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Advances in Methods of Commercial FBR Core Characteristics Analyses
—Investigations of a Treatment of the Double-heterogeneity and
a Method to Calculate Homogenized Control Rod Cross Sections—

Kazuteru Suginol), Takehiko Iwai2)

Abstract

A standard data base for FBR core nuclear design is under development in order to improve the
accuracy of FBR design calculation. As a part of the development, we investigated an improved
treatment -of double-heterogeneity and a method to calculate homogenized control rod cross
sections in a commercial reactor geometry, for the betterment of the analytical accuracy of
commercial FBR core characteristics.

As an improvement in the treatment of double-heterogeneity, we derived a new method (the
direct method) and compared both this and existing methods with continuous energy Monte-Carlo
calculations. In addition, we investigated the applicability of the reaction rate ratio preservation
method as a advanced method to calculate homogenized contrel rod cross sections. The present
studies gave the following information:

(DAn improved treatment of double-heterogeneity: for criticality the existing method showed good
agreement with Monte-Carlo result within one standard deviation; the direct method was
consistent with existing one. Preliminary evaluation of effects in core characteristics other than
criticality showed that the effect of sodium void reactivity (coolant reactivity) due to the
double-heterogeneity was large.

(@An advanced method to calculate homogenized control rod cross sections: for control rod worths
the reaction rate ratio preservation method agreed with those produced by the calculations with
the control rod heterogeneity included in the core geometry; in Monju control rod worth
analysis, the presented method overestimated control rod worths by 1 to 2% compared with the
standard method, but these differences were caused by more accurate model in the presented
method and it is considered that this method is more reliable than the standard one.

These two methods investigated in this study can be directly applied to core characteristics other
than criticality or control rod worth. Thus it is concluded that these methods will contribute to the
improvement of calculational accuracy of commercial FBR core characteristics.

