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A series of critical experiments with PWR-type MOX fuel conducted at the TCA
facility of Japan Atomic Energy Research Institute have been analyzed. The cores were
composed of a central 4.91 wt% plutonium enriched mixed-oxide (PuOz2-UOQz2) 10x10 test lattice
with water-to-fuel volume ratio of 2.40 or 2.96, surrounded by 2.6 wt% enriched UOzdriver
lattice with water-to-fuel volume ratio of 1.50. The fissile plutonium content was 91.4 wt%.
The critical water level, the power distribution in MOX region, and the neutron activation
distribution of Au-wire were measured for six different cores of which two contain soluble
boron in 309.4 and 554.0 ppm, one contains four equidistant water holes in the central lattice
and one contains a cross water gap at the core center. Calculation of corresponding effective
multiplication factor, the fission reaction rate distribution, and the capture reaction rate
distribution of Au have been performed using a continuous-energy Monte Carlo code MVP
with two nuclear data sets based on JENDL-3.2 and JENDL-3.3. The calculated results
agreed to the measurement within a maximum difference of 0.27% for the effective
multiplication factors, 3.0% for power distributions, 5.9% for the thermal activation
distributions throughout the whole region, and 4.3% for the epithermal activation

distributions in the core region.

Keywords: TCA, Mixed-oxide, Two-region Core, Boron Concentration, Water Gap,
Water Hole, Critical Water Level, Power Distribution, Activation Distribution, MVP,
JENDL-3.2, JENDL-3.3
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1. Introduction

From the viewpoint of economic fuel cycle of light water reactors, it is proved to be an
effective strategy to utilize plutonium, supplied from reprocessing of spent fuels. Recently,
use of plutonium in thermal reactors has become more important in the countries where
reprocessing is the basis of the nuclear fuel cycle. Also, with the recent stagnation in the
development of fast reactors, to utilize excess plutonium produced during the operation of
nuclear power plants, urges us to use the MOX fuels in the existing thermal reactors.
However, the physics characteristics of plutonium are inherently difficult to calculate than
those for uranium enriched reactor. Problems, which occur in predicting the behavior of the
uranium fueled reactors, are also present in the plutonium systems, because the fuel of interest
is a mixture of the oxides of plutonium and uranium. Thus, it is required to conduct extensive
validation works to improve evaluated nuclear data and neutronics codes and accumulate
knowledge for the plutonium systems. Significant experimental and analytical programs
concerned with the physics of plutonium recycling and fuel technology have been carried out
at many laboratories throughout the world . ‘

In the present study, analysis of the critical experiments using light-water moderated,
two region TCA lattices composed of UO, and PWR type MOX fuel rods have been
performed to evaluate the accuracy of the nuclear data and the current neutronic calculation
technique. In the experiment, the criticality, the power distribution and the flux equivalent
. neutron activation distribution of bare and Cd-covered Au-wire were measured for six
different core configurations. Calculations of corresponding effective multiplication factor,
the fission reaction rate distribution (MOX region), and the capture reaction rate distribution
of Au throughout the two-region core have been performed using continuous-energy Monte
Carlo code MVP 7. We have used two nuclear data sets of MVP based on JENDL-3.2 ® and
recently released JENDL-3.3 ¥ in the study.

2. Experimental facility
2.1. Tank-type Critical Assembly (TCA)

The critical assembly TCA'® composed of fuel rods, grid plates, and a core tank
(1.832m¢ x 2.078mh) has been used for the experiment. The light-water moderated
experimental lattices were assembled at the center of the core tank. The fuel rods were
vertically inserted and positioned by the upper and the lower grid plates. In the case of PuO,-
UO, lattices, an additional grid plate was set between the upper and lower grid plates. The
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fuel rods were so arranged to form square lattices. The water-to-fuel volume ratio of the
lattice was determined by the lattice pitch of the grid plates. The reactivity was controlled by

changing water level by feeding water from the bottom of the core tank and no other control
element was used to avoid undesirable neutron flux disturbance. The general view and the

mechanical construction of TCA facility can be seen in reference 10.

2.2, Fuel rods
Two kinds of fuel rods were used in the experiment:
(1) PWR type MOX (PuO,-UQO,) fuel rods
The enrichment of plutonium oxide in PuO,-UO, fuel is 4.91 wt% and uranium is
natural. The fissile content of plutonium was 91.39 wt% and the accumulation of >*'Am
from beta-decay of **'Pu was negligibly small. Sintered pellets of 0.858cm dia. were clad
into zircaloy-4 tube with an active fuel length of 90.93+0.5 cm.

(2) Uranium-oxide (UO,) fuel rods

The enrichment of 233U is 2.596 wt%. Pellets of 1.25cm dia. were clad into aluminum
tube with an active fuel length of 144.15+0.3cm.

Details of their specifications are given in Table 1, Table 2 and Fig. 1.
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Table 1

Fuel specifications

Fuel type PWR-type MOX Driver UO,
Pellet Sintered Sintered
Density (g/cm’) 10.08 (91.7% T.D.) 10.40 (94.9%T.D.)
Diameter (cm) 0.8579 1.25
Enrichment (wt %) 4.91 (PuO, / PuO,+UOy) 2.596 (33U/U)
Composition (wt %)
U Natural
Pu-238 0.0454
Pu-239 90.236
Pu-240 8.480
Pu-241 1.151
Pu-242 0.086
O/M ratio 2.00 2.04
Cladding Zircaloy-4 Al
Inner dia. (cm) 0.872 1.265
Thickness (cm) 0.063 0.076
Active fuel length (cm) 90.93 144.15
Mass of Pu, g/rod 23.30
Table 2

Fuel cell atomic number densities

Zone Composition Number densities (x 10 cm™)
MOX |8[6))
Fuel U-234 1.2215E-6 No assayed data
U-235 1.5203E-4 6.0831E-4
U-238 2.0910E-2 2.2539E-2
Pu-238 49397E-7 | @ -
Pu-239 97764E-4 | = e—--
Pu-240 9.1496E-5 | = —eeee-
Pu-241 1.2364E-5 | = -=----
Pu-242 92016E-7 | = -
0-16 4.4289E-2 4.7228E-2
Clad Al - 5.5840E-2
Zr (Nat.) 3.8161E-2 | = -
Sn (Nat.) 5.5667E4 | = -
Fe (Nat.) 8.5641E-5 | = -
Cr (Nat.) 4.6713E-5 | @ e——--
Water H 6.6751E-2
O 3.3376E-2
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2.3. Core configurations

The six critical cores were so constructed that the plan view was a square (or almost
square) to maintain the symmetry. The cores consisted of a central test region and a
surrounding driver region, with a water gap in-between. The central test regions were formed
in square lattice of 10x10 rod array. The water-to-fuel volume ratio of the test region was 2.40
for five cores and 2.96 for the sixth, while the same for the driver region was fixed to 1.50.
Two of the six cores contained soluble boron in water (309.4ppm and 554.0ppm), one had
four symmetric water holes and another had a cross water gap in the middle of the central test
region. The number of driver fuels was adjusted to obtain a critical water level below the
effective height of the MOX fuels. The vertical arrangement of the fuel rods is illustrated in
Fig. 2. The name and parameters of the six cores are given in Table 3 and their configurations
are shown in Fig. 3 through Fig. 8. In these figures, locations of Au wires for neutron flux

measurements are also shown.
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3. Measurement and calculation
3.1. Criticality

The critical core configurations of the six lattices were determined by observing the
steady state of neutron flux, which was monitored with two compensated ion-chambers. A
waiting time of more than five minutes was allowed before the determination of the critical
state to avoid premature observation of the transient terms and the reactor power was
maintained above 1 watt to decrease the error due to the neutron source from spontaneous
fissions of plutonium and (a, n) reactions of oxygen. During criticality measurements, the
cores were free from elements like Au-wires for flux measurement. The measured quantities
were the temperature, the number of the driver fuel rods and the water level, required to
maintain the core critical i.e., critical water level. The critical water level is the distance from
the bottom end of the active fuel zone to the critical water surface. The critical water level
was determined to an accuracy of about 0.02 cm by means of a servo-manometer. The total
absolute ambiguity of the critical water level was estimated to be about 0.05 cm, because the
ambiguity of about 0.03 cm should have been taken into account on the correspondence
between the bottom end of the active fuel and the reference reading of the servo-manometer.

The measured critical water level is listed in Table 3.

The effective multiplication factors, kegr for the six cores were calculated by MVP,
with the geometries modeled as precisely as possible. The calculation were carried out with
the JENDL-3.2 and the JENDL-3.3 based cross section libraries. The MVP inputs are given in
Appendix-A.

3.2. Power distributions

The relative power distributions in five out of six lattices were obtained by measuring
the fission-product y-rays from the irradiated fuel rods after 100-200 W'min of reactor
operation. Fission-product y-rays above 0.6 MeV were counted by a Nal(T)) scintillation
detector in a cooling time of 30 min to 3 hr. The counting was made for 20 sec and repeated
twice to watch the reproducibility. The decay of fission-product y-activities was corrected by
time-dependent factors previously obtained .by other experimentu). The total experimental
error was estimated to be +2.5%; the statistical error of counting was +1.0% and the error of
correction for the time decay of y-activities was +2.0%. In the central 10x10 MOX region, the
power distribution measurements were done for 30 fuel positions [one complete quarter (25

positions) and five diagonal positions of the opposite quarter], which we further averaged
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among symmetric positions and ended up with a total of 15 different positions (i.e., one-
eighth symmetry) for each of the five cores. The measured power distributions are listed in
Tables 13 through 17 with the calculated ones in Sec. 4.2.

In MVP, the fission reaction-rate distributions in the central MOX region of the five
lattices were calculated for one-eighth symmetry by using MVP options LATTICE and
TALLY LATTICE.

3.3. Flux distributions

In four out of six lattices, the transverse neutron activation distributions were
measured by activation of Au wires. Two Au wires of 0.05 cm dia. were stretched through the
core and the reflector in the x-direction one of which was enclosed in a 0.0508 cm thick
cadmium tube. After about 100-200 W'min. of irradiation, the wires were unloaded from the
core and cut in most cases into segments of length ¥2 and % the lattice pitch in the core and
near the core boundary, respectively. The accuracy of positioning the segments was + 0.1cm.
The y-rays above 0.3 MeV including a photo peak of 0.412 MeV of '*®*Au were counted by a
well-type Nal(T/ ) scintillation detector. The segments were weighed thrice by a balance of
sensitivity 0.01 mg. The weights were used to correct the relative sensitivity of the segments.
The experimental error was within +2.0% in most cases (counting statistics +1.5%, weighing
error £0.5%). The measured thermal and epithermal activities (counts-per-min/mg-Au),
arranged as point averages, zone averages and region averages to make suitable to compare
with the calculated values, are given in Table 4 through Table 11. From now and on we call

these measured activities as measured flux.

In MVP, the capture reaction-rate distributions for the four cores were calculated
under the special tally option. The reaction rates in self-shielding conditions of bare and Cd-
covered Au wires were obtained from group-wise infinite-dilution reaction rates multiplied by
group-wise response functions f; calculated in advance in a way as stated below. The flux
tallies were defined in the exact locations as that of measurement and their dimensions were:
(1) in the z-direction as the active core height, excluding 10 cm from both the top and bottom
to avoid prominent flux perturbation at the core boundaries, (2) in the x-direction as % the
lattice pitch, and (3) in the y-direction, different values were used to adjust the tally volume in
different regions (MOX, water gap, driver and reflector) as either equal or in exact multiple of
each other. Averaging was done among the symmetric and equivalent positions by using
MVP options: LATTICE, TALLY-LATTICE and the lattice parameter KSLAT. Finally, the

zone average capture reaction rates corresponding to equal tally volume were obtained by
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taking selective tallies into consideration, in attempts to go as much as closer to the
measurements. In this report onward, we name the calculated reaction rates as the calculated
flux.

The 108-group response functions f; were calculated by first, executing MVP for the
following three systems:

1) Infinite dilution of Au in water,

ii) Bare Au-wire submerged in water, and

iii) Cd-covered Au-wire submerged in water.

The 108-group energy structure was composed of 107 groups of the SRAC system'” and one
group of higher energy than 10MeV.

Two sets of response functions for bare and Cd-covered Au wires were calculated as
the ratio of respective shielded capture reaction-rates to those of infinite dilution case, as
given in the following relation. These f;’s were then multiplied with the corresponding
infinite dilution capture cross-sections and summed up with two sets of response functions,
representing the shielded environment of flux measurement by bare and Cd-covered Au wires
in an actual core. The group-wise effective capture cross-sections, which yield the reaction
rates in the shielded conditions by multiplying the infinite-dilution flux calculated in the cores,
were expressed as follows: ‘

eff — inf - sh inf
O capg _fg X0 capg>s fg = RR capsg / RR capsg »

where

ceffcap,g : effective capture cross section of gth group,

RRi"fm.p,g : infinite dilution capture reaction-rate of gth group in the system i) ,

RRShcap,g : shielded capture reaction-rate of g“’ group in the system ii) or iii) ,

ci“fcap,g : infinite dilution capture cross section of g™ group.

A Fortran program is written to automate the reading of required data from MVP
output files and to calculate the group-wise response functions. A listing of the program and
the three MVP inputs of response function calculation are presented in Appendix-B.
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Table 4
Arrangement of measured thermal flux in core: 2.40Pu

Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux | (Width,cm) | average flux (Width, cm) flux
0.3 315.87 MX1 318.06 MOX 310.10
0.437 314.33 (1.473) (7.365)
1.037 317.17
1.173 324.87
1.743 314.07 MX2 311.76
1.91 315.44 (1.473)
2.51 308.87
2.646 308.67
3.246 311.55 MX3 310.21
3.383 306.25 (1.473)
3.983 307.73
4.119 315.29
4.719 308.82 MX4 304.78
4.764 304.83 (1.473)
5.224 293.86
5.364 301.01
5.592 308.89
5.824 311.28
5.96 307.79 MXS5 305.68
6.192 304.26 (1.473)
6.329 291.95
6.56 290.84
6.697 293.09
6.929 308.91
7.105 318.98
7.297 329.59
------------ WG (0.031) —— Water gap —
(0.031)
7.559 346.75 DR1 332.76 Driver 301.45
7.705 343.19 (1.849) (9.245)
8.021 325.08
8.159 323.13
8.484 312.94
8.621 326.54
8.946 333.29
9.084 351.13
9.409 328.97 DR2 318.77
9.546 347.85 (1.849)
9.987 306.92
10.009 310.58
10.587 317.55
10.796 300.72
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Table 4 (continued)
Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux (Width, cm) average flux (Width, cm) flux
11.396 316.00 DR3 285.59
11.721 269.23 (1.849)
12.321 283.22
12.646 273.89
13.246 285.60 DR4 266.11
13.571 254.81 (1.849)
14.171 256.29
14.496 267.72
15.096 278.31 DRS 304.04
15.421 278.87 (1.849)
16.021 299.13
16.346 359.83
16.961 436.65 RF1 524.27 Reflector 370.66
17.04 475.70 (1.849) (12.943)
17.502 524.60
17.64 530.02
17.965 562.12
18.102 567.73
18.427 573.06
18.565 586.89 RF2 570.88
18.89 582.75 (1.849)
19.027 . 583.17
19.352 568.79
19.815 568.76
20.277 534.94
20.971 502.51 RF3 (1.849) 502.51
22.821 378.84 RF4 (1.849) 378.84
24.346 306.20 RFS5 (1.849) 256.33
25.271 254.65
25.596 232.22
26.196 219.13 RF6 (1.849) 219.13
28.371 134.60 RF7 (1.849) 134.60
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Table 5

Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux | (Width,cm) | average flux (Width, cm) flux
0.3 155.39 MX1 155.00 MOX 148.71

0.437 156.77 (1.473) (7.365)
1.037 154.69

1.173 153.16

1.773 156.70 MX2 156.89

1.910 159.39 (1.473)

2.646 154.59

3.246 154.20

3.383 150.55 MX3 149.88

3.983 147.75 (1.473)

4.119 147.02

4.719 149.09 MX4 145.07

4.856 143.63 (1.473)

5.456 143.56

5.592 143.98

6.192 138.50 MX5 136.69

6.329 138.12 (1.473)

6.929 134.50

7.124 135.65

WG (0.031) Water Gap
(0.031)

7.724 129.12 DR1 124.66 Driver 96.04
8.021 126.48 (1.849) (12.943)
8.621 123.11

8.946 119.91

9.546 117.88 DR2 111.12

9.871 111.36 (1.849)

10.471 109.08

10.796 106.16

11.396 104.68 DR3 96.47

11.721 97.55 (1.849)

12.321 9342
12.646 90.22

13.246 89.15 DR4 81.17
13.571 81.47 (1.849)
14.171 79.04
14.496 75.00
15.096 73.09 DRS 66.77
15.421 66.53 (1.849)
16.021 64.83
16.346 62.64
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Table 5 (continued)

Distance from- Point Zone name Zone Region name | Region av.
core center(cm) | average flux (Width,cm) average flux (Width, cm) flux

16.946 59.84 RF1 54.70 Reflector 29.71

17.271 56.23 (1.849) (9.245)

17.871 51.77

18.196 50.95

18.796 46.87 RF2 40.88

19.121 41.18 (1.849)

20.046 34.60

20.971 27.08 RF3 (1.849) 27.08

22.821 16.74 RF4 (1.849) 16.74

25.596 9.16 RFS (1.849) 9.16

------ RF6 (1.849) — RF6 (1.849)
28.371 5.41 RF7 (1.849) 541 RF7 (1.849)
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Table 6

