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PACIFIC GAS AND ELECTRIC COMPANY NUMBER COLR 2-11

NUCLEAR POWER GENERATION REVISION 0

DIABLO CANYON POWER PLANT PAGE 1 OF 16

CORE OPERATING LIMITS REPORT UNIT

TITLE: COLR For Diablo Canyon Unit 2 Cycle 11 2
EFFECTIVE DATE

PROCEDURE CLASSIFICATION: QUALITY RELATED

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 k. < 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 - F,"

3.2.3 - Axial Flux Difference - (AFD)

3.9.1 - Boron Concentration

This procedure was rewritten; therefore, revision bars are not included.
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 ks < 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.

46din200.doa 04B 0430.0755
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2.2 Moderator Temperature Coefficient (MTC) (TS 3.1.3)

2.3

24

2.5

46din200.doa

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

2.2.1 The MTC shall be less negative than -3.9x10* Ak/k/°F for all rods
withdrawn, end of cycle life (EOL), RATED THERMAL POWER condition.

The 300 ppm Surveillance limit is:

222 The MTC shall be less negative than - 3.0x10* Ak/k/°F.

The 60 ppm Surveillance limit is:

223 The MTC shall be less negative than - 3.72x10™* Ak/k/°F.

Shutdown Bank Insertion Limits (TS 3.1.5)

2.3.1 Each shutdown bank shall be withdrawn to at least 225 steps.

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.
Heat Flux Hot Channel Factor — Fy(Z) (TS 3.2.1)

RTP
251  Fy2)< 5;— *K(Z) forP>0.5

RTP
Fo@) < 50’? *K(@Z) forP<0.5

THERMAL POWER
RATED THERMAL POWER

FT = 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 F, 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.

where: P =

04B 0430.0755
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253

04B

Fo(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 Fy(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:

F RTP
F(Z) < JP—- * K(Z) forP>0.5
F RTP
Foo(Z) < 40’? *K(Z) forP<0.5
F RTP
FMZ) < —QP-—- * K(Z) forP>0.5
F RTP
FMZ) < —00? * K(Z) forP<0.5
where:
FQC(Z) is the measured Fy(Z) increased by the allowances for
manufacturing tolerances and measurement uncertainty.
E"™ is the Fy, limit
K(Z) is the normalized Fy(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.
RN and K(Z) are specified in 2.5.1 and W(Z) is specified in 2.5.2.
Fo¥(Z) is the total peaking factor, Fo°(Z), multiplied by W(Z) which
gives the maximum Fy(Z) calculated to occur in normal operation.
0430.0755
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2.6 Nuclear Enthalpy Rise Hot Channel Factor (TS 3.2.2)

2.7

2.8

46din200.doa

FAHN < FAHRTP *[1 + PFAH * (I‘P)]

where:
p _ THERMAL POWER
" RATED THERMAL POWER
Py = Measured values of F,;" obtained by using the moveable incore detectors

to obtain a power distribution map.
FAH® = 1.59
PFAH =0.3
Axial Flux Difference (TS 3.2.3)
2.7.1 The Axial Flux Difference (AFD) Limits are provided in Figure 6.
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 k. 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 Table 1, "Fq Margin Decreases in Excess of 2% Per 31 EFPD."
3.2 Table 2A, "Load Follow W(Z) Factors at 150 and 4,000 MWD/MTU as a Function of
Core Height."
33 Table 2B, "Load Follow W(Z) Factors at 12,000 and 22,000 MWD/MTU as a Function
of Core Height."
4. FIGURES
4.1 Figure 1, "Control Bank Insertion Limits Versus Rated Thermal Power."
4.2 Figure 2, "Load Follow W(Z) at 150 MWD/MTU as a Function of Core Height."
4.3 Figure 3, "Load Follow W(Z) at 4,000 MWD/MTU as a Function of Core Height."
4.4 Figure 4, "Load Follow W(Z) at 12,000 MWD/MTU as a Function of Core Height."
4.5 Figure 5, "Load Follow W(Z) at 22,000 MWD/MTU as a Function of Core Height."
4.6 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, dated April 2001.
7. SPONSOR
Jay Lesko
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Table 1

Fq Margin Decreases in Excess of 2% Per 31 EFPD
Cycle Burnup (MWD/MTU) Max % Decrease In Fy Margin

0 4.05
150 ' 4.05
313 4.08
476 4.09
640 4.02
803 3.89
966 3.71
1129 3.46
1292 3.16
1455 2.85
1619 2.54
1782 2.25
1945 2.00
6188 2.00
6351 2.04
6514 2.64
6677 2.54
6840 2.39
7004 2.22
7167 2.06
7330 2.00

