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COLR for VEGP UNIT 1 CYCLE 10

1.0 CORE OPERATING LIMITS REPORT 

This Core Operating Umits Report (COLR) for VEGP UNIT I CYCLE 10 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 I 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 Umits 

3.1.6 Control Bank Insertion Umits 

3.2.1 Heat Flux Hot Channel Factor - Fo(Z) 

3.2.2 Nuclear Enthalpy Rise Hot Channel Factor - FN 

3.2.3 Axial Flux Difference 

3.9.1 Boron Concentration

PAGE I of 14



COLR for VEGP UNIT 1 CYCLE 10

2.0 OPERATING UMITS 

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 I AND 2 (Technical Requirement 13.1.1) 

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

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 BOLIARO/HZP - MTC shall be less positive than +0.7 x 10o4 Ak/k/F 
for power levels up to 70 percent RTP with a linear ramp to 
0 Ak/kIF at 100 percent RTP.  

The EOL/ARO/RTP-MTC shall be less negative than 

-5.50 x 10r4 AkWkIF.' 

2.3.2 The MTC Surveillance limits are: 

The 300 ppm/AROIRTP-MTC should be less negative than or 
equal to -4.75 x 10'4 AkkPF.1 

The 60 ppm/ARO/RTP-MTC should be less negative than 
-5.35 x 10. Ak/k/F.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 Ufe 
RTP stands for RATED. THERMAL POWER 

2.4 Shutdown Bank Insertion Umits (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2.4.1 The shutdown banks shall be withdrawn to a position greater than or equal to 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 Umits (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 586.4*F.

PAGE 2 of 14



COLR for VEGP UNIT I CYCLE 10 

2.6 Heat Flux Hot Channel Factor - Fo(Z) (Specfication 3.2.1) 

RTP 
Fa 

2.6.1 F(Z)5 - * K(Z) for P > 0.5 
P 

RTP 
Fa 

Fo(Z)<_* K(Z) for P5 •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) 5 E6o * K.") for P > 0.5 

P * W(Z) 

RTP 
Fa(Z) Ea * K 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 Fo(Z) penalty factors are provided In Table 1.
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2.7 Nuclear Enthalpy Rise Hot Channel Factor - FN (Specification 3.2.2) 

2.7.1 F•tH r, FZP (1 + PFm * (1 -P))

where: P = THERMAL POWER 
RATED THERMAL POWER

2.7.2 FZ = 1.65 

2.7.3 PFai = 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 
1953 ppm.1 

'This concentration bounds the condition of keff < 0.95 (all rods In less the most reactive rod) 
and subcdticality (al rods out) over the entire cycle. This concentration Includes additional 
boron to address uncertainties and B30 depletion.
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COLR for VEGP UNIT 1 CYCLE 10 

TABLE I 

Fo(Z) PENALTY FACTOR 

Cycle FMZ) 

Bumup Penalty 

(MWD/MTU) Factor

30 
363 
576 
6323 
6536 
6749 
6962

1.020 
1.021 
1.021 
1.023 
1.023 
1.022 
1.020

Notes:

The Penalty Factor, to be applied to Fa(Z) In accordance with SR 3.2.1.2, Is the 
maximum factor by which Fo(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 bumup at which the 
Fo(Z) was determined.
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FIGURE I 

REQUIRED SHUTDOWN MARGIN FOR MODES 3 AND 4 (MODE 4 WITH AT LEAST 
ONE REACTOR COOLANT PUMP RUNNING)
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COLR for VEGP UNIT 1 CYCLE 10
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FIGURE 2 

REQUIRED SHUTDOWN MARGIN FOR MODES 4 AND 5 (MODE 4 WITH 
NO REACTOR COOLANT PUMPS RUNNING)
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COLR for VEGP UNIT 1 CYCLE 10

(FuIly Withdrawn 0)-

161)

0 20 40 60 80 100 
POWER (percent of Rated Thermal Power) I,1 

* Fullyithdrawn 3a , be h condition where control rods am at a poson wkhn 
nr 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 Up-to-Up distance of 115 steps.  

