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Abstract

This report is composed of the following seven parts.

(I) Cell homogenization method for critical assemblies and power
reactors

(II) Study on multi-dimensional nodal diffusion method

(ITI)Study on neutronic decoupling calculational. method

(IV) Study on transient analysis method

(V) Evaluation of coupling in two-region core

{(VI) Study on analysis methods of intermediate spectrum core

(VIT)Study on nuclear characteristics of metal-fueled fast reactors
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Part T

Cell homogenization method based on transport perturbation
theory has been compared with various methods, and an explicit
formula has been confirmed for the determination of anisotropic
coefficient which is used for evaluating the anisotropy of neutron
streaming. For infinite uniform lattices, the cell-averaged
absorption,production cross sections and scattering matrix without
self-scattering are reduced to the flux-weighted ones, and the
anisotropic diffusion coefficient correspond to that derived by
Benoist. For a super-cell, the c¢ross sections differed from the
flux-weighted ones, and the anisotropic diffusion coefficient did
not correspond to the unified one for 1-D slab lattices.
Computaional analysis showed that the interference effect between
CRP or CR and fuel cells were both remarkable, while the
interference effect between blanket and fuel cells could be
estimated by considering only the flux interference effect.
Furthermore, present method has been applied to the analysis of
ZPPR-10A,10D and 13A in order to investigate the effect on core
parameters. The difference between k_ ¢y obtained from present and
flux-weighted method was found to be +d.04,+0.05 and

-0.03%dk/kk' ,respectively.

Part TI

Diffusion calculation codes using analytic and analytic
polynomial nodal methods have been developed. These methods are
based on the 1-dimensional (1-D) equations obtained by the
transverse integration procedure. And the 1-D equations are solved

analytically. Results cbtained in 2-group 2-D calculations on the

vi



simple light water reactor indicates that, since Kogs and flux
distribution are estimated as accurate as those from the finite
difference calculation with 10~20 times mesh points in each
direction, the computing time is reduced by a factor of ~60 and

the memories are reduced by a factor of ~200.

Part III

Flux tilt caused by perturbation is analysed by using the
contribution of harmonic mode before perturbation to the perturbed
flux. A new method based on eigenvalue shifting is developed for
eigenvalue and harmonic mode calculation. Eigenvalue separations
and harmonic modes are calculated in a one-dimensional model in
one-group in order to obtain then flux tilt due to control rod
insertion. It was found that an increase in core geometry
decreases the eigenvalue separation, which increases the flux
tilt. Furthermore, it was found that the degree of éigenvalue
separation depends on the blanket location; blanket located at the
peak of harmonic mode increases the eigenvalue separation of the
mode, while blanket located at the zero-node of harmonic mode

decreases the eigenvalue separation of the mode.

Part IV

A study on kinetics analysis method of LMFBR core has been
carried out using the 2-D kinetics code FX2-TH. Coarse mesh
errors on reactivity and power density distribution of a 500MWe
class core under transient due to control rod withdrawal and
insertion has been evaluated. Coarse mesh error on reactivity was

found to be about -12 %, while coarse mesh error on power density

vill



distribution was found to be about -2 % and -6 % for core and
axial blanket regions adjacent to the control rod, respectively.
Time dependence of the coarse mesh errors was found to be small.
However, for a reactivity insertion of 0.8%, coarse and fine mesh
calculation gave different reactivity time responce which
increased the coarse mesh reactivity error from 11% to 13% within

0.5sec. after the maximum reactivity was obtained.

Part Vv

Coupling coefficient proposed by R. Avery has been
introduced to take the neutron interacton effect into account in
evaluationg the critical condition of a two-region core. Avery'
s formula, however, has two problems: no multi-group and no
treatment detailed treatment of region-wise flux distribution.
Taking these problems into account, a new theory for determing
the critical condition and coupling coefficient has bheen derived,

Critical condition taking the detailed flux distribution
into account has been derived based on diffusion theory. Since
no concept of coupling coefficient has been included in this
formula, collision probability theory has been utilized to derive
the formula of critical condition.

Based on one-group collision probability method, a critical
condition similar to that of Avery incorporating the neutron
interference has been derived. Two-group collision probability
method was utilized to treat interference involving the spectrum
effect.

Computational analvses was carried out in a two-region core

using the critical conditions to evaluate the k g¢ for each core



region and coupling coefficient. It was found that one-group
collision probability gives similar k.e¢f and coupling factors to
those obtained from each single core. Further investigation is
regquired for the evaluation of spectrum effect on coupling

coefficient obtained from two-group collision probability theory.

Part VI

Effects of calculational methods of diffusiqn coefficients
upon core parameters have been evaluated in the tight-pitch core
with intermediate spectrum. First, we have evaluated the effect
of difference between treatments of P1 component of scattering
matrix (i.e. Inconsistent and Consistent P1 approximation) upon
diffusion coefficients and core parameters, which appeared to be
about 0.7%dk/kk' on k. fg. Next, we have investigated collapsing
methods of diffusion coefficient, We have showed that the
current-weighted transport cross section sheuld be used, and
compared it with the other methods. It has been found that the
current-weighted transport c¢ross section and the flux-weighted
diffusion coefficient reproduced reference (i.e. 107 gfoups
calculational values) when energy groups were more than 10 groups
for Inconsistent.P1 approximation or mocre than 25 groups for
Consistent P1 approximation, and the flux-weighted transport cross

section didn't reproduced reference.

Part VII
Neutronic performances between metal- and oxide-fueled core

have been compared in 1000MWe and 280MWe fast reactor. It was



found that both the large and the small metal core have smaller
burnup reactivity swing and larger breeding ratio than the oxide
cores. It was also found that the large metal core with two-year
fuel cycle has a smaller burnup reactivity swing of 2.9%dk/kk'
than the large oxide core. The effect of smear density change on
neutronic performances was found to be large.

It was found that fast neutron fluence of metal cores was
larger than that of oxide cores by 30 and 10% for large and small
cores, respectively. Sodium void reactivity of metal core was
found to be larger than that of oxide cores by 150 and 33% for
large and small cores, respectively.

The metal core with fuel pin of 6.5mm diameter has breeding
performances comparable with those of oxide core with fuel pin of
7.4mm diameter. Furthermore, compared with the oxide core with
7.4mm diameter, 20% smaller Pu fissile inventory could be achieved

by the metal core with fuel pin of 6.5mm.

*
This work was carried out under construction between the
Power Reactor and Nuclear Development Corporation and Osaka
University
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Table 3.1 Energy Group Structure of 7 Groups

Group Upper Energy Lower Energy
1 10.0 MeV 3.6788 MeV
2 3.6788 1.3534
3 1.3534 0.086517
4 86.517 KeV 9.1188 KeV
5 9.1188 0.96112
6 961.12 eV 101.30 eV

7 101,30 0.00001




Table 3.2 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF + CRP Model
Change from infinite Cell Calculation

SCF Drawer CRP Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 0.985 2 1.902 -0.383 1 0.0 2 0.0 0.0
2 1.255 1.535 -0.200 2 0.0 0.0 0.0
3 0.462 0.807 -0.044 3 0.0 0.0 0.0
4 -0.006 -0.037 0.010 4 0.0 0.0 0.0
5 -0.113 -0.427 0.046 5 0.0 0.0 0.0
6 ~0.350 -0.890 0.313 & 0.0 0.0 0.0
7 ~1.583 -2.966 0.929 7 0.0 0.0 0.0

I

g

I Table 3.3 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF
+ CRP Model Change from Super-cell Calculation

SCF Drawer ' CRP Drawer
Group Absorption Production Transﬁort Group Absorption Production Transport
1 0.037 % 0.052 2.696 1 0.001 % 0.0 0.015
2 0.068 0.075 2.702 2 0.0 0.0 0.040
3 0.053 0.253 3.765 3 0.0 0.0 0.011
4 0.017 0.266 ~-1.283 4 6.0 0.0 0.003
5 0.009 0.278 -0.196 5 0.0 0.0 0.175
6 0.071 0.313 1.400 6 6.0 0.0 -0.,009
7 0.280 0.455 -0.320 7 0.0 0.0 -0.002




Table 3.4 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF + SCF + CRP
Model Change from Infinite Cell Calculation

SCF Drawer not adjacent to CRP Drawer SCF Drawer adjacent to CRP Drawer
Group Absorption Production Transpbrt Group Absorption Production Transport
1 0.293 % 0.538 ~0.081 1 0.674 % 1.323 -0.287
2 0.399 0.485 -0.053 2 0.828 1.015 ~-0.139
3 0.189 0.329 -0.017 3 0.266 0.465 -0.026
4 0.0 -0.007 0.003 4 -0.008 -0.038 0.008
5 -0.046 -0.179 0.019 5 -0.088 -0.330 0.036
6 -0.144 -0.404 0.160 6 -0.319 -0.789 0.267
7 -0.609 -1.287 0.520 7 -1.644 -3.031 0.906
!
" .
| Table 3.5 Reactivitry Peservation Effect on Cell Averaged Macro Cross Sections in ZPPR-10

SCF +. SCF + CRP Model Change from Super-cell Calculation

SCF Drawer not adjacent to CRP Drawer SCF Drawer adjacent to CRP Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 0.008 2 0.074 17.066 1 0.026 % 0.032 0.676
2 0.016 0.019 12.570 2 0.046 0.051 0.434
3 0.020 0.062 6.477 3 0.033 0.183 0.547
4 0.008 0.064 -5.127 4 0.010 0.798 -0.002
5 0.008 0.066 -0.938 5 0.002 0.224 0.178
6 0.030 0.072 -0.772 6 0.059 0.290 0.970
7 0.088 0.098 -3.645 7 0.331 0.518 2.006




Table 3.6 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF + CR Model
Change from Infinite Cell Calculation

SCF Drawer CR Drawer
Group Absorpticn Production Transport Group Absorption Production Transport
1 0.885 % 1.687 -0.329 1 -0.576 % 0.0 -0.167
2 1.374 1.667 -0.211 2 -0.859 0.0 -0.256
3 2,093 3.655 -0.213 3 -1.364 0.0 -0.594
4 0.267 0.875 -0.092 4 -1.066 0.0 -0.381
5 0.340 1.197 ~0,113 5 -3.740 0.0 -0.607
6 0.478 1.237 -0.429 6 -7.676 0.0 -3.558
7 1.173 2.260 -0.621 7 -26.534 0.0 -17.811

Table 3.7 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF
+ CR Model Change from Super-cell Calculation

I
o
o

1

SCF Drawer CR Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 0.096 % 0.244 3.947 1 -0.348 % 0.0 -9.306
2 0.269 0.355 4,466 2 -0.632 0.0 -10.289
3 0.615 1.128 4.830 3 -0.750 0.0 -11.505
4 0.630 1.210 5.269 4 -1.680 0.0 -9.521
5 1.056 1.080 3.903 5 -6.380 0.0 -4,272
6 1.764 0.948 11.489 6 -13.860 ¢.0 -18.297
7 1.957 0.678 22.002 7 -36.045 0.0 -35,031




Table 3.8 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF + SCF + CR
Model Change from Infinite Cell Calculation

SCF Drawer not adjacent to CR Drawer SCF Drawer adjacent to CR Drawer
Group Absorption Production Transbort Group Absorption Production Transport
1 0.355 % 0.643 -0.095 1 0.447 % 0.867 ~0.183
2 0.607 - 0.731 -0.077 2 0.622 0.755 -0.099
3 0.946 1.648 -0.091 3 1.011 ' 1.773 -0.108
4 0.126 0.427 ~-0.048 4 0.146 0.490 -0.057
5 0.134 0.484 -0.046 5 0.212 0.761 -0.075
6 0.149 0.412 - -0.156 6 0.306 0.773 -0.260
7 0.272 0.553 -0.167 7

0.712 1.345 -0.356

|
=  CR Drawer
I

Group Absorption Production Transport

1 -0.482 % 0.0 -0.134
2 -0.754 0.0 -0.224
3 -1.354 0.0 -0.589
4 -1.269 0.0 -0.447
5 -4,254 0.0 -0.663
6 -8.925 0.0 -4,059
7 -28.935 0.0 -19.329




Table 3.9 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-10 SCF
+ SCF + CR Model Change from Super-cell Calculation

SCF Drawer not adjacent to CR Drawer SCF Drawer adjacent to CR Drawer
Group Absorption Production Transﬁort Group Absorption Production Transport
1 0.029 2 0.089 20;983 1 0.029 2 0.064 0.765
2 0,087 0.123 13.023 2 0.092 0.174 0.666
3 0.243 0.392 5.974 3 0.173 0.347 0.863
4 0.226 0.403 6.094 4 0.179 0.389 1.259
5 0.328 0.387 4,999 5 0.136 0.163 1.424
6 0.536 0.378 20.2711 6 0.023 -0.080 3.789
7 7 -0.697 ~0.468 10.473

0.192 0.379 ~85.265

|
e CR Drawer

Group Absorption Production Transport

1 -0.289 % 0.0 -16.105
2 -0.467 0.0 -16.530
3 -0.698 0.0 -11.747
4 -1.712 0.0 -9.125
5 -6.782 0.0 -3.831
6 -14.,849 0.0 -16.813
7 -36.814 0.0

-32.737



Table 3.10 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF + DCF + CRP Model
Change from Infinite Cell Calculation

DCF Drawer not adjacent to CRP Drawer DCF Drawer adjacent to CRP Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 1.252 % 1.737 0.176 1 2.100 % 2.952 0.244
2 0.890 0.927 0.097 2 1.419 1.481 0.131
3 0.130 0.137 0.017 3 0.161 0.171 0.020
4 -0.224 -0.242 -0.030 4 -0.254 -0.275 -0.030
5 -0.636 -0.727 0.008 5 -0.711 -0.818 0.034
6 -1.501 -1.576 -0.035 6 -1.625 -1.715 0.019
7 -4.006 -4.,126 -0.324 7 -4,145 -4.283 -0.053

|
& Table 3.11 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF
| + DCF + CRP Model Change from Super-cell Calculation

DCF Drawer not adjacent to CRP Drawer DCF Drawer adjacent to CRP Drawer
Group Absorption Production Transpert Group Absorption Production Trahsport

1 0.012 % 0.014 0.003 1 0.034 2 0.024 0.005
2 0.014 0.014 0.001 2 0.037 0.035 0.002
3 0.011 0.015 0.001 3 0.023 0.046 0.002
4 0.014 0.015 0.0 4 . 0,025 0.051 0.0

5 0.020 0.016 ~-0.004 5 0.040 0.066 ~-0.007
6 0.024 0.019 ~-0.001 6 0.074 0.086 -0.004
7 0.033 0.022 0.001 7 0.198 0.130 0.011




Table 3.12 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF + DCF + IB +
Half IB Model Change from Infinite Cell Calculation

DCF Drawer not adjacent to IB Drawer | DCF Drawer adjacent to IB Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 0.516 % 0.725 0.065 1 1.178. % 1.677 0.113
2 0.716 0.748 0.066 2 1.437 1.505 0.107
3 0.232 0.246 0.024 3 0.266 0.282 0.027
4 0.003 0.002 0.004 4 -0.034 -0.038 0.004
5 -0.041 ~-0.052 0.018 5 -0.080 -0.098 0.031
6 -0.005 -0.015 0.085 6 -0.077 -0.098 0.143
7 0.206 0.203 0.222 7 0.139 0.118 0.537
I
& IB Drawer adjacent to DCF Drawer IB Drawer not adjacent to DCF Drawer
| Group Absorption Production Transport Group Absorption Production Transport
1 -0.195 % -0.567 0.213 1 -0.159 % ~-0.378 0.097
2 -0.486 -0.521 0.150 2 -0.339 -0.360 0.074
3 -0.076 -0.094 0.017 3 -0.072 -0.088 0.017
4 0.017 0.022 -0.008 4 0.004 0.005 -0.003
5 0.006 0.018 -0.021 5 0.005 0.013 -0.016
6 0.046 0.079 -0.129 6 0.033 0.058 -0.097
7 0.124 0.163 ~-0.228 7 0.096 0.126 -0.173




