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Neutronic Analysis on JRR-4 Core by the Use of Low Enriched

Uranium Silicide Fuels with Several Uranium Densities
Yoshihiro NAKANOC

Department of Research Reactor
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 11, 1992)

The reduced enrichment program for JRR-4 has been going on in the
Department of Research Reactor. Neutronic calculations using SRAC code
system have been carried out in order to evaluate the neutronic
characteristics of the core with low enriched uranium silicide fuel.

In the calculations, changes of some neutronic characteristics were
evaluated by changing the uranium density in the fuel meat. Analysis on
the core with high enriched fuel was also performed to compare 1its
characteristics with the silicide core. From these results obtained, it
has been found that the uranium density of about 3.8gU/cm3 (for the inner
plates) is adequate for JRR-4.

Some calculations have been done to evaluate the effect of the change
of neutron cross section libraries on the calculated results by using the
continuous energy Monte Carlo code VIM. Results by VIM code were compared

and showed very good agreements with ones by SRAC code.

Keywords : JRR-4, Reduced Enrichment Program, Low Enriched Uranium
Silicide Fuel, Neutromic Characteristics, SRAC, Neutron

Cross Section Library, Monte Carlo, VIM
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Fig. 2-4 Quter fuel plate
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Table 3-1 Neutron energy group structures

107G | BG 4G Upper Energy (eV) 107G| 8G 4G Upper Energy eV}
1 1.0000X 107 55 1.3710X10°
2 1 7.7880X10¢ 56 5 3 1.0677 X 10
3 6.0653%10° 57 8.3153%10°
4 4.7237X10° 58 6.4760X10°
5 3.6788X10° 59 5.0435X10°
6 2.8651X10° 60 3.9279x10°
7 2 2.2313%X10° 61 3.0590%1¢°
8 1.7377X10° 62 2.3824%1¢°
9 1.3534x10° 63 1.8554%X10°
10 1 1.0540%10° 64 1.6374X10°
11 8.2085%X10° 65 1.4450x10°
12 6.3928 X 10° 66 1.2752X1¢°
13 4.9787X10° 67 1.1254X10°
14 3.8774 X 10 68 9.9312X 10"
15 3 3.0197X10° 69 8.7642X 10"
16 2.3518%10° 70 7.7344X 10"
17 1.8316X10° 71 6.8256 X 10"
18 1.4264X1¢° 72 6.0236X10°
19 1.1109x10° 73 5.3158 X107
20 8.6517X 10 74 4.6912X10"
21 6.7380X1¢* 75 6 4.1399X10"
22 5.2475 X 10" 76 3.8926X10"
23 4.0868 %10 77 3.6528 X 10"
24 3.1828X10° 78 3.4206X 10"
25 2.4788%10° 79 3.1961X10"
26 1.9305 X 10° 80 2.9792X10"
27 1.5034 X10° 81 2.7699x10"
28 1.1709x1¢¢ 82 2.5683X10"
29 9.1188X1¢° 83 2.3742X 10"
30 7.1017X10° 84 2.1878X10"
31 5.5308X10° 85 4 2.0090X10"
32 4,3074 X 10° 86 1.8378 X 10"
33 4 2 3.3546X10° 87 1.6743 % 10"
34 2.6126X10° 88 1.5183X10"
35 2.0347X 10 89 1.3700X 10"
36 1.5846X10° 90 1.2293 10"
37 1.2341x10° 91 1.0963 X 10"
38 9.6112X10° 92 9.7080X10?
39 7.4852X1¢° 93 8.5397X10?
40 5.8295X 10 94 7 7.4276X10%
41 4.5400X10¢° 95 6.4017X107
42 3.5357X10¢ 96 5.4520% 107
43 2.7536X10° 97 4.5785% 107
44 2.1445X10° 98 3.7813x107
45 1.6702X10° 99 3.0602X 107
46 1.3007X10° 100 2.4154X107
47 1.0130%10° 101 1.8467X107
48 7.8893X10' 102 1.3543 %107
49 6.1442X10" 103 9.3805X10°
50 4.7851X10' 104 8 5.9804 %107
51 3.7266X10' 105 3.3423x10°
52 2.9023X10' 106 1.4663X 107
53 2.2603 %10 107 , 3.5238X10*
54 1.7604 X 10 107L 1.0000X 10
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Table 3-2 Critical bucklings and infinite multiplication factors

