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Abstract

This report is composed of the following six parts.

(1) Analysis of neutronic core decoupling

(IT) Prediction accuracy evaluation of core performance
parameter on large LMFBR

(IIT) Study on analysis method of neutronic dynamiés

{IV) Improvement of 3-D hexagonal-Z transport and diffusion
calculationé

(V) Study on analysis methods of intermediate spectrum core

(VI) Study on reactivity analysis for criticality safety



Part T

A new kinetic equation using higher harmonic modes and
associated eigenvalues has been developed. Eigenvalue separation
is adopted as a parameter describing core decoupling. And the
perturbed flux distribution is expressed as a linear combination
of the harmoniclmodes of the unperturbed flux. The new equation
has two parameters expressing core decoupling and £flux
distribution.

We concretely investigated the percent change of power
distribution when there is a local disturbance. The pattern of
the propagation of the power distribution change is different
between the homogeneous core and the heterogeneous core or
between in the fuel region and in the blanket region. The
propagation pattern becomes complex in outer core by the
interaction effect between the single and double fuel column

drawers.

Part IT

The prediction uncertainty of neutronic performance
parameters of a large FBR core has been estimated using three
methods, the bias factor method, the adjustment method and the
combined method. The prediction uncertainties obtained are
compared to know which methodris preferable to reduce the
uncertainty. In the derivation we include the method error in
addition to the cross section error. We have applied the derived

formulas to a large homogeneous FBR core of 1000MWe.

Vi



Part III

A three-dimensional transient analysis code is now being
developed to evaiuate the flux change in fast reactor cores. The.
stiffness confinement method has been introduced to treat the
time step calculation of reactivity and the improved coarse mesh
method has been introduced to accurately evaluate the spatial
flux distribution. The flux was calculated with the sub-domain
method and the stiffness confinement method. Then the value of

the flux and the number of time steps were compared.

Part IV

Three-dimensional diffusion and transport theory calculation
methods have been developed based on nodal method and SN method.

SIXTUS-2 is a two-dimensional multigroup diffusion nodal
method code in hexagonal geometry , developed by J.J.Arkuszewski
of P.S,I. SIXTUS-2 has been extended to 3-D hexagonal-Z geometry.
Comparing the calculational results by SIXTUS-3 with those by
finite difference method , it was found that SIXTUS-~3 corresponds
to 24 mesh calculation rather than 6 mesh calculation , and the
calculational time of SIXTUS-3 is same as that of & mesh
calculation.

We have introduced the basic eqguations based on the Analytic
polynomial nodal method in 3-D Cartesian geometry. The 3-D
multigroup diffusion code based on this theory has developed and
the test calculation has performed using the 3-D model which

imitates ZPPR9 with 7-group constants. In this numerical

Vii



results,the accuracy of the Keff values and the power
distributions obtained from the present method calculation was as
same as one of the 27 times more meshes calculation in finite
difference method. And the CPU time of the former is about one
third as long as that of the latter.

In order to predict core parameters of reactor accurately, a
3-D transport SN calculation code TRITAC was developed. 'TRITAC'
code could not treat anisotropic scattering component since it
assumed isotropic scattering cross section. We have extended
TRITAC to take account of anisotropic scattering effect. The
results of calculation with the anisotropic scattering routine

have been checked.

Part Vv

We have evaluated the accuracy of the Dancoff factor method
and Tone's method in treating the resonance self-shielding in
plate-type cells with an intermediate neutron spectrum by
comparing with SRAC using peabo routine. Dancoff factor method
reproduced ke within 0.2%dk , when the product of a nuclear

number density and a mean chord length was set as 10-4 for

black-1imit of a plate. Otherwise, Dancoff factor method
produced 10%dk error in kg . Tone's method produced ko within
0.2%dk.

Part VI

The experimental equation based on the R.Avery's theory is

Viii



proposed to use for the subcriticality measurement in the DCA
improvement program. Here we estimated the experimental equation
by using diffusion calculation and transport calculation. As a
result the K,egs of the test region varied with reactivity. Its
difference was at most 3.3% by diffusion calculation, 1.6% by
transport calculation respectivély. The difference between the
Koff by the experimental equation and that by diffusion and
transport calculation altered for the different core. So we
calculated the error of reactivity arise from the approximation,
and found that there were at most 55.5% error by the
approximation. Among that error the rate of the term of coupling
coefficient was large, so that when we use the experimental
equation, we should take care of the coupling coefficient of the

test core.

This work was carried out under-construction between the Power
Reactor and Nuclear Development Corporation and Osaka

University.

* , .
Faculty of Engineering, Department of Nuclear Engineering,

Osaka University.
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Table 1

Eigenvalue and Eigenvalue Separation

Mode Number Eigenvalue Eigenvalue Separation *
0 1.08170 -
1 0.80860 0.31223
2 0.80860 0.31223
3 0.62650 0.67169
4 0.57721 0.80800
5 0.55499 0.87736
6 0.46041 1.24750
7 0.46041 1.24750
8 0.39621 1.59944
9 0.39621 1.59944
10 0.35526 1.89036
11 0.354346 1.89672
12 0.31689 2.23119
13 0.29277 2.49117
14 0.28563 2.57656
* :Eigenvalue Separation = 1/}Ln - 1/%0



Table 2 Reactivity before Control Rod Insertion in Point A

Mode

Number

Mode

Numbexr

4,3E-02 -6.5E-18 -4.6E-18 -1.2E-18
-2.3E-18 1.0E-01 -2.5E-18 ~7.7E-18
-2.2E-18 2.5E-18 1.0E-01 -1.1E-17
-3.3E-19 -4.3E-18 -1.0E-18 1.3E-01
3.1E-18 -2.6E-18 -2.2E-18 -1.3E-18
~-6.9E-02 -1,.2E-18 -1.2E-18 -1,.3E-18
1.9E~14 -6.2E-03 -1.9E-18 -1.0E-13

5.0E-14 -9.2E-14 -6.2E-03 2.8E-13

-3.5E-16 -6.9E-02 7.0E-13 2.7E-12
~1.3E-19 -9.3E-18 -6.2E-03 1.6E-13
5.7E-19 3.3E-18 -8.1E-17 -6.2E-03
-1.2E-18 -1.4E-18 -5.4E-13 1.7E-12
2.3E-01 -1.2E-16 -7.4E-18 1.5E-17
-4.6E-17 2.0E-01 -2.0E-13 -3,9BE-13
-7.7E-19 -1.0E-13 2.5E-01 4.3E-14

~6.2E-03 -2.4E-13 4.3E-13 2.5E-01




Table 3 Reactivity after Control Rod Insertion in Point A

Mode Mode Number

Number 0 1 2 3 4 5 6 7
0 -6.8E-02 3.3E-02 2.2E-18 -5.2E-03 4.3E-16 -2.7E-01 2.4E-02 2.4E-13
1 3.2E-02 1.0E-01 -4.7E-18 5.0E-04 -2.6E-16 5.5E-02 -1.1E-02 9.3E-13
2 4,4E-18 -4.7E-18 1.1E-01 -1.1E-17 1.1E-03 7.6E-18 -1.0E-17 -4.3E-03
3 -4.8E-03 4.3E-04 -8.7E-19 1.4E~01 4.3E-17 -8.4E-03 4.5E-04 1.8E-12
4 7.3E-16 -2.5E-16 1.1E-03 4.28-17 2.5E-01 1.0E-15 -1.8E-16 8.9E-04
5 -2,4E-01 5.1E-02 9.3BE-18 -8.2E-03 1.1E-15 -6.6E-02 3,7E-02 -4,5E-12

6 2.0E-02 -1.0E-02 -3.4E-18 3.8E-04 -1.7E-16 3.5E-02 2.8E-01 5.3E-13

7 -2,2E-12 6.6E-13 -4.3E-03 2.0E-13 8.9E-04 -4.1E-12 5.3E-13 2.8E-01




Table 4  Reactivity Change due to Control Rod Insertion in Point A

Mode Mode Number

Number 0 1 2 3 4 5 6 7
0 ~-1.1E-01 3.3E-02 6.7E-18 5,2E-03 7.8E-16 2.0E-01 2.4E-02 -2.4E-12
1 3.2E-02 4.0E-03 2,.2E-18 ©5.0E-04 -2.6E-16 5.5E-02 -5.5E-03 7.7E-13
2 6.6E-18 -2.2E-18 1.3E-02 -6.1E-19 1.1E-03 1.0E-17 -2.3E-18 -1.8E-03
3 -4.8E-03 4.3E-04 1.9E-19 1.3E-02 4.4E-17 -8.4E-03 4.5B-04 6.2E-14
4 7.3E-16 ~-2.4E-16 1,1E-03 4.4E-17 2.3E-02 1.2E-15 -1.7E-16 8.9E-04
5 -1.88-01 5.1E-02 1.0E-17 -8.2E-03 1.2E-15 -2.6E-01 3.7E-02 -4.1E-12
6 2,0E-02 -4.7E-03 -1.4E-18 3.8E-04 -1.6E-16 3.5E-02 2,2E-02 4.9E-13

7 -2.3E-12 6.6E-13 -1.8E-03 7.6E-14 8.9E-04 —3.9E—12 4,95-13 2.7E-02




Table 5

7 group energy structure

Group upper enerqgy 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 1072
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Table 1 Uncertainty of Neutronics Parameters due to Method

BError and Experimental Error

Criticality Control rod Reaction rate
Error worth distribution
A B A B A and B
Method error
, * * *
Processing of 0.3 1.5 1.0
nuclear data 0.0 0.0 0.0% 0.0 0.0% 0.0
Cell{Assembly) 0.1 1.0 0.3
calculation 0.2 0.1 1.0 1.0 0.3 0.3
modeling
Neutron 0.1 0.5 0.3
Streaming 0.1 0.1 0.5 0.5 0.2 0.1
Cell ‘ 0.0 6.0 : 0.0
interaction 0.1 0.0 1.0 0.5 0.5 0.0
Core 0.1 1.0 : 1.0
calculation 0.0 0.0 0.0 0.0 0.0 0.0
Total 0.4 0.4 2.9 2.8 1.6 1.5
Uncertainty
, * %k
Experimental 0.04 4.3 1.0
Error

A : Typical critical assembly (ZPPR-10D)
Target LMFBR

vz

* 1 Expressed in %, upper row expresses common error value,
and lower row expresses independent error value for A and B

*k g Beff Uncertainty of 4.0% included



Table 2

Cross'Sections Used for Adjustment

Nuclide Reactions
235y, Capture Fission J -value
238y Capture Fission M-value Scattering
239py Capture Fission F-value
240p, Capture
241Pu Fission
26Fe Capture
1‘ENa Capture
8o Scattering
Others
* ﬁeff

