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INTRODUCTION AND SUMMARY

This report provides an evaluation of the design and performance for the operation of
Fort Calhoun Station Unit No. 1 during its fourteenth fuel cycle at a full rated power of
1500 MWL Planned operating conditions remain the same as those for Cycle 13, uniess
otherwise noted in the proposed Core Operating Limits Report and Technical
Specification changes.

The core will consist of B0 presently operating Batches M, N and P assemblies, 52 fresh
Batch R assemblies and 1 Batch M assembly discharged from a previous cycle.

The Cycle “4 analysis is based on a Cycle 13 termination point between 14 250
MWD/MTU and 15,250 MWD/MTU. In performing analyses of design basis events,
limiting safety system settings and limiting conditions for operation, limiting values of
key parameters were chosen 10 assure that expected Cycle 14 conditions would be
enveloped, provided the Cycle 13 termination point falls within the above range The
analysis presented herein will accommodate a Cycle 14 length of up to 14,000
MWD/MTU with a coastdown of an additional 1,000 MWD/MTU.

The evaluation of the reload core characteristics has been conducted with respect to the
Fort Calhoun Station Unit No. 1 Cycle 13 safety analysis described in the 1991 update of
the USAR, hereafter referred 1o as the “referen~e cycle” in this report unless noted
otherwise

Specific core differences have been accounted for in the present analysis. In all cases, it
has been ccncluded that either the reference cycle analyses envelope the new
conditions or the revised analyses presented herein continue to show acceptable
results. Where dictated by variations from the previous cycle, proposed modifications
1o the Technical Specifications have been provided or are being incorporated into the
Cycle 14 Core Operating Limits Repont.

The Cycle 14 core has been designed to minimize the nrautron flux to limiting reactor
pressure vessel welds to reduce the rate of RT. shift onthese welds. This will maximize
the time 10 reach the screening criteria that is consistent with the procedure for
calculating the amount of radiation embrittiement that a reactor vessel receives given in
Regulatory Guide 1.99, Revision 2 and recently incorporated into 10 CFR 50 61

The reload analysis presented in this report was performed utilizing the methodology

documented in Omaha Public ower District's reload analysis methodology reports
(References 1, 2, and 3).
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OPERATING HISTORY OF CYCLE 13

Fort Calhoun Station is present!y operating in its thinteenth fuel cycle utilizing Batche= L.
M. N and P fuel assemblies. Fort Calhoun Cycle 13 operation began when criticality was
achieved on May 25, 1890, and full power reached on June 18, 1980. The reactor has
operated up to the present time with the core reactivity, power distributions, and peaking
factors having closely followed the calculateo predictions.

Itis estimated that Cycle 13 will be terminated on or about February 1. 1992. The Cycle
13 termination point can vary between 14,250 MWD/MTU and 15,250 MWD/MTU ar o
still be within the assumptions of the Cycle 14 analyses. As of November 3, 1991, 1ne
Cycle 13 burnup had reached 12,569 MWD/MTU.
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GENERAL DESCRIPTION

The Cycle 14 core will consist of the number and type of assemblies and fuel batches
shown in Table 3~ 1. Eight L assemblies, 41 M assemblies and 4 N assemblies will be
discharged this outage. They will be replaced by 4 fresh Batch R1 assemblies (0. 74 w/o
natural enrichment), 16 fresh Batch R2 assemblies (3 .85 w/o average enrichment with
28 IFBA rods at 0.003 gm By, /inch), 4 fresh Batch R3 assemblies (3 85 w/o average
ennctiment with 48 IFBA rods at 0.003 gm By, /inch), 8 fresh Batch R4 assemblies (3 .85
w/0 average enrichment with 64 IFBA rods at 0.003 gm By, /inch), 12 ires' Batch RS
assemblies (3.85 w/o average enrichment with 84 IFBA rods at 0.003 gm B, /inch), 4
fresh Batch R6 assemblies (3 60 w/o average enrichment with 84 IFBA rods at 0.003 gm
B /inch) and 4 fresh Batch R7 assemblies (3 60 w/o average enrichment with 64 IFBA
rods at 0.003 gm B, /inch). Inaddition, the center assembly will be replaced by a Batch
M & ambly which was discharged after Cycle 12 and is currently residing in Region 1 of
the spent fuel nool.

Figure 3~ 1 shovss the fuel management pattern to be employed in Cycle 14, Several
changes in fuel management strategy have been incorporated for Cycle 14. First, the
overall fuel management scheme is designed to maximize the reduction in neutron
leakage seen by the reactor veasel and limiting vessel weld locations. This strategy is
called "exttame low radial leakage fuel management” and is very similar to the fuel
management previously used in the Cycle 10 core .0ading pattern. Listed below are the
specific changes which comprise the extreme low radial leakage fuel management
strategy:

1) Twelve fuel assemblies on the core periphery will contain four full-length hatnium
flux suppression rods per fuel assembly to locally reduce neutron flux near the
limiting reactor vessel welds. Each of the hafnium rods will be placed in one of the
outer CEA guide tubes of peripheral fual assemblies.

2) Four fuel assemblies will contain natural uranium fuel rods which are located on the
core periphery adjucent to the reactor vessel limiting welds. These four peripheral
assembly locations could not support the use ol full-length hafnium flux
suppression rods due to the residence of CEA Shutdown Group A rods.

3) Use of an integral fuel burnable absorber (IFBA) instead of the traditional fuel
displacing poison rods within selected new fuel assemolies. The IFBA rods consist
of fuel pellets troated with an electrostatically applied, zirconium - diboride coating
which surrounds the fuel pellet circumference. By using IFBA rods, extreme low
radial leakage fuel inanagement can provide greater reduction in vessel flux by
increasing the number of fuel rods available to produce the rated powe. of 1500
MWt thus gaining radial peaking factor margin which is needed to absorb the inward
roll of the core power distribution cauzed, in part, by the peripheral flux reduction
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GENERAL DESCRIPTION (Continued)

The fuel rod and poison rod locations in Batches M and N shimmed assemblies are
shown in Figure 5~2. Figure 3~3 shows the fuel rod locations in Batches N and P
unshimmed assemblies. The fuel and poison rod locations for Batch P shimmed
assemblies with the fuel rod zone loading technique are shown in Figure 3-4. Due to
the Fort Calhoun fuel assembly design, the fuel rods surrounding the five large water
holes produce the highest power peaking factors within an assembly The fuel rod zone
loading technioue lowers the initial enrichment of U~235 in those fuel rods while
maintaining an assembly average initial enrichment sufficient to achieve the Cycle 14
design exposure. Figure 3-5 shows the fuel rod locations for the Batch R1 natural
uranium assemblies. Figures 3 - 6 through 3 -9 provide a diagram of each type of fresh
assembly which contains IFBA rods.

