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(1).Fuel to Clad Gap Coefficient , P110,3030 R6 
(2).Neutronics Input for Transient , EMF??000 5.2 R2 
(3).Transient Inputs, P110,3060 R0  P110,3100 R0 
(4).Turbine Trip Without Bypass, P110,3100 R0 
(5).Feed Water Controller Failure , P110,3100 R0 
(6).ASME Over-Pressurization , P110,6100 R0 
(7).LOCA Heatup  , P110,5120 R2 
(8).LOCA Limiting Power History, P110,5040 R4 
(9).TH characterization, P110,2011, R1 
(10).MCPRf , P110,3202 R0 
(11).MCPR Safety Limit ,  P110,2100 R4 
(12).Thermal Limits, P110,3100 R0 

EMF-2000(P) 
(13).Guidelines 2.2 "Loading Pattern Design, Target Rod Pattern,s and Core Follow" 
(14).Guideline 2.5 "MICROBURN-B2 Model Setup" 
(15).Guideline 2.7 "Benchmarking, Core Follow and Projection" 
(16).Guideline 2.8, "Hot Excess Reactivity and Shutdown Margin Determination" 
(17).Guideline 2.11 "THRP Loss Coefficients Tuning for MICROBURN-B2" 
(18).Guideline 4.1 "Control Rod Withdrawal Error Analysis" 
(19).Guideline 4.2 "Stability Analysis" 
(20).Guideline 4.3 "Standby Boron Liquid Control System Analysis (SBLC)" 
(21).Guideline 4.4 "LHGRFACf Analysis" 
(22).Guideline 4.5 "Control Rod Drop Accident Analysis" 
(23).Guideline 4.6 "Fuel Assembly Mislocation Analysis" 
(24).Guidleine 4.7 "Fuel Misorientation Accident" 
(25).Guideline 4.11 "Loss of Feedwater Heating Analysis" 
(26).Guideline 5.2 "Neutronic Input for Plant Transient Analysis" 
(27).Guideline 5.3 "Neutronic Input for Safety Limit Analysis" 
(28).Guideline 5.4 "Neutronics Input for LOCA" 
(29).Guideline 6.4 "BWR/6 Generci Control Rod Withdrawal Error (CRWE)" 
(30).Guideline 6.5 "Loss of Feedwater HEating Analysis (LFWH) (SER Restrictions" 
(31)51-9128019-000 "Kuosheng Unit 1 Cyccle 22 Licensing Analysis Work Plan" 
(32)ANP-2892(P) Revision 0, "Kuosheng Unit 1 Cycle 22 Principal Plant Parameters" 
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(1).32-9135060-000 "Kuosheng Unit 1 Cycle 21 Core Follow and Projection" 
(2).32-9135061-000 "Kuosheng Unit 1 Cycle 22 Fuel Cycle Design" 
(3).32-9135980-000 "Kuosheng Unit 1 Multicycle Analysis with ACE Correlation" 
(4).32-9135591-000 "Kuosheng Unit 1 Cycle 22 Control Rod Drop Accident Analysis" 
(5).32-9133675-000 "Kuosheng Additional Channel Bow Colorset Calculation with ACE 

CPR Correlation" 
(6).32-9134563-000 "Kuosheng Cahnnel Seal Resistance Tunning for MICROBURN-B2" 
(7).32-9137626-000 "Kuosheng Generic Fuel Mislocation Analysis with ACE Correlation" 
(8).32-9139049-000 "Kuosheng Generic Misorientation Analysis with ACE CPR 

Correlation" 
(9).32-9137650-000 "Kuosheng Unit 1 Cycle Independent Control Rod Withdrawal Error 

Analysis" 
(10).32-9137915-000 "Kuosheng Unit 1 Cycle Independent Loss of Feedwater HEating 

Analysis" 
(11).32-9137219-000 "Kuosheng Unit 1 Cycle Independent LHGRFACf and Flow 

Excursion Slope Analysis" 
(12).32-9135592-000 "Kuosheng Unit 1 Cycle 22 Stability Analysis" 
(13).32-9138656-000 "Kuosheng Unit 1 Cycle 22 Disposition of Events" 
(14)32-9091948 (C5) KS1C22 Hydraulic Characterization 
(15)12-9131027 (A4) KS1C22 Task Plan for Safety Analyses  
(16)32-9131031 (D6) KS1C22 Fuel to Clad Gap Coefficient Analysis 
(17)32-9131034 (D6) KS1C22 Neutronics Input for Transient Analyses  
(18)32-9131035 (D6) KS1C22 Transient Inputs 
(19)32-9131036 (D7) KS1C22 Turbine Trip Without Bypass And Load Rejection Without 