*Diffusion coefficient

*Temperature parameter T of the Maxwell distribution

for the 23%pu fission spectrum X

*Each excitation levels of the 238y inelastic scattering




Table 3 Representive C/E of Core Performance Parameters
Before and After Adjustment
Core Performance C/E value
Parameters Before After
ZPPR-10D
Kefs 0.996 0.999
Control Rod Worth at Core Center 0.943 1.011
Control Rod Worth at 3rd Ring” 1.128 1.033
25F/49F at Core Center 1.057 1.019
28C/49F at Core Center 1.088 1.024
28F/49F at Core Center 1.009 1.018
239py fission rate at Inner Core Midpoint** 1.010 1.004
239py, fission rate at Inner Core Edge 1.019 0.998
239py fission rate at Outer Core Midpoint 1.031 0,992
ZPPR-9
Na-Void(30.7x101.8)*** 1.278 1.038

Normalized by worth of central rod

**x

Reaction rate distribution,

Normalized by 239Pu fission rate at core center

* %k .
Void

region (Height x Radius)



Table 4 Element-Wise Contribution to the C/E Change due to

Adjustment(%)

ZPPR-10D ZPPR-10D ZPPR-10D ZPPR-9
Element ' keff CR Worth CR Worth Na-Void
Central” 3rd Ring** Worth***
80 Scattering 0.02 0.19 ~0.26 0.35
"Na capture 0.00 0.00 ~0.01 -0.09
20pe capture 0.01 0.03 ~0.02 ~0,27
235y capture 0.00 0.00 0.00 0.00
235y  Fission -0.05 ~0.01 0.09 0.13
235y p value 0.00 0.00 0.00 0.00
238y capture 1.86 2.47 ~3.13 ~8.17
238y Fission 0.25 ~0.54 -0.09 0.47
238y ) value ~0.06 0.09 0.03 -0.17
238U Inelastic Scattering
1st group 0.03 0.25 -0.05 0.54
2nd group -0.03 0.00 0.10 -1.10
3rd group ~0.11 0.02 0.29 ~3.85
4th group ~0.12 ©0.09 0.34 -4.78
240py capture ~0.04 ~0.01 ~0.01 0.01
247py Fission - 0.00 0.00 0.00 -0.01
239py Ccapture 0.33 ~0.14 ~0.06 1,52
239y Fission ~0.48 2.88 ~2.28 -8.13
23%y y value ~0.46 0.23 0.10 1.24
Diffusion Coefficient -0.46 3.89 _4.28 0.52
Bers 0.00 -2.30 0.00 -3.12
Fission Spectrum 0.25 -0.33 ~-0.41 0.91
Total 0.29 6,80 ~5.56 -23.97

Control Rod Worth at Central Rod
Control Rod Worth at 3rd Ring,
Normalized by worth of central rod

* &

* k%

Void region (height:30.7cm,Radius:101.8cm)



Table 5 Prediction Uncertainty of Core Performance Parameters
of a Target 1000MWe FEBR

Method
Component Without data Bias Adjust Combined
N .
eff
total 2.30% 0.59% 0.60% 0.47%
experimental error ———- 0.04 ———— 0.04
method error 0.39 0.28 0.39 0.28
cross section error 2.27 0.52 0.45 0.38
Control Rod Worth (Central Rod)
total 6.63 4,86 3.49 3.84
_ (2.76)*** (2.63)***
experimental error -———- 1.60 ——— 1.60
method error 2.78 1.94 2.78 1.94
cross section error 6.02 1.13 2.11 0.77
ﬁeff error _—— 4.00 ———— 2.80
Control Rod Worth (3rd Ring)
total 4,25 4,93 3.09 3.84
(2.89) {(2.63)
experimental error -——- 1.60 —-——— 1.60
method error 2.78 1.94 2.78 1.94
cross section error 3.21 1.42 1.36 0.76
Bogs error ——-- 4.00 ---- 2.80
239Pu Fission Rate at Core Edge**
total - 4.67 2.23 1.73 1.37
experimental error _—— 1.00 -—— . 1.00
method error 1.51 0.69 1.51 0.69

cross section error 4,42 1.87 0.85 0.64

* Standard deviation in %
* . , .
Normalized by 239Pu fission rate at core center
* %% . N .
Standard deviation without ﬁeff uncertainty



Table 6

Element-wise Contribution to Prediction Uncertainty
of k. gy of a Target 1000MWe FBR

Method

Component Without data Bias Adjust Combined

8o Scattering 0.05* 0.01* 0.03* 0.01%
TNa capture 0.03 0.00 0.01 0.00
26pe Capture 0.15 0.01 0.07 0.01
235y capture 0.01 0.00 0.01 0.00
235y  Fission 0.02 0.00 0.04 0.01
235y p value 0.01 0.00 0.00 0.00
238y Capture 1.66 0.17 0.23 0.06
238y  Fission 0.17 0.04 0.02 0.00
238y p value 0.16 0.03 0.04 0.01
238y tnelastic Scattering _
1st group 0.52 0.08 0.08 0.04
2nd group 0.27 0.03 0.06 0.01
3rd group 0.48 0.06 0.05 0.02
4th group 0.43 0.08 0.09 0.03
240py, capture 0.27 0.17 0.21 0.17
241py rission 0.35 0.32 0.34 0.32
23%9py capture 0.37 0.07 0.02 . 0.01
239y rFission 0.82 0.26 0.22 0.12
23%y VY value 0.40 0.11 0.06 0.05
Diffusion Coefficient 0.41 0.08 0.12 0.01
Fission Spectrum 0.44 0.05 0.12 0.02
Total 2.27 0.52 0.45 0.38

Standaed Deviation in %



Table 7 Element-wise Contribution to Prediction Uncertainty of
Control Rod Worth at Center Rod of a Target 1000MWe FBR

Method
Component Without data Bias Adjust Combined
80 scattering 0.33% 0.07% 0.12% 0.06%
"Na capture 0.06 0.00 0.02 0.01
20pe Capture 0.37 0.02 0.22 0.02
233y capture 0.01 Q.01 0.00 0.01
235y  Fission 0.02 0.01 0.04 0.04
235y value 0.00 0.00 0.00 0.00
238y capture 1.73 0.20 0.53 0.12
238y Fpission 0.41 0.07 0.14 0.04
238y value 0.27 0.04 0.19 0.02
2380 Inelastic Scattering

1st group ‘3.28 0.43 1.48 0.18

2nd group 0.51 0.26 0.29 0.12

3rd group 0.45 0.35 0.23 0.07

4th group 0.16 0.44 0.05 0.10

240py, capture 0.09 0.06 0.08 0.06
241py Fission 0.70 0.65 0.68 0.66
239y capture 0.59 0.05 0.31 0.02
239%py Fission 1.38. 0.43 0.62 0.28
23%y y value 0.19 0.10 0.09 0.03
Diffusion Coefficient  4.28 0.21 1.06 0.11
Fission Spectrum 0.67 0.02 0.11 0.02
Total 6.02 1.13 2.11 0.77

Standaed Deviation in %



Table 8 Sensitivity Coefficient of Control Rod Worth with Respect
to Diffusion Coefficient in a Target 1000MWe LMFBR

(x1072)
Upper Energy
( ev ) Center Rod 3rd Ring
10.0 E+6 1.162 -0.004
6.07 E+6 4.363 -0.182
3.68 E+6 9.641 -0.581
2.23 E+6 10.252 -0.795
1.35 E+6 8.544 -0.765
8.21 E+5 18,708 -1.554
3.88 E+5 17.382 -0.945
1.83 E+5 15,232 -0.482
8.65 E+4 10.592 0.213
4.09 E+4 7.228 0.846
1.93 E+4 4.598 1.109
9.12 E+3 2.472 1.108
4.31 E+3 0.907 0.639
2.03 E+3 2.749 1.921
9.61 E+2 1.181 1.341
4.54 E+2 0.093 0.893

Total 115.105 2.761
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4% sub-domain method¥*S.C.M.XOH®
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4-2ILR L. ZTOLEDAT Y 7TONBEDOELLEZRLEDO ZFig. 4-1ICR T,

(EEL. AIBEEGEL Lo MARGERO O LELTHD, AF Yy ITRE
BEZAN:EBRE MNSIBRBOBEEZRL B, )



Tabled-1& D, FRFHROFBREOHELE L TEsub-domain
methodé&S.C.MECBWTEEREMSOTAN, ENRLENO0. 30
$REELO. 27T%RETHD. o2 20BN FHRIIEGEAEEOHRE
ER-O>TWB I EeNDOMNZ, FEHEAITYy 7HOELERSZ . S.C.M.
OFMsub-domain methoddbhdbhirbdik, ZTHhIFFHFE
KEOHEHMBOWEEZF ~TWwad I ehbhd,

RizTabled4-2{z0. 3%, O. 5%, 0. 7%, 1. 0%, 1. 28, ®X
FYTREEZANEBROKEZITFy 7BERLTWRATHAES ThER3
EXATYTRBENR I $ERBETES.C. M.oAMsub-domain
methoddhbdbBEITy THEMPADLRL, HEHEERLTWS, L
MU, 18FENMSEAMEOZTF Yy TTREENMADZES.C. M. Esub -
domain method:tdORHEIFY 7TEIIETIEENHZ. 2O
FE:ULUTWreduced precusor densityo#Rz%
BULAahokZEeENFTXLHN B,

BE IBISO-FREBWITRHAERESPZODLETHLIOTSEDOR
FOBRELD, S.C. M.23F< REAERFLBATEILICLD, F&
TeRABEEORET PHOHEBBOEHEED 21y,



(2)

(3)

(4)

85 |

R.A. SHOBER et al., FX2-TH:A two-dimensional nuclear reactor
kinetics codo with thermal-hydraulic feedback,ANL-78-97,(1987).
M. Konomura et al., Development of Three-Demensional Space
Dpendent Kinetics Codo IBIS and Analysis of Transient Behavior
of LMFBR Cores, J. Nucl. Sci. Technol., 22[10], 788(1985).
Y.A. Chao and A. Attard, A Resolution of the Stiffness Problem
of Reactor kinetics ,Nugl. Sci. Eng., 90, 40(1985).