Arrangement of measured thermal flux in core: 2.40Pu-B2

Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux (Width, cm) average flux (Width, cm) flux
0.30 305.95 MX1 305.68 MOX 300.58
0.437 304.31 (1.473) (7.365)
1.037 302.05
1.173 310.40
1.773 304.91 MX2 305.75
1.91 306.69 (1.473)
2.51 305.21
2.646 306.19
3.246 305.35 MX3 297.07
3.383 294.99 (1.473)
3.983 288.32
4.119 299.61
4.719 300.84 MX4 295.68
4.764 300.75 (1.473)
5.224 290.28
5.364 284.66
4.592 291.56
5.824 305.97
5.960 296.84 MX5 298.71
6.192 289.30 (1.473)
6.329 279.23
6.56 279.84
6.697 286.94
6.929 307.23
7.105 316.60
7.297 333.67
------------- WG (0.031) ——-m- Water gap e
(0.031)
7.559 335.04 DR1 328.85 Driver 250.58
7.705 336.01 (1.849) (14.792)
8.021 322.89
8.159 320.16
8.484 314.58
8.621 327.81
8.946 329.31
9.084 344.98
9.409 333.50 DR2 320.63
9.546 349.43 (1.849)
9.987 302.67
10.009 314.33
10.587 322.91
10.796 300.93
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Table 6 (continued)
Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux | (Width,cm) | average flux (Width, cm) flux

11.396 319.45 DR3 293.61

11.721 280.91 (1.849)

12.321 292.56

12.646 281.48

13.246 282.59 DR4 262.73

13.571 250.98 (1.849)

14.496 254.61

15.096 246.90 DR5 230.73

15.421 229.16 (1.849)

16.021 222.11

16.346 224.76

16.941 214.99 DR6 196.76

17.271 198.09 (1.849)

17.64 187.43

18.102 195.44

18.196 187.84 _

18.565 195.42 DR7 183.69

19.027 187.03 (1.849)

19.121 175.82

20.046 176.49
20.971 165.03 DR8 187.63
21.665 183.71 (1.849)
22.127 214.16

22.59 239.85 RF1 257.55 Reflector 186.80
23.052 260.28 (1.849) (9.245)
23.515 264.85
23.977 265.23
24.346 258.51 RF2 248.33

24.44 264.24 (1.849)
24.902 255.23
25.271 242.35
25.365 241.25
25.827 228.38
26.196 216.49 RF3 205.40

26.29 207.64 (1.849)
26.752 192.08
28.371 141.41 RF4 (1.849) 141.41
31.146 81.32 RF5 (1.849) 81.32
------------ RF6 (1.849) e RF6 (1.849)
33.921 42.66 RF7 (1.849) 42.66 RF7 (1.849)
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Table 7

Arrangement of measured epithermal flux in core: 2.40Pu-B2

Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux (Width, cm) | average flux (Width, cm) flux
0.30 154.66 MX1 155.02 MOX 148.96
0.437 154.59 (1.473) (7.365)
1.037 155.04
1.173 155.77
1.773 152.82 MX2 153.75
1.91 153.48 (1.473)
2.646 154.95
3.246 155.73 MX3 150.89
3.383 150.28 (1.473)
3.983 151.33
4.119 146.21
4.719 149.65 MX4 146.33
4.856 146.43 (1.473)
5.456 146.05
5.592 143.20
6.192 142.49 MX5 138.82
6.329 139.59 (1.473)
6.929 137.40
7.124 135.78
------------- WG (0.031) - Water gap —————
(0.031)
7.724 134.32 DR1 128.67 Driver 88.43
8.021 128.51 (1.849) (14.792)
8.621 128.07
8.946 123.77
9.546 123.33 DR2 118.63
9.871 117.90 (1.849)
10.471 117.53
10.796 115.77
11.396 109.82 DR3 106.61
11.721 107.80 (1.849)
12.321 106.05
12.464 102.76
13.246 101.07 DR4 95.65
13.571 97.21 (1.849)
14.171 93.27
14.496 91.04
15.096 88.41 DRS 84.37
15.421 87.53 (1.849)
16.021 80.89
16.346 80.66
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Table 7 (continued)

Distance from Point Zone name Zone Region name | Region av.
core center(cm) | average flux (Width, cm) average flux (Width, cm) flux

16.946 75.24 DR6 69.79

17.271 71.12 (1.849)

17.871 67.96

18.196 64.84

18.796 61.27 DR7 58.04

19.121 59.18 (1.849)

20.046 53.68

20.971 46.98 DRS8 45.67

21.876 44.35 (1.849)

22.821 38.09 RF1 35.65 Reflector 20.04

23.746 33.21 (1.849) (9.245)

24.671 28.86 RF2 25.85

25.596 22.83 (1.849)

26.521 19.27 RF3 (1.849) 19.27

28.371 13.82 RF4 (1.849) 13.82

31.146 5.62 RFS5 (1.849) 5.62

------------ RF6 (1.849) e RF6 (1.849)
33.921 2.86 RF7 (1.849) 2.86 RF7 (1.849)
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Table 8
Arrangement of measured thermal flux in core: 2.40Pu/G

Distance from Point Zone name Zone Region name Region av.
core center (cm) | average flux | (Width,cm) | average flux (Width, cm) flux
0.0 1649.50 CWG 1587.95 Central water 1587.95
0.332 1622.96 (0.8655) gap
0.681 1491.38 (0.8655)
1.05 1230.20 MX1 986.33 MOX 740.86
1.418 986.30 (1.473) (7.365)
1.786 884.86
2.339 843.97
3.075 725.79 MX2 726.02
3.812 726.24 (1.473)
4.548 676.02 MX3 680.57
5.285 685.12 (1.473)
6.021 644.92 MX4 654.00
6.758 663.08 (1.473)
7.494 620.84 MXS5 657.37
8.18 693.91 (1.473)
------ ' — WG (0.09) ———— Water gap R
(0.09)
8.39 682.73 DR1 668.50 Driver 670.46
9.245 653.41 (1.849) (7.396)
10.17 669.36
11.095 618.62 DR2 624.58
12.02 630.54 (1.849)
12.945 583.68 DR3 608.12
13.87 632.55 (1.849)
14.795 646.06 DR4 780.65
15.72 915.24 (1.849)
16.414 1141.70 RF1 1209.31 Reflector 890.83
16.876 1222.71 (1.849) (11.094)
17.339 1263.52
17.801 1302.91 RF2 1271.87
18.264 1296.42 (1.849)
18.726 1264.60
19.189 1223.55
19.651 1168.59 RF3 112421
20.30 1079.82 (1.849)
22.195 822.48 RF4 (1.849) 822.48
24,97 502.77 RFS5 (1.849) 502.77
25.895 414.36 RF6 (1.849) 414.36
26.82 347.79 RF7 (1.849) 347.79 RF7 (1.849)
29.594 187.68 RF8 (1.849) 187.68 RF8 (1.849)
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Table 9

Arrangement of measured epithermal flux in core: 2.40Pu/G

Distance from Point Zone name Zone Region name | Region av.
core center (cm) | average flux | (Width,cm) | average flux (Width, cm) flux
0.0 378.01 CWG 372.73 Center water 372.73
0.494 367.44 (0.8655) gap
(0.8655)
0.987 354.69 MX1 340.04 MOX 306.76
1.602 337.55 (1.473) (7.365)
2.339 327.88
3.075 319.43 MX2 318.75
3.812 318.06 (1.473)
4.548 309.10 MX3 308.32
5.285 307.53 (1.473)
6.021 299.86 MX4 295.76
6.758 291.67 (1.473)
7.494 275.32 MXS$5 270.92
8.18 266.53 (1.473)
------------ WG (0.09) —mmeme Water gap et
(0.09)
8.39 286.29 DR1 251.95 Driver 189.51
9.245 241.83 (1.849) (7.396)
10.17 227.74
11.095 208.02 DR2 202.13
12.02 196.23 (1.849)
12.945 172.05 DR3 167.77
13.87 163.48 (1.849)
14.975 139.26 DR4 136.18
15.72 133.08 (1.849)
16.645 118.05 RF1 109.06 Reflector 67.19
17.57 100.07 (1.849) (7.396)
18.495 81.50 RF2 76.13
19.42 70.75 (1.849)
20.30 51.37 RF3 (1.849) 51.37
22.195 32.18 RF4 (1.849) 32.18
------------ RF5 (1.849) -———- RFS5 (1.849)
25.895 13.96 RF6 (1.849) 13.96 RF6 (1.849)
------------ RF7 (1.849) — RF7 (1.849)
29.595 6.63 RF8 (1.849) 6.63 RF8 (1.849)
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Table 10

Arrangement of measured thermal flux in core: 2.96Pu

Distance from Point Zone name Zone Region name Region av.
core center (cm) | average flux | (Width,cm) | average flux (Width, cm) flux
0.0 227.28 MX1 222.55 MOX 212.63
0.79 211.94 (1.473) (7.365)
1.58 228.29
2.37 210.35 MX2 215.74
3.16 221.13 (1.473)
3.95 201.38 MX3 207.60
4.74 213.82 (1.473)
5.53 195.62 MX4 203.44
6.32 211.25 (1.473)
7.11 199.04 MX5 213.80
7.50 211.31 (1.473)
7.90 231.07
7.92 224.25 WG 228.10 Water gap 228.10
8.31 228.69 (0.42) (0.42)
8.33 231.37
8.78 216.66 DR1 204.74 Driver 188.35
9.25 198.96 (1.849) (7.396)
10.17 198.60
11.10 172.61 DR2 176.41
12.02 180.21 (1.849)
12.95 156.27 DR3 163.13
13.87 169.99 (1.849)
14.80 174.97 DR4 209.12
15.26 205.08 (1.849)
15.72 247.31
16.18 ~ 285.79 RF1 311.35 Reflector 227.18
16.65 310.74 (1.849) (11.094)
17.57 337.52
18.50 330.39 RF2 320.25
19.42 310.11 (1.849)
20.35 280.20 RF3 (1.849) 280.20
22.20 208.08 RF4 (1.849) 208.08
24.05 145.16 RF5 (1.849) 145.16
25.90 98.01 RF6 (1.849) 98.01
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Table 11
Arrangement of measured epithermal flux in core: 2.96Pu

Distance from Point Zone name Zone Region name Region av.
core center (cm) | average flux | (Width, cm) average flux (Width, cm) flux
0.0 94.48 MX1 94.29 MOX 87.91
0.79 93.82 (1.473) (7.365)
1.58 94.56
2.37 93.81 MX2 94.29
3.16 94.77 (1.473)
3.95 89.28 MX3 87.96
4.74 86.65 (1.473)
5.53 84.12 MX4 84.41
6.32 84.70 (1.473)
7.11 79.10 MXS5 78.62
7.50 79.17 (1.473)
7.90 77.60
7.92 77.21 WG 76.05 Water gap 76.05
8.31 74.82 (0.42) (0.42)
8.33 76.12
8.78 72.97 DR1 69.59 Driver 53.57
9.25 70.74 (1.849) (7.396)
10.17 65.07
11.10 60.04 DR2 57.56
12.02 55.08 (1.849)
12.95 48.94 DR3 46.78
13.87 44.62 (1.849)
14.80 41.04 DR4 40.34
15.72 39.64 (1.849)
16.65 34.71 RF1 31.54 Reflector 15.94
17.57 28.36 (1.849) : (11.094)
18.50 23.71 RF2 21.99
19.42 20.28 (1.849)
20.35 16.29 RF3 (1.849) 16.29
22.20 11.45 RF4 (1.849) 11.45
24.05 8.05 RF5 (1.849) 8.05
25.90 6.33 RF6 (1.849) 6.33
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4. Results and discussions
4.1. Criticality

The calculated pairs (corresponding to the two data libraries) of effective
multiplication factors for the six cores are given in Table 12. The measured values are always
unity since the criticalities were achieved by adjusting the water level. The agreement
between the measurement and calculation is quite satisfactory with maximum difference of
0.17 % (2.40Pu-B2) for JENDL-3.2 and —0.27 % (2.40Pu /WH) for JENDL-3.3.

Table 12
MVP calculated effective multiplication factors, Keg for critical cores
[Values in parenthesis are percent differences; ( C/E - 1 )x 100]

Core name Data library Histories completed Kesr
2.40 Pu JENDL-3.2 88,260,000 0.999569 + 0.0076%"
(-0.04)
JENDL-3.3 91,440,000 0.997498 + 0.0075%
(-0.25)
2.40 Pu-B1 JENDL-3.2 50,400,000 1.00032 + 0.01010%
(0.03)
JENDL-3.3 47,400,000 0.998138 + 0.0106%
(-0.19)
2.40 Pu-B2 JENDL-3.2 127,640,000 1.001660 + 0.00610%
(0.17)
JENDL-3.3 139,940,000 0.998807 + 0.0058%
(-0.12)
2.40 Pu/WH JENDL-3.2 32,540,000 0.999512+ 0.0127%
(-0.05)
JENDL-3.3 40,700,000 0.997315 £ 0.0113%
(-0.27)
2.40 Pu /G JENDL-3.2 81,480,000 0.999414 + 0.0080%
(-0.05)
JENDL-3.3 84.720,000 0.998035 + 0.0078%
(-0.17)
2.96 Pu JENDL-3.2 85,240,000 0.999779 + 0.0079%
(-0.02) \
JENDL-3.3 89,260,000 0.998490 £ 0.0077%
(-0.15)

*Standard deviation in

Monte Carlo calculation
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4.2. Power distributions

The measured as well as the calculated pairs (for two data libraries) of power
distributions in the central MOX region for five cores are compared in Table 13 through
Table 17. The calculational errors were always less than 0.2%. The average power in the
MOX region was normalized to unity for both the measurement and calculation. The
differences between the measurement and calculation are scattered in-between -3.0% to
+2.9% and no significant difference is observed in calculated power distributions

corresponding to the two libraries.

Table 13
Relative power distribution (MOX region) in core: 2.40Pu

Data given in the table below are: 1% : E; measured value
2" . C; calculated value /JENDL-3.2
3™ . (C; calculated value /JENDL-3.3’
[Values in parenthesis are percent differences; ( C/E - 1 )x 100]

1.01
1.00 (-0.99)
1.00 (-0.99)
0.95 0.98
0.94 (-1.05) | 0.98 (0.00)
0.94 (-1.05) | 0.98 (0.00)
0.97 0.97 1.02
0.97 (0.00) 0.96 (-1.03) | 1.01 (-0.98)
0.98 (1.03) 0.96 (-1.03) | 1.01 (-0.98)
1.02 0.99 0.99 , 1.03
1.02 (0.00) 0.99 (0.00) 0.98 (-1.01) | 1.03 (0.00)
1.02 (0.00) 1.00 (1.01) 0.98 (-1.01) | 1.03 (0.00)
1.03 1.03 1.00 0.98 1.04
1.04 (0.97) 1.03 (0.00) 1.01 (1.00) 0.99 (1.02) | 1.04 (0.00)
1.04 (0.97) 1.03 (0.00) 1.01 (1.00) 0.99(1.02) | 1.03 (-0.96)

(Core center)
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Table 14

Relative power distribution (MOX region) in core: 2.40Pu-B2

Data given in the table below have the same meaning as those in Table 13

1.04

1.03 (-0.96)
1.03 (-0.96)
0.95 1.00
0.95 (0.00) | 1.00 (0.00)
0.95 (0.00) | 1.00 (0.00)
0.95 0.95 1.02
0.97 (2.11) 0.96 (1.05) | 1.02(0.00)
0.97 (2.11) 0.96 (1.05) | 1.02 (0.00)
0.99 0.99 1.00 1.03
1.00 (1.01) 0.99 (0.00) 0.98 (-2.00) | 1.03 (0.00)
1.01 (2.02) 0.99 (0.00) 0.97 (-3.00) | 1.03 (0.00)
1.02 1.01 0.99 0.98 1.04
1.02 (0.00) 1.01 (0.00) 0.99 (0.00) 0.99 (1.02) | 1.04 (0.00)
1.02 (0.00) 1.01 (0.00) 1.00 (1.01) 0.98 (0.00) | 1.04 (0.00)
(Core center)
Table 15

Relative power distribution (MOX region) in core: 2.40Pu/WH

Data given in the table below have the same meaning as those in Table 13

0.95
0.95 (0.00)
0.94 (-1.05)
0.95 0.94
0.96 (1.05) | 0.95 (1.06)
0.96 (1.05) | 0.94 (0.00)
1.05 0.98 |
WH 1.08 (2.86) 1.00 (2.04)
1.07 (1.90) | 0.97 (-1.02)
1.03 1.12 1.03 1.01
1.04 (0.97) | 1.11(-0.89) |1.00(-2.91) | 0.99 (-1.98)
1.04 (0.97) | 1.11(-0.89) |1.00(-2.91) | 0.99 (-1.98)
1.00 1.00 0.99 0.98 1.00
1.00 (0.00) | 1.00 (0.00) | 0.99 (0.00) |0.96 (-2.04) | 0.99 (-1.00)
1.00 (0.00) | 1.00 (0.00) | 0.99 (0.00) |0.96 (-2.04) | 0.9 (-1.00)

(Core center)




JAERI-Research 2003-007

Table 16

Relative power distribution (MOX region) in core: 2.40Pu/G

Data given in the table below have the same meaning as those in Table 13

0.75
0.74 (-1.33)
0.74 (-1.33)
0.71 0.73
0.71 (0.00) 0.74 (1.37)
0.71 (0.00) 0.74 (1.37)
0.80 0.75 0.77
0.79 (-1.25) 0.75 (0.00) 0.78 (1.30)
CWG 0.79 (-1.25) 0.75 (0.00) 0.77 (0.00)
0.99 0.89 0.86 0.84
1.01 (2.02) | 0.89 (0.00) 0.84 (-2.33) 0.85(1.19)
1.01 (2.02) 10.90(1.12) 0.84 (-2.33) 0.85 (1.19)
1.90 1.44 1.27 1.17 1.13
1.91 (0.53) | 1.45(0.69) | 1.29(1.57) 1.20 (2.56) 1.12 (-0.88)
1.91 (0.53) | 1.45(0.69) | 1.30(2.36) 1.20 (2.56) 1.12 (-0.88)
CWG ;
(Core center) *Cross water gap
Table 17

Relative power distribution(MOX region) in core: 2.96Pu

Data given in the table below have the same meaning as those in Table 13

1.00
0.99 (-1.00)
0.99 (-1.00)
0.92 0.96
0.92 (0.00) 0.97 (1.04)
0.92 (0.00) 0.97 (1.04)
0.97 0.95 1.00
0.97 (0.00) 0.95 (0.00) 1.01 (1.00)
0.97 (0.00) 0.95 (0.00) 1.01 (1.00)
1.02 0.99 1.00 1.04
1.02 (0.00) 1.00 (1.01) 0.97 (-3.00) 1.03 (-0.96)
1.03 (0.98) 1.00 (1.01) 0.97 (-3.00) 1.03 (-0.96)
1.05 1.03 1.01 0.99 1.05
1.05 (0.00) 1.04 (0.97) 1.01 (0.00) 0.99 (0.00) 1.05 (0.00)
1.06 (0.95) 1.04 (0.97) 3.11 (0.00) 0.99 (0.00) 1.05 (0.00)

(Core center)
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4.3. Flux distributions

The measured and calculated values of zone average thermal and epithermal flux
distributions for two different data libraries along with the percent differences from the
measurements are placed in Table 18 through Table 21. The calculational errors were less
than 0.2% and 0.7% respectively for the thermal and epithermal flux calculations. The
normalization of the measured as well as the calculated flux distributions was made with the
average flux levels in the driver region. The point average fluxes of measurement and the
zone average fluxes of both the measurement and calculation are compared in Fig. 9 through
Fig. 16. The thermal fluxes in all the four cores and for the two data libraries are in good
agreement between the measurement and calculation with the differences ranging from —5.9%
(Table 19, 2.40Pu-B2, RF7) up to 5.8% (Table 21, 2.96Pu, RF6). The epithermal fluxes in the
active core i.e., up to the driver region of all the four cores and for both the data libraries also
show good agreement: The differences are scattered between —4.1% (Table 20, 2.40Pu/G,
CWG) up to 4.3% (Table 21, 2.96Pu, MX3, JENDL-3.3) with small differences between the
two libraries. In the reflector region, the calculated epithermal fluxes were corrected for flux
variation in the radial direction, because, to have better statistics in the reflector region, we
used larger dimension for tallies (in the y-direction) compared to MOX and driver regions.
The calculated epithermal fluxes in the reflector region are also in good agreement with some
exceptions for remote points where underestimation is observed in comparison with the
measured ones. The reason behind the systemaﬁc underestimation in calculation of epithermal
fluxes in the reflector region might be the very low activity closer to the background counts of

measurement, leading to larger experimental uncertainties.