FIGURE 3 

ROD BANK INSERTION LIMITS VERSUS % OF RATED THERMAL POWER
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COLR for VEGP UNIT I CYCLE 10
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K(Z) - NORMALIZED FQ(Z) AS A FUNCTION OF CORE HEIGHT
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COLR for VEGP UNIT 1 CYCLE 10

50

AXIAL FLUX DIFFERENCE (percent Al)

FIGURE 5 

AXIAL FLUX DIFFERENCE LIMITS AS A FUNCTION OF % OF RATED THERMAL 
POWER FOR RAOC
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FIGURE 6 RAOC W(Z) AT-150 MWD/MTU
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-1.

an

10 
Axial Mev-tim BOL Pooioo 

* 2 11.80 1.0000 
* 3 11.60 1.0000 
* 4 11,40 1.0000 
* 5 U.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 1.2778 
13 9.60 1.2728 
14 9.40 1.2656 
15 9.20 1.2530 
16 9.00 1.2360 

.17 8.80 1.2281 
18 8.60 1.2285 
19 8.0 1.2358 
20 820 12401 
21 8.00 12412 
22 7.80 12437 
23 7.60 12467 
24.. 7.40 12464 
25 7.20 12437 
26 7.00 1.2385 
27 6.80 12067 
28 6.60 1.1976 
29 6.40 1.1866 
30 6.20 1.1739 
31 6.00 1.1641 
32 5.80 1.1625 
33 5.60 1.1630 
34 5.40 1.1652 
35 5.20 1.1766 
36 5.00 1.1896 
37 4.80 1.2009 
38 4.60 1.2116 
39 4.40 1.2213 
40 4.20 1.2308 
41 4.0 12402 
42 3.80 12443 
43 3.60 12475 

4 3.40 1.2520 
45 3.20 12570 
46 3.00 1.2640 
47 2.80 1.2741 
48 2.60 1.2883 
49 2.40 1.3067 
50 2.20 1.3257 
51 2.00 1.3455 

"* 52 1.80 .L0000 
"* 53 1.60 1M0000 
" 5 4 1A. 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 
0 61 0.00 1.0000 

"0 Top and Bottom 15% Fxduded per 
Ted•rcaI Spedficatio 1332.1
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FIGURE 7 RAOC W(Z) AT 4000 MWD/MTU
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I. . . . . . . . . . .

. . . . . . . . 9

N

Axial Elevation MOL-1 
Point 

* 2 11.0 10000 
" 3 11.60 " 1.00 
" 4 U130 1.(000 
"* 5 U.20 1.0000 
* 6 11.00 1.0000 
* 7 10.80 1.0JO 
" a 8 10.60 1.0000 

"9 10.40 1.0000 
"* 10 10.20 1.0000 

11 10.00 1.3252 
12 9.80 13152 
13 9.60 1,3(28 
14 9.40 12885 
15 920 1.2730 
16 9.00 12577 
17 8.80 12482 
18 8.60 12482 
19 8.40 1.2535 
20 8.20 12549 
21 8.00 1.2534 
22 7.80 1.2517 
23 7.60 12492 
24 7,40 12443 
25 7.20 12399 
26 7.00 1.2335 
27 6.80 1.2123 
28 6.60 12015 
29 6.40 1.1889 
30 6.20 1.1759 
31 .6.00 1.1825 
32 5.80 1.1752 
33 5.60 1.1690 
34 .A40 1.1637 
35. 5.20 1.1671 
36 5.00 1.1737 
37 4.80 1,1798 
38 4.60 1.1853 
39 4.40 1.1900 
40 420 1.1933 
41 4.00. 1.1979 
42 3.80 12052 
43 3.60 12109 

.44 3.40 12157 
45 3.20 1.2207 
46 3.00 1.2309 
47 2.80 12487 
48 2.60 1.2712 .49 2.40 12943 
50 2.20 13173 
51 2.00 1.3401 

* 52 1.80 1.0000 
" 53 1.60 1.000 
" 54 1,40 1.0000 
* 55 120 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% Exduded per 
Tedudal Spedfication 13.2.1
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FIGURE 8 RAOC W(Z) AT 12000 MWD/MTU
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N:

1.