Y. komano, T. Takeda and T. Sekiya, Improved Few-Group Cearse-
Mesh Method for Calculating Three-Dimensional Power

Distribution in Fast Breeder Reactor, NEACRP-L-204(1978)



Table 4-1 Comparison of flux , flux error and number of steps calculated
with sub-domain method and S.C.M. due to insertion of step reactivity

method $1 0. 3 0. 5 0. 7 1. © I
sub -
domainl!l. 451812, 0747 |3. 8119 {6. 92251{1. 5464
method | 40 45 35 10 B 5
S.C.M 1. 4521/ 2. 075913, 8190 7. 1035 1. 5685
9 11 14 27 71

flux

number of time steps



Table 4-2 Comparison of flux and number of steps calculated with
sub-domain method and S.C.M. due to insertion of step reactivities
(0.3$,0.5%$,0.7%$,1.0%,1.2%)

method sec 0. 0 5 0. 10 0. 20

u b — 1. 9 2 0 7 2. 0 0 30 2. 0 25 7 ---- flox

d o m i 8] 2 7 0 31 0 3 2 --- error (%)

me t h od 1 4 2 8 4 4 ---- number of steps
1 g 2 1 1 0 O 3 8 O 26 6

S .C .M 0 2 5 0 27 0 2 8
6 7

g X a ¢ t

value i 9 2 5 9 2. 00 g 3 2 0 3 2 2
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Table. 2-1 Number of sperical harmonics., NH, as A function of
Legendre Expansion order L
One-Dimensional Two-Dimensional Three-Dimensional
Standard Planes Geometries Geometries
and Spheres
L=20 1 1 1

1 2 3 4

2 3 6 9

3 4 i0 16

(L+1)XL+2)
L L-+1 2 (L+1)

Table. 2-2 Spherical harmonics, Rn(Q ), for different geometry

One-Dimensional

Two-Dimensional

Three-Dimensional

Standard Planes Geometries Geometries

N and Spheres

1 Palu) PaCu) PoCu)

2 PiCu) PiCu) PiCu)

3 Palpe) P1'Cu)cos ¢ P11Cu)cos ¢

4 Ps(u) Pa(p) Pyl u)sing

5 Vv 3/3P2' (udcosd Palp)

6 V3/6P22( 2 )cos2 ¢ V' 3/3P2'( ¢ )cos ¢

7 Pa(p) V'3/8P2'( #)Sin¢

8 V6/6P3'(u)dcosd V' 3/6P2%( ¢t ycos2 ¢

9 V' 15/30P 2 & )cos2 ¢ V3/6P22( ¢ )sin2 ¢
10 V'10/60P 5% ( 1 )cosd ¢ Pal )
11 VB/6P3!( ¢t )cos¢
12 VB6/6PsT( #)sing
13 V 15/30P3%( ¢ )cos2 ¢
14 V' 15/30P32( ¢ )sin2 ¢
15 V' 10/60P3%( ¢ )cos3 ¢
16 V'10/60P3*( £ )sind ¢
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Table. 2-3 Mesh Sweep for Each Angular Direction

Mesh Angular Direction

Sweep 1 2 3 4 b B8 7 8
X + - - + + - - +
Y + + - - + + — -
Z + + + + - - - -

order of

angular sweep 8 7 5 6 4 3 1 2

PN Direction 1 4 2 3 1 4 2 3




Table. 2-4 MACRO CROSS SECTION SET (2-GROUP AND Pi»

INNER CORE [ (P1)
GRROUP ABSORPTION PRODUCTION TOTAL
1 4. 99100F 03  6.59410E-03 2. 47390E-01
2 3. 42040E~02 3. 19350E-02 4. 32310E-01
INNER CORE 2 (Pl)
GRROUP ABSORPTION PRODUCTION TOTAL
l 3. 41960E-04 1. TH000E-03 2. 53000E-01
2 1. 94920E-02 5. 57000E-02 4. 02840E-01
BLANKET (P1?
GRROUP ABSORPTION PRODUCTION TGTAL
1 4. 36290E 03  G. 20250E-04 2. 69500E-01
2 1. G1370E-02 1.35830E-03 3. 83840E-01
VoID (P1)
GRROUP ABSORPTION PRODUCTION TOATL
1 1. 00030E-04 0. 000Q0E+00 8. T1870E-02
2 0- 00000E+00 7. 10820E-02

Table. 2-5 HACRO

3. 86930E-04

CROSS SECTION

SET (2-GROUPS AND PO)

INNER CORE. 1 (PO)
GRROUP __ ABSORPTION _ PRODUCTION _ TRANSPORT
1 4. 99100E-03  6.69410E-03 2. 0T370E-01
2 3. 42040E-02 3. 19350E-02 4. 26570E-01
INNER CORE 2 (P0)
GRROUP _ ABSORPTION _ PRODUCTION TRANSPORT
1 3. 41950E-03  1.75000E-03 2. 20320E-01
2 1. 949208-02 6. 57000B-02 3. 97120E-01
BLNKET (PO)
GRROUP _ ABSORPTION _ PRODUCTION _ TRANSPORT
1 4 362908 03  G.20250E-04 2 34080E-01
2 1. 613708-02  1.35830B-03 3. 80520E-01
VOID (PO)
GRROUP __ ABSORPTION _ PRODUCTION _ TRANSPORT
1 I. 00030E-04  0.00000E+00 7. 66150B-02
2 3. 86930E-04 0. 00000E+00 6. 98170B-02

—131 —



Table. 2-6  SCATTERING MATRIX (2~GROUP AND P1)

INNRE CORE (Pl) Zsl

INNER CORE 1(P1) 250
GROUP 1 --) 2-=7
1 2. 42250E-01 0. 0000CE+00
2 1. 53090E-04 3. Y8110E-01
INNER CORE2(P1) Zs0
GROUP 1 --> 2--3
1 2. 49230E-01 0. 00000E+00
2 3. 42980E-04 3. 83340E-01
BLANKET (P1) 2s0
GROUP 1 --) 2--
1 2. 66010E-01 0. 0DDOQE+0D
2 1. 28320E-04 3. (7700E-01
VoID (PL) Zs0
GROUP 1 --) 2~
1 8. 7T0500E-02 0. 00000E+00
2 3- 68110E-05 7. 06950E-02

Table. 2-7 SCATTERING MATRIX (2-GROUP AND PI)

INNER CORE 1(P0) 2s0
GROUP 1 --) 2--)
| 2. 02230E-01 0. 0000OE+00
2 1. 53090E-04 3. 92370E-01
INNER CORE 2(P0) 2s0
GROUP - 1 ~~} 2--)
l 2. 16560E-01 0. 00000E+00

2 3.

42980E-04 3. V7630E-01

GROUP 1 - 2 )
1 2. 97250E-05 0. 00000E+00
2 -2. §7360E-05 -4. 19100E-09
INNRE CORE2(P1) Zsl
GROUP 1 --2 2 =)
1 7. 28940E-05 0. 00000E+00
2 -7- 29020E-05 -2. 32830E-09
BLANKET (P1) Zsl
GROUP 1 --) 2 --)
1 3. 10580E-05 0. 00000E+00
2 -3. 10660E-05 1. 39700E-09
VOID (P1) Zsl
GROUP I --3 2 --)
1 1. 54890E-05 0. 00000E+00
2 -1. 54890E-05 -2. 32830E-09
BLANKET (POY  Zs0
GROUP | --) 2--)
1 2.29590E-01 0. 00000E+00
-2 1.28320E-04 3. G4380E-01
VoID (P0Y  Zs0
GROUP | --} 2--2
l 7. 64780E-02 0. 00000E+00
2 3. 68110E-05 6. 94310E-02
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Table. 2-8

INNER CORE 1 (P1)

MACRO CROSS SECTION SET (4-GROUP AND PI)

GRROUP  ABSORPTION  PRODUCTION _  TOTAL
I 5.40850L 03  1.33580E-02 1. 68810E-01
2 3.21840E-03  5.052908-03 2. 38930E-0]
3 7.87180E-03  6.19110E-03 3. 51040E-01
4 3. 42040E-02 3. 19350E-02 4. 32310E-01
INNER CORE 2 (P1)
GRROUP _ ABSORPTIOX  PRODUCTION  TOTAL
! 3. 64160E- 01 8.067508-03 1. 58950E-01
2 1. 66460E-04 1. 05Y50E-03 2. 29750E-01
3 5. 44590F 04 1. 17250E-03 3. 3G180E-01
4 1. 94920E-02 4. 57000E-03 4. 02840E-01
BLANKET (P1)
GRROUP  ABSORPTION  PRODUCTION  TOTAL
1 4. 41280E-03 8. 38200B-03 1. 69030E-01
2 2. 24340E- 03 1.23910E-04 2. 43020E-01
3 7.064T0E-05  2.20720E-04 3. 42960E-01
4 I 61370E-02  1.35830E-03 3. 83840E-01
VO 1D (P1)
GRROUP__ ABSORPTION  PRODUCTION  TOTAL
l 1. 09000E 01 0. 00G00E+00° 7. 94590E-02
2 5.28340E-05 0. 00000E+00 1. 02520E-01
3 1. 755508-04 0. 00000E400 7. 20670E-02
4 0. 00000E+00 7. 10820E-02

3. 86930E-01
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Table. 2-4 MACRO CROSS SECTION SET (4-GROUP AND PO}

INNER CORE 1 (PO)

GRROUP ABSORPTION PRODUCTION TRANSPORT
1 5. 40850E-03  |. 33580E-02 1. 198H0L-01
2 3. 21840E- 03 5. 0H290E-03 2. 04660E-01
d 7. 87180E-103 6. 19110E-03 3. 43070E-01
4 3. 42040E-02 3. 19350E-02 4. 26570E-01

INNER CORE 2 (PO)

GRROUP ABSORPT!ON PRODUCTION TRANSPORT
] 3. 64160E 03  8.06750E-03 1. 14080E-01
2 1. 66460E-n03 1. 05950E-03 1. 99120E-01
3 5. 44590E-03  [. 17250E-03 3. 28790E-01
4 1. 94920E-02 6. 57000E-03 3. 97120E-01

BLANKET (P1)

GRROUP ABSORPTION PRODUCTION TRANSPORT
1 4. 412805 03 8. 38200E-03 1. 16450E-01
2 2. 24340E-03 1. 23910E-04 2. 06030E-01
3 7. 06470E-03 2. 20720E-04 3. 36420E-01
4 1. 61370E-02 1. 35830E-03 3. 80520E-01

voIiD (PLY

GRROUP ABSORPTION PRODUCTION TRANSPORT
l 1- 09000E-04 0. 000QQE+00 5. 30040E-02
2 5. 28340E-05 0. 00000E+00 9. 13600E-02
3 1. 75550E-04 0. 00000E+00 7. 06570E-02
4 3. 86930E 01 0. 000O0E+00 6. 98170E-02

— 134 —



Table. 2-10 SCATTERING HMATRIX (4-GROUP AND P1)
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Table 2-11 SCATTERING MATRIX (4-GROUP AND PO)

Zs0

INNER CORE 1(P0)

T >
& J:
1 g

2--)
0
|
]
4

1 --2
g
g

GROUP
2
i

250

INNER CORE 2(P0)

1 --)

GROUP

N Y

2s0

(PO)

1 —-)

BLANKET

3 —-) 4 --»

7o)

GROUP

Zs0

(PO
-

VoID

3 —-)

2--)

GROUP
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Table. 2-12 Energy structure of 63 groups

Group Upper energy Lower energy Lethargy width
1 10.0000(MeV) 6.0653(MeV) 0.50
2 6.0653 3.6788 0.50
3 3.6788 2.2313 0.50
4 2.2313 1.3534 0.50
5 1.3534(MeV) 0.82085 (MeV) 0.50
6 820.85(keV) 497.87 (keV) 0.50
7 497,87 301.97 0.50
8 301.97 183.16 0.50
9 183.16 111.09 0.50

