinl Les2 of Fiow
Startug 6f an Inactive Reacter Coolant Loop
Loss of Externa] Efmctrical Load/Turbine Trip
Exeessive Hest Removal Due to Feedwater Systom Malfunetion
Exeessive Load lnersase ‘
Aceidamte) Deprossurization of the Reactor Coelant Bystem
- Aecidentel Deprassurizetion of the Main Stoem System
- Inadvertant Operation of the Safety Injection System at Powar
- Complate Loss of Forced Reacter Coolant Flow
= §ingle RCCA Withdraws) st Power
- Mein $teamltne Rupturs
o Locked Roter (Rods-1n-DHB)

o Steamline Braak with Cotneident Red Withdrawal at Power

B &8 9 % 8 ®

v ¥ ¥ ¥ e ) 4
bbb A AL RN SRl I1 10 1 D 1} MRS

In addition to the DNB concerns discussed sarifer, the followin
evalua®ions ara presented for thoss 11censing batis eventa which are nat
DNB+r ,a20d or for which ONB 18 not the only safety c»iterion to ba met.

Uncontroiied Red Withdrawa) From & Subcritical Conditien

An uncontrelled rod withdrawsl from suberitical avent results 1n a vapld
uncontrolled additien of resetivity leading to 2 power oxcursion (Section
18.2.) of the FSAR). The nuc)ear péwar rasponse 18 characterizad by a

vary fest rise tevminated by the resctivity feadback of the fue) {Dopp” or

)
temparatura coafficient. The power excursion alse causes heatup of the
moderstor/ceool ant.,

However, sinca the powsr rise i extremely repid end short 1ived and
resetor trip 3uick1y terminatos any sdditiona) power generation, the
thermal lag of the fuel pellat 1imits the moderator temparature rise ¢ a
shall valuo after veactor trip has occurred. Thus, the nuciear power
résponse 16 @ssentially » Punction of the Doppler feadback,

A 2.8% reduetion 1n RCS Flow would regult in a s11ght inerease in the
calculnted moderator tempevature rise.

LAl M Aom OeAA o mw
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However, & s11ghtly higher moderator temperature will result in slightly
more Doppler fesdback dus to hardening of the nautron spectrum, thereby
reducing the powsr excursion from tha CalcuTated in the FSAR.

The FSAR analysis shows that for a PesCtivity insertion rate of

pcm/sec, the hot spot peak fuel dverage and clad vérage temperaturas
are conservatively calculated to be 1818 °F ang 888 F, respectively,
A 2.5% flow reduction wou'd degrade the fue) to coolant heat transfer by
8t most 2.88%, This in turn would result in no more than a 2.6% increase
in the caleulated fue) and ¢lad temperatures when compared to the FSAR.

This would yield hot $pot peak fue! lvoraie and ¢lad average temperatures
which are st111 well balow fue) malt and 1rc-Hzo reaction limits,

Note that in addition to the impact on the fuel/clad temperatures, an
uncontrolled rod withdraws) from subcritica) Will result 1n pressurization
of the RCS due to the primary to secondary power mismatch., However, the
prassurization which regults from this evant 1s bounded by the
Pressurization experienced during the loss of )oad ovent discussed later.

Therefore, a 2.8% reduction 1n RCS fow would not result in the violation
of the fuel/clad temparature or peak RCS pressure criturion for the
control rod withdrawal from subcritical event.

Boron DtYution

The results of the boren dilution analysis would remain unchanged for all
modes of operation due to 4 reduction in reactor coolant fiow. The
maximum dilution f1ow rate, RCS active volumes, and RCS boron
concentrations are not impacted by & 2.8% waduction in RCS flow. Since
thease parameters determine the amount of time availadble to tha operator to

terminate the dilutien ovent, the results presentad in the FSAR wil)
reméin unchanged,

Therefore, a 2.8% reduction 1n RCS fow would not rasult in the vielation
of the licensing basis cri.erfa following & boron dilution event,

Loss of Load

The loss of Toad evant prasented 1n Saction 15.2,7 of the FSAR may result
from either a loss of external electrical load or & turbine trip, The
result of a loss of Joad {8 o rapid decrease in the secondary s1de heat
removal, causing a rapid primary side heatup and pressurization. Four
Ca%e are analyzed, beginning and end=0f-11f9 core physi: ; ¢haracteristics,
With and without pressure control, Of the four cases & \1yzed, one case
(beginning-of-11fe, with pressure contrel) trips on low-low G lavel,
while the remaining three cases trip on high pressurizer pressurs.

on I Smm m- ae- L - -

19—
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A reduction in the RCS fow Wil result 1n o more rxgid primary side
hoatug and pressurization than that showr 1n the FSAR. However, the

offoct will be minor. For those cases which trip on high pressurizer
?roccuro. the time t0 trip will be $11ght1y reduced which will result in
Olf tota) energy input to the RCS, For the case which tripped on low-)ow
0 level, the reduction in RCS flow would not be expected to change the
time at which the Tow-low §G Tovel setpoint i reached. In a)) four cages
there 1s substantia) nargin to the pr1nary/:ocondary side pressure 1{nits
85 well ag significant nrgin to the minimum DNBR.

