


UNITEL STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter ot
Omaha Public Power Digirict Docket No., S50-285
{Fort Calhoun Staticn
Unit No. 1)
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AFFIDAVIT

W. G. Cates, being duly sworn, hereby deposes and saye that he is the Divieion
Manager -~ Nuclear Operations of the Omaha Public Power District; that as such he
i8 duly authorized to sign and file with the Nuclear Regulatory Commission the
attached informatior which provides corrected informaticn for the Discussion of
changes included in the Application of Amendment dated November 27, 1991 (LIC-
91-0320A) concerning changee necessary for Cycle 14 operation; that he is
familiar with the content thereof; and that the matters set forth therein are
true and correct to the best of his knowledge, information, and velief,

oL R

Division Manaver
Nuclear Operations

STATE OF NEBRASKA)
) 88
COUNTY OF DOUGLAS)

Subscribed and sworn tou before me, a uotarg Public in and for t » State ¢
day of Macch, 1992.

Nebraska on this _ L™
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COMPARISON OF ORIGINAL AND REVISED INPUTS
FOR THE CYCLE 14 TRANSIENT, T/H AND SETPOINT ANALYSES

ITEM

Minimum Availabie Scram Worth With
Most Reactive Rod Stuck 100% Out, %Ap

a) LOCA, LGFA, Loss of AC, Loss of Load,
Seized Rotor, and CEA Withdrawal

HFP / BOC (PDIL)
HFP / EOC (PDIL)
HFP / BOC {ARQ)
HFP / EOC {ARQ)

b} Loss of Feedwater Flow. Excess Load
and Steam Ganerator Tube Ruoture

HFP / BOC (PDIL}
HFP / ECC ‘PDIL)

<) Steam Line Break Event

HFP / BOC {POIL)
HFP / EQC (PDIL)
HFP / BOC (ARG)
HEP | EOC {ARC)
HZP / BOC (PDiL)
HZP / EOC {PDIL}
HZP / BOC (ARO)
HZP / ECC (ARQ)

CYCLE 14

6.4074
78272
6.7244
7.9572

5.7822
6.346C

6.2885
7.0243
6.6055
7.5545
5.0586
59823
6.2280
7.2823

TABLE 1

CYCLE 12 REVISED

64711
76793
6.7920
8.0129

58545
6.3656

6.3523
70765
6.6732
74101
5.1035
5.9882
6.2942
7.2020

increase
Increase
Increase
Increase

increase
Increase

increass
Increase
Increase
Increase
Increase
increase
increase
Increase

CONSERVATIVE

YES
YES
YES
YES

Vet

YES

YES
YES
YES
YES
YES
YES
YES



iTEM

TABLE 1
(continued)
COMPARICOM OF CRIGINAL AND REVISED INPUTS
¥OR THE CYCLE 14 TRANSIENT, T/H AND SETPOINT ANALYSES

CVCLE 14 CYCLE 14 REVISED CHANGE

. Minimum Avaiiable Scram Worth With

Mosi Reactive Rod Stuck 100% Out, %Ap (Continued)
d) All HZP Events Except CEA Ejection

HZP / BOC {POIL;
HZP /| EOC (PDIL)
HZP / BOC (ARO
HZP / ZOC (ARQ}

e} CEA Ejection

HFF / BOC {(PDI'}
HFP [ £OC (POIL)
HZP / BOC (PDIL)
HZP / EOC (PDIL}

5.0596 5.103% Increase:
59833 59482 Increass
5.2280 6.2942 increase
7.2823 7.3020 increase
57872 NCT NECESSARY TO RECALCULATE
6.5936 THESE VALUES DUE TO CEA

4.3085 EJECTION ANALYSIS CONSERVATISMS
4.0242

YES
YES
YES
YES



TABLE 1

{continuad)
COMPARISON OF ORIGINAL AND REVISED INPUTS
FOR THE CYCLE 14 TRANSIENT, T/H AND SETPOINT ANALYSES

CYCLE 14
License
ITEM Application CYCLE 14 REVISED CHANGE CONSERVATIVE

Radial Peaking ractors

lanar K a ar 3
o
3 Y1 1 R3RS Decreass YES
Bank 99 1 9924 Increass NO t.
- : ) o o
Banks 4 20158 20120 Lecraase VES -
teqgrated Radial Peak Ct
AR 354 increase NO
pBan« 053 1.8912¢ IncCrease NO
Banks 443 9229 a23 \crease NG




