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Ladies and Gentlemen:

Pursuant to the reporting requirements of Vogtie Electric Generating Plant
(VEGP) Technical Specification 5.6.5 Southern Nuclear Operating Company
(SNC) is submitting Revision 0 of the Unit 1 Cycle 16 Core Operating Limits
Report (COLR) (Enclosure 1) and Revision 1 of the Unit 1 Cycle 16 COLR
(Enclosure 2).

Revision 0 of the VEGP Unit 1 Cycle 16 COLR was generated prior to the
identification and elimination of a leaker fuel assembly and other fuel assemblies
necessary to support the change in core design and the elimination of a damaged
fuel assembly and other fuel assemblies necessary to support the final core
design. Revision 0 was superseded when Westinghouse issued Revision 1 of
the Unit 1 Cycle 16 COLR on October 9, 2009 to SNC.

This letter contains no NRC commitments. If you have any questions, please
advise.

Sincerely,

Mok § Of—

M. J. Ajluni
Nuclear Licensing Manager

MJA/DWM/lac
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2. Unit 1 Cycle 16 Core Operating Limits Report, Rev. 1
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COLR for VEGP UNIT 1 CYCLE 16

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for VEGP UNIT 1 CYCLE 16 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
3.13 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 - Fo(Z)

3.22 Nuclear Enthalpy Rise Hot Channel Factor - Fy,
3.23 Axial Fiux Difference

3.8.1 Boron Concentration
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2.0

COLR for VEGP UNIT 1 CYCLE 16

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.

21

2.2

23

24

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

211

The SHUTDOWN MARGIN shall be greater than or equal to

1.30% Ak/k.

SHUTDOWN MARGIN - MODES 3, 4 AND 5 (Specification 3.1.1)

2.21

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

Moderator Temperature Coefficient (Specification 3.1.3)

2.3.1

232

The Moderator Temperature Coefficient (MTC) limits are:

The BOL/ARO/HZP - MTC shall be less positive than +0.7 x 10 Ak/k/°F
for power levels up to 70% RTP with a linear ramp to
0 Ak/k/°F at 100% RTP.

The EOL/ARO/RTP-MTC shall be less negative than
-5.50 x 10 Ak/k/°F.!

The MTC Surveillance limits are:

The 300 ppm/ARO/RTP-MTC should be less negative than or
equal to -4.75 x 10" Ak/k/°F."

The 60 ppm/ARO/RTP-MTC should be less negative than
-5.35 x 10™ AK/K/°F.

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

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.

'Applicable for full-power T-average of 584.4°F to 587 .4°F.
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25

26

COLR for VEGP UNIT 1 CYCLE 16

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.

Heat Flux Hot Channel Factor - Fo(Z) (Specification 3.2.1)

RTP
2.6.1 Fo(2) < QP *K(Z) forP>05
ERTP
Fa@2) s -2 —*K@Z) forP<05
05
where: p = ___THERMAL POWER
"~ 7 RATED THERMAL POWER

262 FSTP =250

26.3 K(Z) is provided in Figure 4.

FRTP oy (2)
264  Fq@)s for P>0.5
P*W@)
FRTT K@)
Fa(Z) < forP 0.5
0.5 * W(Z)

2.86.5 WI(Z) values are provided in Table 2.

2.6.6 The Fo(Z) penalty factors are provided in Table 1.
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2.7

2.8

2.9

COLR for VEGP UNIT 1 CYCLE 16

Nuclear Enthalpy Rise Hot Channel Factor - Fy, (Specification 3.2.2)

271 Fh < FEP “(1+PFa* (1-P))

THERMAL POWER
RATED THERMAL POWER

where: P =

272 FRIP = 165

2.73 PFan = 03

Axial Flux Difference (Specification 3.2.3)

2.81 The Axial Flux Difference (AFD) acceptable operation limits are provided in
Figure 5.

Boron Concentration (Specification 3.9.1)

2.91 The boron concentration shall be greater than or equal to 1805 ppm.”

"This concentration bounds the condition of ke < 0.95 (all rods in less the most reactive rod) and
subcriticality (all rods out) over the entire cycle. This concentration includes additional boron to
address uncertainties and B' depletion.
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COLR for VEGP UNIT 1 CYCLE 16

TABLE 1
Fo(Z) PENALTY FACTOR
Cycle Fa(Z)
Burnup Penalty
(MWD/MTU) Factor
30 1.032
150 1.032
367 1.035
584 1.036
801 1.036
1018 1.034
1235 1.031
1452 1.025
1669 1.020

Notes:

1. The Penalty Factor, {o be applied to Fo(Z) in accordance with SR 3.2.1.2, is the
maximum factor by which Fq(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 Fg(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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COLR for VEGP UNIT 1 CYCLE 16

