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1. CORE OPERATING LIMITS REPORT 

This Core Operating Limits Report (COLR) for Diablo Canyon Unit 2 Cycle 11 has been 
prepared in accordance with the requirements of Technical Specification (TS) 5.6.5.  

The Technical Specifications affected by this report are listed below: 

3.1.1 - Shutdown Margin (MODE 2 with klff < 1.0, 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 - FQ(Z) 

3.2.2 - Nuclear Enthalpy Rise Hot Channel Factor - FAHN 

3.2.3 - Axial Flux Difference - (AFD) 

3.9.1 - Boron Concentration 

2. OPERATING LIMITS 

The cycle-specific parameter limits for the TS listed in Section 1. are presented in the following 
subsections. These limits have been developed using the NRC-approved methodologies specified 
in TS 5.6.5.  

2.1 Shutdown Margin (SDM) (TS 3.1.1) 

The SDM limit for MODE 2 with Kff < 1.0, MODES 3 and 4 is: 

2.1.1 The shutdown margin shall be greater than or equal to 1.6 % Ak/k.  

The SDM limit for MODE 5 is: 

2.1.2 The shutdown margin shall be greater than or equal to 1.0% Ak/k.
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2.2 Moderator Temperature Coefficient (MTC) (TS 3.1.3) 

The lower MTC limit for MODES 1, 2, and 3 is: 

2.2.1 The MTC shall be less negative than -3.9x10-4 Ak/k/°F for all rods 

withdrawn, end of cycle life (EOL), RATED THERMAL POWER condition.  

The 300 ppm Surveillance limit is: 

2.2.2 The MTC shall be less negative than - 3.0x10-4 Ak/k/0 F.  

The 60 ppm Surveillance limit is: 

2.2.3 The MTC shall be less negative than - 3 .72x10A Ak/k/ 0F.  

2.3 Shutdown Bank Insertion Limits (TS 3.1.5) 

2.3.1 Each shutdown bank shall be withdrawn to at least 225 steps.  

2.4 Control Bank Insertion Limits (TS 3.1.6) 

2.4.1 The control banks shall be limited in physical insertion as shown in Figure 1.  

2.5 Heat Flux Hot Channel Factor - FQ(Z) (TS 3.2.1) 

2.5.1 FQ(Z) < E * K(Z) for P > 0.5 

FRP 
FQ(Z)•5 F°RTP * K(Z) for P• 0.5 -0.5 

where: P = THERMAL POWER 
RATED THERMAL POWER 

FQRTP = 2.45 

K(Z) = 1.0 

2.5.2 The W(Z) curves for Relaxed Axial Offset Control (RAOC) operation, 
provided in Figures 2 through 5, and Tables 2A and 2B are sufficient to 
determine the RAOC W(Z) versus core height for Cycle 11 burnups through 
the end of full power reactivity plus a power coastdown of up to 1000 
MWD/MTU.  

Table 1 shows FQ margin decreases that are greater than 2% per 31 Effective 
Full Power Days (EFPD). These values shall be used to increase FQW(Z) per 
SR 3.2.1.2. A 2% penalty factor shall be used at all cycle burnups that are 
outside the range of Table 1.
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2.5.3 FQ(Z) shall be evaluated to determine if it is within its limits by verifying that 
FQC(Z) and FQW(Z) satisfy the following: 

a. Using the moveable incore detectors to obtain a power distribution map 
in MODE 1.  

b. Increasing the measured FQ(Z) component of the power distribution 
map by 3 % to account for manufacturing tolerances and further 
increasing the value by 5 % to account for measurement uncertainties.  

c. Satisfying the following relationship: 

FQC(Z) < *_- * K(Z) for P > 0.5 P 

FQC(Z) < F * K(Z) for P _< 0.5 

FQW(Z) < *• * K(Z) for P > 0.5 P 

FQW(Z)• F_ * K(Z) for P < 0.5 -0.5 

where: 

FQc(Z) is the measured FQ(Z) increased by the allowances for 
manufacturing tolerances and measurement uncertainty.  

FQ RTP is the FQ limit 

K(Z) is the normalized FQ(Z) as a function of core height 

P is the relative THERMAL POWER, and 

W(Z) is the cycle dependent function that accounts for power 
distribution transients encountered during normal operation.  