ITEM CYCLE 14 CYCLE 14 REVISED
3. CEA Vithdrawal Data
Max:mum Differential Worth, Ap/in. 35133E-04 3.6059E 04
4. CEA Drop Data
aj 3-D / HFP, BOC (Biases and Uncertainties Inciuded)
ARO Distortion Factor 1.1915 1.1822
Rod Worth, %Ap 0.2947 0.2871
Bank 4 (PDIL} Distortion Factor 1.1884 1.1796
Rod Worth, %A G.2940 0.2863
b 3D/ 100% Power, 50C MWD/MTU (Biases and Uncertainties included)
ARD Distortion Factor 1.1937 1.1818
Rod Worth, %Ap N/A 0.2887
Bank 4 {PDIL) Distortion "sctor 1.1904 1.1812
Rod Worth, %Ap N/A 0.2880
cj 3-D / 62.6% Power, BOC (Biases und Uncerainties Included;
ARC Distortior: Factor 1.2330 1.2240
Rod Worth, %Ap 02628 02548
Bank 4 (PRI} Distortion Factor 1.2243 N/A
Rod Worth, %Ap 0.2634 N/A
d} 3-D / HFP, ECC (Biases and Uncertainties included;
ARO Distortion Factor 1.1570 1.1485
Rod Worth, %ap 03281 0.3361
Bank 4 (PDIL} Listortion Facte, 1.1549 N/A
Rod Worth, % Ap 0.3424 N/A

TABLE 1
(continued)
COMPARISON OF OR!GINAL AND REVISED INPUTS
FOR THE CYCLE 14 TRANSIENT, T/ AND SETPOINT ANALYSES

CHANGE

CONSERVATIVE

YES

YES

YES

YES
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AA Assembly | ocation
Bbs Fuel Type Q-
C.CC Initial Enrichment (w/o U—ZSS‘WW
DD.DDD ~ Assembly Average Exposure (MWD/MTU)
1 2
N N/
3.70 3.70
24 691 | 30,556
3 4 5 6 7
N | R | P/ | R2 | P/
3.70 385 3.59 3.85 359
33,888 0 16,672 0 21,250
8 9 10 1" 12 13
N/ | R2 P R7 N R3
3.70 385 3.94 3.60 3.70 3.85
33,696 0 13,618 0 31,088 0
14 15 16 17 18 19
R1 P R& P/ RS P/
0.74 3.94 3.85 3.59 3.85 3.59
0 13,615 0 21,003 0 20,941
20 21 22 23 24 25
P/ | R4 | P/ P/ N/ | R6
26 359 3.85 3.58 3.59 3.70 3.60
N 16,964 0 21,006 | 15,148 | 30,506 0
370 |27 28 29 30 o1 32
24691 | R2 N RS N R4 P/
33 385 3.70 385 3.70 385 3.59
N/ 0 31,077 0 30,880 9 21,059
370 |34 35 a6 37 38 39
q_ 0501 P/ | R3| P/ | R6& | P/ | M/
359 3.85 3.59 3.60 3.59 3.80
21,251 0 20,327 0 21,080 | 30,957
Note: EOC 13 Burnup = 15,250 MWD/MTU

Cycle 14 BOC Initial Enrichment
and Assembly Average Exposure

Omaha Public Powear District
Fort Calhoun Station Unit No. 1

Figure
3-10
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AA - Assembly Location
BE [ Fuel Type

C.CC = Initial Enrichment (w/o U-235
DO, DDD - Azsembly Average Exposure (

WDNTU)