An additiona) eoncern during the loss of load event 18 ensuring that the
groacur!zor will not 111 as Pressurization of the RCS results {n an
nsuUrge into the grooaurizor. An RCS flow reduction 1eading to a mors
rapid pressurization My result 1n a greater Pressurizer insurge.
Howaver, as shown in the FSAR there s approximatcl* 400 cubic feet (« 22%
of total pressurizer volume) of margin to £111{ng, !
than sufficient margin to pressurizer fi'Ting to accommodate & 2.0% RS

flow reduction. It s worth noting, that for the 3 cases which trip on
nlgh groccurizer pressure, a more rapid trip may actually reduce the surge
into the pressurizer $ince thare 1s less energy 1nput to the RCS.

Thus, a 2.8% reduct{en in RCS flow would not result in the violation ¢f
the 11eon-1ng basis eriteria following a Joss of Toad ovent,

Loss of Normal Fesdwater/Loss of AC Powar to the §tation Auxtliaries

The Yoss of normal feadwater tnalysis in Section 15.2.8 of the FSAR
pracents the consequences of 4 complete loss of noruwal feadvater flow
$imulteneous to a1l four stoam generators, The oss of AC power event {s
$imilar except that the loss of ¢ffsite power a1s0 results in 211 four
reactor ¢oolant guups fRCPo) coasting down. Tnese transients are analyzed
to demonstrate that neither the primiry or secondary sides are

overpressurizad, that the core s not adversely affected, and the
pressurizer does net 117,

Following the 1oes of nerma) fesdwater, the reactor continues to operate 4

until, due to the rapid 1088 ¢f steam genarator inventory and the

continued heat trangfer 10 the secondary side 1t 1s tripped on a Tow-1ow

steam generator leve) sf nel. It 1s an 1c1p|{od that & 2.8% reduction {n
flow would have 11tt1e or no impast on the time of trip on low-low |

stoam generator Yovel. The effect of raduc1n$ the RCS flow would be a-

increase n the heatup of the RCS during she Tnfta) phase of the

transient. The inereased heatup results in 8 decrease 1n the coolant

density which in turn would fncrease the pressur{zer insurge during this

heatup, Howevar, gonsidarable margin eaxists to f1111n? the pressurizer

during this fnitie) porticm of the transient so that f 1ing would not

aceur,
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Ouring the Yong-term portion of the transiont, the peak RCS temperatura
(and resultent peak pressurizer water vo'iume) 15 reached when t ¢ haat,
removal capability of the auxilfary feodwater system matches the core
decay heat generation. 1f the assumed RLS ow reduction 18 due to h'gher
than anticipated Toop flow resistances, the natura) ¢irculation flow i)l
be reduced by an amount proportional to the 2,6% thermsl design fow
reduction, This s11ght reduction in NASUral efrculation fiow at the posk
RCS temparature ¢ondition would not significantly impair the heat transfor
dcross the steam generator tubes, thus, resulting 1n a similar hot Teog
temperature and peak pressurizer water veolume,

Therefore, a 2.5% reduction in RCS flow would net result In the violation
oOf tha 1icensing basts criterfa following a Toss of norma! fesdwater cr

088 of AC powsr event. The same discusaion and conelusions tp¥1y to the
a;t-powor 088 of norma) feedwater analyses completed for the rip Time

ay.