FQRTp and K(Z) are specified in 2.5.1 and W(Z) is specified in 2.5.2.  

FQW(Z) is the total peaking factor, FQC(Z), multiplied by W(Z) which 
gives the maximum FQ(Z) calculated to occur in normal operation.
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2.6 Nuclear Enthalpy Rise Hot Channel Factor (TS 3.2.2) 

FAHN < FAHRTP *[1 + PFAH * (1-P)] 

where: 

THERMAL POWER 
RATED THERMAL POWER 

Fa N = Measured values of FHN obtained by using the moveable incore detectors 

to obtain a power distribution map.  

FAHRTh = 1.59 

PFAH = 0.3 

2.7 Axial Flux Difference (TS 3.2.3) 

2.7.1 The Axial Flux Difference (AFD) Limits are provided in Figure 6.  

2.8 Boron Concentration (TS 3.9.1) 

The refueling boron concentration of the Reactor Coolant System, the refueling canal, 
and the refueling cavity shall be maintained within the more restrictive of the following 
limits: 

2.8.1 A keff of 0.95 or less, which includes a 1 % Ak/k conservative allowance for 
uncertainties, or 

2.8.2 A boron concentration of greater than or equal to 2000 ppm, which includes 
a 50 ppm conservative allowance for uncertainties.
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3. TABLES 

3.1 

3.2 

3.3 

4. FIGURES 

4.1 

4.2 

4.3 

4.4 

4.5 
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Table 1, " FQ Margin Decreases in Excess of 2% Per 31 EFPD." 

Table 2A, "Load Follow W(Z) Factors at 150 and 4,000 MWD/MTU as a Function of 
Core Height." 

Table 2B, "Load Follow W(Z) Factors at 12,000 and 22,000 MWD/MTU as a Function 
of Core Height." 

Figure 1, "Control Bank Insertion Limits Versus Rated Thermal Power." 

Figure 2, "Load Follow W(Z) at 150 MWD/MTU as a Function of Core Height." 

Figure 3, "Load Follow W(Z) at 4,000 MWD/MTU as a Function of Core Height." 

Figure 4, "Load Follow W(Z) at 12,000 MWD/MTU as a Function of Core Height." 

Figure 5, "Load Follow W(Z) at 22,000 MWD/MTU as a Function of Core Height." 

Figure 6, "AFD Limits as a Function of Rated Thermal Power."

5. RECORDS 

None 

6. REFERENCES 

6.1 Westinghouse Reload Safety Evaluation for Diablo Canyon Power Plant Unit 2 Cycle 
11, Revision 1, dated May 2001.  
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Jay Lesko
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Table 1 

FQ Margin Decreases in Excess of 2 % Per 31 EFPD

Cycle Burnup (MWD/MTU) 

0 
150 
313 
476 
639 
802 
966 
1129 
1292 
1455 
1618 
1781 

3412 
3576 
3739 
3902 
4065 
4228

Max % Decrease In FQ Margin 

5.73 
5.73 
5.43 
5.13 
4.80 
4.45 
4.07 
3.66 
3.23 
2.78 
2.33 
2.00 

2.00 
2.21 
2.32 
2.24 
2.02 
2.00

NOTE: All cycle burnups outside the range of this table shall use a 2% decrease in FQ margin for 
compliance with SR 3.2.1.2. Linear interpolation is adequate for intermediate cycle burnups.
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Table 2A Load Follow W(Z) Factors at 150 and 4000 MWD/MTU 
as a Function of Core Height

HEIGHT 
(FEET) 

*0.0000 

*0.2000 

*0.4000 

*0.6000 

*0.8000 

* 1.0000 

"*1.2000 
* 1.4000 

*1.6000 

*1.8000 

2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 
3.2000 
3.4000 
3.6000 
3.8000 
4.0000 
4.2000 
4.4000 
4.6000 
4.8000 
5.0000 
5.2000 
5.4000 
5.6000 
5.8000

150 MWD/MTU 
W(Z) 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.6000 

1.0000 

1.0000 

1.0000 

1.0000 

1.2508 
1.2291 
1.2073 
1.1854 
1.1624 
1.1463 
1.1384 
1.1351 
1.1350 
1.1345 
1.1331 
1.1310 
1.1281 
1.1244 
1.1216 
1.1196 
1.1185 
1.1202 
1.1355 
1.1505

