











Table 7-6. Percentage Difference Between k; and k, Data Sets at Various Temperatures

T (K) Error (%)
741.3 0.20
904.3 0.61
1066.7 0.73
1229.6 0.79
1392.8 0.79
1556.4 0.68
1720.3 0.05
1884.5 0.03

7.3 Determining Higher Order Correlations for Thermal Conductivity

A general data processing procedure has been identified to aid in future two
thermocouple experiments for measuring in-pile thermal conductivity. This procedure can be

applied to data taken by the same method used by HRP. The data processing procedure can be

summarized in the following steps:

45

1- Obtain in-pile data using two thermocouple method. In particular, collect values for

centerline temperature, surface temperature, heat generation rate, and burnup.
2- Impose a temperature profile in the fuel using the constant thermal conductivity
assumption to extract values for temperature and thermal conductivity. Use
Equation 28 to extract particular values.
3-Fit the data with a correlation of the form determined by HRP. The form of the
equation to be used can be found in Eq. (1).

4- Using the correlation found in step 3 for thermal conductivity, assume that the

temperature profile is a function of this new expression for thermal conductivity.



[13]

[14]
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Appendix A: Results of Various Burnup Parameters for One Case

In order to see the full effects on error, this appendix is provided for one fuel type over
burnup values of 0, 25, 50, and 75 MWd/kgUQ,. The heat generation rate is 466 MW/m’. The

radius of the fuel is 4.5mm. The surface temperature is 623K.
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Figure A-1. Temperature profile solutions for B = 0 MWd/kgUO..
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Figure A-2. Thermal conductivity plot against temperature for B = 0 MWd/kgUO..
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Figure A-3. Error of constant thermal conductivity assumption against temperature for B =0



Figure A-4. Error of constant thermal conductivity assumption against radius for B =0
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Figure A-5. Thermal conductivity plot against radius for B = 0 MWd/kgUO..
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Figure A-6. Temperature profile solutions for B =25 MWd/kgUO.,.
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Figure A-7. Thermal conductivity plot against temperature for B = 25 MWd/kgUO,.
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Figure A-9. Error of constant thermal conductivity assumption against radius for B = 25
MWd/kgUO..



Figure A-10. Thermal conductivity plot against radius for B =25 MWd/kgUO,.
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Figure A-11.

Temperature profile solutions for B = 50 MWd/kgUO,.
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Figure A-12. Thermal conductivity plot against temperature for B = 50 MWd/kgUO,.

16 T T T T T T
® < Temperature error
® ®  Conductiviy emor ||

14 |

ol .

Error (%)
oo
T
H
1

D 1 1 1 1 1 Ve
600 200 1000 1200 1400 1600 1800 2000

(k)

Figure A-13. Error of constant thermal conductivity assumption against temperature for B = 50
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Figure A-14. Error of constant thermal conductivity assumption against radius for B = 50
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Figure A-15. Thermal conductivity plot against radius for B = 50 MWd/kgUO,.
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Figure A-16. Temperature profile solutions for B =75 MWd/kgUO..

2 T T T T T T

Halden Report Conductivitg: k(T)
®  Constantk
1.9% | -]

1.85 | = g

k(WD
o]
=]

195 o i

165 1 1 1 ! I =
G600 800 1000 1200 1400 1600 1800 2000

TiK)

Figure A-17. Thermal conductivity plot against temperature for B = 75 MWd/kgUO:..
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Figure A-18. Error of constant thermal conductivity assumption against temperature for B = 75
MWd/kgUO:..
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Figure A-19. Error of constant thermal conductivity assumption against radius for B = 75
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Appendix B: Effects of Heat Generation Rate and Radius for All Burnup Parameters

The following plots are listed in order to provide the reader with results of error over
various heat generation rates and fuel radii. The figures cover burnup values of 0, 25, 50, and 75

MWd/kgUO,. The surface temperature was kept constant at 623K.
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Figure B-1. Temperature error of constant thermal conductivity assumption for B =0
MWd/kgUO, for various heat generation rates and fuel sizes.
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Figure B-2. Temperature error of constant thermal conductivity assumption for B =0
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Figure B-3. Temperature error of constant thermal conductivity assumption for B =0
MWd/kgUO, against heat generation rate.
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Figure B-4. Thermal conductivity error of constant thermal conductivity assumption for B =0
MWd/kgUO, for various heat generation rates and fuel sizes.
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Figure B-5. Thermal conductivity error of constant thermal conductivity assumption for B =0
MWd/kgUO, against fuel sizes.
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MWd/kgUO, against heat generation rate.
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Figure B-7. Temperature error of constant thermal conductivity assumption for B = 25
MWd/kgUO, for various heat generation rates and fuel sizes.
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Figure B-8. Temperature error of constant thermal conductivity assumption for B = 25
MWd/kgUO, against fuel sizes.
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Figure B-9. Temperature error of constant thermal conductivity assumption for B =25
MWd/kgUO, against heat generation rate.
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Figure B-10. Thermal conductivity error of constant thermal conductivity assumption for B = 25
MWd/kgUO; for various heat generation rates and fuel sizes.
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Figure B-11. Thermal conductivity error of constant thermal conductivity assumption for B = 25
MWd/kgUO, against fuel sizes.
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Figure B-12. Thermal conductivity error of constant thermal conductivity assumption for B = 25
MWd/kgUO, against heat generation rate.
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Figure B-13. Temperature error of constant thermal conductivity assumption for B = 50
MWd/kgUO; for various heat generation rates and fuel sizes.



4.5

KR

M Ternp Error (36)
(8]

i
o
i
+
+
+
+
r +
i
¥
3
L +
+
3 35 4 45 5
i |
r{mj ¥ 10

Figure B-14. Temperature error of constant thermal conductivity assumption for B = 50

MWd/kgUO, against fuel sizes.
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Figure B-15. Temperature error of constant thermal conductivity assumption for B = 50
MWd/kgUO; against heat generation rate.
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Figure B-16. Thermal conductivity error of constant thermal conductivity assumption for B = 50
MWd/kgUO, for various heat generation rates and fuel sizes.
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Figure B-17. Thermal conductivity error of constant thermal conductivity assumption for B = 50
MWd/kgUO, against fuel sizes.
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Figure B-18. Thermal conductivity error of constant thermal conductivity assumption for B = 50
MWd/kgUO; against heat generation rate.
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Figure B-19. Temperature error of constant thermal conductivity assumption for B = 75
MWd/kgUO; for various heat generation rates and fuel sizes.
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Figure B-20. Temperature error of constant thermal conductivity assumption for B = 75
MWd/kgUO, against fuel sizes.
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Figure B-21. Temperature error of constant thermal conductivity assumption for B = 75
MWd/kgUO, against heat generation rate.
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Figure B-22. Thermal conductivity error of constant thermal conductivity assumption for B = 75
MWd/kgUO, for various heat generation rates and fuel sizes.
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Figure B-23. Thermal conductivity error of constant thermal conductivity assumption for B = 75
MWd/kgUO, against fuel sizes.
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Figure B-24. Thermal conductivity error of constant thermal conductivity assumption for B = 75
MWd/kgUO; against heat generation rate.