1 2
N | N
370 | 370
28,583 | 33,931
3 4 5 6 7
N | R | P/ | R | P/
370 | 38 | 35 | 385 | 359
38,924 | 11,964 | 28,658 | 14692 | 32892
8 9 10 1 12 13
N | Rg | P | R7Z | N | R3
370 | 385 | 394 | 360 | 370 | 385
36,825 | 13,972 | 30,899 | 19,170 | 45,196 | 19,719
14 15 16 17 18 19
Rt P | RS | P/ | RS | P/
074 | 394 | 385 | 359 | 385 | 359
4371 | 29441 | 20,891 | 38317 | 20,673 | 38,469
20 21 22 23 24 25
——{ Pl |"R4 |"PL |"P/L |"N |"R6
26 359 | 385 | 359 | 3 370 | 360
N [ 27565 | 18788 | 38,166 | 32,754 | 45,878 | 20,383
370 127 28 29 30 31 32
2201 R2 | N | RS | N | R4 | P/
33 385 | 3/0 | 385 | 370 | 385 | 359
N/ | 15354 | 45250 | 20652 | 45896 | 20,620 | 37,929
370 134 35 36 37 38 39
G 395 1"P/ |"R3 | P, |'R6 | P/ | M/
359 | 385 | 359 | 360 | 359 | 380
33,961 | 20,084 | 38,069 | 20,456 | 38,007 | 45607

Cycle 14 EOC Initial Enrichment

Omaha Puhlic Power District | Figure
and Assembly Average Exposure | Fort Calhoun Station Unit No. 1| 3~11
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50

NUCLEAR DESIGN

51

PHYSICAL CHARACTERISTICS

51.1 Fuel Managemem

The Cycle 14 fuel management uses an extreme low radial leakage
design, with twice burned assemblies predominantly loaded on the
periptiery of the core with hafniumn flux suppression rods inserted into the
guide tubes of seiected peripheral fuel assemblies adjacent to the reactor
vessel limiting welds. This extreme low radial leakage fuel loading pattern
is utilized to minimize the flux 1o 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
aforementioned IFBA pellet design. The remaining 4 Batch R assemblies
contain fuel rods that are loaded with naturally enriched uranium and also
placed in locations near the limiting welds. All of these 48 assemblies
employ intra—-assembly uranium enrichment splits. Batches R2 through
R5 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 returned to the core, along with 40 once burned P assemblies.
One twice burned M assembly, which was discharged into the spant fuei
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 of 15,250 MWD/MTU and limiting values esiablis!ed for the
safety analysis.

Physics characteristics including reactivity coefficients for Cycie 14 are
listed in Table 5~ 1 along with the corresponding values from Cycle 13. It
should be noted that the values of paramete:s actually employed in the
safety analyses are different from those Cispiayed ir Table 51 and are
typically chosen to conservatively bound predicted values with
accommodation for appropriate uncertainties and allowances.

The BOC, HZP conditions for all events are the most limiting conditions
used in the determination of available shutdown margin for compliance
with the Technical Specifications. The minimum available shutdown
margiin is 1.06%Ap with respect to the Technical Specification limit of

Page 21 of 62



50

NUCLEAR DESIGN (Continued)

5.1

PHYSICAL CHARACTERISTICS (Continued)

s.1.1

Fuel Management (Continued)

4. 0%Ap. Table 5-2 presents a summary of CEA shutdown worths and
reactivity allowances for Cycle 14. The cycle 14 CEA worth values, used in
the calculation of minimum scram worth, exceed the minimum value
required by Technical Specifications and thus provide an adequate
shutdown margin.

Power Distribution

Figures 5-1 through 5-3 illustrate the all rods out (ARQ) planar radial
power distributions at BOC14, MOC 14, and EOC 14, respectively, and are
based upon the Cycle 13 late window burnup timepoint. These radial
power densities are assembly averages representative of the entire core
length. The high burnup end of the Cycle 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
5-5, respectively.

The radiai power distributions described in this section are calculated
data 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 this document, establish the allowable limits for power
peaking to be observed during operation.

As previously indicated, Figures 3-5 and 3-6 show the integrated
assembly burnup values at 0 and 14,000 MWD/MTU for Cycle 14.

The range of allowable axial peaking is defined by the limiting conditions
fur operation and their axial shape index (AS!). Within these A3I 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 2.1069, including uncertainty allowarces.