NOTE: All cycle burnups outside the range of this table shall use a 2% decrease in F, 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 150 MWD/MTU HEIGHT 4000 MWD/MTU
(FEET) W(Z) (FEET) W(Z)
*0.0000 1.0000 *0.0000 1.0000
*0.2000 1.0000 +0.2000 1.0000
*0.4000 1.0000 *0.4000 1.0000
*0.6000 1.0000 *0.6000 1.0000
*0.8000 1.0000 *0.8000 1.0000
*1.0000 1.0000 *1.0000 - 1.0000
*1.2000 1.0000 *1.2000 1.0000
*1.4000 1.0000 *1.4000 1.0000
*1.6000 1.0000 *1.6000 1.0000
*1.8000 1.0000 *1.8000 1.0000
2.0000 1.2960 2.0000 1.3187
2.2000 1.2740 2.2000 1.2927
2.4000 1.2511 2.4000 1.2661
2.6000 1.2282 2.6000 1.2393
2.8000 1.2141 2.8000 1.2174
3.0000 1.2042 3.0000 1.1963
3.2000 1.1940 3.2000 1.1795
3.4000 1.1858 3.4000 1.1722
3.6000 1.1828 3.6000 1.1697
3.8000 1.1808 3.8000 1.1676
4.0000 1.1781 4.0000 1.1647
4.2000 1.1744 4.2000 1.1610
4.4000 1.1699 4.4000 1.1565
4.6000 1.1645 4.6000 1.1511
4.8000 1.1582 4.8000 1.1450
5.0000 1.1515 5.0000 1.1381
5.2000 1.1434 5.2000 1.1309
5.4000 1.1365 5.4000 1.1224
5.6000 1.1380 5.6000 1.1130
5.8000 1.1493 5.8000 1.1168

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 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 1.1636 6.0000 1.1298
6.2000 1.1757 6.2000 1.1442
6.4000 1.1872 6.4000 1.1573
6.6000 1.1974 6.6000 1.1695
6.8000 1.2063 6.8000 1.1806
7.0000 1.2137 7.0000 1.1904
7.2000 1.2193 7.2000 1.1988
7.4000 1.2232 7.4000 1.2056
7.6000 1.2255 7.6000 1.2109
7.8000 1.2257 7.8000 1.2145
8.0000 1.2235 8.0000 1.2160
8.2000 1.2189 8.2000 1.2154
8.4000 1.2118 8.4000 1.2123
8.6000 1.2021 8.6000 1.2066
8.8000 1.1914 8.8000 1.2070
9.0000 1.1922 9.0000 1.2146
9.2000 1.1996 9.2000 1.2284
9.4000 1.2031 9.4000 1.2384
9.6000 1.2102 9.6000 1.2496
9.8000 1.2145 9.8000 1.2561
10.0000 1.2152 10.0000 1.2658

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 HEIGHT 22000 MWD/MTU
(FEET) W(2) . (FEET) W(Z)
*0.0000 1.0000 *0.0000 1.0000
*0.2000 1.0000 *0.2000 1.0000
*0.4000 1.0000 *0.4000 1.0000
*0.6000 1.0000 *0.6000 1.0000
*0.8000 1.0000 *0.8000 1.0000
*1.0000 1.0000 *1.0000 1.0000
*1.2000 1.0000 *1.2000 1.0000
*1.4000 1.0000 *1.4000 1.0000
*1.6000 1.0000 *1.6000 1.0000
*1.8000 1.0000 *1.8000 1.0000
2.0000 1.2060 2.0000 1.2248
2.2000 1.1974 2.2000 1.2097
2.4000 1.1887 2.4000 1.1943
2.6000 1.1800 2.6000 1.1784
2.8000 - 1.1711 2.8000 1.1643
3.0000 1.1620 3.0000 1.1576
3.2000 1.1554 3.2000 1.1590
3.4000 1.1537 3.4000 1.1760
3.6000 1.1554 3.6000 1.1901
3.8000 1.1564 3.8000 1.2029
4.0000 1.1567 4.0000 1.2145
4.2000 1.1579 4.2000 1.2240
4.4000 1.1601 4.4000 1.2317
4.6000 1.1611 4.6000 1.2372
4.8000 1.1609 4.8000 1.2408
5.0000 1.1603 5.0000 1.2420
5.2000 1.1573 5.2000 1.2425
5.4000 1.1556 5.4000 1.2438
5.6000 1.1660 5.6000 1.2466
5.8000 1.1832 5.8000 1.2590

