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COLR for VEGP UNIT 2 CYCLE 11

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for VEGP UNIT 2 CYCLE 11 has been prepared in
accordance with the requirements of Technical Specification 5.6.5.

The Technical Requirement affected by this report is listed below:

13.1.1 SHUTDOWN MARGIN - MODES 1 and 2

The Technical Specifications affected by this report are listed below:

3.1.1 SHUTDOWN MARGIN - MODES 3,4 and 5

3.1.3 Moderator Temperature Coefficient

3.1.5 Shutdown Bank Insertion Limits

3.1.6 Control Bank Insertion Limits

3.2.1 Heat Flux Hot Channel Factor - F0(Z)

3.2.2 Nuclear Enthalpy Rise Hot Channel Factor - FISH

3.2.3 Axial Flux Difference

3.9.1 Boron Concentration
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COLR for VEGP UNIT 2 CYCLE 11

2.0 OPERATING LIMITS

The cycle-specific parameter limits for the specifications listed in Section 1.0 are presented in the
following subsections. These limits have been developed using NRC-approved methodologies,
including those specified in Technical Specification 5.6.5.

2.1 SHUTDOWN MARGIN - MODES 1 AND 2 (Technical Requirement 13.1.1)

2.1.1 The SHUTDOWN MARGIN shall be greater than or equal to 1.30 percent Ak/k.

2.2 SHUTDOWN MARGIN - MODES 3.4 AND 5 (Specification 3.1.1)

2.2.1 The SHUTDOWN MARGIN shall be greater than or equal to the limits shown in
Figures 1 and 2.

2.3 Moderator Temperature Coefficient (Specification 3.1.3)

2.3.1 The Moderator Temperature Coefficient (MTC) limits are:

The BOIJARO/HZP - MTC shall be less positive than +0.7 x 104 Ak/k/0F
for power levels up to 70% RTP with a linear ramp to 0 Akk/I&F at 100% RTP.

The EOL/ARO/RTP-MTC shall be less negative than -5.50 x 1 04
Ak/kPF.1

2.3.2 The MTC Surveillance limits are:

The 300 ppm/ARO/RTP-MTC should be less negative than or equal to
-4.75 x 104 Ak/kf1F.'

The 60 ppm/ARO/RTP-MTC should be less negative than
-5.35 x 1 04 Ak/k/0F.1

where: BOL stands for Beginning of Cycle Life
ARO stands for All Rods Out
HZP stands for Hot Zero THERMAL POWER
EOL stands for End of Cycle Life
RTP stands for RATED THERMAL POWER

2.4 Shutdown Bank Insertion Limits (Specification 3.1.5)

2.4.1 The shutdown banks shall be withdrawn to a position greater than or equal to 225
steps.

2.5 Control Bank Insertion Limits (Specification 3.1.6)

2.5.1 The control banks shall be limited in physical insertion as shown in Figure 3.

Applicable for full-power T-average of 586.40F to 587.40F.
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COLR for VEGP UNIT 2 CYCLE 11

2.6 Heat Flux Hot Channel Factor - Fa(Z) (Specification 3.2.1)

RTP
FQ

2.6.1 Fa(Z) S * K(Z) for P > 0.5
p

RTP
Fo

FQ(Z) s * K(Z) for P s 0.5
0.5

where: P =THERMAL POWER
RATED THERMAL POWER

RTP
2.6.2 Fa = 2.50

2.6.3 K(Z) is provided in Figure 4.

RTP
2.6.4 Fo(Z) S FQ K(Z) for P > 0.5

P *W(Z)

RTP
Fa(Z) S Fn * K(Z) for P < 0.5

0.5 * W(Z)

2.6.5 W(Z) values are provided in Figures 6 through 9.

2.6.6 The Fa(Z) penalty factors are provided in Table 1.
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2.7 Nuclear Enthalpy Rise Hot Channel Factor - FISH (Specification 3.2.2)

2.7.1 FISH S F *H (1 + PFAH* (1-P))

THERMAL POWER
where: P =

RATED THERMAL POWER

2.7.2 FRHT = 1.65

2.7.3 PFAH = 0.3

2.8 Axial Flux Difference (Specification 3.2.3)

2.8.1 The Axial Flux Difference (AFD) Acceptable Operation Limits are provided in Figure 5.

2.9 Boron Concentration (Specification 3.9.1)

2.9.1 The boron concentration shall be greater than or equal to 1900 ppm.1

'This concentration bounds the condition of ken < 0.95 (all rods in less the most reactive rod) and
subcriticality (I rods out) over the entire cycle. This concentration includes additional boron to
address uncertainties and B10 depletion.
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COLR for VEGP UNIT 2 CYCLE 11

TABLE 1

Fa(Z) PENALTY FACTOR

Cycle
Burnup

(MWD/MTU)
4201
4414
4628
4841
5054
5267
5480
5694

Fa(Z)
Penalty
Factor
1.020
1.021
1.025
1.025
1.025
1.023
1.021
1.020

Notes:

1. The Penalty Factor, to be applied to Fo(Z) in accordance with SR 3.2.1.2, is the maximum factor
by which Fa(Z) is expected to increase over a 39 EFPD interval (surveillance interval of 31
EFPD plus the maximum allowable extension not to exceed 25% of the surveillance interval per
SR 3.0.2) starting from the burnup at which the Fo(Z) was determined.