Page 22 of 62
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TABLE 5-2

FORT CALHOUN UNIT NO. 1, CYCLE 14
LIMITING VALUES OF REACTIVITY WORTHS AND ALLOWAN( . Z8**

FOR HOT ZERO POWER
BOC, HZP EOC, HZP

(%Ap) (%Ap)
Worth of all CEAs Inserted 7.52 8.86
Stuck CEA Allowance 1.17 1.43
Worth of all CEAs Less Worth
of Most Reactive CEA Stuck Out 6.35 7.43
Power Dependent Insertion
Limit CEA Worth 1.19 1.33
Calculated Scram Warth 516 6.10
Physics Uncertainty plus Bias 0.10* 0.12*
Net Available Scram Worth 506 5.98
Technical Specification
Shutdown Margin 4.00 4.00

Margin in Excess of Technical
Specification Shutdown Margin 1.06 1.98

1.96% of calculated scram worth from revised ABB~CE methodology biases and

uncenainties.

These values are the same values as the orjl%inal analysis, prior to detection and correction of
e results remain conservative with respect to the

the hafnium - related cross— section error.
corrected scram worths, i.e. the above values are less than the revised values.
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B BBBA
c.ccC

-~ Assembly Location

- Assembly Relative Power Density
= Maximurmn 1+ Pin Peak Assembly

02761

L

0.2347

0.3721

09116

‘.ﬁ

0.8667

1.0080

17
08673

0.2018

1.0680

10
1.3302

11
1.3466

12
1.0139

13
1.4143

14
0.2459

15
1.1808

16

14544
1.6285

17
1.2804

18
1.3796

19
1.2332

26

20
0.7589

21
1.2085

0.3264

a3

a7
1.1622

28
1.0163

22
1.26803

23
1.3288

24
1.0004

25
1.3210

1.3734

1.06689

K3
1.4306

1.2305

02837

34
0.9643

35
1.4476

1.2481

a7
1.3249

1.2349

39
1.1081

Maximum 1-Pin Peak at 23% Core Height

0 MWDNIU al

ICycle 14 Assem &t} Power Distribution
_Equilibrium Xenon

Omaha Public Power District

Figure

Fort Calhoun Station Unit No. 1| 5-1
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= Assembly Location

- Assemibly Relative Power Density
= Maximum 1~ Pin Peak Assembly

B BBRB
C.CCC

1 2
0.3176 | 02775
3 4 5 6 7
0.3963 | 09056 | 0.8645 | 1.1034 | 0.8602
8 9 10 " 12 13
0.2426 | 1.0402 | 1.1908 | 1.3758 | 00066 | 10986
14 16 6 17 18 19
04078 | 1.1243 | 1.4778 | 11498 | 14503 | 11809
1.6550
20 21 22 23 24 25
26 08223 | 1.3852 | 1.1702 | 11710 | 1.0403 | 14233
61 —
" 27 28 29 30 N 32
33 11709 | 10130 | 14674 | 1.0194 | 14047 | 1.1143
44
i 34 35 36 a7 38 39
09477 | 1.4310 | 1.2082 | 1428y | 1.1175 | 0.9687

Maximum 1--Pin Peak at 17% Core Height

i(Cycle 14 Assembly Power Distribution| Omaha Public Power District

Fig.re
14,000 MWD/ , HFF, Eq. Xenon | Fort Calhoun Station Unit No. 1 4

5-3

Page



- Assembly Location

= Assembly Relative Power Density q_
- Maximum 1~ Pin Peak Assembly

1 2
0.2049 | 0.2571
(3 a 5 6 7
02572 | 0.8059 | 08772 | 1.1819 | 0.9400
(8 10 1 12 13
0.1284 1.1595 | 1.3600 | 1.0870 | 15387
[14 16 17 18 19
02191 | 1.0341 | 1.3064 | 1.3206 | 14719 | 1.3286
20 21 22 23 24 25
= 07986 | 1.3397 | 13009 | 13957 | 1.1408 | 1.3719
eandl 1 28 29 40 31 22
= 12728 | 1.1100 | 14708 | 1.1114 | 14117 | 1.1376
aaadl a5 36 37 38 oh
q_ 1.0791 | 1.6002 | 1.2582 | 1.3824 | 1.1438 |4
1.7810 s