Table 3.13 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF
+ DCF + IB + Half IB Model Change from Super-cell Calculation

DCF Drawer not adjacent to IB Drawer DCF Drawer adjacent to IB Drawer
Group Absorption Production Transpért Group Absorption  Production Transport
1 0.021 % 0.050 0.003 1 -0.009 % 0.008 -1.132
2 0.043 0.051 0.003 2 0.011 0.011 -0.865
3 0.065 0.055 0.004 3 0,081 0.061 -0.435
4 0.124 0.057 0.001 4 0.204 0.089 ~-1.599
5 0.182 0.061 -0.031 5 0.454 0.108 -0.153
6 0.210 0.068 -0.012 6 0.898 0.171 -0.905
7 0.256 0.082 0.005 7 2.471 0.305 -1.924
|
= IB Drawer adjacent to DCF Drawer IB Drawer not adjacent to DCF Drawer
| Group Absorption Production Transpbrt Group Absorption Production Transport
1 0.0 % ~0.022 0.006 1 ~0.001 % ~0.057 0.518
2 -0.,017 -0.022 0.009 2 -0.042 -0.055 0.778
3 -0.022 -0.022 0,017 3 -0.041 -0.035 0.201
4 -0.045 -0.022 0.032 4 -0.059 -0.028 0.722
5 -0.066 -0.022 0.047 5 -0.078 ~-0.026 1.275
6 ~-0.078 ~-0.,022 0.186 6 -0.078 -0.017 1.798
7 7 -0.151 -0.010 2.411

-0.165 -0.022 0.392




Table 3.14 Multidrawer Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF + SCF + IB +
Half IB Model Change from Infinite Cell Calculation

DCF Drawer _ . SCF Drawer
Group Absorption Production Transport Group Absorption Production Transport
1 1.167 % 1.653 0.124 1 -0.132 % -0.204 ~-0.008
2 1.468 1.536 0.119 2 0.1761 0,183 0.014
3 0.409 0.434 0.042 3 0.098 0.141 -0.001
4 -0.018 -0.021 ' 0.006 4 0.055 0.119 -0.002
5 -0.102 -0.125 0.040 5 0.129 0.244 -0.009
6 -0.067 -0.088 0.154 6 0.198 0.260 -0.012
7 0.186 0.168 0.490 7 0.37 0.411 0.0176
I
B IB Drawer adjacent to SCF Drawer IR Drawer not adjacent to SCF Drawer
| Group Absorption Production Transport Group Absorption Production Transport
1 ~0.168 % ~0.454 0.151 1 ~0.148 % ~0.348 0.087
2 -0.401 -0.428 0.1711 2 -0.318 -0.338 0.067
3 -0.068 -0.083 0.015 3 ~-0.070 -0.086 0.016
4 0.004 0.005 -0.002 4 -0.002 -0.003 0.001
5 0.0 0.004 -0.007 5 0.0 0.003 -0.006
6 0.025 0.042 -0.072 6 ¢.020 0.034 -0.057
7 0.070 0.092 -0.130 7

0.058 0.076 -0.107




Table 3.15 Reactivity Preservation Effect on Cell Averaged Macro Cross Sections in ZPPR-13 DCF
+ SCF + IB + Half IB Model Change from Super-cell Calculation

DCF Drawer SCF Drawer
Group Absorption Production Transﬁort Group Absorption Production Transport
1 0.038 % 0.084 0.007 1 ~-0.031 % -0.072 -0.049
2 0.076 0.088 0.006 2 -0.063 -0.087 -0.288
3 0.122 0.105 0.009 3 -0.023 -0.065 -0.097
4 0.219 0.115 0.003 4 0.073 0.015 -0.353
5 0.346 0.125 -0.060 5 0.283 0.060 -0.214
6 0.489 0.149 -0.024 6 0.816 0.182 -0.127
7 0.890 0.212 0.040 7 2.468 ‘ 0.391 0.696
|
= IB Drawer adjacent to SCF Drawer IB Drawer not adjacent to SCF Drawer
! Group Absorption Production Transport Group Absorption Production Transport
1 0.001 % -0.042 0.262 1 0.0 % -0.021 0.005
2 -0.030 ~-0.041 ‘ 0.698 2 -0.016 -0.021 0.009
3 -0.035 -0.028 0.195 3 -0.021 -0.020 0.017
4 -0.056 -0.024 1.703 4 -0.045 -0.022 0.031
5 -0.079 -0.022 2.499 5 -0.064 -0.022 0.046
6 -0.0920 -0.017 1.805 6 -0.078 -0.021 0.181
7 ~0.196 -0.014 2.352 7 -0.164 -0.021 0.378




Table 3.16 Reaction Rate Preservation Effect on Cell Averaged Macro Cross
Sections in ZPPR-13 DCF + DCF + IB + Half IB Model

Absorption, Production, Transport, and Scattering

-Energy DCF Drawer not DCF Drawer IB Drawer IB Drawer not
Group adjacent to adjacent to adjacent to adjacent to
Number IB Drawer IR Drawer DCF Drawer DCF Drawer

1 0.033 2 1.013 -1.587 -1.100

2 0.113 0.613 ~-0.856 -0.648

3 ~0.110 -0.104 -0.070 -0.012

4 0D.172 0.161 0.167 0.158

5 0.071 0.094 0.748 0.694

6 -0.752 ~-0.080 1.235 0.933

7 -10.212 2.204 3.277 1.990




Table 3.17 Kinf in ZPPR-10 SCF + CRP Model

Heteroéeneous Cell 0.98945 ——

Homogeneous Cell
Flux-volume Weight Method 0.98724 -0.23 %dK/KK'

Transport Perturbation Method 0.98%43 -0.00

Table 3.18 K;. ¢ in ZPPR-10 SCF + SCF + CRP Model

Heterogeneous Cell 1.04563 ——

Homogeneous Cell
Flux-volume Weight Method 1.04452 -0.10 %dK/KK’

Transport Perturbation Method 1.04563 0.00

Table 3.19 K;,¢ in ZPPR-10 SCF + CR Model

Heterogeneous Cell 0.40715

Homogeneous Cell
Flux-volume Weilght Method 0.40341 -2.28 %dK/KK'

Transport Perturbation Method 0.40709 -0.04

Table 3.20 Kinf in ZPPR-10 S8CF + SCF + CR Model

Heterogeneous Cell 0.59597

Homogeneous Cell
Flux-volume Weight Method 0.59377 -0.62 %dK/KK'

Transport Perturbation Methed 0.59594 -0.01




Table 3.21 Kinf in ZPPR-13 DCF + DCF + CRP Model

Heterogeneous Cell 1.59227 —w

Homogeneous Cell
Flux-volume Weight Method 1.59207 -0.01 %d4dK/KK'

Transport Perturbation Method 1.59228 0.00

Table 3.22 Kinf in ZPPR-13 DCF + DCF + IB + Half IB Model

Heterogeneous Cell 1.20837

Homogeneous Cell
Flux-veolume Weight Method 1.20863 0.02 2dK/KK'

Transport Perturbation Method 1.20837 0.00

Table 3.23 Kinf in ZPPR-13 DCF + SCF + IB + Half IB Model

Heterogeneous Cell 1.04455

Homogeneous Cell
Flux-volume Weight Method 1.04483 0.03 $dK/KK'

Transport Perturbation Method 1.04461 0.01




Table 3.24 Components of Reactivity Change Caused by
Homogenization in ZPPR-10 SCF + CRP Model

(a) Using Two Single Cell Models

Drawer Reactivity Component (%dK/KK')
Name

Absorption Production Transport Moderation Total

SCF 0.114 -0.551 -0.008 -0.036 -0.481
CRP 0.0 0.0 0.0 0.0 0.0
Total 0.114 -0.551 -0.,008 -0.036 -0.481

(b) Using Super Cell Model with Flux-volume Weight Method

Drawer Reactivity Component (%dK/XKK')
Name

Absorption Production Transport Moderation Total
SCF 0.032 -0.235 -0.009 -0.012 -0.224
CRP 0.0 6.0 0.0 0.0 0.0

Total 0.032 -0.235 ~-0.009 -0.012 -0.224




Table 3.25 Components of Reactivity Change Caused by
Homogenization in ZPPR-10 SCF + CR Model

(a) Using Two Single Cell Models

Drawer Reactivity Component {%dK/KK')
Name

Absorption Production Transport Mcoderation Total
SCF 0.877 -7.277 . -0.482 -0.116 -6.998
CR -2.269 0.0 1.046 0.030 -1.193
Total -1.392 -7.277 0.564 ~-0.086 -8.191

(b} Using Super Cell Model with Flux-volume Weight Method

Drawer Reactivity Component ({(%dK/XK')
Name

Absorption Production Transport Moderation Total
SCF 0.271 -1.906 -0.499 0.005 ~2.129
CR -1.281 0.0 0.980 0.227 -0.074
Total -1.010 -1.906 0.481 0.232 -2.203




Table 3.26

Components of Reactivity Change Caused by

Homogenization in ZPPR-13 DCF + DCF + IB + Half IB

Model

(a) Using Two Single Cell Models

Drawer Reactivity Component (%dK/KK')
Name
Absorption Production Transport Moderation Total

DCF 0.075 -0.122 0.002 0.005 -0.040
DCF 0.114 -0.202 0.001 0.010 -0.077
IB -0.0186 0.019 0.001 -0.004 0.000
IB -0.005 0.005 -0.001 -0.001 -0.002
Total 0.168 -0.300 0.003 0.010 -0.119

(b) Using Super Cell Model with Flux-volume Weight Method

Drawer Reactivity Component (%dK/KK')
Name

Absorption Production Transport Moderation Total
DCF 0.027 -0.025 0.002 0.000 0.004
DCF 0.052 ~-0.074 0.002 0.002 -0.018
IB ~-0.007 0.003 0.001 ~-0.003 -0.006
IB -0.002 0.000 -0.001 -0.001 -0.004
Total 0.070 -0.096 0.004 -0.002 -0.024




Table 3.27 Difference between Benoist's D and D=1/3% .,
in SCF Drawer Obtained from Single Cell Mogel

Group Difference
D=1/3Etr .
Perpendic Parallel Isotropic
1 3.36904 cm 0.102 % 0.729 % 0.520 %
2 2.77570 -0.049 0.610 0.39
3 1.55769 - 0.149 1.220 0.863
4 1.06625 0.236 1.610 1.153
5 0.69073 0.119 1.077 0.758
6 0.86039 0.209 2.686 1.860
7 0.79598 -1.641 2.907 1.391

Table 3.28 Difference between Unified D and D=1/3Z ..
in SCF Drawer Obtained from SCF + CRP Mogel

Group Difference
D=1/32 .
Perpendic Parallel Isotropic
1 3.37500 cm 4,570 % 4,529 % 4,542 %
2 2.77843 12.436 9.311 10.353
3 1.55822 20.219 12,934 15.362
4 1.06613 15.886 9.967 11.940
5 0.69040 5.813 3.961 4.578
6 0.85761 20.616 12.808 15.410
7 0.78840 40.183 23.123 28.810

Table 3.29 Difference between D Based on Tranport Perturbation
Method and D=1/3Z in SCF Drawer Obtained from

tr
SCF + CRP Model

Group Difference
D=1/33% tr
Perpendic Parallel Isotropic
1 3.37500 cm -0.445 % 0.503 % 0.187 %
2 2,77843 -0.404 0.337 0.090
3 1.55822 0.069 0.744 0.519
4 1.06613 -0.559 1.080 0.534
5 0.69040 -0.330 0.870 0.470
6 0.85761 . =-0.415 1.775 1.045
7 0.78840 -1.875 1.994 0.704




Table 3.30 Reactivity Preservation Effect on Cell Averaged Macro
Cross Sections in Prototype TFBR Fuel Subassembly +
CRP Model

Fuel Subassembly

Group Absorption Production Transport
1 0.067% 0.058 0.682
2 0.066 ' 0.062 - 0.303
3 0.036 0.066 -1.283
4 0.024 0.067 -1.050
5 0.016 0.070 -1.776
6 0.021 0.072 -0.746
7 0.048 0.082 -0.180

Table 3.31 Kj,f in Prototype FBR Subassembly + CRP Model

Heterogeneous Cell . 1.24105 —uwr

Homogeneous Cell
Flux-volume Weight Method 1.24012 -0.06 2dK/KK'

Transport Perturbation Methed 1.24052 -0.03




Table 4.1 C/E Values of Koff before and after The Corrections

Method ZPPR-9

10D 134

Base Calculation

with Corrections

for Mesh, Energy
Collapsing, 3-D 0.9976
Transport Effect,

2-D Cell Effect,

Multidrawer Effect

Reactivity

Preservation _—

. Effect (%dK/KK')

0.9959 1.0013

+0.05 -0.03

Corrected C/E 0.9976

0.9964 1.00t0
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QLA (BABHR) 2HAWE LTS, ZOoK (2-3),(2—-4) KD
—~BBE TN EB2FLLEABREGELNIFEHFEAOEE, LD
Lix, L2x2ZRIZVWALTBEAOFEBLOMTRBEINS,
29, BHERBIEOWTEZR 5,
HBDLex (8 =1,)I72WTE. LLA* WA T,
Loc=lotLao (2X2-1) +Lao (6X5 X(1= 1) =1 (g=12)  (2-7)
TEBRTA, 2L, |AX|=hbtt3d, ZFIT. HEHREIEOWTL,
Fox=Fa.otFr.e (X ~1) +Fes (6%7 X (1- -1 (g=12)  (2-8)
9%, b6 0oN0AE (2-3),(2-4)ARMALTHEAKEKZ T\
Foo, F1o, Fe o2 RET 5,

2% (ke ko) A o170 s -
1 if
pll P12
(Pe1 Pea)
— D Pyy D P2
Fo.iy__(Lyy, 12 ( 1 1 JMJ _
(pe)=P(T)r 5= P o) (2-10)

DP P
221 D2 ze



(F1'1)=P (Lm) (2-11)

Fi,2 Li.2
. L2,y ~
(§ZL)=P(LZ;) | (2-12)

i, BHHFEKXOBIZOWTZE L 3,

2
Toix B2 gin= 0 (2—13)
d x2
2
& box +B2p2= 0 (2—14)
d x2
rLt., (2—3), (2—-4) ARRKATB L.
e Ly O DR )
D ke
2 1 D2 T Dl
p p vy . 2
1 2 1f 1 2 Koo
+{( — - )2—4X (1 — ) {(2—15)
\/ D1 DZ Ketr Dl Dl D2 kKeort
A Al DN
uZlf 21 2u22f
ke = Y (2—16)
21 E:122

%5, B2k, Kettl ko DAMNEBRIDVEAZRIZT S, ZLT. —RE
OHEHREBOBEEI B I LITL 5.
IhbDZ ki zrhdi, —HKEIL
(1) kett>k o DEH
B2=—p 2, —),2 (2—-17)
N
¢1x=Acoshr1 X+ Bsinhr1 x
+Gooshye X +Hsithve X+ 31« (2-18)
$2x=Cy (Acoshr X+ Bsishvix) |
+C2 (Geoshyex +Hsithye x) + Fox (2-19)

1—2 1-2
= b3
Cir=—=__ (2- N _
1 —D2U12+22 (2—20) Ce __D2V22+22 (2—21)



(2) kett<k o DW

B2= u?, —ys?

