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Unit Cycle Revision 
No. 

Approval 
Date 

 
Remarks 

2 13 0 3/22/90 Original Unit 2 Core Operating Limits Report, 
distributed with Technical Specification Revision 
92. 

1 14 0 3/22/90 Original Unit 1 Core Operating Limits Report, 
distributed with Technical Specification Revision 
92. 

  1 7/27/90 Incorporated expanded V(z) curves. 

  2 9/27/90 Clarified rod insertion limit curve applicability.   

  3 2/11/91 Incorporated revised FQ of 2.45 as a result of 
NRC approval of Westinghouse Topical Report 
WCAP-10924-P-A, Volume 1, Addendum 4, 
October 1990. 

2 14 0 - Not used. 

  1 9/27/90 Updated to Unit 2 Cycle 14, incorporated 
expanded V(z) curves and clarified rod insertion 
limit curve applicability. 

  2 2/11/91 Incorporated revised FQ of 2.45 as a result of 
NRC approval of Westinghouse Topical Report 
WCAP-10924-P-A, Volume 1, Addendum 4, 
October 1990. 

1 15 0 6/25/91 Updated to Unit 1 Cycle 15. 

2 15 0 3/9/92 Updated to Unit 2 Cycle 15 and clarified labeling 
of Figure 4.  Clarified the actions to be taken if 
the nuclear enthalpy rise hot channel factor 
exceeds the Technical Specification limit.   

1 16 0 12/28/92 Updated to Unit 1 Cycle 16, removed V(z) curves 
and replaced them with list of bounding V(z) 
values for three ranges of exposures.  

2 16 0 12/8/93 Updated to Unit 2 Cycle 16.  Removed the 
multiple V(z) curves and replaced them with a 
single figure with bounding V(z) curves for four 
ranges of exposures.  Incorporated additional 
discussion related to V(z) and K(z).   
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Unit Cycle Revision 
No. 

Approval 
Date 

 
Remarks 

2 16 1 11/3/94 The table containing the bounding V(z) values 
and Figure 2 updated to incorporate revised 
bounding V(z) values for the exposure range of 
14-21.5 GWD/MTU.  Figures 3 through 6 re-
formatted.   

1 17 0 6/17/94 Updated to Unit 1 Cycle 17.  Removed the list of 
bounding V(z) values and replaced it with 
multiple V(z) curves.  Incorporated additional 
discussion related to V(z) and K(z). 

2 17 0 6/2/95 Updated to Unit 2 Cycle 17.  Incorporated Table 
1 and expanded Figure 2 with updated bounding 
V(z) values.   

1 18 0 2/7/96 Updated to Unit 1 Cycle 18.  Incorporated revised 

HF∆  limit of 1.77.  Incorporated Table 1 and 
updated Figure 2 with revised bounding V(z) 
values.   

2 18 0 2/27/97 Updated to Unit 2 Cycle 18.  Revised HF∆  limit to 
1.77.  Updated Table 1 and Figures 2a through 
2e with revised bounding V(z) values.  
Incorporated new Figures 2f and 2g with 
additional bounding V(z) values.   

1 19 0 9/25/97 Updated to Unit 1 Cycle 19.  Updated Table 1 
and Figures 2a through 2f with revised bounding 
V(z) values.   

2 19 0 12/17/98 Updated to Unit 2 Cycle 19.  Updated Table 1 
and Figures 2a through 2d with revised bounding 
V(z) values.  Deleted Figures 2e, 2f and 2g.   

1 20 0 5/13/99 Updated to Unit 1 Cycle 20.  Updated Table 1 
and Figures 2a through 2f with revised bounding 
V(z) values.   

  1 8/4/00 Technical Specification Amendment 151: 
Relocate shutdown margin (SDM) requirements 
from Tech Specs and incorporate additional SDM 
requirements for Modes 3-6 from revised analysis 
of Uncontrolled Dilution event. 
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Approval 
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Remarks 

2 20 0 5/31/00 Updated to Unit 2 Cycle 20.  Updated Table 1 
and Figures 2a through 2d with revised bounding 
V(z) values.  Added new Table 2 and Figures 2e, 
2f and 2g with additional bounding V(z) values.  
Added references to Tables 1 and 2 and to 
Figures 2e, 2f and 2g to discussion of heat flux 
hot channel factor limits. Added discussion 
clarifying applicability of axial flux difference limits 
when using Tables 1 and 2 and Figures 2a 
through 2g.  Added discussion of two tier V(z) 
curve presented in Table 2 and Figure 2g. 