Table 2
RAOC W(Z)
Axial  Elevation 150 4000 10000 18000
Point (feet) MWDMTU  MWD/MTU  MWDMTU  MWDMTU

* 1 12.00 1.6000 1.0000 1.0000 1.0000
* 2 11.80 1.0000 1.0000 1.6000 1.0000
* 3 11.60 1.0000 1.0000 1.0000 1.0000
* 4 1140 1.0000 1.0000 1.0000 1.0000
* 5 11.20 1.0000 1.0000 1.0000 1.0000
6 11.00 1.3680 1.4358 12925 1.2447

7 10.80 1.3525 1.4064 1.2843 1.2377

8 10.60 1.3349 1.3889 1.2756 1.2314

9 10.40 13141 1.3768 1.2654 1.2246

10 10.20 1.2886 1.3561 1.2533 12171

11 10.00 1.2573 1.3269 1.2404 1.2068

12 9.80 1.2418 1.2975 1.2380 1.2110

13 9.60 12355 1.2826 1.2384 1.2209

14 9.40 12272 1.2809 1.2341 1.2264

15 9.20 1.2212 1.2755 1.2249 1.2322

16 9.00 1.2177 1.2645 1.2246 1.2338

17 8.80 1.2157 1.2550 1.2291 1.2326

18 8.60 12172 1.2487 1.2355 1.2349

19 B8.40 1.2249 1.2441 1.2425 1.2456

20 820 1.2288 1.2402 1.2463 1.2557

21 8.00 1.2351] 12334 12474 1.2690

22 7.80 1.2395 12308 1.2461 1.2805

2 7.60 1.2403 12297 1.2423 12879

24 7.40 1.2387 1.2246 12362 1.2922

25 7.20 1.2344 12172 12280 1.2934

26 7.00 1.2280 1.2077 12177 1.2915

27 6.80 1.2196 1.1963 1.2067 1.2869

28 6.60 1.2097 1.1832 1.1959 12795

2 6.40 1.1994 1.1689 1.1854 1.2699

30 6.20 1.1884 1.1542 1.1748 1.2595

3! 6.00 1.1762 1.1427 1.1627 1.2469

32 5.80 1.1627 1.1340 1.1509 1.2340

33 5.60 1.1532 1.1270 1.1469 1.2274

34 5.40 1.1532 1.1248 1.1532 1.2269

35 5.20 1.1595 1.1322 1.1588 1.2313

36 5.00 1.1653 11396 1.1632 1.2344

37 4.80 1.1698 1.1455 1.1668 1.2354

38 4.60 1.1734 1.1511 1.1692 12345

39 4.40 1.1760 1.1557 L1705 1.2315

40 4.20 1.1775 1.1594 1.1707 1.2265

4] 4.00 L1778 1.1632 1.1656 1.2196

42 3.80 L1775 1.1662 11677 1.2109

43 3.60 11778 1.1687 1.1667 1.2006

44 3.40 1.1802 1.1720 1.1669 1.1892

45 320 1.1835 1.1749 1.1661 1.1791

46 3.00 1.1895 1.1789 1.1656 1.1773

47 2.80 1.2015 1.1863 1.1707 11820

48 2.60 1.2185 1.2007 11856 1.1946

49 2.40 1.2362 1.2214 1.1985 1.2056

50 2.20 1.2537 1.2418 12116 1.2165

51 2.00 1.2709 1.2617 1.2246 12275

52 1.80 1.2877 1.2814 1.2373 12385

53 1.60 1.3042 1.3005 1.2499 2496

54 1.40 1.3201 1.3188 1.2620 1.2608

55 1.20 1.3353 1.3360 12736 1.2719

36 1.00 1.3491 13513 1.2840 1.2824

* 57 0.80 1.0000 1.0000 1.0000 1.0000
* 58 0.60 1.0000 1.0000 1.0000 1.0000
* 59 0.40 1.0000 1.0000 1.0000 1.0000
* 60 0.20 1.0000 1.0000 1.0000 1.0000
* 61 0.00 1.0000 1.6000 1.00060 1.0000

* Top and Bottom 5 Points Excluded per Technical Specification B3.2.1.

These W(Z) values are consistent with Figure 3, and are valid over the HFP T temperature range from 584.4 to 387.4°F.
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SHUTDOWN MARGIN (3Ak/k)

COLR for VEGP UNIT 1 CYCLE 16
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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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SHUTDOWN MARGIN (%Ak/X)

COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 2

REQUIRED SHUTDOWN MARGIN FOR MODES 4 AND 5 (MODE 4 WHEN
FIGURE 1 NOT APPLICABLE)
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COLR for VEGP UNIT 1 CYCLE 16
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*Fully withdrawn shall be the condition where control rods are at a

position within the interval > 225 and £ 231 steps withdrawn.