The average initial enrichment of the 52 fresh Batch R assemblies is 3.57 w/o U~ 235,
a reduction of 009 w/o from Cycle 13. Excluding the four fresh natural uranium
assemblies, the averzge initial enrichment is 3.81 w/o U~235  For the second
consecutive cycle, the fuel assembly zone lcading technique is used to lower the radial
power peaking factors within Baiches R2 through R7. Batch R2 through RS assemblies
have fuel rods at both 4 0 w/o enriched U - 235 and 3.5 w/o enriched U - 235, while Batch
R6 and R7 assemblies have fuel rods at both 3.75 w/o enriched U~ 235 and 3.25 w/o
enriched U-235.

Figure 3~ 10 shows 1.~ beginning of Cycle 14 assembly burnup distribution for a Cycle
13 termination burnup o1 15,250 MWD/MTU. The fuel average discharge exposure at
the end of Cycle 13 is projected to be 15,000 MWD/MTU. The initial enrichment of each
fuel assembly is also shown in Figure 3~ 10. Figure 3~ 11 shows the projected end of
Cycle 14 assembly burnup distribution. The end of Cycle 14 core average exposure will
be approximately 28 459 MWD/MTU.
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Assembly

Number of Avg.
Designation Assembiies

TABLE 31

FORT CALHOUN UNIT NO. 1
CYCLE 14 CORE LOADING

BOC

Bumup Av% Burnup**

M/
N
N/
p
P/
R1
R2
R3
R4
RS
R6
R7

1
20
20

8
32

4

16

M.....MIL!

30,957

28,485

31,877

13,616

19,256
0

o O O O © O

EOC

45,607
38,842
38,303
30,170
34 392
4371
13,996
19,902
19,704
20,739
20,419
19,170

* Assumes EOC13= 15,250 MWD/,
**  Assumes EOC14=14,000 MWD/ ..,
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Poison
Rods per
Assembly

IFBA
Rouds per

Initial
Poison
Loading

Assembly  gm 8,5/in

8

c o O

x

-—

0.024
0
0.020

0.027
0.003
0.003
0003
0.003
0.003
0.003
0.003



AA — Assembly Location
BB | Fuel Type q_
Hi Location of Hafnium Rods
1 2
N N/
Hi Hf
3 4 5 6 7
N/ | R | P/ | R2 P/
8 9 10 1 12 13
N/ R2 P R7 N R3
Hf
14 15 16 17 18 19
R1 P R5 P/ R5 P/
20 21 22 23 24 2t
- P/ R4 P/ P/ N/ R6
N 27 28 29 30 3 32
= R2 N RS N R4 P/
N/ 34 35 36 a7 38 39
P/ R3 P/ R6 P/ M/

Cycle 14 Core Loading Pattern

Omaha Public Power District
Fort Calhoun Station Unit No. 1

Figure
3-1
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Figure
3-4
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Figure
3-8

Omaha Public Power District
Fort Calhoun Station Unit No. 1
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Batch R2 Assembly Fue! Rod and | Omaha Public Power District | Figure
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~ Page 14 of 62




Q0000000000000
0000000000 0OCO
00 000000 0O
OG()OOOOO@()OO
C000O000000OO00O
OC0O000000O0O000OOO0
OOOOOG()@OOOOO
OCO000 Q00000
OO0C0QCO0OO0OOO0O00
Q000000000000
OO0 OCO0000O 00
OOC)@OOOO@()@O
0000000000000 0
Q0000 CO000O00C00
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48 IFBA Rod Locations Fort Calhoun Station Unit No. 1

Figure
3-7
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- Assembly Location
= Fuel Type

= Initial Enrichment (w/o U~235)
DD.DDD p= Assembly Average Exposure (MWD/MTU)

1 2
N N/
370 | 370
24,691 | 30,556
3 a 5 6 7
N/ | R | P/ | R2
370 | 385 | 359 | 385
33888 | 0 |16972 | 0 | 21250
6 4 10 ¥ 12 13
N/ | R2 " R7 N R3
370 | 385 | 394 | 360 | 370 | 385
33896 | 0 | 13618 | 0 | 31,088
14 15 1 17 18 19
R1 . RS | P/ | RS
074 | 394 | 385 | 350 | 385 | 359
O |13615] 0 |21003| 0 | 20841
20 21 22 23 24 25
/| | R4 | P/ P/ | N/ | R6
26 359 | 385 | 359 | 359 | 370 | 3.60
N [16964 | "0 | 21006 | 15148 | 30,506
370 27 28 29 30 31 32
NIl R2 N R5 N R4
33 385 | 370 | 385 | 370 | 385 | 359
N/ 0 |31077| 0 |30880| 0 | 21059
3.70 134 35 36 37 38 39
q,_ N0 P/ | RB| Pl | RB | P/
359 | 385 | 350 | 360 | 359 | 380
21251 | "0 [ 20827 | 0 | 21,080 | 30957

Note: EOC 13 Burnup = 15,250 MWD/MTU

Cycle 14 BOC Initial Enrichment
and Assembly Average Exposure

Omaha Public Power District
Fort Calhoun Station Unit No. 1

Figure
3-10
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AAB ~ Assembly Location
B |+ Fuel Tyne q
I ~CC |- Initial Enrichmertt (w/o U~-"35

| DD,BDD = Assembly Average Exposure (RAWD,-’MTU)

1 2
N N/
370 | 370
28,583 | 33,931
3 5 7

a 6
N | R | P/ | R2 | P/
370 | 385 | 350 | 38 | 359

38,924 | 11,964 | 28,658 | 14,692 | 32,892

8 9 10 1" 12 13

N/ | R2 P R7 | N R3
370 | 385 | 394 | 360 | 370 | 385
36,825 | 13,972 | 30,899 | 19,170 | 45,196 | 19,719

14 18 16 i8 19

R1 P RS P/ E | P/
0.74 wy o oot | 389 | 385 | a3s9
a7 | .J441 | 20891 | 38317 | 20673 | 38469