Maximum 1-Pin Peak at 20% Core Height

- Bank

4 Locations

Cycle 14 Assembly RPD Bank 4 In
0 MWD/MTU, HFE, Equilibrium Xenon

Page

Omaha Public Power District ! Figure

Fort Calhoun Station Unit No. 1 I 5-4
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~ Assembly Location

3. BBBA
C.CCC

= Assembly Relative Fower Density
= Maximum 1-Pin Peak Assembly

1 2
0.3404 | 0.3033
3 [a 5 6 7
02601 | 0.7900 | 0.8769 | 0.1847 | 09387
pr—
A 11 12 13
0.1557 8 1.3030 | 1.0665 | 1.5173
14 17 18 10
0.3647 1.2086 | 1.5563 | 1.2808
20 21 22 23 24 25
= 0.8576 | 1.4240 | 1.2138 | 1.2310 | 1.0033 | 1.4880
4241
s 27 28 29 20 31 32
12807 | 10074 | 15740 | 1.0737 | 1.0434 | 1.0474
33 1.8000
501
inadi 34 35 36 37 38
1.0501 | 15686 | 1.3088 | 1.4985 | 1.0519

Maximum 1-Pin Peak at 17% Core Height

. -~ Bank 4 Locations

Cycle 14 Assembly RPD Bank 4 In
14,000 MWD/MTU, HFPR, Eq. Xenon

Omaha Public Power District
Fort Calhoun Station Unit No. 1
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TABLE 61

FORT CALHOUN UNIT NO. 1, CYCLE 14
THERMAL HYDRAULIC PARAMETERS AT FULL POWER

Uni Cycle 14*
Total Heat Output (Core Only) MWt 1600
10" BTU/M 5119
Fraction ol Heat Generated in Fuel Rod 0.975
Primary System Pressure
Nominal psia 2100
Minimum In Steady State psia 2075
Maximum In Steady State psia 2150
Inlet Temperature (Maximum) . 545
Total Reactor Coolant Flow pm 202,500
(Steady State) 10" tbm/hr 76.32
(Through the Core) 10" bm/hr 73.06
Hydraulic Diameter
(Nominal Channel) ft 044
Average Mass Velocity 10" ibm/hr - #t* 2.226
Core Average Heat Flux
(Accounts for Heat Generated BTU/Mr-#t" 181281
in Fuel Rod)
Total Heat Transfer Surlace Area ft’ 28,241*+
Average Core Erthalpy Rise BTU/lbm 726
Average Linear Heat Rate KW/t 601+
Engineering Heai Flux Factor 1.03%**
Engineedng Factor on Hot Channel Heat input 1.03%*¢
Rod Pitoh and Bow 1.066%%*
Fuel Densificatiun Factor (Axial) 1 002

* Design inlet temperature and nominal primary system pressure were used 1o
ca’cuqam these parameters. d

** Based on Cycle 14 speaific value of 424 fuel displacing shims.

¥ These factors were combined statistically (Reference 8) with other uncentainty
factors at 95/95 confidence/probability leve! to define a design limit on CE-1

minimum DNBR.
Page 33 of 62
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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 Units Cycle 13 Values  Cycle 14 Values

e s em—— A v e ——

Radial Peaking Factors

For DNB Margin Analyses

(Fu)
Gmodded Region 1.70* 1.79*
Bank 4 Inserted 1.73* 1.92%

For Planar Radial Component
(F.. ) of 3D Peak

(CTM Limit Analyses)

Unrodded Region 1.78* 1.856*

Bank 4 Inserted 1.77* 2.0¢
Maximum Augmentation
Factor 1.000 1.000
Moderator Temperature
Coefficient 10-4 Ap/°F «2710 405 «3.010 +05
Shutdown Margin (Value
Assumed in Limiting
EOC Zero Power SLB) %Ap ~4.0 ~4.0

* The DNUR analyses utilized the methods discussed 'n Section 6.1 of this report.
The procedures used in the Statistical Combination of Uncertainties (SCU) as they
pertzin to DNB and CTM limits are detailed ir References 2--5.
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Event

e e

Sequential CEA
Group Withdrawa!

