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INTRODUCTION AND REFERENCES

INTRODUCTION

This Core Operating Limits Report for PNPP Unit 1| Cycle & is prepared in
accordance with the requirements of PNPP Technical Specification 6.9.1.9.
The core operating limits presented vere developed using NRC-approved
methods (Reference 2). Results from the reload analyses for the General
Electric fuel in PNPP Unit | for Cycle 4 are decumented in References s
4, 5 and 6.

The cycle-specific core operating limits for the folloving PNPP Unit 1
Technical Specifications are included in this report:

1s Average Planar Linear Heat GCeneration Rate (APLHGR) Limits for each
fuel/lattice type, i::luding the pover and flov dependent MAPFAC
curves. (Technical Specification 3/4.2.1)

2. Minimum Critical Pover Ratio Operating Limit including the pover and
flov cependent MCPR curves. (Technical Specification 3/4.2.2)

3. Linear Heat Generation Rate (LHGR) Limit for each fuel type.
(Technical Specification 3/4.2.3)

REFERENCES

3 J.R. Hall (USNRC) to M.D. Lyster (CEI), Amendment No. 33 to Facility
Operating 'icense No. NPF-58, September 13, 1990.

2. "General Electric Standard Application lor Reactor Fuel-GESTAR II,"
NEDE-24011-P-A-10 and NEDE-24011-P-A-10-US (US “upplement),
April 1991.

3. "Supplemental Reload Lice .ing Report for the Perry Nuclear Pover
Plant Unit 1|, "eload 3, Cycle 4," GE Document 23A7147 Rev. 0
(March, 1992).

4.  "Supplement | to the Supplemental Reload Licensing Submittal for the
Perry Nuclear Pover Plant Unit 1, Reload 1, Cycle 2," GE Document
23A5948AA Rev. 0 (October 1988),

5. "Supplement 1 to the Supplemental Reload Licensing Submittal for the
Perry Nuclear Pover Plant Unit 1, Reload 2, Cycle 3," GE Document
23A6492AA Rev. 0 (September 1990).

6. "Supplement 1| to the “'pplemental Reload Licensing Submittal for the
Perry Nuclear Pover Piasat Unit 1, Reload 3, Cycle 4," GE Document
23A7147AA, Rev. 0 (January 1292)

7. Perry Nuclear Pover Plant Updated Safety Analysis Report, Unit 1,
Appendix !SB-Reload Safety Analysis.
CYCLE 4
CORE OPERATINC
PERRY UNIT 1 LINITS REPORT
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G R. E. Parr (GE) to M. S. Rupp (CEI), PYICO4R0O3 - Rotated Bundle
Analysis, PY-GEF/CEI-439, May 13, 1992.

9. Fax transmittal from J. Vorthington (GE) to M. §. Rupp (CEI),
Reanalysis of GE10 Rotated Bundle, May 19, 1992.
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AVERACE PLANAR LINEAR HEAT GENERATION RATE (TS 3.2.1)

All AVERAGE PLANAR LINEAP HEAT GENERATION RATES (APLHGRs) shall not
exceed the result obtained from multiplying the applicable MAPLHGR
values* by the smailer of either the flov dependent MAPLHGR fastor

(MAPFAC,) Figure 3.2.1-1, or the pover dependent MAPLHGR factor (MAPFAC )
Fi'ur. 5-2-1"2- p

* These applicable MAPLHGR values are:

1. Those for the respective fuel and lattice type as a function of
the average planar exposure (as described by the NRC approved
methodology described in GESTAR-I1I)

or,

2. When hand calculations are required, the MAPLHGR as a function
of the average planar exposure for the most limiting laitice
showvn in Figures 3.2.1-3 through Figure 3.2.1-10 for the
applicable type of fuel.

CYCLE 4
CORE OPERATING
PERRY UNIT 1 LIMITS REPORT
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The MINIMUN CRITICAL POVER RATIO (MCPR) shall be equal to or greater than
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HININUM CRITICAL POVER RATIO (TS 3.2.2)

the HCPR‘, MCPR_, and OLMCPR limits at the indicated core flov, THERMAL

POVER, d

1ta T+Pand core average exposure compared to the End of Cycle

Exposure (EOCE)+» as specified in Figures 3.2.2-1 through 3.2,2-4,

NOTE ¢

MCPR limits are fuel type dependent and delta T dependent. The

MCPR, and NCPR_ limits are applicable for all core average

expolures, nominal rated feedvater temperature (420°F), and all

core flovs less than or equal to 105% core flov. For planned
reduction of rated feedvater temperature from rated feedvater
temperature (420°F), increase the appropriate NCPR‘ and MCPR
limits by the folloving offset: P