21 2 23 24 25

P/ | R4 1 P/ | P/ | N | R6
26 359 | 385 | 359 | 359 | 370 | 360
N [275€s | 6788 | 36,166 | 32.754 | <5878 | 20,383

3.70 27 L g 29 30 3 32

20288 Ry | R5 N R4 | P/
33 38 . 370 | 385 | 370 | 38 | 359
N/ | 15354 | 45,250 | 20,652 | 45,896 | 20.620 | 37,929

3.70 (34 35 36 37 38 39

Q 35955 | P/ R3 P/ | R6 P/ M/
t 359 | 385 359 ' 360 | 359 | 380
| 33,981 | 20084 | 38,069 | 20,456 | 38,007 | 45,607

o Cycle 14 EOC Initial Enrichment Omaha Public Power District

and Assembly Average Exp.sure | Fort Calhoun Station Unit No. 1

Figure
3-11
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FUEL SYSTEMS DESIGN

The mechanical design for the Batch R fuel is siightly different from the Batch P fuel due
1o a change to Westinghouse (W) as the fuel vendor.

The Batch R fuelis similar in design to the fuel supplied by Combustion Engineering anc!
is mochanically, thermally, and hydraulically compatible with the ABB-CE fuel
remaining in the Cycle 14 core. References 4 and 5 describe Batches M and P, fuel
characteristics and design, respectively. The Westinghouse fuel will not be resident in
the reactor with any of the Exxon (Siemens) fuel previously used at Fort Calhoun.
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NUCLEAR DESIGN

51

PHYSICAL CHARACTERISTICS

511 Fuel Muna_gemem

The Cycle 14 fuel management uses an extreme low radial leakage
design, with twice burned assemblies pradominantly loaded on the
periphery of the core with hafnium flux supp ‘ession rods inserted imo the
guide tubes of selected peripheral fuel asse: nblies adjacent to the reactor
vessel limiting welds. This extreme low radial leakage fuel loading pattern
is utilized to mirimize the fiux to the pressure vessel welds and achieve the
maximum in neutron economy. Use of this type of fuel management to
achieve reduced pressure vessel flux over a standard out-in—-in pattern
results in higher radial peaking factors. The maximum radial peaking
factors for Cycle 14 have been reduced by lowering the enrichment of the
fuel pins adjacent to the fuel assembly water holes as described in Section
3.0

Also described in Section 3.0 is the Cycle 14 loading pattern which is
composed of 52 fresh Batch R assemblies of which 48 contain the
aforernentioned IFBA pellet desigr.. The remaining 4 Batch R assemblies
contain fuel rods that are loaded with naturally erriched uranium and also
placed in locations near the limiting welds. All of these 48 assemblies
employ intra-assembly uranium enrichment splits. Batches R2 through
RS contain a high pin enrichment of 4.00 w/o and a low pin enrichment of
3.50 w/o, Batches R6 and R7 contain a high pin enrichment of 3.75 w/o
and a low pin enrichment of 3.25 w/o. Forty twice burned N assemblies
are being returnea to the core, along with 40 once burmed P assemblies.
One twice burned M asseimbly, which was discharged into the spent fuel
pool at the end of Cycle 12, will be returned to the core and used as the
center assembly. This assembly arrangement will produce a Cycle 14
loading pattern with a cycle energy of 14,000 MWD/MTU with an
additional 1,000 MWD/MTU of energy in a coastdown mode if required.
The Cycle 14 core characteristics have been examined for a Cycle 13
termination between 14,250 MWD/MTU and 15,250 MWD/MTU and
limiting values established for the safety analysis. The Cycle 14 loading
pattern is valid for any Cyzcle 13 end:  * “etween these values.

Physics characteristics including reactivity coefficients for Cycle 14 are
listed in Table 5~ 1 along with the corresponding values from Cycle 13. It
should be noted that the values of parameters actually employed in the
safety analyses are different from those displayed in Table 5-1 and are
typically chosen to conservatively bound predicted values with
accommodation for appropriate uncertainties and allowances.

The BOC, HZP Main Steam Line Break accident is the most limiting
accident of those used in the determination of required shutdown margin

Page 21 of 62



50

NUCLEAR DESIGN (Continued)

81

PHYSICAL CHARACTERISTICS (Continued)

511

512

Fuel Managemem (Continued)

for compliance with Technical Specifications. Table 5-2 presents a
summary of CEA shutdown worths and reactvity allowances for the Cycie
14 BOC, HZP. MSLB accident. The Cycle 14 values, calculated for
minimum scram vvorth, exceed the minimum value required by Technical
Specifications and thus provide an adequate shutdown margin.

Power Distribution

Figures 5~-1 through 5-3 illustrate e all rods ou: (ARO) planar radial
power distributions at BOC14, MOC 14, and EOC 14, respectively, and are
based upon the Cycle 13 late window burnup timepoint. These ramiai
power densities are assembly averages representative of the entire core
length. The high burnup end of the Cycie 13 shutdown window tends to
increase the power peaking in the high power assemblies in the Cycle 14
fuel loading pattern. The radial power distributions, with Bank 4 fully
inserted at beginning and end of Cycle 14, are shown in Figures 5—-4 and
55, respectively.

The radial power istributions described in this section are calculated
datz without uncertainties or other allowances with the exception of the
single rod power peaking values. For both DNB and kW/ft safety and
setpoint analyses in either rodded or unrodded configurations, the power
peaking values actually used are higher than those expected to occur at
any time during Cycle 14. These conservative values, which are used in
Section 7.0 of "his document, establish the allowable limits for power
peaking to be ooserved during operation.

As previously indicated, Figures 3-5 and 3-6 show the integrated
assembly burnup values at 0 and 14,000 MWD/MTU, based onan EQC13
burnup of 15,250 MWD/MTU.

The range of allowable axial peaking is defined by the limiting conditions
for operation and their axial shape index (ASI). Within these ASI limits, the
necessary DNBR and kW/ft margins are maintained for a wide range of
possible axial shapes. The maximum three —dimensional or total peaking
factor (Fq) anticipated in Cycle 14 during normal base load, all rods out
operation at full power is 2.095, i luding uncertainty allowances.
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NUCLEAR DES!GN (Continued)

£.1

52

53

54

PHYSICAL CHARACTERISTICS (Continued)

£.1.3 Safety Related Data

5131

5132

Ejected CEA Data

Bounding reactivity worth and planar power peaking factors
associated with an ejected CEA event are shown in Table 5~ 3 for
both the beginning and end of Cycle 14. These values are
projected to encompass the worst conditions anticipated auring
Cycles 14 through 16. The values shown bound actual Cycle 14
values which were calculated in accordance with Reference 3. In
addition, Table 53 lists these vaiues used from Cycle 13 for
comparison.