Bypass 
(20)32-9131037 (D7) KS1C22 Feed Water Controller Failure Without Bypass 

(21)32-9131038 (D7) KS1C22 ASME Over-Pressurization 

(22)32-9131039 (D1) KS1C22 LOCA Heatup Analysis 

(23)32-9131040 (D1) KS1C22 LOCA Power History 

(24)32-9131041 (D9) KS1C22 MCPRf Analysis 

(25)32-9131042 (D2)KS1C22 MCPR Safety Limit Analysis 

(26)32-9131044 (D7) KS1C22 Thermal Limits 

(27)32-9131046 (D7)KS1C22 Verification of Input Changes 

 
 



 - 7 - 

 



 - 8 - 

“ ”

“

”



 - 9 - 

 

 ’

” ”

 



 - 10 - 

 

 

 KS1C22  4.019 wt% 4.035 wt%

1. (Radial 

Peaking Factor, RPF) 2. GE SIL320 Supplemental 3

EFID
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ANP-2892  KS1C22 PPD 32-9135061-00 32-9131035 

Transient Inputs

 

 

 

" (CDRR)”
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min.ks1c22-step
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MICROBURN-B2  AREVA

“ Kuosheng MICROBURN-B2 Benchmarking Calculations” 

( KS1C21

KS2C20 KS2C21 Fuel cycle design)
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03/06/2010

32-9135060-000 � 
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1. (Radial Peaking Factor, RPF) 2.

GE SIL320 Supplemental 3 EFID
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CASMO-4

2X2 Colorset 4 Lattice Lattice (

Lattice) 50 GWD/MTU

Zr-4 Zr-2 Zr-2

Zr-4 1.4 Zr-4
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1.  

AREVA Kris Mitchell

Dr. Pruitt Earl Riley Sean Mellinger

Dang Patchana Peng Wang Stone Luo

( )
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3. 24

 

AREVA 24 ATRIUM-10

AREVA

(MUR) (Stretch Power 

Uprate, SPU) 24

AREVA 24

18 22 24

 

4. Integrated Strategy  

AREVA soft 

start-up

(Chinshan Cycles 19 to 23 and Kuosheng Cycle 11 to 20)
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Integrated 

Strategy BOC

 

5.  

(1) ATRIUM-10

EMF-2491(P) ATRIUM-10 (Flow Area)

(Spacer)  

Safety Group

(32-9091948)

Lower Tie Plate (LTP)

Beginning of Heated Length (BOHL) 0.516 in 0.53 

in  

(2) Bare Rod Loss Coefficient KS1C20 KS2C21

MICROBURN-B2 (MB2)  

Neutronic MB2 Moody Chart

Roughness  

6.  
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Keff Keff

(SDM=Ktarget-Ksro) MB2 Keff

 

7. PowerPlex-III (PPX-III)  

(1) LPRM PPX-III LPRM

 

LPRM MB2

 

(2) PPX-III LPRM

MB2

 

MB2

MB2

PPX-III  

8. (Standby Liquid Control System, SLCS)

0.88%  

 

(1) (Anticipated Transient Without Scra  ATWS)

(Residual Heat Removal, RHR)

AREVA

RHR SLCS 0.88%

Grand Gulf SLCS

(E-6101-N06-1)  

(2) Grand Gulf SLCS AREVA 4

Manufacturing Cold critical Cross section MB2 interpolation

Cold critical 5 34
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5 4 BWR-A BWR-B BWR-C

BWR-D  

(3) AREVA RHR SLCS 0.88%

0.88% Grand Gulf SLCS

AREVA AREVA

3  

9. ACE  

 

(1) 22 ACE

ACE ATRIUM-10 (Active Fuel 

Length) 150 ATRIUM-10 149.45  

(2) AREVA ATRIUM-10 Explicit Model Implicit Model

Explicit Model (Loss 

Coefficient) Implicit Model Channel Seal (Flow 

Resistance) Explicit Model Channel Seal

 

(3) 149.45 150 Channel Seal

0.65% ACE

AREVA XCOBRA 150

Implicit Model Channel Seal MICROBURN-B2

Implicit Model  

(4) XCOBRA Explicit Model Channel Seal

Implicit Model Channel Seal

 

� XCOBRA  

Core power = 2943 Mwt 
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Core flow = 84.5 Mlbm/hr 

Core pressure = 1048.19 psia 

Inlet enthalpy = 527.95 Btu/lbm 

Inlet subcooling = 21.93 Btu/lbm 

� RPF 0.279 

� RPF 1.100 

� (Moderator)  

= 0.965 

= 0.011 

= 0.024 

� MICROBURN-B2  

(5) AREVA Channel Seal

Channel Seal

 