  1 8/4/00 Technical Specification Amendment 142: 
Relocate shutdown margin (SDM) requirements 
from Tech Specs and incorporate additional SDM 
requirements for Modes 3-6 from revised analysis 
of Uncontrolled Dilution event. 

1 20 2 9/1/00 Revised to change axial flux difference target 
band. 

1 21 0 1/31/01 Updated to support refueling activities associated 
with Unit 1 Cycle 21.  Revision 0 of the Unit 1 
Cycle 21 COLR had to be issued prior to 
confirming the applicability of the LOCA analysis.  
Therefore, Revision 0 of the Unit 1 Cycle 21 
COLR does not contain all of the operating limits 
necessary to support operation of Unit 1 Cycle 
21. 

1 21 1 2/19/01 Updated to Unit 1 Cycle 21.  Updated Tables 1 
and 2 and Figures 2a through 2f with revised 
bounding V(z) values.   

1 21 2 10/02/02 Revised to support License Amendment 158 
changes, including revision of all references to 
TS, revision of FQ symbols, addition of Table 4, 
ITC limits, DNB limits and refueling boron 
concentrations. 

2 21 0 2/06/02 Updated to Unit 2 Cycle 21. 
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Unit Cycle Revision 
No. 

Approval 
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Remarks 

2 21         1 10/02/02 Revised to support License Amendment 149 
changes, including revision of all references to 
TS, revision of FQ symbols, addition of Table 4, 
ITC limits, DNB limits and refueling boron 
concentrations. Also revised to include an 
additional V(z) curve to give greater FQ margin 
between 13.0 and 16.0 GWd/MTU. 

1 22 0 11/25/02 Updated to Unit 1 Cycle 22.  Updated Tables 1 
and 2 and Figures 2a through 2f with revised 
bounding V(z) values.  Incorporated new Figure 
2g with additional bounding V(z) values.  
Updated Table 3 with revised minimum shutdown 
margin limits.  Deleted and revised text to 
eliminate duplication with the Technical 
Specifications and the Bases.  

2 22 0 9/19/03 Updated to Unit 2 Cycle 22.  Updated Tables 1 
and 2.   A reduced number of exposure ranges 
were calculated in Table 1, therefore new Figures 
2a through 2e with revised bounding V(z) values 
replaced Figures 2a through 2f.  New Figure 2f 
replaced Figure 2g for the 2 tier band bounding 
V(z) values.  Updated Table 3 with revised 
minimum shutdown margin limits.  Deleted and 
revised text to eliminate duplication with the 
Technical Specifications and the Bases. 

1 22 1 7/6/04 Revision to incorporate Westinghouse Safety 
Analysis Transition per LA 162/153.  Revision 1 
contains transitional values for the OP/OT ∆T 
Trip setpoints that will be used while the physical 
changes are implemented. 

2 22 1 7/6/04 Revision to incorporate Westinghouse Safety 
Analysis transition per LA 162/153.  Revision 1 
contains transitional values for the OP/OT ∆T 
Trip setpoints that will be used while the physical 
changes are implemented. 

2 22 2 7/12/04 Revised Fq limit from 2.4 to 2.5.  Removed OP 
and OT delta-T setpoints based on NMC 
methodology and replaced with Westinghouse 
developed setpoints. 
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Unit Cycle Revision 
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Approval 
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Remarks 

1 22 2 7/16/04 Revised Fq limit form 2.4 to 2.5.  Removed OP 
and OT delta-T setpoints based on NMC 
methodology and replaced with Westinghouse 
developed setpoints. 

1 23 0 10/20/04 Updated to Unit 1 Cycle 23. 

2 23 0 - Not used due to core redesign. 

2 23 1 5/19/05 Updated to Unit 2 Cycle 23 and to support 
redesign of Unit 2 Cycle 23 core. 

1 23 1 7/11/05 Revised ITC upper limit from < 0 pcm/°F for 
power levels > 70% RTP to less than a line that 
slopes linearly from 0 pcm/˚F at 70% RTP to -2.9 
pcm/˚F at 100% RTP.  Revised the title of Figure 
3 to reference T.S. 3.1.4 Condition B and revised 
the title of Figure 4 to reference T.S. 3.1.4 
Condition A.  Added references 24 and 25 to 
include the 50.59 screenings written to issue 
revision 1. 

1 24 0 5/10/06 Updated to Unit 1 Cycle 24.   

1 24 1 8/7/06 Updated Table 3 to reflect the correct Fq
w(z) 

penalty factors. 