1) Reactor Physics Research Section, Advanced Technology Division, OEC, PNC
2) Nuclear Energy System Incorporation
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#}@3-3(1) RICFEEERFELPUHFREFECSL I HHELHMBEOLE —BCR—
IXAX—F | TxA¥—FR it FHRE L RISERERTE HHRE" %]
[eV] Ztr Za n,2n ztr fa xn,2n zir 3a Zn2n
1 1.00E47 7.98E-2 1.10E-2 1.34E-4| 7.89E-2 1.08E2 1.33E-4 -1.11 -1.11 -1.11
2 7.79E46 8.63E-2 1.02E-2 791E-7| 8.563E-2 1{.01E2 7.82E-7 -1.10 -1.10 -1.10
3 6.07E+6 893E-2 9.98E-3 O0.00E+0} 8.84E-2 9.87E-3 0.00E+0 -1.07 -1.07 -
4 4,72E+6 1.02E-1  9.44E-3 0.00E+0] 1.01E-1 9.34E-3 0.00E+0 -1.10 -1.10 -
5 3.68E+6 1.13E-1  744E-3 0.00E+0] 1.12E-1 7.32E-3 0.00E+D -1.61 -1.61 -
6 2.87E+6 1.25E-1 7.75E-3 0.00E+0| 1.23E-1 7.59E-3 0.00E+0 -2.03 -2.03 -
7 2.23E+6 1.23E-1  1.29E-2 0.00E+0] 1.21E-1 1.26E-2 (0.00E+0 -1.82 -1.82 -
8 174E46 1.25E-1  9.52E-3 0.00E+0] 1.22E-1  9.30E-3 0.00E+0 -2.28 -2.28 -
9 1.35E+6 141E-1  638E-3 0.00E+0] 1.38E-1 6.23E-3 0.00E+Q 237 -2.37 —
i0 1.05E+6 1.57E-1 6.85E-3 0.00E+0{ 1.53E-1 6.69E-3 0.00E+0 242 -242 -
11 8.21E+5 1.97E-1 8.82E-3 O0.00E+0| 1.89E-1 8.43E-3 0.00E+0 -4.40 -4.40 -
12 6.39E45 1.79E-1  1.35E-2 0.00E+0| 1.69E-1 1.28E-2 (0.00E+0 -5.61 -5.61 -
13 4.98E+5 222E-1 1.95E-2 Q.00E+0| 2.14E-1 1.8BE-2 0.00E+D -3.73 -3.73 -
14 3.8BE+5 209E-1 196E-2 0.00E+0| 1.98E-1 1.85E-2 0.00E+0 -5.37 -5.37 -
15 3.02E+5 2.25E-1 242E-2 0.00E+0| 2.15B-1 232E-2 0.00E+0 -4.24 -4.23 -
16 2.35E+45 263E-1 2.88E-2 O0.00E+0| 248E-1 271E2 0.00E+0 -5.79 -5.79 -
17 1.83E45 2.49E-1 3.29E-2 0.00E+0| 2.34E-1 3.09E-2 0.00E+0 -6.11 -6.11 -
18 1.43E+5 231E-1  3.55E-2 O0.00E+0| 2.14E-1 3.29E-2 0.00E+0 -7.34 -7.34 -
19 1.11E+5 266E-1 4.16E-2 0.00E+0| 248E-1 389E-2 0.00E+0 -5.68 -6.68 -
20 8.65E+4 241E-1  444E-2 O0.00E+0| 2.23E-1 4.09E-2 0.00E+0 -7.72 -7.72 -
21 6.74E+4 279E-1 5.03E2 O0.0CE+0| 260E-1 4.69E-2 0.00E+0 -6.76 -6.76 -
22 5.25E+4 279E-1 5.08E-2 O0.00E+0| 248E-1 4.52F2 0.00E+0 -11.12 -11.42 -
23 4.09E+4 3.10E-1  576E-2 0.00E+0| 2.77E-1 5.13E-2 (.00E+0 -10.78 -10.78 -
24 3.18E+4 372E1  5083E-2 O0.00E+0| 3.15E-1 5.01E-2 0.00E+0 -15.46 -15.46 -
25 2.4BE+4 263E-1 6.63E-2 0.00E+G} 2.29E-1 5.78E-2 0.00E+0 -12.80 -12.80 -
26, 1.93E+4 3.88E-1 7.73E-2 0.00E+0] 3.30E-1 6.58E-2 0.00E+0 -14.88 -14.88 -
27 1.50E+4 413E-1 7.35E-2 O.00E+0} 3.28E-1 5.83E-2 0.00E+0 -20.67 -20.67 -
28 1.17E+4 3.66E-1 7.80E-2 OQ.00E+0[ 290E-1 6.18E-2 0.00E+0 -20.82 -20.82 -
29 9.12E+3 571E-1  8.74E-2 0.00E+0| 4.32E-1 661E-2 0.00E+D «24.38 -24.38 b
a0 7.10E+3 5.17E-1  8.50E-2 OQ.0CE+0| 3.76E-1 6.21E-2 0.00E+0 -26.94 -26.94 -
31 5.53E+3 543E-1 8.93E-2 O0.00E+0| 3.89E1 6.33E-2 0.00E+0 -28.41 -28.41 -
32 4.31E43 7.80E-1 9.56E-2 O0.00E+0| 5.39E-1 661E-2 0.00E+0 -30.86 -30.86 -
33 3.35E43 231E+0 1.35E-1 O0.00E+0| 1.63E+0 9.54E-2 (0.00E+0 -29.18 -29.19 -
34 261E+3 9.66E-1 845E-2 O0.0CE+0; 6.14E-1 537E-2 0.00E+0 -36.46 -36.46 -