(2—-22)
LB L,
dix=A'cosux+B’sinux

+G'coshysx+H sinhrs X+ ¢ix (2—-23)

$ox=Ci" (A'cosux+B’sinux)
+Ce’ (G’coshysx+H'sinhrsx) + s (2—-24)

12 1-2

o= —Dz%;iz—- (2-25) Ce'= _D;32+22 (2-26)

2. 3 J-FKo¥Es

RZZ2DBEEI /~FRALO—BB2OH T2 W) IBEZET. Co0BE
B, EF—-BEVFLTTILKI2EEERLZ /- FRLtOBAEICBT 2 REH K
FREVREFIEFRTRLT I ELLED B,

X=—h -1 x=0 X=h;
v v
b 1x,i-1 D 1x,i
@ ax.i-1 b ex, i
i—1 i
T bb,

bax,i-1020) = dox,i (x=0) = dbax. i (2—27)

d‘.ng.i-—! dqng.e 9
- i- = —LUg,i = gx, i = 1,2 2—28)

Do i1 dx ,X=0 Ds. dx lX=0 J (e ) (

ELT, HEEBMERETHNTH 5.
EDH, &/ —FOXHFHMIEZbAY d1x, dexEBHA L.



Pox.i~1 dX = hi-1 @Fg.i-1

~hi-1

i -1

ngx.idX = h; aﬁ;,i

0 _
ELARBOGBBEEEbHETF R Z2RD B,

FNERZ2ELHBE, KDEDI2%h 3

Kett> koD /7 — RTH

I Sil’thIh
: vih {Ci—Ce)
e — 1-—~coshv1h
® D D,vi2h? (Ci—Ce)
12
me — 1—coshv1h
s vizh? {(C1—C»)
. Zkﬁ
1 — - 2+
Dzm 22
FWIiIEREZ,
Kett <k oD/~ FTIL.
m sinp h
1 uh (Ci—C2)
e = T (1-cosueh)
> 7 D, D,uth? (Ci—Ca)
172
me = —— (1—cosuh)
® 7 u2h? (C;—Cs)
o _ 2,‘1—>2
=
D u2+
MrE

EwlfEEs s,

CHDEFHWS k.

%,

J—Fi-

(2-31)

(2-33)

(2—35)

(2—37)

(2—-39)

(2—-41)

(2—-43)

(2—45)

Ce

(g=1,2)

sinhvzh

B veh (C1—C2)

1—coshvzh

(2—29)

(2—-30)

D D _v22h? (Cs1—C2)

1 2

1—coshrah

vaeh? (C1—C2)

> 1—2

—D o2+
2V2 22

sinhrv:h

vsh (C1—Ce)

1-——coshrsh

D D vs2h? (C1—C2)

12

1——coshrsh

va2h? (Ci—C2)

(2—32)

(2—34)

(2—36)

(2—38)

(2—40)

(2—-42)

(2—-44)

(2—-46)
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Wig—t=hi-1Uif,i +Vigi..i+TiE—1_T1.iE.i—i+T2.i E;.i—t (2—47)

Wiidi=—hiUia Jde +Vi+1(l?>s:.i+Ti+I?:_i+T1. i-HE:.i""Ta. i+1E2,i (2—48)

1 0
Wi+t —(0 1) (2—49)
DZ (Coms—Cima) _Dl {mas—ma)
Ui ( ) 2-50
! D2C1Ca {ms—ma) “Dl (Cims—Camas) ( _ )
Vi = ( —Czom1+Cime mi—ms )__ (Vn Via) (2-51)
T —CiCzs (mi—mz2}) Cimi—Cama V21 Ve
1—-V4 —Vie J
ikl = P
T ( —Vaz, 1—-Vae
‘ Vi1t+2Z44 Vie—2Z12
T si+1 = ) 2_52
i ( Ve1+2Z21 Ve —27Z022 ( )
To. =(V11+6211 V12—6212)
it Vo1 +6Z2: Voa—6Z22
D {1—-Vi1) -D Via2
12 ( 1 2 )
_=a P 2—-53
h? —D1V21 D2 (1—Vzz) ¢ )
Cems—Cims me —Ms Zv Zae
z (C1C2 (ms —ms) C1ms'—Cams) (Zat Zaz) ( )

L. U, V, W, T, Ti, Te, P, ZB2X20FFHEFLL., '—'i32
FTORZ I N 2RbOTLDE TR,

ok (2-38)H (2-39)RARU -2/ -FieBIIHEFRE
NEPbH, RAPUEFRRUVEZEPIEFREZHEET L. 2L T BETE=20
S ROGKETHIETFROBOBARN 2 & 3, |



W3E BENMZHEA /K&

CHETE. /- FREO—DOTHIBITHEHERAN/ - FERODWTHBAT 5.
CITMYBRISETFNVE3IRTX-V-ZHERT2RH LT 5.
2BICHRTENWL—FREERR (2-3), (2-4) KT, #BEL LI
NDE, RUBHBERLIZREB L2 VWIRY —-RABFELLTSTEHEEET L (3 -
1), (3-2)RKkt%5b,

dEQS!x

—-D P x = x X -
{ 4= +21¢1 St L (3—-1)
d"’QSax
DZ d Xa +22¢‘2x = Sax - Lax (3“"2)

BEWEERA /—FETIE. (3-1), (3-2)A0HFBRZHIPHEEZHERA
CEBRT A 22D, hHEFESext B OB Legx (g=1,2) Z2WTEMT S L
iz, MEBIEELS., FH0LgxiZ2o20WTLLA (FBASR) AW 3.

1R T EIeSexdd., /—FROFHEHFR, 2200/ —FoHOEMRE
mEFR REPHEFHEE-TC3IRITEBATS. €575k i/ —FierlL
Tk, (3-3), (3-4)AXFHELNRD,

- X X X
Lgx(X)—Lgx+le.9(2 Hi_1)+L2x.g(6£i(l— H')“l) (3_3)
(g=12)

_ ] X,2 3. x2 x
SGX(X)_SB.G+ Si.g (B(h? “_1) +Sa.9 ( é‘ (E? - i‘l-? (3“‘“4)



L. AX ] =h

V21 v e Vg v e
1= , 1= — + _
Se.1 . $1 + oer b2 S Kot (P1—hs1} o (Ppa—cpse)
vary hi vtz hi
Se.i= - iy + 2
21 Kett Dy 31 Kert D1 °
— —2 1—2 h;
Sa.e-‘-‘—zl 2¢1 , S1.2=21 (p1—Ps1) Se.a=2"} D Js1
1

XZi/7—FRIFLT(3-3), (3-4)RAN2WIIMHIcHE, BEREHEEL
TERRERETFERE. REFEFHEMES., BROBEEZ LI -1/ ~FigH LT
LFI. RELBERRXGEXRURLY A 2BRATI L ELCE. FHREPHETFR
REHEFREZE,

RRZZOODBEE) /—FRALOEE2ODLTFLI LI BEZHET. - OBEID
FFHOBPRTTILKB/ —FRLTOBAHICBITIREAPREFRRURESRETF
HEHETLHZILTH B,
¥ HE/-Foximiblh@EH L.

Dax,i-1 dx = hi;i g.i-1 (3—5a)
—hi-y
hi -4
ngx.i dx = hi 6g.i (3"'5b)

ELRBHOh B IS ETFRSeZ2HEHITEIE/ —FiI-1E/—-FiLORERN
2 (3-6), (3—-7)RIEZL5B,



Widi-i=hi-1}; Ji.i +Vi¢i.i+TiLi—1—T1.iLi.i-l+T2.i Tuz.i-1 (3—6)

Winigi=hiUindei +Viads i+TisiLi—T1. 141 L1, +T2,i+1 La,s (3—~7)

L. U, V, W, T1l, T2, 2xX20F02%xbL. =tk 2T o
RZWVERDLDTLOETSE, (3-6), (3-T7)ARV 12D/ —FIH
F2HREFRER LS, RAPETREVREPREFREBET S, ZO0RAP
BEWESHERA/ —RE0EAKX L L 5,



B4R HEFTERLARER

4. 1 FHEFE

MW/ —FE BEINZEHEAN/ —FERILIREHER HHRFHOFER
ZNTHLZ<BHRIBCEVWTWLRLNRBEEOAREFELRSHATWS, hif
FHOFEE. B2 (2-47), (2-48)R. B3EN (3-6),

(3-7)ATHEEBLLRXN»PLREHIEFRIsZHETEHEL, B4, 1 THRL
HEEFE-2T (4 ~-1) ATHEWT 5.

Jx.i = Fier (piv1r , b , Lx,i+sv, Lax,i, L1x.i+1,
L1sx.,i , L2«,i41 L2ux.i) (4-1a)

Jow,i1-1= F i (d: , di-1 , Lx.i, Lx.i-1, L 1x.i,
L1x,i-10 , L 2«.: L 2x.i-1) {4—-—1DMb)

oL, Jx, ¢, Lx, L1x, L2xii. 22X 10X 2 1L THEDH. Fii. N
PPN EBYTELTAIEHRTHE, RZ2MINDEBEARIPBPEZOHENOEEZRLTW
2, i /—Flendr2hFofgERIT (4-2)Rich 3,

Jx,i = Jx.i-1 + T & = 5; {4 —2)
A AL PN
PN h . 0
r1 1
2= 1— 2
p! > h
i a2 i

xFHizowTix, (4—-2), (4—-1a), (4-1b)AXEEHL., Ly,



Lly, L2YBEiNE2EI ILRE->T. ¢, JTx2INTESILHPHERKS,
F3FBLIxEEoCLx, Llx, L2x2HETEZNT, #BEyFMIZD
WTLRARBRLRAZHEBLILFAHRIDTETOAEEST. 6, JyEW/SIEHFH
®3%, zFHWMLERIZLT, ¢, Jz2RD3Z, Ch2RIBETOHH/ —RELS
TEA2RRRETH S, HIHURBE. EHHEEF ke, SiZHHFET S, hoo
FIE2M4. 27K L %,
BEFAET2EHR->TEHEERBE ' (eigenvalue shifting) b W I MEE Z
AwZ, Zhid, B<NEFEAER ML EFHATUINADNDISIEZRDT,

A ¢ = M ¢ (4~-3)

TITAOFEAR. MK HEERLL. M BARCIIREZRHT, o
DT, H4. 3ERTEIICVBEAASKEE B ERPMBEkerfr L
Cnd, Lirl, REHET b RTORKOES vo/ 71 B 155 LR
BCERTVE ML B, 1REVWERLL BAEORS AT S T IR P E <
3 T CHEEEPREMEBHSEE, 2575 (4-4) KL%,

) M ¢ (4 -4

LPL, ~BEBHTI2REHEBZOLOPLLVWOTREREHERTOkeffiCHLEEL R
Licbdicl, COMBEOMAE. FzE z7MELEMOMEEL B
T2MMAORBELAGBEFTRRPEFTEIFIELLWOTCHEBERIBEI T, L7
DY IFANDHARRLERTH 5.



4. 2 HEESR

- REBHBEOEYRELERIPOLLDETFAMFREER %, FRAMKER
LLCB4. 4RFLEAPWREZEEBLA2REHRE S LA, FER2BER
PRAWCTHY., NRASIEYMEECH L CIXI0OS, REFRICH L TIXI0-
L%, AWR2Z2BEHRZR 4. 1I2RL 72

29 MEE (EBEEBH) ODRIBIL-OILD, 18X 180HHETHE
W) ~KETHFBAOBLOERE2 2R (Q. L. A) ZoWIBHS 2
BEEZCMEELOBRLEBL-ONRAL. 2 Th5 %4, 210BHO
BH 0. 308 MEELLERTHAREOORLFESEBL LIl /3%
ot IRED - RERE-THRBCRALMAETHD L bbb, MUT
ORBHBEILCRTERY /— RE BFNZER/ —RELLIRO0. 30BEEHE
B o mEE T o .

REEBEREL /) —FEOLZ0HEREDVCHEBRE L LB 220, &
B — R BAWSER /—RER2WTIE, 2REFAOIX9 (1 /— K20
cnf20en}. 18X 18 (1 ./7—F10cnX10ca). 27X27 (1 /7 —F20/3cnX2
0/3cn). 36 X36 (1 ./ —F5:aXben). 45X45 (1 ./ —F4euXden) N5
BEOHEBCHEEF -7, KEOLOEFREHELIIBERFEI-RC I
TATION®2HWTHBEEF-7, R4, 3RCALOFETEBLALEY
MER HEABERUVESBR,-ALON—tY FRZEFLAE EREIZ FR2
BELCIIEPLERA v 22 ELTHEL R4, 250D/ —-FERERR
BHVNA vV 2 TERENEONBHE—BLTIVWEDOH b b, BREF
—RET. iFmAOBh* 2RICEMULALQ. L. ATROXSIDFHEBTEH
MBENOEDNDL1IEX1I3SHORNBFABORZLITLAESELY, ZThixFEBNE
TH1/60%%h HEFRORBLEITEZ23L08ROKCZELVWOTH L
S 2251k %->Twh, 2, BHENIEARBENQ. L. A, DEAEFL 36
X36DHEBETEHERENNDLIISX1I3S5LAEZERIFTLAEZELVWOT, HE
BETH1 /102 MEFHROFETH 1./ 14T W3, HANAIED
WCI, EBREHEND198X198HDHMBOBOEEERBELLE. Z0OH

— 81 —



BErB4. Slemle HAHHeBWTLN4, SXUEHEB ./ - FETAQ
L. A. OBEBIXODHHTHEFEBRENN135X 135 LREHFITLAL
LW, BEBENIER/ —RED366X36NHFIBRTHEFREFENLI 35 X1
35DHBBEETLAEELY, JhIED. 2HBICBWIREAN /- FEIEIER
CENLFEELEIY. SBLEERETH L. —FH. BFEHZHAA /- F&EI
BWW / —FHRELERBZEREDTEHN., ZATLH1L /100 ERRL 2%
DEVWIRZICBRLLESTH 5,
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- RFHBBHEEORO2BHEOFTE. BN/ —FERIBFNZHEARAR
CEIDE 2R 2HBBHFE-FEREAELL /-FEBEIFAEEREE FITn
52HFMPUNERSLIAROBBRFIFBERNCEL, /J—FAOHETFTHEROINHES
BLT. BHBIZBWIWS, TOLOFREFELUENTHIZWHIRTESH
EOBPHELRS,

BEFEZTWEAREZEHELAWNEOREFRLNL L ENHERBAEZENS L
MR/ —FETEREZNEOWL 60, BHWBIEHA/ —FETH1L/ 10
2% ot o, PEFROEEEZBBWOFETHL 225, BOFETI
S14kkot, CORBRIY., 2BEBVWTREFNY /-~ FERBEERELL
FETHH I LWV brd, LPLEZRALCEIBEETHE. BITNZEHA /- FER
MW/ ~FELHENBLEAELEN TSN, FRATLHL /1 0DFERREAELAR
ERERERTHILZNEL. ZDI532FHLLERTH 5.
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A MhFAm~0oBho 2 REZLEAEMH (Quadratic Leakage Approximation)

72— FHETIE, fhiRm~0RBRA B LTI TCERHICKE>TLE S, £ 2
<, i, i—-1, i+1o//—-¥FTcoHhLli, Li-l, LitlzfE>Ti/—-FT
ORMhE2ROBERICRE T 5,

