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10 INTRODUCTION

This repon presents tha resuits of anaiyses performed by Siemens Nuclear Power
Corporation (SNP) for reicad tuel in Grand Guif Unit 1 Cy~'e 6 for operation within the Maximum
Extended Operating Domain (MEQD). In Cycle 1 (Reference 1) the NS3S vendor performed
extensive transient analyses for Grand Gulf Unit 1 in conjunction with the extension of the
powet/flow operating map to the MEOD. These analyses established conservative operating
limits for MEQD cperation. The initial reicad of SNP fuel in Grand Guif Unit 1 gccurred in Cycle 2
In support of the initial reload of SNP fuel, extensive aaditional transient analyses were performed
by SNP to justify the NSSS vendor operating limits and. where necessary, provide appropriate
limits for SNP fuel using SNP methcdologies (Reference 2).

Cycle 6 for Grand Guif Unit 1 will include the second reload of SNP Sx9-5 fuel
(Reterence 15). The nominal cycie energy is 1748 GWd and the cycle iength remains 18 months
The NRC approved methods emnployes for the Cycle 6 analysis include the
CASMQC-3G/MICROBURN-B codes (Reference 7), COTRANSA2 system analysis methods
(Reference 5), safety limit methodcology (Referance 9), and the use of the ANFB Critical Power
Correlation (Reference 14) in XCOBRA and XCOBRA-T. The Cycie 6 transient analysis consists
of recaiculation of the limiting transients at state points having the least margin to operating limits
to confirm that the effects of the Cycle 6§ changes ©n transient results are small relative to
available margin and/or establish appropriate limits, Reanalysis of the imiting transients for
Cycle 6 assures that the less limiting transients which were previously addressed will continue
to be protected by the established operating limils for Cycle 6. The power/flow conditions
analyzed in Cycle 8 are presented in Figure 1.1 Analyses were performed at EOC-30 EFPD. at
EQC. and at EOC +30 EFPD (Etfective Full Power Days).
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SUMMARY

The results the Grang Guit 4 e £ ansiont analy $ SUPPON apt 4
hermal limits for the Grand Gulf ¢ Jding the ANF-1.5 9x9-5 reload NP the
have provided for MCPR_ that are based ¢ Rod Withdraw W
analyses and analyses for Load Reiect No Bypass (LBRN3) and Feedwat " 3
FWCF) transients. Additionally, MCPR, limits and LHGRFAC, values (Reference 12) have ¢
astablished for only the “loop manual” mode of operatio The single ioop mode of opera

L valuateg in Appendix A

The 8x8 MAPLHGR (Reference 16) and a8 MAPLHGR Iimit for 9x9-¢ @l salsty thq
aquirements specified by 10CFRS0.46 of the U S ¢ The 8xB a
3x9-5 LHGR limits will be pro d at off-rated condntions by applying LMGRFAC, and LMGRFAC
multipliers on the Technical Specification LHGR Iimits

Table 2.1 summarizes the transient analyses resuilts apolicable to Grang C Jnit
-ycle 8. Th esults, together with the Grand Gulf Unit 1 Cycle 6 caiculated safety M -

6. support use of a 1.20 MCPH operating limit (at rated conditions) for Cycle 8 ope
et n BOC and imit (at rated conditions) from EQC-30 EFPL
1o EQC+30 EFPC presents the MCPR_ limit as a functior

Ore average exposure @ Caiculated safety limit of 1.06 inciudes the assessment of the

w

channel bow impact using appropriate SNP methods (Reference

ne planmt transient an  safety imit analyses rasulls reponed herein astablish the power

As ™~ ”~ (-l 2 - ~ o5 ™ o N et Talel-
t Minimum Critical Power Ratio (MCPR_) limits he power uepende
Namarst s B P— Racrart . e bon g - - R A -~ -~ -
AQeneralgn ractor (LRGHrFAL ) 1S presented 10r Cycle € operation 10 ang $x9-5
- - - -~ e 4 4 AN
values, and the corresponding results oNP's
< 2
The flow dependent Minimum Critical Power Ratio (MCPR,) limit and the results of SNF
ares ™ TR - y ™S s - anr bd - -~ > andim E ‘
aNaiysis are presentegd igure 2.4 Ow gependgent Linea eal Leneral ~ale 3
LHGREA s presented in Figure 25 These flow dependent LMGRFAC, va and MCP¥
o ’ 1
A # I v
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litits have been established for Cycie 6 to support the “oop manua. mode of oparation. These
curves are based on conservative maximum core flow rates. Table 2 2 shows the coordinates
4sed to construct Figures 2.1 through 2 5.