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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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 1.2006 6.0000 1.2731
6.2000 1.2158 6.2000 1.2839
6.4000 1.2296 6.4000 1.2930
6.6000 1.2416 6.6000 1.2998
6.8000 1.2516 6.8000 1.3041
7.0000 1.2595 7.0000 1.3061
7.2000 1.2652 7.2000 1.3056
7.4000 1.2690 7.4000 1.3025
7.6000 1.2704 7.6000 1.2964
7.8000 1.2690 7.8000 1.2869
8.0000 1.2650 8.0000 1.2747
8.2000 1.2583 8.2000 1.2581
8.4000 1.2487 8.4000 1.2404
8.6000 1.2365 8.6000 1.2312
8.8000 1.2238 8.8000 1.2242
9.0000 1.2179 9.0000 1.2143
9.2000 1.2151 9.2000 1.2053
9.4000 1.2082 9.4000 1.2031
9.6000 1.2045 9.6000 1.2065
9.8000 1.2095 9.8000 1.2100
10.0000 1.2188 10.0000 1.2158

*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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Figure 1
Control Bank Insertion Limits Versus Rated Thermal Power

46din200.doa 04B 0430.0755



SSLO0LY0 ar0 EOP"00TMIP9Y

papnpaxg % S1 wonog pue do, 4
S1aY 910D Jo uonduny ® se NLI/AMIN 0ST 38 (Z)M MOliod Peo]
T 23y

doj (3924) yb1aH 8109 woyog

00'L

GOl

oLl

GL'L

0c'lL

(Z)m 104

Gc'i

0oc’l

Ge'L

ov'lL

< LINN L1 34D T Nuf) uodue)) o[qelq 104 10D  HILIL

91 4O TI HOVd :
0 NOISIAYA INVId ¥3M0d NOANYD OT4VId
TI-29710D0 dHIINN ANVAINOD DRILOATH ANV SVD DIJIDVd




SSL0°0EV0 g0 BOP"00TUIPOY

papnyoxg %61 wonog pue dox.
WS1oH 910D JO uonouny € st NLN/AMIN 000F 18 (Z)M MmO[[o Peo]
€ 231y

do} (3994) yBray 8109 wonog

00°L

GO’

oL’}

Gl'l

0c't

(ZIM NLIN/GMIN 000

T

01 B

Ge'L

o¥'L

[4 LINO 11 3PAD 7 1) uofue) o[qelq 104 Y TOD  HATLLL

91 d0 €1 advd
0 NOISIATA INVTd M 0d NOANYD OTdVId
-2 4’100 YHINNON ANVJANOD DIIALDATH ANV SVD DIAIOVd




€6L0°0E0 ar0 BOD"0OTUIPSY

papn[oxy %<1 wonog pue dog,
WB1oH 210D Jo uonduny € se () LI/AMIN 000ZT 18 (Z)M mo[[0] Peo]

$ 2In81g
doy (3024) ybieH a109 woypog
4} ol 8 9 14 4 0

00'L

GO’

oL'L
—h

'L 8
(=]
=2
=

0zl ©
=
-
{ o

GZ'l %.

0g'l

Ge'l

ov'l

< LINO 11 94D T un) wofue) o[qei( 104 A I0D ‘HILIL
91 JO t1 HOVd
0 NOISIATYA INVId 33 0d NOANVD O14VId

I-¢AT0D  HHIWNN ANVJINOD DILLOATH ANV SVD DMIOVd




SSLO'0EVD ar0 BOP"Q0TUIPOY

papn[oxyg %¢1 wonog pue dog, 4
WSIY 210D Jo uonoun e se NLIN/AMN 0002T 18 (Z)M MO[[0] PeoT
G a1nS81g

doj (30ed) yBreH a109 wonog

00°L

G0'L

oL’L

Gi°L

0c'tL

Ge'L

(Z)M NLN/GMIN 00022

oc'L

Ge'L

ov'l

< JLIN(Y 1 34D T ) uofue)) ojqerq 104 Y100  *ALLIL

91 40 €I HOVd
0 NOISIATY _ INVId ddM0d NOANVD O14VId
I-294T100 dHIININ ANVANOD DRRLOATH ANV SVD DHIDVd




PACIFIC GAS AND ELECTRIC COMPANY NUMBER COLR 2-11

DIABLO CANYON POWER PLANT REVISION 0
PAGE 16 OF 16
TITLE: COLR For Diablo Canyon Unit 2 Cydle 11 UNIT 2
120 1
(-14,100)] (F10.100))
100 NACCEPTABL | NACCEPTABLE
OPERATION / \ OPERATION
80 [ \
g ACCEPTABLE \
s /! | oreration ||\
3 \
[
£ 60
-
g / \
[y}
x
6 I('BO: 0) l(+ 51 Oﬂ
°\° L L [
40
20
0

60 -50 40 -30 -20 -10 O 10 20 30 40 650 60
Flux Difference (DELTAI) %

Figure 6
AFD Limits as a Function of Rated Thermal Power
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