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1.0 Core Operating Limits Report

This Core Operating Limits Report for Cycle 20 has been prepared in accordance
with the requirements of Technical Specification 5.6.5 and is applicable to
operation for which rated thermal power Is 1912 MWt. The core operating limits
have been developed using NRC-approved methodology (References 1 and 6)
and are established such that all applicable limits of the plant safety analysis are
met. The Cycle 20 values for the core operating limits are provided in Section 3.0
of this report.

2.0 References

1. General Electric Standard Application for Reactor Fuel (GESTAR-II), NEDE-
24011-P-A-14, June 2000

2. SuDdlemental Reload Licensing Report for Duane Arnold Energv Center. Reload
19 Cycle 20, 000O-0028-4296-SRLR, Rev. 0, February 2005

3. Letter from F. R. Lindquist (GNF) to R. Rohrer (NMC), 'Duane Arnold C20
Composite MAPLHGRs", December 14,2004

4. Duane Arnold Energy Center Cycle 19 Core Operating Limits Report, Revision 0.
February 2003

5. Duane Arnold Energy Center Asset Enhancement Program, Task T0201:
Power/Flow Map, GE-NE-A22-00100-04-01, Revision 0, February 2000

6. General Electric Licensing Topical Report ODYSY Application for Stability
Licensing Calculations, NEDC-32992-P-A, DRF A13-00426-00, July 2001
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3.0 Core Operating limits

1. Average Planar Linear Heat Generation Rate (APLHGR) - TS 3.2.1.

a. The APLHGR for each fuel type as a function of Planar Average
Exposure (PAE) shall not exceed the limiting value shown in Figures 1,
2, 3, 4, 5, 6, 7, and 8 multiplied by the smaller of the two
MAPFACILHGRFAC factors determined from Figures 9 and 10.

b. During Single Loop Operation (SLO), the actual APLHGR for each type
of fuel as a function of planar average exposure shall not exceed the
limiting value shown in Figures 1, 2, 3, 4, 5. 6, 7, and 8 multiplied by the
smaller of the two MAPFAC/ILHGRFAC factors determined from Figures
10 and 11.

c. Tables 1,2,3,4,5,6,7, and 8 provide APLHGR limit values (KW/It)
corresponding to Figures 1, 2, 3, 4, 5, 6, 7, and 8, respectively.

The above APLHGR limits are a bounding composite of the actual fuel thermal
limits for Maximum Average Planar Linear Heat Generation (MAPLHGR), derived
from the Emergency Core Cooling requirements of the Loss-of-Coolant Accident
(LOCA) analyses, and the Maximum Linear Heat Generation Rate (MLHGR),
derived from the fuel thermal-mechanical performance limits. The individual
MAPLHGR and MLHGR limits, as discussed in the BASES for TS 3.2.1, are
modeled in the process computer. The above composite can be used to
determine the TS APLHGR limit in the event the process computer is not
available.

2. Minimum Critical Power Ratio (MCPR) -TS 3.2.2.

a. The MCPR shall be equal to or greater than the Operating limit MCPR,
which is a function of Core Thermal Power, Core Flow, Fuel Type, and
Scram Time (Tau). For Core Thermal Power greater than or equal to
21.7% of rated and less than 40% of rated (21.7% S P < 40%), the
Operating limit MCPR Is given by Figure 12. For core thermal power
greater than or equal to 40% of rated (P > 40%), the Operating limit
MCPR is the greater of either

i) The applicable flow-dependent MCPR determined from Figure 13, or

ii) The appropriate Rated Power MCPR from Figure 14 or 15 [Figure
16 for Recirculation Pump Trip Out of Service (RPTOOS); Figure 17
for Turbine Bypass Valves Out-of-Service (TBVOOS); Figure 18 for
TBVOOS and RPTOOS], multiplied by the applicable power-
dependent MCPR multiplier determined from Figure 12.

b. During SLO with core thermal power greater than or equal to 21.7% of
rated, the SLO Operating Limit MCPR is determined by adding 0.02 to
the Operating limit MCPR determined above.
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4.0 Reload Fuel Bundles