Droppea CEA Data

The Cycle 14 safety related cata for the dropped CEA analysis
were calculated identically with the methods used in Cycle 13.

ANALYTICAL INPUT TO INCORE MEASUREMENTS

Incore detector measurement constants to be used in evaluating the reload cycle
power distributions will be calculated in the same manner as for Cycle 13.

NUCLEAR DESIGN METHODOLOGY

Analyses have been performed in the manner and with the methodologies
documented in References 1 and 2.

UNCERTAINTIES IN MEASURED POWER DISTRIBUTIONS

The power distribution measurement uncertainties which are applied to Cycle 14
are the same as those presented in Reference 2.
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TABLE 5-1

FORT CALHOUN UNIT NO. 1, CYCLE 14
NOMINAL PHYSICS CHARACTERISTICS

Units Cycle 13
Critical Boron Concentration
ggb&%&m&ﬁnﬁo BOC ppm 1187
Inverse Boron Worth
Hot Full Power, BOC ppm/%Ap 112
Hot Full Power, EOC ppmM/%Ap 84

Reactivity Coefficients with All CEAs Withdrawn

Moderator Temperature Coefficient (MTC) (Includes uncertainties)

Beginning of Cycle, HZP 10 *Ap/°F +0.51*
End of Cycle, HFP 10 “Ap/°F -2.47
Doppler Coefficient (FTC)

Hot Full Power, BOC 10 "Ap/°F -1.66
Hot Full Power, EOC 10 "Ap/°F ~185
Total Delayed Neutron Fraction, B

BOC 0.00614
EOC 0.00519
Neutron Generation Time, |+

BOC 10 “sec 216
EOC 10 “sec 288

Cyc'e 14

835

113

+0.09
~2.80**

-1.51
-1.69

0.00625
0.00518

216
27.2

* This value exceeds the Technical Specification limit of +0.: Yx 10 *Ap/°F however, the actual
MTC at HZP. BOC, including uncertainties, did not exceed tne Technical Specification limit.

** This value exceeds the current Technical Specification limit of ~2.70 x 10 *Ap/°F therefore, a
change to Technical Specification 2.10.2(3)c. is being made to lower the limit to —3.00 x

10 *Ap/°F including uncertainties.
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TABLE 5~-2

FORT CALHOUN UNIT NO. 1, CYCLE 14
LIMITING VALUES OF REACTIVITY WORTHS AND ALLOWANCES
FOR HOT ZERO POWER
MAIN STEAM LINE BREAK, %Ap

Cycle 13 Cycle 14
Worth of all CEAs Inserted 923 7.52
Stuck CEA Allowance 1.83 117
Worth of all CEAs Less Worth
of Most Reactive CEA Stuck Qut 7.40 6.35
Power Dependent Insertion
Limit CEA Worth 1.23 1.19
Calculated Scram Worth 6.17 5.16
Physics Uncertainty plus Bias 0.80" 0.10**
Net Available Scram Worth 5.37 5.06
Technical Specification
Shutdown Margin 4.00 4.00
Margin in Excess of Technical
Specification Shutdown Margin 1.37 1.06
13% of calculated scram worth,

1.96% of calculated scram worth from revised ABB - CE methodology biases and
uncertainties.
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6.0

THERMAL - HYDRAULIC DESIGN

6.1

6.2

DNBR ANALYSIS

Steady state DNBR analyses of Cycle 14 at the rated powar of 1500 MW!t have
baen performed using the TORC computer code described in Reference 1 and
the CE - 1 critical heat flux correlation described in Reference 2. The CETOF~D
computer code described in Reference 3 was used in the setpoint analysis, but
was replaced by the TORC code for DNBR analyses. This is different from the
combination that was used in the Cycle 8 th.rough Cycle 13 Fort Calhoun reload
analyses (References 4 through 9) in that the more accurate TORC code was
used in place of the CETOP~D code. The reload methodology for Cycle 14 can
be found in Reference 10.

Table 6~ 1 contains a list of pertinent thermal = hydraulic parameters used in both
safety analyses and for generating reactor protective system setpoint
information. The calculational factors (engineering heat flux factor, engineering
factor on het channel heat input, rod pitch and clad diameter factor) listed in Table
6~ 1 have been combined statistically with other uncertainty factors at the 95/95
confidence/prouability level (Reference 11) to define the design limit on CE -1
minimum DNBR.

FUEL ROD BOWING

The fuel rod bow penaity accounts for the adverse impact on MDNBR of random
variations in spacing between fuel rods. The penaity at 45,000 MWD/MTU
burmup is 0.5% in MDNBR. This penalty was applied in the derivation of \he SCU
MDNBR design limit of 1.18 (References 6 and 12) in the statistical combination
ofuncertainties (Reference 11). The Westinghouse fuel does not have any DNBR
penalty associated with the design requirements for the Westinghouse fuel
based on NRC fuel bowing requirements, thus, the more limiting CE fuel bow
penailty was used in the analyses.
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7.0 TRANSIENT ANALYS!®

This section presen‘s the results of the Omaha Public Power District Fort Calhoun
Station Unit 1, Cyc.s 14 Non-LOCA safety analyses at 1500 MWt

The Design Bases Events (DEEs) considered in the safety analysis are listed in Table
7~1. These events were categorized in the following groups:

1. Anticipated Operational Occutrences (AOQOs) for which the intervention of the
Reactor Protection System (RPS) is necessary to prevent exceeding acceptable
i'mits.

2, AQOs for which the initial steady state thermal margin, maintainec. by Limiting
Conditions for Operation (LCO), are necessary to prevent exceeding acceptable
limits,

3 Postulated Accidents,

Core parameters input to the safety analyses for evaluating approaches to DNB and
centerline temperature to melt fuel design limits are presented in Table 7~ 2.