(1) Critical bucklin

A 1st-type Fuel | A 2nd-type Fuel B-type Fuel
Inner Plate 1.64811 1.69516 1.71893
OuterPlate | = - e 1.07711
Fuel Element 1.20167 1.24401 1.21510

(Unit : x 10-2 em2)

(2) Infinite mulitiplication factor

A lst-type Fuel A 2nd-type Fuel B-type Fuel
Inner Plate 1.63245 1.64806 1.65686
OuterPlate | —-oeeem | emeeeees 1.42210
Fuel Element 1.55663 1.57426 1.56201

Table 3-3 Excess reactivities

Experiment Calculation C-E

A-16 Core 6.358 6.729 0.371

A-4 & B-12 Core 6.475 6.979 0.504
(Unit : %Ak/k)

Table 3-4 Criticality of A-16 core

Experiment Calculation C/E
keff 0.9975 0.99974 1.0023
Table 3-5 Logarithmic derivatives for control rod

CITATION TWOTRAN
Core Logarithmic Control Rod Worth Control Rod

Derivative with L.D.* without L.D.* Worth

A-16 Core 0.365091 22.806 19.429 22.807

A-4 & B-12 Core 0.375156 22.960 19.415 22,959

Unit of Control Rod Worth : %Ak/k

* L.D. ; Logarithmic Derivative
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Table 3-6 Vertical bucklings for 2-D caleulations

Buckling
A-16 Core 1.72083
A-4 & B-12 Core 1.77190

(Unit : x 10-3 cm2)

Table 3-7 Control rod worth of A-16 core

(1) Case 1 (Unit : %Ak/K)
Control Rod Experiment Calculation C/E
Cl 4213 3.518 0.835
Cc2 4.375 3.812 0.871
C3 4.274 3.731 0.873
C4 4.504 3.930 0.872
C5 0.498 0.612 1.229
B1 1.38 0.773 0.560
B2 1.78 1.090 0.597
B1+B2 242 1.632 0.674

(2) Case 2 (Unit : %AK/K)
Control Rod Experiment Calculation C/E
Cl 4.213 4.355 1.034

Table 3-8 Control rod worth of A-4 & B-12 cores

Control Rod Experiment Calculation C/E

C1 4.202 3.700 0.881
C2 4.260 3.838 0.901
C3 4.051 3.653 0.902
C4 4.343 3.867 0.891
C5 0.522 0.569 1.091
Bl 0.74 0.776 1.048
B2 1.19 1.078 0.906

B1+B2 1.48 1.604 1.084

(Unit : %Ak/K}
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Table 3-9 Comparison of thermal neutron flux between calculation and