JAERI-Research 2003-007

Table 18
Relative flux distribution in core: 2.40Pu

Data given in the table below are: 1* : E; measured value

2" . C; calculated value /JENDL-3.2
3 . C; calculated value /JENDL-3.3
[Values in parenthesis are percent differences; ( C/E - 1 )x 100]

Zone name Thermal flux Epithermal flux
MX1 1.06 1.61
1.06 (0.00) 1.61 (0.00)
1.07 (0.94) 1.63 (1.24)
MX?2 1.03 1.63
1.05 (1.94) 1.59 ((-2.45)
1.06 (2.91) 1.61 (-1.23)
MX3 1.03 1.56
1.02 (-0.97) 1.55 (-0.64)
1.03(0.00) 1.56 (0.00)
MX4 1.01 1.51
1.00 (-0.99) 1.49 (-1.32)
1.01 (0.00) 1.51 (0.00)
MX5 1.01 1.42
1.01 (0.00) 1.41 (-0.70)
1.02 (0.99) 1.42 (0.00)
weG | -
1.04 1.33
1.05 1.34
DR1 1.10 1.30
1.09 (-0.91) 1.29 (-0.77)
1.09 (-0.91) 1.30 (0.00)
DR2 1.06 1.16
1.05 (-0.94) 1.15 (-0.86)
1.05 (-0.94) 1.16 (0.00)
DR3 0.95 1.00
0.96 (1.05) 1.01 (1.00)
: 0.96 (1.05) 1.00 (0.00)
DR4 0.88 0.85.
0.89 (1.14) 0.85 (0.00)
0.89 (1.14) 0.85 (0.00)
DRS5 1.01 0.70
1.01 (0.00) 0.70 (0.00)
1.01 (0.00) 0.70 (0.00)
RF1 1.74 0.57
1.68 (-3.45) 0.58 (1.75)
1.68 (-3.45) 0.58 (1.75)
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- Table 18 (continued)

Zone name Thermal flux Epithermal flux

RF2 1.89 0.43
1.87 (-1.06) 0.43 (0.00)
1.87 (-1.06) 0.43 (0.00)

RF3 1.67 0.28
1.65 (-1.20) 0.28 (0.00)
1.65 (-1.20) 0.28 (0.00)

RF4 1.26 0.17
1.27 (0.79) 0.18 (5.88)
1.27 (0.79) 0.18 (5.88)

RF5 0.88 0.10
0.88 (0.00) 0.09 (-10.00)
0.88 (0.00) 0.09 (-10.00)

RF6 0.73 -
0.70 (-4.11) 0.06
0.70 (-4.11) 0.06

RF7 0.45 0.06
0.43 (-4.44) 0.04 (-33.33)
0.44 (-2.22) 0.04 (-33.33)

Table 19

Relative flux distribution in core: 2.40Pu-B2

Data given in the table below have the same meaning as those in Table 18.

Zone name Thermal flux Epithermal flux
MX1 1.22 1.75
1.23 (0.82) 1.72 (-1.71)
1.24 (1.64) 1.74 (-0.57)
MX2 1.22 1.74
1.21 (-0.82) 1.70 (-2.30)
1.23 (0.82) 1.72 (-1.15)
MX3 1.19 1.71
1.19 (0.00) 1.68 (-1.75)
1.20 (0.84) 1.69 (-1.17)
MX4 1.18 1.65
1.17 (-0.85) 1.62 (-1.82)
1.18 (0.00) 1.64(-0.61)
MXS5 1.19 1.57
1.20 (0.84) 1.55 (-1.27)
1.20 (0.84) 1.56 (-0.64)
wéG | e e
1.24 1.48
1.25 1.49
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Table 19 (continued)

Zone name Thermal flux Epithermal flux
DR1 1.31 1.46
1.30 (-0.76) 1.45 (-0.68)
1.31 (0.00) 1.46 (0.00)
DR2 1.28 1.34
1.27 (-0.78) 1.33 (-0.75)
1.28 (0.00) 1.34 (0.00)
DR3 1.17 1.21
1.18 (0.85) 1.21 (0.00)
1.18 (0.85) 1.21 (0.00)
DR4 1.05 1.08
1.06 (0.95) 1.08 (0.00)
1.06 (0.95) 1.07 (-0.93)
DRS 0.92 0.95
0.93 (1.09) 0.94 (-1.05)
0.93 (1.09) 0.94 (-1.05)
DR6 0.79 0.79
0.81 (2.53) 0.79 (0.00)
0.81 (2.53) 0.80 (1.27)
DR7 0.73 0.66
0.71 (-2.74) 0.66 (0.00)
0.70 (-4.11) 0.66 (0.00)
DR8 0.75 0.52
0.73 (-2.67) 0.53 (1.92)
0.73 (-2.67) 0.53 (1.92)
RF1 1.03 0.40
1.01 (-1.94) 0.43 (4.88)
1.01 (-1.94) 0.43 (4.88)
RF2 0.99 0.29
0.98 (-1.01) 0.29 (0.00)
0.98 (-1.01) 0.29 (0.00)
RF3 0.82 0.22
0.82 (0.00) 0.21 (-4.55)
0.82 (0.00) 0.21 (-4.55)
RF4 0.56 0.16
0.58 (3.57) 0.14 (-12.50)
0.58 (3.57) 0.14 (-12.50)
RF5 0.32 0.06
0.32 (0.00) 0.06 (0.00)
0.32 (0.00) 0.06 (0.00)
RF6 | -
0.23 0.05
0.24 0.05
RF7 0.17 0.03
0.16 (-5.88) 0.03 (0.00)
0.16 (-5.88) 0.03 (0.00)
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Table 20
Relative flux distribution in core: 2.40Pu/G

Data given in the table below have the same meaning as those in Table 18.

Zone name Thermal flux Epithermal flux

CWG 2.37 1.97
2.39 (0.84) 1.89 (-4.06)
2.41 (1.69) 1.89 (-4.06)

MX1 1.47 1.79

1.43 (-2.72) 1.76 (-1.68) -

1.44 (-2.04) 1.77 (-1.12)

MX2 1.08 1.68
1.12 (3.70) 1.67 (-0.60)
1.13 (4.63) 1.70 (1.19)

MX3 1.02 1.63
1.02 (0.00) 1.62 (-0.61)
1.03 (0.98) 1.63 (0.00)

MX4 0.98 1.56
0.98 (0.00) 1.54 (-1.28)
0.99 (1.02) 1.55 (-0.64)

MX5S 0.98 1.43
0.97 (-1.02) 1.46 (2.10)
0.99 (1.02) 1.45 (1.40)

wGéG | - e

1.05 1.41

1.05 1.41

DR1 - 1.00 1.33
1.00(0.00) 1.28 (-3.76)
1.01 (1.00) 1.28 (-3.76)

DR2 0.93 1.07
0.93 (0.00) 1.09 (1.87)
0.93 (0.00) 1.08 (0.93)

DR3 0.91 0.89
0.89 (-2.20) 0.91 (2.25)
0.89 (-2.20) 0.91 (2.25)

DR4 1.16 0.72
1.18 (1.72) 0.73 (1.39)
1.18 (1.72) 0.72 (0.00)

RF1 1.80 0.58
1.84 (2.22) 0.63 (8.62)
1.83 (1.67) 0.62 (6.90)

RF2 1.90 0.40
1.90 (0.00) 0.44 (10.0)
1.90 (0.00) 0.43 (7.50)

RF3 1.68 0.27
1.67 (-0.60) 0.31 (14.81)
1.66 (-1.19) 0.30(11.11)
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Table 20 (continued)
Zone name Thermal flux Epithermal flux
RF4 1.23 0.17
1.23 (0.00) 0.20 (17.65)
1.23 (0.00) 0.19 (11.76)
RFS 07s 1 e
0.74 (-1.33) 0.12
0.74 (-1.33) 0.12
RF6 0.62 0.07
0.61 (-1.61) 0.08 (14.29)
0.62 (0.00) 0.08 (14.29)
RF7 052 | e
0.51 (-1.92) 0.05
0.51 (-1.92) 0.05
RF8 0.28 0.03
0.28 (0.00) 0.03 (0.00)
0.29 (3.57) 0.03 (0.00)
Table 21

Relative flux distribution in core: 2.96Pu

Data given in the table below have the same meaning as those in Table 18

Zone name Thermal flux Epithermal flux
MX1 1.18 1.76
1.18 (0.00) 1.80 (2.27)
1.19 (0.85) 1.82 (3.41)
MX2 1.15 1.76
1.15 (0.00) 1.76 (0.00)
1.16 (0.87) 1.77 (0.57)
MX3 1.10 1.64
1.12 (1.82) 1.70 (3.66)
1.13 (2.73) 1.71 (4.27)
MX4 1.08 1.58
1.09 (0.93) 1.59(0.63)
1.10 (1.85) 1.63 (3.16)
MXS5 1.14 1.47
1.14 (0.00) 1.50 (0.67)
1.14 (0.00) 1.52 (2.61)
WG 1.21 1.42
1.24 (2.48) 1.45 (2.11)
1.25 (3.31) 1.46 (2.82)
DRI 1.09 1.30
1.09 (0.00) 1.30 (0.00)
1.10 (0.92) 1.31 (0.77)
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Table 21 (continued)

Zone name Thermal flux Epithermal flux
DR2 0.94 1.07
0.92 (-2.31) 1.08 (0.93)
0.92 (-2.31) 1.08 (0.93)
DR3 0.87 0.87
0.86 (-1.15) 0.89 (2.30)
0.85 (-2.30) 0.89 (2.30)
DR4 1.11 0.75
1.13 (1.80) 0.75 (0.00)
1.13 (1.80) 0.75 (0.00)
RF1 1.65 0.59
1.69 (2.42) 0.63 (6.78)
1.69 (2.42) 0.62 (5.08)
RF2 1.70 0.41
1.75 (2.94) 0.43 (4.88)
1.75 (2.94) 0.44 (7.32)
RF3 1.49 0.30
1.50 (0.67) 0.28 (-6.67)
1.49 (0.00) 0.28 (-6.67)
RF4 1.10 0.21
1.13 (2.73) 0.18 (-14.28)
1.13 (2.73) 0.18 (-14.28)
RF5 0.77 0.15
0.80 (3.90) 0.12 (-20.00)
0.80 (3.90) 0.12 (-20.00)
RF6 0.52 0.12
0.55 (5.76) 0.08 (-33.33)
0.55 (5.76) 0.08 (-33.33)
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5. Conclusions

Analyses of two-region TCA critical experiments with PWR-type MOX fuels have
been performed to investigate the accuracy of the neutronic calculation methods and the
associated nuclear data libraries. In the experiment, the criticality, the power distributions and
the neutron flux distributions using bare and Cd-covered Au-wires were measured. The
calculations have been conducted using the vectorized continuous energy Monte Carlo code
MVP with two cross section libraries based on JENDL-3.2 and JENDL-3.3 respectively.

From the comparison between the measurement and calculation, we can conclude the
followings:

(1)  The effective multiplication factors for the six cores are calculated with
sufficient accuracy with a maximum difference of -0.3% from the
measurement,

) The calculated power distributions in the MOX region of five cores show fairly

good agreement with the measured data within a maximum difference of -3.0%,

3) The thermal flux distributions throughout the regions (MOX, water gap, driver,
and the reflector) of four cores are well calculated with a maximum difference
of -5.9% from the measured value,

“) The calculated epithermal flux distributions in the core regions are also in good -
agreement with the measured ones, the maximum difference being 4.3%,

Finally, it is concluded that the calculation method and the data libraries employed in

the present study posses good accuracy for neutronic calculation of cores containing PWR-
type MOX fuels.
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APPENDIX- A
Sample input for MVP

MYVP input for the 2.40Pu core with JENDL-3.2

TCA 2-Region (MOX /U02) PWR core: 2.40Pu(Run 4045); JENDL-3.2
vm/Vf: MOX(2.4), Driver(1.5); Keff, Power & Flux(response function)
RESTART RESTART-FILE FISSION EIGEN-VALUE LATTICE
RUSSIAN-ROULETTE FLUX-PRINT TALLY-LATTICE
EDIT-MACROSCOPIC-DATA(44404000)
NO-EDIT-MICROSCOPIC-DATA(11111111)
DYNAMIC-MEMORY (500000000)

% NHIST = 20000 , NG = 108
% KBATCH = 5500 , NSKIP = 20
% NBATCH = KBATCH + NSKIP
I R R R R R R R R R R R E R E E E R R R R R R R R R R R R R RSS2SR RS RS RRRERE Rttt EEn & &
NGROUP (<NG>) NMEMO (80)
NSKIP (KNSKIP>) IRAND(200000909) TCPU( 355.0)
ETOP (2.0000E+7) ETHMAX(4.5) AMLIM(250.) EWCUT(0.0)
NPART (<- (NBATCH*NHIST)>) NHIST (KNHIST>) NBANK(<INT(1.250*NHIST)>)
e de ok de sk ok A ok ok v de vk de de v e ok de e ke ke de ok & ok ke sk ok ke ok % ok % ok ke gk e vk %k dk vk ok % ke ke ok ke ok ok o e e o b o ok ok ke ok
$ MFUEL1 = 1, MCLAD1 = 2, MH20 = 3, MFUEL2= 4, MCLAD2 = 5, MAL = 6
% SUS = 7, CNCRE = 8, AU = 9, CAD =10, MH20FT =11
% CTEMP = 273.00 + 21.00
$ T = 293
SXSEC
* FUEL1 (1)
& IDMAT (<KMFUEL1>)
TEMPMT (<CTEMP>) /* Kelvin
U05003J3( 6.0831E-4 )
U08003J3( 2.2539E-2 )
006003J3( 4.7228E-2 )
* CLAD1 (2)
& IDMAT (<MCLAD1>)
TEMPMT (<CTEMP>) /* Kelvin
AL7003J3( 5.5840E-2 )
* H20 (3)
& IDMAT (<MH20>)
TEMPMT (<CTEMP>) /* Kelvin
HO1H03J3( 6.6751E-2 )
006003J3( 3.3376E-2 )
* FUEL2 (4)
& IDMAT (<KMFUEL2>)
TEMPMT (<CTEMP>) /* Kelvin
U04003J3( 1.2215E-6 )

U05003J3( 1.5203E-4 )
U08003J3( 2.0910E-2 )
PUB003J3( 4.9397E-7 )
PUS003J3( 9.7764E-4 )
PU0003J3( 9.1496E-5 )
PU1003J3( 1.2364E-5 )
PU2003J33( 9.2016E-7 )

)

00600373 ( 4.4289E-2

* CLAD2 (Zr-4) (5)

& IDMAT (<MCLAD2>)
TEMPMT (<CTEMP>) /* Kelvin
ZRNQ03J3( 3.8161E-2 )
SNNQO03C2( 5.5667E-4
FEN0O03J3( 8.5641E-5
CRNQOO03J3( 4.6713E-5
006003J3( 4.3209E-5

* AL Plates (6)

& IDMAT (<MAL> )

—
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TEMPMT (<CTEMP>) /* Kelvin
AL7003J3( 6.0224E-2 )
*Stainless (7)
& IDMAT (<SUS>)
TEMPMT (<CTEMP>) /* Kelvin
c02003J3( 1.1928E-4 )