FV Temperature s+« GEBXBEB, BPBXER GEBXBNB- 3

(H;- 3-2-2“‘0 (i"- 3-2-2’31
3,2.2:2) 3.2.2-4)

420 to 370°F 0.0 0.0

420 to 320°F 0.01 0.0

420 to 250°F 0.02 0.0

based on Rotated
OLMCPR, operating limit MCPR, (Bundle Analysis)

GE8B-PBSQB301-5GZ-1208-150-T 1.19
GE8B-PBSQB301-7GZ-1208-150-T 1.20
GE8B-PBSQB320-9GZ-120M-150-T 1.21
GE8B-P8SQB322-7GZ-120M-150-T 1.21
GE1N-P8SQB306-10G22-1208-150-T 1.21
GE10-PBSQB306-11G23-120M-150-T 1,23

There are a total of 19 safety/relief v.lves, the tvo lovest setpoint
valves are assumed to be out-of-serv: in the transient analyses.

*

LR

R

This delta T refers to the planned reduction of rated feedvater
temperature from nominal rated feedvater temperature (420°F), such
as prolonged removal of feedvater heater(s) from service.

End of Cycle Exposure (EOCE) is defir_ as 1) the core average
exposures at vhich there is no longer sufficient reactivity to
achieve RATED THERMAL POVER vith rated core flov, all control rods
vithdravn, all feedvater heaters in service and equilibrium Xenon,
or 2) as specified by the fuel vendor.

Partial feedvater heating to 320°F during the cycle vith final
feedvater temperature reduction to 250°F after ALL RODS OUT at end
of cycle.

CYCLE 4
CORE OPERATING

PERRY UNIT 1 C/VAX/Page 2 of 2 LINIT® REPORT
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LINEAR HEAT GENERATION RATE (TS 3.2.3)

The LINE-A 'LAT GENERATIOn RATE (LHGR) shall not exceed:
a. 13.4 kv/tt for the folloving fuel types:

Deleted
FPRSRB176 (BPBXBR)

“t for the folloving fuei types:

1B-PRSQB301-7G2-120M-150-1 (BS301E) (GEBXBEB)
E83-PBSNB301-5G2-120M-150-T (BS301F) (GLEBXBEB)
“R8E-PBSQB320-9GL-120M-150-T (GEBXBEB)
- ©JE-PBSQR322-7GZ-120M-150-T (GEBXBEB)
24 «8B-IBSXB306-10G22-120K- 150-T (GEBXBNB-3)
6. - 8B-PSSYB306-11G23-120M-150-T(GEBX8BNB-3)

CYCLE 4
CORE OPERATINY
PERRY UNIT 1 LIMITS PEPORT
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Important Notice Regarding
Contents of This Report

Please Read Carefully

The only undertakings of the General Electric Company (GE) respecting information in this
document are contained in the contract between Cleveland Electric Hluminating Company (CEI)
and GE, and nothing contained in this document shall be construed as changing the contract. The
use of this information by anyone other than CEI for any purpose other than that for which it is
intended, is not authorized; and with respect to any unauthorized use, GE mak :5 no representation
or warranty, and assumes no liability as to the completeness, accuracy or usefulness of the
information contained in this documnent

Page 2
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The basis tor this report is © eneral Electric Standard Application for Reactor Fuel,
NEDE-24011-P-A-10, April 1991; and the U. S, Supplement. NEDE-24011-P-A- 10-US, April

1991,

I, Plant-unique Items

Appendix A Analysis Conditions

Appendiy ' Basis For Analysis of Loss-of-feedwater Heating Event

Appendix C:  Analyzed Operating Domain
Appendix D:  Transient Analvses

2. Reload Fuel Bundles
Fuel Type

[rradiated

GFEBB-P8SQB301-7GZ-120M-150-T (BS¥ ' 1E) (GESXS8EB)
GESB-PRSQB301-5GZ-120M-150-T (BS301F) (GESxREB)
GESB-P8SQB320-9GZ-120M-150-T (GESXSEB)
GESB-P8SQB322-7GZ-120M-150-T (GESXREB)

New
GE10-P8SXB306-11GZ3-120M-150-T (GERx8NB-3)
GE10-P8SXB306-10GZ2-120M-150-T (GESX8NB-3)

Total
3. Reference Core Loading Pattern

Nominal previous cycle cu. . average exposure at end of cycle:

Minimum previous cycle core average exposure at end of cycle
from cold shutdown considerations:

Assumed reload cycle core average exposure at beginning of
cycle:

Assumed reload cycle core average exposure at end of cycle:

Core loading pattern:

2 136
2 135
3 104
3 168
4 68
4 136
748
16,740 18,453
16,340 18,012
11,799 13,006
21,699 - 23919
Figure 1
Page 4
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4. Calerlated Core Effective Muitiplication and Contro! System Worth - No Voids,
00

Beginning o1 Cycle, K

effective

Uncontr uled 1128
Fully controlled (1958
Strongest control rod out (.989

R, Maximum increase in cold core reactivity with exposure
into cycle, &K 0.001
5. Standby Liquid Control System Shutdown Capability

Boron Shutdown Margin (AK)
(ppm) (20°C, Xenon Free)

660 0.029

6.  Reload Unique GETA™ AOO Analysis Initial Condition Parameters

Fugl Bundle Power Bundle Flow Initva

Borking Eantors -
Design Local Radial Axial PR.7 cor (MW (LO00 Ib/hr)  MLPR

Exposure: BOC4 to EOCH Increased core fluw/Feedwater temperature 420° 1

GESxSNB-3  1.20 i.58 1.40 1.G00 7.369 116.5 121
GESx8ED 1.20 148 1.40 1.051 6.925 120.3 1.17

Exposure: BOC4 to EOCH Increased core flow /Fecdwats » temperature reduct.on to 250° F

GEBxENB-3  1.20 1.64 1.40 1.000 7.620 114.6 1.20
GESxBEB 1.20 1.53 1.40 1.051 7.140 118.6 1.18

Exposure: BOC4 to EOCH Increased core flow/Feedwater temperature reduc on to 320°F

GESxENB-3 1.20 1.61 1.40 1.000 7523 1153 1.20
GESxSEB 1.20 1.51 1.40 1.051 7.048 1193 .18

Exposure: BOC4 to EOCH Increased ¢ re flow/Feredwater temperature reduction to 370°F

GESxSNB-3 1.29 P61 1.40 1.000 7.517 115.5 1.19
GESXEEB 1.20 1.50 1.40 1.051 7.024 119.5 1.17
Page 5
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7. Selecred Margin Improvement Options

Recirculation pump trip: Yes

Rod withdrowal limitoc: Yes

Thermal power monitor: Yes

Measured scram time: No

Exposure dependent limi's: No

Exposure j.oints analyzed: I (EOC)
% Operating Flexibility Options (5.5.2)

Single-loop operation: Y

Load line limi: No

Extended load line limit: No

Maximum e. .ended load line limit: No

increased core flow at end of cycl Yes

Increased Paw throughout the cycle: Yes

Fiow point ¢ ced: 105°%

Feedwater temperature reduction throughout the cycle: Yes

Final feed ater temperature reduction: Yes

Temperaere reduction: SO*F, 100°F, 170°F

ARTS Program: No

Maximum ext~nded operating domain: Yes

Main steam isolation valve out of service: No

Recircuiation pump trip out of service: No

Turbine bypass out of service: No

Page
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9. Core-wide AOO Analysis Results

Methods used: GEMINI and GEXL-PLLS

—Uncorrected ACPR
Flux Q/A
Event (% NBR) (e NBR)  GESsSNB-3 GESSEB Figure
Exposure range: BOC4 to EOCH Increased core Now/Feedwater temperature 420°F
Load rejection 40 113 0.14 0.10 2
without bypass
Feedwater controller 289 112 0.11 009 3

failure (143%)

Pressure regulator 146 105 0.07 0.08 4
failure uowiscale

Loss of 100*F o . .10 0.10 4
feedwater heating

Exposure: BOC4 to EOCH Incrr .- d core flow/Feedwater temperature reduction to 250°F

Feedwater controller 280 117 0.13 (.12 5
fatlure (143%)

Pressure regulator 148 1,6 0.07 0.06 6
failure downscale

Exposure: BOC4 to EOCH Increased cove flow/Feedwater temperature reduction to 320°F

Feedwater controller 292 116 0.12 0.11 7
failure (1439%)

Exposure: BOC4 to EOCY !ncreased core Mow/Feedwater temperature reduction to 370°F

Feedwater controller 293 114 0.12 0.1 5
failure (143%)

10. Local Rod Withdrawal Error (With Limiting Instrument Failure) AOO Summary

The genzric bounding BWR/6 rod withdrawal error (RWE) is analyzed in
NEDE-24011-P-A-9-US and GESSAR-II Appendix 15B is applied; the resulting ACPR is
0.11. The generic RWE ACPR was verified to be applicable to the new fuel design. The
original generic analysis in GESSAR-I1 was rot applicable for control cell core operation;
however, it was subsequently shawn to be applicable {or control cell core operation and

GESSAR-II was revised to reflect this application in Res.sion 21

*See Appendix B.