experiment
Upper : Calculation
Middle : Experiment
Lower : (C/E-1)x100%
Fuel Element Radial Distribution Axial Distribution
Position Average TFEr Maximum TFz TFr x TFz
1.12 0.86 1.79 1.61 1.39
C-4 1.01 0.84 1.67 1.66 1.39
10.89 2.38 7.19 -3.01 0.00
1.27 0.98 2.04 1.61 1.58
C-5 1.17 0.98 1.91 1.63 1.60
8.55 0.00 6.81 -1,23 -1.25
1.12 0.87 1.80 1.60 1.39
C-6 1.02 0.85 1.65 1.63 1.39
9.80 2.35 9.09 -1.84 0.00
: 1.06 0.82 1.66 1.56 1.28
D-3 0.99 0.83 1.56 1.58 1.31
7.07 -1.20 6.41 -1.27 -2.29
1.50 1.16 2.34 1.56 1.81
D-4 i.41 1.18 2.28 1.62 1.91
6.38 -1.69 2.63 -3.70 -5.24
1.70 1.32 2.68 1,57 2.07
D-5 1.55 1.29 2.46 1.59 2.05
9.68 2.33 8.94 -1.26 0.98
1.51 1.17 2.36 1.56 1.82
D-6 1.40 1.17 2.21 1.58 1.85
7.86 0.00 6.79 -1.27 -1.62
1.07 0.83 1.67 1.55 1.29
D-7 0.99 0.83 1.53 1.54 1.28
8.08 0.00 9.15 0.65 (.78
1.07 0.83 1.67 1.56 1.29
E-3 1.00 0.83 1.58 1.59 1.32
7.00 0.00 5.70 -1.8% -2.27
1.51 1.16 2.35 1.56 1.82
E-4 1.44 1.20 2.27 1.58 1.90
4.86 -3.33 3.52 -1.27 -4.21
1.71 1.32 2.69 1.57 2.08
E-5 1.62 1.35 2.57 1.59 2.15
5.56 -2.22 4.67 -1.26 -3.26
1.52 1.17 2.36 1.56 1.83
E-6 1.39 1.16 2.23 1.60 1.86
9.35 0.86 5.83 -2.50 -1.61
1.08 0.83 1.67 1.55 1.29
E-7 0.98 0.82 1.56 1.58 1.30
10.20 1.22 7.05 -1.90 -0.77
1.10 0.85 1.76 1.59 1.36
F-4 1.02 0.85 1.70 1.66 141
7.84 0.00 3.53 -4.22 -3.55
1.25 0.97 2.00 1.60 1.55
F-5 1.17 0.98 1.88 1.61 1.58
6.84 -1.02 6.38 -0.62 -1.90
1.11 0.86 1.77 1.60 1.37
F-6 1.03 0.86 1.66 1.61 1.38
7.77 0.00 6.63 -0.62 -0.72
1.29 ico |0 | e e
Core Average 12.0 oo | e e
7.50 e T e T R

(Power : IW , Unit : x 10 'nfcm?s)
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M-Region

S-Region

T-Region

R-Region

X-Region 1 1 1 1 1

AX (cm) 0.205 Xc| 005 |Xc 0.205

For the A-1st type fuel , Xc=0.0385cm
For the A-2nd type and B-type fuels , Xc=0.038cm

Fig. 3-3 Unit cell model for plate cell calculations
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(1~60 : T-Region Number) AY
025 (0.03)
56 [ 53] 34155 | 350 51 52 0.0275 (0.02;
49146147{48 | 43 44 45 0.5
4213940|41| 36 37 38 0.5
35(31§32)33) 25 26 27 0.5
34|28(29(30| 22 23 24 0.5
58157121 16{17]|18 7 8 9 0.5
60|59 20(13(14|15| 4 5 6 0.5
19]10]11]12 1 2 3 1.0
v jain (v g (n -
ol ic s
(AY) : for the A 2nd Type Fuel Element
T-Region R-Region M-Region Mixture
1—9 1 1
10—~18 2 1
19~21 3 1
22~27 4 1
28~133 5 1
34~35 6 1
36—38 7 1
3941 8 1 Fuel Plate Zone
42 9 1
4345 10 1
46~48 11 1
49 12 1
50~52 13 1
53~355 14 i
56 15 1
57 16 2 Al+H,0
58 ~59 17 3 Side Plate
60 18 4 H,0O