CEA Drop

Excess Load

ACS Depressurization

L.oss of Coolant Flow

TABLE 73

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

Reason for
Reanalysis

Calculate cycle specific
ROPM values

Incorporated bounding
Input values

Reclassified as @ ROPM ovent
(methudology change)

To provide a conservative Pbias

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

To provide for incivased ingt -
rument uncenainty in the RPS

low flow trig circuit. This would

Criteria

e e g

Minimum DNBR _»

1.18 using the CE -1
vorrelation. Transient

PLHGR = 22 kWM.

Minimum DNBR »
1.18 using CE~1

corralation. Transient.

PLHGR < 22 kWM

Miniinum DNBR >
1.18 using CE -1

correlation. Transient

PLHGR < 22 kWM
Pblas value < the

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

Minimum DNBR >
1.18 using CE ~1

corrglation. Trangient,

reduce the trip setpoint to 90% of PLHGR < 22 kWM

full fiow conditions.

Page 38 of £2

Sumimary
of Results

MONBR =171
PLMGR < 22 kvt

MDNBR ~ 1.38
PLHGR < 22 kW/h

MDNBR = 1,21
PLMGR « 22 kWM

Pblas = 30 psia

MDNBR = 142
PLIHGR « 22 kw/tt



7.0

TRANSIEN [ ANALYS!S (Continued)

7.2

ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2)

- . —

722 CEA Withdrawal Even:

The CEA Withdrawnl (CEAW) even! was reanalyzed 'or Cycle 14 1o
determine the initisi margins that must be maintained by the Limiting
Conditions for Ope:ations (LCOs) such that the DNBR and ‘ue! centerline
1o melt (CTM) design limits will not be exceeded in conjunction with the
RPS (Variable (digh Power, High Prossurizer Pressure, or Axial Powor
Distribution Tripe).

The methodology contained in Relerence 6 was employed in analyzing
the CEAW event. This event is classified as one for which the acceptable
DN3R and CTM limits are not violated by virtue of mairtenance of
sufficient initial steady state thermal margin provicod by the DNBR and
Linear Heat Rate (LHR) related LCOs.

Forthe HFP CEAW DNBR analysis, a MTC valug identical to that utilized in
Reference 8 and a gap thermal conductivity consistent with the
assumption of Reteronce 6 were used in conjunction with a variable
reactivity insertion rato

The HFP case for Cycie 14is considered to meat the 10 CFR £0.50 criteria
since the results show that the requirad overpower margin is less than the
available overpower margin required by the Technical Specifications for
the DNB and PLHGR LC.Os. Since a negative 10 CFR 50.59 determination
was made for Cycle 14, the conclusions for Cycle 12 remain valid and
applicable to Cycle 14,

The zero power case was analyzed to demonstrate that acceptable DNBR
and centerline melt lirnits are not excecded. For the zero power case, &
reactor trip, initiated by the Variable High Power Trip at 30% ( 20% 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 ihat reported in the reference cycle.

The zero power case initiated at the limiting conditions of operation results
inaaminitum CE~ 1 DNBR of §.44 which ¢ less than the Cycle 12 value
016.99, but still far in excess of the minimum 1.18 DNBR limit. The analysis
shows that the fuel 1o centerling melt ternperatures are well below those
corresponding to the acceptable fuel to centerline meltlimit. The key input
parameters used for the zero power case are presented in Table 7.2.2~1.
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TABLE 7221

FORT CALHOUN UNIT NO. 1, CYCLE 14

KEY PARAMETERS AGSUME! IN THE HZP CEA WITHDRAWAL ANALYSIS

Parameter

inftial Core Power Level

Core Inlet Coolant
Terperature

Pressurizer Pressure

Moderator Temperature
Coefficient

Doppler Coefficient
Multipher

CEA Worth at Trip

Reactivity Insertion
Rate Range

CEA Group Withdiawal
Ratn

Halding Coil Delay Time

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

Units Cycie 12 Cyclc 14
M 1 1*
F 532 532+
peia 2083 2075+
x 104 Ap/°F +C5 +0.5
085 0.85
ToAp 528 5.048
x 10°4 Ap/sec 0t0 1.0 0t02.7
in/min 46 46
sec 05 0s

accounted for statistically in the DNBR and CTM calculations.
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70