2 24 0 11/26/06 Updated to Unit 2 Cycle 24 Modes 5 and 6. 

2 24 1 12/6/06 Updated to Unit 2 Cycle 24 for Modes 1-6. 

2 24 2 9/4/07 Revised to support LA-179/169.  Revised 
reference 24 to include the revision number 
(revision 0) and the correct date of the report 
(January 2005). Revised references 6a, 6b, 6c, 
and 8 to say ‘Deleted.’  These references 
referred to the old LBLOCA methodology and 
model. 

1 24 2 2/11/08 Updated Table 1 to reflect correct Shutdown 
Margin Requirements and added Figures 6A 
through 6H. 
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Unit Cycle Revision 
No. 

Approval 
Date 

 
Remarks 

2 24 3 2/11/08 Updated Table 1 to reflect correct Shutdown 
Margin Requirements and added Figures 6A 
through 6H. 

1 25 0 2/24/08 Updated to Unit 1 Cycle 25 

1 25 1 5/28/08 Updated Table 2 to reflect the correct W(z) at a 
burnup of 150 MWd/MTU and a core height of 
6.20 feet 

2 

1 

25 

26 

0 

0 

9/26/08 

9/24/09 

Updated for Unit 2 Cycle 25 

Updated for Unit 1 Cycle 26 

2 

2 

26 

26 

0 

1 

5/3/10 

5/17/10 

Updated for Unit 2 Cycle 26 

Updated to include part power W(z) factors 

1 

2 

 

1 

 

1 

1 

1 

26 

26 

 

26 

 

26 

27 

27 

1 

2 

 

2 

 

3 

0 

1 

9/2/10 

9/30/10 

 

9/30/10 

 

12/17/10 

5/5/11 

6/2/11 

Updated for second set of W(z) factors 

Updated for Measurement Uncertainty Recapture 
power uprate to 1677 MWth and for a second set 
of W(z) factors 

Updated for Measurement Uncertainty Recapture 
power uprate to 1677 MWth 

                                                                    
Updated SDM in Table 1 for Mode 2 to say 1.9. 

Updated for Unit 1 Cycle 27 

Updated for Unit 1 Cycle 27 Modes 1 through 6 

 

2 27 0 3/28/12 Updated for Unit 2 Cycle 27 

 

1 28 0 11/29/12 Updated for Unit 1 Cycle 28 
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2 28 0 11/23/13 Updated for Unit 2 Cycle 28 

 

1 

 

2 

29 

 

29 

0 

 

0 

10/23/14 
 
 
 
11/05/15 

Updated for Unit 1 Cycle 29 

 

Updated for Unit 2 Cycle 29 

1 

2 

1 

2 

2 

30 

30 

31 

31 

31 

0 

0 

0 

0 

1 

10/25/16 

10/24/17 

09/06/18 

10/14/19 

09/14/20 

Updated for Unit 1 Cycle 30 

Updated for Unit 2 Cycle 30 

Updated for Unit 1 Cycle 31 

Updated for Unit 2 Cycle 31 

Updated to revise Table 2 and Table 3 due to 
Flexible Power Operation 

1 

2 

2 

 

32 

32 

32 

 

0 

0 

1 

 

09/21/20 

10/11/21 

10/25/21 

Updated for Unit 1 Cycle 32 

Updated for Unit 2 Cycle 32 

Updated to clarify power value used in calculation 
of FQ

W(Z) 

1 

2 

1 

33 

33 

34 

0 

0 

0 

10/13/22 

10/26/23 

10/22/24 

Updated for Unit 1 Cycle 33 

Updated for Unit 2 Cycle 33 

Updated for Unit 1 Cycle 34 
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Reviewed By: Reviewed per 600001214712 
  Troy Lassle 
  Manager, Engineering 
 
 
 
 
 
Approved By: Reviewed per 600001214714 
   David Mienke 
  Manager, Nuclear Analysis & Design-Acting 
 
 
 
 
 
 
  Note: This report is not part of the Technical Specifications 
 

This report is referenced in the Technical Specifications
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 PRAIRIE ISLAND NUCLEAR GENERATING PLANT 

CORE OPERATING LIMITS REPORT 

UNIT 1 – CYCLE 34 

REVISION 0 
 

This report provides the values of the limits for Unit 1 Cycle 34 as required by Technical 
Specification 5.6.5.  These values have been established using NRC approved methodology and 
are established such that all applicable limits of the plant safety analysis are met.  The Technical 
Specifications affected by this report are listed below: 
 