FUEL TYPE CYCLE LOADED NUMBER
GE14-PI ODNAB407-16GZ-1 OOT-150-T6-3898 18 36
GE14-PlODNAB402-17GZ-1 OOT-150-T6-3897 18 16
GE14-Pl ODNAB398-15GZ-10OT-150-T6-3896 18 12
GE14-PI ODNAB398-15GZ-10OT-150-T6-3896 19 104
GE14-Pl ODNAB44O-14G6.0-1OOT-150-T6-2561 19 16
GE14-Pl ODNAB438-12G6.0-10OT-150-T6-2541 19 32
GE14-Pl ODNAB420-16GZ-10OT-150-T6-2814 20 80
GE14-Pl ODNAB438-14G6.0-1 OOT-150-T6-2815 20 40
GE14-Pl ODNAB420-16GZ-100T-150-T6-2816 20 32

Note that the bundle GE14-PlODNAB398-15GZ-10OT-150-T6-3896 loaded in
Cycle 19 Is identical to the assembly of the same name that was loaded in Cycle
18.

5.0 Thermal-Hydraulic Stability

a. Continued reactor operation within the "Exclusion Zoner on the power/flow
map, as defined on Figure 19, is not permitted. (Surveillance Requirement
3.4.1.2)

b. Continued reactor operation within the 'Buffer Zone' on the power/flow map, as
defined on Figure 19, is not permitted when the thermal-hydraulic stability
monitor (SOLOMON) is not operational.

Please see Reference 6 for more Information on Thermal-Hydraulic Stability.
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TABLE 1

Average Planar Unear Heat Generation Rate (APLHGR) Umit
as a Function of Planar Average Exposure

for

GE1 4-PI ODNAB407-1 6GZ-1 OOT-1 50-T6-3898

Planar Average APLHGR
Exposure Limit
(GWdIST) (kW/ft)

0.00 9.92
0.20 9.99
1.00 10.08
2.00 10.19
3.00 10.31
4.00 10.44
5.00 10.57
6.00 10.71
7.00 10.80
8.00 10.89
9.00 10.97
10.00 11.06
11.00 11.15
12.00 11.18
13.00 11.17
14.00 11.16
15.00 11.14
17.00 11.08
19.13 10.95
20.00 10.89
25.00 10.50
30.00 10.00
35.00 9.38
40.00 8.80
45.00 8.26
50.00 7.75
55.00 6.29
57.61 4.99
57.90 4.85

Preparer Initials atwe
Verifier Initials Rp~
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TABLE 2

Average Planar Linear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE14-P1 ODNAB402-1 7GZ-IOOT-1 50-T6-3897

Planar Average APLHGR
Exposure Limit
(GWd/ST) (kWift)

0.00 9.91
0,20 9.95
1.00 10.03
2.00 10.13
3.00 10.23
4.00 10.34
5.00 10.44
6.00 10.55
7.00 10.66
8.00 10.77
9.00 10.89

10.00 11.01
11.00 11.13
12.00 11.18
13.00 11.15
14.00 11.12
15.00 11.08
17.00 11.00
19.13 10.87
20.00 10.82
25.00 10.28
30.00 9.74
35.00 9.13
40.00 8.55
45.00 8.01
50.00 7.51
55.00 6.16
57.61 4.86
57.67 4.83

Preparer Initials _Ad

Verifier Initials RrA-.
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TABLE 3

Average Planar Linear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE1 4-P1 ODNAB39B-1 5GZ-1 OOT-1 50-T6-3896

Planar Average APLHGR
Exposure Limit
(GWd/ST) (kW/ft)

0.00 10.15
0.20 10.19
1.00 10.27
2.00 10.37
3.00 10.47
4.00 10.58
5.00 10.69
6.00 10.80
7.00 10.91
8.00 11.03
9.00 11.09
10.00 11.10
11.00 11.11
12.00 11.14
13.00 11.07
14.00 11.03
15.00 11.00
17.00 10.93
19.13 10.81
20.00 10.75
25.00 10.18
30.00 9.65
35.00 9.17
40.00 8.72
45.00 8.19
50.00 7.67
55.00 6.10
57.56 4.83

