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Introduction

▪ Basic Concepts:

• Prediction of in-core power distributions are very sensitive to the accuracy of 
computed assembly k-infinity (e.g., the local reactivity contribution).

▪ Example:

▪ Object of this work:

• Utilizing the reference (measured) data to minimize/compensate the modeling 
biases by burnup adaptation.
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BU Adaptation (BUA) Model

▪The BU adjustment method
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BU Adaptation (BUA) Model

▪The optimization method
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Objective function:

System function:

Updating of the variables:

Solving the Jacobian matrix:



Numerical Test

▪Reactor model:
• 3D Quarter core of the OPR-1000.

▪Description of the cases:
• Case 1 (case w/o BUA): 

‒ 100% power for C1-C3;

• Case 2 (reference case): 

‒ 100% power C1, 80% power C2 (to the same BU as case 1), 100% power C3;

• Case 3 (case w/ BUA):

‒ 100% power for C1-C3, BUA applied at BOC of C3.
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Numerical Test

▪Sub-batch grouping
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6 8 6 18 9 10 17 3 R

18 6 11 12 7 18 15 5 R

8 18 12 18 8 12 13 R R

12 9 7 8 18 14 3 R

12 10 18 12 14 6 R R

16 17 15 13 3 R R

13 3 5 R R R

R R R R
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Burning 

Cycle
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3 4.25 3rd 2

5 2 3rd 2

6 4 3rd 2

7 2 3rd 2

8 4 2nd 1

9 2 2nd 1

10 2 2nd 1

11 1 2nd 1

12 6 2nd 1

13 3 1st 3

14 2 1st 3

15 2 1st 3

16 1 1st 3

17 2 1st 3

18 7 1st 3

Sum 44.25 -- --

C3 loading pattern:



Numerical Test

▪Searching surface of the BUA factors of sub-batch 1:
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Numerical Results

2018-05-21 8

Axial power profiles at C3 BOC:



Numerical Results
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Radial power differences at C3 BOC:



Numerical Results
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CBC curve of C3:



Numerical Results
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Radial power RMSE of C3:



Numerical Results
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ASI of C3:



Conclusions

▪A burnup adaptation model has been developed in the 
STREAM/RASTK 2-step code system:
• Compensating the modeling biases in practical application of actual 

core operating analysis;

• Adopting the 2D power, ASI and CBC from the reference (e.g., in-core 
detector system) as the target for optimization;

• Utilizing the Gradient Descent method for optimization.

▪Tests on the OPR-1000 core model is successful.

▪Further investigation:
• Auto-grouping of the FAs;

• Simultaneous optimization of the factors for all groups.
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