Rupture of a Main Peedwater Line

The analysts 1n Section 15.4.2.2 of the FSAR presents the consequences of
& doublo-ondcd-ru:turo ¢f & main feediina at fu1) power, Initially, the
RCS 18 cooled as the faulted steam generator blows down removing heat from
the corros:onding RCS oop. However, after the faulted steam generator
empties, the reduction in saccndar{ 510 inventory resuits 1n nadequate
hedt removal from the primary which in tuen, increases primary system
temoeratures and pressurizes the RCS.  Two cases are examined' with ani
without offsite Routr available. The ¢ase with offsite power 15 more

e ope

Timiting since t rating RCPs {ncreass the energy addition into thy
primary system,

The FSAR analysis demonstrates that sufficient auxiitary feedwater AFW)
Is available %0 prevent overpressurization of the primary and secondary
Systems and 10 ensure that the core remaing intact and in a coolable

goometr + This Yatter criteria 1s assured by showing that bulk bo1l1ng
0es not occur 1n the RCS hot Teg prior to AFW turnaroun ‘

A 2.5% reduction in the RCS flow would result in a s1ightly more rogid
heatup of the RCS following the initia) steam generator blowdown. The
lower RCS fow would also result in a slightly higher hot leg
temperature. However, the FSAR analysis shows that there 1s consideraile
margin (3 25%) to hot leg saturation throughout the transfent. A 2,84
flow reduction would not a1gn191cant1{ degrade the hest transfer agros:
the steam generator tubes; thus, the ong term RCS heatup calculated in
the FSAR will not be significantly {mpacted. Therefore, any increase ‘n
the hot 10? outlet temperatures due to 8 2.5% flow reduction 1s expactud
10 be negligible with respect to the avatlable margin,

~rm L
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Furthermore, the PRAR analys(s gemonatrates thet there s o algnifieant
smount of marQin to sverprassurization of the primary and secendary

a{atmen. AR.6% RES Mew reduction ehould heve ne {fpact on ebi) ity of
the secondary eide 3a?@tg valves to reliave the pressure trensiont., 9a
the primary side, the PORVE were conservatively medeled to minimize tre
margin to het 1@? boi?ing. The una1§@13 8hhws that the PORV cageci%y is
more than sufficient g8 1imit the RCS pregaure transisnt, A 2.3% 0w

reduction would met eompromise this ability. Thus, nefther the primgry or
Socendery systems would overpressurize.

Therafors, & £.5% reduction fn RCS flow wily not PRBU'L IR the

vielatien |
of the Ticensing basis eriteria foilowing a feedline brask oveat, The
8ac¥ discusaion and conelusions apply to the part-pewsr feadl ing bregc

analyses complated feor the Trip Time Delay.
Losked Rotor

|
I

ection 18.4.4 of the PSAR preésents the resulte gg an {rstantansous
6eizure of an RCP roter st ¢ul' goweP With four RCPs op@ra%$n?. Following
the selzure of a petor, flow in the affected Yoop rapidly foils and 8he
RIS temperature rises, Resctor trip {s promgeiy inikiated on o Yeu 100?
flow signa), fnslyseg ere done to predict ¢ 6 pogk RCS pressure as wa)

&8 the maximum mata<to-watar reaction and peak ¢lad tempsrature, ,

8ince the Tow Mow seggeia% s o fraction of 1nitial Toop flow, a 2.5
reduction 1n the RES Mew will not impact, the time of trip, and thus, the
Auglaar power and hest #)ux transiants are unchanged. Howavar, the 1ower
flow will vesult in ¢ fghtly higher tystem grassures than those
¢aleulated in the FEAR. The gak RUS pressure has been ca)ewlated te ba
8603 psia. Thie value 18 wol below the pressure et which the vessel

otrass Timits are eneesced. A 2.8% low reduction weuld not significently
Peduce the aveiiable mergin, .

The peak ¢lad temperature aaalys1s parformed for the locked roter evert
coleulates a value of 2026 OF. his analysis congarvatively assumss

thet DNB occura upon the initiation of the event. This assumpt ion
maximizas the esisuleted PET and minimizes the 1mEact 6f a ?Mow reduction
since fusl-t_-cosient nes® transfer is a1roadg sy stagtially degreded,
The caleulated PET of 8026 °F 12 wel1 beiow the €700 °F 1imit, and

Shows that & »11ght {neresse 1n the tem drature due to o 2,8% RES iow
reduction can ba accommodated. Thug, t stg@k ¢

Tad temperature during @
locked rotor svent wil) not exceed 2700 ue (0 a 2.5% reduction {n
the RCS flow. Therefore, & 2.5% reduction in RES fow wi

11 not result 1n.
the :|o1at1on of the 1icensing basis criteria following a locked roger
dvant,
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Rupture of a Control Rod Drive Mechanisn Housing (RCCA Efection)

The RCCA ejecticn analysis 13 andlyzed at four conditions: beginning and
nd-of-11fe core physics characteristics, at hot gero power and full power
800 Soction 18.4.6 of the PSAR%. The ana) '10 domonstrates that gross
ue) damage will not occur, that the core w | rematn 1n & coolable

'OOMO!PJ. and that the RCS will reméin intaet. In order to demonstrate
hat h::o.cr1t Fi8 4re met Westinghouse applies the following, more

v

restri¢ v eriteria:
1) T ov*r 0 fue! :.11'1 enthalpy at tha hot spot 1s Yess than
200 ¢t {i’ (360 Btu/1bm).
2) Fue) t} the hgt 80t 18 1imited to Yess than the {nnermost
108 o uel peliet.