The impiementation of the MCPR operating limit requires that the most restrictive
operating limit be chosen from among the thres MCPR curves based on exposure flow. and
power. Thus, the greater value of MCPR as given by MCPR,, MCPR, or MCPR_ is selected as
the operating limit in accordance with the state point of operation (Figures 2.1, 22 and 2 4)

The results of previous analvses ‘or the maximum system pressurization event are
presented in References 2, 22, 24, ard 25. The results show that the Grand Guif Unit 1 safety
valves have sufficient capacity and performance to protect the ASME Boiler and Pressure Vesse!
Code, Section lli. Class |, maximum vesse! pressur transient limit of 1378 psig during Cycle &

The tuel related Technicai Specification limiis for Cycle 6 operation are included in the
reload analysis report (Reference 3)
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TABLE 2.1 RESULTS OF ANALYSES
THERMAL LIMITS
Transient Qelta-CPR
Loss of Feeawater Heating (all conditions) 08
Control Rod Withdrawa! Error (Reference 4)
100% power .10
70% power (1 foot ganged rod withdrawals) 018
70% power (2 foot ganged rod withdrawais) 034
20% power 048
F r lier Fai CPR
(Umiting Fuel Type)
% Fower/% Core Fiow EQC-30 EFPD EOC EOC+30EFPD
104.2/108" 0.13 018 0186
40/1082 0.36 037

104.2% power/108% core fiow is used for the Reload Ucensing Analysis (RLA) conditions
1o Conservatively bound 100% power/105% core flow.
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TABLE 21 RESULTS OF ANALYSES (CONTINUED)
Load Rejection Without Bypass Detta-CPR
(LUmiting Fusl Type)
% Power/% Core Flow £QC-30 EFFD £0C =30 EFP
104.2/108" 014 018 0.18
40/108 016 017
40108 022 e 074
25735 079 - 0.76
25/40 0.60 —— 0.59

104 2% power/108% core flow is ured for the Reload Licensing Anaiysis (RLA, conditions
1o conservatively bound 100% power/105% core flow.

Direct scram on turbine trip disabled
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TABLE 22 QPERATING LIMIT COORDINATES

GHAND GULF UNIT 1 Cycle 6
MCPR(e) Limits
(Fuguf. 2.1)
Core Average Exposure
SWa/MTY MCPR(g)
13.385 (BOC) 1.20
25012 (EDC-30 EFPD) 1.20
25012 128
25831 (EQC) 125
26.650 (EQC+30 EFPD) 1.28
MCPR(p] Lumits
(Figure 2.2)
Percent of Rated
Sore Power MCPR(p)
100 1.20
70 124
70 141
40 i 49.
40 1 '850'
40 210,
25 205
25 220

Core flow s 50%.

Core flon > 50%

R e e S e R
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Grand Guif Unit 1 Cycle 6 These analyses show less restrictive results of iittie change from the
Cycle 5 analyses due to Cycle 6 changes, thus justifying that the less imiting transients not
aralyzed for O 2 8 will continue 10 be protected The pump seizure event was analyzed for
single-loop operation tor Cycle 6, the results are presented in Appendix A

321 QResign Basis

The LANB and FWCF transients have been aetermined 1o be most imiting at end of full
power capability when control rods are fully withdrawn from the core Between BOC ang ECC 30
EFPD, the CAWE transient is most limiting  From nominal EOC-30 EFPD to EOC + 30 EFPD the
LRNB and FWCF transients are limiting. The delta-CPR caiculated for EOC-30 EFPD EQC ang
EOQOC+30 EFPD is conservative for cases where control rods are partially inserted The ardlys:s
tor Grand Guif Unit 1 with MECD was performed using conservative analytical limits for trips and
setpoints.  Events initiated at core powers below 40% rated were analyzed with the direct scram
gue 10 turbine control and stop valve 'as! closure disallowed, and with the recircuiation pump
high to low speed transter disabled. Recirculation pump trp on high dome pressure was
enabled for events intiated at core powers below 40% rated