  1. 2.1.1 Reactor Core Safety Limits 
   2. 3.1.1 Shutdown Margin Requirements 
   3. 3.1.3 Isothermal Temperature Coefficient (ITC) 
   4. 3.1.5 Shutdown Bank Insertion Limits 
   5. 3.1.6 Control Bank Insertion Limits 
   6. 3.1.8 Physics Tests Exceptions - MODE 2 
   7. 3.2.1 Heat Flux Hot Channel Factor (FQ(z)) 
   8. 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor  Ν

ΔΗF  
   9. 3.2.3 Axial Flux Difference (AFD) 

10. 3.3.1 Reactor Trip System (RTS) Instrumentation 
Overtemperature ∆T and Overpower ∆T Parameter Values for Technical 
Specification Table 3.3.1-1 (Note 1 and Note 2) 

 11. 3.4.1 RCS Pressure, Temperature, and Flow - Departure from Nucleate 
   Boiling (DNB) Limits 
 12. 3.9.1 Refueling Boron Concentration 
 
 
1.  2.1.1 Reactor Core Safety Limits 
  
 Reactor Core Safety Limits are shown in Figure 1.  
   
 Reference Technical Specification 2.1.1. 
 
 
2. 3.1.1 Shutdown Margin Requirements 

 
Minimum Shutdown Margin requirements are shown in Table 1. 

 
Reference Technical Specification 3.1.1.  
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3. 3.1.3 Isothermal Temperature Coefficient (ITC) 
 
 ITC Upper limit:  

a.   5 pcm/F for power levels < 70% RTP; and 
b. a line which slopes linearly from  

i. 0 pcm/oF at a power level = 70% RTP to  
   ii. -1.5 pcm/oF at a power level = 100% RTP 

 
ITC Lower limit: 

a. -43.15 pcm/F  
 

Reference Technical Specification 3.1.3. 
 
 

4. 3.1.5 Shutdown Bank Insertion Limits 
 

The shutdown rods shall be fully withdrawn. 
 
Reference Technical Specification 3.1.5. 

 
 
5. 3.1.6 Control Bank Insertion Limits 
 

The control rod banks shall be limited in physical insertion as shown in Figures 2, 3, 
and 4. 

 
The control rod banks withdrawal sequence shall be Bank A, Bank B, Bank C, and finally 
Bank D. 

 
The control rod banks shall be withdrawn maintaining 128 step tip-to-tip distance. 

 
 Reference Technical Specification 3.1.6. 
 
 
6.  3.1.8 Physics Tests Exceptions - MODE 2 
 

Minimum Shutdown Margin requirements during physics testing are shown in Table 1. 
 

Reference Technical Specification 3.1.8. 
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7. 3.2.1 Heat Flux Hot Channel Factor (FQ(Z)) 
 
 The Heat Flux Hot Channel Factor shall be within the following limits: 
 

 
 

 
 

(z) =  * * (z) *  * 1.0815 for P > 0.5 

 

(z) =  * * (z) *  * 1.0815 for  P ≤ 0.5 

 
 

 is the measured planar radial peaking factor. 
 
P is the ratio of thermal power at the time of surveillance to rated thermal power. 
 
CFQ = 2.50 
 
K(Z) is a constant value = 1.0 at all elevations. 

The T(Z) values are provided in Tables 2 and 4. 

The T(Z) values in Table 2 are applicable to Figure 5, which represents “RAOC 

Operation Space #1 (ROS1). 

The T(Z) values in Table 4 are applicable to Figure 6, which represents “RAOC 

Operating Space #2 (ROS2).  Through Table 6, Table 4 is also associated with Figures 7 

and 8. 

The Rj Penalty Factors associated with Figure 5 and Table 2 (ROS1) are provided in 

Table 3. 

The Rj Penalty Factors associated with Figure 6 and Table 4 (ROS2) are provided in 

Table 5.  Through Table 6, Table 5 is also associated with Figures 7 and 8. 

The AXY(Z) factors adjust the surveillance to the reference conditions assumed in 

generating the T(z) factors. AXY(Z) may be assumed to equal 1.0 or may be determined 

for specific surveillance conditions using the approved methods listed in TS 5.6.5.
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Either ROS1 or ROS2 may be implemented at any time during Cycle 34. 