35 2.03E+3 472E-1 9.24E-2 0.00E+0; 3.10E-1 6.07E-2 0.00E+Q -34.27 -34.27 -
36 - 1.58E+3 3.96E-1  1.02E-1 O0.00E+0[ 269E-1 6.91E-2 0.00E+0 -32.11 -32.11 —
37 1.23E+3 417E-1  1.15E-1 0.00E+D] 281E-1 7.77E-2 (.00E+0 -32.57 -32.57 -
3s 3.61E+2 3.91E1  1.12E-1 0.00E+0} 2.64E-1 7.55E-2 0.00E+0 -32.48 -32.48 -
39 7.49E42 3.95E-1  1.14E-1  0.00E+0{ 2.64E-1 7.60E-2 0.00E+0 -33.13 -33.13 -
40 " 5.83E+2 4.08E-1  1.16E-1 0Q.00E+0{ 2.68E-1 7.65E-2 0.00E+0 -34.24 -34.24 -
41 4.54E+2 467E-1 1.19E-t 0.00E+0] 3.01E-1 7.66E-2 0.00E+D -35.53 -35.53 e
42 3.54E4+2 6.28E-1 1.14E-1 0.00E+0| 3.82E-1 6.90E-2 0.00E+0 -39.32 -39.32 -
43 2.75E+2 4.20E-1 1.16E-1 0.00E+0| 2.68E-1 7.39E-2 (.00E+0 -36.32 -36.32 -
44 2.14E+2 4.16E-1  1.18E-1 0.00E+0| 265E1 7.54E2 0.00E+0 -36.29 -36.29 -
45 1.67E4+2 4.256-1 1.21E-1  0.00E+0| 2.69E-1 7.68E-2 0.00E+0 -36.68 -36.68 -
46 1.30E+2 4.21E-1  1.20E-1 0.00E+0| 2.63E-1 7.49E-2 0.00E+0 -37.52 -37.52 -
47 1.01E+2 4.23-1 1.20E1 0.00E+0| 2.68E-1 7.53E-2 0.00E+0 -37.44 -37.44 —
48 7.89E+1 4.28E-1 1.23E-1 0.00E+0| 2.64E-1 7.62E-2 0.00E+0 -38.21 -38.21 -
49 6.14E+1 429E-1 1.23E-1 0.00E+0| 265E-1 7.57E-2 0.00E+0 -38.32 -38.32 -
50 4.79E+1 473E-1 14BE-1 0.00E+0| 2.88E-1 9.02E-2 0.00E+0 -39.13 -38.13 -
51 3.73E+1 4.20E-1 1.22E-1 0.00E+0| 2.67E-1 7.59E-2 0.00E+0 -37.82 -37.82 —
52 2.90E+1 426E-1 1.18E-1 0.00E+0| Z2.65E-1 7.36E-2 0.00E+0 -37.78 -37.78 -
53 2.26E+1 431E-1  1.22E-1 0.00E+0| 257E-1 7.29E-2 0.00E+0 -40.46 -40.46 -
54 1.76E+1 436E-1 1.26E-1 0.00Es0| 263E-1 763E-2 0.00E+0 -39.67 -39.67 -
55 1.37E+1 435E-1 1.25E-1 0.00E+Q| 263E-1 7.58E-2 0.00E+0 -39.48 -39.48 -
56 1.07E+1 431E-1  1.22E-1 0.00E+0| 270E-1 7.62E-2 0.00E+0 -37.40 -37.40 -
57 8.32E+0 431E-1  121E-1 0.00E+)| 2.59E-1 7.28E-2 0.00E+0 -39.97 -39.97 -
58 6.48E+0 432E-1 1.22E-1 0.00E+0| 260BE-1 7.33E-2 0.00E+0 -39.83 -39.83 -
59 5.04E+0 431E-1  1.21E-1 0.00E+0{ 263E-1 7.41E-2 0.00E+0 -39.00 -39.00 -
80 3.93E+0 431E-1  1.21E-1 0.00E+Q| 267E-1 7.52E-2 0.00E+0 -38.00 -38.00 -
61 3.06E+0 4.33E-1 1.23E-1 0Q.00E+0 2.61E-1 7.39E-2 0.00E+0 -39.76 -39.76 -
62 2.38E+0 434E-1 1.23E-1 0.00E+0| 2.66E-1 7.57E-2 0.00E+0 -36.68 -38.68 -
63 1.86E+0 435E-1 1.24E-1 0.00E+0| 2.65E-1 7.60E-2 0.00E+0 -38.97 -38.97 -
64 1.45E+0 43761 1.27BE-1 0.00E+0| 2.54E-1- 7.37E-2 0.00E+D -41.81 -41.81 -
€5 1.13E+0 440E1 1.30E1 O.00E+0| 2.42E-1 7.15E-2 0.00E+0 -45.05 -45.05 -
66 8.76E-1 443E-1 132E-1 (O.00E+0| 2.43E-1 7.26E-2 0.00E+0 -45.18 -45.18 -
67 6.83E-1 444E1  134BE1 0.00E+0| 245B.1 7.37E-2 0.00E+0 -44.94 -44.94 -
68 5.32E-1 446E-1 1.36E-1 0.00E+0| 246E-1 748E-2 0.00E+0 -A4.7% -44.79 -
69 4.14E-1 448E-1 138E-1 O0.00E+0| 2.46E-1 7.55E-2 0.00E+0 -45.22 -45.22 -
70 3.22E1 476E-1  1.85E-1 0.00E+0| 2.60E-1 1.01E-1  0.00E+0 -45.36 -45.36 -
s HME= T (RERIASETR — (PETREER) | /I (PETREER
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£3-32) RICEBAEEE L PUFREEAC & 3 HELHEHEOLE —CCR—