SIN003J3( 1.7003E-3 )
MN5003J3( 1.7385E-3 )
P0100333( 6.9381E-5 )
SONO03J3( 4.4673E-5 )
NINOO03J3( 8.9506E-3 )
CRNO03J3( 1.7450E-2 )
FEN0O03J3( 5.7202E-2 )

*Concrete (8)
& IDMAT (<CNCRE>)
TEMPMT (<CTEMP>) /* Kelvin

H01003J3( 1.3742E-2 )
006003J3( 4.5919E-2 )
C0200333( 1.1532E-4 )
NA3003J3( 9.6395E-4 )
MGN003J3( 1.2388E-4 )
AL7003J3( 1.7409E-3 )
SIN003J3( 1.6617E-2 )
KON0O03J3( 4.6052E-4 )
CAN003J3( 1.5025E-3 )
FEN0O03J3( 3.4492E-4 )

* AU wire (9)

*g& IDMAT (<AU> )

* TEMPMT (<CTEMP>) /* Kelvin

* AU7003B6( 5.900862E-2 )

* Cd coating (10)

*& IDMAT (<KCAD> )

* TEMPMT (<CTEMP>) /* Kelvin

* (CDNO03J3( 4.628663E-2 )

* H20 (11)

& IDMAT (<MH20FT>)
TEMPMT (<CTEMP>) /* Kelvin
HO1HO03J3( 6.6751E-2 )
006003J3( 3.3376E-2 )

END

SGEOM

% Pl = 1.849, P2 = 1.473, NP1 = 18, NP2= 10, F1 = 16.83
% HT1 = F1+144.15, PT1 = HT1l+4 19.52, JT1 = PT1+0.7

% HT2 = F1+90.93, PT2= HT2+5.08, JT2 = PT2+40.7

$ KT = 1.27+2.2+13.8+27.0

% WLEVEL = 83.66

% WH1 = F1+ 10.0

$ WH2 = Fl+ 73.66

$ Ccl1 = 1.25/2, Dl = 1.417/2, C2 = 0.8579/2, D2 = 0.998/2
% DH1 = NP1*Pl, GH1 = DH1+60, DH2 = NP2*P2, GH2 = DH2+ 0.062
% CFUEL = F1+WLEVEL/2, ZCUT = F1 + WLEVEL

kkxxkkkkk* TATTICE DATA Kk kx kA Ak AAAXAXX XA XAk kk kK

IDLAT (100)
LTYP (1) NVLAT( <NP1> <NP1> 1 )
SZLAT( <P1> <Pl> <PT1> )

Akdkhkhkhhkhkkhkhkhkhkkkkkik

KLATT (
333331111111133333
311111111111111113
311111111111111113
311111111111111113
311111111111111113
111110000000011111
111110000000011111
111110000000011111
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66666 0000000O06¢6©6©66
666 6 60000000066 ©6©6©6
111110000000011111

111110000000011111
111110000000011111

311111111111111113

311111111111111113
311111111111111113
311111111111111113

333331111111133333)

*KSLAT ( <NP1*NP1>(000)

)

KSLAT (

0 0000 0O0O0OOOOOOTDODOU OOO
0 00 00 0O0O0OOOOOOTOOUOOOO
00 00 O0OO0OOCOT OOUOGOOTU OO OUOTO OGO
00 00O0OO0OODOT OOOOOU OO OUOTO0OO

000 00 O0OO0OCOTOOOOODOOUOU OO OO
6 0 0000 0 O0OOOOOOUOOUO0OO0OO0
0 0 0 00 000 0O O O0OOTUOU OUOU OOUOO
0 0000 0 O0OOOOOOODODUOU OU OO OO

100 100 100 100 100 0 0 0 O 0 O 0 O O O O O O

110 110 110 110 110 0 0 0 O O O 0O 0 10 10 10 10 10

0600 00OO O OOOUOUOODOOUOUOO0OUO
0600 0O0OOCOOOOOOOOUOTU OO
00000 O0OOOTOOOOOUOOTU OTU OO
0600 0O0OOOOOOOOOOOUOTU OO
6 00O0OOOOOOOOOOOOTO0OO
060 00OOOOOOOOUOTOOO0OO0OO0OTO
600000 O0OOOOOOOOOOOTO
006 00 00 OCO0OOUOTUOOUOTUOOTUOUOTO

% % K ke ke ek h Kk

)

IDLAT (200)

SZLAT( <P2> <P2> <PT2-15.24> )

LTYP( 1) NVLAT(<NP2> <NP2> 1)

2222222222
2222222222
2222222222
2222222222
7777777777

KLATT (

7777777777
2222222222
2222222222
2222222222
2222222222

KSLAT ( <NP2*NP2>(0)

)

)

*

0 0000 O0 O0OO0OOTDO
0000 O0OO0OOUOUOO
00 0 00O O0OOT OO OO
06 0000 00 0 0O
100 100 100 100 100 0 0 0 O O

KSLAT (

110 110 110 110 110 10 10 10 10 10

00 0000 0 0 00
60 0 0 0000 0 00O

00 00 0O OO OO OTD

060 000 00 O0 O0 0)

END

e d & dk d ok ok ok ook ke ke ke BODY DEFINITIONS hkhkhkkhkhkdhkhkhkhhkkhkhkkdkkr

Bodies for the Lattice 100

% d ok ko k

<PT1> )
<PT1> )

30003 <-DH1/2.> <DH1/2.> <-DH1/2.> <DH1/2.> 4.445 <4.445+0.7>)

30001 <-DH1/2.> <DH1/2.> <-DH1/2.> <DH1/2.> <PT1> <JT1> )
30004 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 0.0
¥rkxkkkkk* Bodies for water reflector outside Lattice 100

40000 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> <-KT> <JT1> )
30002 <-DH1/2.> <DH1/2.> <-DH1/2.> <DH1/2.> 0.0

—

RPP ( 10000 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> 0.0 <ZCUT>)

( 20000 <-DH1/2.> <DH1/2.> <-DH1/2.> <DH1/2.> 0.0 <ZCUT>)

RPP

46
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xxkxkkxkx*x Bodies for Lattice 200

RPP ( 20001 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 15.24 <PT2>)
RPP ( 20002 <-DH2/2.> <DH2/2.> <-DH2/2.> <DH2/2.> 15.24 <PT2>)
RPP ( 20003 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 15.94 16.64)
RPP ( 20004 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> <JT2> <PT1> )
RPP ( 20005 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> <PT2> <JT2>)
xxxkxxxk*x Po divide water gap outside MOX axially into three parts
$ F2 = 15.24

RPP ( 20011 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> <WH2> <ZCUT>)
RPP ( 20012 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> <WH1> <WH2>)
RPP ( 20013 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> <F2> <WH1>)
RPP { 20021 <-DH2/2.> <DH2/2.> <-DH2/2.> <DH2/2.> <WH2> <ZCUT>)
RPP ( 20022 <-DH2/2.> <DH2/2.> <-DH2/2.> <DH2/2.> <WH1> <WH2>)
RPP ( 20023 <-DH2/2.> <DH2/2.> <-DH2/2.> <DH2/2.> <F2> <WH1>)
x*xkxxkxxx*x* Bodies for TCA base

RPP ( 500 <-GH1/2.> <GHl1/2.> <-GH1/2.> <GH1/2.> <-KT> 0.0)

RPP ( 501 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> -1.27 0.0)

RPP ( 502 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> -3.47 -1.27)
RPP ( 503 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> -17.27 -3.47 )
RPP ( 504 <-GH1/2.> <GH1/2.> <-GH1/2.> <GH1/2.> <-KT> -17.27 )
*xxx*xkk*xx* Bodies for MOX base

RPP ( 400 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 0.0 15.24)

RPP ( 401 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 13.24 15.24)
RPP ( 402 <-GH2/2.> <GH2/2.> <-GH2/2.> <GH2/2.> 0.0 13.24)
RPP ( 403 -6.5 6.5 -6.5 6.5 0.0 13.24 )

*xxxwkkx** Bodies for cells 1 & 3

RPP ( 1111 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> 0.0 <PT1> )
RPP ( 1112 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <HT1> <PT1> )
RPP { 1113 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <ZCUT> <HT1> )
RPP (11131 <-P1/2.> <P1/2.> <-Pl/2.> <P1/2.> <JT2> <HT1> )
RPP (11132 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <PT2> <JT2> )
RPP (11133 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <ZCUT> <PT2> )
RPP ( 1114 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <F1> <ZCUT> )
RPP (11141 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <WH2> <ZCUT> )
RPP (11142 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <WH1> <WH2> )
RPP (11143 <-P1/2.> <P1/2.> <-P1/2.> <P1/2.> <F1> <WH1> )
RPP ( 1115 <-P1/2.> <P1l/2.> <-Pl/2.> <Pl/2.> 0.0 <F1> )
*xxkwk*xx*x Bodies for cell 2

RPP ( 2221 <-P2/2.> <P2/2.> <-P2/2.> <P2/2.> 15.24 <PT2> )
RPP ( 2222 <-P2/2.> <P2/2.> <-P2/2.> <P2/2.> <HT2> <PT2> )

A\

RPP ( 2223 <-P2/2.> <P2/2.> <-P2/2.> <P2/2. <ZCUT> <HT2> )
* RPP ( 2224 <-P2/2.> <P2/2.> <-P2/2.> <P2/2.> <F1> <ZICUT> )
RPP (22241 <-P2/2.> <P2/2.> <-P2/2.> <P2/2. <WH2> <ZCUT> )
RPP (22242 <-P2/2.> <P2/2.> <-P2/2.> <P2/2. <WH1> <WH2> )
RPP (22243 <-P2/2.> <P2/2.> <-P2/2.> <P2/2. <F1> <WH1> )
RPP ( 2225 <-P2/2.> <P2/2.> <-P2/2.> <P2/2. 15.24 <F1> )
xxxkxxxxx% Bodies for cells 5,6,and 7

% P1H =P1/2., P2H =P2/2., WB1 = P1H -0.0796647, WB2 = P2H -0.1
% WB3=4.7516129, P1Q=P1/4., P2Q=P2/4.

sxxxx%k*** To insert Water zone (at y=0.0) for flux calculation

VvV V VYV

* RPP ( 101 <-P1lH> < P1H> <-P1H> <-WB1> <WH1> <WH2> )
RPP ( 1011 <-P1H> <-P1Q> <-P1H> <~-WB1> <WH1> <WH2> )
RPP ( 1012 <-P1lQ> 0.0 <-P1H> <-WB1> <WH1> <WH2> )
RPP ( 1013 0.0 < P1Q> <-P1H> <-WB1> <WH1> <WH2> )
RPP ( 1014 < P1Q> < P1H> <—-P1H> <-WB1> <WH1> <WH2> )
* RPP ( 201 <-P2H> < P2H> <-P2H> <-WB2> <WH1> <WH2> )
RPP ( 2011 <-P2H> <-P20Q> <-P2H> <-WB2> <WH1> <WH2> )
RPP ( 2012 <-P20> 0.0 <-P2H> <-WB2> <WH1> <WH2> )
RPP ( 2013 0.0 < P20> <-P2H> <-WB2> <WH1> <WH2> )
RPP ( 2014 < P2Q> < P2H> <-P2H> <-WB2> <WH1> <WH2> )
RPP ( 301 <-GH2/2.> <-DH2/2.> <-WB3> < WB3> <WH1> <WH2> )

RPP ( 302 < DH2/2.> < GH2/2.> <-WB3> < WB3> <WH1> <WH2> )

% WB4=64*0.0796647, DH=DH1/2.

RPP (611 <-DH> <-{DH+P1Q) > <-WB4> < WB4> <WH1 > <WH2> )
RPP (612 <-(DH+P1Q)> <~ (DH+2*P1Q)> <-WB4> < WB4> <WH1 > <WH2> )



<—(DH+2*P1Q) >
<—-(DH+3*P1Q) >
<-(DH+4*P1Q) >
<-(DH+5*P1Q) >
<-(DH+6*P1Q) >
<-(DH+7*P1Q) >
<-(DH+8*P1Q) >
<- (DH+9*P1Q) >
<-(DH+10*P1Q) >

<-(DH+11*P1Q)>
<- (DH+12*P1Q) >

<-(DH+13*P1Q)>

<-(DH+14*P1Q) >

<-(DH+15*P1Q) >
<-(DH+16*P1Q)>
<-(DH+17*P1Q) >
<-(DH+18*P1Q) >
<-(DH+19*P1Q) >
<-(DH+20*P1Q) >
<-(DH+21*P1Q)>
<—(DH+22*P1Q) >
<-(DH+23*P1Q) >
<- (DH+24*P1Q) >
<- (DH+25*P1Q) >
<-(DH+26*P1Q) >
<—-(DH+27*P1Q) >
<-(DH+28*P1Q) >
<~ (DH+29*P1Q) >
<-(DH+30*P10Q)>
<-(DH+31*P1Q)>
<DH>

< (DH+P1Q) >
<(DH+2*P1Q)>
< (DH+3*P1Q)>
<(DH+4*P1Q)>
<{(DH+5*P1Q) >
<(DH+6*P1Q) >
< (DH+7*P1Q) >
<(DH+8*P1Q) >
< (DH+9*P1Q) >
< (DH+10*P1Q) >
< (DH+11*P1Q) >
< (DH+12*P1Q)>
<(DH+13*P1Q)>
<(DH+14*P1Q)>
<(DH+15*P1Q) >
< (DH+16*P1Q) >
<(DH+17*P1Q) >
<(DH+18*P1Q)>
<{DH+19*P1Q)>
< {(DH+20*P1Q) >
< (DH+21*P1Q) >
<(DH+22*P1Q) >
< (DH+23*P1Q)>
< (DH+24*P1Q)>
<(DH+25*P1Q) >
<(DH+26*P1Q) >
<(DH+27*P1Q)>
<(DH+28*P1Q)>
<(DH+29*P1Q) >
<(DH+30*P1Q)>
<(DH+31*P1Q) >

< (DH+P1Q) >
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<-(DH+3*P1Q) >

<- (DH+4*P1Q) >

<-(DH+5*P1Q) >

<~ (DH+6*P1Q) >

<-(DH+7*P1Q) >

<-(DH+8*P1Q) >

<-(DH+9*P1Q) >

<~ (DH+10*P1Q) >
<-(DH+11*P1Q)>
<-(DH+12*P1Q)>
<-(DH+13*P1Q) >
<-(DH+14*P1Q) >
<-(DH+15*P1Q) >
<-(DH+16*P1Q) >
<—(DH+17*P1Q) >
<-(DH+18*P1Q) >
<-(DH+19*P1Q) >
<-(DH+20*P1Q) >
<-(DH+21*P1Q)>
<-(DH+22*P1Q) >
<-(DH+23*P1Q) >
<-(DH+24*P1Q) >
<-(DH+25*P1Q) >
<-(DH+26*P1Q) >
<-{DH+27*P1Q) >
<-(DH+28*P1Q) >
<-(DH+29*P1Q) >
<-(DH+30*P1Q) >
<-(DH+31*P1Q)>
<-{DH+32*P1Q) >

< (DH+2*P1Q) >

<{(DH+3*P1Q)>

<(DH+4*P1Q) >

<(DH+5*P1Q) >

< (DH+6*P1Q) >

<(DH+7*P1Q) >

< (DH+8*P1Q) >

< (DH+9*P1Q) >

<(DH+10*P1Q)>
<(DH+11*P1Q) >
<{DH+12*P1Q) >
<(DH+13*P1Q) >
<(DH+14*P1Q)>
<(DH+15*P1Q)>
<(DH+16*P1Q) >
<(DH+17*P1Q) >
< (DH+18*P1Q) >
<(DH+19*P1Q) >
<{DH+20*P1Q) >
< (DH+21*P1Q) >
<(DH+22*P1Q) >
<(DH+23*P1Q)>
<(DH+24*P1Q) >
<(DH+25*P1Q) >
<(DH+26*P1Q) >
< (DH+27*P1Q) >
<(DH+28*P1Q) >
< (DH+29*P1Q) >
<(DH+30*P1Q)>
< (DH+31*P1Q) >
<(DH+32*P1Q) >

<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>
<-WB4> < WB4>

<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>
<-WB4>

<

AAAAAAAAANAAAAAAAAAAAAAAANNNNAANNA

WB4>

<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1
<WH1

VVVVVVVVVVVVVVVVVYVVVYVYVYVYVVVVVY

<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>
<WH2>

<-WB4> < WB4> <WH1 > <WH2> )

<WH1 > <WH2>

WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>
WB4> <WH1 > <WH2>

*xxxxxxx*x* Bodies for cylindrical parts of cells 1 2 & 3

RPP (613
RPP (614
RPP (621
RPP (622
RPP (623
RPP (624
RPP (631
RPP (632
RPP (633
RPP (634
RPP (641
RPP (642
RPP (643
RPP (644
RPP (651
RPP (652
RPP (653
RPP (654
RPP (661
RPP (662
RPP (663
RPP (664
RPP (671
RPP (672
RPP (673
RPP (674
RPP (681
RPP (682
RPP (683
RPP (684
RPP (811
RPP (812
RPP (813
RPP (814
RPP (821
RPP (822
RPP (823
RPP (824
RPP (831
RPP (832
RPP (833
RPP (834
RPP (841
RPP (842
RPP (843
RPP (844
RPP (851
RPP (852
RPP (853
RPP (854
RPP (861
RPP (862
RPP (863
RPP (864
RPP (871
RPP (872
RPP (873
RPP (874
RPP (881
RPP (882
RPP (883
RPP (884
CYL ( 11
CYL ( 12

0.0 0.0 0.0
0.0 0.0 0.0

<PT1> <C1> )
<PT1> <D1> )
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CYL ( 21 0.0 0.0 0.0 <PT2> <C2> )
CYL ( 22 0.0 0.0 0.0 <PT2> <D2> )
END