10 111.09 67.380 0.50
11 67.380 40.868 0.50
12 40.868 24.788 0.50
13 24.788 15.034 0.50
14 15.034 89.1188 0.50
15 9.1188 5.5308 0.50
16 5.5308 3.3546 0.50
17 3.3546 2.0347 0.50
18 2.0347 1.2341 0.50
19 1.2341 (kev) 0.74852 (keV) 0.50
20 748.52(eV) 454.00(eV) - 0.50
21 454.00 275.36 0.50
22 275.36 167.02 0.50
23 167.02 101.30 0.50
24 101,30 61.442 0.50
25 61.442 37.266 0.50
26 37.266 22.603 0.50
27 22,603 13.710 0.50
28 13.710 8.3153 0.50
29 8.3153 5.0435 0.50
30 5.0435 3.0590 0.50
31 3.0590 1.8554 0.50
32 1.855? 1.1253 0.50
33 1.1253(eV) 0.68526(eV) 0.50




Table. 2-12 continue

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
63

685.26 (10" 3eV)
531.58
413,99
365,28
319.61
276.99
237.42
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(103ev)

531.58 (10 3ev)
413.99
365.28
319,61
276.99
237.42
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 (107 3ev)

0.25
0.25

0.1252
0.1336
0.1431
0.1542
0.1670
0.0891
0.0932
0.0978
0.1028
0.1084
0.1145
0.1216
0.1282
0.1395
0.1486
0.1606
0.1746
0.1913
0.2116
0.2366
0.2685
0.3101
0.3672
0.4501

0.5818

0.8239
1.4258
3.5611
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Table. 2-13 2-GROUPS AND 4-GROUPS EMERGY STRUCTURE ON 63 GROUPS

2 Bt E
ENDF /B -IV TR TIR
fic3 6 3%
1 1—-19 . 10. 000(MeV) — 0. 74852{KeV)
25  20-63 748.52(e¥)  —  0.01(10-%eV)
4 BiBE
ENDF,/B--IV LR TR
B 6 38
i 1— 5 10. 000(HeV) — 1. 3534 (NeV)
2 6—10 820.85(KeV) —  67. 380(KeV)
3 11—-19 G7. 380(KeV) — 0. T4852(KeV)
4 20—-63 748. 52(eV) — 0. 01010 %e¥)
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Table.2-14 Calculated k-eff by TWOTRAN-II Code

2—-GROUP CAL.

SN P1 PO Ak
2 | e —— i. 08050 | = @ —————
4 1. 10475 1. 08109 02366
8 1. 10451 1. 08099 02352
4—GROUP CAL.
SN P1 PO Ak
2 ————— 1. 05756 | = @ e————
4 1. 08355 1. 05855 02500
8 1. 08345 1. 05848 02498
Table. 2-15 Calculated k-eff by TRITAC Code
2-GROUP CAL.
SN P 1 PO Ak
2 1. 10458 1. 08094 02364
4 i. 10505 1. 08124 02382
8 1. 10495 1. 08113 02382
4—GROUP CAL.
SN P1 PO Ak
1. 08300 1. 05775 02525
4 1. 08381 1. 05868 02513
8 1. 08368 1. 05848 02520
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Table. 2-16 Calculated K-eff by TWOTRAN- IO Code {(VOID)

2~GROUP CAL.

4 1. 09955 1. 07574 0. 02381

4—-GROUP CAL.

1. 07748 I. 05235 0. 02513

Table. 2-17 Calculated K-eff by TRITAC Code (VOID)

2—GROUP CAL.

1. 09977 1. 07582 0. 02395

4-GROUP CAL.

4 1. 07770 1. 05244 0. 02526
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Table. 2-18 Calculated VOID Worih by TWOTRAN-II Code

54 2-GROUP CAL.

Keff(NO VOID) Keff(VOID) %A Kk, k Kk’
P1 1. 10475 1. 099585 0. 429
PO 1. 08109 1. 07574 0. 460

S4 4—GROUP CAL.

Keff(NO VOID) Keff(V0OID) %Ak kk’
P1 1. 08355 1. 07748 0. 520
PO 1. 058565 1. 065235 0. 557
Table. 2-19 Calculated VOID Worth by TRITAC Code
S4 2—-—GROUP CAL.

Keff(NO VOID) Keff(VOID) %Ak, “kk'
P11 1. 10505 1. 09977 0. 396
PO 1. 08124 1. 07583 0. 465

5S4 4-GROUP CAL.

Keff(NO VOID) Keff(VOID) %Ak kk’®
P1 1. 08383 1. 07770 0. 523
PO 1. 05868 1. 05244 0. 5690
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w3, 2% SIXTUSOHEFX
—KRTEHEBEFER 2T M2 H o CES &

~DV24+2Z (k) $=0 (3. 1)
T
D EHOUBRE» > L5 NXNROM HTF
(N: = ¥ —-BH
2 (k) BR, BHE BLHOEHEML S RBAINXNERKD T
¢ BHOFUEFRERNSALINKROBE~S o

(3. 1) ®%2H 3. TR+ AAE ) —~Fic2wTEL 3,
(3. 1) Rz2zZHAMFPLEX, YHFRAE>LIHSL, Oo0HHSEBD Xk
FETHBE, (3. 2) RBLE (3. 3) RED A B,

_Dvexuaz'l‘z (k) Iz:_rz (3. 2)

_szzaxy‘FE (k) E-xy:"‘l_)\(y (3. 3)

-y
T

Ez:C o |. ( 1 §ZL+¢11-2d z. . e ' 1 j'Z k+¢tﬁ]2d z )

(1

AZp Zy-1-2 Azk Z k=12

PO _1. 1 . s . —-1--— N
pxv=col. ( S}Lcﬁldxdy, . Slj'qﬁ dxdy)

s
_ 1 i ot e
C.=col. (J (Zke1.2) ] (Zk]..)' e e e e
Az,
J" (zZyvey, 2y — N (Zk—l/Q))
Az
L..=col ("-1— Z’E‘(Jl(z ) — 1z =} ) v o0
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Fig 3.6 Percent Difference of Power Distribution

by Hexagonal Mesh Colculotion
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Fig 3.7 Percent Difference of Power Distribution
by Trianaular Mesh Calculation
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Fig 3.8 Percent Difference of Power Distribution
by SIXTUS
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Fig 3.9 Relative Power Distribution by 24 Mesh Calculation
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Table 3.1

3-group cross sections

D(cm) Talen 1) v Zq{en-1!) T o= {cm ) Zgme(cm ) 3 a=3(cm-t)
2.540 4_.984E-03 1.235E-02 0.00E+00 2.544E-02 5.B625E-04
Inner Core 1.724 2.939E-03 5.2258-03 0.00E+00 0.00E+00 6.811E-03
1.264 7T.333E-03 7.684E-03 0.00E+00 0.00E+00 0.00E+00
2.548 FE.B89E-03 1.467E~02 0.00E+00 2.497E-02 5.548E-04
Quter Core 1.725 3.534E-03 6.995E-03 . 0.00E+00 0.00E+00 6.341E-03
1.269 §.099E-03 9.986E-03 0.00E+00 0.00E+00 0.00E+00
Radial 2.173 4.304E-03 8.631E-03 0.00E+00 3.288E-02 7.468E-04
Blanket 1.439 1.843E-03 5.995E-04 0.060E+00 0.00E+0Q0 1.000E-02
1.026 7.611E-03 1.3B1E-03 0.00E+00 0.00E+00 0.00E+00
4.805 1.57T9E-04 0.00E+00 0.00E+00 1.1308-02 6.718E-05
CRP 3.262 7.77T4E-05 0.00E+00 0.00E+00 0.00E+00 3.57T1E-03
2.431 3.072E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Fission spectrum : ( 1g:0.800 2g:0.200 3g:0.00 )



Table 3.2 Comparison of SIXTUS with
finite difference method

Eigenvalue CPU time(4)
(sec)
Hexagonal, mesh 1.005127 2.3(5)
(10em) O (0.710) (3)
Triangular mesh 1.000418 11.6
{(10cm) (0.238)
(5cm) 0.999010 25.0
(0.097)
24 mesh 0.999704 61.1
(10cm) (0.167)
(5cm) 0.998281 68,86}
(0.024)
STXTUS 0.999165 10.9
(10cm) (0.113)
(5cm) 0.998653 28.9
(0.062)
o (2) 0.998038

Z-direcional Mesh Width

Extrapolated value from finite difference solution
Percent difference from o wvalue

Calculational time for 1/6 core

Calculational time for 1/3 core

Calculational time for 1/12 Core

T i  —
O LA s Lo B —
Tt Nt it Nt it
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THERO Y -2 RUSPHFRABICOSD VT 2RERBA2TOVEBITMHICE L
AL EH, EFAXLOoBPBZB L T, Interface Current Techniqu(el)’é: J== [

T B,
4. 2 WE—-FEEFELTOLH

BMEL /7 —-—FRALELBT M EFER .

-divDgegrad®g(x,y, 2z} + Z2rgPglx,y.2) = Qglx.vy.2)
(0=X¥=hx.X=x,v,2) (4.2.1)
SRR

Qelx. v, z)= 'E (2sg —g Pg (x.v,2))
9+ %
+xg/ Keore é’( v 2fgdg(x,v.2)) (4.2.2)

THD, R L, DI EHFRYE Zra2BERLro BHLEAMEREER A
REAMEM > IOXERFER sy —gig Bos g B0 AN
CEBSH AN P A, OREHETE. hxizXHH O — FIETH 3, = h
TYHBBOLDzr A —BHE2EDbT g2 EL. “O3IKRTHEHEFER 2
EEHT 5 HFMXLUM D THES TS (Trensverse Integration Procedure)
LRAEB B, AEL, Xdx.y.zHFRE BT,

d2

dXE(D(X) + Zr®(X) = Q(X) — L(X) (4.2.3)

-D
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(X)), Q. LX) BY=xn ¢t 32 fFlIclHALBRATERSK B,

1 1
)] = ® v Y
(x) hy bz fady J'de (x.y.2)

1 1 :
Q(x) = Sdy fdz Q(x.y.z)
hy+*hz ) 9

H

L (x) %};— { Jy.net(y=hy)-J] yv,net(y=0))

+ —111—; ( J z,net(z=hz)-J z.net(z=0))
4. 2.2, L/ —rFrHEoEFKXTH B, “hit, @4t I RTEHEHE
REBUETIELMECSHABTLCT W5, “OFEIE., EHF 2 5L~
OHPETFREE2EDLL T D,

4. 3 BEWMZEKAX/-rEEFRXoHY

BFHNZEA ) - FETRULDNROAETOQN, LIXNNCH>vwT 2 RE
AL THEHRrAICAZE S, PHETFRBARELOORBHEIZ v TikqQuadratic Leak-
age Approximation (Q. L. A) ¢ MiIFh 3 F2H w3, (fHE—120E)
Fh, THAHLOEBBH > TIE, NEM (Nodal Expansion Methodgl)é:
ERE N AR '