 If ROS1 is implemented and entering LCO 3.2.1 Condition B for FW
Q(Z) not within 

limits, EITHER take Action B.1.1 by implementing ROS2, OR take Action B.2.1 by 

using Table 6 to determine required THERMAL POWER and AFD limits based on 

Required FW
Q(Z) margin improvement available in ROS1. 

  

If ROS2 is implemented and entering LCO 3.2.1 Condition B for FW
Q(Z) not within 

limits, take Action B.2.1 by using Table 6 to determine required THERMAL POWER 

and AFD limits based on Required FW
Q(Z) margin improvement available in ROS2. 

 

 Reference Technical Specification 3.2.1. 

 
 
8. 3.2.2 Nuclear Enthalpy Rise Hot Channel Factor (FH

N)  
 
The Nuclear Enthalpy Rise Hot Channel Factor shall be within the following limits: 

 

  FH  1.77 x [1 + 0.3(1- P)]  

  where: P is the fraction of RATED THERMAL POWER at which 

the core is operating.   

Reference Technical Specification 3.2.2.
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9. 3.2.3  Axial Flux Difference (AFD) 
 

The indicated axial flux difference shall be maintained within the allowed operational 
space defined by either Figure 5, if ROS1 is implemented, or Figure 6 if ROS2 is 
implemented.  If implementing TS 3.2.1 Required Action B.2.1. the AFD shall be 
maintained within the allowed spaced defined by Figure 7 or 8, as determined by Table 6 
and the condition that led to the required action. 
 
 Reference Technical Specification 3.2.3. 
 

10. 3.3.1 Reactor Trip System (RTS) Instrumentation 
   

Overtemperature ∆T and Overpower ∆T Parameter Values for Technical Specification 
Table 3.3.1-1 (Note 1 and Note 2): 

 
Overtemperature T Setpoint 
 
Overtemperature T setpoint parameter values: 
 

T0 = Indicated T at RATED THERMAL POWER, %  
T = Average temperature, °F 
T  560.0 F 
P = Pressurizer Pressure, psig 
P = 2235 psig 
K1  1.17 
K2 = 0.014 /°F  
K3 = 0.00100 /psi  
1 = 30 seconds 
2 = 4 seconds 
f(I) = A function of the indicated difference between top and bottom 

detectors of the power range nuclear ion chambers.  Selected gains 
are based on measured instrument response during plant startup 
tests, where qt and qb are the percent power in the top and bottom 
halves of the core respectively, and qt + qb is total core power in 
percent of RATED THERMAL POWER, such that 
(a) For qt - qb within –13, +8 % f(I) = 0 
(b) For each percent that the magnitude of qt - qb exceeds +8% 

the T trip setpoint shall be automatically reduced by an 
equivalent of 1.73 % of RATED THERMAL POWER. 

(c) For each percent that the magnitude of qt - qb exceeds -13 % 
the T trip setpoint shall be automatically reduced by an 
equivalent of 3.846 % of RATED THERMAL POWER. 
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 Overpower T Setpoint 

Overpower T setpoint parameter values: 

T0 = Indicated T at RATED THERMAL POWER, %  
T = Average temperature, °F 
T  560.0 F 
K4  1.11 
K5 = 0.0275/F for increasing T; 0 for decreasing T 
K6 = 0.002/F for T > T ; 0 for T  T 
3 = 10 seconds 

 

Reference Technical Specification 3.3.1. 

11. 3.4.1 RCS Pressure, Temperature, and Flow - Departure from Nucleate Boiling (DNB) 
 Limits 
 
 The DNB Limits are: 
 Pressurizer pressure limit = 2190 psia 

RCS average temperature limit = 564F 
RCS total flow rate limit = 178,000 gpm 

 
Reference Technical Specification 3.4.1. 

 
 
12. 3.9.1 Refueling Boron Concentration. 
 

The boron concentration of the reactor coolant system and the refueling cavity shall be 
sufficient to ensure that the more restrictive of the following conditions is met: 
 

a) Keff   0.95 
b) 2000 ppm 
c) The Shutdown Margin specified in Table 1 

 
Reference Technical Specification 3.9.1. 
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                                                       Table 1 

Minimum Required Shutdown Margin, % 
 

Number of Charging Pumps Running** 

Mode 1*       

  0-1 Pump 2 Pumps 3 Pumps 
0 - 24400 MWd/MTU - - - 

    
Mode 2*       

  0-1 Pump 2 Pumps 3 Pumps 
0 - 24400 MWd/MTU 1.7 1.7 1.7 

    

Physics Testing in Mode 2       

  0-1 Pump 2 Pumps 3 Pumps 
0 - 24400 MWd/MTU 0.5 0.5 0.5 

    