322 Anticipated Transients
SNP's transient methodology report for jet pump BWRs (Reference 19) considered eight

categories of anticipated transients. The most limiting transients were evaluated at various
power/flow points within MEOD to verity the power dependent thermal margin for Grand Gulf
Unit 1 Cycle 8. The limiting transients analyzed for Grand Gulf Unit 1 Cycle 6 were

. Loss of Feedwate Heating
. Load Rejection No Bypass
. Feedwater Controller Failure No Bypass

Other transients are inherently non-imiting or bounded by one of the above as shown in the
NSSS vendor MEOD analyses for Cycle 1 and tha SNP Grand Gulf Unit 1 Cycle 2 analyses
Control rod withdrawal error 1s an exception in that it has been analyzed generically
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3221 F MHeaun
Analysis of the 0=s Of feedwater heating event was performed 10 reflect reactor cperation

over the MEQD operating power versus fiow map and conditions anticipaled durng actual Grand
Gulf reactor operation.

Calculations performed for Cycles 1 thr 2uyn S a0 = . r Jonservative reducuon of 100°F
in the feeawater temperature Results for C,~iss 7 ‘Free n 5 are piovided in Table 31 of
Reference 22. Tabia 3.1 provides the conditions 1%r i, cases analyzed in Cycle 6 ir ‘erms of
cycle exposure, core power, and core ficy. The it u and final MCPR values are presented for
each case

Analysis of the data from previous Cy cles revealed a strong correlat.on between the initial
and final MCPR A leas! squares fit of these data resulted in a linear relationship such that

MCPR(initial) = -0 04974 + 11021 * MCPR(final)

In order to conservatively bound all of the calculated data, the largest ceviation between the
talculated and fitted results were applied to the least squares fit such that the LFWH MCPR
operating limit is defined by:

OLMCPR(LFWH) = -0.02386 + 1 1021 * SLMCPR

This bounding relationship and the Cycle 6 data are presented in Figure 31 Substituting the
SLMCPR of 1.06, the MCPR operating limit for tha LFWH event for all operating conditions
analyzed is 115

J22z2 Lead Rejection No Bvpass
The Load Rejection No Bypass (LRNB) event is the most limiting of the ciass of transients

characterized by rapid vessel pressurization for Crand Gult Unit 1. The load rejection causes a
tast closure of the turbine control vaives. The resulting compression wave travels through the
steam lines into the vessel and creates the rapid pressurization condition A reactor scram and
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a recirculaton pump transfer from high 1o low speed are intiated by fast closure of the control
vaives Condenser bypass flow which can mitigate the pressurization effect is not cregined The
excursion of the core power due 10 voId collapse s Primarily terminated by reactor scram ang
vOIg growth due 10 the recirculation PUME Nigh 10 low speed trarister

Fiaures 32 33 and 3.4 present the rasponise of various reactor ana plant parameters
10 1he | "INB event .utiated at the Reloaa Licensing Analysis condition (104.2% power/108% rore
flow) The MCPR Soerating limit of 1 20 is dounding for all exposures upto EOC-30 EFPD Tre
MCPR operating limit of 1 28 g Bounding for ail exposures betwewn EOC-30 and EOC+30 EFpD
conditions. Table 2.1 lists the deita-CPRs for this transient at the power/flow conditions and
exposure conditions considered

1223 Eeedwater Controller Failyre

The failure of the feedwater controller to maximum demand (FWCF) 18 the most imiting
of the vessel inventory increase transients Failure of the ‘eedwater control system 10 maxirmum
demand would result in an Increase in the coolant level in the reactor vessel Increased
feeawater flow resuits in lower temperatures at the core iniet, which in turn cause an iIncrease n
core power level If the feedwater flow stabilizes at the increased value the core power will
stabilize at a new, higher value |f the flow increase continues. the water level in the downcomer
will eventua iy reach the high level setpoint, at which time the turbine stop vaive is cicsed to

level trip aiso initiates reactor scram, and subsequent turbine trip ieads to recirculation pump high

10 low speed transfer The Core power excursion is terminated Oy the same mechanisms that
end the LRNB transient.