* %k Kk ok k ZONE DEFINITIONS % d Kk ok Yok ok kK ok ok ke

ETV : : -1000 :-40000

IV :IVl : 0 : 40000 -10000 -30001 -30002 -500
IV :Iv2 : 0 : 20004

IV :Iv3 : 0 : 20001 -20002 -10000

GRD:TGP :<MAL> : 30001
GRD:MGP :<MAL> : 20005
* GRD:BGP1 :<MAL> : 30003 -400
* GRD:BGP2 :<MAL> : 20003
GRD:MOXSP:<MAL> : 401
GRD:FSP :<MAL> : 501
GRD:MOXBX:<MAL> : 402 -403
SUS:SUS :<SUS> : 502
CON:CON :<CNCRE>: 504

WG :WGO01 :<MH20> : 20011 -20021

WG :WGFTL :<MH20FT> : 20012 -20022 301

WG :WGFTR :<MHZ0FT> : 20012 -20022 302

WG :WG02 : <MH20> : 20012 -20022 -301 -302
WG :WGO03 : <MH20> : 20013 -20023

RF :RF611 :<MH20FT> : 611
RF :RF612 :<MH20FT> : 612
RF :RF613 :<MH20FT> : 613
RF :RF614 :<MH20FT> : 614
RF :RF621 :<MH20FT> : 621
RF :RF622 :<MH20FT> : 622
RF :RF623 :<MH20FT> : 623
RF :RF624 :<MH20FT> : 624
RF :RF631 :<MH20FT> : 631
RF :RF632 :<MH20FT> : 632
RF :RF633 :<MH20FT> : 633
RF :RF634 :<MH20FT> : 634
RF :RF641 :<MH20FT> : 641
RF :RF642 :<MH20FT> : 642
RF :RF643 :<MH20FT> : 643
RF :RF644 :<MH20FT> : 644
RF :RF651 :<MH20FT> : 651
RF :RF652 :<MH20FT> : 652
RF :RF653 :<MH20FT> : 653
RF :RF654 :<MH20FT> : 654
RF :RF661 :<MH20FT> : 661
RF :RF662 :<MH20FT> : 662
RF :RF663 :<MH20FT> : 663
RF :RF664 :<MH20FT> : 664
RF :RF671 :<MH20FT> : 671
RF :RF672 :<MH20FT> : 672
RF :RF673 :<MH20FT> : 673
RF :RF674 :<MH20FT> : 674
RF :RF681 :<MH20FT> : 681
RF :RF682 :<MH20FT> : 682
RF :RF683 :<MH20FT> : 683
RF :RF684 :<MH20FT> : 684
RF :RF811 :<MH20FT> : 811
RF :RF812 :<MH20FT> : 812
RF :RF813 :<MH20FT> : 813
RF :RF814 :<MH20FT> : 814
RF :RF821 :<MH20FT> : 821
RF :RFB822 :<MH20FT> : 822
RF :RF823 :<MH20FT> : 823
RF :RF824 :<MH20FT> : 824
RF :RF831 :<MH20FT> : 831
RF :RF832 :<MH20FT> : 832



RF :RF833 :<MH20FT> 833
RF :RF834 :<MH20FT> 834
RF :RF841 :<MH20FT> 841
RF :RF842 :<MH20FT> 842
RF :RF843 :<MH20FT> 843
RF :RFB844 :<MH20FT> 844
RF :RF851 :<MH20FT> 851
RF :RFB852 :<MH20FT> 852
RF :RF853 :<MH20FT> 853
RF :RF854 :<MH20FT> 854
RF :RF861 :<MH20FT> 861
RF :RF862 :<MH20FT> 862
RF :RF863 :<MH20FT> 863
RF :RFB864 :<MH20FT> 864
RF :RFB871 :<MH20FT> 871
RF :RFB72 :<MH20FT> 872
RF :RFB873 :<MHZ20FT> 873
RF :RF874 :<MH20FT> 874
RF :RF881 :<MH20FT> 881
RF :RF882 :<MH20FT> 882
RF :RF883 :<MH20FT> 883
RF :RF884 :<MH20FT> : 884
REF:WRF1 :<MH20> 10000 -20000
-611 -612 -613 -614
-631 -632 -633 -634
-651 -652 -653 -654
-671 -672 -673 -674
-811 -812 -813 -814
-831 -832 -833 -834
-851 -852 -853 -854
-871 -872 -873 -874
REF:WRF2 :<MH20> 403
REF:WRF3 :<MH20> 503
s gk ke ke ke gk ok b A gk sk ok sk e ek sk e %k v ik ok v e % ok ok
COR1:LAT1: -100 30002 -30004
#SUBFRAME
NAMES (D R D3 D4 D5 D6 D7 )
drod ook K
SPACE {
22222111111112
21111111111111
21111111111111
21111111111111
21111111111111
11111000000001
111110000000001
1111100000000°1
7654300000000 3
7654300000000 S3
111110000000001
11111000000001
11111000000001
21111111111111
21111111111111
21111111111111
21111111111111
2222211111111 2
#END SUBFRAME
COR2:LAT2 -200 20002
#SUBFRAME
NAMES ( AQ
BO Bl
cO0 Cl1 C2

D0 D1 D2 D3
E0 E1 E2 E3 E4
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[ I S S e T . X el = e = S Sy ]

-621 -622
-641 -642
-661 -662
-681 —-682
-821 -822
-841 -842
-861 -862
-881 -882
2 22
112
112
112
112
111
111
111
567
567
111
111
111
112
112
112
112
222)
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-623
-643
-663
-683
-823
-843
-863
-883

-624
-644
-664
-684
-824
-844
-864
-884



A4 B4 C4 D4 )
deok kAR kKK
SPACE (
8 17 17
9 18 18
10 19 19

-
PN N NN

5
6
9
1
1
9 10 19 19
6 9 18 18
5

4
#END SUBFRAME
kkk*xkkxkKkkk*k* FUEL1 PIN

#CELL ID(1) TYPE(BOX)
Cl10: -999
cl11:ToP11 : 0
Cl112:TOP12 :<MCLAD1>
C113:TOP13 : 0
C114:DRY11 :<MFUEL1>
C115:DRY12 :<MCLAD1>
Cl116:DRY13 0
C117:DRY14 :<MFUEL1>
C118:DRY15 :<MCLAD1>
C119:DRY16 <MAL>
C120:DRY17 :<MFUEL1>
C121:DRY18 :<MCLAD1>
C122:DRY19 : 0
Cl123:WET111 :<MFUEL1>
Cl24:WET112 :<MCLAD1>
C125:WET113 :<MH20>
C123:WET121 :<MFUEL1>
Cl124:WET122 :<MCLAD1> :
C125:WET123 :<MH20> :
C123:WET141 :<MFUEL1l>
Cl124:WET142 :<MCLAD1>
Cl25:WET143 :<MH20>
C126:B0T11 :<MCLAD1>
C127:BOT12 :<MH20>
C128:BOT13 :<MAL>

khkkkkkhkkkkkkxx FUEL2 PIN
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1 2 4 71616 7 4 2 1

8 5 2
9 6 4
10 9 8 7

3
5

3 14 15 15 14 13 12 11
3 14 15 15 14 13 12 11

10 9 8 7
9 6 5 4
8 5 3 2
7 4 2 1)

CELL khkkhkhkhkkhkkhkdkkkkdhkhkkhk

-1111
1111 -12 +1112
1111 12 -11 +1112
1111 11 +1112
1111 11 +11131
1111 12 -11 +11131
1111 -12 +11131
1111 11 +11132
1111 12 -11 +11132
1111 -12 +11132
1111 11 +11133
1111 12 -11 411133
1111 -12 +11133
1111 11 +11141
1111 12 -11 +11141
1111 -12 +11141
1111 11 +11142
1111 12 -11 +11142
1111 -1i2 +11142
1111 11 +11143
1111 12 -11 +11143
1111 -12 +11143
1111 12 +1115
1111 -12 +1115 -30003
1111 -12 +1115 30003

CELL hhkhkhkdkhkdhkhkdhkhkkhhkhkdkdhkdkx

#CELL ID(2) TYPE(BOX)
C210: : -999 -2221
C211:TOP21 : 0 : 2221 -22 +2222
C212:TOP22 :<MCLAD2> : 2221 22 -21 +2222
C213:TOP23 : 0 : 2221 21 +2222
C214:DRY21 :<MFUEL2> 2221 21 +2223
C215:DRY22 :<MCLAD2> 2221 22 -21 +2223
C216:DRY23 : 0 12221 -22 +2223
C217:WET211 :<MFUEL2> 2221 21 +22241
C218:WET212 :<MCLAD2> : 2221 22 -21 +22241
C219:WET213 :<MH20> ¢ 2221 -22 +22241
C220:WET221 :<MFUEL2> 2221 21 +22242
C221:WET222 :<MCLAD2> 2221 22 -21 +22242
C222:WET223 :<MH20> 2221 -22 +22242
C223:WET241 :<MFUEL2> 2221 21 +22243
C224:WET242 :<MCLAD2> 2221 22 -21 +22243
C225:WET243 :<MH20> : 2221 -22 +22243
C226:B0T21 :<MCLAD2> 2221 22 +2225
C227:BOT22 :<MH20> 2221 -22 +2225 -20003
C228:BOT23 :<MAL> 2221 -22 +2225 20003

khkkkkkkhkkkkkkx WATER PIN CELL Ahkkhkkhkkrhkhrrkhkhkhkhkkkkkhd

#CELL 1ID(3) TYPE (BOX)
C310: -999 -1111
C311:TOP3 0 +1112
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C312:DRY3 : 0 +1113
C313:WET3 :<MH20> +1114
C314:BOT3 :<MH20> +1115

#CELL ID(6) TYPE (BOX)
C610: -999 -1111
C611:TOP61 : 0 1111 -12 +1112
C612:TOP62 :<MCLAD1> : 1111 12 -11 +1112
C613:TOP63 : 0 1111 11 +1112
C614:DRY61 :<MFUEL1> 1111 11 +11131
C615:DRY62 :<MCLAD1> : 1111 12 -11 +11131
C616:DRY63 0 ¢ 1111 -12 +11131
C617:DRY64 :<MFUEL1> : 1111 11 +11132
C618:DRY65 :<MCLAD1> 1111 12 -11 +11132
C619:DRY66 <MAL> 1111 -12 +11132
C620:DRY67 :<MFUEL1> 1111 11 +11133
C621:DRY68 :<MCLAD1> : 1111 12 -11 +11133
C622:DRY69 : 0 ¢ 1111 -12 +11133
C623:WET611 :<MFUEL1> 1111 11 +11141
C624:WET612 :<MCLAD1> 1111 12 -11 +11141
C625:WET613 :<MH20> : 1111 -12 +11141
C623:WET621 :<MFUEL1> 1111 11 +11142
C624:WET622 :<MCLAD1> 1111 12 -11 +11142
C625:WET6231 :<MH20FT> 1111 1011 +11142
C625:WET6232 :<MH20FT> 1111 1012 +11142
C625:WET6233 :<MH20FT> 1111 1013 +11142
C625:WET6234 :<MH20FT> 1111 1014 +11142
C625:WET624 :<MH20> 1111 -12 -1011 -1012 -1013 -1014 +11142
C623:WET631 :<MFUEL1> 1111 11 +11143
C624:WET632 :<MCLAD1> 1111 12 -11 +11143
C625:WET633 :<MH20> 1111 -12 +11143
C626:BOT61 :<MCLAD1> 1111 12 +1115
C627:BOT62 :<MH20> 1111 -12 +1115 -30003
C628:BOT63 :<MAL> 1111 -12 +1115 30003

#CELL ID(7) TYPE (BOX)
Cc710: -999 -2221
C711:TOP71 : 0 2221 -22 +2222
C712:TOP72 :<MCLAD2> 2221 22 -21 42222
C713:TOP73 : 0 ;2221 21 +2222
C714:DRY71 :<MFUEL2> 2221 21 +2223
C715:DRY72 :<MCLAD2> : 2221 22 -21 42223
C716:DRY73 : 0 ;2221 -22 +2223
C717:WET711 :<MFUEL2> 2221 21 +22241
C718:WET712 :<MCLAD2> 2221 22 -21 +22241
C719:WET713 :<MH20> : 2221 -22 +22241
C720:WET721 :<MFUEL2> 2221 21 +22242
C721:WET722 :<MCLAD2> 2221 22 -21 +22242
C720:WET7231 :<MH20FT> 2221 2011 +22242
C720:WET7232 :<MH20FT> 2221 2012 +22242
C720:WET7233 :<MH20FT> 2221 2013 +22242
C720:WET7234 :<MH20FT> 2221 2014 +22242
C720:WET724 :<MH20> 2221 -22
C723:WET731 :<MFUEL2> 2221 21 +22243
C724:WET732 :<MCLAD2> 2221 22 -21 +22243
C725:WET733 :<MH20> 2221 -22 +22243
C726:BOT71 :<MCLAD2> 2221 22 +2225
C727:BOT72 :<MH20> 2221 -22 +2225 -20003
C728:BOT73 :<MAL> 2221 -22 +2225 20003

#END CELL

W Je ok de vk de ok ok ok ke ok

#TALLY REGION

JAERI-Research 2003-007

TALLY REGION DATA

-2011 -2012 -2013 -2014 +22242

khkhkhkhh kb ko hkhrkhkhk bk ki kA hkdhk

***xx* Total power of 100 MOX fuels

DEFINE @MOXPTOT

LAT2:C*!WET221
LAT2:E*!WET721

(LAT2:A*!WET221 LAT2:B*!WET221

LATZ2:D*!WET221
)

****+* POWER TALLY; Fission reaction Rates
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DEFINE @MXRAO (!LAT2:A0!WET221
DEFINE @MXRBO (!LAT2:BO!WET221
DEFINE @MXRB1 (!LAT2:B1l!WET221
DEFINE @MXRCO (!LAT2:CO!WET221
DEFINE @MXRC1 (!LAT2:C1!WET221
DEFINE @MXRC2 (!LAT2:C2!WET221
DEFINE @MXRD0O (!LAT2:DO!WET221
DEFINE @MXRD1 (!LAT2:D1!WET221
DEFINE @MXRD2 (!LAT2:D2!WET221
DEFINE @MXRD3 (!LAT2:D3!WET221 )
DEFINE @MXREO (!LAT2:EQ!WET721 !LAT2:A4!WET221
DEFINE @MXRE1l (!LAT2:E1!WET721 !LAT2:BA4!WET221
DEFINE @MXRE2 (!LATZ2:E2!WET721 !LAT2:C4!WET221
DEFINE @MXRE3 (!LAT2:E3!WET721 !LAT2:D4!WET221
DEFINE G@MXRE4 (!LAT2:E4!WET721 )
*xxxxxx* FLUX TALLY; Capture reaction rate ***r¥xxddkixx
DEFINE @BAUMXTOT (!LAT2:EQ!WET723*
'LAT2:E1!WET723*
'LAT2:E2!WET723*
'LAT2:E3!WET723*
'LAT2:E4!WET723%)
DEFINE Q@BAUMXE4 (!LAT2:E4!WET723%*)
DEFINE @BAUMXE41 (!LAT2:E4!WET7231)
DEFINE Q@BAUMXE42 (!LAT2:E4!WET7232)
DEFINE @BAUMXE43 (!LAT2:E4!WET7233)
DEFINE @BAUMXE44 (!LAT2:E4!WET7234)
DEFINE @BAUMXE3 (!LAT2:E3!WET723%)
DEFINE @BAUMXE31 (!LAT2:E3!WET7231)
DEFINE @BAUMXE32 (!LAT2:E3!WET7232)
DEFINE @BAUMXE33 (!LAT2:E3!WET7233)
DEFINE @BAUMXE34 (!LAT2:E3!WET7234)
DEFINE @BAUMXE2 (!LAT2:E2!WET723%)
DEFINE @BAUMXE21 (!LAT2:E2!WET7231)
DEFINE @BAUMXE22 (!LAT2:E2!WET7232)
DEFINE @BAUMXE23 (!LAT2:E2!WET7233)
DEFINE @BAUMXE24 (!LAT2:E2!WET7234)
DEFINE @BAUMXE1l (!LAT2:E1!WET723%*)
DEFINE @BAUMXE1l (!LAT2:E1!WET7231)
DEFINE @BAUMXE12 (!LAT2:E1!WET7232)
DEFINE @BAUMXE13 (!LAT2:E1!WET7233)
DEFINE @BAUMXE14 (!LAT2:E1!WET7234)
DEFINE @BAUMXE(Q (!LAT2:EQ!WET723%)
DEFINE @BAUMXE(O1l (!LAT2:E0!WET7231)
DEFINE @BAUMXE(02 (!LAT2:E0!WET7232)
DEFINE @BAUMXEO3 (!LAT2:EQ!WET7233)
DEFINE @BAUMXE(O4 (!LAT2:E0!WET7234)
DEFINE @WGFTLR (WGFTL WGFTR)
DEFINE @BAUDRTOT (!LAT1:D3!WET623*
ILAT1:D4!WET623*
!LAT1:D5!WET623*
ILAT1:D6!WET623*
'LAT1:D7!WET623*)
DEFINE @BAUDR3 (!LAT1:D3!WET623%*)
DEFINE @BAUDR31 (!LAT1:D3!WET6231)
DEFINE @BAUDR32 (!LAT1:D3!WET6232)
DEFINE @BAUDR33 (!LAT1:D3!WET6233)
DEFINE Q@BAUDR34 (!LAT1:D3!WET6234)
DEFINE @BAUDR4 (!LAT1:D4!WET623*)
DEFINE @BAUDR41 (!LAT1:D4!WET6231)
DEFINE @BAUDR42 (!LAT1:D4!WET6232)
DEFINE Q@BAUDR43 (!LAT1:D4!WET6233)
DEFINE @BAUDR44 (!LAT1:D4!WET6234)
DEFINE @BAUDR5 (!LAT1:DS5!WET623%)
DEFINE @BAUDRS51 (!LAT1:DS5!WET6231)
DEFINE @BAUDR52 (!LAT1:D5!WET6232)