I

i

II

Preparer Initials X4X1
Verifier Initials Eng-
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TABLE 4

Average Planar Uinear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE1 4-PI ODNAB440-1 4G6.0-1OOT-1 50-T6-2561

Planar Average APLHGR
Exposure Limit
(GWd/ST) (kW/ft)

0.00 9.52
0.20 9.59
1.00 9.68
2.00 9.79
3.00 9.91
4.00 10.03
5.00 10.12
6.00 10.19
7.00 10.27
8.00 10.34
9.00 10.42
10.00 10.50
11.00 10.57
12.00 10.53
13.00 10.50
14.00 10.48
15.00 10.46
17.00 10.41
19.13 10.30
20.00 10.25
25.00 9.89
30.00 9.51
35.00 9.12
40.00 . 8.69
45.00 8.21
50.00 7.50
55.00 5.02
55.33 4.86

Preparer Initials
Verifier Initials
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TABLE 5

Average Planar Unear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE14-Pl0DNAB438-12G6.0-10OT-150-T6-2541

Planar Average APLHGR
Exposure Limit
(GWd/ST) (kW/ft)

0.00 9.76
0.20 9.83
1.00 9.94
2.00 10.08
3.00 10.14
4.00 10.20
5.00 10.27
6.00 10.33
7.00 10.40
8.00 10.47
9.00 10.54

10.00 10.61
11.00 10.68
12.00 10.64
13.00 10.60
14.00 10.56
15.00 10.53
17.00 10.45
19.13 10.32
20.00 10.26
25.00 9.89
30.00 9.50
35.00 9.11
40.00 8.68
45.00 8.21
50.00 7.53
55.00 5.05
55.40 _ 4.85

Preparer Initials ____

Verifier Initials En&
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TABLE 6

Average Planar Unear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE14-PlODNAB420-16GZ-1 OOT-1 50-T-2814

Planar Average APLHGR
Exposure Limit
(GWd/ST) (kW/it)

0.00 9.70
0.20 9.74
1.00 9.82
2.00 9.92
3.00 10.03
4.00 10.15
5.00 10.26
6.00 10.39
7.00 10.51
8.00 10.64
9.00 10.77
10.00 10.90
11.00 11.02
12.00 11.02
13.00 11.00
14.00 10.97
15.00 10.94
17.00 10.87
19.13 10.75
20.00 10.71
25.00 10.26
30.00 9.80
35.00 9.34
40.00 8.78
45.00 8.23
50.00 7.69
55.00 5.74
56.75 4.86

Preparer Initials PW4
Verifier Initials P
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TABLE 7

Average Planar Unear Heat Generation Rate (APLHGR) Limit
as a Function of Planar Average Exposure

for

GE14-P10DNAB438-14G6.0-1OOT-150-T6-2815

Planar Average APLHGR
Exposure Umit
(GWd/ST) (kW/ft)

0.00 9.37
0.20 9.46
1.00 9.57
2.00 9.72
3.00 9.84
4.00 9.96
5.00 10.08
6.00 10.21
7.00 10.33
8.00 10.40
9.00 10.47
10.00 10.53
11.00 10.60
12.00 10.55
13.00 10.51
14.00 10.47
15.00 10.44
17.00 10.38
19.13 10.28
20.00 10.23
25.00 9.88
30.00 9.50
35.00 9.10
40.00 8.67
45.00 8.20
50.00 7.51
55.00 5.03
55.36 4.85

Preparer Initials b y
Verifier Initials Ep

Page 11 of 31



TABLE8

Average Planar Unear Heat Generation Rate (APLHGR) ULmit
as a Function of Planar Average Exposure

for

GE14-PI ODNAB420-16GZ-1OOT-150-T6-2816

Planar Average APLHGR
Exposure ULmit
(GWd/ST) (kW/ft)