Figures 35 36 and 37 present the response of varicus reactor ang plant parameters
10 the FWCF without Dypass event initiated at the Reload Licensed Analysis condition (104 2%
POwer/108% core flow). The deita-CPR for this event Was caicuiated to be 0.15 at EOC. This
delta-CPR is bounaed Dy the LANB delta-CPR. At EOC-30 and EOC +30 EFPD the delta-CPR
for this event is also bounded by the LARNB The cases of FWCF with bypass and with feedwater
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heaters out of sewvice (100 °F) were analyzed in previous cycles and shown 10 be bounded by
FWCF without bypass case

224 control Rod Withdrawal Error

Reference 4 documents .. 's generic CRWE analysis for Grand Guif Unit 1 operation
within the MECD. The applicability of these analyses was confirmed by performing CRWE
analyses with MICROBURN-B using SNP's ANFB critical power correlation Based on
Reference 4 operating conaitions and analytical procedures, one and two oot CRWE events
were simulated. Designs using 9x9-5 fuel were also analyzed (Reference 22) The results of
these analyses were statistically combined to produce a 95/85 upper imit for varous power
levels. This upper limit is bounded by the generic analysis results Figure 2.2 shows the
operating limit curve tor protecting the Cycle 6 fuel under CRWE conditions based on SNP's
generic CRWE analysis and the Cycle § MCPR safety limit of 1 08

32258 Power-Dependent LHGR Limit

Transient analyses have been performed to define appropriate multipliers on the ‘ue!l
design Iimit LHGR for pant power operation. The purpose of these multipliers is 10 protect fuel
from failure due 1o centerline melt and exceeding tre 1% plastic strain mechanical performance
design criteria during off-rated condition transient events. Analyses were performed for the Load
Rejection No Bypass (LRNB) and Feedwater Coriroller Failure (FWCF) pressurization event
transients and the Control Rod Withdrawal Error event which is a localized event. Analyses
performed for Cycle 2 showed the LRNB and FWCF transients to be limiting relative to MCFR ang
LHGR increases. CRWE analyses performed at various off-rated conditions on the power/flow
map gave results which were less restrictive than for the LRNB and FWCF events. The LRNB ang
FWCF transients were evaluated for Cycle 6 considering a variety of exposure and operatng
condgitions. The resuits of these analyses are provided in Figure 2.3 and demonstrate adequate
margin to the operating limit. Separate limits are established for SNP 8x8 and 9x9-5 fuel types
based upon the appropriate transient LHGR limit for each fuel type
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33 Fi [ |

The flow excursion ransient i analyzed 1o determine the fiow dependent thermal imits
and vaives (MCPR, and LHGRFAC, This transient is analyzed by assuming a failure of the
recirculation flow control system such ‘hat the recirculation fiow increases siowly 10 the physical
maximum attainable by the equipment. The mode of operation analyzed for Grand Gull Unit
Cycle 8 i3 “oop manual® only  This mode of operation corresponds 1o a single recirculation locp
flow excursicn event.

The results of the flow excursion transient analyses were used 10 estabish new flow
dependent thermal limits of MCPR, For these analyses the change in critical power along the
flow ascension path was caiculated with XCOBRA (Reference 18) Peaking factors were selected
such that the bundie with the least margin would reach the safety imit MCPR of 1 08 at the
maximum achievabie flow. Figure 2.4 presents the MCPR, limit for maximum achievable core
flow. conservatively assuming that the recirculation system equipment is capable of 110% of
rated fiow on the limiting rod ine  For fiow rates less than 30% rated flow. the recirculation
system operates al low speed restricting the maximum possible flow Because of this resiriclion
the MCPR, curve conservatively remains fixed between 20% flow and 30% flow

The Cycle 6 LMGRFAC, analysis was performed with the CASMO-3G/MICROBURN-8
neutroric codes assuming a single pump runup flow excursion. The analysis assumes that the
recirculation flow increases siowly along the limiting rod line (Reference 2) with a maximum core
flow capacity of 110% of rated. A series of flow excursion ana'yses were performed starting from
ditterent initial power/flow-conditions. Variations in the cycle exposure and control rod paterns
were also considered. The finai conditions are conservatively determined based on the maximum
attainable core flow rate. Xenon is conservatively assumea 10 remain constant during the event
The operating limits were establishad to bound the limiting results and are shown in Figure 2.5
Separate limits are established for CNP 8x8 and 9x8-5 fuel types based upen the appropriate
rransient LMGR limit for each fuel type Because of restrictions in flow rates attainable for
operation with core flows less than 30% of rated, the LM _P.-AC, conservatively remains constant
for core flow rates between 20% and 30%.
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34 Satety Lumit