Li-1 Li Litl

Ieh i-1—k—hi—se—hitl4

al
h

Sy LRXOLrS5cEML, L0, LI, L2 o, RAO LS LHFETKD 3,

Li(x) =L0+ Lt (22X —1)+ L2 (62 (1-2)-1)
i hi hi

Li(x) dx = Li hi
Ji node

Li(x) dx = Li-1 hi-1
Ji-1 node

Li{(x) dx = Litl hi+l
Jitl node

SThR, QLALHIERATWE FETD 5,



Table 4.1

2-group cross sections used in calculations

Material Dl Zal v 2f] D2 Z a2 y 22 212
nunber  (cm) (em™1) (em™1) (cm) (em™1) (e 1) (ca1)

1 .5003 8 4598E-3 5. 2032E-3 0. 39224  B.5182E-2 . 6498E-2 . 695TE-2

2 .5429  8.8303E-3 6. 0485E-3 0. 41578 T7.7139E-2 - 2195E-1 . 5T87E-2

3 .5408 9.2250E-3 6. 8635E-3 0. 41538 8. 8332E-2 . 4533E-1 . B31TE-2

4 . 4907  9.6323E-3 6. 0495E-3 0. 40188 9. 3194E-2 . 2425E-1 . 5200E-2

5 . 4887 1.0013E-2 6. 8646E-3 0. 40131 1. 0475E-1 .4812E-1 - 4713E-2

6 .4713  9.9007E-3 6. 0511E-3 0. 39695 9. 8763E-2 . 2525E-1 . b004E-2

7 .4712 1. 0277E-2 6. 8663E-3 0. 39630 1. 0988E-1 . 4922E-1 . 4510E-2

8 . 4100 0. 00 0. 000 0. 117 0. 0191 0.00 0. 04760

Fission spectrum (lg:1.000 ég:0.000)



Table 4.2

Comparison of acceleration effects

in analytic nodal method

eigenvalue kott nunber of CPU tinme’
shift outer iterations (sec.)
acce?glation 1.19440 80 11
keretl. 0 1.19441 42 5.9
kerr+0.5 1.19441 30 4.3
kerrt0.4 1.19441 27 3.8
Kerr+0.3 1. 18441 24 3. 4

“AC08-82000



Table 4.3 Comparison of analytic nodal , analytic polynomial
nodal and finite difference diffusion calculations
Method No. of Eigenvalue % error* CPU time?
meshes (sec)
AL** FLAT 9 x 9 1.19480 3.60E-02 1.3
Q.L.A. 9 x 9 1.19441 3.35E-03 1.3
ek
AP FLAT 9% 9 1.19700 2.20E-01 1.3
Q.L.A. 9 x 9 1.19657 1.84E-01 1.7
AL FLAT 18 x 18 1.19448 9.21E-03 3.4
AP FLAT 18 = 18 1.19469 2.68E-02 3.5
Q.L.A. 18 x 18 1.19463 2.18E-02 3.4
AL FLAT 27 x 27 1.19440 2.51E-03 6.3
Q.L.A. 27 % 27 1.19439 1.67E-03 6.3
AP FLAT 27 » 27 1.19447 8.37E-03 6.3
Q.L.A. 27 x 27 1.19447 8,37E-03 6.3
AL FLAT 36 x 36 1.19438 8.37E-04 11
Q.L.A. 36 % 36 1.19439 1.67E-03 11
AP FLAT 36 x 36 1.19442 4_.19E-03 11
Q.L.A. 36 ¥ 36 1.19442 4.19E-03 11
AL FLAT 45 x 45 1.19438 8.37E-04 i6
0.L.A. 45 x 45 1.19438 8.37E-04 16
AP FLAT 45 x 45 1.19440 2.51E-03 16
Q.L.A. 45 x 45 1.19441 3.35E-03 16
18 x 18 1.19469 2.68E-02 D.63
Finite 27 x 27 1.12416 -1.76E-02 1.4
difference 54 x 54 1.19413 -1.09E-02 10
diffusion 72 % 72 1.19421 -1.34E-02 13
135 x 135 1.12431 -5.02E-03 84
198 x 1.19434 -2.51E-03 270
rRRS 1.19437

tAC0S-52000
* percent difference from « value
Analytic Nodal Method
Analytic Polynomial Method
Extrapolated value from finite difference solution

* k%
* Kk kK
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coxre center

2. 446E-02
(15. 09)
2. 418E-02
(3.34)
2- 410E-02

2. 557E-02
(-5. 45)
2. 57T0E-02
(-0. 45
2. BT1E-02

3. 391E~-02
(11.28)
3. 354E-02
(0.15)
3. 353E-02

4. 160E-02
(-4. 79
4. 168E-02
(-2. 84)
4. 180E-02

2. B5TE-02
(7.2D)
2. 632E-02
(-2.23)
2. 638E-02

2. 026E-02
(-3.97)
2. 024E-03
(-4.70)
2. 034E-02

1. 008E-02
(5. 62)
9. 980E-03
(-4.38)
1. 002E-02

4. 050E-03
(-35.58)
4. 156E-03
(-10. 32)
4. 199E-03

2. b81E-02
(-4.21)
2. 594E-02
(1. 01)
2. b92E-02

3. 223E-02
(15. 58)
3. 181E-02
(2.36)
3. 174E-02

4. 481E-02
(-5.82)
4. 500E-02
(-1.48)
4. 507E-02|

3. 333E-02
(11.12)
3. 295E-02
(-0. 26)
3. 296E-02

2. 279E-02
(-13.85)
2. 302E-02
(-4. 26)
2. 311E-02

1. 574E-02
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=
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Table 1.1

Eigenvalue Separation of Model C

Blanket width (cm)

Mode Number 0 1 2 4 6 8 10
1 0.26 0.25 0.25 0.22 0.20 0.19 0.17
2 0.75 0.75 0.77 0.77 0.79 0.81 0.82
3 1.53 1.50 1.49 1.42 1.39 1.35 1.32
4 2.65 2.70 2.70 2.69 2.74 2.77 2.80
5 4.14 4,04 4,03 3.85 3.77 3.67 3.60
Table 1.2 Eigenvalue Separation of Model D
Blanket Width (cm)
Mode Number 0 1 2 4 6 8 170
1 0.26 0.28 0.29 0.32 0.35 0.38 0.42
2 0.75 0.75 0.77 0.77 0.77 0.76 0.75
3 1.53 1.50 1.46 1.42 1.36 7.33 1.31
4 2.66 2.60 2.56 2.55 2.53 2.61 2.75
5 4.14 4.12 4.13 4,27 4,40 4,68 5.04
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Table 2.1 Reactivity Change due to Off-Center CR Insertion

in Model A
Core Width
Mode Number 75cm 100cm 150cm
0 -8.52 E-2 -8.46 E-2 -8.04 E-2
1 -1.30 E-1 -1.30 E-1 -1.25 E-1
2 -1.14 E-1 -1.14 E-1 -1.15 E-1
3 -4,55 E-2 -4.,71 E-2 -5.35 E-2
4 -4.39 E-2 -4.21 E-2 -3.11 E-=-2
5 -1.13 E-1  -1.12 E-1 -1.02 E-1

Table 2.2 Reactivity Change due to Off-Center CR Insertion

in Model B
Core Width
Mode Number 75cm 100cm 150¢cm
0 -8.24 E-2 -8.37 E-2 -8.16 E-2
1 -1.26 E-1 -1.28 E-1 -1.26 E-1
2 -1.21 E-1 -1.21 E-1 -1.20 E-1
3 -8.82 E-2 -8.31 E-2 -8.30 E-2
4 -4.48 E-2 -3.60 E-2 -3.69 E-2
5 -7.38 E-5 -1.11 E-2 -9.26 E-3
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Table 2.3

Reactivity Change due to Center CR Insertion

in Model A

Core Width
Mode Number 75cm 100cm 150cm
0 -2.02 E-1 -2.03 E-1 -2.03 E-1
1 -1.04 E-6 -1.07 E-20 -4.97 E-4
2 2.02 E-1 2.02 E-1 2.03 E-1
3 1.73 E-6 7.56 E-6 -6.36 E-5
4 -2,02 E-1 -2.02 E-1 2.03 E-1
5 3.55 E-7 3.53 E-7 4,77 E-8
Table 2.4 Reactivity Change due to Center CR Insertion

in Model B

Core Width
Mode Number 75cm 100cm 150cm
0 -1.99 E-1 -2.00 E-1 -2.02 E-1
1 -5.59 E-7 -1.09 E-20 -8.26 E-7
2 1.99 E-1 2.00 E-1 2.02 E-1
3 2.34 E-6 4.71 E-7 1.61 E-6
4 -1.99 E-1 -1.99 E-1 -2.02 E-1
5 5.98 E-8 1.31 E-7 3.51 E-6
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4. 2 HBEFE

FHECTETBESEHBECKEANLCHRESAAZ_RTBHE=2—~FFX2
—TH2RAvA, FX2-THREHEHFHEX CE S a~-Fc, BHEl2
BoCHBRESICH LT ZRTHELTY., $L2BKAHE2TARI L2 XY,
BMEEECLZ27 1 —F Ny 78B (Fy 775 -8R) 3IFHHAFEEEC
LB 7 1 —F XNy JHREMELITEBTE 3,

B4. 1icHBEONLELAFLORZEF v 2RY, ZOFLIE50 0MW
eHBOLMFBR2EZXZLLTHELADIOT, FOLOESXI0 cmTFHLWE
CRBIBC 2 BONARLE LS. HEHEFOE s ORRAEREH b,
BH2BoRBBIHARRBTHIS L LA, ALLLTCRFHRLHEBEDT ¥k
AR EL REFRT4r—2Z20CHAvyvya (FArvyalEBfloce) R
CHM Ay a (Ayy aBHbcn) HE2FARL, HAvy aBER2RD A,

r—=2l: FLEX1/35 &K Y. Fl¥HEFHEE=100cn/sec

r—20: FOLESL/351FKE. 27 7RISR E

y—20: FOLBSHIKIRBIVFLB ST A,
A BE=100cn/sec

F—2NV: FLE52/35 3% %, 5 ¥k ¥ HE=100cn/sec

CCITATION2 rxa3FHHEOREREcCRFRLBHBERET 25K S T

#W1.28CH 2 f HECHAWAPEF A F-—HERIIE, BREPHEFHEBEE
6HETHDH, FHEFzIAF-—HBEEEL 1T,
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4. 3 HEHP

Z4, 2EBTr—AORAEERBERUBAREECHT2H0H A » v aBE 2R
Fo BARKECIH T3 A v v aBEZBREFr—~2ACEEF—FET -10550 L -1
2% THY, METIFLv o LtRlbhok, T4, B4, 2ICRLAELSE. KiK.
BRRACELAR Fo77 - HREO7 1—Fr Ny 7k YBEEECH
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L., 3ABEESBHLCEABMY 5 7o FEBTEBCHE S » v 2 BEFK
F B, tOMA v v BEL AN CERAREEEEERLUB IR
HLTBE—EThok, LB, hbOB Ay aB]EZCITATIONK
SBEEHERRLBE—FH LA, F—ANTI t=0.6s LIBICbE A v ¥ a8
ENR2EBRCTHMT IS, TARREECRTIIH /A»>Y HROBFELRALCHE
HICE3bDTH 5,
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4. 4
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FESMEDIDCLBLALBHRCTIIBECH L8, HMEEEE2HO0. 8%
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bOLRLoAD, BAREEIEZEBR NI 1 %d 2y yails 3RIE
BERENO. 5HBCHIZIRCHIII IR’ bro A,

SOXSICH Ay r o FECIIBESEFRBCERAND Y, P RTFHE
EEOEBEVWAKEBEFRELNEFTHRE A » Y c BERBIDLEAF A2 TH
Shd, A —BRUEBEBEREHECRSI(ORERAT»y 7EBILREEBHECE
REHEHET5BER 50T, F4FKEEOBEELEOEH - RUFE
ADEEFHr—ATRHERMAMBL 2T 5L FREN S, SO LD,
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B E LB
(1) SHOBER, R.-A. et al., FX2-TH : A two-dimensional nuclear reactor
kinetics code with thermal-hydraulic feedback. ANL-78-97, (1978).

(2) FOWLER. T.B. et al.. Nuclear reactor core analysis code :

CITATION, ORNL-TM-2498, (1969).
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Table 4.1

Energy group structure of 4 groups.

Corresponding group

Group in 70 groups of Energy range, eV
JFS-3-J2 Upper Lower

1 1 - 6 1.00000E+7 2.23130E+6

2 7 - 22 2.23130E+6 4.08678E+4

3 23 - 34 4.,08678E+4 2.03469E+3

4 35 - 70 2.03469E+3 1.00000E-5

‘*Read as 1.
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Table 4.2 Maximum reactivity and coarse mesh error for

transient case I - IV,

Case No. Reactivity, % Coarse mesh
Coarse Fine Error, %
I 2.42839E-1"  2.75264E-1 -11.78
IT 2.46205E-1  2.82311E-1 -11.73
IIT -3.14998E-1 -3.60309E-1 -12.57
v 7.27091E-1 8.16330E~1 -10.93

*Read as 2.42839%107]
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Tablel—1 Keff in single system

DRIVER zone  k—eff in TEST zone k-eff in coupling
driver zone driver zone factor
cm kd cm kt X102
22. 0 1. 0038
casel 21. 0 0. 9846 1. 0. 0. 0591 1. 8069
case 2 20. 0 0. 9638 2. 0 0. 1213 3. 531
case3 19. 0 0.9410 3.0 0. 1865 5.130
cased 18. 0 0. 9162 4. 0 0. 2551 6. 557
case 5 17. 0 0. 8891 5.0 0. 3213 7. 827
case6 | 16. 0 0.8596 6.0 0. 3861 8. 909
case7 15. 0 0. 8273 7.0 0. 4488 9. 797
case8 14. 0 0.7921 8 0 0. 5085 10. 487
case 9 13.0 0. 7537 9.0 0. 5648 11. 057
casel10{12. O 0.7119 10.0 0. 6175 11. 274
casel 1| 11. 0 0. 6666 11.0 0. 6666 11.417
Tablel—2 1—-GROUP MACRO CROSS SECTION DATA
diffusion absorption production scattering quasi-absorption
D (em 1) Zafem ') vZf{em?) rs B?
1. 245 3. 148 5.193 4. 777 8. 504
xX10° X102 X107 X10- X103
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Tablel—3 Kkeff

in test zone and Coupling factor

obtained from diffusion theory

keff Coupling factor

Kt Ci
case 1 3. 514x%x102 1. 855%X10%
case 2 9. 428%X10"* 3. 637X107¢
case3 1. 752X107! 5. 202%107
case4 2. 672X107! 6. 452%X1072
case5 3. 631X10™ 7.347X1072
case6 4. 572xX10" 7.884X102
case7 5. 456%x10"! 8. 088x10"2
case8 6. 264x10"! 7.992X10%
case 9 6. 988xX107! 7. 629%X10%
casel O 7.629X10" 7. 029%x10
casel 1 8. 194x10™! 6. 219%X102