2. Linear interpolation is adequate for intermediate cycle burnups.
3. For all cycle burnups outside the range of the table, a penalty factor of 1.020 shall be used.
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FIGURE 1

REQUIRED SHUTDOWN MARGIN FOR MODES 3 AND 4 (FOUR LOOPS FILLED AND VENTED
AND AT LEAST ONE REACTOR COOLANT PUMP RUNNING)
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1.b

1.

1.

N
1.

C..

4…

A

A

A

A
A

AAA A

---- A-- -

A
A

A

2 -- -- -- --
A A

A A

1-- -…

Axial Elevation BOL
Point (feet) W(Z)

1 12.00 1.0000
* 2 11.80 1.0000
* 3 11.60 1.0000
* 4 11.40 1.0000

5 11.20 1.0000
' 6 11.00 1.0000

7 10.80 1.0000
' 8 10.60 1.0000
* 9 10.40 1.0000
* 10 10.20 1.0000

11 10.00 1.3225
12 9.80 1.3149
13 9.60 1.3104
14 9.40 1.3001
15 9.20 1.2895
16 .9.00 1.2718
17 8.80 1.2592
18 8.60 - .1.2532
19 8.40 1.2499
20 8.20 1.2485
21 8.00 1.2439
22 - 7.80 1.2463
23 7.60 1.2513
24 7.40 1.2517
25 7.20 1.2498
26 7.00 1.2456
27 6.80 1.2031
28 6.60 1.1953
29 6.40 1.1857
30 6.20 1.1746

- 31 6.00 1.1677
32 5.80 1.1660
33 5.60 1.1676
34 5.40 1.1772
35 5.20 1.1913
36 5.00 1.2049
37 4.80 1.2174
38 4.60 1.2292
39 4.40 1.2399
40 4.20 1.2496
41 4.00 1.2581
42 3.80 1.2614
43 3.60 1.2630
44 3.40 1.2641
45 3.20 1.2731
46 3.00 1.2876
47 2.80 1.3052
48 2.60 1.3240
49 2.40 1.3423
50 2.20 1.3603
51 2.00 1.3787

* 52 1.80 1.0000
53 1.60 1.0000

* 54 1.40 1.0000
* 55 1.20. 1.0000

- 56 1.00 1.0000
* 57 0.80 1.0000
* 58 0.60 1.0000
* 59 0.40 1.0000
* 60 0.20 1.0000

61 0.00 1.0000

* Top and Bottom 15% Excluded per
Technical Specification B3.2.1

1.

1.

I. 0I
0.0 2.0 4.0 6.0 8.0 10.0 1,

Core Height - feet

This figure Is referred to by Specification B3.2.1

These WV(Z) values are consistent with Figure 5, and arc valid
over the IIF T815 temperature range from 586.4 to 587A40F.

FIGURE 6
RAOC W (Z) AT 150 MWD/MTU
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1.i 5

1
1.

1.

N
- 1.
2:

.4---…iWs~S-r _

___ _ _ _

_ _ _ _ _ _A

Axial Elevation MOL-1
Point (feet) W(Z)

1 12.00 1.0000
* 2 11.80 1.0000
* 3 11.60 1.0000

4 11.40 1.0000
* 5 11.20 1.0000

6 11.00 1.0000
7 10.80 1.0000
8 10.60 1.0000
9 10.40 1.0000
10 10.20 1.0000
11 10.00 1.3366
12 9.80 1.3278
13 9.60 1.3167
14 9.40 1.3020
15 9.20 1.2869
16 9.00 1.2695
17 8.80 1.2590
18 8.60 1.2566
19 8.40 1.2557
20 8.20 1.2527
21 8.00 1.2537
22 7.80 1.2533
23 7.60 1.2496
24 7.40 1.2436
25 7.20 1.2354
26 7.00 1.2254
27 6.80 1.1954
28 6.60 1.1830
29 6.40 1.1705
30 6.20 1.1568
31 6.00 1.1634
32 5.80 1.1557
33 5.60 1.1542
34 5.40 1.1611
35 5.20 1.1694
36 5.00 1.1772
37 4.80 1.1841
38 4.60 1.1902
39 4.40 1.1955
40 4.20 1.1997
41 4.00 1.2028
42 3.80 1.2074
43 3.60 1.2110
44 3.40 1.2138
45 3.20 1.2176
46 3.00 1.2312
47 2.80 1.2532
48 2.60 1.2777
49 2.40 1.3017
50 2.20 1.3255
51 2.00 1.3492
52 1.80 1.0000
53 1.60 1.0000
54 1.40 1.0000

* 55 1.20 1.0000
* 56 1.00 1.0000

57 0.80 1.0000
58 - 0.60 1.0000

* 59 0.40 1.0000
* 60 0.20 1.0000
* 61 0.00 1.0000

* Top and Bottom 15% Excluded per
Tecdnical Specification B3.2.1

1.