The safety imit MCPR is defined as the minimum value of the criticai power ratio at which
the ‘uel Couid be operated, with the expected number of rods in DoIling transition not exceeainy
0 1% of the fuel rods in the core. The salety limit is the minimum critical power ratio which would
be permitted 10 occur during the limiting anticipated operational occurrence The safety '~ut
MCPR for ail fuel types in Grand Gulf Unit 1 Cycle 6 operation was caiculated 1¢ be 1 06 using
the methodology presented in References 9 and 11 The determination of the safety 'imit
explicitly includes the effects of channel bow and relies on the following assumptions

1 Cycie 8 will not contain channels used tor more than one fuel bundle
lifetime
2 The channel exposure at discherge will not exceed 40000 MWa/MTU

based on the fuel bundle average exposure
The Cycle 6 core will contain GE and Cartech supplied channels
B The limiting moc'uie contains a conservative exposure configuration

The input parameter values for uncertainties usad in the safety imit MCPR analysis are
unchanged from the Cycle 2 analysis presented in Reference 2 except for the uncertainties
associated with the ANFB correlation. its implen antation in the safety limit evaluation cha ‘el
bow, and the uncertainties appropriate for CASMO/MICROBURN analysis. The limiting local
power distribution used 1o determine the safety limit MCFR is shown in Figure 38 The effects
of channel bow were modeled in the safety limit evaluation

35 Summary of Resylts

The results of the Grand Gulf Unit 1 Cycle 6 thermal limits analysis show a Cycle 6 safety
limit MCPR of 1.06 ang a MCPR operating limit of 1.20 at ratea conditions for exposures below
EOQC-30 EFPD. A MCPR operating limit of 1.25 at rated conditions is shown from EOC-30 to
EQC+ 30 EFPD. These exposure dependent limits are shown in Figure 2.1. The MCPR operating
limit considers the effects of exposure (MCPR)), flow (MCPR,), and power (MCPR) The
operating limit of interest is the larger of the three values for a given reactor operating condition
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351 Power Dependent Thermal L nits and vValues

The power dependent MCPR limit (MCPED) protects agains. exceeding the safety imat

MCPR during anticipated operational occurrences from off-rated congitions. The MCPR_ imat

bounds the sum of the delta-CPR for the limiting event and the caiculated safety imit MCPR

The power dependent LHGRFAC (LKGRFAC o) 18 used 10 protect against both fuel melting
and 1% clad strain during anticipated system transients from off-rated congitions The
conservative LHGR values for protection against tuel failure dunng anticipated operational
occurrences are Jiven in References 10 and 13, The resuits are presented in a fractional form
for application to the LMGR operating limit. The flow dependence of the LHGRFAC  at low power
has been conservatively removed.

The MCPR, limits end LHGRFAC  values for Cycle 6 are shown in Figures 22 and 23
respectively. Results from the Cycle 6 transient analyses and the SNP generic CRWE analyses
establish the MCPR oparating limit for Cycle 6. The Cycle 6 LHGRFAC, vaiues estabiish the
applicable operating 'imits for SNP 8x8 and 9x8-5 fuel

352 Flow Dependent Thermal Limits and Valves

The flow dependent MCPR limit (MCPR,) protects against exceeding the safety imit MCPR
for siow flow excursion events. The results of the MCPR, analysis for Grand Gulf Unit 1 Cycle &
are presented in Figure 2.4. The flow dependent LHGRFAC (LHGRFAC,) protects against both
fuel melting and 1% clad strain. The LMGRFAC, values for SNP 8x8 and 9x9-8 fuel 1o be used
in Cycle 6 are presented in Figure 2.5