Tablel—4 Collision probability

P11 P12 Pl P22
case 1 9. 1111E-01 1. 6384E-02 3. 4408E-01 3. 1141801
case 2 9. 0669E-01 2. 7025E-02 2.7025E-01 4. 5899E-01
case 3 9. 0182E-01 3. 4985E-02 2. 2157E-01 5.5627E-01
cased 8. 9643E-01 4, 1465E-02 1. 8659E-01 6. 2609E-01
case5 8. 9042E-01 4. 7133E-02 1. 6025E-01 6. 7864E-01
case 6 8. 8369E-01 5. 2405E-02 1.3975E-01 7. 1946E-01
case 7 8.7611E-01 5. 7583E-02 1. 2339E-01 7.5193E-01
case8 8.6753E-01 6. 2899E-02 1. 1007E-01 7.7827E-01
case 9 8.5774E-01 6. 8559E-02 9. 9031E-02 7. 9996E-01
case1 0 | 8.4647E-01 7. 4766E-02 8. 9719E-02 8. 1808E-01
casel 1 | 8.3339E-01 8. 1735E-02 8. 1735E-02 8.3339E-01
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Tablel—5 Kkeff
. obtained from collision probability
method

in test zone and Coupling factor

keff coupling factor

Kt Ci
case 1 3. 260%X1072 1. 860X10?
case 2 7.533x10"2 3. 716xX10°2
case 3 1. 294%x10°! 5. 488X1072
cases 1. 928%x107! 7. 103Xx107
case 5 2. 623%x10"! 8. 503x107?
caseb 3. 342X107! 9. 656X%X107®
case7 4. 058%X10™! 1. 055X107!
case8 4. 738%X10"! 1. 122x10!
case 9 5. 369x10™! 1. 167X10"!
casel O 5. 943x10™ 1. 195%X10!
case]l 1 6. 457101 1. 207%x10"!
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Table2-1 Keff

in single

system

DRIVER zone keff in TEST zone keff in coupling factor
' DRIVER =zone TEST zone
cm kd cm kt X102
26. 0 0. 9913
case 1 25. 0 0. 9766 1.0 0.0173 1. 427
case 2 24. 0 0. 9608 2.0 0. 0534 2. 861
case3 23. 0 0. 9436 3.0 0.1044 4, 227
cased 22. 0 0. 9251 4. 0 0. 1666 5. 465
case5 21. 0 0.9049 5.0 0. 2296 6. 585
case 6 20. O 0. 8829 6. 0 0. 2933 7. 564
case7 19. © 0. 8591 7.0 0. 35657 8.4072
case S 18. 0 0. 8332 8.0 0.4157 9. 099
case S 17. 0 0. 8054 9.0 0.4727 9, 625
casel 0| 16. 0 0.7743 10. 0 0. 5262 10. 094
casel11]15. O 0.7409 11. 0 0.5760 10. 398
case1 2| 14. O .0.7046 12.0 0. 6223 10. 579
casel1 3| 13. 0 0.6651 13.0 0. 6651 10. 639
Table?2—-2 2—GROUP MACRO CROSS SECTION DATA
diffusion absorption production quasi-absorption
Diem") Talcm!) v nf{cm ) B®
1. 490 6. 741 7. 093 8. 504
1# X1o0° X103 X102 X103
2. 825 1. 288 2. 283 8. 504
2 X10 X10"! X102 X102
scattering matrix
lg—1lg lg—2g 2g—1lsg 2g—2¢g
1.408 2.429 3. 485 1. 149
xX10"! X102 X104 X10®
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Tab1e2—3 keff
: obtained from diffusion theory

in test zone and Coupling factor

keff coupling factor

Kt Ci
case 1 3. 513x107? 1.401X%102
case 2 9. 493x10 2. 735X10°¢
case3 1. 752X107¢ 3. 890x10®
case4d 2. 672Xx107! 4. 798x1072
case5 3. 631x10" 5.430X10°2
case6 4, 572x10 5. 788%x10®
case 7 5. 456%X10"! 5. 892xXx10%
case8 6. 264xX10"! 5. 770xX10°?
case 9 6. 988x10! 5.449%X10?
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Table2—4 collision probability

1G Pil P12 P21 P22

casel 9. 1065E-01 1. 4415E-02 3. 6038E-01 2. 7878E-01
case 2 9. 0695E-01 2. 4233E-02 2.9079E-01 4. 1790E-01
case3 9. 0294E-01 3. 1741E-02 2. 4335E-01 5.1271E-01
case4d 8. 985701 3. 7873E-02 2. 0833E-01 5. 8265E-01
case5 8. 9380E-01 4.3172E-02 1. 8132E-01 6. 3655E-01
case6 8. 8857E-01 4. 7964E-02 1. 5988E-01 6. 7930E-01
case'’’/ 8. 8282E-01 5. 2492E-02 1. 4247E-01 7. 1394E-01
case8 8. 7646E-01 5. 6935E-02 1. 2811E-01 7. 4248E-01
case9 8. 6941E-01 6. 1442E-02 1. 1606E-02 7.6633E-01
case1 O | 8.6153E-01 6. 6138E-02 1. 0582E-02 7. 8649E-01
casel 1 | 8.527T1E-01 7. 1T147E-02 9. 7019E-02 8. 0371E-01
casel 2 | 8.42756-01 7. 6594E-02 8. 9360E-02 8. 1856E-01
casel 3 | 8. 3146E-01 8. 2614E-02 8. 2614E-02 8.3146E-01
2G P11 P12 P21 P22

case 1 9. 8304E-01 7. 0145E-03 1. 7536E-02 6.4927E-01
case 2 9. 8234E-01 8. 4877E-03 1. 0185E-02 7.9629E-01
case3 9. 8157E-01 9.1261E-03 6. 9966E-02 8. 6006E-01
cased 9. 8073E-01 9. 6085E-03 5. 2847E-02 8. 9431E-01
case5 9. T982E-01 1. 0084E-02 4. 2353E-02 9. 1529E-01
tase 6 9. 7880E-01 1. 0593E-02 3.5311E-02 9. 2938E-01
case '’ 9. 7T69E-01 1. 1152E-02 3. 0270E~02 9. 3945E-01
case8 9. 7645E-01 1. 1772E-02 2. 648TE-02 9. 4703E-01
case 9 9. 7507E-01 1. 2465E-02 2.3544E-02 9.5291E-01
casel O | 9.7351E-01 1. 3243E-02 2. 1190E-02 9.5762E-01
case]l 1§ 9.7175E-01 1. 4127E-C2 1. 9264E-02 9. 6147E-01
case]l 2 | 9.6972E-01 1. 5135E-02 1. T658E-02 9. 6468E-01
casel1 3| 9.6739E-01 1. 6300E-02 1. 6300E-02 9.6739E-01
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Table2—5% keff
obtained from collision probability

in test zone and Coupling factor

method

TEST zone coupling factor

Kt Ci
case 1 —3.541%X10°3 1. 458x1072
case 2 9. 525X10°4 3. 021x%x10®
case3 1.591Xx10°2 4. 649x10%
case4d 4. 053X10°2 6. 299X1072
caseb 7. 365%X10°2 7.932X10°2
case6 1. 139%x10°! 9. 508%x10°2
case7 1. 59810 1. 099x10™!
case8 2. 095x10! 1. 236x107!
case 9 2. 612x10' 1.361%X10"
casel1 O 3. 145X10 1. 468%X10!
casel 1 3. 670x10" 1. 563x10
casel 2 4. 172X10"" 1. 646X10!
casel 3 4. 668%X10! 1.711x107!
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Table2—6 EACH TERM'S VALUE OF EQ. (50)
1 1o 2 .2 2122 12 0%, 2 222
Pn® ¥*rfn (7% Pad Py PPl =% Pl
2 2-2.2 K 1 o2=2.%0 52 Koo ol <2 o2 <l 2-2a2 | |
I Py eff (2)=F) "Py) Py eff PywXy P ()2 Py
case3 3. 587E-02 1. 027E-400 1. 973E-00
caseb 3. 455E-02 1. 023E-00 1. 117E-02
cased 3. 287E-02 1. 621E-00 1. 102E-02
casel}? 3. 076E-02 1. 021E-00 1. 339E-02
1u1-2 2 2 2 22 7, %2 1 2 82,02 222
Pa¥r YFutn (Zy=%y Pyl Py PyavE1iPy (E7Fy "Pp)
2 2—2.2 k 222582 52 Kool ol o2 ol o2-20%D,
gl-sl-1pl eff (Z;=2) "Py) Pyt NeftPyuS1ePy (22 P |
case3 9. 831E-103 1. 030E-00 3.916E-02
caseb 1. 892E-02 1. 023E-00 2. 0A0E-02
case9 2. 465E-02 1. 022E-00 1. 469E-02
casell 3, 400E-02 1. 021E-00 9. 509E-03
=282 < 251 12, %2 2 o}
T, Py vEPy T PpvExPy
1242 ' )
Kert (z2-z1PTD) Ketr (22-277"P )
case3 1. 095E-02 4. 806E-03
cased 7. 153E-03 4. 560E-03
case9 5. 126E-03 3. 814E-03
casel? - 3. 334E-03 3. 207E-03
| 1-2,%2 52 pl 11592 52 pl
L] PpvEpPn T P p¥sirn
— 2 : 2 2"“'2 *]
Koft (E%—Z% 2%; ) Ketf (21—21 Pn)
case’ 8. 111E-04 1. 295E-03
; cased 1. 641E-03 1. 909E-03
tcased | 2.392E-03 2.373E-03
' casel? | 4.45TE-03 3. 045E-03
|
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Table 1 Energy group structure of 107-group

Group Upper energy Lower energy Lethargy width
1 10,0000 (MeV) 7.7880(Mev) 0.25
2 7.7880 6.0653 0.25
3 6.0653 4.7237 0.25
4 4.7237 3.6788 0.25
5 3.6788 2.8651 ¢.25
6 2.8651% 2.2313 0.25
7 2.2313 1.7377 0.25
8 1.7377 1.3534 0.25
9 1.3534 1.0540 0.25

10 1.0540(MeV) 0.82085(MeV) 0.25
11 820.85(keV) 639,28(keV) 0.25
12 639.28 497.87 0.25
13 497.87 387.74 0.25
14 387.74 301.97 0,25
15 301.97 235.18 0.25
16 235.18 183.16 0.25
17 183.16 142.64 0.25
18 142.64 111.09 0.25
19 111.09 86,517 0.25
20 86.517 67.380 0.25
21 67.380 52.475 0.25
22 52.475 40.868 0.25
23 40,868 31.828 0.25
24 31.828 24,788 06.25
25 24.788 19.305 0.25
26 19.305 15.034 0.25
27 15.034 11.709 0.25
28 11.709 9.1188 0.25
29 9.1188 7.1017 0.25
30 7.1017 5.5308 0.25
31 5.5308 4.3074 0.25
32 4.3074 3.3546 0.25
33 3.3546 2.6126 6.25
34 2.6126 2.0347 0.25
35 2.0347 1.5846 0.25
36 1.5846 1.2341 0.25
37 1.2341(kev) 0.96112(keV) 0.25
38 961.12{eV} 748.52{eV) 0.25
39 748,52 582.95 0.25
40 582.95 454,00 0.25
41 454.00 353.57 0.25
42 353.57 275.36 0.25
43 275.386 214,45 0,25
44 214.45 167.02 0.25
45 167.02 130.07 0.25
46 130¢.07 101.30 0.25
47 101.30 78.893 0.25
48 78.89 - 61.442 0.25%
49 61.442 47.851 0.25
50 47.851 37.266 0.25
51 37.266 29,023 0.25
52 29.023 22.603 0.25

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

82
83
B84
85
86
87
88
89
90
91
92
93
94
95
96
97

98
99

100

101

102

103

104

105

106

107

22,603
17,604
13.710
10.677
8.3153
6.4760
5.0435
3.9279
3.0590
2.3824
1.8554
1.6374
1.4450
1.2752
1.1253(ey)

993.12(10"3ev)

876.43

773.44

682.56

602.36

531.58

469.12

413.99

389,26

365.28

342.06

319.61

297.92

276.99

256.83

237.42

218.78

200.90

183.78

167.43

151.83

137,00

122.93

109.63

97.080
85.397
74.276
64.017
54.520
45.785
37.813
30.602
24.154
18.467
13.543
9.3805
5.9804
3.3423
1.4663
0.35238(10 3ev)

17.604
13.710
10.677

8.3153
6.4760
5.0435
3.9279
3.0590
2.3824
1.8554
1.6374
1.4450
1.2752
1.,1253
0.99312(gv)

876.43(10 7aVv)

773. 44

682.56

602,36

531.58

469.12

413.99

389.26

365.28

342.06

319.61

297.92

276.99

256.83

237.42

218,78

200.90

183.78

167.43

151.83

137.00

122.93

109.63
97.080
85.397
74.276
64.017
54.520
45,785
37.813
30.602
24,154
18.467
13.543

9.3805
5.9804
3.3423
1.4663
0.35238
0.01{10"3ev)

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
¢.25
¢.125
0.125
0.125
0.125
0.125
0.125
¢.125
0.125
0.125
¢.125
0.125
0.125
0.0618
0.0636
0.0657
0.0678
0.0703
0.0729
0.0755
0.0786
0.0818 -
0.0852
0.089
0.0932
0.0987
0.1028
0.1083
0.1145
0.1216
0.1286
0.1396
0.1486
0.1606
0.1746
0.1913
¢.2116
0.2366
0.2685
0.3101
0.3672
0.4502
0.5818
0.8239
1.4258
3.5621




Table 2 Summation of scattering matrix of P1 component Table 3 Summation of scattering matrix of Pt component
in each energy in each energy
- Fuel region in vm/vVE=i.5 Core - - Fuel region in vm/vE=2.2 Core -

— gLl —

energy scatter out scatter in anergy-group scatter out scatter in
1 5.80320E-02 3.44567E-02 1 6.01061E-2 3.24623E-2
2 6.54376E-02 4.69110E-02 2 6.71584E-2 4.54180E-2
3 7.78753E-02 5.58637E-02 3 7.98110E-2 5.42873E-2
4 9.04080E~02 7.44880E-02 4 9.33639E-2 7.47717E-2
5 9.17220E-02 7.9028B5E-02 5 9.50710E~2 7.99231E-2
& 1.05447BE-01 7.86223E-02 6 1.09670E-1 7.B5475E-2
7 1.11415E-01 8.45422E-02 7 1.18851E-1 8.73582E-2
8 1.23297E-01 9.67049E-02 8 1.33396E-1 1.02208E-1
9 1.38480E-01 1.10952E-01 9 1.50670E-1 1.18300E-1
10 1.53306E-01 1.21940E-01 10 1.68155E-1 1.31559E-1
1" 1.70536E-01 1.36360E-01 L] 1.88120E-1 1.48064E-1
12 1.84030E-01 1.47371E-01 12 2.05633E-1 1.62039E-1
i3 2.01503E-01 1.58952E-01 13 2.27246E-1 1.77022E-1
14 2.2013%9E-01 1.69610E-01 4 2.50725E-1 1.91895E-
15 2.42456E-01 1.85715E-01 15 2.77717E-1 2.119736-1
16 2.69152E-01 2.11B63E-01 16 3.09426E-1 2.41149E-1
17 2.99988E-01 2.42677E-01 17 3.45416E-1 2,74998E-1
18 3.20655E-01 2.43000E-01 18 3.71143E1 2,83752E-1
19 3.55566E-01 2.93506E-01 19 4,11858E-1 3.34946E-1
20 3.74282E-01 2.88176E-01 20 4.34245E-1 3.39508E-1
21 4,01023E-01 3.28105E-01 21 4,66899E-1 3.81818E-1
22 4.25553E-01 - 3.58902E-01 22 4,95664E-1 4,16533E-1
23 4.56%62E-01 4.26129E-01 23 5.30184E-1 4.81272E-1
24 4.55693E-0 3.57811E-01 24 5.31051E-1 4.31921E-1
25 4.76538E-01 4,22201E-01 25 5.56092E-1 4.92472E-1
26 4.89399E-01 4.41506E-01 26 5.71216E-1 5.15065E-1
27 4,99973E-01 4.58485E-01 27 5.83619E-1 5.34899E-1
28 5.08919E-01 4,72731E-01 28 5.94055E-1 5.51745E-1
29 5.16186E-01 4.85572E-01. 29 6.02533E-1 5.66659E-1
30 5.23411E-0 5.02570E-01 30 6.10766E-~1 5.84473E-1
N 5.25548E-01 4.99009E-01 N 6.13456E-1 5.84438E-1
32 5.30002E-01 5.12153E-01 32 6.18663E-1 5.97838E-1
33 5.32821E-01 5.18407E-01 33 6.21959E-1 6.05060E-1
34 5.35062E-01 5.23252E-01 34 6.24551E-1 6.10774E-1
35 5.36837E-01 5.2B451E-01 35 6.26614E-1 6.16385E~1
36 5.38005E-01 5.31013E-01% 36 6.28006E-1 6.19613E-1
37 5.39280E-01 5.31466E-01 37 6.29492E-1 6.21019E-1
38 5,.39916E-01 5.35131E-01 38 6.30237E-1 6.24657E-1
39 5.40276E-01 5.36652E-01 39 6,30649E-1 6.26459E-1
40 5,40569E-01 5.38003E-01 40 6.31017E-1 6.27972E-1
41 5.40B89E-01 5.38980E-01 41 6.31398E-1 6.29099E-1
42 5.41314E-01 5.39561E-01 42 6.31862E-1 6.29821E-1
43 5.41646E-01 5.40293E-01 43 6.32261E-1 6.30637E-1
44 5.42759E-01 5.41083E-01 44 6.33244E-1 6.31421E-1
45 5.42238E-M 5.41372E-01 45 6.32886E-1 6.31898BE-1




