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Evaluation of Core Residence Time of Fuel Cruds from Hanul
Unit 1 Cycle 17
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Corrosion products are released to the primary coolant in the corrosion process of structural materials. They are deposited
on fuel surfaces and activated on exposure to a neutron flux with formation of radionuclides that can become incorporated
into out-of-core surface films. To get a clear understanding of activated crud formation process, the specific activity and
core residence time of fuel cruds was calculated as a function of exposure time to the core neutron flux on the assumption
that parent nuclide is being deposited continuously. Fuel cruds were sampled in the fuel scraping campaign from Hanul Unit
1 Cycle 17 and analyzed for elemental concentration and radioisotope activity.
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Fig. 2. Hanul Unit I Cycle 17 Core Map.

Table 1. Information on Scraped Assemblies of Hanul Unit 1

Assembly Burn-up (MWD/MTU) Comments
S50 45879 Twice-Burned
T65 25,180 Once-Burned
T42 25,169 Once-Burned
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(A) S50

(B) T65

Fig. 3. Visual Inspection of Fuel Assemblies after Crud Scraping.

Table 2. Elemental Concentrations by ICP-AES (pg/Filter) [4]
Filter ~F/A Rod  Span B Fe Ni Cr Zr

8 S50 9 5B 20.4 34 52 108 204

10 S50 9 6A 504 284 228 228 52

14 S50 7 6B 144 180 140 144 22

35 T65 7 6B 788 5.6 104 <40 9.6

37 T65 7 6A 488 8.4 72 4 6.4

39 T65 7 5B 107 16 172 <40 84
52 T42 9 6A 152 5.6 48 <40 6
54 T42 9 6B 112 141 204 <40 116

58 T42 7 6A 424 132
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Table 3. Gamma Spectroscopy Results (uCi/Filter) (modified from Ref.[4])

Filter F/A Rod Span *Cr *Mn *Co YFe “Co “Zn
1 S50 9 1 2.11E+00 3.05E-01 3.28E+00 1.12E-01 S.71E-01 2.04E-02
2 S50 9 2 1.30E+00 2.13E-01 4.76E+00 7.84E-02 4.11E-01 1.02E-02
3 S50 9 3 4.09E+00 4.37E-01 8.07E+00 1.68E-01 9.32E-01 3.06E-02
4 S50 9 4A 2.52E+00 2.44E-01 4.30E+00 8.96E-02 5.61E-01 2.04E-02
5 S50 9 4B 6.24E+00 4.27E-01 9.91E+00 1.79E-01 1.08E+00 3.06E-02
18 S50 7 5B 1.95E+00 1.83E-01 4.08E-01 S.61E-02 3.91E-01 1.02E-02
21 S50 7 SA 1.37E+00 1.12E-01 2.35E+00 4.49E-02 2.71E-01 1.02E-02
22 T65 9 1 2.21E+00 3.15E-01 3.41E+00 1.12E-01 5.92E-01 2.04E-02
23 T65 9 2 1.28E+00 2.14E-01 4.68E+00 7.87E-02 4.11E-01 1.02E-02
24 T65 9 3 3.93E+00 4.17E-01 7.73E+00 1.57E-01 8.92E-01 3.06E-02
25 T65 9 4A 2.52E+00 2.44E-01 4.29E+00 8.99E-02 5.62E-01 2.04E-02
26 T65 9 4B 6.27E+00 4.27E-01 9.94E+00 1.80E-01 1.08E+00 3.06E-02
39 T65 7 5B 2.09E+00 1.93E-01 4.42E-01 5.63E-02 4.21E-01 1.02E-02
42 T65 7 SA 1.30E+00 1.02E-01 2.21E+00 4.51E-02 2.51E-01 1.02E-02
43 T42 9 1 2.16E+00 3.05E-01 3.35E+00 1.13E-01 5.72E-01 2.04E-02
44 T42 9 2 1.36E+00 2.24E-01 4.97E+00 7.90E-02 4.31E-01 1.02E-02
45 T42 9 3 4.02E+00 4.27E-01 7.88E+00 1.58E-01 9.13E-01 3.07E-02
46 T42 9 4A 2.66E+00 2.54E-01 4.51E+00 9.04E-02 5.82E-01 2.04E-02
47 T42 9 4B 6.23E+00 4.27E-01 9.81E+00 1.81E-01 1.06E+00 3.07E-02
60 T42 7 5B 1.89E+00 1.73E-01 4.00E-01 5.66E-02 3.81E-01 1.02E-02
63 T42 7 SA 1.32E+00 1.02E-01 2.25E+00 4.53E-02 2.51E-01 1.02E-02
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Table 4. Neutron Flux Values and Neutron Activation Cross Sections [5,6]

Table 5. *Mn/Fe Specific Activities and Apparent Residence Times

Paremster Neutron Flux Cross Sections for *Mn FA  Span Fe *Mn *Mn/Fe Residence Time
(n/em’s) (cm’) P (ne) (uCi) (Cilg) (Days)
Thermal 5.0x10" 0 S50 5B 34 1.83E-01 0.005 35
Epithermal 2.325%10" 0 T65 5B 16 1.93E-01 0.012 81
Fast 7.75%x10" 0.11x107*
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Table 6. Average and Maximum *Mn/Fe Residence Times [8]

(Days) Plant Plant Plant Plant Plant Plant Plant Plant This
W A B ¢ D E F G H

Study
Ave. 54 32 25 10 8 7 - 5 58
Max. 390 104 116 38 11 19 84 118 81
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Fig. 4. Radionuclide Concentrations in RCS of Hanul Unit 1 Cycle 17.
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