353 Exposure Dependent Thermal Lmits

The exposure dependent MCPR limit (MCPR ) protects against exceeding the safety limit
MCPR during the operation of the core. The results of the expasure dependent analysis for
Grand Guif Unit 1 Cycle 6 are presented in Figure 2.1,
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TABLE 3.1 GRAND GULF UNIT 1 CYCLE 6 LFWH DATA SUMMARY
Initial State final State
Cycle Total Core Total Core Core “otal Core Total Core Core
Exposure Power Flow Minimum Power Flow Minimum
' ~Mt)  _(Mlb/he)  _CPR . __ (MMt) ~Mlb/he)  _CPR
0.00 3833 106.88 1.472 4333 106.88 1.38%
1.00 383 102.38 1.460 4332 102.38 1.376
2.00 3833 103.50 1.476 4335 103.50 1.382
3.00 3833 96.75 | 445 4336 5¢.75 1.382
4.00 38313 101.2§ 1.427 4332 101.2% 1.346
5.00 3833 104.63 1.430 4333 104 63 1.342
§.00 3833 99.00 1.397 4324 99.00 1.30]
7.00 3833 100.13 1.386 4328 100.13 1.298
2.00 3833 99.00 1.316 4314 99.00 1.23%
9.00 3813 100.13 1.328 4296 100,13 1.25]
10.00 3833 105.7§ 1.336 4283 106.75 1.268
11.00 3833 105.7§ 1.369 4272 105.75 1.296
12.00 3833 103.50 1.382 4260 103.50 1.314
12.4% 3833 112.50 1.409 4266 112.50 1.338
13.27 3833 112.50 1.423 426] 112.50 1.383
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FIGURE 3.8 GRAND GULF UNIT 1 CYCLE 6 SAFETY LIMIT DESIGN BASIS
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40 MAXIMUM OVERPRESSURIZATION

Maxumum system pressure Nas been calculated for the containment Isolation event (rapid
closure of aih main steam isolation valves) with an adverse scenario as specified in the ASME
Pressure Vesiel Code for Cycles 2 through § (References 2 22 24 and 25) These analyses
demonstrate that the Grard Gulf Unit 1 safety vaives have sutficient capacity ang performance
10 prevent pressurn from reaching the established transient pressure Iimit of 110% of design
pressure (1.1 x 1760 = 1375 psig)

41 Design Bas's

During the transient, the most critical active component (direct scram on MSIV closure)
was assumed to fail. The event was terminated by the high flux scram  Credit was taken for
actuation of only ° 7 of the 20 safety/relief vaives 6 in the relief mode and 7 in the salety moce
The safety valve analysis setpoints for these calculations included a conservative 8% ‘olerance

42  Maximum Pressurization Transients

Scoping analyses described in Reference 19 found the closure of all main steam isolation
valves (MSIVs) without direct scram to be limiting. The MSIV closure was found 10 be imiting
when all transients are evaluated on the same basis (without direct scram) because of the smaller
steam line volume associated with MSIV closure. Though the closure rate of the MSIVs is
substantially siower than turbine stop or control valves, the compressibility of the additional fluid
in the *‘eam lines associated with a turbine isolation causes these faster closures to be less
severe Jnce the containment is isolated. the subsequent core power production must be
abso &d in a smaller volume compared 10 that of a turbine solation resulting in higher vessel
pressures.
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43 Resulls

The maximum vessel pressures al the most imiing power/flow point for ti * previous
Cycles analyses demonsirate that the maxmum vessel Dressure vares over a very narow range
(1271 pseig 10 1288 psig) independent of fuel and core design and that sufficient margin. more
than 75 psid, is available to accommodate the minor changes represented by the Cycle 8 reload
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Ganeric Mechanical Design for Advanced Nuciear Fuels 8x8.5 BWR Reicad Fuel

ANF-88-182(P)A) with Amenament 1 and Supplement 1. Advanced Nuclear Fuels
Corporation. Richland WA November 1990

"ANFB Critical Power Correlation - ANF 1128(P)(A} and Supplements 1 and 2 April 1990

‘Grana Gulf 1 ANF-1 5 Design Repon, Mechanical. Thermal-Mydraulic, and Neutronic

Design for Advanced Nuclear Fuels 9x8-§ Fuel Assemblies " ANF-31.080(P) July 1981
“Grand Guif Unit 1 LOCA Analysis.* XN-NF 86-38, June 1986
Not used.

‘XCOBRA Code Users Manual * AN-NF-CC-43 Revision 1. January 1980

‘Exxon Nuclear Plant Transient Methodology for Boiling Water Reactors * XN-NF-79-71(P)
Revision 2, incluging Suppiements 1 2 & 3(A), Exxon Nuciear Company, Inc
Richland, WA, Novemoer 1981

Not used

Not useo.