As indicated in Table 7~1, no reanalysis was performed for the DBEs for which key
transient input parariieters are within the bounds (i.e., conservative with respect to) of
the reference cycle values (Fort Calhoun Updated Safety Analysis Repont including
Cycle 13 analyses, Reference 1). Forthese DBESs the results and conclusions guotea in
the reference cycle analysis remain valid for Cycle 14

For those analyses indicated as reviewed, calculations were performed in accordance
with Reference 6 until a 1 0 CFR 50.59 determination could be made that Cyc'e 14 results
would be bounded by Cycle 13 or the USAR reference cycle.

Events vere evaluated for up to a total of 6% steam generator tube plugging in Cycle 11
where conservative. Fort Calhoun Station currently has 1.08% steam generator tubes
plugged: thus, no additional analysis is required.

For the events reanalyzed, Table 7-3 shows the reason for the reanalysis, the
acceptance criterion to be used in judging the results and a summary of the results
obtained. Detailed presentations of the results of the reanalyses are provided in
Sections 7.1 through 7.3.
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TABLE 7~1

FORT CALHOUN UNIT NO. 1, CYCLE 14
DESIGN BASIS EVENTS CONSIDERED IN THE NON-LOCA SAFETY ANALYSIS

Anticipated Operational Occurrences for which intervention of the RPS is necessary
10 prevent exceeding acceptable limits:

7.1.1 Reactor Coolant System Depressurization Reanalyzed

7.1.2 Loss of Load Not Reanalyzed®
7.1.3 Loss of Feedwater Flow Not Reanalyzed®
7.1.4 Excess Heat Removal due to Feedwater Malfunction Not Reanalyzed®
7.1.5 Startup of an Inactive Reactor Coolant Pump Not Reanalyzed'

72

73

o s W N -

Anticipated Operational Occurrences for which sufficient initial steady state thermal
margin, maintained by the LCOs, is necessary to prevent exceeding the acceptable
fimits:

7.2.1 Excess Load Reanalyzed?
7.2.2 Sequential CEA Group Withdrawal Reanalyzed?
7.2.3 Loss of Coolant Flow Reviewed?®
7.24 CEADrop Reanalyzed
7.2.5 Boron Dilution Reviewed
7.2.6 Transients Resulting frcm the Malfunction

of One Steam Generator Not Reanalyzed?*
Postulatec Accidents
7.3.1 CEA Ejection Reanalyzed
7.3 2 Steam Line Break Reviewed®
7.3.3 Seized Rotor Reanalyzed®
7.3.4 Steam Generator Tube Rupture Not Reanalyzed

Technical Specifications preclude this event during operation
Requires High Power and Variable High Power Trip.
Requires Low Flow Trip.

Requires trip on high differential steam generator pressure.

Event bounded by reference cycle analysis. A negative determination utitizing the 10 CFR

50.59 criteria was made for this event.
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TABLE 7-2

FORT CALHOUN UNIT NO. 1, CYCLE 14
CORE PARAMETERS INPUT TO SAFETY ANALYSES
FOR DNB AND CTM (CENTERLINE TO MELT) DESIGN LIMITS

Physics Parameters

Radial Peaking Factors

For DNB Maigin Analyses
(Fx)

Uniodded Region

Bank 4 Inserted

For Planar Radial Component
(Fx ) of 3=D Peak
(CTM Limit Analyses)
Unrodded Region
Bank 4 Inserted

Maximum Augmentation
Factor

Moderator Temperature
Coefficient

Shutdown Margin (Value
Assumed in Limiting
EOQC Zero Power SLB)

Units Cycle 13 Values  Cycle 14 Values
1.70* 1.78*
1.73* 1.91*
1.75* 1.85*
1.77+ 2.0*
1.000 1.000

10-4 Ap/°F -2710 +05 -301t0 +05
%Ap -4.0 -40

* The DNBR analyses utilized the methods discussed in Section 6.1 of this report.
The procedures used in the Statistical Combination of Uncertainties (SCU) as they
pertain to DNB and CTM limits are detailed in References 2-5.
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Safety Parameters

Power Levei

Maximum Steady State
Temperature

Minimum Steady State
Pressurizer Pressure

Maximum Augmentation
Factor

Reactor Coolant Flow

Steam Generator Tube Plugging
Negative Axial Shape

LCO Extreme Assumed

at Full Power (Ex-Cores)

Maximum CEA Insertion
at Full Power

Maximum initial Linear
Heat Rate for Transient
Cther than LOCA

Steady State Linear
Heat Rate for Fuel CTM
Assumed in the Safety Analysis

CEA Drop Time to 100%
Including Holding Coil Delay

Minimum DNBR (CE-1)

TABLE 7-2

(Conrtinued)
Units Cycle 13 Values
MWt 1500*
°F 543*
psia 2075*
1.000
gpm 202,500*
% 6
asiu -0.18
% Insertion
of Bar ¥ 4 25
kW/ft 144
kW/ft 22.0
sec 3.1
1.18*

Cycle 14 Values

1500*

545*

2075*

1.000

202,500*

6

-0.18

25

13.8

22.0

3.1

1.18*

* The effects of uncertainties on these parameters were accounted for statistically

in the DNBR and CTM calcuiations.

he DNBR analysis utilized the methods

discussed in Section 6.1 of this report. The procedures used in the Statistical
Combination of Uncertainties (SCU) as they pertain to DNB and CTM limits are

detailed in References 2-5.
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Event

Sequential CEA

Group Withdrawal

CEA Drop

Excess Load

RCS Depressurization

TABLE 7-3

FORT CALHOUN UNIT NO. 1
DESIGN BASIS EVENTS REANALYZED FOR CYCLE 14

Reason foi
Reanalysis

Calculate cycle specific
ROPM values

Incorporated bounding
input values

Reclassified as a ROPM event
(methodology change)

To provide a conservative Pbias

Acceptance
Critena

Minimum ONBR >
1.18 using the CE -1
correlation. Transient
PLHGR < 22 kWi,

Minimum DNBR >
1.18 using CE~1

correlation. Transient,

PLHGR < 22 kW/t

Minimum DNBR >
1.18 using CE~1
correlation. Transient
PLHGR < 22 kW/tt

Pbias value < the

Summary
of Results

MDNBR =1 72
PLHGR< 22 kW

MDNBR = 1.38
PLHGR < 22 kw/t

MDNBR = 131
PLHGR < 22 kW/h

Pbias = 30 psi

input for the TM/LP due to the
Excess Load methodology

change

previous cycle's imiting
value (from Excess Load
and RCS Depressurization)
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70

TRANSIENT ANALYSIS (Continued)

71

ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 1)

7.1.1 RCS Depressurization Event

The RCS Depressurization event was reanalyzed for Cycie 14 to
determine the pressure bias term for the TM/LP trip setpoint.