IxN¥—F| T3xAX—FR PETEEAE RsEESEEE HERE [
[ev] Itr xa Zn,2n Zir za Zn,2n zir za Zn,2n

1 1.00E+7 8.02E-2 777E-3 1.32E-4| 7.96E2 77iE-3 1.31E-4 -0.79 -0.79 -0.79
2 7.79E+6 8.85E-2 592E-3 1.00E-6| BY7E-2 587E-3 9.96E-7 -0.83 -0.83 -0.83
3 B6.07E+6 9.36E-2 4.86E-3 0.00E+0| 9.29E-2 4.82E-3 0.00E+0 -0.77 -0.77 -
4 4.72E+6 1.02E-1 4.20E-3 0.00E+0| 1.01E-1 4.18E-3 0.00E+0 -0.59 -0.59 —
5 3.68E+6 1.11E-1 3.18E-3 0.00E+0| 1.10E-1  3.15E-3 0.00E+0 -0.92 -0.92 -
B8 2.87E+6 1.21E-1  3.08E-3 0.00E+0( 1.20E-1 2.99E-3 (0.00E+0 -1.19 -1.19 -
7 2.23E+6 1.21E-1  4.65E-3 0.00E+0| 1.20E-1 4.60E-3 0.00E+0 -1.03 -1.03 -
8 1.74E+6 1.28E-1 3.42E-3 (0.00E+0| 1.26E-1 3.36E-3 0.00E+0 -1.54 -1.54 -
9 1.35E+6 147E-1  2.31E-3 0.00E+0| 1.45E-1 2.27E-3 (0.00E+0 -1.57 -1.57 -
10 1.05E+6 1.41E-1  261E-3 0.00E+0| 141E-1  261E-3 0.00E+0 -0.25 -0.25 —
11 821E+5 1.79E-1  3.33E-3 0.00E+0| 1.76E-1 3.26E-3 0.00E+0 -2.08 -2.08 -
12 6.39E45 1.57E-1 5.06E-3 0.00E+0| 1.52E-1 4.89E-3 0.00E+0 -3.37 -3.37 -
13 4,98E45 208E-1 7.07E-3 0.00E+0} 2.04E-1 6.92E-3 0.00E40 -2.14 -2,14 —
14 3.88E+5 1.87E-1 7.3BE-3 0.00E+0} 1.82E1 7.18E-3 0.00E+0 -2.74 -2.74 -
15 3.02E+5 2.02e-1 9.09E-3 0.00E+0| 1.99E-1 8.94E-3 0.00E+0 -1.63 -1.63 -
i6 2.35E+5 247E-1  1.09E-2 O0.00E+0] 2.40E-1 1.06E-2 0.00E+D 261 -2.61 -
17 1.83E+5 2.36E-1  1.24E-2 (Q.00E+0| 228E-1 1.21E-2 0.00E+D -2.86 -2.87 -
18 143E+5 217E-1 137E-2 0.00E+0| 2.09E-1 1.32E-2 0.00E+0 -3.67 -3.67 -
19 1.11E+5 2.61E-1 1.62E-2 0.00E+0| 2.54E-1 1.58E-2 0.00E+0 -2.42 -2.42 -
20 8.65E+4 2.32E-1 1.756E-2 0.00E+0| 2.25E-1 1.70E-2 D.00E+D -3.18 -3.19 -
21 B.74E+4 2,741  2.02E-2 0.00E+0| 271E-1 2.00E-2 0.00E+0 -1.10 -1.10 -
22 5.25E+4 279E-1 209E-2 0.00E+0| 2.65E-1 1.88E-2 0.00E+0 -4.94 -4.94 —
23 4.09E+4 3.17E-1 2.44E-2 0Q.00E+0| 3.06E-1 235E-2 Q.00E+D -3.40 -3.40 -
24 3.18E+4 3.87E-1 260E-2 0.00E+0| 3.62E-1 244E-2 0.00E+D| . -6.38 -6.39 —
25 248E+4 257E-1 297E-2 0.00E+0| 245E-1 2.82E-2 0.00E40 -4.89 -4.89 —
26 1.93E+4 4.01E-1  360E-2 0.00E+Q| 3.87E-1 348E-2 0.00E+0 -348 -3.49 -
27 1.50E+4 4.34E-1 3.63E-2 0.00E+0| 3.96E-1 3.31E-2 0.00E+0 -B.78 -B.78 -
28 1.17E+4 3.73E-1 3.97E-2 0.00E+0( 3.98E-1 3.61E-2 0.00E+0 -8.11 -9.11 -
29 9.12E43 6.04E-1 4.76E-2 0.00E+0| 548E-1 43362 0.00E:0 -8.07 -9.07 -
30 7.10E4+3 5.37E-1  4.84E-2 0.00E+0| 4.70E-1 4.23E-2 0.00E+0 -12.52 -12.52 -
31 5.53E+3 5.53E-1 S5.35E-2 000E+0| 4.79E-1 463E-2 0.00E+0 -13.45 -13.45 —
32 4.31E+3 765E-1 626E-2 0.00E+0| 6.67E-1 546E-2 0.00E+D -12.83 -12.83 -
33 3.35E+3 2.00E+0 9.92E-2 0.00E+0| 1.91E+0 944E-2 0.00E+0 -4.84 -4 84 -
34 2,61E+3 9.33E-1 5.85E-2 0.00BE+0] 7.26E-1 4.55E-2 0.00E+0 -22.24 -22.24 -