HEIGHT 
(FEET) 

*0.0000 

*0.2000 

*0.4000 

*0.6000 

*0.8000 

*1.0000 

"*1.2000 
*1.4000 

* 1.6000 

* 1.8000 

2.0000 
2.2000 
2.4000 
2.6000 
2.8000 
3.0000 
3.2000 
3.4000 
3.6000 
3.8000 
4.0000 
4.2000 
4.4000 
4.6000 
4.8000 
5.0000 
5.2000 
5.4000 
5.6000 
5.8000

NOTE: W(Z) values given above for 150 and 4000 MWD/MTU are plotted in COLR Figures 2 and 3, 

respectively.  
* Top and Bottom 15 % Excluded
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4000 MWD/MTU 
W(Z) 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

1.2613 
1.2375 
1.2137 
1.1900 
1.1663 
1.1458 
1.1358 
1.1354 
1.1329 
1.1320 
1.1313 
1.1295 
1.1272 
1.1243 
1.1207 
1.1164 
1.1121 
1.1064 
1.1012 
1.1093



PACIFIC GAS AND ELECTRIC COMPANY NUMBER COLR 2-11 

DIABLO CANYON POWER PLANT REVISION 1 
PAGE 8 OF 16 

TITLE: COLR for Diablo Canyon Unit 2 Cycle 11 UNIT 2 

Table 2A Load Follow W(Z) Factors at 150 and 4000 MWD/MTU 
as a Function of Core Height (Continued) 

HEIGHT 150 MWD/MTU HEIGHT 4000 MWD/MTU 

(FEET) W(Z) (FEET) W(Z) 

6.0000 1.1638 6.0000 1.1256 

6.2000 1.1767 6.2000 1.1419 

6.4000 1.1885 6.4000 1.1588 

6.6000 1.1992 6.6000 1.1748 

6.8000 1.2086 6.8000 1.1897 

7.0000 1.2166 7.0000 1.2035 

7.2000 1.2227 7.2000 1.2158 

7.4000 1.2275 7.4000 1.2266 

7.6000 1.2326 7.6000 1.2359 

7.8000 1.2380 7.8000 1.2434 

8.0000 1.2420 8.0000 1.2486 

8.2000 1.2438 8.2000 1.2516 

8.4000 1.2433 8.4000 1.2519 

8.6000 1.2404 8.6000 1.2496 

8.8000 1.2425 8.8000 1.2485 

9.0000 1.2525 9.0000 1.2549 

9.2000 1.2653 9.2000 1.2701 

9.4000 1.2751 9.4000 1.2850 

9.6000 1.2828 9.6000 1.3090 

9.8000 1.2875 9.8000 1.3330 

10.0000 1.2919 10.0000 1.3554 

"*10.2000 1.0000 *10.2000 1.0000 

*10.4000 1.0000 *10.4000 1.0000 

* 10.6000 1.0000 *10.6000 1.0000 

* 10.8000 1.0000 * 10.8000 1.0000 

* 11.0000 1.0000 * 11.0000 1.0000 

* 11.2000 1.0000 * 11.2000 1.0000 

* 11.4000 1.0000 * 11.4000 1.0000 

* 11.6000 1.0000 * 11.6000 1.0000 

* 11.8000 1.0000 * 11.8000 1.0000 

*12.0000 1.0000 *12.0000 1.0000 

NOTE: W(Z) values given above for 150 and 4000 MWD/MTU are plotted in COLR Figures 2 and 3, 

respectively.  
* Top and Bottom 15% Excluded
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Table 2B Load Follow W(Z) Factors at 12000 and 22000 MWD/MTU 
as a Function of Core Height

HEIGHT 12000 MWD/MTU 
(FEET) W(Z) 

*0.0000 1.0000 

*0.2000 1.0000 

*0.4000 1.0000 

*0.6000 1.0000 

*0.8000 1.0000 

*1.0000 1.0000 

*1.2000 1.0000 

*1.4000 1.0000 

* 1.6000 1.0000 

*1.8000 1.0000 

2.0000 1.2210 
2.2000 1.2119 
2.4000 1.2026 
2.6000 1.1931 
2.8000 1.1833 
3.0000 1.1736 
3.2000 1.1663 
3.4000 1.1637 
3.6000 1.1643 
3.8000 1.1641 
4.0000 1.1644 
4.2000 1.1660 
4.4000 1.1674 
4.6000 1.1677 