1.

1.
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Core Height - feet

This figure Is referred to by Specification B3.2.1

These W(Z) values are consistent with Figure 5, and are valid
over the 1IFP Tayg temperature range from 586.4 to 587A°F.

FIGURE 7 PAGE 12 of 14
RAOC W (Z) AT 4000 MWD/MTU
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_ _ __ . __ _

.- . _' .

_ ~~~A _A _ _ _

Axial Elevation MOL-2
Point (feet) W(Z)

1 12.00 1.0000
* 2 11.80 1.0000

3 11.60 1.0000
4 11.40 1.0000

* 5 11.20 1.0000
* 6 11.00 1.0000
* 7 10.80 1.0000
* 8 10.60 1.0000
* 9 10.40 1.0000
* 10 10.20 1.0000

11 10.00 1.2922
12 9.80 1.2803
13 9.60 1.2711
14 9.40 1.2604
15 9.20 1.2500
16 9.00 1.2425
17 8.80 1.2355
18 8.60 1.2340
19 8.40 1.2383
20 8.20 1.2386
21 8.00 1.2365
22 7.80 1.2352
23 7.60 1.2316
24 7.40 1.2259
25 7.20 1.2181
26 7.00 1.2085
27 6.80 1.1980
28 6.60 1.1877
29 6.40 1.1777
30 6.20 1.1676
31 6.00 1.1575
32 5.80 1.1519
33 5.60 1.1523
34 5.40 1.1563
35 5.20 1.1614
36 5.00 1.1655
37 4.80 1.1683
38 4.60 1.1701
39 4.40 1.1706
40 4.20 1.1703
41 4.00 1.1700
42 3.80 1.1688
43 3.60 1.1667
44 3.40 1.1655
45 3.20 1.1655
46 3.00 1.1672
47 2.80 1.1729
48 2.60 1.1817
49 2.40 1.1895
50 2.20 1.1971
51 2.00 1.2057

* 52 1.80 1.0000
* 53 1.60 1.0000
* 54 1.40 1.0000

55 1.20 1.0000
* 56 1.00 1.0000
* 57 0.80 1.0000
* 58 0.60 1.0000
* 59 0.40 1.0000

60 0.20 1.0000
* 61 0.00 1.0000

* Top and Bottom 15% Excluded per
Technical Specification B3.2.1

1. .
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Core Height - feet

This figure is referred to by Specification 133.2.1

These W(Z) values are consistent with Figure 5, and are valid
over the IIFP Tang temperature range from 586.4 to 587.4WF.

FIGURE 8
RAOC W (Z) AT 10000 MWD/MTU PAGE 13 of 14
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Axial Elevation EOL
Point (feet) W(Z)

* 1 12.00 1.0000
* 2 11.80 1.0000

3 11.60 1.0000
* 4 11.40 1.0000
* 5 11.20 1.0000
* 6 11.00 1.0000
* 7 10.80 1.0000
* 8 10.60 1.0000

9 10.40 1.0000
* 10 10.20 1.0000

11 10.00 1.2488
12 9.80 1.2565
13 9.60 1.2619
14 9.40 1.2649
15 9.20 1.2G79
16 9.00 1.2666
17 8.80 1.2617
18 8.60 1.2613
19 8.40 1.2678
20 8.20 1.2760
21 8.00 1.2874
22 7.80 1.2852
23 7.60 1.2916
24 7.40 1.2949
25 7.20 1.2951
26 7.00 1.2923
27 6.80 1.2868
28 6.60 1.2785
29 6.40 1.2681
30 6.20 1.2570
31 6.00 1.2444
32 5.80 1.2337
33 5.60 1.2292
34 5.40 1.2290
35 5.20 1.2329
36 5.00 1.2353
37 4.80 1.2354
38 4.60 1.2336
39 4.40 1.2296
40 4.20 1.2236
41 4.00 1.2156
42 3.80 1.2057
43 3.60 1.1944
44 3.40 1.1816
45 3.20 1.1695
46 3.00 1.1829
47 2.80 1.1900
48 2.60 1.1954
49 2.40 1.2050
50 2.20 1.2159
51 2.00 1.2268

* 52 1.80 1.0000
53 1.60 1.0000
54 1.40 1.0000

* 55 1.20 1.0000
' 56 1.00 1.0000

57 0.80 1.0000
58 0.60 1.0000

' 59 0.40 1.0000
* 60 0.20 1.0000
* 61 0.00 1.0000

* Top and Bottom 15% Excluded per
Technical Specification B3.2.1

1. i
0.0 2.0 4.0 6.0 8.0 .10.0 12.(

-Core Height - feet

This figure is referred to by Specification 1D3.2.1

These W(Z) values are consistent with Figure 5, and are valid
over the JIFP Tayg temperature range from 586.4 to 587AF.4

FIGURE 9
RAOC W (Z) AT 18000 MWD/MTU PAGE 14 of 14
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