Page 7
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11, Cycle MUPR Values*
Safery L it: 1.07

Single loop operation safety limit: 1.08

Exposure range: BOC4 to EOCH

Rod withd'rawal ecror 118 1.18
'oss of 100°F feedwater heating 1.17 1.17

(Bounding from 420°F feedwater
temperature condition)

Vressurization events
Option A
GESsSNB 3 GESxSEB
Exposure range: BOC4 to EOCH Increased core flow/Feedwater temperature 420°F
Load rejection without bypass 1.21 1R
Feedwat~r controller failure 1.19 1.16
Pressure regulator failure downscale 1.15 1.13

Exposure: BOC4 to EOCH Increased core flow/Feedwater temperature reduction to 250°F
Feedwater controller failure el 1.20

Pressure regulator failure downscale 1.15 1.14

Exposure: BOCY (o EOCH Increased core flow/Feeawater temperature reduction to 320°F
Feedwater controller failure 1.21 1.19

Exposure: BOC4 to EOCH Increased core flow/Feedwater temp_, ature reduction to 370°F
Feedwater controller failure 1.20 118

*GEMINI ODYN adjustment factors are v . ded in the letter from J. S. Charnley (GE) tn M. W.

Hodges (NRC), GEMINI ODYN Adpw 1 i uctors for RWR/6, dated July 6, 1987. The MCFR

° limit does not change because of channd' | ow. Channel bow is reflected in the monitoring of the
core.

Page &
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12, Overpressurization Analysis Summary

.Dst Pv
. Event (paig) (psig) Plant Responie
.81V closure (flux scram)* 1241 y 1 Figure 9

13, Loading Frror Results

Loadiug error results are not applicable for BWR/6 plants. NRC appioval of the
non-applicability of Loading Errors to EWR /6 plants is documented in Section $.2.2.3.7 of
NEDE-24011-P-A-10-US,

14, Conu~f Rod Drop Analysis Results

Banked Position Withdrawal Sequence is uiilized at the Perry Nuclear Power Plant Unit 1;
therefore, the beunding control rod drop analysis (CRDA) described in
NEDE-24011-P-A-10-US is applied. NRC approval of the bo:nding analysis is given in the
letter to J. S. Charnley (GE), Acceptance fu~ Referencing of Licensing Topical Report
NEDE-24011, Revision 6, Amendment 9 "GESTAR-II Generai Electric Standard Applicaticn for
Reactor Fuel," January 25, 1985,

15, Stability Analysis Results

GE SIL-380 recommendations have been included in the Perry Nuclear Power Plant Unit 1
operating procedures and/or Technical Specifications and, therefore, the stabi.ty analysis is
not requir-d. NRC approval for deletion of a cycle-specific stability analysis is documented
in Amendment 8 to NEDE-24011-P-A-US. In addition. the Perrv Nuclear Power Plant Unit
| recognizes the issuance of NRC Bulletin No. 88-07, Supp!=- ~.at 1, Puwer Oscillations in
Boiling Water Reactors (BWRs), and will continue to comply with the recommendations
contained hereiu.

*The MSIV closure ({lux scram) analysis is performed using GEMINI methods at the 102% power
level to account for the power level uncertainties specified in Regulatory Guide 1.49. The analysis
was performed with 13 highest setpoint safety valves operational.

Fage 9
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16, lLoss-of-coolant Accident Results

LOCA method used SAFE/REFLOOD (see the Perry Nuclear Power Plant Unit |
Updated Safety Analysis Report, as amended)

Bandle Type: GEIO-PESXP306-11GZ3-120M-150-T (GEXx8NB-3)

) Average Planar Exposure — _MAPLHGR (kw/ft,

(GWdA/ST) (GWd/MT)

0.0 0.0 11.55 12.43
® 0.2 0.2 11.61 12.47
1.0 1.1 1.7 12.58
2.0 2.2 11.92 12,72
3.0 3.3 12.17 12.88
® 4x‘1 4.4 12.41 13.04
5.0 5.5 12.61 13.20
6.0 6.6 12.81 13,33
7.0 1.7 12.99 13.41
80 5.8 13.16 13.50
> .
9.0 9.9 13.31 13.56
| 10.0 11.0 13.34 13.43
} 2.2 13.8 13.23 13.40
| 15.0 16.5 12.92 13.07
® 20.0 2.0 12.16 240
i 25.0 27.6 11.44 11.76
| 35.0 8.6 10.14 10.40
E 450 49.6 R 90 Q1%
’. i P S7u S87 6.03
\ 519 57.2 v 5.95