—
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DEFINE @BAUDR53 (!LAT1:D5!WET6233)
DEFINE @BAUDR54 (!LAT1:D5!WET6234)
DEFINE Q@BAUDR6 (!LAT1:D6!WET623%*)
DEFINE @BAUDR61 (!LAT1:D6!WET6231)
DEFINE @BAUDR62 (!LAT1:D6!WET6232)
DEFINE @BAUDR63 (!LAT1:D6!WET6233)
DEFINE @BAUDR64 (!LAT1:D6!WET6234)
DEFINE @BAUDR7 (!LAT1:D7!WET623*)
DEFINE Q@BAUDR71 (!LAT1:D7!WET6231)
DEFINE QBAUDR72 (!LAT1:D7!WET6232)
DEFINE @BAUDR73 (!LAT1:D7!WET6233)
DEFINE @BAUDR74 (!LAT1:D7!WET6234)

* DEFINE @BAURFTOT (RF*)

DEFINE Q@BAURFTOT (RF61* RF62* RF63* RF64* RF65* RF66* RF67*
RF81* RF82* RF83* RF84* RF85* RF86* RF87%)

DEFINE Q@CAURFTOT (RF61* RF62* RF63* RF64* RF65*
RF81* RF82* RF83* RF84* RF85*)

DEFINE @BAURF1l (RF61* RF81*)

DEFINE Q@BAURF1l1l (RF611 RF811)

DEFINE @BAURF12 (RF612 RF812)

DEFINE @BAURF13 (RF613 RF813)

DEFINE @BAURF14 (RF614 RF814)

DEFINE Q@BAURF2 (RF62* RF82%)

DEFINE @BAURF21 (RF621 RF821)

DEFINE Q@BAURF22 (RF622 RF822)

DEFINE @BAURF23 (RF623 RF823)

DEFINE @BAURF24 (RF624 RF824)

DEFINE @BAURF3 (RF63* RF83%*)

DEFINE Q@BAURF31 (RF631 RF831)

DEFINE QBAURF32 (RF632 RF832)

DEFINE @BAURF33 (RF633 RF833)

DEFINE @BAURF34 (RF634 RF834)

DEFINE @BAURF4 (RF64* RF84*)

" DEFINE @BAURF41 (RF641 RF841)
DEFINE @BAURF42 (RF642 RF842)
DEFINE @BAURF43 (RF643 RF843)
DEFINE @BAURF44 (RF644 RF844)
DEFINE @BAURF5 (RF65* RF85%*)
DEFINE @BAURF51 (RF651 RF851)
DEFINE @BAURF52 (RF652 RF852)
DEFINE @BAURF53 (RF653 RF853)
DEFINE @BAURF54 (RF654 RF854)
DEFINE @BAURF6 (RF66* RFB86%*)
DEFINE @BAURF61 (RF661 RF861)
DEFINE Q@BAURF62 (RF662 RF862)
DEFINE Q@BAURF63 (RF663 RF863)
DEFINE @BAURF64 (RF664 RF864)
DEFINE @BAURF7 (RF67* RF87*)
DEFINE Q@BAURF71 (RF671 RF871)
DEFINE Q@BAURF72 (RF672 RF872)
DEFINE @BAURF73 (RF673 RF873)
DEFINE @BAURF74 (RF674 RF874)
DEFINE @BAURF8 (RF68* RF88Y)
DEFINE @BAURF81 (RF681 RF881)
DEFINE Q@BAURF82 (RF682 RF882)
DEFINE @BAURF83 (RF683 RF883)
DEFINE @BAURF84 (RF684 RF884)

DEFINE Q@TOTAL (T*:x1*x *x)
SEND GEOM
*rkkkkkkkk*x* Tnjtial Source ( for zero-step )
$SOURCE
*#SOURCE-START
& NEUTRON
RATIO( 1.0 )

@E = #FISSION(PU9* 2.53E-02) ;
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@X = #UNIFORM( <-DH1/2.> <DH1/2.> ) ;
@Y = #UNIFORM( <-DH1/2.> <DH1/2.> ) ;
@2 = #COSINE( <F1> <F1+WLEVEL> ) ;

*#SOURCE-END
SEND SOURCE
*

/***** RESPONCE PARAMETERS ***¥***k*

NRESP (2)
RESP.N(
2.38132e-03 1.10242e-03 2.93120e-03 6.60401e-03 1.14989e-02
2.12718e-02 3.37835e-02 5.30515e-02 6.73920e-02 7.50607e-02
8.38236e-02 9.46273e-02 1.17162e-01 1.50540e-01 1.83527e-01
2.24972e-01 2.48426e-01 2.66152e-01 2.88732e-01 3.14969e-01
3.52048e-01 4.01247e-01 4.50257e-01 5.34763e-01 6.04457e-01
6.68673e-01 8.14608e-01 9.89079%e-01 1.14346e+00 1.43548e+00
1.80258e+00 1.56554e+00 2.05514e+00 1.93685e+00 3.10501e+00
3.71652e+00 4.74516e+00 6.75791e+00 7.15541e+00 9.38153e+00
7.67530e+00 1.06973e+01 8.89769e+00 7.48289e+00 3.79264e+00
1.50280e+01 5.21137e+00 8.13953e-01 1.10804e+01 3.46523e+01
7.00235e-01 2.65433e-01 3.30329e-01 5.36848e-01 1.00668e+00
2.23762e+00 6.12243e+00 2.37547e+01 1.75337e+02 2.64129%e+02
8.13928e+01 4.11080e+01 2.94273e+01 2.53873e+01 2.45831e+01
2.34221e+01 2.27097e+01 2.24119e+01 2.25299e+01 2.30692e+01
2.34845e+01 2.39239e+01 2.47884e+01 2.56460e+01 2.63828e+01
2.74453e+01 2.80449e+01 2.85215e+01 2.88484e+01 2.96022e+01
3.03871e+01 3.13355e+01 3.21153e+01 3.26178e+01 3.41201e+01
3.54676e+01 3.64322e+01 3.77463e+01 3.92394e+01 4.06471e+01
4.28430e+01 4.49113e+01 4.71985e+01 4.99865e+01 5.29298e+01
5.64099e+01 6.04696e+01 6.50827e+01 7.05325e+01 7.71466e+01
8.49541e+01 9.48915e+01 1.07482e+02 1.24280e+02 1.46541e+02
1.78653e+02 2.24941e+02 2.70109e+02
2.42430e-03 1.10985e-03 2.94317e-03 6.63906e-03 1.16112e-02
2.14233e-02 3.39483e-02 5.36385e-02 6.81770e-02 7.60822e-02
8.58294e-02 9.64894e-02 1.19898e-01 1.52700e-01 1.85311le-01
2.27294e-01 2.52607e-01 2.70258e-01 2.89824e-01 3.13571e-01
3.52229e-01 4.00366e-01 4.54568e-01 5.31563e-01 6.00303e-01
6.68534e-01 8.13347e-01 9.83406e-01 1.15188e+00 1.43850e+00
1.80427e+00 1.56851e+00 2.09124e+00 2.00223e+00 2.97738e+00
3.65300e+00 4.53678e+00 6.71006e+00 7.18454e+00 9.28353e+00
7.93405e+00 1.03520e+01 8.91807e+00 7.70504e+00 4.14881e+00
1.48098e+01 5.44878e+00 8.4228le-01 1.12573e+01 3.46207e+01
7.25510e-01 2.64699e—-01 3.25490e-01 5.34472e-01 1.00560e+00
2.24741e+00 6.08034e+00 2.39683e+01 1.78498e+02 2.59527e+02
8.16026e+01 4.10510e+01 2.92858e+01 2.53769e+01 2.37046e+01
2.24484e+01 2.22873e+01 2.15426e+01 2.10998e+01 2.08477e+01
2.00872e+01 1.93094e+01 1.79004e+01 1.56935e+01 1.25239e+01
9.73289e+00 7.75222e+00 5.55463e+00 3.49440e+00 .1.78073e+00
7.13437e-01 1.89842e-01 3.17342e-02 1.7428le-03 0.00000e+00
0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00 0.00000e+00
5.61074e-04 1.61004e-03 5.00879e-03 1.51567e-02 2.67004e-02
4.30696e—-02 5.81267e-02 6.68539e-02 6.87116e-02 6.07504e-02
4.59620e-02 2.97556e-02 1.15211e-02 3.85990e-03 1.39577e-03
0.00000e+00 0.00000e+00 0.00000e+00 )

S$STALLY

& ID(1)
IRESP (1)
LABEL (BAU)

EVENT (TRACK)

DIMENSION (REGION)

REGION (@BAUMXTOT
@BAUMXE4 @BAUMXE41 @BAUMXE42 @BAUMXE43 @BAUMXE44
@BAUMXE3 @BAUMXE31 @BAUMXE32 @GBAUMXE33 @BAUMXE34
@BAUMXEZ2 @BAUMXE21 @BAUMXE22 @BAUMXE23 @BAUMXE24
@BAUMXE1l Q@BAUMXE11l @BAUMXE12 @BAUMXE13 @BAUMXE1l4
@BAUMXEO @BAUMXE(Q1 @BAUMXEO2 @BAUMXEO3 @BAUMXE(4
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@WGFTLR

@BAUDRTOT

@BAUDR3 @BAUDR31 @BAUDR32 @BAUDR33 @BAUDR34
@BAUDR4 @BAUDR41 @BAUDR42 @BAUDR43 @BAUDR44
@BAUDRS @BAUDRS51 @BAUDR52 @BAUDRS53 @BAUDRS54
@BAUDR6 @BAUDR61 @BAUDR62 @BAUDR63 @BAUDR64
@BAUDR7 @BAUDR71 @BAUDR72 @BAUDR73 @BAUDR74
@BAURFTOT

@BAURF1 @BAURF11 @BAURF12 @BAURF13 @BAURF14
@BAURF2 @BAURF21 @BAURF22 @BAURF23 @BAURF24
@BAURF3 @BAURF31 @BAURF32 @BAURF33 @BAURF34
@BAURF4 @BAURF41 @BAURF42 @BAURF43 @BAURF44
@BAURFS5 @BAURF51 @BAURF52 @BAURF53 @BAURF54
@BAURF6 @BAURF61 @BAURF62 QBAURF63 @BAURF64
@BAURF7 @BAURF71 @BAURF72 @BAURF73 @BAURF74
@BAURF8 @BAURF81 @BAURF82 @BAURF83 QRBAURF84 )

& ID(2)
IRESP (2)
LABEL (CAU)

EVENT (TRACK)
DIMENSION (REGION)
REGION (@BAUMXTOT
@BAUMXE4 @BAUMXE41 @BAUMXE42 QRBAUMXE43 @BAUMXE44
@BAUMXE3 @BAUMXE31 @BAUMXE32 RBAUMXE33 @BAUMXE34
@BAUMXE2 Q@BAUMXE21 @BAUMXE22 @BAUMXE23 @BAUMXE24
@BAUMXE1 @BAUMXE1l1l @BAUMXE1l2 @BAUMXE13 @BAUMXE1l4
@BAUMXEO @BAUMXEO1 @BAUMXE(O2 @BAUMXE(3 @BAUMXE(4
@WGFTLR
@BAUDRTOT
@BAUDR3 @BAUDR31 @BAUDR32 @BAUDR33 @BAUDR34
@BAUDR4 @BAUDR41 @BAUDR42 @BAUDR43 @BAUDR44
@BAUDR5 @BAUDRS51 @BAUDR52 @BAUDRS53 @BAUDRS54
@BAUDR6 @BAUDR61 @BAUDR62 @BAUDR63 @RBAUDR64
@BAUDR7 @BAUDR71 @BAUDR72 @BAUDR73 @BAUDR74
@CAURFTOT
@BAURF1 @BAURF11 RBAURF12 @BAURF13 @BAURF14
@BAURF2 @BAURF21 @BAURF22 @BAURF23 @BAURF24
@BAURF3 @BAURF31 @BAURF32 @BAURF33 @BAURF34
@BAURF4 @BAURF41 @BAURF42 @BAURF43 @BAURF44
@BAURFS5 @BAURF51 @BAURF52 @BAURF53 QRBAURF54
@BAURF6 Q@BAURF61 @BAURF62 @BAURF63 @BAURF64
@BAURF7 Q@BAURF71 @BAURF72 @BAURF73 @BAURF74
@BAURF8 @BAURF81 @BAURF82 @BAURF83 @BAURF84 )
SEND TALLY
dodk ke ke ok ok ok ok ok ok ok ok VARIANCE REDUCTION PZARAMETERS Je d deok Ak ok ke ko ke gk ok ok ke ko ke ok kb ok ok ok
¥ NR = %NREG, NRG=NR*NG
WKIL( <NRG>(0.25) )
WSRV( <NRG>(0.50) )
% % d e K gk ko ke ko ok FISSION NEUTRON GENERATION Ahkhkhkhkhhkhhkhkhhdrhkhhkhkhkhkhhhhkdhkhkdhid
WGTF ( <NR>(0.80) )
Kk ook o ok ok ok ok ok ok TALLY ENERGY BOUNDARIES e de Kk e dk gk de de ke de g bk Yok e ok sk o e ok b W ok e ok ke ke ok

* oo 108 group energy bin -----
ENGYB( 2.0000E+07
1.0000E+07 7.7880E+06 6.0653E+06 4.7237E+06 3.6788E+06
2.8650E+06 2.2313E+06 1.7377E+06 1.3534E+06 1.0540E+06
8.2085E+05 6.3928E+05 4.9787E+05 3.8774E+05 3.0197E+05
2.3518E+05 1.8316E+05 1.4264E+05 1.1109E+05 8.6517E+04
6.7380E+04 5.2475E+04 4.0868E+04 3.1828E+04 2.4788E+04
1.9304E+04 1.5034E+04 1.1709E+04 9.1188E+03 7.1017E+03
5.5308E+03 4.3074E+03 3.3546E+03 2.6126E+03 2.0347E+03
1.5846E+03 1.2341E+03 9.6112E+02 7.4852E+02 5.8295E+02
4.5400E+402 3.5358E+02 2.7536E+02 2.1445E+02 1.6702E+02
1.3007E+402 1.0130E+02 7.8893E+01 6.1442E+01 4.7851E+01
3.7266E+01 2.9023E+01 2.2603E+01 1.7604E+01 1.3710E+01
1.0677E+01 8.3153E+00 6.4759E+00 5.0435E+00 3.9279E+00
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3.0590E+00 2.3824E+00 1.8554E+00 1.6374E+00 1.4450E+00
1.2752E+00 1.1253E+00 9.9312E-01 8.7643E-01 7.7344E-01
6.8256E-01 6.0236E-01 5.3158E-01 4.6912E-01 4.1399E-01
3.8926E-01 3.6528E-01 3.4206E-01 3.1961E-01 2.9792E-01
2.7699E-01 2.5683E-01 2.3742E-01 2.1878E-01 2.0090E-01
1.8378E-01 1.6743E~01 1.5183E-01 1.3700E-01 1.2293E-01
1.0963E-01 9.7080E-02 8 5397E-02 7.4276E-02 6.4017E-02
5.4520E-02 4.5785E-02 3.7813E-02 3.0602E-02 2.4154E-02
1.8467E-02 1.3543E-02 9.3805E-03 5.9804E-03 3.3423E-03
1.4663E-03 3.5238E-04 1.0000E-05 )
******************************************************ﬁt**t******
* e 3 GROUP ENERGY BIN ---—-

* ENGYB( 2.0000E+07 5.5308E+03 1.8554E+00 1.0000E-05 )
*****************************************************************
/.
% TH1 = 50.0, TH2 = 60.0
TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* VX VY A\ AX AY AZ BX BY BZ DY
PAPER ( -10.0 -2.5 <TH2> 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 5.0 5.0)

LEVEL (2)
* SCAN (0 3)

SCAN ( 3 0)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* VX vy vZ AX AY AZ BX BY BZ DY

PAPER ( 7.0 -1.0 <TH2> 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 5.0 2.0)

LEVEL (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* VX VY vz AX AY AZ BX BY BZ DY

PAPER ( 14.0 -8.0 <TH2> 1.0 0.0 0.0 0.0 1.0 0.0 -1)

XMAX ( 25.0 16.0 )

LEVEL (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
PAPER ( -10.0 -2.50 <TH1> 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 5.0 5.0)

LEVEL (2)
/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
PAPER ( 7.0 -1.0 <TH1> 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 5.0 2.0)

LEVEL (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* VX vY vz AX AY AZ BX BY BZ DY

PAPER ( 13.0 -6.0 <TH1> 1.0 0.0 0.0 0.0 1.0 0.0 -1)

XMAX ( 25.0 12.0 )

LEVEL (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* vX vY vz AX AY AZ BX BY ° BZ DY

PAPER ( -50.0 -50.0 <TH1> 1.0 0.0 0.0 0.0 1.0 0.0 -1)

XMAX ( 100.00 100.0 )

LEVEL (2)

SPTYP (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section
* VX vY vz AX AY AZ BX BY BZ DY

~

~

)
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PAPER ( -50.0 -50.0 106. 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 100.00 100.0 )

LEVEL (2)

SPTYP (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section )
* vX VY VZ AX AY AZ BX BY BZ DY

PAPER ( -50.0 -50.0 1108. 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 100.00 100.0 )

LEVEL (2)

SPTYP (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XY cross section )
* VX vY vz AX AY AZ BX BY BZ DY

PAPER ( -00.01 -1.0 <TH1> 1.0 0.0 0.0 0.0 1.0 0.0 -1)
XMAX ( 20.00 20.0 )

LEVEL (2)

SPTYP (2)

/

TITLE ( 2.40Pu <Run #4045> TCA two-region core XZ cross section )
* VX vy vz AX AY AZ BX BY BZ DY

PAPER ( -25.0 <P1/2-.5> -5.0 1.0 0.0 6.0 0.0 0.0 1.0 -1)
XMAX ( 50. 50.0 )

LEVEL (2)

SPTYP (2)

/
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APPENDIX- B
FORTRAN program and MVP input for response function calculation

1. FORTRAN program for response function calculation

Q

10

51

17

11

12

20

52

18

13

LW N

PROGRAM RESPONSE

A PROGRAM TO CALCULATE ENERGY=WISE RESPONSE FUNCTIONS FOR BARE

AND CD-COVERED AU-WIRE, READING DATA FROM MVP OUTPUT FILE

CHARACTER*30 RECO

CHARACTER*56 REC1, REC2, REC3, REC4, REC5, REC6, REC7

INTEGER*4 NO(108)

REAL*4 FLXINF(108),FLXB(108),FLXC(108),FLXCD(108) ,FLXBW(108),
FLXVD(108),FLXCW(lOB),RRINFl(lOB),RRINFZ(lOS),RRBl(lOB),
RRBZ(lOS),RRCl(lOB),RRCZ(lOB),XSINF(lOB),XSB(lOB),XSC(108),
RFB(lOB),RFC(lOB),RXB(lOB),RXC(lOB),FXINF(lOS),FXB(108),
FXC(108),RRRBl(lOS),RRRBZ(lOB),RRRCl(lOB),RRRCZ(lOB),SFBl(lOB),
SFBZ(lOB),SFC1(108),SFC2(108),XSHBl(lOS),XSHBZ(lOB),XSHCl(lOB),
XSHC2(108),LTG(108),LTW(lOB),ENB(109),NDINF,NDSH,VLINF,VLSH,FACT

OPEN(1,FILE='auil.out')

OPEN (2 ,FILE="'ausbl.out')

OPEN(3,FILE=‘*auscl.out')

OPEN(1,FILE='auil.out"')
OPEN (2 ,FILE="'ausb0.out')
OPEN (3,FILE='ausc0.out"')

OPEN (4,FILE='sff.out', STATUS='UNKNOWN')

OPEN(5,FILE='sffx.out',STATUS='UNKNOWN')

NG=108

ENB(109)=1.000E-05

NDINF = 1.0E-12

NDSH = 5.900862E-02

VLINF = 1000.