Fig. 3-4 Unit cell model of A type fuel for element cell calculation
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(1~67 : T-Region Number) AY
0.03
6l [61] 62 57 58 39 0.02
56153 54| 55| 50 51 52 0.258
49146 |47| 48| 43 44 45 (.258
421391401417 36 37 38 0.2903333
35(311(32: 33| 25 26 27 0.2903333
34128 129|130| 22 23 24 0.5806667
65|64 |21(16317( 18| 7 8 9 0.5806667
67|66 20113 (141 15 4 5 6 0.5806667
197101112 1 2 3 1.161333
nig |||V v N
AX g g g g E E E S 0.545 | 0.545 1.09 (Unit : cm)
Slelold
T-Region R-Region M-Region Mixture
1~-9 1 1
10~18 2 1
19~21 3 1
22~27 4 1 Fuel
28~33 5 i Inner Plate Zone
34~35 6 1
3638 7 i
39—-41 8 1
42 9 1
43~45 10 2
46~48 11 2
49 12 2
50~52 13 2 Fuel
53~55 i4 2 Outer Plate Zone
56 15 2
5759 16 2
60~62 17 2
63 18 2
64 19 3 Al+H,0
6566 20 4 Side Plate
67 21 5 H,O

Fig. 3-5 Unit cell model of B type fuel for element cell calculation
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~smeared [ :

: | _fu_e:_l__ e_lg:mcnt = fuel ‘element
M-Region 1 2 3 2 1
S-Region 1~10 11,12 13~16 17,18 19~28

. 13,14
T-Region 1~10 1,12 | 273 | 12,11 10~1
R-Region 1 2 3 2 1
X-Region 3 2 1 2 3
AX (cm) 1.1,5*%1.0, 4*0.5 |2*0.125 | 4*0.125 | 2*0.125 {4%0.5,5%1.0, 1.1
note: 5*1.0 =>1.0,1.0,1.0,1.0,1.0

Fig. 3-6 Calculation model for control rod
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_ P RaYd. N8 .. .8 _NNNd B
S AT Tt e v TN Bt T O 1T o T s S | PV
Mesh
o Ol OO0 Ol o w0 < o
AX =) mem"“vmoooomw—mo'—‘o¢w o <o
oJ —DLOWMVMMQ‘Q‘WO-—WNQ‘Q’MVI\- -— [aV]
Mesh AY
"] — —— LI WD) -— wy
= = =5 ° = ik
1] 20.0 ™
2 10.0
} 1.5
1 0.25
1{2) 385
1(2] 435
1{2) 375
2{3] 675
i 0.425
1 8.2 —0425 — = 2] = ]
|
2{4)y 8.1 I
1 0.25 L— East
11303 05 = 2 I ) [ Side
2(4) 8.1 | T
L— ———%—wm
| H
2(4) 8.1 I ¢
' =¥ 7= 0.25 - — 1 — 3 C T West
r 0.25 — oy
204} 8.1 E tae
f 0.425 L
| 03 —p425 —
2{3) 675
2(4) 8.1
1{2) 4.t
1 1.5
2 10.0
1| 20.0
Note: { )-~—--for 2-D Calculaticn
{ Unit cm)

Fig. 3-7 Horizontal geometry for whole core calculation
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Mesh Division for the Excess Reactivity Calculation

AZ and (Number of Mesh Points)

200 ()
10.0 (2)
13.5(3) %8 %
0.5(1
Control Rod 0.5(1
Full Up (650 mm) 3.0(1
0.1185 (1) (l)g %
10.0 {(4)
A 1st Fuel
Meat Region 22.7815 ©3)
16.9815 (4)
10.0 (4)
Control Rod 0.1185 (1)
Full In (0.0 mm) (1) g 8%
1.5 (1)
13.0 (1) g g EB
10.0 (1)
2000 Unit : cm

Fig. 3-8 Vertical geometry for whole core calculation of A-16 core
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Mesh Division for the Excess Reactivity Calculation

AZ and (Number of Mesh Points})