2

QXY = 2 QoxWalX') (4.3.1)
n=p
2

LX) = Z LaxWna(X) (4.3.2)
n=o

BB B,
Wa(X') = 1

WilX’)y = 2 X -1
We(¥') = 8% (1 -X)(2%X -1)

(¥’ = X/ hx)
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THBH, thoTEBETEHKE I V. RokErmi .

|
jwmrwwuwGrf g (n=m)

(ns*m)
0
(4.2. DX 2EBIFBHICBL L EFTORIRDELICEDERS, (HE-2ZH)
2
®(¥)= Ach«xX+ Bsh«kxX¥ + Z anWn(x')
n=0
(4.3.3)
7L, k=sqrt (Zr/ D)

- =T, ¢ hithyperbolic cosine., & hiXhyperbolic sine, s q r t i

square root® E¥bHb L, A, BREEEHTH %,
(4.3.3)F DA, B, asix, PHEFHRCETIEREES IUVRBEHFC

FUVBREIRD, Thbb,
O (X) = 2(Jxin + ] xout) {X=0, hx) (4. 3. 4a)

hx
® = 1/hx § @ (X) dX {(4.3.40)
5]

TH B, (L.3.4)XOBREBICH TS, Jxin, Jxoutd ThA ETAIFHOD
ABBHSPRFHS I CRESIFRTFHERL T, 4, (43 4)RIF
ﬁm®$%¢ﬁ¥%ﬁ/~F$ﬁ¢ﬁ%ﬁma%L<&§i5&ﬁ¢6%#
TH3, SHIZ, /—-Fx5 v 2FBRABIC7 ¢+ » 70EME AV S

1 — —
- | - i E (D = x
Xj(,y,z T {1, 1) (J xout J xin) + Zr Qo (4.3.5)
d ® (X

}xin — Jxout = —D (0 (X=0) (4.3.62)
d x

J xout — J xin = —Dj(D(X) (X=hx) (4. 3.6b)
X

chbD&EELIVEBLALRLL, /- FEEFHETFROB LT 2ot liET
e, YHACHETAB R EFREY — 2 U ETRELOBERXTE

B D
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[ F xout] T xout = LFxin] Txin

+ Z 1/hx’ [Hxl] (Tx out = Tx"in)
X #EY

+ 1/3r Mx Qex + 1/ZrINx] (Qx - Lx)
(4.3.7)

AL, BAPHEFR~NIIABUTOLHICTESIK 5,

J xin.,out )(X=0)
J xin,out / (X=hx)

Txin.out = (
¥/, [ Jw@2X2HF5. ° - B2¥lo~xsrreRb T,
o2 FAC>PThEFELEAPELIAS, 3FHOXZ -2l F&dd L&,
N EER 7 —FECEITIRENLAKX»ES L 3

—

Jout = [P] (Q - L) + [R1 Jin (4.3.8)

AL, BRIPLIIROLIICEET B,

Tout= col. [ Jx=0. Juenws dven. Jyeny, J 220, Jz=nz] out
Tio = col. [3s-ms Jschrs Jg=0s J y=tyr J z=0: J z=hz] in
Q = col. [Q.Q1:Qex.Q1y. Qzv.Q1:z.Q2z]
L = col. [0, Luix.Lex.LiysLoay.bLizLeazl

. BT 2LTIERD L S 5,

[ Fxout] -1/by [ Hx] =1/hz [ Hx]
(U] ={ ~1/hx [Hv] [ Fyout] -1/hz [Hy]l
-1/hx [ Hz] -1/hy [Hz] { Fzout]
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[ Fxin] ~1/hy [ Hx] -1/hz [ Hx]

[V] = -1/hx [Hy] [Fyin] -1/hz [ Hyl
-1/hx [ Hz] -i/hy [ H 2] [ Fzinl]
M x [Nx] 0 0
[W] = 1/2r | My 0 [Ny] 0
ﬁz 0 0 [Nz]
[P] = [UT -' [w]
[R] = ful -t [V]

Enil, ZXZ2DNTHNORSEERD L 23, 8L, I=x.v.z& % 3,

-1-2D ¥ I + 2hxXr(a -8

Fxout(l,1)= D(e-7)  hxne(a-Btr-1)

F xout(l1,2)= E?i - ;xlri}itn;z—jﬁﬁr-l)
SPITIE TELS R EE ' ORE
Fxout(2,2)= 13:7;2?@”-1).“ hxiﬁi(zah)-{ﬁz?:—m
Fxin(1l,1) = ;)l(;?lj)?? - ixif?};z_gf;i;
Fxin(l1,2) = 52;’; = hizur?;x?;fr y
T
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Fxin(2.2)
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a-8-7 . 7tE -2/hx
@-f8+7-1 £ -7
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£k hx
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Table 4.1

Comparison of Ker¢ values cbtained from

Present method and Finite difference method (F.D. ¥)

¥ethod No. of nodes Kett Yerror*" CPU time"*"*
Junit region” (nin)
Present .
Flat* 1 1.08086 0.13 5.0
Q.-L. A" 1. 07943 0.90 4.;\\
F.D. ¥ //
1 1. G86556 0.66 9. 4/sec
8 1. 068103 0.14 2.6 -
27 1. 08007 0. 06 12. 5)/7“‘“
125 1. 07960 0.01 a1
s 1. 07944
¥ unit region = 10cm x 10cm x 10cm mesh box
¥% Herror from Exirapolated Value
%% AC0S-52000 (NEC)
*%kk% Extrapolated Value from F.D. M solution
t+ Flat denotes Flat leakage approximation
tt+ Q.L.A denotes Quadratic leakage approximation
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1. Transverse leakage moments L nx

2. J out from J in —

3. Nodal flux ® and Flux moments @ nx

1. Transverse leakage moments L nx

2. J out fron I} in =

3. ¥odal flux @ and Flux moments @ nx

Set Boundary conditions

Inner iteration

keff calculation

Quter iteration

Converged 7
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Yes

END

Fig. 4.1 Calculational Flowchart
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Fig. 4.2 3-Dimensional FBR Model
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z

F.D.¥ - 8 meshes/unit region Xerrork
F.D.¥ 27 meshes/unit region %error*

% %error from F.D. ¥ 125 meshes/unit region

Fig. 4.3 Comparison of Power distributions
obtained from Present method and
Finite difference method (F.D.M)
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‘Table 5.1 Specification of each plate for
1D slab cell calculation
Plate Wwidth Nuclide Number density
(mm) (102%%cm™3)
NU 1.05 U-235 3.2579E-4"
U-238 4,4858E-2
EU 1.5875 U-235 1.5069E~-3
U-238 1.0856E-4
Al-27 5.5644E.2
1/8"p 3.086 Cc-12 4.0108E-2
1/4%p 6.30 c-12 4,0108E-2
H-1 8,0217E-2

* read as 3.2579%10°%
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Table 5.2

U-238 in NU Plate of A-Cell

Comparison of Background Cross Section for

GROUP TONE DANCOFF(0) DANCOFF(1O"4}
1 1.61883E+01*  4,98377E-02 1.48392E+01
2 2.05193E+01 5.62366E-02  1.87636E+01
3 2,45330E+01 5.59524E-02  2,25056E+01
4 2.77143E+01 5.07222E-02  2.57586E+01
5  3.20616E+0% 4,96167E-02  3.02497E+01
6  3.68253E+01 5.56550E-02  3.51774E+01
7 4.09574E+01 6.38728E-02  3.944B0E+01
8  4.47050E+01 7.,17821E-02  4.34341E+01
9 4,81272E+01 7.96690E-02 4.71241E+01

10 5.04861E+01 8.75302E-02 4.97738E+01
11 5.14602E+01 9,44477E-02 5.13035E+01
12 5,27996E+01 1.00050E-01 5.25711E+01
13 5.28319E+01 1.04322E-01 5.31891E+01
14 5.33668E+01 1.11354E-01 5.37847E+01
15  5.38168E+01 1.20033E-01 5.,41556E+01
16 5.38241E+01 1.26639E~01 5,43521E+01
17 5,43525E+01 1,36994E-01 5.44886E+01
18 5,44286E+01 1.59325E~01 5.45930E+01
19 5.43253E+01 1.77792E-01 5.46645E+01
20 5.40683E+01 2.12831E-01 5.47323E401
21 5.40691E+01 2.63769E-01 5.48200E+01
22 5.61066E+01 3.04116E-01 5.49025E+01
23 5.63386E+01 3.21799E-0% 5.49458E4+01
24 5.44120E+01 3.60174E-01 5.50024E+01
25  5.59897E+01 5.58260E-01 5,52B06E+01
26 5.52726E4+01 6.66712E-01 5.54664E+01
27 5.61850E4+01 6.81896E-01 5.54737E+01
28 5.38022E+01 8.86933E-01 5.57884E+01
29  5,86207E+01 4.51773E-01 5.51868E+01
30 5.22691E+0% 3.38622E-01 5.49773E4+01
31 5.22025E+01 2.48137E-01 5.48488E+01
32 5,25429E+01 3.58781E-01 5.50156E+01
33 5.24295E401 6.34447E-01 5.54168E+01

* read as 1.61883*107 , unit in Barn

Table 5.3 Comparison of Background Cross Section for
U-238 in NU Plate of B-Cell
GROUP TONE DANCOFF(0) DANCOFF(10'4)
1 1.71229+01% 1.2213%E+01 1.60751E+01
2 2.20322E+01 1.59987E4+01 2,05592E+01
3 2.68284E+01 1.95771E+01 2.49790E+01
4 3.07867E+01 2,28692E+01 2.88182E+0
5 3.62607E+01 2.76194E+01 3.40568E+01
6 4,25509E+01 3.26734E+01 4,01812E+01
7 4,76120E+01 3,.75070E+01 4.48515E401
8 5.21732E+M 4,19645E+01 4.91483E+01
9 5.84606E+01 4.57512E+01 5.44217E+01
10 6.242B3E+01 4,.86670E+01 5.76421E+01
11 5.85462E+01 5.07420E4+01 5.65228E+01
12 6.64624E+01 5.21199E+01 5.76464E+01
13 5.64762E+01 5.29969E+401 5.57237E+01
14 5.80770E+01 5.35470E+01 5.71909E+01
15 5.95197E+01 5.38983E+01 5.80586E+01
16 5.89690E+01 5.41115E+01 5.81489E+01
17 5.95615E+01 5.42464E+01 5.83972E+01
18 5.98559E+01 5.43428E+01 5.86838E+01
19 5.99352E+01 5.44078E+01 5.88935E+M
20 5.99992E+01 5.44613E+01 5.92049E+01
21 6.03866E+01 5.45276E+01 5.96464E+01
22 6.25448E4+01 5.,45820E+01 6,01692E+01
23 6.29069E+01 5.46146E+01 6.03882E+01
24 6.15117E+01 5.46617E+01 6.05994E+01
25 6.,40695E4+01 5.48670E+01 6.20763E+01
26 6.44879E+01 5.49705E+01 6.33478E+01
27 6.50045E+01 5.49883E+01 6.31127E+01
28 6.41295E4+01 5.53161E+01 6.46796E401
29 6.59978E+01 5.47611E+01 6.20105E+01
30 5.94466E+01 5,46585E+0 6.03315E+01
31 5.87198E+01 5.45656E+01 5.95833E+01
32 5.98633E+01 5.46849E+01 6.05368E+01
33 6.17794E+01 5.49638E+01 6.28470E+01