The RCS Depressurization event is one of the Design Basis Events
analyzed to determine the maximum pressure bias term input to the
TM/LP trip. The methodology used for Cycle 14 is described in
References 6 and 7. The pressure bias term accounts for margin
degradation attributable to measurement and trip system processing
delay times. Changes in core power, inlet temperature and RCS pressure
during the transient are monitored by the TM/LP trip directly.
Consequently, with TM/LP trip setpoints and the bias terr determined in
this analysis, adequate protection will be provided for the RCS
Depressurization event to prevent the acceptable DNBR design limit from
being exceeded. Table 7.1.1-1 provides a sequence of events for the
RCS Depressurization analysis.

The analysis of this event shows that incorporating a pressure bias term of
30 psia in the TM/LP trip setpoints wili ensure that the RPS provides
adequate protection to prevent the acceptable DNBR design limit from
being exceeded during an RCS Depressurization event.

The RCS Depressurization event is the only event that is currently
analyzed to determine the pressure bias term, since the Excess Load
event has been reclassified as an event requiring initial margin for
protection. The Excess Load event is discussed in section 7.2.1.
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TABLE7.1.1-1

FORT CALHOUN UNIT NO.1, CYCLE 14
SEQUENCE OF EVENTS FOR RCS DEPRESSURIZATION

Time (sec) Event Setpoint or Value
0.000 Inadvertent Openingof Both = =====-
Pressurizer Power Operated
Relief Valves
7.382 Reactor Trip 2075.75 psia
9.409 Time of Minimum DNBR 204716 psi
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70

TRANSIENT ANALYSIS (Continued)

7.2

ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2)

7.21 Excess Load Event

The Excess Load event was reclassified for Cycle 14 from an event which
is protected by an RPS trip to an event which is protected by the RPS and
sufficient initial thermal margin which is maintained by the LCOs. This
reclassification does not result in a net gain in margin. It only transfers the
margin requirements from the LSSS to the LCO.

The Excess Load event was analyzed for Cycle 14 to determine the DNB
and LHR ROPMs which are used to ensure sufficient margin is included in
the DNB and LHR LCOs to provide protection to the fuel design limits in
the event of an Excess Load event. The methodology used to perform the
analyris is described in Reference 6. The key input parameters used in
the Cycle 14 Excess Load analysis are presented in Table 7.2.1~1.

It is assumed in *he analysis that the reactor will trip on Variable High
Power during an excess load event. Therefore, the key to the analysis is
maximizing the time between the initiation of the event (instantaneous
opening of the steam dump and bypass valves) ard the time at which the
Variable High Power trip (VHPT) signal is generated. Several
assumptions are made to maximize this time. Since the VHPT uses the
auctioneered higher value of the excore power signal and AT-Power
calculator, an MTC is chosen which ensures that the AT~ Power calculator
and the excore detectors both reach the VHPT setpoint at the same time.
The maximum temperature shadowing factor is used to maximize the
decalibration of the excore detectors due to RCS cooldown. Also, the time
constants for the hut and cold leg resistance temperature detectors
(RTDs) are chos=n to maximize the lag between the AT - Power calculator
and the actual core heat flux.

The DNB and LHR ROPMs calculated for the Excess Load event are
compared to those calculated for other AOO events such as the CEA Drop
and CEA Withdrawal to determine the most conservative (largest) ROPMs
to input to the calculation of the LCOs. This ensures that there will be
sufficient margin included in the LCOs to protect all AOO events requiring
initial margin for protection.

it was Concluded from the Cycle 14 analysis that the ROPM required by

the Excess Load event was bounded by the requirements of the CEA Drop
Event.
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FORT CALHOUN UNIT NO. 1, CYCLE 14
KEY PARAMETERS ASSUMED IN THE EXCESS LOAD ANALYSIS

Parameter
Initial Core Power Level

Core Inlet Coolant
Temperature

Pressurizer Pressure

Moderator Temperature
Coefficient

Doppler Coeflicient
Multiplier

CEA Worth at Trip

Excore Temperature
Shadowing Factor

Cold Leg RTD Time Constant

Hot Leg RTD Time Constant

TABLE 7.2.1-1

Units Cycle 14
Mwt 1630
F 547
psia 2053
x 104 Ap/°F -0.707
0.85

TGAp 5.7922

%/“F 0.3%
sec 12.0
sec 3.0
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7.0  TRANSIENT ANALYSIS (Continued)

72  ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2)

7.22 CEA Withdrawal Event

The CEA Withdrawal (CEAW) event was reanalyz«<| it Cycle 14 1o
determine the initial marains that must be maintained ty the Limiting
Conditions for Operations (LCOs) such that the DNBR and fuel centerline
to melt (CTM) design limits will not be exceeded in conjunction with the
RPS (Variable High Power, High Pressurizer Pressure, or Axial Power
Distribution Trips)

The methodology contained in Reference 6 was employed in analyzing
the CEAW event. This event is classified as one for which the acceptable
DNBR and CTM limits are not violated by virtue of maintenance of
suriicient initial steady state thermal margin provided by the DNBR arid
Linear Heat Rate (LKR) related LCOs.

Furthe HFP CEAW DNBR aralysis, a MTC value identical to that utilized in
Refarence 8 and a gap thermal conductivity consistent with the
assumption of Reference 6 were used in conjunction with a variable
reactivity insertion rate.

The HFP case for Cyc'e 14 is considered to meet the 10 CFR 50.59 criteria
since the results show that the required overpower margin is less than the
available overpower margin required by the Technical Specifications for
the DNB and PLHGR LCOs. Since a negative 10 CFR 50 59 determination
was made for Cycie 14, the conclusions for Cycle 12 remain valid and
applicabie to Cycle 14.

The zero power case was analyzed to demonstrate that acceptable DNBR
and centerline meit limits are not exceeded. For the zero power case, a
reactor trip, initiated by the Variable High Power Trip at 29.1% (19.1% plus
10% uncertainty of rated thermal power) was assumed in the analysis.

The 10 CFR 50.59 criteria are satisfied for the HZP event if the minimum
DNBR is greater than that reported in the reference cycle.