Axial Elevatin MOL-2 
Point d 0 

2 11.80 1.0o0 
* 3 11.60 1.0000 
* 4 11.40 10000 
* 5 11.20 1.0000 
* 6 11.00 1.0000 
* 7 10.80 1.0000 
* 8 10.60 1.000 
* 9 10.40 10000 
* 10 10.20 1.0000 

U- 10.00 1.2895 
12 9.80 12850 
13 9.60 1.2825 
14 9.40 12864 
15 9.20 1.2865 
16 9.00 1.2858 
17 8.80 1.2814 
18 8.60 1.2755 
19 8.40 12742 
20 8.20 1.2705 
21 8.00 12653 
22 7.80 1.2651 
23 7.60 1.2654 
24 7.40 1.2634 
25 7.20 12628 
26 7.00 12599 
27 .6.80 12536 
28 6.60 12450 
29 6AO 12340 
30 6.2 2 12211 
31 6.00 12054 
32 5.80 1.1920 
33 5.60 1.1874 
34 5.40 1.1918 
35 5.20 1.1968 
36 50 12003 
37 4.80 1.023 
38 4.60 1.2027 
39 4AO 1.2015 
40 4.20 1.1987 
41 4.0 1.19"4 
42 3.80 1.1887 
43 3.60 1.1817 
44 3.40 1.1750 
45 3.20 1.1713 
46 3.00 1.1729 
47 2.80 1.1800 
48 2.60 1.1898 
49 2.40 1.1989 
50 2.20 12078 
51 2.00 1.2167 

* 52 1.80 1.0000 
53 1.60 1.0000 

* 54 1AO 1.0000 
0 55 1.20 10000 
* 56 1.00 1.0000 

57 0.80 1.0000 
* 58 0.60 10000 
* 59 0.40 10000 

60 020 1.0000 
61 0.00 1.0000 

• Top and Bottom 15% Exduded per 
Teduncal Specification 32.
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FIGURE 9 RAOC W(Z) AT 20000 MWDIMTU
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1.  

1.  

N

1.1

,Ik. 
IJ

0 
Axial Eevation EOL 
Point (fe) WZ 

1 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.O00 
• 10 10.20 1.0000 

.11 10.00 12373 
12 9.80 12412 
13 .9.60 12432 
14 9.40 12457 
15 920 12450 
16 9.00 1.2542 
17 8.80 12664 
18 8.60 12735 
19 8.40 12820 
20 8.20 1.2941 
21 8.00 13043 
22 7.80 1.3017 
23 7.60 13109 
24 7.40 13167 
25 7.20 13223 
26 7.00 1.3247 
27 6.80 13231 
28 6.60 13183 
29 6.40 13104 
30 620 12996 
31 6.00 1.2861 
32 5.80 12739 
33 5.60 12664 
34 5.40 12632 
35 520 1.2642 
36 5.00 1.2647 
37 4.80 1.2627 
38 4.60 1.2582 
39 4.40 1.2512 
40 420 12418 
41 4.00 1.2302 
42 3.80 12176 
43 3.60 12038 
44 3.40 1.1884 
45 3.20 1.1749 
46 3.00 1.1775 
47 2.80 1.1782 
48 2.60 1.1870 
49 2.40 1.1943 
50 2.20 1.2032 
51 2.O0 12127 

• 52 1.80 1.0000 
* 53 1.60 1.0000 
0 54 1.40 1.0000 
* 55 120 1.0000 
* 56 1.00 1.0000 
• 57 0.80 1.0000 

58 0.60 1.0000 
* 59 0.40 1.0000 

60 020 1.0000 
61 0.00 1.0000 

" Top and Bottom 15% Excluded per 
Technia! Spedfation B3.2.1