Mode 3 Tave ≥ 520°F (Most Reactive Rod Out) 

  0-1 Pump 2 Pumps 3 Pumps 
0 - 24400 MWd/MTU 2.0 2.0 2.0 

    

Mode 3 350°F ≤ Tave < 520°F (Most Reactive Rod Out) 

  0-1 Pump 2 Pumps 3 Pumps 
0 MWD/MTU 2.0 2.0 2.0 

3000 MWd/MTU 2.0 2.0 2.0 
6000 MWd/MTU 2.0 2.0 2.0 

11000 MWd/MTU 2.0 2.0 2.0 
16000 MWd/MTU 2.0 2.0 2.0 
24400 MWd/MTU 2.0 2.0 2.0 

Operational Mode Definitions as per TS Table 1.1-1. 
  
* For Mode 1 and Mode 2 with Keff ≥ 1.0, the minimum shutdown margin requirements are 
provided by the Rod Insertion Limits. 

  
** Charging pump(s) in service only pertains to steady state operations. It does not include 
transitory operations. For example, operations such as starting a second charging pump in 
order to secure the operating pump would fall under the one pump in service column. 

  
Note: Linear interpolation between burnup steps is allowed. Extrapolation is not allowed. 
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Table 1, Continued 
 

Minimum Required Shutdown Margin, %Δρ 

 
Number of Charging Pumps Running** 

Mode 4 200°F < Tave < 350°F (Most Reactive Rod Out) 

  0-1 Pump 2 Pumps 3 Pumps 
0 MWD/MTU 2.0 4.0 6.0 

3000 MWd/MTU 2.0 4.0 6.0 
6000 MWd/MTU 2.0 4.0 6.0 

11000 MWd/MTU 2.0 3.5 5.5 
16000 MWd/MTU 2.0 3.0 4.5 
24400 MWd/MTU 2.0 2.0 2.5 

    

Number of Charging Pumps Running** 

Mode 5 68°F ≤ Tave ≤ 200°F (Most Reactive Rod Out) 

  0-1 Pump 2 Pumps 3 Pumps 
0 MWd/MTU*** 2.0 4.5 6.5 
3000 MWd/MTU 2.0 4.5 6.5 
6000 MWd/MTU 2.0 4.0 6.5 

11000 MWd/MTU 2.0 4.0 6.0 
16000 MWd/MTU 2.0 3.5 5.5 
24400 MWd/MTU 2.0 2.0 3.0 

 
Operational Mode Definitions as per TS Table 1.1-1. 
  
** Charging pump(s) in service only pertains to steady state operations. It does not include 
transitory operations. For example, operations such as starting a second charging pump in 
order to secure the operating pump would fall under the one pump in service column. 

  
*** These values are also applicable for the Unit 1 Cycle 33 end of cycle. 

  
Note: Linear interpolation between burnup steps is allowed. Extrapolation is not allowed. 
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Table 1, Continued 
 

Minimum Required Shutdown Margin, %Δρ 

 

Number of Charging Pumps Running** 

Mode 6 68°F ≤ Tave < 200°F (ARI) 

  0-1 Pump 2 Pumps 3 Pumps 
0 MWd/MTU*** 5.129 5.129 6.5 
3000 MWd/MTU 5.129 5.129 6.5 
6000 MWd/MTU 5.129 5.129 6.5 

11000 MWd/MTU 5.129 5.129 6.0 
16000 MWd/MTU 5.129 5.129 5.129 
24400 MWd/MTU 5.129 5.129 5.129 

    

Mode 6 68°F ≤ Tave < 200°F (ARO) 

  0-1 Pump 2 Pumps 3 Pumps 
0 MWd/MTU*** 5.129 5.5 8.5 
3000 MWd/MTU 5.129 5.5 8.5 
6000 MWd/MTU 5.129 5.5 8.0 

11000 MWd/MTU 5.129 5.129 8.0 
16000 MWd/MTU 5.129 5.129 7.0 
24400 MWd/MTU 5.129 5.129 5.129 

    
Operational Mode Definitions as per TS Table 1.1-1. 
 
** Charging pump(s) in service only pertains to steady state operations. It does not include 
transitory operations. For example, operations such as starting a second charging pump in 
order to secure the operating pump would fall under the one pump in service column. 