The zero power case initiated at the limiting conditions of operation results
inaaminimum CE~1 DNBR of 5.46 which is less than the Cycle 12 value
0t6.99, but still far in excess of the minimum 1.18 DNBR limit. The analysis
shows that the fuel to centerline melt temperatures are well beiow those
corresponding to the acceptable fuel to centerline meltlimit. The key input
parameters used for the zero power case arc presented in Table 7.2.2~1.
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70  TRANSIENT ANALYSIS (Continued)

72  ANTICIPATED OPERATIONAL QCCURRENCEE (CATEGORY 2) (Continued)

7.2.2 CEA Withdrawal Event ( - .tinued)

it may be concluded that the CEA Withdrawal event, when initiated from
the Technical Specification LCOs (in conjunction with the Variable High
Power Trip, if required), will not lead to a DNBR or fuel temperature which
violates the DNBR and CTM design limits. It was further concluded that
the initial available overpower margin requirements for this event were
bounded by that of the CEA Drop event.
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7.0 TRANSIENT ANALYSIS (Continued)

7.2  ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2) (Continued)

7.2.3 Loss of Coolant Flow Event

The .oss of Coolant flow event was reviawed for Cycle 14 and it was
determined that the event was bounded by the reference cvcle (Cycle 12)
analysis. The input parameters are listed for Cycles 12 and 14 for
comparison in Table 7.2.3~1.

Thus, it was concluded that the reference cycle analysis is bounding for
Cycle 14 oneration.
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70

TRANSIENT ANALYSIS (Continued)

72

ANTICIPATED OPERATIONAL OCCURRFENCES (CATEGORY 2) (Continued)

7.2.4 Full Length CEA Drop Event

The Full Length CEA Drop event was reanalyzed for Cycle 14 1o detc rmine
the initial margins that must be maintained by the Lin..ing Conditions for
Operations (LCOs) such that the DNBR and fuel CTM design 'imits will not
be exceeded.

This event was analyzed parametrically in initial axial shape and rod
configuration using the methods described in Reference 6. Table 7.2 41
lists the ey input parameters used for Cycle 14 and compares tham o the
reference cycle (Cycle 11) values while Table 7.2.4-2 contains a
sequence of events for the CEA Drop analysis.

The transient was conservatively analyzed at full power with an ASI| of
~0.182, which is outside of the LCO limit of <0.06. This resulte in a
minimum CE~1 DNBR of 1.377. A maximum allowable initial linear heat
generation rate of 18.4 kW/ft ~ould exist as an initial co dition without
exceeding the acceptable fuel CTM limit ¢f 22 kW/t during this transient.
This amount of margin is assured by setting the LHR related LCOs based
on the more limiting allowable LOCA linear heat rate.

It can be concluded that the CEA Drop event was the most limiting of the
AOQ's dependent upon initial available overpower margin. When initia! ~d
from the Technical Specification LCOs, the event will not exceed the DNBR
CTM design limits,
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TABLE 7241
FORT CALHOUN UNIT NO. 1, CYCLE 14

e o - B e e e

KEY PARAMETERS ASSUMED IN THE HFP CEA DROP ANALYSIS

Parameter Units Cycle 11 Cycle 14

Initial Core Power Level MWt 1500* 1500+

Core Inlet Coolant

Temperature ‘F 543+ 545*

Pressunzer Pressure psia 2075 2075*

Core Mass Flow Rate gpm 202 500* 196,000*

Moderator Temperature

Coefficient x 1074 Ap/°F -2.7 -30

Coefficient

Mui'mm 1.18 1.40

CEA Insertion at Maximum

Allowed Power “zinsertion of Bank 4 25 25

Dropped CEA Worth Unrodded, %Ap ~0.2337 ~0.2047

PDIL, %Ap ~0.2295 ~0.2940

Maximum Allowed Power

Shape Index at Negative

Extreme of LCO Band -0.18 ~0.18

Radial Peaking Distortion

Factor Unrodded Region 1.1566 1.1837
Bank 4 In d 1.1508 1.1904

* The DNBR calculations used the methods discussed in Section 6.1 of this document and
detailed in References 2 through 5. The effects of uncentainties on these parameters

e L i e L

were accounted for statistically in the DNBR and CTM calculations.
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7.0 TRANSIENT ANALYSIS (Continued)

72

ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2) (Continued)

7.25 Boron Dilution Event

The Boron Dilution event was reviewed for Cycle 1410 verity that sutficient
time is available for an operator to identify the cause and 1o terminate a
boron dilution event for any mode of operation before SAFDL limits are
violated.

Table 7.2.5~1 compares the values of the key transient parumeters
assumed in each mode of operation for Cycle 14 and the reference cycle,
Cycle 13. The Cycle 14 analysis utilized a masg basis in the calculations,
as was usad in Cycle 13, rather than a volumetric basis 10 ensure that all
operating temperature ranges for all modes of operation were bounded.

Since the critical boron concentration for Cycle 14 is less than the

corresponding Cycle 13 values for all modes there is no further analysis
required as the Cycle 13 results will bound Cycle 14
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TABLE 7.2.5~1

FORT CALHOUI UNIT NO. 1, CYCLE 14
KEY PARAMETERS ASSUMED IN THE BORON DILUTION ANALYSIS

Parameters Cycle 13 Values  Cycle 14 Values

Critical Boron Concentration, ppm (AR, No Xenon)

Mode
Hot Standby 1662 1292
Hot Shutdown 1662 1202
Cold Shutdown - Normal RCS Volun » 1457 1204
Cold Shutdown -~ Minimum RCS Volum. 1279 1204
Retueling 1454 1189

Inverse Boron Worth, ppm/%Ap

Mode
Hot Standby ~980 -90
Hot Shutdown -55 ~55
Cold Shutdown - Normal RCS Volume ~-55 ~55
Cold Shutdown - Minimum RCS Volume ~-55 -55
Refueling ~58 -58

Minimum Shutdown Margin Assumed, %Ap

Mode
Hot Standby ~40 ~-4.0
Hot Shutdown -4.0 -4.0
Cold Shutdown -~ Normal RCS Volume -~3.0 ~3.0
Celd Shutdown -~ Minimum RCS Volume* -3.0 -3.0
Refueling (ppm)** 1900 1900

. Shtg?own Groups A and B out, all Regulating Groups inserted except most reactive rod
stuck out.