35 2.03E+3 4.69E-1 6.11E-2 0.00E+0| 3.53E-1 461E-2 Q.00E+Q 2456 -24.56 -
38 1.58E+3 3.99E-1 B.97E-2 (0.00E+0| 3.11E-1 6543E-2 0.00E+0 -22.08 -22.08 -
37 1.23E+3 4.25E-1 8.62E-2 0.00E+0] 3.32E-1 6.74E-2 0.00E+0 -21.87 -21.87 -
38 9.61E+2 4.03E-1 8.53E-2 0.00E+0| 3.13E-1 6.63E-2 0.00E+0 -22.26 -22.26 -
39 7A49E+2 4.10E-1 9.03E-2 O0.00E+0| 3.14E-1  6.92E-2 0.00E+0 -23.43 -23.43 -
40 5.83E42 4.27E-1  9.70E-2 0.00E+0| 3.20E-1 7.27E-2 0.00E+D -28.01 -25.01 —
41 4.54E+2 4.88E-1 10561 0Q.00E+0| 3.60BE-1 7.71E-2 (0.00E+) -26.34 -26.34 -
42 3.54E+2 6.40E-1 1.03E-1 0.00E+0| 441E-1 7.09E-2 0.00E+0 -31.07 -31.07 —
43 2.76E+2 4 42E-1 1.04E-1 0.00E+0| 3.11E-1 7.32E-2 0.00E+0 -29.64 -29.64 -
44 2.14E+2 4.39E-1  1.08E-1 0.00E+0| 3.06E-1 7.60E-2 0.00E+0 -30.18 -30.18 —
45 1.67E42 449E1 1.14E-1 0.00E+0| 3.09B-1 7.88E-2 0.C0E+D -31.13 -31.13 —
AB 1.30E+2 4 46E-1 1.15E-1 0.00E+0| 3.00E-1 7.70E-2 0.00E+0 -32.79 -32.79 -
47 1.01E42 448E-1 1.17E-1 0.00E+0| 2.99E-1 7.79E-2 0.00E+0 -33.18 -33.18 -
48 7.89E+1 456E-1 1.23E-1 (0.00E+0| 2.99E-1 8.10E-2 0.00E+Q -34.41 -34.41 —
49 6.14E+1 4.58E-1 1.24E-1 0.00E+0| 2.98E-1 8.06E-2 Q.C0E+0 -34.93 -34.93 -
50 4.79E+1 5.04E-1 1.54E-1 (0.00E+0| 3.23E-1 9.87E-2 (0.00E+0 -35.79 -35.79 -
51 3.73E+1 4.56E-1 1.23E-1 0.00E+0| 2.97E-1 7.99E-2 (0.00E+0 -34.98 -34.98 -
52 2.90E+1 4.45E-1 1.12E-1 0.00E+0| 2.87E-1 7.25E-2 0.00E+0 -35.40 -35.40 —
53 2.26E+1 457E-1 1.23E-1 0.00E+0| 281E-f 7.59E-2 0.00E+0 -38.49 -38.49 -
54 1.76E+1 4.69E-1 1.34E-1 0.00E40| 294E-1 B841E-2 0.00E+0 -37.36 -37.36 -
55 1.37E+1 468E-1 1.32E-1 0.00E+0] 2.96E-1 8.34E-2 0.00E+0 -36.79 -36.79 -
56 1.07E+1 4.57E-1 1.21E-1 Q.00E+0] 2.99E-1 7.94E-2 O0.00E+0Q -34.46 ~34.46 -
57 8.32E+0 4.53E-1 1.20E-1 0.00E+0| 2.80E-1 7.38E-2 O0.00E+0 -38.30 -38.30 —
58 6.48E+0 451E-1  1,18E-1 0.00E+Q| 2.78E-1 7.30E-2 (0.00E+0 -38.39 -38.39 -
59 5.04E40 4.47E-1 1.15E-1 0.00E+0| 2.79E-1 7.16E-2 0.00E+0 -37.55 -37.55 -
60 3.93E+0 444E-1 1.12E-1 O0.00E+0| 2.82E-1 7.10E-2 0.00E+0 -36.46 -36.46 -
61 3.06E+0 4.47E-1 1.16E-1 0.00E+0| 275E-1 7.08E-2 0.00E+0 -38.46 -38.46 -
62 2.38E+0 447E-1  1.15E-1 0.00E+0| 2.80E-1 7.18E-2 0.00E+0 -37.29 -37.29 -
63 1.86E+0 448E-1  116E-1 0.00E+0| 279E-1 721E-2 0.L00E+D -37.61 -37.61 -
64 1.45E+0 4.54E-1 1.21E-1 0.00E+0| 268E-1 7.18E-2 0.00E+0 -40.82 -40.82 -
65 1.13E+0 463E-1 1.31E-1 0.00E+)| 258E-1 7.29E-2 0.00E+0 -44.38 -44.39 -
66 8.76E-1 468E-1 1.35E-1 0.00E+0| 258E-1 7.51E-2 0.00E+0 -44.50 -44.50 -
67 6.83E-1 4.69E-1 1.37E-1 0.00E+Q| 2.62E-1 7.63E-2 0.00E+D -44.24 -44.24 -
68 5.32E-1 4.70E-1 1.38E-1 0.00E+0| 2.63E-1 7.70E-2 (0.00E+0 -44.14 -44.14 -
69 4.14E-1 472E-1 140E-1 0.00E+0| 2.62E-1 7.76E-2 0.00E+0 -44 .57 -44.57 -