* read as 1.71229%1¢] , unit in Barn
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Table 5,4 Comparison of Background Cross Section for
U-235 in EU Plate of A-Cell

GROUP TONE DANCOFF{0) DANCOFF(10~%)
1 4.07766E+02*  3.10314E+02 4.44940E4+02
2 4,99637E+02 3.97328E+02 5.42621E+02
3 5.85353E+02 4.84261E+02 6.31261E+02
4 6.49340E+02 5.59975E+02 6.98138E+02
5 7.48814E+02 6.61497E+02 8.03125E402
6 8.76867E+02 7.79735E+02 9,40865E+02
7 9.74883E+02 8.67123E+02 1,05259E+03
8 1.06259E+03 9,47693E+02 1.15899E+03
9 1.21781E+03 1.04884E4+03 1,28192E+03

10 1.31410E+03 1.10915E+03 1.36119E+03
11 1.14720E+03 1,08523E+03 1.34899E403
12 1.41269E+03 1.10616E+03 1.37244E+03
13 1.02415E+03 1.07235E+03 1.34528E+03
14 1.07726E+03 1.09796E+03 1.37676E403
15 1.12652E+03 1.11258E+03 1.39826E+03
16 1.09839E+03 1.11349E403 1.39628E+03
17 1.11284E+03 1.11650E+03 1.41404E4+03
18 1.11915E+03 1.11827E+03 1.4154BE4+03
19 1.11981E+03 1.11925E+03 1.41125E+03
20 1.11901E+03 1.11948E+03 1.40143E+03
21 1.12596E+03 1.11973E+03 1.39969E+03
22 1.18933E4+03 1.12340E403 1.47461E+03
23 1.20105E+03 1.12497E+03 1,48636E+03
24 1.15246E+03 1.12331E8403 1.40902E+03
25 1.20140E+03 1,12054E+03 1.45448E+03
26 1.22091E+03 1.13291E403 1.44669E+03
27 1.23996E4+03 1.13177E+03 1.47798E+03
28 1.16662E403 1.12023E+03 1.36890E+03
29 1.32655E+03 1.14007E+03 1.64128E+03
30 1.09672E+03 1.12055E+03 1.34485E403
31 1.08501E+03 1.12084E+03 1.34623E4+03
32 1.10504E+03 1.12120E+03 1.35191E+03
33 1.12684E+03 1.12159E403  1,34021E+03

Table 5.5 Comparison of Background Cross Section for
U-235 in EU Plate of B-Cell

GROUP TONE DANCOFF{(Q) DANCOFF{10~4)
1 3,80021E+02 * 7.0810BE+01 4.03262E4+02
2 4.59444E402 B.34310E+01 4.86749E+02
3 5.35020E+02 9.99030E+01 5.64853E+02
4 5.92513E+02 1.10693E+02 6.27485E402
5 6.76514E+02 1.18666E+02 7.19620E+02
6 7.81426E+02 1.37514E+02 8,.33680E+02
7 8.49031E+02 1.29893E+02 9.,16712E+02
8 9,05050E+02 1.22853E+02 9.91785E+02
9 . 1.04057E+03 1.49595E402 1.08638E+03
10 1.11532E+03 1.52654E+02 1.14087E+03
1M 9.17386E+02 8.80103E+01 1.11198E+03
12 1.18792E+03 8.19238E+01 1.12905E+03
13 - 7.68767TE+02 3.09322E+01 1.09302E+03
14 8.19975E+02 4.58480E+01 1.11741E+03
15 8.64250E+02 5.37189E+01 1.13148E+03
16 8.384588+02 5.05647E+01 1.13151E403
17 8.44314E+02 5.11238E+01 1.13514E+03
18 B.S50475E+02 5.14376E+01 1.13668E+03
19 8.54396E+02 5.14988E+01 1.13716E+03
20 8,60414E+02 5.13707E+01 1.13666E+03
21 B.69713E+02 5.13262E+01 1.13670E+03
22 8,90953E+02 5.47065E+01 1.14519E+03
23 8.97418E+02 5.59881E+01 1.14740E+03
24 8.92461E+02 5.41625E+01 1.14069E+03
25 9,18815E+02 5.13693E+01 1.14095E+03
26 9,49742B+02 6.37175E+01 1.15240E+03
27 9,47042E+02 6.25497E+01 1.15349E+03
28 9.43022E+02 5.09674E+01 1.13508E+03
29 9.53430E+02 7.07569E+01 1.17241E+03
30 8.77247E402 5.11803E+01 1.13376E+03
31 8.62509E+02 5.13831E+01 1.13470E+03
32 B8.82506E+02 5.16468E+01 1.13479E+03
33 9,20911E+02 5.19025E+01 1.13440E+03

* read as 4.07766*102 , unit in Barn

* read as 3.80021*102 , upit in Barn
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Table 5.6 Comparison of Background Cross Section for
U~238 in EU Plate of A-Cell

Table 5.7

Comparison of Background Cross Section for
U-238 in EU Plate of B-Cell

pancorr(10-4)

GROUP TONE DANCOFF(0)  DANCOFF(10~4)
1 1.85596E+01*  4.39540E+03 4,76065E+03
2 2.42039E+01 5,61496E+03 6.00030E+03
3 2.98135E+01 6.82115E+03 7.23024E403
4 3,44369E+01 7.86273E+03 8,266B1E+03
5 4,11173E+01 9,26979E+03 9,63780E+03
6 4,92924E401 1,09217E+04 1.12729E+04
7 5.60994E+01 1.21492E+04 1.24209E+04
8 6.25310E+01 1.32815E+04 1.34869E+04
9 7.20373E+01 1.46995E+04 1.48921E+04

10 7.54013E+01 1.55508E+04 1.57061E+04
11 7.206207E+01 1.52314E+04 1.53094E+04
12 8.51581E+01 1.55322E+04 1.55948E+04
13 6.93608E+01 1.50704E+04 1.509695+04
14 7.16439E+01 1.54386E+04 1.54714E+04
15 7.38597E+01 1.56569E+04 1.56925E+04
16 7.29411E+01 1.56816E+04 1.57149E+04
17 7.41189E+01 1.57404E+04 1.57740E+04
18 7.45091E+01 1.58038E+04 1.58385E+04
19 7.44818E+01 1.58517E+04 1.58875E+04
20 7.43056E+01 1,59229E+04 1.59612E+04
21 7.47905E+01 1.60220E+04 1.60644E+04
22 7.98126E+01 1.60977E+04 1.61478E+04
23 8,06321E+01 1.61315E+04 1.61854E+04
24 7.65607E+01 1.62015E+04 1.62590E+04
25 8.13861E+01 1,65732E+04 1,66433E+04
26 8,15397E+01 1.67099E+04 1.68330E+04
27 8.327388+01 1.66567E+04 1.68039E+04
28 7.96585E4+01 1.71649E4+04 1.72889E+04
29 8,97361E+01 1.63159E4+04 1.64213E+04
30 7.22662E+01 1.61862E+04 1.62349E+04
31 7.12860E+01 1.60210E+04 1.60610E+04
32 7.29820E+01 1.62343E+04 1.62834E+04
33 7.54392E+01 1.67709E+04 1.68348E+04

* read as 1.85596%10" ;, unit in Barn

GROUP TONE DANCOFF(0)
1 1.81489E+01* 1.07090E+03 1.58749E+03
2 2,36516E+01 1.25782E+03 1.86066E+03
3 2.92951E+01 1.48595E+03 2.19260E+03
4 3.41078E+01 1.626348+03 2.39600E+03
5 4.08523E+01 1.73486E+03 2.55312E+03
1 4,9059%9E+01 2.00712E+03 2.94653E+03
7 5.51488E+01 1.91588E+03 2.81552E+03
8 6.06196E+01 1.83204E+03 2.69506E+03
9 7.13871E+01 2,21727E+03 3,25030E+03
10 7.80141E+01 2,27385E+03 3.33190E+03
i 6.57099E+01 1.38922E+03 2,05438E+03
12 8.49670E+01 1.31497E+03 1.94653E+03
13 5.86459E+0 6,.14455E+02 9,20513E+02
14 6.16340BE+01 8.33696E+02 1.24437E+03
15 6.43702E+01 9,.58142E+02 1.42784E403
16 6.30479E+01 9.25360E+02 1.38157E+03
17 6,36460E+01 9.48297E+02 1.41915E+03
18 6.42131E+0 9.87606E+02 1.48404E+03
19 6.45616E+01 1.01593E+03 1.53585E+03
20 6.51280E+01 1.06901E+03 1.63184E+03
21 6.60933E+0 1.13769E+03 1.77040E+03
22 6.79977E+01 1.17650E+03 1.89696E+03
23 6.84734E+01 1.19784E+03 1.94873E+03
24 6.81717E+01 1.23231E+03 2,03566E+03
25 7.21834E+01 1.50554E+03 2.55641E+03
26 7.39294E+01 1.49469E+03 2.83779E+03
27 7.37491E+01 1.41263E+03 2,75628E+03
28 7.62250E+01 1.60617E+03 3.40598E+03
29 7.17827E+01 1.21910E+03 2.30726E+03
30 6.66611E+01 1.1756BE+03 1.986558E+03
N 6.,49784E+01 1.1418%E+03 1.,74287E+03
32 6.72673E+01 1.28446E+03 2.05186E+03
33 7+23355E+01 1.90514E+03 2.82577E+03

* read as 1.81489%10] ¢ unit in Barn
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Table 5.8 Comparison of Background Cross Section for
U-235 in NU Plate of A-Cell

GROUP TONE DANCOFF(0Q) DANCOFF(10-4)
1 4.34042E+02%  9.99399E4+02 1.46872E+03
2 5.36047E402 1.06757E+03  1.56723E+03
3 6.28438E+02  1.06355E+03 1.56144E+03
4 6.94493E+02  9,78462E+02  1.43859E+03
5  8.04390E+02  9.84079E+02  1.,44663E+03
6 9.50791E+02  1.10893E+03  1.62664E+03
7 1,07978E+03 1.26893E+03 1.85640E+03
8  1.20362E+03 1.44033E+03 2.10135E4+03
9  1.364B5E+03 1.58292E4+03 2.30434E+03