0.00 9.69
0.20 9.73
1.00 9.81
2.00 9.91
3.00 10.02
4.00 10.14
5.00 10.25
6.00 10.37
7.00 10.50
8.00 10.62
9.00 10.75
10.00 10.88
11.00 11.00
12.00 11.00
13.00 10.97
14.00 10.94
15.00 10.91
17.00 10.84
19.13 10.73
20.00 10.69
25.00 10.26
30.00 9.80
35.00 9.34
40.00 8.78
45.00 8.22
50.00 7.69
55.00 5.73
56.73 4.87

Preparer Initials a m
Verifier Initials 9LPL
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i

APLHGR vs Planar Average Exposure
GE14-PIODNAB407-16GZ-1 OOT-150-T6-3898
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APLH'GR vs Planar Average Exposure
GE1 4-Pl ODNA8402-1 7GZ-1 OOT-1 50-T6-3897
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APLHdR vs Planar Average Exposure
iGE1 4-P ODNAB398-1 5GZ-1 OOT-150-T6-3896
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APLHGR vs Planar Average Exposure
GE1 4-PI ODNAB440-14G6.0-1 OOT-1 50-T6-2561
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i

APLHGR vs Planar Average Exposure
1E14-P1 ODNAB438-1 2G6.0-1 OOT-1 50-T6-2541

II

14.0

13.0

12.0

g 11.0

ca =
.S E 10.0
J *:

ta G 9.0
c)

a ._

2 'o 8.0
c

.7.0
(ax0

6.0

5.0

4.0

4 X

f 1 1 I i
r \

.

0.0 10.0 20.0 30.0 40.0

Planar Average Exposure (GWd[ST)

50.0 60.0 70.0

i

I

Figure 5 Preparer Initials Ak
Verifier Initials ____

Page 17 of 31



APLHGR vs Planar Average Exposure
GE14-PlODNAB420-16GZ-1OOT-1504T6-2814
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APLHGR vs Planar Average Exposure
6E14 P1ODNAB438-14G6.0-1 OOT-150-T6-2815

14.0

13.0

12.0

11.0

SE10.0
- .&_ -j

(00

co a
c _

.- -9.0

*0

X 0 8.0
<0

5

o 7.0

6.0

5.0

4.0 -
0.0 10.0 20.0 ! 30.0 40.0 50.0 60.0

Planar Average Exposure (GWd/ST)
70.0

Figure 7 Preparer Initials _____

Verifier Initials .

Page 19 of 31



APLHGR vs Planar Average Exposure
| GEI 4-P1 ODNAB420-1 6GZ-1 OOT-1 50-T6-2816
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Flow Dependent LHGR and MAPLHGR Multipliers
1.10

1.00

0.90

C.,
I-

IL

E 0.80

0

CW

< 0.70
LA

-J

0.60

0.50

0.40
100

Core Flow (% rated)

Figure 9 Preparer Initiass3
Verifier Initials Pi,

Page 21 of 31



1.10

00

0.

U.

0L.

Ce

0.

C.)
U.

x
-J

0.90

0.80

0.70

Power Dependent LHGR and MAPLHGR Multipliers

Power z 86.7%

i.00
1 Pow<86.7% 11

For Pc 21.7% No Thermal Uknits Requtired
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MAPFAC(p) = 0.55 + 0.014 x ( P 26%)
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Flow Dependent MAPLHGR Multiplier
Single Loop Operation
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Power Dependent MCPR Limits
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MiPR vs Scram Time (Tau)
Beginning-of-Cycle to 13001 MWdIST Cycle Exposure
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MCPR vs Scram Time (Tau)
13001 MWD/ST to EOC 20
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MCPR vs Scram Time (Tau)
RPTOOS
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MCPR vs Scram Time (Tau)
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MCPR vs Scram Time (Tau)
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DAEC Stability Power/Flow Map
Cycle 20 - 1912 MWth
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