3)  Paak RCS prossure 15 less than that which would cause stresses to
exceod the Faulted Condition Stress Limits.

The rod edection event s charact*ri:ol b{ ¢ repid power excursion
terninated by Doppler feedback. The rescter 4s tripeod on high nreutren
flux (Tow setting for the zero power Cases, high setting for the ful)
powsr cases). A reduction in RCS f)ow wtli result 1n a reduction in the
fusl roc-to-coolant h{it transfor. This may result fn an increase 1n the

calculated fuel and ¢1ad temporatures 0 wel) as the fue) stored onergy
during an RCCA ejection.

As_shown 1n the PSAR, the ful! Rouor cl:to rosult 1n the highest fue)
poliet temperatures and agproac critoria 1 and 2 with the Teast amoun. of
margin, Exsmination of these cases revesls that, due to the rapid power
end fuel temperature rise coupled with the therm! 1ag 1n the fusl pellet
1tsalf, the time at which the maximum pellet onthulgy and fuel melt are
Calculated to oceur 1s before an* significant amount of heat has reachad
the coolant, Thus, & reduction in the fuel-to«coolant ho,% transfor due
to 8 2.5% flow reduction should not impact the maximum pellet onthalpy and
fuel melt caleulated in the FSAR. However, 1t may be noved that, should
the time at which the peak fuel temperatures occur increase, it *o

Oxpected that sufficient margin s availadle to accommodute o 2.8% Now
reduction,

The analysis of the ‘:ak pressure transient for the RCCA ejection event 1s
giscussed In WCAP-7888, Rev, 1. A recuction in RCS flow coyld increass

the pr!nar{ s{de pressurizetion b{ reducing the primary-to-secondary side
o ¢ '

heat transfer, However, due to t rapid nature of this event 1t is
anticipated that any secondary side heat removal will Tag well behind the
heat addition to the primary side. Thus, 1t 13 Judged that a 2.5% flovw
reduction will htvg & minimal {mpact on the primary side peak pressure.
However, (i WCAP-7868, severai cases &rs presented which calculate the
peak RCE pressure. .
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The most detatled of these cases ¢alculates a poak {Ftttur130r pressure o*

2600 pefa. This 19 more than sufficient nargin to hxcfoultod Conditicn
Stress Limits to accommodate & 2.5% reduction in the RCS fow,

Therefore, & B.8% reduction 1n RCS fow weuld not result fn the vielatien
of the 11censing basts criteria following o RCCA ejection event,

Steam!ine Brask Mass\Energy Relesss Inside Contafnment

Generic sensitivity studies htvz shown thit four major fastors 1nflvsnce
the releass of mass and energy o1lowing & steamline break:

1, :::ln‘!onorator inventor

¢, tection system oparation

3. State of the oooondtr‘.f1uid blowdown
¢, Primery to secondary heat transfer

A 2.6% reduction n RCS flow would not affect the first two factors anc
wouid have an fnsignificant tmpact on the Tast two factors, A decreas: in
RCS flow would tend to reduce the pr!ncr{ to secondary heat transter,
thereby reducing the steam pressure and temparature during norma!
operation. Any reduction in the secondary side temperature and prossure
would tend to minimize the mags and onar?; reloased during & steamine
break event. As & result. a 2.8% reducticn in RCS flow would net

adverinly affect the ster:'‘ve break zaon/onoruy releases provided in
Chapter 8.2.1.3.11 of the Sequoyah FSAR,

Steam)ine Break Mass/Energy Rolease Outsice Containment

In order to address NRC concerns over the effect of augo{houtod steam
rei0ase on the environmenta) qualification of equipmant located outsids
containmert, stoamline bro:k mass/onergy reieases for breaks outsics
cantainment were provided for Sequoysh in WCAP-1058), The impass ¢f &
&.8% reduction 1n RCS flow on these mass/energy releases wei'd be
insignificant for the same ressons as cited In the previous section far
steamline breaks inside containment. The movement of the break Yozaticn

from 1nsfde to outside containment does not fnvaligate any af the
arguments made above,

.
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