10.  MCPR Safety Limit Analysis  

 

(1) MCPR

(Normal Distribution)

AREVA

AREVA

ANF-524

NRC 22 MCPR

 

(2) (Boiling Transition) 50% 95%

95% 95% AREVA 50%

95% Standard Review Plan
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(3) 

AREVA MCPR

MICROBURN-B2

 

11. ACE  MCPRf  

 

(1) ACE MCPRf SPCB

 

� (Flow Runout Path) 0.7 0.72  

� (Axial Offset) 30% 16%  

(2) AREVA MCPRf

MICROBURN-B MCPRf

100% 5% ( EMF-2567(P))

MICROBURN-B2 0.7

(Design Basis) 100%

100% 22 MCPRf

100% 100% 0.72  

(3) AREVA (Axial Offset) MCPRf

AREVA MCPRf AREVA

30% (Cycle-Independent) MCPRf

MCPRf MCPRf

15% 22

8% 30%  

(4) AREVA 20%

15%

15%
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12. LHGR  

 

(1) ATRIUM-10 (EMF-2491(P)) LHGR AOO (Anticipated 

Operation Occurrence) FDL (Fuel Design Limit )

1.35 FDL LHGR

AOO 1% (Strain)

(Mechanical Design Criteria)  

(2) ATRIUM-10 RODEX-2A LHGR AOO

FDL AOO

LHGR AOO FDL 135%

RODEX-2A LHGR FDL

�LHGR/ILHGR (Initial LHGR) = 0.35 RODEX-2A

LHGR FDL �LHGR/ILHGR > 0.35

RODEX-2A LHGR

 

(3) AREVA

AREVA �LHGR/ILHGR � 0.35

�LHGR/ILHGR 0.35 40% �LHGR/ILHGR

0.8 RODEX-2A

�LHGR/ILHGR � 0.35 RODEX-2A

�LHGR/ILHGR 0.8

 

(4) AREVA RODEX-4

RODEX-4 LHGR 20% FDL

FLHGR (Final LHGR) ILHGR 5.8 ILHGR
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FLHGR/ILHGR ILHGR

60~70% FDL FLHGR/ILHGR 2

ILHGR 100% FDL FLHGR/ILHGR

1.7 RODEX-4

 

13. AREVA

RODEX-2A/RAMPEX AREVA

(Quasi-Steady State)

LHGR (Ramp)

LHGR

RODEX-2A/RAMPEX

 

 

(1) RODEX-2A/RAMPEX

page 35 of Attachment 3, 

XN-NF-81-58(P)(A), Rev. 2, Supplement 1

RODEX-2A

 

(2) RODEX-4 ( 2009 NRC )

(Best Estimate Model) RODEX-4

RODEX-2A/RAMPEX  

14. LHGRFACf  
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(1) LHGRFACf  

FDL
LHGR

LHGRFAC f

�
�� 35.1  

 

FDL Fuel Design Limit 

�LHGR LHGR LHGR

�LHGR LHGR

�LHGR LHGRFACf

SIMULATE-3 LHGR

(Radial Power Fraction) LHGR LHGR AOO

LHGR

(Limiting) �LHGR

LHGRFACf  

(2) AREVA LHGRFACf

MCPR

MCPR  

15. AREVA �LHGR/ILHGR > 0.35

AREVA

 

AREVA AREVA

�LHGR/ILHGR > 0.35

<0.1%

�LHGR/ILHGR > 0.35

0.1%

 

16. ANP-2668(P) MCPRf 30% MCPRf

MCPRf 40% AREVA
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AREVA GE

GE MCPRf

GE MCPRf 30% MCPRf

40% AREVA  

17. 

 

FASR (Over-pressurization)

(Limiting)

MCPRf (Off-rated) MCPR

CPR

 

18. ACE (Part 

Length Rod) (Full Length Rod) K-factor

AREVA �CPR

K-factor  

MICROBURN-B2 (Hot Channel)

MICROBURN-B2

K-factor XCOBRA-T �CPR

K-factor

XCOBRA-T �CPR K-factor

K-factor K-factor �CPR

CPR CPR

K-factor  

19. AREVA SLMCPR RPF

TIP  



 - 32 - 

SLMCPR RPF TIP

EMF-3250(P) RPF 4.09% TIP 6.0%

RPF TIP RPF

TIP RPF TIP

RPF

EMF-2158(P)
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( ) ( )

2 6

AREVA 1

AREVA 6

Condition Report (CR) 2010-4617 2010-4618 2010-4619 2010-4620

2010-4622 2010-4623

 

�
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DR 0.85 line DR(Max):0.741(F32%/P35.6%) 