VLSH = 1.9634954E-02

VLBW = 1000.0-1.9634954E-02

VLCW = 1000.0-4.10433058E-01

FACT1 = (NDINF)/(NDSH*VLSH)

FACT2 = (NDINF*VLINF)/(NDSH*VLSH)

RECO='FLUX BY TRACK LENGTH ESTIMATOR'

REC1=" <AU7003B6294> === T-REG. 1 === REACTION RATE ==='
REC2=" <AU7003B6294> === T-REG. 1 === CROSS SECTION =='
REC3=" <AU7003B6294> === T-REG. 2 === REACTION RATE ==='
REC4="' <AU7003B6294> === T-REG. 2 === CROSS SECTION =='

Kk kkkkdkkhkhkkhkhk

READ (1, 69, END=51) RECS

IF( REC5 .EQ. REC0O) GO TO 17

GO TO 10

WRITE (*,*) 'NO MATCH IN FILE1l'

GOTO 99

po 11 I=1,5

READ (1,*)

CONTINUE

DO 12 J=1,NG

READ (1, 61) NO(J), ENB(J), FLXINF(J)
WRITE (4, 61) NO(J), ENB(J), FLXINF (J)
READ (1,*)

CONTINUE

READ (1, 68, END=52) REC5

IF( REC5 .EQ. REC1) GO TO 18

GO TO 20

WRITE (*,*) 'NO MATCH IN FILE12'

GOTO 99

po 13 J=1,3

READ (1,*)

CONTINUE

DO 14 K=1,NG

READ (1, 61) NO(K), ENB(K), RRINF2(K)



14

30

53

19

15

16

40

54

27

21

22

50

55

28

23

24

60

56

29

25

26

70

57

37

31
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WRITE(4, 61) NO(K), ENB(K), RRINF2(K)
READ (1, *)
CONTINUE
READ (1, 68, END=53) RECS
IF( RECS .EQ. REC2) GO TO 19
GO TO 30
WRITE (*,*) 'NO MATCH IN FILE13'
GOTO 99
DO 15 J=1,3
READ (1, *)
CONTINUE
DO 16 K=1,NG
READ (1, 61) NO(K), ENB(K), XSINF(K)
WRITE (4, 61) NO(K), ENB(K), XSINF (K)
READ (1, *)
CONTINUE
READ (2, 69, END=54) REC6
IF( REC6 .EQ. REC0O) GO TO 27
GO TO 40
WRITE (*,*) 'NO MATCH IN FILE21'
GOTO 99
DO 21 L=1,5
READ (2,%*)
CONTINUE
DO 22 M=1,NG
READ (2, 62) NO(M), ENB(M), FLXB(M), FLXBW(M)
WRITE (4, 61) NO(M), ENB (M), FLXB (M)
READ (2, *)
CONTINUE
READ (2, 68, END=55) REC6
IF( REC6 .EQ. REC1l) GO TO 28
GO TO 50
WRITE(*,*) 'NO MATCH IN FILE22'
GOTO 99
DO 23 J=1,3
READ (2, *)
CONTINUE
DO 24 K=1,NG
READ(2, 61) NO(K), ENB(K), RRB2(K)
WRITE (4, 61) NO(K), ENB(K), RRB2(K)
READ(2,*)
CONTINUE
READ (2, 68, END=56) REC6
IF( REC6 .EQ. REC2) GO TO 29
GO TO 60
WRITE (*,*) 'NO MATCH IN FILE23'
GOTO 99
DO 25 J=1,3
READ (2, *)
CONTINUE
DO 26 K=1,NG
READ (2, 61) NO(K), ENB(K), XSB(K)
WRITE (4, 61) NO(K), ENB(K), XSB(KJ)
READ (2, *)
CONTINUE
READ (3, 69, END=57) REC7
IF( REC7 .EQ. RECO0) GO TO 37
GO TO 70
WRITE (*,*) 'NO MATCH IN FILE31'
GOTO 99
DO 31 N=1,5
READ (3,*)
CONTINUE
DO 32 II=1,NG

READ(3,63)NO(II) ,ENB(II) ,FLXCD(II) ,FLXC(II),FLXVD(II),FLXCW(II)
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c WRITE (4, 61) NO(II), ENB(II), FLXC(II)
READ (3, *)
32 CONTINUE
80 READ (3, 68, END=58) REC7
IF( REC7 .EQ. REC3) GO TO 38
GO TO 80
58 WRITE (*,*) ‘'NO MATCH IN FILE32'
GOTO 99
38 bo 33 J=1,3
READ (3, *)
33 CONTINUE
DO 34 K=1,NG
READ(3, 61) NO(K), ENB(K), RRC2(K)
Cc WRITE (4, 61) NO(K), ENB(K), RRC2(K)
READ (3, *)
34 CONTINUE
90 READ (3, 68, END=59) REC7
IF( REC7 .EQ. REC4) GO TO 39

GO TO %0

59 WRITE (*,*) ‘NO MATCH IN FILE33'
GOTO 99

39 po 35 J=1,3
READ (3, *)

35 CONTINUE

DO 36 K=1,NG
READ (3, 61) NO(K), ENB(K), XSC(K)
o] WRITE (4, 61) NO(K), ENB(K), XSC(K)
READ (3, *)
36 CONTINUE
C *** XS AVERAGING
XSINFT=0.0
XSBT=0.0
XSCT=0.0
DO 41 I=1,NG
XSINFT=XSINFT+XSINF (1)
XSBT=XSBT+XSB (I)
XSCT=XSBT+XSC (I)
41 CONTINUE
AVXSINF= XSINFT/NG
AVXSB= XSBT/NG
AVXSC= XSCT/NG
DO 42 JJ=1,NG
C******FLUX PER UNIT VOLUME
FLXINF (JJ)=FLXINF (JJ) /VLINF
FLXB (JJ)=FLXB (JJ) /VLSH
FLXC (JJ)=FLXC(JJ) /VLSH
FLXBW (JJ) =FLXBW(JJ) /VLBW
FLXCW (JJ) =FLXCW(JJ) /VLCW
C****x**SHIELDING FACTOR AND SHIELDED X-SECTION FROM FLUX & X-SEC RATIO

C RFB (JJ) =FLXB (JJ) /FLXINF (JJ)
C RXB (JJ) =XSB (JJ) /XSINF (JJ)
C SFB1(JJ)= RFB(JJ)* RXB(JJ)
c XSHB1 (JJ) =SFB1 (JJ) *XSINF (JJ)
c RFC (JJ)=FLXC (JJ) /FLXINF (JJ)
C RXC (JJ) =XSC (JJ) /XSINF (JJ)
c SFC1(JJ)= RFC(JJ)* RXC(JJ)
C XSHC1 (JJ)=SFC1 (JJ) *XSINF (JJ)
42 CONTINUE
C ******FLUX AVERAGEING FOR NORMALIZATION ***xxi*
FLXBT=0.0
FLXCT=0.0
FLXIT=0.0

DO 43 JJ=1,NG
FLXIT=FLXIT+FLXINF (JJ)
FLXBT=FLXBT+FLXB (JJ)
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FLXCT=FLXCT+FLXC (JJ)

AVFLXI= FLXIT/NG

AVFLXB= FLXBT/NG

AVFLXC= FLXCT/NG

RFLXBI = AVFLXI/AVFLXB
RFLXCI = AVFLXI/AVFLXC
FLXB(JJ)= FLXB(JJ)* RFLXBI
FLXC(JJ)= FLXC(JJ)* RFLXCI

CONTINUE

C *****xREACTION-RATE CALCULATION

C
Cc
C
cC

aQaao

44

45

Q

46

[eNeNe N NS

47

Q

61
62
63

*** SHIELDING EFFECT OF RESONANCE X-SECTIONS ****x*
FXINF(1)=1.0
FXB(1)=1.0
FXC(1)=1.0
DO 44 II=1,NG

FXINF (II)=(XSINF(II+1l)/XSINF(II))/(ENB(II+1)/ENB(II))

FXB(II)=(XSB(II+1)/XSB(II))/(ENB(II+1)/ENB(II))
FXC(II)=(XSC(II+1)/XSC(II))/(ENB(II+1)/ENB(II))

LTG(II)= LOG(ENB(II))
LTW(II) = LOG(ENB(II)/ENB(II+1)) )
RRINF1 (II)=FLXINF (II)*LTW(II)*NDINF*VLINF*XSINF (II)
RRB1 (II) =FLXB(II)*LTW(II)*NDSH*VLSH*XSB(II)
RRC1(II) =FLXC(II)*LTW(II)*NDSH*VLSH*XSC(II)
CONTINUE
DO 45 JJ=1,NG
RRRB1 (JJ)=RRB1 (JJ) /RRINF1 (JJ)
SFB1 (JJ)=RRRB1 (JJ) *FACT1
SFB1 (JJ)=RRRB1 (JJ) *FACT2
XSHB1 (JJ)=SFB1 (JJ) *XSINF (JJ)
RRRC1 (JJ)=RRC1 (JJ) /RRINF1 (JJ)
SFC1 (JJ)=RRRC1 (JJ) *FACT1
SFC1 (JJ)=RRRC1 (JJ) *FACT2
XSHC1 (JJ)=8SFC1 (JJ) *XSINF (JJ)
RRRB2 (JJ)=RRB2 (JJ) /RRINF2 (JJ)
SFB2 (JJ)=RRRBZ (JJ) *FACT2
XSHB2 (JJ)=SFB2 (JJ) *XSINF (JJ)
RRRC2 (JJ) =RRC2 (JJ) /RRINF2 (JJ)
SFC2 (JJ)=RRRC2 (JJ) *FACT2
XSHCZ2 (JJ)=SFCZ2 (JJ) *XSINF (JJ)

CONTINUE

WRITE (4,*)' GNO XSINF SFB2 XEFFB
1 XEFFC®

WRITE (4,*)' SLN ENB RRINF RRB
1RRC'

DO 46 KK=1,NG
WRITE (4,64) NO(KK), XSINF(KK), SFB2(KK), XSHB2 (KK),
1 XSHC2 (KK)
WRITE (4,65) NO(KK), SFB1(KK), SFCI (KK)
WRITE (4,65) NO(KK), SFB2(KK), SFC2 (KK)
CONTINUE
DO 47 LL=1,NG
WRITE (4,66) NO(LL) ,RRINF1 (LL),RRB1 (LL),RRC1 (LL)
WRITE (4,66) NO(LL),RRINF2(LL),RRB2(LL),RRC2 (LL)
WRITE (4,66) NO(LL),XSINF(LL),XSB(LL),XSC (LL)
WRITE (4, 66)NO(LL) ,FLXINF (LL) ,FLXB (LL) , FLXBW (LL) ,
1 FLXC (LL) , FLXCW (LL)
CONTINUE
WRITE(5,67) (XSHB2(MM),MM=1,108)
WRITE(5,67) (XSHC2(MM),MM=1,108)
WRITE(5,67) (XSHB1 (MM),MM=1,108)
WRITE(5,67) (XSHC1 (MM),MM=1,108)
FORMAT (I5,E11.4,E13.5)
FORMAT (I5,E11.4,2(E13.5))
FORMAT (I5,E11.4,4 (E13.5))

Thkdkhh kol kA bk Ak Ak Ak Ak Ak Ak ko k kA kA ko ko ko ko kk ko ko ok ko k kb &

SFFC2

SFC2 (KK) ,
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64 FORMAT( I5,1PE15.5,1PE13.4, 1PE15.5, 1PE13.4, 1PE15.5)
65 FORMAT ( I5,2(1PE12.5))
66 FORMAT( 15, 5(1PE12.5))
67 FORMAT (5 (1PE13.5))
68 FORMAT (A56)
69 FORMAT (24X,A30)
99 STOP
END

2. MVP input for Au infinitely diluted in water / JENDL-3.2

For calculation of shielded capture x-section (Response function)
NO-RESTART FISSION FIXED-SOURCE NO-LATTICE
RUSSIAN-ROULETTE FLUX-PRINT NO-TALLY-LATTICE
NO-EDIT-MACROSCOPIC-DATA (33333333)
EDIT-MICROSCOPIC~DATA(00004000)
DYNAMIC-MEMORY (500000000)

% NHIST = 20000 , NG = 108
% KBATCH =10000 , NSKIP = O
% NBATCH = KBATCH + NSKIP

Akddkddk ko khhkk ke kk Ak kA Ak A A Ak ok kb k ko k kA krkh kA A Ak k ok kA kA Ak Ak k ke d

NGROUP (<NG>) NMEMO (20)
NSKIP (<NSKIP>) IRAND(200000909) TCPU(177.0)
ETOP(2.0000E+7) ETHMAX(4.5) AMLIM(250.) EWCUT (0.0)

NPART (<NBATCH*NHIST>) NHIST (<NHIST>) NBANK(<INT(1.250*NHIST)>)

Ak k ko h kAR AR KA Rk kI A A kAR kAR ARk ko kkk kA khkkd Ak kkkkkk kk k&

$ MH20AU =1

% CTEMP = 273.00 + 21.00
$ T = 293

$XSEC

* H20+AU (1)
& IDMAT (<MH20AU>)
TEMPMT (<CTEMP>) /* Kelvin
HO1H03J3( 6.6751E-2 )
006003J3( 3.3376E-2 )
AU7003B6( 1.0000E-12)
END
$GEOM
$ P =10.0
A ok ok ko k ok kR ok ko ok ok ok ko k ok BODY DEE‘INITION hAhkhkhkhkhhkhkhkhkkkhkhkhkhkkkktd
RPP ( 10000 <-P/2.> <P/2.> <-P/2.> <P/2.> <-P/2.> <P/2.>)
END
Yo & ok Kk g A ZONE DEFINITIONS % % e ke ok ok ok ok ok kb ok
EXWB : : -3000 :-10000
CUBE : CUBE : <MH20AU> : 10000
Jd ok ok ok ok ok ok ok ok ko TALLY REGION DATA khkdrhhhhkhhkhkhhkhhkkhkddkhhhhkdhkhkhkhkkkk
SEND GEOM
*TRVOL(1000)
kkkkkkxxkk*xx Tnitial Source ( for zero-step )
$SOURCE
*#SOURCE—-START
& NEUTRON
RATIO( 1.0 )
QE = #MAXWELL( 1.4727E6) ;
ex #UNIFORM( <-P/2.> <P/2.> ) ;
QY #UNIFORM( <-P/2.> <P/2.> )} ;
@Z = H$UNIFORM( <-P/2.> <P/2.> ) ;
*#SOURCE—-END
SEND SOURCE
*
*************’ VARIANCE REDUCTION PZARAMETERS KA Ak Ik hkhkohkkhkhkdkk ko kdkdkdkd
$ NR = $NREG, NRG=NR*NG
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WKIL( <NRG>{0.25) )
WSRV( <NRG>(0.50) )

Yok K de dode e g kv ok ok FISSION NEUTRON GENERATION e g ek d ok ko ke e ok sk e e e e e ke ke ke ok ke ok ok ke ok
WGTF( <NR>(0.80) )

dodeodk ok ok ok ok ok ok k ok ok Kk TALLY ENERGY BOUNDARIBS LR A R S S S R R R R S R R E R R RS RN

*o—m——— 108 group energy bin -----
ENGYB( 2.0000E+07
1.0000E+07 7.7880E+06 6.0653E+06 4.7237E+06 3.6788E+06
2.8650E+06 2.2313E+06 1.7377E+06 1.3534E+06 1.0540E+06
8.2085E+05 6.3928E+05 4.9787E+05 3.8774E+05 3.0197E+05
2.3518E+05 1.8316E+05 1.4264E+05 1.1109E+05 8.6517E+04
6.738B0E+04 5.2475E+04 4.0868E+04 3.1828E+04 2.478B8E+04
1.9304E+04 1.5034E+04 1.1709E+04 9.1188E+03 7.1017E+03
5.5308E+03 4.3074E+03 3.3546E+03 2.6126E+03 2.0347E+03
1.5846E+03 1.2341E+03 9.6112E+02 7.4852E+02 5.8295E+02
4.5400E+02 3.5358E+02 2.7536E+02 2.1445E+02 1.6702E+02
1.3007E+02 1.0130E+02 7.8893E+01 6.1442E+01 4.7851E+01
3.7266E+01 2.9023E+01 2.2603E+01 1.7604E+01 1.3710E+01
1.0677E+01 8.3153E+00 6.4759E+00 5.0435E+00 3.9279E+00
3.0590E+00 2.3824E+00 1.8554E+00 1.6374E+00 1.4450E+00
1.2752E+00 1.1253E+00 9.9312E-01 8.7643E-01 7.7344E-01
6.8256E-01 6.0236E-01 5.3158E-01 4.6912E-01 4.1399E-01
3.8926E-01 3.6528E-01 3.4206E-01 3.1961E-01 2.9792E-01
2.7699E-01 2.5683E-01 2.3742E-01 2.1878E-01 2.0090E-01
1.8378E-01 1.6743E-01 1.5183E-01 1.3700E-01 1.2293E-01
1.0963E-01 9.7080E-02 8.5397E-02 7.4276E-02 6.4017E-02
5.4520E-02 4.5785E-02 3.7813E-02 3.0602E-02 2.4154E-02
1.8467E~02 1.3543E-02 9.3805E-03 5.9804E-03 3.3423E-03

1.4663E-03 3.5238E-04 1.0000E-05 )
KA A RA A AR A I AR AR A A AR R AR R A AR A AR AT A AT A ARk d ko hok ok ko ok ook ke b ok
* oo 3 GROUP ENERGY BIN ---—-—-
*  ENGYB( 2.0000E+07 5.5308E+03 1.8554E+00 1.0000E-05 )

LA R A RS R AR RS R R Rl sttt Rt SRR s sRSE RS R X RS R Y

/

*

TITLE ( ExP2. TCA P2u242 Core XY cross section )

* VX vY vVZ AX AY AZ BX BY BZ DY
PAPER (-6. -6. 0. 1.0 .0 .0 .0 1.0 .0 -1
XMAX ( 12.0 12. )

LEVEL (1)
SPTYP (1)
SCAN (0 3 )
* SCAN ( 3 0 )
/
TITLE ( ExP2. TCA P2u242 Core XY cross section )

* VX vy vz AX AY AZ BX BY BZ DY
PAPER (-3.5 -3.5 0. 1.0 .0 .0 .0 1.0 .0 -1 )
XMAX (7. 7.)