TRANSIENT ANALYSIS (Continued)

7.2

ANTICIPATED OPERATIONAL OCCURRENCES (CATEGORY 2) (Continued)

7.23 Loss of Coolant Flow Event

The Loss of Coolant Flow event was reanalyzed for Cycle 14 to determine
the minimum initial margin that must pe maintained by the Limiting
Conditions for Operations (LCOs) such that in conjunction with the RPS
low flow trip, the DNBR limit will not be exceeded.

The event was analyzed parametrically in initial axial shape and rod
configuration using the methods described in Reference 6 (vwhich utilizes
the statistical combination of unceraintive in the DNBR analysis as
described in Appendix C of References 4 and 5).

The 4-Pump Loss ol Coolant Flow produces a rapid approach 1o the
DNBR limit due to the rapid decrease in the core coolant fiow. Protection
against exceeding the DNBR limit for this transient is provided by the initial
steady state thermal margin which is maintainec by adhering tho the
LCOs on DNBR margin and by the response of the RPS which provides an
automatic reactor trip on low reactor coolant flow as measured by the
steam generator differential pressure transmitters.

The flow coastdown is generated oy the CESEC - Il (References 9 and 10)
which utilizes implicit modeling of the reactor coolan' pumps. Table
7.2.3-1 lists the key transient parameters used in the Cycle 14 analysis
and compares them 1o the reference cycle (Cycle 12) values.

The low fiow trip setpoint is reached at 3.66 seconds and the scram rods
start dropping into the core 1.15 seconds later. A minimum CE~1 DNBR
of 1.422 is reached at 5 5 seconds.

It may be concluded that for Cycle 14 the Loss of Flow event, when
initiated from the LCOs, in conjunction with the Lew Flow Trip, will not
exceed the minimum DNBR design limit.
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TABLE 7.2.3-1
FORT CALHOUN UNIT NO 1, CYCLE 14

KEY PARAMETERS ASSUMED IN THE LOSS OF COOLANT FLOW ANALYSIS

Parameter Units Cycle 12
Initial Core Power Level MWt 1600*
Initial Core Inlet Coolant

Temperature 545*
Initial RCS Flow Rate gpm 208 280*
Pressurizer Pressure psia 2075*
Moderator Temperature

Coefficient x 1074 Ap/°F +058
Doppler Temperature

Multiplier 0.85
CEA Worth at Trip (ARO) %A -6.50
LFT Analysis Setpoint % of initial flow 93
LFT Response Time sec 0.65
CEA Holding Coil Delay gec 0.5
CEA Time 1o 100% Insertion ser KR

(Including Halding Coil Delay

Total Unrodded Radial Peaking
Factor (F,) 1.80

*  The uncertainties on these parameters were combined statistical
demn:g%cany. The values listed represent the bounds includ
co ation.
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Cycle 14
1500*

545+
202,500*
2075*

+0.5

0.85
-6.72

0.65
0.5
3.1

1.79

rather than
in the statistical



TABLE 7.24~1

FORT CALHOUN UNIT NO. 1, CYCLE 14

KEY PARAMETERS ASSUMED IN THE HFP CEA DROP ANALYSIS

Parameter Units
Intial Core Power Level MWt
Core Inlet Coolant

Temperature
Pressurizer Pressure psia
Core Mass Flow Rate gom
Moderator Temoerature

Coefficient x 104 Ap/*F
Doppler Coefficient

Multiplier

CEA Insertion at Maximum

Allowed Power Tinseriion of Bank 4
Dropperd CEA Worth Unrodded, %Ap
PDIL, %Ap

Maxiinum Allowed Power

Shape Index at Negative

Extreme of LCO Band

Radial Peaking Distortion

Factor Unrodded Region
Bai k 4 Inseiied

“he DNBR calculations used the methods discussed in Sect.on 6.1 of this document and