    
*** These values are also applicable for the Unit 1 Cycle 33 end of cycle. 
 
Note: Linear interpolation between burnup steps is allowed.  Extrapolation is not allowed. 
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Table 2 - T(z) Factors associated with Figure 5 (ROS1) (Top 10% and Bottom 8% excluded)* 

 
*Linear extrapolation based on a line between 18,500 MWD/MTU and 21,500 MWD/MTU is adequate for addressing burnups beyond 21,500 MWD/MTU. 
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       Table 2 (cont.) - T(z) Factors associated with Figure 5 (ROS1) (Top 10% and Bottom 8% excluded)* 

 
*Linear extrapolation based on a line between 18,500 MWD/MTU and 21,500 MWD/MTU is adequate for addressing burnups beyond 21,500 MWD/MTU.  
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Table 3: RJ Margin Decrease Factors  
associated with Figure 5 (ROS1) and Table 2 

Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 

 Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 

 Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 
150 1.027  7176 1.015  14203 1.000 
321 1.024  7348 1.014  14374 1.000 
493 1.021  7519 1.014  14546 1.000 
664 1.019  7691 1.013  14717 1.000 
836 1.016  7862 1.012  14888 1.000 
1007 1.012  8033 1.011  15060 1.000 
1178 1.010  8205 1.011  15231 1.000 
1350 1.008  8376 1.011  15403 1.000 
1521 1.008  8547 1.011  15574 1.000 
1692 1.006  8719 1.011  15745 1.000 
1864 1.005  8890 1.012  15917 1.000 
2035 1.004  9062 1.012  16088 1.000 
2207 1.003  9233 1.012  16259 1.006 
2378 1.003  9404 1.012  16431 1.007 
2549 1.002  9576 1.011  16602 1.007 
2721 1.001  9747 1.009  16774 1.008 
2892 1.000  9918 1.008  16945 1.008 
3063 1.000  10090 1.007  17116 1.007 
3235 1.000  10261 1.004  17288 1.007 
3406 1.000  10433 1.004  17459 1.006 
3578 1.000  10604 1.004  17630 1.001 
3749 1.000  10775 1.006  17802 1.001 
3920 1.000  10947 1.008  17973 1.000 
4092 1.000  11118 1.012  18145 1.000 
4263 1.000  11289 1.013  18316 1.000 
4434 1.000  11461 1.014  18487 1.000 
4606 1.000  11632 1.015  18659 1.000 
4777 1.000  11804 1.016  18830 1.000 
4949 1.000  11975 1.020  19001 1.000 
5120 1.000  12146 1.019  19173 1.000 
5291 1.000  12318 1.018  19344 1.000 
5463 1.000  12489 1.016  19516 1.000 
5634 1.000  12660 1.015  19687 1.000 
5805 1.001  12832 1.013  19858 1.000 
5977 1.004  13003 1.011  20030 1.000 
6148 1.007  13175 1.009  20201 1.000 
6320 1.010  13346 1.003    
6491 1.013  13517 1.002    
6662 1.015  13689 1.001    
6834 1.016  13860 1.000    
7005 1.016  14031 1.000    

Values may be interpolated to the surveillance cycle burnup. The Rj factor value for the last burnup step 
shall be used for all burnups greater than the last burnup step. 
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Table 4 – T(z) Factors associated with Figures 6, 7, and 8 (ROS2) (Top 10% and Bottom 8% excluded)* 

*Linear extrapolation based on a line between 18,500 MWD/MTU and 21,500 MWD/MTU is adequate for addressing burnups beyond 
21,500 MWD/MTU.
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Table 4 (cont.) – T(z) Factors associated with Figures 6, 7 and 8 (ROS2) (Top 10% and Bottom 8% excluded)* 

* Linear extrapolation based on a line between 18,500 MWD/MTU and 21,500 MWD/MTU is adequate for addressing burnups beyond 21,500 

MWD/MTU. 
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Table 5: RJ Margin Decrease Factors  
associated with Figures 6, 7, and 8 (ROS2) and Table 4 

Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 

 Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 

 Cycle 
Burnup 

(MWD/MTU) 