** Includes a 5.0%Ap shutdown margin.
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70

TRANSIENT ANALYSIS (Continued)

73

POSTULATED ACCIDENTS

7.3.1 CEA Ejection

742

The CEA Ejection event was reanalyzed for Cycle 14 since Westinghouse
will be providing a new fuel design. A summary report was transmitted to
the NRC for review in Reference 14

Steam Line Break Accident

This accident was reviewed for Cycle 14 using the methodology
discussed in References 6 and 12. The Steam Line Break (SLB) accident
was previously analyzed in the Fort Calhoun FSAR and satistactory resuits
were reported therein. The SLB accidents at both HZP and HFP were
examined in the reference cycle (Cycle 8) sasty evaluation with
acceptable results obtained. Both the FSAR and reference cycle
evaluations are reported in the 1991 update of the Fort Calhoun Station
Unit No. 1 USAR.

The Full Power Steam Line Break accident was reviewed fur Cycle 14 fora
more negative MTC of ~3.0 x 1074 Ap/“F than the ~2.5 x 10-4 Ap/'F
value that was used in the Cycle 8 analysis. However, the cooldown curve
for Cycle 14 is bounded by Cycle 8 (as shown in Figure 7.3.2-1). This
figure shows that the reactivity insertion for the Cycle 14 core with an MTC
of =3.0x 10~4 Ap/°F due to a SLB accident at full power is substantially
less than the value used in the Cycle 8 analysis. (This smaller reactivity
insertion is due to the use of the DIT cross ~ sections which are vahd for a
range of moderator temperatures from room temperature 1o 600° K while
the analyses prior 1o Cycle 9 were performed with cooldown curves
derived by conservatively extrapolating CEPAK cross —section values 1o
low temperatures.) The Cycle 14 minimum available shutdown worth at
HFP is 6.2885 %Ap compared to a Cycle 8 value of 6 68%Ap. This implies
a margin decrease of 0.395%Ap. The Cycle 14 moderator cooldown
reactivity between 574°F and 350°F at HFP is 4.7%Ap compared to 5.37
v5Apin Cycle B. This implies a margin increase of 0.67 %Ap. The Cycle 14
dopoler coefficient is more negative than the Cycle 8 doppler including
unceninties. However, this loss in margin is offset by the gain in margin
from the n 2derator cooldown reactivity. The net gain ensures that the
overall reacuvity insertion for a Cycie 14 SLB is less than that of the
reference cycle analysis. Therefore, the return to power is less than that of
the reference cycle and Cycle 1 FSAR analyses.
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70 TRANSIENT ANALYSIS (Continued)

POSTULATED ACCIDENTS (Continued)

7.32 Steam Line Break Accident (Continued)

A similar evaluation was performed for the Hot Zero Power SLB accident.
Again, the Cycle 14 cooldown for an MTC of =3.0x 10-* Ap/*F shows a
substantially smaller reactivity ingertion than was used in the Cycle 8
analysis (as seen in Figure 7.32~1). Since the minimum available
shutdown margin for Cycle 14 remains unchanged from the refcrence
cycle vi '« (4.0%Ap), the overall reactivity insertion for the Cycle 14 SLB
accident will be less severe than that reported for the reference cycle and
the FSAR (Cycle 1) cases.

Based on the evaluation presented above, it is conclu~ed that the
consequences of a SLB accident initiated at either zero or tull power are
less severe than the reference cycle and FSAR (Cycle 1) cases.

Since a negative determination utilizing the 10 CFR 50.59 criteria was
made for the Cycle 14 S1.B accident, no reanalysis was performed. Thus.
itwas concluded that the reference cycle analysis is bounding for Cycle 14
operation.
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7.0 TRANSIENT ANALYSIS (Continued)

73

POSTULATED ACCIDENTS (Continued)

7.33 Seized Rotor Event

The Seized Rotor event was reanalyzed for Cycle 14 1o demonstrate that
only a small fraction of fuel pins are predicted to fail during this event. The
analysis showed that Cycle 14 is bounded by the reference cycle (Cycle 9)
analysis because an F, of 1 85 was assumed in the Cycle 9 analysis and
the Cycle 14 Technical Specification of 1.78 remains conservative with
respect 1o the F, value used in the Cycle 9 analysis

Therefore, the total number of pins predicted to fai! will continue to be less

than 1% of all of the fuel pins in the core. Based on this result, the resultant
site boundary dose would be well within the limits of 10 CFR 100.
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ECCS PERFORMANCE ANALYSIS

Both Cycle 14 Large and Small Break Loss of Coolant accident analyses were
performed by Westinghouse using the methodology discussed in Reference 1. A
sumimary containing the results of the analyses was submitted in Reference 2. The peak
linear heat generation raie of 15.5 kW/tt was conservatively reduced to 13.8 kWM for the
non-LOCA transients to ensure the CE fuel mechanical design requirements were valid
for the operation of Cycle 14
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STARTUP TESTING

The startup testing program proposed for Cycle 14 s identical to that used in Cycle 13 It
is also the same as the program outlined in the Cycle 6 Reload Application, with two
exceptions. First, a CEA exchange technique (Reference 1) for zero power rod worth
measurements will be performed in accoraance with Reference 2. replacing the
boration/dilution method. Also, low power CECOR flux maps and pseuc s - ejection iod
measurements will be substituted for the full core symmetry checks.

The CEA exchange technique is a method for measuring rod worths which i doth faster
and produces less waste than the typical boration/dilution method. The startup testing
method used in Cycles 11, 12 and 13 employed the CEA exchange technique
exclusively Results from the CEA exchange technique were within the acceptance and
review criteria for low power physics parumeters. The combination of the
pseudo - ejection technique at zero power and low power CECOR maps provides for a
less time ccnsuming but equally valid technigue for detecting azimuthal power tilts
during reioad core physics testing. The pseudo - ejection rod measurernent involves
the dilution of the lead bank (Bank 4) into the core, borating a Bank 4 CEA out, and then
exchanging (rod swap) the CEA against other symmetric CEA's within Bank 4 to
measure rod worths.

The acceptance and review criteria for these tests are:

Test Acceptance Criteria Review Criieria
CEA Group Worths + 15% of predicted + 15% of predicted
Pseudo - ejection Mone + 1.5¢ deviation from
rod worth group average
measurement
Low Power CECOR Technical Specifica~ Azimuthal tilt less than
maps tion limits of F,., 20%.

Fo,and T,

OPPD has reviewed these tests and has concluded that no unreviewed safety question
exists for implementation of these procedures.
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