NOTE: The Rod Bank Insertion Limits are based on the control bank withdrawal
sequence A, B, C, D and a control bank tip-to-tip distance of 115 steps.

FIGURE 3

ROD BANK INSERTION LIMITS VERSUS % OF RATED THERMAL POWER
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- NORMALIZED PEAKING FACTOR

K(2)

COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 4

K(Z) - NORMALIZED Fq(Z) AS A FUNCTION OF CORE HEIGHT
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POWER (% of Rated Thermal Power)

COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 5

AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF % OF RATED
THERMAL POWER FOR RAOC
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COLR for VEGP UNIT 1 CYCLE 16

1.0 CORE OPERATING LIMITS REPORT

This Core Operating Limits Report (COLR) for VEGP UNIT 1 CYCLE 16 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:

311 SHUTDOWN MARGIN - MODES 3,4 and 5
3.13 Moderator Temperature Coefficient

3.15 Shutdown Bank Insertion Limits

3.1.6 Control Bank Insertion Limits

3.2.1 Heat Flux Hot Channel Factor - Fo(Z)

322 Nuclear Enthalpy Rise Hot Channel Factor - F,
3.23 Axial Flux Difference

3.9.1 Boron Concentration
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2.0

COLR for VEGP UNIT 1 CYCLE 16

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

2.2

2.3

24

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% Ak/k.

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.

Moderator Temperature Coefficient (Specification 3.1.3)

2.31 The Moderator Temperature Coefficient (MTC) limits are:

The BOL/ARO/HZP - MTC shall be less positive than +0.7 x 10™ Ak/k/°F

for power levels up to 70% RTP with a linear ramp to
0 Ak/K/°F at 100% RTP.

The EOL/ARO/RTP-MTC shall be less negative than
-5.50 x 10™* Ak/k/°F.

2.3.2 The MTC Surveillance limits are:

The 300 ppm/ARO/RTP-MTC shouid be less negative than or
equal to -4.75 x 10™ Ak/k/°F.

The 60 ppm/ARO/RTP-MTC should be less negative than
-5.35 x 10™ Ak/k/°F .

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

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.

'Applicable for full-power T-average of 584.4°F to 587.4°F.
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2.5

2.6

COLR for VEGP UNIT 1 CYCLE 16

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.
Heat Flux Hot Channel Factor - Fo(Z) (Specification 3.2.1)

FRTP
2.6.1 Fo(2) < QP *K(Z) forP>05

RTP
Fa@)s-&—*K@Z) forP<05
05
THERMAL POWER
where: P =
RATED THERMAL POWER

262 FSTP =250

263 K(2) is provided in Figure 4.

RTP .
Fo K(2Z)

forP > 0.5
P * W(Z)

2.6.4 Fq(2) <

RTP &
FR K(2)

forP <05
0.5 * W(Z)

Fa(2) =

2.6.5 WI(Z) values are provided in Table 2.

2.6.6 The Fq{Z) penalty factors are provided in Table 1.
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27

2.8

2.9

COLR for VEGP UNIT 1 CYCLE 16

Nuclear Enthalpy Rise Hot Channel Factor - FQ'H {Specification 3.2.2)

271 Fy <FRP *(1+PFy*(1-P))

THERMAL POWER

where: P =
RATED THERMAL POWER

272  FR® =165

2.7.3 PFAH = 0.3

Axial Flux Difference (Specification 3.2.3)

2.8.1 The Axial Flux Difference (AFD) acceptable operation limits are provided in
Figure 5.

Boron Concentration (Specification 3.9.1)

2.9.1 The boron concentration shall be greater than or equal to 1805 ppm.*

"This concentration bounds the condition of ke < 0.95 (all rods in less the most reactive rod) and
subcriticality {all rods out) over the entire cycle. This concentration includes additional boron to
address uncertainties and B'® depletion.
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COLR for VEGP UNIT 1 CYCLE 16

TABLE 1

Fa(Z) PENALTY FACTOR

Cycle Fa(Z)
Burnup Penalty
(MWD/MTU) Factor
30 1.028
150 1.028
367 1.032
584 1.035
801 1.035
1018 1.034
1235 1.030
1452 1.025
1669 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 Fq(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 Fa(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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COLR for VEGP UNIT 1 CYCLE 16

Table 2
RAOC W(Z)
Axtial Elevation 150 4000 10000 18000
Point {feet) MWIVMTU  MWD/MTU MWDMTU  MWD/MTU