3.22E-1 5.07E-1 1.90E-1 0.00E+0| 2.81E-1 1.05E-1  0.00E+0 -44.67 -44.67 -

" *Eiﬁg— [z (ERRIEEER —3 (HFERER) | /2 (EFREER
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+®3-4 PERE ERGEIGRFAIC L 3 HHEMEIDFDROLR

BCR CCR
, , 0.942 0.960
PESRIEIIERIT (Ref) (Re)
RRESREFE 0.959 0.967
& BFEHEDR (+0.017)* (+0.007)*

*HEREICH T B RICHREISRFEFHIC & 3 C/EEDER
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F4E B

T

FBREBIZBW T, BITFESNTIIHL SN BRAERE B2 2B TEF., Hfs
BEL VoA REEIFEEL. ZOFHCERRT 5EBWERZRER (FFHET 5
Tz DRTET VR BT FEOHLPATRTH L, L Lehs, EREIHFEER
IZBWTIE, BIBFEEICB T, RARREBITIICOFMALBNTE - BiTeT IV
PRV INTE ST, RO EREFEMBITICS T 2 IFHEHROIY Fnid, H#EE
BT AN ERERBERSEL, TR EENTbATVAD, &
DM ZFNENOBERBFEOMIEDREDOTITLRTEY ., ZORERHIC X
HEEEDNFEE, U, BEEBOREREEROLERE BERBER OO OFED
VERICERT 251E8EEE0EMI o2, FHFEBERLLSTEAEAELOAK
BEFUDHLEEZOND, £I T, ROFPERBROFRIC L 2IEH AR OB
KRDY, BFHEOBRRTENEEL L CHSENREERTE LR ER>VWTHRE
2T o720 BAEMIZIE, ERBERSEEFO _EFRYE OB FEOBELEL T
EHEOEL E 20MAN, RO, HHESEHEES EFEOoRE/LL L TRIGE
A EFEEOBEABICET AR T o7,