4.8000 1.1668 
5.0000 1.1654 
5.2000 1.1616 
5.4000 1.1590 
5.6000 1.1682 
5.8000 1.1846 

NOTE: W(Z) values given above for 1204 
Figures 4 and 5, respectively.  
* Top and Bottom 15% Excluded

HEIGHT 22000 MWD/MTU 
(FEET) W(Z) 

*0.0000 1.0000 

*0.2000 1.0000 

*0.4000 1.0000 

*0.6000 1.0000 

*0.8000 1.0000 

*1.0000 1.0000 

*1.2000 1.0000 

*1.4000 1.0000 

*1.6000 1.0000 

*1.8000 1.0000 

2.0000 1.2185 
2.2000 1.2052 
2.4000 1.1923 
2.6000 1.1793 
2.8000 1.1653 
3.0000 1.1584 
3.2000 1.1591 
3.4000 1.1741 
3.6000 1.1888 
3.8000 1.2024 
4.0000 1.2144 
4.2000 1.2245 
4.4000 1.2327 
4.6000 1.2388 

4.8000 1.2428 
5.0000 1.2443 
5.2000 1.2455 
5.4000 1.2466 
5.6000 1.2466 
5.8000 1.2568 

)0 and 22000 MWD/MTU are plotted in COLR

46din201.doa 04B 0605.1034



PACIFIC GAS AND ELECTRIC COMPANY 
DIABLO CANYON POWER PLANT 

TITLE: COLR for Diablo Canyon Unit 2 Cycle 11

NUMBER 
REVISION 
PAGE

UNIT

COLR 2-11 
1 
10 OF 16 

2

Table 2B Load Follow W(Z) Factors at 12000 and 22000 MWD/MTU 
as a Function of Core Height (Continued) 

HEIGHT 12000 MWD/MTU HEIGHT 22000 MWD/MTU 

(FEET) W(Z) (FEET) W(Z) 

6.0000 1.2011 6.0000 1.2710 

6.2000 1.2154 6.2000 1.2821 

6.4000 1.2282 6.4000 1.2915 

6.6000 1.2392 6.6000 1.2986 

6.8000 1.2482 6.8000 1.3033 

7.0000 1.2550 7.0000 1.3055 

7.2000 1.2597 7.2000 1.3054 

7.4000 1.2625 7.4000 1.3027 

7.6000 1.2629 7.6000 1.2969 

7.8000 1.2607 7.8000 1.2879 

8.0000 1.2558 8.0000 1.2759 

8.2000 1.2483 8.2000 1.2599 

8.4000 1.2381 8.4000 1.2429 

8.6000 1.2253 8.6000 1.2329 

8.8000 1.2123 8.8000 1.2239 

9.0000 1.2064 9.0000 1.2102 

9.2000 1.2037 9.2000 1.2040 

9.4000 1.1970 9.4000 1.2079 

9.6000 1.1936 9.6000 1.2114 

9.8000 1.1979 9.8000 1.2156 

10.0000 1.2068 10.0000 1.2227 

*10.2000 1.0000 *10.2000 1.0000 

"*10.4000 1.0000 *10.4000 1.0000 

"*10.6000 1.0000 *10.6000 1.0000 

*10.8000 1.0000 *10.8000 1.0000 

* 11.0000 1.0000 * 11.0000 1.0000 

* 11.2000 1.0000 * 11.2000 1.0000 

* 11.4000 1.0000 * 11.4000 1.0000 

*11.6000 1.0000 * 11.6000 1.0000 

*11.8000 1.0000 *11.8000 1.0000 

* 12.0000 1.0000 * 12.0000 1.0000 

NOTE: W(Z) values given above for 12000 and 22000 MWD/MTU are plotted in COLR 
Figures 4 and 5, respectively.  
* Top and Bottom 15 % Excluded
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Control Bank Insertion Limits Versus Rated Thermal Power 
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Figure 4 
Load Follow W(Z) at 12000 MWD/MTU as a Function of Core Height 

* Top and Bottom 15% Excluded
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Figure 6 
AFD Limits as a Function of Rated Thermal Power
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