* 1 12.00 1.0900 1.0000 1.0000 1.0000
* 2 11.80 1.0000 1.0000 1.0000 1.0000
* 3 11.60 1.0000 1.0000 1.0000 1.0000
* 4 11.40 1.0000 1.0000 1.0000 1.0000
* 5 11.20 1.0000 1.0000 1.0000 1.00060
6 11.00 1.3920 1.4399 1.2935 1.2452
7 10.80 13758 1.4107 1.2853 1.2395
8 10.60 1.3582 1.393¢ 1.2766 1.2339
9 10.40 1.3360 1.3797 1.2664 1.2267
10 10.20 1.3094 1.3590 1.2542 1.2187
il 10.00 1.2900 1.3294 1.2399 1.2085
12 9.80 1.2784 1.3009 12374 1.2115
13 9.50 1.2701 1.2870 12379 1.22¢7
14 Q.40 2003 12856 1.2345 12268
15 9.20 1.2481 1.2803 1.2256 1.2328
16 9.00 1.23R6 1.2691 12154 1.2344
17 .80 12321 1.2596 1.2093 12333
18 8.60 1.2337 1.2534 1.2096 1.2356
1@ 8.40 12416 1.2490 12128 1.2463
20 820 1.2453 1.24582 1.2147 1.2564
21 8.00 1.2513 1.2383 12203 1.2698
22 7.80 1.2556 1.2355 1.2249 1.2814
23 7.60 1.2560 1.2341 12258 12887
24 7.40 1.2540 1.2285 12243 1.2931
25 7.20 1.2494 1.2207 12204 1.2942
26 7.00 1.2425 1.2108 12144 1.2924
27 6.80 1.2336 1.198% 1.2064 1.2877
28 6.60 1.2233 1.1854 1.1966 1.2803
29 6.40 12124 1.1705 1.1859 1.2706
a0 6.20 1.2009 1.1543 1.1752 1.2602
k| 6,00 1.1878 1.1407 1.1631 1.2476
32 5.80 11758 1.1314 1.1512 1.2347
33 5.60 1.1679 1.1251 1.1472 1.2281
34 5.40 1.1667 1.1226 1.1534 12276
is 5.20 1.1725 1.1282 1.1590 1.2320
306 5.00 11779 1.1350 1.1634 1.2351
37 4.80 1.IRIR 1.1409 1.1670 1.2361
38 4.60 L1849 1.1463 1.1693 1.2351
39 4,40 1.1868 1.1508 1.1706 12321

40 4.20 1.1876 1.1548 1.1707 1.227
41 4.00 1.1872 1.1573 1.1696 12200
42 380 1.1838 1.1599 1.1676 1.2112
43 360 1.1852 1.1634 1.1664 1.2009
44 3.40 1.1869 1.1672 1.1665 1.1894
45 3.20 1.1895 1.1698 1.1668 1.1787
46 3.00 1.1945 1.1734 1.1674 1.1771
47 2.80 1.2063 1.1808 1.171¢ 1.1818
48 2.60 1.2238 1.1947 1.1849 1.1944
49 2.40 1.2414 1.2152 1.1981 1.2054
50 2.20 1.2588 1.2353 1.2111 1.2163
Al 2.00 1.2760 1.2350 1.2241 1.2272
52 1.80 1.2929 1.2746 1.2369 1.2382
53 1.60 1.3094 1.2936 1.2494 1.2493
54 1.40 1.3253 1.3118 12616 1.2605
S5 1.20 1.3406 1.3289 12732 12716
56 1.00 1.3548 1.3441 1.2836 1.2821
* 57 0.80 1.0000 1.0000 1.0000 1.0000
* 58 .60 1.0000 1.0000 1.0000 1.0000
* 59 0.40 1.0000 1.0000 1.0000 1.0000
* G0 0.20 1.0000 1.0000 1.0000 1.6600
* 6] 0.00 1.0000 1.0000 1.0000 1.0000

* Top and Bottom 5 Points Excluded per Technical Specification B3.2.1.

These W(Z) values are consistent with Figure 5, and are valid over the HFP T, temperature range from 584.4 to 587.4°F.
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SHUTDOWN MARGIN (3Ak/k)

COLR for VEGP UNIT 1 CYCLE 16
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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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SHUTDOWN MARGIN (%Ak/k)

COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 2

REQUIRED SHUTDOWN MARGIN FOR MODES 4 AND 5 (MODE 4 WHEN
FIGURE 1 NOT APPLICABLE)
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COLR for VEGP UNIT 1 CYCLE 16
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*Fully withdrawn shall be the condition where control rods are at a

NOTE:

position within the interval > 225 and < 231 steps withdrawn.

The Rod Bank Insertion Limits are based on the control bank withdrawal

sequence A, B, C, D and a control bank tip-to-tip distance of 115 steps.

FIGURE 3

ROD BANK INSERTION LIMITS VERSUS % OF RATED THERMAL POWER
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COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 4

1z

K(Z) — NORMALIZED Fn(Z) AS A FUNCTION OF CORE HEIGHT
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POWER (% of Rated Thermal Power)

COLR for VEGP UNIT 1 CYCLE 16
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FIGURE 5

AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF % OF RATED
THERMAL POWER FOR RAOC
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