DR(max):0.759(F40.48%/P53.2%) 

DR(Max):0.744(F48.5%/P70.3%) 

DR(Max):0.69(F51.41%/76.62%) 

DR 0.90 line DR(Max):0.796(F32%/P37.1%) 

DR(max):0.792(F40.48%/P54.8%) 

DR(Max):0.768(F47.5%/P69.59%) 

DR(Max):0.72(F50.36%/75.66%) 

AREVA SLCS

 

AREVA RHR SLCS 0.88%

0.88% Grand Gulf SLCS

AREVA  

1 32-9131031-000 2.3 2.4 & 6.35 

2 32-9131040-000 2.1 
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3 32-9091948-003, 2.2, parameter “spacer elevations with 

respect to the bottom of the active fuel XCOBRA card 6.1” 
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Summary on the Kuosheng unit 1Cycle 22 Core Design analyses audit 

July 1, 2010  

 

Finding 

1. The Projected operating plans don’t include a long Cycle N-1 EOC exposure 

window . It is not consistent with the request of TPC’s concurrence letter. 

GL 2.7 section 5.5,”Projected operating plans should include an exposure window 

around the anticipated end-of-cycle N-1 exposure. This exposure window may 

consist of both a short Cycle N-1 EOC exposure and a long Cycle N-1 EOC exposure. 

The projection should represent the best estimate of how the core will be operated for 

the remainder of the cycle. “ 

According to TPC’s concurrence letter, Taipower requested that AREVA should try 

the cycle N-1 EOC exposure as –500 to +500 MWD/MTU. But there isn’t any 

calculation or evaluation of a long Cycle N-1 EOC exposure window in the notebook. 

 

2. It occurred again that the engineer neglected the related GMR during 

calculating. 

GMR-3436 was issued due to condition report based on the recommendation of 

KS2C21 core design audit in Dec. 2009 .The condition of this GMR is still “open” . 

GMR-3436 is related to the core follow calculation, but the GMR is not found in the 

GMR review section of the notebook. 

According to the KS2C21 core design Audit, the TPC auditor has recommended 

AREVA to look at GMR review process again to ensure the analyst not to miss the 

related GMR issue.  

Recommendations 

1. We reviewed the note book of stability analysis and found that the result includes 

margins are enough to revise the curves of previous cycle. But the engineer still used 

the same curves as previous cycle. We recommend that the calculations of the 

following cycles could be optimized if the margins are enough. 



 - 40 - 

2. The 0.88% criteria of standby liquid control system come from 4 uncertainty terms. 

One of the uncertainty terms is cold critical uncertainty. Per Grand Gulf SLC criteria 

notebook (E-6101-N06-1), cold critical uncertainty is quantified by using the cold 

critical data of 5 plants, and the result is 0.00149. Whether Chinshan and Kuosheng 

cold critical data are included in the data base for uncertainty quantification is not 

confirmed yet. 

If cold critical data of Chinshan and Kuosheng are not included in the data base, we 

recommend AREVA to check the cold critical uncertainty of Chinshan and Kuosheng 

to see if they are bounded by 0.00149. If not bounded, we recommend AREVA to 

either include Chinshan and Kuosheng cold critical data in the data base or set plant 

dependent SLC criteria for Chinshan and Kuosheng by using the cold critical 

uncertainty of their own. 

3. There are no units in some tables of safety analysis note book as follows. These 

could induce misuse in the future application. Please improve. 

3 32-9131031-000 ,table 2.3 2.4 & 6.35 

4 32-9131040-000, table 2.1 

5 32-9091948-003, table 2.2, parameter “spacer elevations with respect to the 

bottom of the active fuel XCOBRA card 6.1” 

4. When we reviewed the note books, we think that the GMR a previous results/ 

WebCAP review is a good practice.  But we can't understand the contents of GMR 

because we can't access and review GMR system.  So, we recommend that the 

content of GMR can be brief described in note book or open the GMR system let 

auditors can access and review. 

5. The ACE correlation has been used in the KS1C22 core design. But the setpoint 

ILMCMT(1) of guideline 4.5 control rod drop accident analysis is only mentioned to 

set  “40” (for SPCB). Please modify. 

PS: Parameter ILMCNT(1) is for thermal limit control and CPR correlation selection. 

[AREVA already issued a GMR before Auditor leaving] 

6. Please modify the preliminary KS1C22 RLA report contents as follows: 

1 Modified the core fuel weight of KS1CY21 & C22 according to the FCD 
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notebook. 

2 Please add some supplementary description for the section 1.3.3 Pellet 

based LHGR limits in RLA. 

  [AREVA already revised the RLA report before Auditor leaving]