10 1,47602E+03 1.70844E4+03 2.48247E+03
11 1,40079E+03 1.78320E+03  2,.58842E+03
12 1.58574E+03  1.64229E+03  2.599538E+03
13 1.37370E+03  1.62993E403  2.66238E+03
14 1.41194E+03  1.60704E+03  2.72009E+03
15 1.44998E+03  1.50928E+03  2.79137E+03
16 1.43312E403  1.53892E+03  2.75557E+03
17 1.46538E+403 1.53934E+03  2,91787E+03
18 1.468B39E+03 1.30580E4+03 2.91000E+03
19 1.45953E+03 1.51776E+03 2,84842E+03
20 1.43993E+03  1.53934E+03  2.73115E+03
21 1.43645E403  1.62863E+02  2.70186E+03
22 1.59224E403  1.65466E+03  3.51214E+03
23 1.61482E+03 1.78319E+03  3.63042E+03
24 1.46114E+03 1.40174E+03  2.75195E+03
25  1.54633E+03 1.74319E4+03 3.27375E403
26 1.52777E+03 1.44893E+03  3.02660E+03
27 1.59266E+03  1.46124E+03  3.40051E+03
28 1.37631E+03  1.51096E+03  2,26788E+03
29 1.91388E+03 2.30T10E+03  5.39642E+03
30 1.32758E+03 1.42001E+03 2.08838E+03
31 1.32853E+03 1.44049E4+03 2.11275E4+03
32 1.34144E+03  1.46490E+03  2.15351E+03

33 1.32056E+03  1.33568E+03  1.98813E+03

* read as 4.34042%102 , unit in Barn

Table 5.9 Comparison of Background Cross Section for
U-235 in NU Plate of B-Cell
GROUP TONE DANCOFF(0) DANCOFF(10‘4}
1 4.30308E+02* 2.,67427E+03 3.00997E+03
2 5.31863E+02 3.26269E+03 3.58569E+03
3 6,27053E+02 3.75142E+03 4.04207E+403
4 6.98291E+02 4,12034E4+03 4.36300E+03
5 8.12793E+02 4,78016E+03 4,98886E+03
[ 9.64970E+02 5.60006E+03 5.79417E403
7 1.,08696E+03 6.42447E+03 6,60343E+03
8 1.20007E+03 7.20853E+03 7.36816E+03
9 1.39133E+03 7.87142E+03 8,00765E+03
10 1.51353E+03 8.39735E+03 8.51269E+03
11 1.33231E+03 8.75685E+03 8.85429E+03
12 1.63567E+03 8.95231E+03 9.04702E+03
13 1.22844E+03 9,11782E+03 9,19629E+03
14 1.28145E+03 9,23313E+03 9,30989E+03
15 1.33185E+03 9,33024E+03 9,41131E+03
16 1.30666E4+03 9.33312E+03 9,40910E+03
17 1.33123E+03 9,46523E+03 9.54688E+03
18 1.33849E+03 9,46861E4+03 9.55495E+03
19 1,33567E+403 9,43042E+03 9,51472E+03
20 1.32784E+03 9,34823E+03 9,42760E+03
21 1.,33244E+03 9,.,32765E+03 9,40230E+03
22 1.44781E+03 9.950602E+03 1.00297E+404
23 1.46671E+03 9.99244E+03 1.01220E+04
24 1.36783E+03 9,36346E+03 9,46000E+03
25 1.44440E+03 9,72915E+03 9.82652E+03
26 1.46324E+03 9,54505E+03 9,.69136E+03
27 1.50199E403 9,81171E+03 9,98499E+03
28 1,36610E+03 9,00031E+03 9,05449E4+03
29 1.70168E+03 1.12754E4+04 1.15386E+04
30 1.26993E+03 8.89841E+03 8.94611E+03
31 1.25781E+03 8.91992E+03 8.96783E+03
32 1.28272E+03 B.94474E+03 8.99384E+03
33 1.30753E+03 8.81820E+03 8.86443E403

* read as 4.30308*102 , unit in Barn



Table 5.10

Difference of kgy between A-Cell and B-Cell

SRAC

SRAC Dancoff Dancoff Tone
(1075 ,peaco) (10-%,peaco) (0,NR) (10~4,NR) (NR)
Difference of self-shilding

235U(E") ¥ -0.21 ~0.10 -1.40 -0.08  -0.09
f 0.15 0.05 1.26 0.06 0.07
238U(E) ¢ -0.25 -0.23 -0.28 ~0.22 0.00
f 0.00 0.00 0.00 0.00 0.00
238U(N) ¢ 0.01 0.01 -0.04 0.02 0,00
f ~0.01 -0.01 0.04 -0.02 0.00
238U(N) c¢ 3.47 0,75 10.72 0.73 0.84
f 0.00 0.00 0.00 0.00 0.00

Difference of inner cell flux distribution
_ _ 1.83 1.56 1.48

Total
4,41 1.95 1i0.04 1.89 2,20
*;plate type E:EU plate N:NU plate

**;reaction

type c:capture

f:fission
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Table 5.11 Difference of kg due to difference of self-
shielding of 238U in EU plate between heterogeneized

and Homogeneized cells

SRAC SRAC DPancoff Dancoff Tone

(1073, peaco) (10~4,peaco) (0,NR) (10-4,NR) (NR)

A-Cell &~ -0.25 -0.25 -0.41 0,41 0.03
£ 0.00 0.00 0.00 0.00 0.00

B-Cell C 0000 "'0n02 -0012 -0.19 0-03

f .00 0.00 0.00 0.00 0.00

*;reaction type c:capture f:fission
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(10) RE2EFEAT2LRLDEISCAYFR N EBOEDHEEINEKF 5,

Y
[(1+p/6 B p)( 3 Ap/Ap®)}

Kt?=1+4 (11)

(11) RBELFAE, 24RPBERRBCH 2L 3072 HEER (R
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Table 1 Specification of Fuel

Driver Region Test Region
0. 87w1t% 0. 54wt%
PuO2—UO: PuO:—UO:
Fuel Pellet
Density (g ./ cm?) 10. 17 10. 17
Diameter {mm) 14. 72 14. 69
Enrichment (w t %) 0. 862 0. 542
Composition (w t %)
238y 0. 6194 0. 6214
23z 86. 503 86. 782
233 Py 0. 000145 0. 000102
238 p y 0. 6849 0. 43014
249 p y 0. 065814 0. 04115
41 Py 0. 00696 0. 0043569
242 p y 0. 00051 0. 000303
O 12. 12 12. 12
Fuel Pin
Cladding ¥aterial Zircaloy-2
Cladding I.D. {mm) 15. 0
Cladding 0.D. {(mm) 16. 6
Gap Materiatl Herium
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Table 2 Energy Group Structure of 4 and 2 Groups

al) 4 Groups

Group Corresponding

group in 63 groups

Energy range

1 1—14 10. 0 — 9118 (Me V)
2 15—-—28 9118 - 3153 (e V)
3 29—-33 8. 3153 - 68526 (e V)
4 3 4—63 6 85. 2686 — 01 (1 0°%e V)
b) 2 Groups
Group Corresponding Energy range
group in B3 groups
1 1—-33 10 (MeV) — 0. 68526 (e V)
2 34-63 685. 26 ~—~ 0. 01 (10°%eV)
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Table.3 Summary by The Diffusion Calculation (A core: 4Groups)

K
FHok KL K p Ko | Kp? :

(um) (& K/K) CITATION | & (1)
414. 6 . 9907 | -9.387E-3 . 8624 0.9460
514. 6 . 9953 | -4.722E-3 . 8762 0.9477
564. 6 . 9980 | -2.004E-3 . 8843 0.9518
644. 6 . 0024 2.394E-3 . 8981 | 0.8908 | 0.8282 0.9467
664. 6 . 0037 3.686E-3 . 8019 0.9457
714. 6 . 0068 6. 754E-3 . 8103 0.9421
764. 6 . 0102 1.010E-2 . 9186 0.9377
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Table. 4 Summary by The Diffusion Calculation (B core: 4Groups)

K1
E KK K o Ko Kop® -

(mm) (& K/K) CITATION [ & (1)
850 .9973 -2.707E-3 . 9104 0.9083
900 . 0009 8.991E-4 L9174 0.9157
950 .0043 4.281E-3 . 9236 0.9028

0.9156 0. 8805

1000 . 0074 7.345E-3 . 92990 0.8975
1050 .0102 1. 009E-2 . 9334 0.8942
1100 .0123 1.215E-2 . 9367 0. 8854
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Table.5 Summary by The Diffusion Calculation (A core: 2Groups)

K
EHoK K iz K P Ko Kp® :

(zm) (6 K/K) CITATION | & (1)
664. 6 . 9883 -1.183E-2 . 8968 0.9074
689. 6 . 9014 -8. 675E-3 . 9031 0.9027
T14.6 . 9946 -5. 420E-3 . 9093 0.8970
739. 6 . 8975 -2.506E-3 . 8149 0.8726
764. 6 . 0007 6.995E-4 . 8203} 0.9190 | 0.7432 0.9056
789. 6 . 0040 3.984E-3 . 9254 0.8664
814.6 . 0065 B.458E-3 . 8303 0.8919
839.56 . 0093 8.214E-3 . 9348 0.8866
864. 6 0121 1. 196E-2 . 8392 0.8825
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Table 6 Summary by The Transport Calculation {A core)

D20 Ke
LEVEL K fol Kd Kde

{cm) THOTRAN Eq.{1) | Eq.{1)*

21.48 0.9903 -9.80E-3 0.8376 0.9355
‘ 0.9181

31.46 © 0.9933 -6.75E-3 0.9041 0.9381
0.9300

41.48 0.9970 -3.01E-3 (G.9126 10.9136 | 0.8401 0.9334
_ 0.9351

51.48 1.0016 1.60E-3 0.9232 0.9359
0.9407

!61.48 1.0069 6.85E-3 0.9354 0.9384
0.9383

71.48 1.0129 1.27E-2 0.9481 0.9350

¥ p=1/K-1/K" was used as a reactivity .
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Table 7 Summary by The Transport Calculation (B'core)

D20 Kt
LEVEL K b Kd Kde
(cm) THOTRAN | Eq.(1) | Eq.(1)#
| 70.0 | 0.9923 | -7.768-3 | 0.8805 0.8752
| 0.8684
| 80.0 | 0.9969 | -3.118-3 | 0.8891 . 0.8737
! 0.8707
| 90.0 | 1.0012 | 1.208-3 | 0.8970 |0.8948 | 0.8960 | 0.8741
| 0.8584
| 100.0 | 1.0052 | 5.178-3 | 0.9039 0.8614
i 0.8861
12000 | 1.0109 : 1.088-2 | 0.9145 0.8728

¥ p=1/Kk-1/K’ was used as a reactivity .
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Table 8 The Error of The Reactivity Based on The Transport Calculation. (A core)