Table 4 Comparison of Keff obtained from Consistent and
Inconsistent P1 approximation

Vm/VE Consistent P1 Inconsistent P1 difference(%dk/kk')

1.0047 0.9985 0.62
1.0173 1.0096 : 0.75

— N
. »
[S 1,8

Table 5 Enegy Group Structure of 4,10 and 24 Groups
base on 107-group Energy Structure

4 groups 10 groups 24 groups
1 - 20 1 - 4 1 - 4
5 - 12 5 - 8
13 - 20 9 - 12
13 - 16
17 - 20
21 - 45 21 - 33 21 - 27
34 - 45 28 - 33
34 - 39
40 - 45
46 - 70 46 - 60 46 - 53
61 - 70 54 - 60
61 - 65
66 - 70
71 =107 71 - 90 71 - 74
90 - 98 75 - 79
99 -107 80 - 84
85 - 87
88 - 90
91 -~ 92
93 - 95
96 - 98
99 -1
102 -104
105 -107
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Table 6 Comparison of Keff and Difference from
107-group cal. obtained from various
collapsing methods

- Vm/Vf=1.5 Core, Inconsistent P1 approximation -

energy-group 4-group 10-group 24-group
method 1 1.0146 1.0096 1.0094
Keff method 1-1 1.0098 1.0094
method 2 1.0108 1.0095 1.0092
method 3 1.0589 1.0198 1.0125
107-group cal. 1.0096
method 1 0.49 0.00 -0,02
Difference method 1-1 0.02 -0.02
(¢dk/kk"') method 2 0.12 -0,01 -0.04
method 3 4.61 0.99 0.28
Tabhle 7 Comparison of Keff and Difference from

107-group cal. obtained from wvarious
collapsing methods
- Vm/VE=1.5 Core, Consistent P1 approximation -

energy-group 4-group 10-group 24 -group
method 1 1.0354 1.0205 1.0170
Keff method 1-1 1.0213 1.0169
method 2 1.0396 1.0218 1.0169
method 3 1.0428 1.0265 1.0199
107-group cal. 1.0173
method 1 1.72 0.31 -0.03
Difference method 1-1 —_— 0.38 -0.04
{3dk/kk") method 2 2.11 0.43 -0.04
method 3 2.40 0.88 0.25
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Table 8 Comparison of Keff and Difference from
107-group cal. obtained from various
collapsing methods

- Vm/Vf=2.2 Core, Inconsistent P1 approximation -

energy-group 4-group 10-group 24-group
method 1 1.0027 0.9987 0.9985
Keff method 1-1 0.9911 0.9986 0.998¢6
method 2 0.9989 0.9985 0.9981
method 3 1.0487 1.0089 1.0013
107-group cal. 0.9985
method 1 0.42 0.02 0.00
Difference method 1-1 -0.74 0.01 0.01
(gdk/kk") method 2 0.04 0.00 -0,04
method 3 4.79 1.03 0.28
Table 9 Comparison of Keff and Difference from

107-group cal. obtained from wvarious
collapsing methods
- Vm/VE=2.2 Core, Consistent P1 approximation -

energy-group 4-group 10-group 24-group
method 1 1.0204 1.0075 1.0047
Kaff method 1-1 0.9869 1.0069 1.0040
method 2 1.0226 1.0085 1.0044
method 3 1.0291 1.0136 1.0073
107-group cal. 1.0047
method 1 1.53 0.28 0.00
Difference method 1-~1 -1.80 0.22 -0.07
(%dk/kk') method 2 1.74 0.38 -0.03
method 3 2.36 0.88 0.26
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Table 1

Summary of Transport Macroscopic Cross Section

(Inner Core)

Energy Inconsistent Pl

Consistent Pl

Group

Number Radial % Error axial Error
1 8.24723E-02 8.16871E-02 -0.95 8.16871E-02 -0.95
2 8.45451E-02 8.35326E~-02 -1.20 8.35329E-02 -1.20
3 8.86459E-02 8§.76083E-02 -1.,17 B8.76084E-02 -1.17
4 9,94873E-02 9,85265E-02 -0.97 9.85231E-02 -0.97
5 1.06862E-01 1.02995E-01 -3.62 1.02989E-01 -3.62
6 9.91105E-02 9.96149E-02 0.51 9.96229E-02 0.52
7 1.13890E-01 1.11246E-01 -2.32 1.11243E-01 -2.32
8 1.22580E-01 1.21156E-01 -1.14 1.21193E-01 -1:14
9 1.45435E-01 1.38576E-01 -4,72 1.38593E-01 -4.70
10 1.61489E-01 1.60025E~-01 -0.91 1.60136E-01 -0.84
11 1.63744E-01 1.62509E-01 -0.75 1.62532E-01 -0.74
12 1.47817E-01 1.50714E-01 1.96 1.50952E-01 2.12
13 2.29256E-01 2.16111E-01 -5,73 2.16489E-01 -5.57
14 1.93336E-01 1.87866E-01 -2,.83 1.87969E-01 ~-2.,78
15 1.88210E-01 1.89522E-01 0.70 1.89566E-01 0.72
16 2.26382E-01 2.27727E-01 0.59 2.28068E-01 0.74
17 2.19388E-01 2.21298E-01 0.87 2.21695E-01 1.05
18 2.17484E-01 2.17289E-01 ~-0.09 2.1808%9E-01 0.28
19 2.40021E-01 2.42622E-01 1.08 2.43105E-01 1.28
20 2.36294E-01 2.36834E-01 0.23 2.37517E-01 0.52
21 2.61785E-01 2.65904E-01 1.57 2.66336E-01 1.74
22 2.67731E-01 2.66944E-01 -0.29 2.67839E-01 0.04
23 2.88520E-01 2.91043E-01 0.87 2.91571E-01 1.06
24 4_.28974E-01 4.40238E-01 2.63 4,41307E-01 2.87
25 2.28669E-01 2.21229E-01 -3.25 2,.21689E-01 -3.05
26 3.01736E-01 3.09352E-01 2.52 3.08990E-01 2.40
27 3.17065E-01 3.19279E-01 0.70 3.20469E-01 1.07
28 3.19092E-01 3.20738E-01 0.52 3.21680E-01 0.81
29 4.95954E-01 5.15862E-01 4,01 5.15131E-01 3.87
30 4.40782E-01 4.39542E-01 -0.28 4,40312E-01 -0.11
31 4.28869E-01 4.30740E-01 0.44 4.31724E-01 0.67
32 6.24199E-01 6.47712E-01 3.77 6.48871E-01 3.95
33 1.62735E+00 1.85100=+00 13.74 1.84796E+00 13.56
34 7.58062E-01 7.46663E-01 -1.50 7.47681E-01 -1.,37
35 3.88716E-01 3.77404E-01 -2.91 3.78439E-01 -2.64
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Table 1

Continued

Energy Inconsistent P1

Consistent Pl

Group
Number Radial % Error Axial % Error
36 3.29166E-01 3.28861E-01 -0.09 3.30728E-01 0.47
37 3.57657E-01 3.67279E-01. 2.69 3.69548E-01 3.32
38 3.27633E-01 3.30524E-01 0.88 3.32852E-01 1.59
39 3.40193E-01 3.46108E-01 1.74 3.49066E-01 2.61
40 3.52929E-01 3.61092E-01 2.31 3.70096E-01 4,86
41 3.84635E-01 3.94606E-01 2.59 3.95215E-01 2.75
42 5.71274E-01 5.91699E-01 3.58 6.210358-01 8.71
43 3.85669E-01 3.86610E-01 0.24 4,56428E-01 18.35
44 3.98743E-01 4.07519E-01 2.20 -3.65881E-01 -8.24
45 3.678848-01 3.74237E-01 1.73 3.55785E-01 -3.29
46 4,25219E-01 4.33918E-01 2.05 4.30004E-01 1.13
47 3.63632E-01 3.83948E-01 5.59 3.65851E-~01 0.61
48 4.01284E-01 4.16507E-01 3.79 4.09496E-01 2.05
49 3.82934E-01 3.95560E-01 3.40 3.82598E-01 -0.09
50 4.55734E-01 4,80938E-01 5.53 4,70314E-01 3.20
51 4.30194E-01 4.47764E-01 4.08 4,.58009E~01 6.47
52 3.62244E-01 3.62600E-01 0.10 3.60330E-01 -0.53
53 4,55334E-01 4,.97646E~01 9.29 5.11644E-071 12.37
54 3.75714E-01 3.87980E-01 3.27 3.77784E-01 0.55
55 3.80111E-01 3.92177E-01 3.17 3.83579E-01 0.91
56 3.59289E-01 3.63566E-01 1.19 3.67049E-01 2.16
57 4.69669E-01 5.14084E-01 9.46 5.13290E-01 9.29
58 4,00337E-01 4,13529E~01 3.30 4.34275E-01 3.48
59 3.50388E-01 3.47452E-01 -0.84 3.49283E-01 -0.32
60 3.49543E-01 3.49638E-01 0.03 3.50719E-01 0.34
61 3.59917E-01 3.64173E-01 1.18 3.61509E-01 0.44
62 3.59982E-01 3.63605E-01 1.01 3.61700E-01 0.48
63 3.70989E-01 3.77870E-01 1.88 3.73657E-01 0.72
64 4.15843E-01 4_.36479E-01 4.96 4,20966E-01 1.23
65 4.55845E-01 4,82266E-01 5.80 4,.62159E-01 1.39
66 4.16925E-01 4.24004E-01 1.70 4,21478E-01 1.09
67 4,18893E~01 4,28178E-01 2.22 4,252788-01 1.52
68 4_.37990E-01 4 .51835E-01 3.16 4.46303E-01 1.990
69 4,48212E-01 4.61818=-01 3.04 4,57662E-01 2.11
70 4.50835E-01 4.60169E-01 2.07 4,615788-01 2.38
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Table 2 Summary of Transport Macroscopic Cross Section
{Outer Core)
Enerqgy Inconsistent P1 Consistent P1
Group

Number Radial % Error Axial Error
1 8.37746E-02 8.315028-02 -0.75 8§.315018-02 -0.75

2 8.65529E-02 B8.56518E-02 -1.04 8.56908E-02 -1.00

3 9.08835E-02 8.99306E-02 -1.05 8.89545E-02 -1.02

4 1.01255E-01 1.00580E-01 -0.67 1.00306E-01 -0.94

5 1.08609E-01 1.0493%2-01 -3.38 1.05015E-01 -3.31

6 17.02996E-01 1.02245E-01 -0.73 1.03318E-01 0.31

7 1.16471E-01 1.15162E-01 -1.12 1.14048E-01 -2.08

8 1.24534E-01 1.22676E-01 -1.49 1.23215E-01 -=1.,06

9 1.45005E-01 1.39419E-01 -3.85 1.38914E-01 -4.20

10 1.59418E-01 1.56794E-01 -1.65 1.58071E-01 -0.85

11 1.64758E-01 1.59740E-01 -3.05 1.63302E-01 -0.88

12 1.49186E-01 1.49649E-01 0.31 1.52002E-01 . 1.89

13 2.27026E-01 2.17724E-01 -4.10 2.16248E-01 -4.75

14 1.91135E-01 1.84910E-01 -3.26 1.86439E-01 -2.,46

15 1.87685E-01 1.85121E-01 -1.37 1.89020E-01 0.71

16 2.30478E~01 2.28827E-01 -0.72 2.31588E-01 0.48

17 2.22974E-01 2.23707E-01 0.33 2.25615E-01 1.18

18 2.19417E-01 2.19754E-01 0.15 2.20415E-01 0.45

19 2.45123E-01 2.45558E-01 0.18 2.47839E-01 1.11

20 2.39503E-01 2.40477E-01 0.41 2.41144E-01 0.69

21 2.65680E-01 2.679222-01 0.84 2.69901E-01 1.59

22 2.75956E-01 2.74985E-01 ~0.35 2.76217E-01 0.09

23 3.01697E-01 3.023792-01 0.23 3.04477E~01 0.92

24 4.53091E-01 4 .66319E-01 2.92 4.66182E-01 2.89

25 2.30271E-01 2.23193E-01 -3.07 2.236108-07 -2.89

26 3.12139E-01 3.170038-01 1.56 3.18860E-01 2.15

27 3.29417E-01 3.32562E-01 0.95 3.33248E-01 1.16

28 3.33901E-01 3.35143E-01 0.37 3.36593E-01 0.81

29 5.35408E-01 5.50817E-01 2.88 5.54208E-01 3.51

30 4.64758E-01 4.65649E-01 0.19 4.65041E-01 0.06

31 4.45421E-01 4.,47496E-01 0.46 4_48556E-01 0.70

32 6.45424E-01 £.645145-01 2.96 6.69927E-01 3.80

33 1.88837£+00 1.98745E+00 5.25 2.09803E+00 11.10

34 7.767278-01 7.34792E-01 1.04 7.70994E-01 -0,74

35 4.152421-01 4.,02763E-01 -3.01 4.,05393E-01 -2.37
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Table 2