LEVEL (2)

SPTYP (1)

/

TITLE ( ExP2. TCA P2u242 Core XZ cross section )

* VX vY vz AX AY AZ BX BY BZ DY
PAPER (-6. 0. -6.0 1.0 .0 .0 .0 0. 1. -1)
XMAX ( 12. 12. )

LEVEL (1)
SPTYP (1)
/

3. MVP input for bare Au wire submerged in water / JENDL-3.2

For calculation of shielded capture x-section (Response function)
RESTART RESTART-FILE FISSION FIXED-SOURCE NO-LATTICE
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RUSSIAN-ROULETTE FLUX-PRINT NO-TALLY-LATTICE
NO-EDIT-MACROSCOPIC-DATA (00004000)
EDIT-MICROSCOPIC-DATA (00004000)
DYNAMIC-MEMORY (500000000)

% NHIST = 20000 , NG = 108
% KBATCH =10000 , NSKIP = 0
% NBATCH = KBATCH + NSKIP

******************************************************k************t*

NGROUP (<NG>) NMEMO (20)
NSKIP (<NSKIP>) IRAND (200000909) TCPU (355.0)
ETOP (2.0000E+7) ETHMAX(4.5) AMLIM(250.) EWCUT (0.0)

NPART (<- (NBATCH*NHIST)>) NHIST (<KNHIST>) NBANK (<KINT(1.250*NHIST) >)
**********************-k****************************i*****************
% MH20 =1, AU =2
% CTEMP = 273.00 + 21.00
% T = 293
$XSEC
* H20 (1)

& IDMAT (<MH20>)
TEMPMT (<CTEMP>) /* Kelvin
HO1H03J3( 6.6751E-2 )
006003J3( 3.3376E-2 )
* AU (2)
& IDMAT (<AU>)
TEMPMT (<CTEMP>) /* Kelvin
AU7003B6( 5.900862E-2 )
END
SGEOM
$ P =10.0, R =0.025
*dk ok ok k ok dkokokdk ok ok ok ok ok ok BODY DEFINITION % d de ok k% ok kK ok kR ok ko sk bk ke
RPP ( 10000 <-P/2.> <P/2.> <-P/2.> <P/2.> <-P/2.> <P/2.> )
RCC ( 100 <-p/2.> 0.0 0.0 <Pp> 0.0 0.0 <R> )
END
* ek kkk ZONE DEFINITIONS hkhkhkkkkkkikkxk
EXWB -3000 :-10000
AUWR : AUWR : <AU> : 100
CUBE : CUBE : <MH20> : 10000 -100
Jc de k& Kk ok de ok %ok ok ok K TALLY REGION DATA hhrhhkhkhhkhkkdkhkkdkrhkrhrhhkhkkkkhrrkdkt
*#TALLY REGION
* DEFINE @AUWTR (LAT:2!C22 LAT:2!C23 LAT:21!C24)
$END GEOM
xkkkkkkkxx*x** Initial Source ( for zero-step )
$SOURCE
*#SOURCE-START
& NEUTRON
RATIO( 1.0 )
QE = #MAXWELL( 1.4727E6) ;
ex #UNIFORM( <-P/2.> <P/2.> ) ;
ey #UNIFORM( <-P/2.> <P/2.> ) ;
Q@Z = #UNIFORM( <-P/2.> <P/2.> ) ;
*#SOURCE~END
SEND SOURCE
*
dodedkodk ok ok ok ok odok ok Rk VARIANCE REDUCTION PZARAMETERS dhkdhkhkkhkkkokokdhokdhkdkhkkkkkkd
% NR = %NREG, NRG=NR*NG

WKIL( <NRG>(0.25) )

WSRV( <NRG>(0.50) )

Kk ok k dkok ok koK kkkk Kk FISSION NEUTRON GENERATION IR AR 228232222222 2R R 22 824

WGTF ( <NR>(0.80) )

Khkkhkhkohkkdkkhd TALLY ENERGY BOUNDARIES 22202222222 R X222 222 s Rt d]
* e 108 group energy bin —----
ENGYB( 2.0000E+07
1.0000E+07 7.7880E+06 6.0653E+06 4.7237E+06 3.6788E+06
2.8650E+06 2.2313E+06 1.7377E406 1.3534E+06 1.0540E+06

1l
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8.2085E405 6.3928E+05 4.9787E+05 3.8774E+05 3.0197E+05
2.3518E+05 1.8316E+05 1.4264E+05 1.1109E+05 8.6517E+04
6.7380E+04 5.2475E+04 4.0868E+04 3.1828E+04 2.4788E+04
1.9304E+04 1.5034E+04 1.1709E+04 9.1188E+03 7.1017E+03
5.5308E+03 4.3074E+03 3.3546E+03 2.6126E+03 2.0347E+03
1.5846E+03 1.2341E+03 9.6112E+02 7.4852E+02 5.8295E+02
4.5400E+02 3.5358E+02 2.7536E+02 2.1445E+02 1.6702E+02
1.3007E+02 1.0130E+02 7.8893E+01 6.1442E+01 4.7851E+01
3.7266E+01 2.9023E+01 2.2603E+01 1.7604E+01 1.3710E+01
1.0677E+01 8.3153E+00 6.4759E+00 5.0435E+00 3.9279E+00
3.0590E+00 2.3824E+00 1.8554E+00 1.6374E+00 1.4450E+00
1.2752E+00 1.1253E+00 9.9312E-01 8.7643E-01 7.7344E-01
6.8256E-01 6.0236E-01 5.3158E-01 4.6912E-01 4.1399E-01
3.8926E-01 3.6528E-01 3.4206E-01 3.1961E-01 2.9792E-01
2.7699E-01 2.5683E-01 2.3742E-01 2.1878E-01 2.0090E-01
1.8378E-01 1.6743E-01 1.5183E-01 1.3700E-01 1.2293E-01
1.0963E-01 5.7080E-02 8.5397E-02 7.4276E-02 6.4017E-02
5.4520E-02 4.5785E-02 3.7813E-02 3.0602E-02 2.4154E-02
1.8467E-02 1.3543E-02 9.3805E-03 5.9804E-03 3.3423E-03
1.4663E-03 3.5238E-04 1.0000E-05 )

khkkhkkk bk ko hkkdkhhdhhkdkk bk ok kb kb kb dhkkkkkkk kb kkkhk kA Ak kA khkhkkkkkk &k

* e 3 GROUP ENERGY BIN -----
* ENGYB( 2.0000E+07 5.5308E+03 1.8554E+00 1.0000E-05 )

KRAKKAXAAA ALK A AR AA ARk ko kk ko ke ok kkddddok dok &k ok & 5 % % ok ok ok s ok o ok ok ok ok o o ok k%

/

*

TITLE ( ExP2. TCA P2u242 Core XY cross section )

* VX VY VZ AX AY AZ BX BY BZ DY
PAPER (-5. -5. 0. 1.0 .0 .0 .0 1.0 .0 -1 )
XMAX ( 10.0 10. )

LEVEL (1)
SPTYP (1)

SCAN ( 0 3 )
* SCAN ( 3 0

/
TITLE ( ExP2. TCA P2u242 Core XY cross section )

* VX VY VZ AX AY AZ BX BY BZ DY
PAPER (-5. -5. 0. 1.0 .0 .0 .0 1.0 .0 -1
XMAX ( 7. 7.)

LEVEL (2)

SPTYP (1)

/

TITLE ( ExP2. TCA P2u242 Core XZ cross section )

* vX vY VZ AX AY AZ BX BY BZ DY
PAPER (-2.5 0. -2.5 1.0 .0 .0 .0 0. 1. -1)
XMAX ( 5. 5. )

LEVEL (1)
SPTYP (1)
/

4. MVP input for Cd-covered Au wire submerged in water / JENDL-3.2

For calculation of shielded capture x-section (Response function)
RESTART RESTART-FILE FISSION FIXED-SOURCE NO-LATTICE
RUSSIAN-ROULETTE FLUX-PRINT NO-TALLY-LATTICE

NO-EDIT-MACROSCOPIC-DATA (33333333)
EDIT-MICROSCOPIC-DATA(00004000)
DYNAMIC-MEMORY (500000000)

$ NHIST = 20000 , NG = 108

% KBATCH =10000 , NSKIP = O
% NBATCH = KBATCH + NSKIP

*

AKX KRARRKRKR KA I AR ARRA R AR I A AR AR A A AR kA A kA A A Ak kk Ak kA ko khkk kA hkkkkkokdek k&
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NGROUP (<NG>) NMEMO (20)
NSKIP (<NSKIP>) IRAND(200000909) TCPU (355.0)
ETOP (2.0000E+7) ETHMAX(4.5) AMLIM(250.) EWCUT (0.0)

NPART (<- (NBATCH*NHIST)>) NHIST (<KNHIST>) NBANK (<INT (1.250*NHIST)>)
***********k**********************tw********************&***t********
% MH20 =1, AU =2, CAD =3
% CTEMP = 273.00 + 21.00
$ T = 293
$XSEC
* H20 (1)

& IDMAT (<MH20>)

TEMPMT (<CTEMP>) /* Kelvin

HO1H03J3( 6.6751E-2 )

006003J3( 3.3376E-2 )
* AU (2)
& IDMAT (<AU>)

TEMPMT (<CTEMP>) /* Kelvin

AU7003B6( 5.900862E-2 )
* Ccd (3)
& IDMAT (<CAD>)

TEMPMT (<CTEMP>) /* Kelvin

CDN003J3( 4.628663E-2 )
END
SGEOM
$ P = 10.0, Rl1 =0.05/2., R2 = 0.127/2., R3 =0.2286/2.
T 2222282222 2 & 2 2 21 BODY DEFINITION ok Aok kg Kk Kk ok ok ok ke ok ko Wk kR ke
RPP ( 10000 <-P/2.> <P/2.> <-P/2.> <P/2.> <-P/2.> <P/2.>)
RCC ( 100 <-P/2.> 0.0 0.0 <p> 0.0 0.0 <R1> )
RCC ( 200 <-P/2.> 0.0 0.0 <p> 0.0 0.0 <R2> )
RCC ( 300 <-P/2.> 0.0 0.0 <p> 0.0 0.0 <R3> )
END
Yk gk Kk k ZONE DEFINITIONS * Kk k ok ok ok kK ok ok

EXWB : -3000 :-10000
AUWR : AUWR : <AU> H 100
vOolD : VOID : 0 : 200 -100
CAD : CAD : <CAD> 300 -200

WCUBE:WCUBE : <MH20> : 10000 -300.
S22 22 2 2 8 & &4 TALLY REGION DATA ******************t**************
*#TALLY REGION
* DEFINE @AUWTR (LAT:2!1C22 LAT:2!C23 LAT:2!1C24)
SEND GEOM
xxkxxkkxkkxxx Initial Source ( for zero-step )
$SOURCE
*#SOURCE-START
& NEUTRON
RATIO( 1.0 )
@E = #MAXWELL( 1.4727E6) ;
@x #UNIFORM( <-P/2.> <P/2.> ) ;
@Y = #UNIFORM( <-P/2.> <P/2.> ) ;
RZ #UNIFORM( <-P/2.> <P/2.> ) ;
*#SOURCE-END
SEND SOURCE
*
d ok Kk dok ok kok ok ok ok ok ok VARIANCE REDUCTION PZARAMETERS P A R R ARRAR R Z2 2 22 S8 8 R B &
% NR = %NREG, NRG=NR*NG
WKIL({ <NRG>(0.25) )
WSRV ( <NRG>(0.50) )
dod ok ko ke ok kkokkk FISSION NEUTRON GENERATION e Y 2222228222222 222 2 k& 024
WGTF ( <NR>(0.80) )
ok khkdkokdhhhkkhkk TALLY ENERGY BOUNDARIES ***************k************t**
————— 108 group energy bin ----—-
ENGYB( 2.0000E+07
1.0000E+07 7.7880E+06 6.0653E+06 4.7237E+06 3.6788E+06
2. 8650E+06 2.2313E+06 1.7377E+06 1.3534E+06 1.0540E+06
8.2085E+05 6.3928E+05 4.9787E+05 3.8774E+05 3.0197E405

]
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1.

.3518E+05
.7380E+04
.9304E+04
.5308E+03
.5846E+03
.5400E+02
.3007E+02
.7266E+01
.0677E+01
.0590E+00
.2752E+00
.8256E-01
.8926E-01
.7699E-01
.8378E-01
.0963E-01
.4520E-02
.8467E-02
4663E-03
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3.
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.8316E+05
.2475E+04
.5034E+04
.3074E+03
.2341E+03
.5358E+02
.0130E+02
.9023E+01
.3153E+00
.3824E+00
.1253E+00
.0236E-01
.6528E-01
.5683E-01
.6743E-01
.7080E-02
.5785E-02
.3543E-02
5238E-04

W WOORFRNWOWOWERFEOAONSNNOWRE D -

.4264E+05
.0868E+04
.1709E+04
.3546E+03
.6112E+02
.7536E+02
.8893E+01
.2603E+01
.4759E+00
.8554E+00
.9312E-01
.3158E-01
.4206E-01
.3742E-01
.5183E-01
.5397E-02
.7813E-02
.3805E-03
1.

0000E-05

)

1.1109E+05
3.1828E+04
9.1188E+03
2.6126E+403
7.4852E+402
2.1445E+02
6.1442E+01
1.7604E+01
5.
1
8
4
3
2
1
7
3
5

0435E+00

.6374E+00
.7643E-01
.6912E-01
.1961E-01
.1878E-01
.3700E-01
.4276E-02
.0602E-02
.9804E-03

WNOAF NN S N W& ODNDNN®

.6517E+04
.4788E+04
.1017E+03
.0347E+03
.8295E+02
.6702E+02
.7851E+01
.3710E+01
.9279E+00
.4450E+00
.7344E-01
.1399E-01
.9792E-01
.0090E-01
.2293E-01
.4017E-02
.4154E-02
.3423E-03

AR AR RS AR ESERSR RSl R s S R Rl R R R R UYL NN vV

L 3 GROUP ENERGY BIN ———--
2.0000E+07 5.5308E+03 1.8554E+00 1.0000E-05

LR AR RS SRR R RS S S RRR R R R R R R R R R R R R R R R R B I I T IR U RO AR I T

*  ENGYB(
/
TITLE ( E

PAPER (-5
XMAX (1
LEVEL (1)
SPTYP (1)
SCAN (

* SCAN (

TITLE ( E
PAPER (-5
XMAX (7
LEVEL (2)
SPTYP (1)
TITLE ( E

PAPER (-2

XMAX ( 5.

LEVEL (1)
SPTYP (1)

xP2. TCA P2u242 Core XY cross section )
AY AZ

vz AX
0. 1.0

.0 .0

BX
.0

xP2. TCA P2u242 Core XY cross section )
AY AZ

VX vy
. ~5.
0.0 10.
03)
30)
').4 vy
. =-5.
. 7.
xP2. TCA
VX VY
.5 0.
5.

vz AX
0. 1.

0

.0

.0

BX
.0

P2u242 Core XZ cross section )

vz AX

-2.5 1.0

)

AY A
.0

2

.0

BX
.0

BY

BY

)

BZ DY
0 -1
BZ DY

BZ DY
1. -1)
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Analytical Study of Two-Region TCA Critical Experiments with PNR-Type MOX Fuel by Using Monte Carlo Code MVP
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