T T T T !
ke | | | |
1 ‘ |
D20 | ; (E-C)/E | » 5o Splp | 6Ci A B ¢
" LEVEL, ! TWOTRAN | Bq.(1) (%) | (%)
Cm (@ (B :
| |
. ! ; R !
21,46 | | 0.9355 | 11.4 -9.80B-3| 5.028-3 : -51.2 | 1.07E-3| -2.77E-4 | 4.07E-3 | 1.238-3
‘t | i
b i !
; i |
| 31.46 | 0.9381 | 11.7 !-6.75E-3| 3.65B-3 . -54.1 | 8.09E-4| -1.35B-4 | 3.16E-3 6.2584
| |
' 41.46 | 0.8401 | 0.9394 | 11.8 |-3.01B-3, 1.678~3 | -55.5 | 3.86E-4| -2.788-5 | 1.56E-3! 1.32E-4
5146 00859 114 | 1.60B-3| -7.93B-4 | -49.6 |-1.94E-4  -8.19E-6 -8.2184 | 3.648-5
i | ; |
61.46 i i 0.938¢ | 11.7 | 6.858-3| -3.568-3 | -52.0 | -9.30E-4| -1.59B-4 | -4.14E-3 | 7.40E-4
1 t ‘ [
!
L 71.46 | § 1.3 | -5.86E-3 | -46.1 | -1.65B-3| -5.84E-4 | -7.83E-3 | 2.558-3
|

0.9350

1.27’E~21
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Table 9 The Error of The Reactivity Based on The Transport Calculation. (B'core)

Kte
D20 (E-C)/C 0 Sp Sple S Ci A B ¢
LEVEL | TWOTRAN Eq. (1) (%) (%)
{cm} (C) {E)
70.0 0.8752 | -2.32 | -7.76E-3| -5.39E-4 6.95 | -1.74E-4| -2.138-4 | -7.81E-4 | 4.558-4
80.0 0.8737 | -2.49 | -3.11E-3| -2.57E-4 '8.26 | -6.38E-5| -3.56E-5 | -2.97E-4 | 7.52E-5
80.0 0.8960 0.8741 -2.44 1.20E-3 1.08E-4 8.00 2.10E-5 1 -H.49E-6 1.02E-4 1.18E~5
100.0 0.8614 ~3.86 5.17E-3 7.06E-4 13.7 1.218-4| -1.06E-4 6.05E-4 2.06F-4
120.0 0.8728 -2.59 1.08E-2 1.25E-3 11.6 1.36E-4{ -4.84E-4 | -7.15E-4 1.02E-3




— LEZ —

Coolant (H20)

Cladding Fuel

\

N
\vx

e ‘!6.'7‘--——_=.T

L I —

({ Dimension

Fuel

. 16.7

L 22.1

: mm )

4.8 —

Cladding

Coolant (H,0)

———

Fig.1 Hodel used to make Effective Cross Section of The Cell



— 888 —

Moderatox (D20) Pressure Tube (A%) Moderator (D20)  pyonocenized Fuel Region

Calandria Tube (AL) Coolant (H20)
{

le——T76.5 -

250

——— 101.7

e 1277
221.9
281.1

{ Dimension : mm )

Fig. 2 Hodel used to Calculate Cell Parameters in The Fuel Assembly



(cm)

182.9

Reflective

Vacuum

Test
Region

{core?)

Driver
Region

{corel)

7 e
A

/74/

Vacuum

I D,0 Level

| = D,0 Region

(corei)
R
| —_ —
b N lt {cm)
o . .
~0 w
Vacuum
Fig 3 Calculational model (A core)

— 239 —



(cm) Vacuum

110.0
A%ﬁé%?é%:%eg%y Z D.0 Level
74
'g Test Driver
E Region Region
E (core?2) (corel)
> , Vacuum
0 R
; Q (cm)
n .
0
Vacuum

Fig 4 Calculational model (B core)

— 240 —



(cm)

Reflective

Vacuum
120.0 % // 7
NN 50 Level
T |
Test Driver
Region Region
(core?) {corel)
Yacuum
0 R
=-J —y
[ ] W
s o {(cm)
0
Vacuum

Fig 5 Calculational model <(B'core)

— 241 —



Fuel Channel

OO0
OXONO.
OOOOCOO
O OO0 O OO0
OXORO; ORONO
SO0 00000
O OO0 OO0 00
GRONOE X 1 R B _XORGX®
ONONONORORCNOXON Oy
cooocooo [/
OO0 0 7

(mm)

3005

Number ofrFuel Ciuster 97

() 0.87w/0 Pub,-U0, {72Channel)

Driver Region

) 0.5&w/o0 Pu0,-UQ, t25Channel)

Test Region -

Fig 6 Figure of DCA Core

— 242 —



(A)
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Fig 7 Process of The Core Calculation

— 243 —



—¥¥e —

1.010

1.005

1.000

0.995

¥

41.46 51.46 61.46 71.46 8l.46
D,0 Level (cm)

Fig.8 K-D,0 Level Curve (CITATION,A Core)

Kd

0.90

0.88

0.84

41.46 51.46 61.46 71.46 81.46
D,0 Level {cm)

Fig.9 Kd-D,0 Level Curve (CITATION,A Core)



- 8% —

1.015

1.010

1.005

1.000

80.0 90.0 100.0 110.0
D,0 Level (cm)

Fig.10 K-D,0 level Curve (CITATION, B Core)

0.94

0.93

0.92

0.91

1
80,0 90.0 100.0 110.0
D,0 Level {(cm)

Fig.1l1l Kd-D,0 Level Curve (CITATION, B Core)



— 9%¢ —

1.010

1.005

1.000

0.995

31.46 41.46 51.46 61.46 71.46
D,0 Level {(cm)

Fig.12 K-D,0 Level Curve (TRITAC, A Core)

1

0.96

0.94 |

0.92

0.90 |

1 [ 1 1 1

31.46 41.46 51.46 61.46 71.46
D,0 Level (cm)

Fig.13 Kd-D,0 Level Curve (TRITAC, A Core)



1.010

1.005

T

1.000

— LVE —

0.995

] 1 ! [

70.0 80.0 90.0 100.0 110.0 120.0
D,0 Level (cm)

Fig.14 X-D,0 Level Curve (TRITAC, B' Core)

0.91

0.90

0.89

0.88

i |
70.0 80.0 90.0 100.0 110.0 120.0
D,0 Level {cm)

Fig.15 KA-D,0 Level Curve (TRITAC, B' Core)



fr#&A R AveryO X2 s EBRX oHH

F3X (5" )y Ky
(K-K1)(K-Ep)=Ci eee (A1)

BHL | Ci=KrpKp1(1-8 Ky/(X-Kr)) " (1-8 Kp/(K-Kp))!

KivKoid T h Th B (RIF) CEETH>HREOEYHEETH Y, CiEL
BHEFATCLEAFOENMEELL AU S AN =X alk, TXTCHICTERS &
T 3,

Ar=1-Kr. Bp=l-Kn& B <{ & (A1) ROED

(K-1+1-Kr Y(K-1+1-Kp)

=(K-1+A 1)(K-1+4p)

=(K-1)24(A1+A p)(R-1)tA 14 cee (A 2)
SIT2BRREEE 0 FI-I/REBLE. o BNDOEE, (A2) XEFC

(A2) =p2(1-p)24(At+Ap)p (l-p)tA A
=(A++AprotArAp- {(A7+AR)-(1-p)2) p2
see (A 3)
ST {((Artdp)(1-p32) pP=BieH{E, (A3) RERUE (A1) R

Ly
p=(Ci-A7tAp)/(AT+ApIE1/C( A+ A D) see (A 4)
2EEHER(o=-0)icLABE
Ci%=(1-K19)(1-Kp®)=A 19 A p? eee (A5)

V74 ADUIBERREE RS,
Ci=Ci%4 & Ci
Ar=A79+8 Ay
Ap=A4,248 Ay | et (AG)

EwL L

— 248 —



 -E1 /A v+ A ) =1(CI+Ci%Y-CAT+A 9 (At ApE)}

X{(ATJrﬂTa)'HAD'I'ADD)}*‘

AP A0
= - {0 Au/Ay®)+(8 A1/87°)) (1-E2)

{E‘L T D se e (A?)

E‘( §Ci/Cia—§AT5 [\D/ﬂrg'l'ﬂ[,a ' d Aqt4d AD )

2" d At/ A48 AD/ADB A2+ A0
X {14(8 A7+ Ap)/(AT2+Ap0)} ! see (A 8)
T, Ev=0.E: (1A sid
- L L N S, e)) (A9)
o = A 944 ,0 ] D (o 4y T

D-DEER T, FIAN—FHEOADEHE/AR LT s e TRIEE2EAT S
DT A=0L7Y (A9) ik

AP (A10)
= - —_—— 0 K]
e A8+ ALY L

& Do

(A10) R2EESTHERROIAC AV F A EBOEMEEERONE
Do

e
{(1+p/6 Api(o AD/ADB)}

Ktl=1+ ees (A1 1)

— 249 —



H#%B E:0FF

(A8) ® &Y
o= ( S Ci/Ci%-6 A18 Ap/ A 194 A 50 8 Ar+d A |
e” & A1/B %48 Ap/ A0 AP+A L0
X {1408 Ar+d Ap)/CA19+A 0 )} 1 o (A H)

dciic (A3) XERRALT
6Ci/Cim = {(AT1‘AD)P+A7AD*ATQADB_‘EI} /ATQADB b (A 12)
ptz (A9) Xx2RAT 2 L&

_Aq%A4°
A;U'I'Ang

[l

d Ci/Ci® [- (8 Ap/ A @)+ (8 Ar/419) (Av+Ayp)

+ (A% d Ay) (ApPtd Ap) -A+%Ap° -E(] /A% A,°

Ap® (8§ A1) 2+A79 (0 Ayp) 24 (A T%4+A %) Eg
(A724+A5%) A 24,8

eer (A1 3)
(A8) XROBHTOHTFw (A13) RekAT2L
[-Ap® (8 A7) 2-442 (8 Ap) 2- (A12+A,9) Ey
- (A%+A %) S AT Apt (F Ar+d Ap)
X {(6 Ap/Ae®)4( 8 Ar/A12)} A7BAp0]
X {B12Ap° (A7P4A5%) | "' {(8 Ap/Ap®)+(d Ar/A )} 7]

o E1 .o )

h (& Ap/ Ap®)H( & A7/48 19} (AT 4)
(A9) XZ2RAT B &
I

(Al14) = _ «se (A15)

(AP+24,%) p

(A15) % (A8) RIZILAL T

Eq 1
(A +A %) p B+ (8 Apt+d A7) / (A19+4,9)

B2 =

_ Ey .
© Thiiiha e {A16)

— 250 —



=51 &

FHE2EDHICHLY, FHELAFEReREsh, BBE2zHRCLBNF - &

REMRABFRXDSEHEFHARSFIBOATHRE - HFFAOERCR(REOE
ERTHIRETDH 5,

— 251 —