Continued

Energy Inconsistent P1

Consistent Pl

Group
Number Radial % Error Axial s Error
36 3.53494E-01 3.52603E-01 -0.25 3.55685E-01 0.62
37 3.87022E-01 3.95252E-01 2.13 3.99891E-01 3.33
38 3.56641E-01 3.59173E-01 0.71 3.62749E-01 1.71
39 3,.70149E-01 3.75520E-01 1.45 3.8G236E-01 2.73
40 3.93593E-01 3.99751E-01 1.56 4,15462E-01 5.56
41 4,19387E-01 4,28481E-01 2.17 ~4.31012E-01 2.77
42 6.33652E-01 6.51604E-01 2.83 7.24177E-01 14.29
43 4,33459E-01 4,.34158E-01 0.16 3.92675E-01 -=-9.41
44 4,46416E-01 4,55405E-01 2.01 4_.39433E-01 -1.56
45 4.18297E-01 4,24342E-01 1.45 4,.11583E-01 -1.60
46 4,74738E-01 4,.84197E-01 1.99 4,80906E-01 1.30
47 4,27472E-01 4,.47816E-01 4,76 4,33442E-01 1.40
48 4,57623E-01 4_,73280E-01 3.42 4.66824E-01 2.01
49 4.69026E-01 4,.81634E~-01 2.69 4_70272E-01 0.27
50 5.58420E-01 5.82905E-01 4,38 5.73558E-01 2.71
51 4,.61120E-01 4,81527E-01 4,43 4 _86891E-01 5.59
52 4.03091E-01 4,06514E-01 0.85 4,01747E-01 -0.33
53 5.46413E-01 5.88315E-01 7.67 6.03825E-01 10.51
‘54 4.81763E-01 4.94284E-01 2.60 4,84516E-01 0.57
55 4,89581E-01 5.02413E-01 2.62 4,93208E-01 0.74
56 3.99252E-01 4,.22908E-01 5.93 4,06198E-01 1.74
57 5.67101E-01 6.20046E-01 9.34 6.11659E-01 7.86
58 4.20123E-01 3.82708E-01 -8.91 4.57576E-01 8.91
59 3.87131E-01 3.79233E-01 -2.04 3.86908E-01 -0.06
60 3.83761E-01 3.82415E-01 -0.35 3.85390E-01 0.42
61 4,.05458E-01 4,.17868E-01 3.06 4,.06180E-01 0.18
62 4,01989E-01 4.09861E-01 1.96 4,.03149E-01 0.29
63 4 ,25783E-01 4_53004E-01 .39 4,27623E-01 0.43
64 6.11146E-01 5.69826E-01 -6.76 6.15063E-01 0.64
65 5.31851E+00 5.34918E+00 0.58 5.32829%E+00 0.18
66 6.24337E-01 6.18563E-01 -0.92 6.25295E-01 .15
67 6.36908E-01 6.49603E-01 1.99 6.43386E~01 1.02
68 8.97254E-01 9.07404E-01 1.13 9.06329E-~01 1.01
69 2.23355E+00 2.254828+00 0.86  2.24664E+00 0.50
70 3.15257E+00 3.16278E+00 0.32 3.16288E+00 0.33
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Table 3 Summary of Transport Macroscopic Cross Section
(Control Rod)
tnergy Inconsistent Pl Consistent Pl
Group
Humber Radial % Error Axial $ Zrror
1 1.12686E-01 1.12728E-01 0.04 1.1272%E-01 0.04
2 1.24469E-01 1.158622-01 -6.91 1.15893E-)91 -6.89
3 1.38985E-01 1.28795=-01  -7.33 1.28756E-01 -7.36
4 1.54019E-01 1.38954E-01 -9.76 1.388%7E-01 -9.82
5 1.76974E-01 1.57563E-01 -10.897 1.57403E-01 -11.06
& 1.86945E-01 1.703772-01 -8.60 1.70631E-01 -8.73
7 1.98%919E-01 2.0458252-01 2.97 2.04365E-01 2.74
8 2.23148E-01 2.20003E-01 -1.41 2.19902E-01 =1.45
9 2.53625E-0M 2.51485=-01 -4.61 2.51280£-01 -4£.68
10 2.446528-01 2.585275-01 5.67 2.59496E-01 6.07
11 2.76639E-01 Z2.63%87E-01 -4.57 2.64913E~-01 ~4.24
12 3.14712E-01 3.03011E-01  -3.72 3.03412E-01 -3.39
13 4,286041E-01 4,258348-01 -0.52 4.26373E-01 -u.3S
14 3.64081E-01 3.396852-01 -1.21 3.60929E-01 -0.87
15 3.20679E-01 3.748712-01 -4.05 3.74885E-01 -4.04
16 4,32303E-01 4.34334E-01 0.47 4,35838E-01 0.82
17 4_.46257E-01 4.424942-01 -0.84 4_43052E-01 -0.72
18 4 57828E-01 4.44758£-01 -2.85 4,46332E-01 -2.51
19 4 .81607E-01 5.00434E-01 3.91 5.01581E-01 £.15
20 4.87730E-01 4.840752-01 -0.75 4.85055E-01 -0.553
21 4.85113E-01 5.28701E-01 5.98 5.24634E-01 5.96
22 5.17826E-01 5.21416E-01 0.69 5.23855E-01 1.16
23 5.44B38E-01 5.63503E-01 3.43 5.63728E-01 3.47
24 6.93254E-01 7.29373E-01 5.21 7.36520E-01 5.24
25 5.42891E-01 5.171242-01  -4.75 5.16075E-01 -4.94
26 5.95441E-01 6.30840E-01 5.585 6.23802E-01 3.60
27 6.06273E-01 5.26881=2-01 3.40 56.31113E-~01 4.1¢
28 6.080258-01 6.21572E-01 2.23 6.23418E-01 2.53
29 7.43540E-01 83.57614E-01 15.34 8.62527-01 16.00
3 7.09184515-01 7.18533E-01 1.32 7.22242E-01 1.34
31 6.9188358-01 7.073462-01 2.23 7.10903E-01 2.75
3 7.21577E-01 $.27352-01 14.66 8.42447E-01 16.75
33 7.13891E-01 1.274702+00 92.56 1.621938+00 127.2¢0
34 7.99336E-01 7.5960%2-01 -4.97 7.58394E-01 -5.1z
35 7.53490E-01 6.94635E-061 -7.80 6.93597E-01 -7.95
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Continued
{Control Rod)

Table 3

Energy Inconsistent P1 Consistent Pl

Group

Number Radial % Error Axial % Error
36 7.73663E-01 7.53001E-01 -2.67 7.53181E-01 -2.65
37 8,35554E-01 8.61948E-01 3.16 83.66073E-01 3.65
38 8.55827E-01 8.827198-01 3.14 8.85549E-01 3.47
39 9.03989E-01 9.328719E-01 3.84  9.44462E-01 4.48
40 $5.60457E-01 1.004998+00 4.64 1.02099E+00 6.30
41 1.03G81E+0Q0 1.13503E+00 8.01 1.14241E4+00 8.72
42 1.28797E+00 1.38002E+00 6.32 1.431461+00 19.28
43 1.1653012+00 1.175772+00 0.92 1.19855E+00 2.88
44 1.24224%+00 1.281042+00 3.12 1.31467E+00 5.83
45 1.335312+00 1.37184E+00 2.74 1.46348E+00 9.60
456 1.43300E+00 1.52253E+00 5.81 1.75858E+00 22.21
47 1.53672E+00 1.601288+00 2.86 1.32949E+00 -14.60
43 1.6%160E+00 1.771208+00 4.71 1.63%60E+00 -3.07
459 1.84182E+00 1.88208E+00 2.19 1.80802E+00 -1.84
50 2.01565E+00 2.12647E+00 5.50 2.04192E+00 1.30
51 2.21782E+00 2.43375E+00 9.74 2.33324E+00 5.20
52 2.43857E+00 2.44667E+00 0.33 2.42722E+00 -0.47
53 2.67053E+00 2.91053E+00 8.99 2.70100E+00 1.14
54 2.95857E+00 3.00718E+00 1.64 2.97108E+00 0.42
55 3.28029E8+00 3.28628E+00 0.18 3.28788E+00 0.23
56 3.56616E+00 3.74236E+0Q0 2.08 3.74577E+00 2.17
57 4,03517E+00 4,282088+00 4,82 4.17152E+00 2.11
58 4,55539E+00 4,81102E+00 5.61 4.61811E+00 1.38
5% 5.08821E+006 5.07617E4+00 -0.24 5.08978E+00 0.03
60 5.69156E+00 5.679882+00 -0.21 5.70124E+00 0.16
61 6.376U7E+00 6.37971E+00 0.06 6.39419E+00 0.28
62 7.15122E+00 7.16358E+00 0.17 7.17483E+400 0.33
63 8.02556E+00 8.05007E+00 0.26 B.05786E+00 0.35
64 9.02481E+00 9.05693£+00 0.38 9.05863E+00 G.37
65 1.01327E+01 1.019218+01 0.39 1.01923E+01 0.39
60 1.14305E+01 1.747145401 0.36 1.147445E4+0]1 0.38
67 1.2G783E+01 1.292458+01 0.36 1.29286E+01 0.39
68 1.45193E4+01 1.457378+01 J.38 1.45770E+01 G.40
659 1.6378318+01 1.644328+01 0.40 1.64457E+01 0.41
70 2.06179k+01 2.06940E+01 0.37 2.07050E+01 0.42
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Table 4 Summary of Transport Macroscopic Cross Section
(Control Rod Position)

Energy Inconsistent P1 Consistent Pl
Group
Number Radial % Error Axial % Error
1 4.93811E-02 4,96212E-02 0.49 4,96212E-02 0.49
2 5.28477E-02 5.287798-02 0.25 5.29778E-02 0.25
3 5.58356E-02 5.57281E-02 -0.19 5.57285E-02 -0.19
4 5.93717E-02 5.9183%8-02 -0.32 5.91838E-02 -0.32
5 6.09146E-02 v.074G68E-02 -0.28 6.074352-02 -0-.28
3] 6.74322E-02 6.65264E-02 -1.34 6.65140E-02 -1.36
7 7.06773E-02 7.010408-02 -0.81 6.99834E-02 -0.98
3 7.20450E-02 7.09134E-02 -1.57 7.07844E-02 =1.75
9 8.42932E-02 8.33384E-02 -1.13 8.33203E-02 -1.15
10 8.65778E-02 8.67416E-02 0.19 8.679848-02 0.25
11 1.29124E-01 i.18824E-01 -7.98 1.19203E-01 -7.68
12 9.81368E-02 9,.92551E-02 1.14 9,.79471E-02 -0.16%
13 1.05394E-01 1.22151E-01  15.50 1.12258E-01 6.51
14 9.77962E-02 9,446898-02 -3.40 9.52215E-02 -2.63
15 9.65828E-02 §,.56896E-02 -0.92 9.59030E-02 ~0.70
16 1.38574E-01 1.35809E-01 -1.95 1.36887E-Q1 -1.22
17 1.23192E-01 1.26370E-01 2.58 1.24548E-01 1.10
18 1.18406E-01 1.20303E-01 1.60 1.18515E-01 0.09%
19 1.37813E-01 1.38639E-01 0.60 1.38368E-01 0.40
20 1.26808E-01 1.28827E-01 1.51 1.27332E-01 0.33
21 71.58076E-01 1.59655E-01 1.00 1.60599E-01 1.60
22 1.59223E-01 1.61117E-01 1.19 1.590932-01 -0.08
23 1.71294E-01 1.75027£-01 2.21 1.72020E-01 5.43
24 2.657845-01 2.75153E-01 3.55 2.73888E-01 3.05
25 1.28270E-01 1.251448-01 -2.44 1.22923E-01 -4.17
26 1.88976E-01 2.042%18-01 2.67 2.03856E-01 2.45
27 2.13404E-01 2.28691E-01 7.16 2.16042E-01 1.24
28 2.11069E-07 Z2.04043E-01 25.48 2.11680E-01 0.29
25 3.72834E-01 3.68706E-01 ~-1.11 3.88400E-01 4,18
36 3.47616E-01 3.430338-01 -1.30 3.452738-01 -0.67
31 3.34293E-01 3.668308-01 -4.,54 3.844708-01 0.05
3z 6.8061032-01 6.602559E-01 -3.43 7.06502E-01 2.97
33 3.146738+00 3.06347E+00 =2.65 3.671100u+00 14,75
34 8.59180E-01 $.08775E-01 5.77 §5.52570E-01 -0.72
35 3.00482E-01 2.72107E-01 ~-9.44 2.90596E-01 -3.29
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Table 4 Continued _
(Control Rod Position)

Energy Inconsistent P1 Consistent P1
Group
Number Radial % Error Axial % Error

36 2.09515E-01 2.01172E-01 -4.03 2.09299E-01 -0.15

37 2.10950E-01 2.10551E-01 -0.18 2.15182E-01 2.01
38 1.89789E-01 1.88181E-01 -0.85 1.90645E-01 0.45
39 1.92209E-01 1.82459E-01 0.13 1.94617E-01 1.25
40 2.001T18E-01 2.00654E-01 0.27 - 2.032758-07 1.58
41 2.36C08E-01 2.40369E-01 1.85 2.41725E-01 2.42
42 3.91501E-01 3.99047E-01 1.93 4,03104E-01 2.96
43 2.16689%E-01 2.12671E-01 -1.85 2.13523E-01 -1.46
44 2.113422-0M 2.12220E-01 0.42 2.13264E-01 0.9
45 2.12569E-01 2.13231E-01 0.31 2.14879E-01 1.13
46 2.13644E-01 ~ 2.15133E-01 0.70 2.15834E-01 1.03
47 2.14338E-01 2.15502E~01 0.23 2.17398E~01 1.12
48 2.16156E-01 2.17926E-01 0.80 2.18532E-01 1.08
45 2.17160E-01 2.18344E-01 0.55 2.20026E-01 1.32
50 2.20335E-01 2.227478-01 1.09 2.23210E-01 1.30
51 2.18769E-01 2.21184E-01 1.10 2.21313E-01 1.16
52 2.19427E-01 2.20092E-01 0.30 2.21487E-01 0.94
53 2.19981E-01 2.21752E-01 0.81 2.22134E-01 0.98
54 2.20549E-01 2.22244E-01 0.77 2.24768E-01 1.64
55 2.21092E-01 2.23233E-01 0.97 2.24664E-01 1.62
56 2.21608E-01 2.24652E-01 1.37 2.24457E-01 1.2%
57 2.220898-01 2.25162E-01 1.38 2.24686E-01 1.17
58 2.22586E-01 2.24487E-01 0.85 2.25253E-01 1.20
59 2.23133E-01 2.25147E-01 0.90 2.26082E-01 1.32
60 2.23726E-01 2.26459E-01 1.22 2.26654E-01 1.31
61 2.24378E-01 2.27370E-01 1.33 2.278380E-01 1.56
62 2.25107E-01 2.28250E-01 1.40 2.28725E-01 1.61
63 2.25986E-01 2.29472E-01 1.54 2.30307E-01 1.91
64 2.26994E-01 2.31006E-01 1.77 2.33060E-01 2.67
65 2.28135E-01 2.32406E-01 1.87 2.34774E-01 2.9
66 2.25%48SE-01 2.337458-01 1.85 2.35955E-01 2.82
67 2.31G13E-01 2.35864E-01 2.14 2.37423E-01 2.77
63 2.32718E-01 2.38271E-01 2.39 2.39381E-01 2.86
69 2.34536E-01 2.40653E-01 2.59 2.41343E-01 2.88

70 2.39381E-01 2.46884E-01 3.13 2.46602E-01 3.01
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Table 5 keff values of various cases in ZPPR-10D core

(1) (I1) (III) (IV)
(1) 0.9857 0.9851 0.9858 0.9850
(2) 0.9797 0.9791 0.9798 0.9790
(3) 0.9632 0.9625 0.9632 0.9624

(4) 0.9388 0.9381 0.9388 0.9380

Table 6 Control rod worth of variocus cases in ZPPR-10D core

(sdk/kk"')

(1) (I1) (IIT) (IV)
(2) 0.62 0.63 0.62 0.63
(3) 2.37 2.39 2.38 2.39

(4) 5.07 5.09 5.08 5.09
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Table 7.2.1 Reactor design parameters

for large core

Recator power, MWe 1000
Core concept Homogeneous
Core height, cm 100
Core diameter, cm 320
Axial blanket height, cm 35

Number of assemblies

Inner core 186
Outer core 150
Radial blanket 150
Control ' 25
Radial reflector 348
Fuel cycle length, year 1

Fuel residence time, cycle
Driver 3

Radial blanket 4/5
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Table 7.2.2 Assembly design parameters

for large core

Driver
Number of pins per assemblies 271
Assembly pitch, mm 160.9
Fuel pin diameter, mm 7.4
Cladding thickness ,mm 0.4
Pellet diameter, mm 6.44

Volume fraction, %

Fuel 41.4
Structure 21.4
Sodium 37.2

Radial blanket

Number of pins per assemblies 127

Fuel pin diameter, mm 11.8
Cladding thickness ,mm 0.37
Pellet diameter, mm 10.90

Volume fraction, %

Fuel 54,5
Structure 17.1
Sodium 28.4
Pu isotope fraction*, wt3 54/24/14/4
Fuel type Metal Oxide
Fuel composition U-Pu-10wt%Zr (U,Pu}0,
Smear density, % 75 92

* 239Pu/240Pu/241Pu/242Pu
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Table 7.2.3 Control assembly design parameter for large core

Primary Secondary

10g enrichment, wt% 45 87.5
105 inventory per assembly, kg 5.5 12.5
Volume fraction*, %

B,C 30( 0) 35( 0)

Structure 24(10) 20(10)

Sodium 46 (90} 45(90)

* (C.R.P.)