RJ  
Penalty 

Multiplier 
150 1.027  7176 1.000  14203 1.006 
321 1.024  7348 1.004  14374 1.008 
493 1.021  7519 1.004  14546 1.008 
664 1.019  7691 1.004  14717 1.009 
836 1.016  7862 1.003  14888 1.009 
1007 1.012  8033 1.003  15060 1.009 
1178 1.010  8205 1.007  15231 1.008 
1350 1.008  8376 1.008  15403 1.008 
1521 1.008  8547 1.007  15574 1.001 
1692 1.006  8719 1.006  15745 1.000 
1864 1.005  8890 1.006  15917 1.000 
2035 1.004  9062 1.006  16088 1.000 
2207 1.003  9233 1.006  16259 1.000 
2378 1.003  9404 1.005  16431 1.000 
2549 1.002  9576 1.001  16602 1.000 
2721 1.002  9747 1.005  16774 1.000 
2892 1.000  9918 1.009  16945 1.000 
3063 1.000  10090 1.012  17116 1.000 
3235 1.000  10261 1.017  17288 1.000 
3406 1.000  10433 1.020  17459 1.000 
3578 1.000  10604 1.022  17630 1.000 
3749 1.000  10775 1.023  17802 1.000 
3920 1.000  10947 1.023  17973 1.000 
4092 1.000  11118 1.018  18145 1.000 
4263 1.000  11289 1.015  18316 1.000 
4434 1.000  11461 1.013  18487 1.000 
4606 1.000  11632 1.010  18659 1.000 
4777 1.000  11804 1.008  18830 1.000 
4949 1.000  11975 1.006  19001 1.000 
5120 1.000  12146 1.005  19173 1.000 
5291 1.000  12318 1.004  19344 1.000 
5463 1.001  12489 1.003  19516 1.000 
5634 1.003  12660 1.002  19687 1.000 
5805 1.000  12832 1.001  19858 1.000 
5977 1.000  13003 1.000  20030 1.000 
6148 1.000  13175 1.000  20201 1.000 
6320 1.000  13346 1.000    
6491 1.000  13517 1.000    
6662 1.000  13689 1.000    
6834 1.000  13860 1.000    
7005 1.000  14031 1.000    

Values may be interpolated to the surveillance cycle burnup. The Rj factor value for the last burnup step 
shall be used for all burnups greater than the last burnup step. 
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 Table 6: Required THERMAL POWER Limits and AFD Reductions  

RAOC Operating 
Space 

Required FQ
W(z) 

Margin Improvement 
(%) 

Required THERMAL 
POWER Limit 

(%RTP) 
Reference AFD 

Figure 

ROS1 

(Figure 5) 
> 0 < 50 N/A 

ROS2 

(Figure 6) 

≤ 2.5 ≤ 95 Use Figure 7 

> 2.5 and ≤ 6.4 ≤ 90 Use Figure 8 

> 6.4 < 50 N/A 
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Figure 1 

Reactor Core Safety Limits
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Figure 2 

Rod Insertion Limit, 128 Step Tip-to-Tip 
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Bank Positions Given By: 
 

 Bank D = (150 / 63) * (P – 100) + 185 
 

 Bank C = (150 / 63) * (P – 100) + 185 + 128 
 

 Bank B = (150 / 63) * (P – 100) + 185 + 128 + 128 
  

NOTE:  The top of the active fuel height corresponds to 224 steps.   
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Figure 3 

Rod Insertion Limit, 128 Step Tip-to-Tip, One Bottomed Rod 
(Technical Specification 3.1.4, Condition B) 

Bank C

Bank D

Operation
Forbidden in
this Region

0

50

100

150

200

224

0 20 40 60 80 100

Power Level, % of Rated Thermal Power

B
an

k 
P

o
si

tio
n,

 S
te

p
s

 
 
 

Bank Positions Given By: 
 

 Bank D = (150 / 63) * (P – 90) + 224 
 

 Bank C = (150 / 63) * (P – 90) + 224 + 128 
 

NOTE:  The top of the active fuel height corresponds to 224 steps.   
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Figure 4 

Rod Insertion Limit, 128 Step Tip-to-Tip, One Inoperable Rod 
(Technical Specification 3.1.4, Condition A) 

 

 
 
 

 
Bank Positions Given By: 
 

 Bank D = (150 / 63) * (P – 70) + 224 
 

 Bank C = (150 / 63) * (P – 70) + 224 + 128 
 

NOTE:  The top of the active fuel height corresponds to 224 steps.   
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Figure 5 
Flux Difference Operating Envelope associated with ROS1 (Tables 2 and 3) 
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 Figure 6 
Flux Difference Operating Envelope associated with ROS2 (Tables 4 and 5) 
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Figure 7 
Flux Difference Operating Envelope associated with ROS2 95% THERMAL POWER 

Required Action (Tables 4, 5, and 6) 
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 Figure 8 
Flux Difference Operating Envelope associated with ROS2 90% THERMAL POWER 

Required Action (Tables 4, 5, and 6) 
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