The peak clad temperature (CT) is <2149°F at all evnosures; the local oxidation (fraction) is

<0.061 at all exposures The MAPLHGR multiplier for single-loop operation (SLO) is 0.80

Page |G
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16. Loss-of-coo' i Accident Results (continued)

L
Bundle Type: GE10-PRSXBA06-10GZ2-120Mi-150-T (GESx8NB-3)
y anar Exposur JMAPLHGOR fxw/ft)
[ ] (GWd/ST) (GWd/MT) Most Limiting  Least Limiting
0.0 0.0 11.21 1235
0.2 0.2 11.26 12.45
1.0 1.1 11.36 12.62
L] ‘
2.0 2.2 11.56 12.75
30 33 11.81 12.85
i 4.0 44 12.08 12.95
| 50 5.5 1235 13.06
D :
| 6.0 6.0 12.57 13.17
| 7.0 1.7 12.80 13.28
| 80 8.8 13.00 1338
;-. 90 2.9 13.20 1346
| 10.9 1.0 13.37 13.52
| i2.5 13.8 13.45 1352
| 15.0 16.5 13.14 13.20
| 200 22 12.40 12.57
> 259 216 11,61 11.94
’ 350 386 10.12 10.57
45.0 496 8.83 .29
52.1 374 587 5.96
f 52.3 376 - 5.89
|
ﬁ The Peak Clad Temperature (PCT) is €2129°F at all exposures; the Local Oxidation (Fractiun) is
i <0.058 at all exposures. The MAPLHGR multiplier for single-loop operation (SLO) is 0.80.
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Appen i A

Analysis Conditions

To reflect actual plant parameters accurately, the values shown in Table A-1 were used this
cycle to reflect the bounding conditions

Table A-1
Analysis Valie (FW lemp.)

___Parameter 420°F 250°F 120°F 370°F
Thermal power, MWt 3579 3579 3579 3579
Dome pressure, psig 1028 1008 1015 1019
Steam flow, Mlb/hr 15.70 12.58 13.58 1442
Turbine pressure, psig 976 974 975 975
Core flow, Mlb/hr 109.2 109.2 109.2 109.2
Reactor pressure, psia 1056 1056 1056 1056
Inlet enthalpy, Btu/lb 524.8 5124 5182 523.1
Non-fuel power fraction 0.03% 0.03%8 0.038 - 138
No. of dual mode Safety/Relief Valves % 17* 17* 17*

Relief mode lowest setpoint, psig 1143 1143° 1143* 1143*

Safety mode lowest setpoint. psig 1177 1177 1177 1177

*There are a total of 19 valves; the 2 lowest setpaint safety/relief valves are assumed to be
out-of-service in the transient anaiyses.
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Appendix B

Basis for Analysis of Loss-of-feedwater Heating Event

The loss-of-feedwater heating event was analyzed using the BWR Simulator Code
(Reference B-1). The use of this code is permitted in GESTAR 1l (Reference B-2). Th- transient
plots, neutron flux and heat flux values normally reported in Section 10 are not an output of the

BWR Simulator code; therefore, these items are not included in this document

I'he transient analysis inputs normally reported in Section 6 of the licensing submittal are

internally caleulated in the BWR Simulator Code and in ODYN

eferences
B-1 Steady-State Nuclear Methods, NEL.:-30130-P-A and NEDO-30130-A, April 1985

B-2  General Eleciric Standard Application for Reactor Fuel, NEDE-24011-P-A-9, September 1988,
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Appendix C
Analyzed Operating Domain
The core-wide abnormal operational occurrence (AOO) analysis results reported in Section
9 are the most limiting values over the entire aliowable operating range. This range covers the

following opera..ng options:

. Standard 100% power/flow map;

!J

End-of-cycle power coastdown,;
3. MEQD with 100% power flow range from 75% to 105% of ra:ed; and

4. Partial feedwater heating to 320°F during the cycle with final feedwater temperature
reduction to 2°C°F after .All Rods Out at end of cycle.

Limiting events and conditions analyzed are based on Reference C-1 and the USAR
analytical results. The Reload 3/Cycle 4 analyses were performed assuminz all four turbine

control vaives in a full arc mode of operation. This is conservative for partial arc contigucation.

The single-loop operation (SLO) analysis was reverified for the standard power/flow map
with normal feedwater tempeiature.

Ruterences

C-1 General Electric Standard Application for Reacior Fuel, NEDE-24011-P-A-10-US, April 1991.

Page 23