Table 7.2.4 Reactor design parameters

for small core

Recator power, MWe 280
Core concept Homogeneous
Core height, cm 93
Core diameter, cm 180
Axial blanket height, cm 30

Number of assemblies

Inner core 108
Quter core 90
Radial blanket 174
Control 19
Radial reflector _ 324
Fuel cycle length, year 0.8

Fuel Residence time, cycle
Driver 3

Radial blanket 3
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Table 7.2.5 Assembly design parameters

for small core

Driver
Number of pins per assemblies 169
Assembly pitch, mm : 115.6
Fuel pin diameter, mm 6.5
Cladding thickness ,mm 0.47

Volume fraction, %

Fuel 35.5
Structure 24 .4
Sodium 40.1

Radial blanket

Number of pins per assemblies 61
Fuel pin diameter, mm 12.0
Cladding thickness ,mm 0.50

Volume fraction, %

Fuel 46.5
Structure 19.1
Sodium 34,2
Pu isotope fraction”, wt% 54/24/14/4
Fuel type Metal Oxide
Fuel composition U-Pu-10wt%Zr (U,Pu)O,
Smear density, % 75 92
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Table 7.2.6 Control assembly design parameter for small core

10B enrichment, wt% 19.8
10g inventory per assembly, kg 0.8

*
Volume fraction , %

B4C 19.2( 0.0)

Structure 29.3(24.4)

Sodium : 49,2(75.6)
* (C.R.P.)
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Table 7.2.7 Assembly design parameters for

large core using small size pin

Driver
Number of pins per assemblies 271
Assembly pitch, mm _ 146.0
Fuel pin diameter, mm 6.5
Cladding thickness ,mm 0.7
Pellet diameter, mm 5.40

Volume fraction,

2

=]

Fuel 33.6
Structure 24.8
Sodium 39.6
Radial blanket
Number of pins per assemblies x|
Fuel pin diameter, mm 12.1
Cladding thickness ,mm 0.5
Pellet diameter, mm 10.90
Volume fraction, %
Fuel 46.0
Structure 19.4
Sodium 33.0
Fuel type Metal Oxide
Fuel composition U-Pu-10wt%ar (U,Pu)02
Smear density, % 75 92
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Table 7.2.8 Energy group structure of 7 and 16 groups

7 groups
Group Corresponding group Energy range
in 70 groups of JENDL-2
1 1 4 10.0 - 3.68 MeV
2 5 8 3.68 - 1.35
3 9 19 1.35 - 0.09
4 20 28 86.5 - 9.12 keV
5 29 37 9.12 - 0.961
6 38 46 961 - 101 eV
7 47 70 101 - thermal
16 groups
Group Corresponding group Energy range
in 70 groups of JENDL-2
1 1 2 10.0 - 6.07 Mev
2 3 4 6.07 - 3.68
3 5 6 3.68 - 2.23
4 7 8 2.23 - 1.35
5 9 10 1.35 - 0.82
6 11 13 0.82 - 0.39
7 14 16 0.39 - 0.18
8 17 19 ¢.18 - 0.09
9 20 22 86.5 - 40.9 keVv
10 23 25 40.9 - 19.3
11 26 28 19.3 - 9.12
12 29 31 9.12 - 4.31
13 32 34 4,31 - 2.03
14 35 37 2.03 - 0.961
15 38 40 961 -~ 454 eV
16 41 70 454 - thermal
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Table 7.3.1 Reactor performance parameters for
large metal core

Fuel cycle length, y

1 2 3
Pu enrichment, wt.%
Inner core 11.62 11.90 12.40
Outer core 15.80 17.90 22.30
Burnup reactivity
swing, %dk/kk' 0.84 2.920 6.30
Breeding ratio (MOEC) 1.397 1.291 1.192
Pu fissile inventory, t
BOEC
239py 3.07 3.67 4.25
241py 0.48 0.45 0.47
Total 3.55 4.12 4,72
EQEC
239py 3.50 4,29 4.88
241py 0.38 0.31 0.29
Total 3.88 4.60 5.17
Discharge burnup, Mwd/t
Max. in pelett 114000 209000 308000
Max. in Assembly 92000 161000 250000
Average 79000 150000 213000
Peak fast fluence, 1023nvt  3.82 6.52 9.05
Ave. power density, W/cc
BOEC 304 © 293 282
EQEC 294 274 256

Table 7.3.2 Breeding ratio for large metal core at MOEC

Fuel cycle length, y

1 2 3
Core 0.903 0.798 0.700
Axial blanket 0.274 0.260 0.242
Radial blanket 0.219 0.232 0.250

Total 1.397 1.291 1.192
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Table 7.3.3 Reactor performance parameters for
large oxide core

Fuel cycle length, vy

1 2
Pu enrichment, wt.%
Inner core 15,68 18.96
Quter core 20,49 24,46
Burnup reactivity
swing, %dk/kk' 3.5 8.2
Breeding ratio (MOEC) 7 1.216 1.088
Pu fissile inventory, t
BCOEC
239py, 3.19 3.85
241py 0.53 0.56
Total 3.72 4,41
EQEC
239py 3.49 4.15
241py 0.43 0.40
Total 3.92 4,55
Discharge burnup, Mwd/t
Max. in pelett 139000 238000
Max. in Assembly 108000 198000
Average 97000 180000
Peak fast fluence, 1023nvt 2.85 5.22
Ave. power density, W/cc
BOEC 308 302
BEOEC 298 282

Table 7.3.4 Breeding ratio for large oxide core at MOEC

Fuel cycle length, vy

1 2
Core 0.797 0.682
Axial blanket 0.237 0.244
Radial blanket 0.185 0.224

Total 1.220 1.088
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Table 7.3.5 Microscopic abscorption cross section of F.P.

Fuel type
Metal Oxide
F.P. of U 0.29 0.41
F.P. of Pu 0.40 0.54
unit : barn

Table 7.3.6 Loading mass and discharge mass of Pu fissile
per cycle for large metal core

239Pu 241Pu
Loading Discharge loading Discharge

Inner core 392.13 470,70 94,65 43.58
Outer core 429,99 415.19 103.79 54.68
Axial blanket 0.00 213.15 0.00 0.21
Radial blanket

Inner 0.00 103.48 0.00 0.07

Quter 0.00 64.15 0.00 0.05
Total 822.12 1266.67 198,44 98.59

unit : kg
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Table 7.3.7 Reactor performance parameters for
large core using small size pin

Fuel type
Metal Oxide
Pu enrichment, wt.%
Inner core 14.53 19.60
Outer core 20.50 26.60
Burnup reactivity
swing, %dk/kk' 3.6 6.4
Breeding ratio (MOEC) 1.225 1.070
Pu fissile inventory, t
BOEC
239py | 2.68 2.76
247 py 0.42 0.47
Total 3.10 3.22
EQEC
239py 2.96 2.92
241py, 0.32 0.36
Total 3.29 3.28
Discharge burnup, MWd/t
Max. in pelett 148000 184000
Max. in Assembly 122000 141000
Average 109000 130000
Peak fast fluence, 1023nvt 4.40 3.44
Ave. power density, W/cc
BOEC 366 371
EQEC 349 354

Table 7.3.8 Breeding ratic for large core
using small size pin at MOEC

Fuel type
Metal Oxide
Core 0.748 0.654
Axial blanket 0.247 0.218
Radial blanket 0.229 0.198
Total 1.225 1.070
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Table 7.3.92 Reactor performance parameters for large
metal core with various smear densities

Smear density, %

60 75 90
Pu enrichment, wt.% _
Inner core 14.80 11.62 10.20
Outer core 20.20 15.80 13.80
Burnup reactivity N
swing, %dk/kk'’ 3.30 0.84 -0.77
Breeding ratio (MOEC) 1.225 1.397 1.512
Pu fissile inventory, t
BOEC
23%py 2.96 3.07 3.22
241py 0.48 0.48 0.49
Total 3.45 4,55 4.71
EQEC
239py 3.26 3.50 3.74
241py 0.38 0.38 0.39
Total 3.64 3.88 4.14
Discharge burnup, MWd/t
Max. in pelett 135000 114000 97000
Max. in Assembly 112000 92000 77000
Average 97000 79000 67000
Peak fast fluence, 1023nvt  4.00 3.82 3.58
Ave. power density, W/cc
BOEC 303 304 307
ECEC 290 294 299

*:keff=1.001,EOEC:keff=1.008

Table 7.3.10 Breeding ratio for large metal core
with various smear densities at MOEC

Smear density, %

60 75 20
Core 0.746 0.903 1.026
Axial blanket 0.220 0.219 0.211
Radial blanket 0.259 0.274 0.274
Total 1.225 1.397 1.512
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Table 7.3.11 Reactivity worths of large core

Fuel type
Metal Oxide
Sodium void worth,
%dk/kk' 3.31 1.43
. Fuel Doppler coefficient,
~10~37dk/dT 5.45 8.90

Control rod worth,
sdk.kk' 11.3 11.7
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Table 7.4.1 Reactor performance parameters for

small metal core

Fuel cycle length, vy

0.8 1.0 2.0
Pu enrichment, wt.% '
Inner core 15.5 16,2 19.0
Quter core 22.6 23.2 26.5
Burnup reactivity
swing, %dk/kk' 2.71 3.51 7.60
Breeding ratio (MOEC) 1.318 1.289 1.174
Pu fissile inventory, t '
BOEC
239py 1.02 1.06 1.24
241py 0.19 0.17 0.19
Total 1.21 1.23 1.43
EQEC
239y 1.11 1.17 1.38
241py 0.16 0.15 0.13
Total 1.27 1.32 1.51
Ave. discharge burnup, MWwd/t 67700 84100 161500
Power fraction of core{3 % 91.9 91.3 87.7
Peak fast fluence, 102 nvt 2,75 3.45 6.57
Ave. power density, W/cc
BOEC 312 311 305
EQEC 304 301 283

Table 7.4.2 Breeding ratio for small metal core at MOEC

Fuel cycle length, vy

0.8 1.0 2.0
Inner core 0.470 0.45¢9 0.395
Outer core 0.239 0.231 0.204
Axial blanket 0.230 0.228 0.215
Radial blanket 0.379 0.371 0.360
Total 1.318 1.289 1.174
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Table 7.4.3 Reactor performance parameters for
small oxide core '

Fuel cycle length, y

0.8 1.0
Pu enrichment, wt.%
Inner core 20.0 20.7
Outer core 27.0 29.3
Burnup reactivity
swing, %dk/kk' 4,24 5.31
Breeding ratio (MOEC) 1.163 1.1586
Pu fissile inventory, t
BOEC
23%py 1.00 1.04
241py 0.19 0.19
Total 1.19 1.23
EQEC
239py 1.06 1.11
241 py 0.16 0.15
Total 1.22 1.27
Ave. discharge burnup, Mwd/t 84000 104200
Power fraction of core, % 92.8 92.1
peak fast fluence, 1023nvt 2.48 2.99
Ave. power density, W/cc
BOEC 315 314
EQEC 307 303

Table 7.4.4 Breeding ratio for small oxide core at MOEC

Fuel cycle length, y

0.8 1.0
Inner core 0.427 0.412
Quter core 0.212 0.207
Axial blanket 0.198 0.196
Radial blanket 0.326 0.326

Total 1.163 1.141
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Table 7.4.5 Loading mass and discharge mass of Pu fissile
per cycle for small core

Metal Oxide
0.8y 1.0y 2.0y 0.8y 1.0y
Loding mass, kg

239p 308.2 317.5 368.8 310.6 323.6
247py 74.4 76.6 89.0 75.0 78.1
Total 382.6 394,1 457.8 385.6 401,7

Discharge mass,kg
Pu 399.7 421.8 500.2 373.0 392.7
241p, 44,3 41.2 32.1 44,5 42.2
Total 444,0 463.0 532.3 417.5 434.9

Table 7.4.6 Reactor performance parameters for small
metal core with various smear densities

Smear density, %
60 75 90
Pu enrichment, wt.%
Inner core 19.6 15.5 o7
Outer core 26.6 22.6 o7
Burnup reactivity
swing, %dk/kk' 4,25 2.71 1.44
Breeding ratio (MOEC) 1.225 1.318 1.401
Pu fissile inventory, t
BOEC
239py 0.97 1.02 1.24
241 py 0.18 0.19 0.19
Total 1.15 1.21 1.43
EOEC
239py 1.05 1.11 1.38
241py 0.15 0.16 0.13
Total 1.20 1.27 1.51
Ave. discharge burnup,MWd/t 83300 67700 56800
Power fraction of core, % 90.5 91.9 92.5
Peak fast fluence, 1023nvt  3.04 2.75 2.70
Ave, power density, W/cc
BOEC 309 312 314
EOEC 298 304 306
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Table 7.4.7 Breeding ratio for small metal core
with various smear densities at MOEC

Smear density, %

60 75 20
Inner core 0.383 0.470 0.544
Quter core 0.192 0.239 0.281
Axial blanket 0.249 0.230 0.215
Radial blanket 0.401 0.379 0.365
Total 1.225 1.318 1.401

Table 7.4.8 Loading mass and discharge mass of Pu fissile
per cycle for small metal core with various
smear densities at MOEC

Smear density

60% 75% 90%
Loding mass, kg
239py 299.9 308,2 304.7
241py 72.4 74.4 73.5
Total 372.3 382.6 378.3
Discharge mass,kg
Pu 373.0 399.7 410.8
241 py 41.9 44.3 44.3

Total 414,9 444,0 455,1
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Table 7.4.9 Reactivity worths of small core

Fuel type
Metal Oxide

Sodium void worth,

sdk/kk' 1.66 1.25
Fuel Doppler coefficient,

-10~31dk /4T 3.47 5.93
Control rod worth,

sdk/kk'

Total 9.38 10.00

Stuck 0.65 0.68

Table 7.4.10 Sodium void worth of small core

Fuel type

Metal Oxide
Leakage -1.65 -1.36
Absorption - 0.27 0.38
Spectrum 2.97 2.19
Fission 0.06 0.04
Total ‘ 1.65 1.25

unit : %dk/kk'’
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Fig., 7.2.2 Cross section view of large core
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Fig, 7.2.4 Cross sectional view of small core
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Neutron flux (arbitrary unit)
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