Q- EFRNEABRBIRFEOBEL | TFMEEENIRFELRVWESbNTWwEE
MLANE -V FHANOEICLA5TEEREERERLE U T, ERFHEORIE. LW
FRELUTEEEDEE, RU, 20RERFELEBRF 21970 7. ERFHEIR. 7 v
NR—BDETNVIDELB2DODOFEPHFET A, WE L OERMEHEHREGHEN
TRW—HERLE, T2, ILWREIROORRFELEEO ENLERERT S
EVHES P E ol SRIOFMIIBEEE LTEREICBELZDDTH o720, &
SN IET A T EIEE M X AR LR R, EROMBICH B
£ 9 ZNaR A FRIBE (GHMRIEE) ~NOBEPRENI LG/,

OfHEHEHERSBEFEORBREL ( ERLVBVOLNTWAPHTRHEIZL S
HEICR DB HIEEBA — N — VI BT 5 UeRE A RFEEOERAERT 21T o 72,
FDRER, A—S—EVEHEIIBWT, RIEREEZT TR, HABERELC X
D, FIEELMMEINL I L 9oty T, ELEFE BT, HfEEE Il
BE LR EPEEE UTAFELRIEL 2ER. AREEECOWTRV—FERT
ZEBBH ol bA L e HIBERRTCE ARROBERRKOMAICL 2ERLOR
BB AT o 2R, ARG SIEEES 1~ 2%k & FHET 525 2 RERESEOFE A
BTRHEOAC L ZWEFBEOEU TH - 20K L, FFETIRFLHET TERIC
AN EDBRELRBIFICLAEML 2oTHY, FFER IVBWVEERL2ETSH O
EERbNA,

WEEIL. EHHEBLAVCHEREFVICI MBS ARSI LN TiEL D O
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THY, SEFEL-ERE. 55V EHEEMENSOBEEIIRL COERGR T
5 EHTEETH D, FICHBESRIRIIBNFHOFEE B THEOKE W
EAFRENS Y, HEBEEEINOBERROEH I REFTFESN, XFEOE
EFIFCTES, BEOZ L XY, SEBRE 21T - L FERERBIHERITIC BT 5
BEALICKBCCERTAbDLELHNS, -
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AREEERICE -V FILT, FEV 7 MY = 7THRASHODFEEREKICIE, B2
OF, RICREERFEOFMIZOVTIFHBAWAZE T L, T, HASHHCRCE
BT BRERSGN - LI ) vy AV ¥ —FvaFih - 4r7) OFEEER,
BF NV AT LROHEEZ K L BEEEFE D A U e BRFHEATROH KR Z B L6
FZRIZIE, DALwBENICOLELRFEREZREL TwAZ&3F Lz, BT, FOEHREE
SORNESERBICIZ., COEOMECELEFLTERLRIKE - 7P/ A%2EE
F L7 ‘

CCWHEATRHEOEERLET,
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f33A T REERICN T 8 RISREARIFAIC & 3 WEHDHENE

CZ TR, RERTRMERICYY 5 FOCEHERIFIEIC L 2 BEROEMEIC SV T,
FISEIcENR bR\ L 2HHT 5,

9, RERLGEEFRIIRRTREN S,
-[ drZf(7)-°(F) S8 - 0p Ve
-.‘F ldrzg(r) ¢g(r) Zx Fﬁel ¢Fuel VFueI

0. PRETEFEIC L SR EE. RURHBREOHEMHERIIROED T
%60

(A-1)

N - (U

x,Fuel = jFueI drg?(F) | (A-2)
_ [ drZ8(7)- 02 (F)
zi — JCR )
(A-2), (AR EZA-DRIRATAIEICLY, RAEELNS,

8 cr- j dr¢*(7) 28 or Br - Ver

A4
zx Fuel -[Fueldr ¢g(r ) Zg x,Fuel ¢Fuel Vruel ( )

ZLT. ADREEET I LIL D, PHTRFE L RICEEFEIC L 29 E{bE
EROLBRRICLINEENZZ L ITRD., BB, NSOBRACEFEL W LHG D
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