‘Grang Guif Unit 1 Cycle 5 Plart Transient Analysis Report* ANF-90-021 Revision 2
Advanced Nuciear Fuels Corporation, Richland, WA August 1980

"Grand Guif Unit 1 Cycle 6 Single Loop Qperation LOCA Analysis Repon " EMF.§1.172
Siemens Nuciear Power Corporation, Richland, WA, August 1691

‘Grand Gulf Unit 1 Cycie 3 Plant Transient Analysis Repon " , Revigion 1,
Advanced Nuciear Fuels Corporation, Richiand, WA. August 1887

‘Grang Guif Unit 1 Cycle 4 Piant Transient Anaiysis Report* ANF.-88-150 Advanced
Nuclear Fuels Corporation. Richiand, WA November 1988
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APPENDIX A SINGLE-LOOP OPERATION

Analyses have been provided Oy the NSSS vendor that demonstrate the salety of plant
operation with a single recirculation loop out of service for an extended period of time These
analyses confirm that during single-loop operation. the plant cannot reach the normal bundle
power levels and nodal power levels that are possible wher Loth recirculation systems are in
operation. The physical intergdependence between core power and recirculation flow rate
inherently limits the core te less than rated power. Because the SNP 9x9-5 fuel was designes
10 be compatible with the co-resident 8x8 fuel in thermal hydraulic. nuclear, ang mechanical
design performance. and because the SNP methodology has given resuits which are consistent
with those of the previous analyses for two-loop operation the analyses performed by the N3SS
supplier for single-ioop operation are aiso applicable 10 single-loop operation with fuel and
analyses provided by SNP

A1 PUMP SEIZURE ACCIDENT

The pump seizure is a postulated accident where the operating recirculation pump
Sudaenly stops rotating. This causes a rapid decrease in core flow. a decrease in the rate at
which heat can be transferred from the fuel rods and a decrease in the critical power ratio
COTRANSAZ and XCOBRA-T are used to calculate the MCPR for SNP fuel during a pump seizure
from single-loop operation.

COTRANSAZ was used to simulate system response 1o a pump seizure in single-loop
Operation at the power flow point of 70.6% rated power and 54 1% rated flow. The operating
recirculation pump rotor was stopped Quickly causing a sudden decrease in the active et pump
drive flow. During the event, the inactive jet pump diftuser flow went from negative flow to
positive fiow. Figures A1, A2, and A 3 show the graphical representation of important system
parameters during the accident.
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Thermal hydraulic analysis using SNP safety imit methodology has shown that the two:
loop M(:F'ﬂk,D limit provides the required prolection below 70% of rated core power such that any
postulated fuel failures would not result In exceeding 8 small fraction (<10%) of the 10CFR100
requirements

A2 MCPR SAFETY LUMIT

For single icop operation, SNP has determined that a safety imit of 1 07 provices
sufficient protection 10 account for increased TIP uncertainties and increased flow measurement
Jncertainties associated with single-loop vperation. S, 2 has evaluated the ~ztucts of these
uncertainties using SNP safety iimit methodology and determined that augmenting the *.«o-l00p
safety imit MCPR by 001 is appropriate for SNP fuel during single-loop operation for Cycle &

A3 FLOW DEPENDENT AND POCWER DEPENDENT THERMAL LIMITS

it is apprcpriate 10 use the reduced flow anc power two-l0op operating MCPR and
LHGRFAC limits for single-loop operations. The reduced flow MCPR limit is 10 protect against
boiling transition during ffaw excursions ¢ maximum flow The reduced flow LHGRFAC is based
on the heat flux increase associated with an excursion 1o maxmum flow The fiow dependent
limits are bounding for single-loop condiiions because of the limited core flow capacity in single-
loop operations. The power dependent MCPR limit (MCPHQ) protects against exceeding the
safety lim't MCPR during anticipated operational occurrences from off-rated conditions. The
power dependent LMGRFAC is used to protect against both fuel meiting and 1% clad strain
during anticipated system transients from off-rated conditions. The power dependent limits
established for two-locp operation are appropriate limits for single-loop operation because the
limiting events are unaffected by the single-loop mode of operation

A4  MAPLHGR LIMITS

SNP has established that the two-loop MAFLHGR limits for SNP 8x8 and 9x9-5 fuels
multiplied by a reduction factor of 0.86 may be conservatively applied for single-loop operation
Application of this reduction factor ensures that the peak clad temperature from a single-icop
operation LOCA is bounded by the two-loop LOCA anaiysis. The application of these imits 13
valid for average planar burnups of up 1o 50000 MWA/MTU and 55000 MWA/MTU for SNP 8x8
and 9x9-5 fuels, respectively (Reference 23)
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