Cycle 11
1500*

543
2075*
202,500

2.7
1.15
25

~0.2337
-0.2205

~0.18

1.1566
1.1598

Cycle 14

1500*

545
2075*

196,000*

~-3.0

1.40

25

-0.2887
~0.2880

-0.18

11618
1.1812

detetled in Relerences 2 through 6. The effects of uncertainties on these parameters

were sccounted for statistically in the DNBR and CTM calculations.
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Time (sec)
00
1.0
.14
740

199.6

2000

200.0

TABLE7.24-2
FORT CALHOUIN UNIT NO 1. CYCLE 14

SFQUENCE OF EVENTS FOR FULL LENGTH CEA DROP

Even!

CEA Begins to Drop into Core

CEA Reaches Fully Inserted Position
Core Power Level Reaches a Minimum
and Begins to Return to Power Due to
Reactivity Feedbacks

Core Inlet Temperature Reaches a
Minimum Value

RCS Pressure Reaches a Minimum
Value

Core Fower Returns to its Maximum
Value

Minimurn DNBR is Reached
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Setpoint or Value

.00% Insedtion
64.4% of 1500 MWt '
508 85°F i
1998.24 psia [ ]
94.98% of 1500 MWt l

1.379 (CE~1 Correlation) |



TABLE 7.2 £~1

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

Parameters Cycle 13 Vaiues  Cycle 14 Values

Critical Boron Concentration. ppm (ANO, No Xenon)

Mode
Hot Standby 1662 1202
Hot Shutdowr, 1662 1292
Cold Shutdown ~ Normal RCE Volume 1457 1204
Cold Shutdown -~ Miniinum RCS Volume* 1279 1204
Relueling 1454 1180

Inverse Boron Worth, ppm/%Ap

Mode
Hot Standby ~90 ~00
Hot Shutdown ~55 -85
Cold Shutdown - Normal RCS Volume ~55 - 58
Cold Shutdown -~ Minimum RCS Volume - 585 - 58
Hetueling ~58 -~ 58

Minimum Shutdown Margin Assumad, %Ap

Mode
Hot Standby -4 ~40
Hot Shutdown ~4.0 -4.0
Cold Shutdown - Normal RCS Volume ~3.0 -30
Cold Shutdown ~ Minimum RCS Volume* -3.0 ~3.0
Retueling (ppny)** 1800 1700%**

. Shuctfmn Groups A and B out, all Regulating Groups insertad except most reactive rod
Sil .

** Includes a 5.0%A shutdown margin.
o Proposed Cycle 14 COLR value.
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70

TRANSIENT ANALYSIS (Continued)

73

POSTUL TED ACCIDENTS (Continued)

733 §ized Rotor Event

The Seized Rotor event was reanalyzed for Cycle 14 to demonstrate that
orly a small fraction of fuel pins are predicted to fail dunig this event. The
ar alysis showed that Cyclo 14 is bounded by the reference cycle (Cycle 9)
ar alysis bacause an F, of 1.85 was assurned in the Cycle 9 analysis and
th» Cycle 14 Technical Specification of 1.79 remains conservative with
re spect to the ¥, value used in the Cycle 9 analysis.

T erefore, the total number of pins predicted to fail will continue to be less

than 1% of all of the fuel pins in the core. Based on this result, the resultant
6@ boundary dose would be well within the limits of 10 CFR 100,
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ATTACHMENT 2



The purpose of this attachment Is to provide OPPD's Justification for the use
of the new calculationg! uncertalitivs for peaking factors derlved from the
ROCS -NEM methods




WATA MU
YV AN

Cycle 13 Cycle 13 Cycle 14
(HOD) (NEM) (NEM)

1.664
1.600




ATTACHMENT 2
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2

“The ROCS & DIT Compuler Codes lor Nuclear Design’, CENPD - 266 <P~ A
April 1983,

l;mieo Blases and Uncertainties”, CF - CES - 129, Revision 1~ P August
1901,
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