20.0 (1)
10.0 (2)
13.5 (3)
/201
0.5 %1;
A 2nd Fuel B Fuel 0.5(1
- . Control Rod
Meat Region Meat Region 3.0(1 Full Up (650 mm)
0.5(1
1.5(1
0.3425 (1
10.0 (4) 1.439 (1())
19.5185(5)
1.6 (1}
16.7 (4
3.4(2)
52185(2) |/1439 ()
0.3425 (1) Control Rod
1.5(1) Full In (0.0 mm)
1.5(1)
0.5(1)
13.0 (1) gg 8%
10.0 (1)
20001 Unit : cm

Fig. 3-9 Vertical geometry for whole core calculation of A-4 & B-12 cores
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Mesh b o =l m0 ] oul cut o] el | |og cu] oupd |-
S o o BIRRe8G|8c -4l
AX e S Hd © || mia | odl | o e
Mesh AY
38 S
[T
] 20.0 H,0
Core Tank
2 10.0 f 2 3 4 5
1 T 15 0.25
2 3.85 |
T i 000 @
A
2 3.75 C
! ? - §'§25 B [—
1 325 =
41 8l c @ A1 [a-t
: i [P+] gg: [ | I ]
4 | 8.1 D A-11A-1 A1

(Unit * ¢cm])

Fig. 3-10 Calculation model for logarithmic derivative of A-16 core
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— |
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O
— o
<1 ><
[T
<
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80.0 100.0 120.0 140.0

DISTANCE FROM CORE LEFT TO RIGHT

60.0

(97U O} X) Xni UOJNAN |DWIAY |

(cm)

(X-AXIS)

Fig. 3.11 Thermal neutron flux distribution through the E-Row

CALCULATION
A EXPERIMENT

(5-JU9/U OIX) XN14 UONNAN |DWIAYL

0 60.0 80.0 100.0 120.0

40.

20.0

{cm)

DISTANCE FROM CORE TOP TO BOTTOM {Y-AXIS)

Fig. 3-12 Thermal neutron flux distribution through the 5-Row
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Fig. 3-13 Thermal neutron flux vertical distribution in the E-5 fuel
element
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HIEIBO T, BRICHERBROTDONIFLOBIT 1T v, SHETHREORSEMHER L7,
AETIE, ZOFETAVTYIHA FREOFELT), BRICBERE L T2 BAISRH
DV TOEESITV, YU A FHEREBOLHEOFELEREFHOEIRL T 4,

4.1 VY1 FE

D) A FEGENE . RIRIEBEREEE L B — & L7z SRR 1 SHL TN O BREAR O
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Table 4-1 Infinite multiplication factors

Fuel HEU-B Fuel Silicide Fuel
U Density 0.6571 2.0 3.0 4.0 4.8
Inner Plate 1.65686 1.45299 1.55974 1.61410 1.63968
Quter Plate 1.42210 1.19193 1.35565 1.45299 1.50548
Fuel Element 1.56201 1.34970 1.47842 1.54879 1.58426
(Unit of U Density : gU/cm3)
Table 4-2 Critical bucklings
Fuel HEU-B Fuel Silicide Fuel
U Density 0.6571 2.0 3.0 4.0 4.8
Inner Plate 1.71893 1.19741 1.51545 1.69433 1.78859
QOuter Plate 1.07711 0.49205 0.92696 1.19741 1.34982
Fuel Element 1.21510 0.76636 1.06669 1.24220 1.33732

(Unit of U Density : gU/cm3 , Buckling : 10-2cm2)
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Table 4-3 Minimum critical fuel loading (number of fuel elements)

Fuel U Density No. of Fuel Keff Pex.
12 1.01359 1.341
HEU- . '
U-B 0.6571 11 0.99360 -0.644
20 | T7— o T/ 0 T
re 15 1.00891 0.883
Sil .
theide 30 14 0.99522 -0.480
4.0 11 1.01454 1.433
| 10 0.99607 -(.395
4.8 9 1.00873 0.865
’ 8 0.97728 -2.325

(Unit of U Density : gU/em?, pex. : %Ak/)

Table 4-4 Excess reactivities of standard (20 fuels) cores

Fuel U Density Keff Pex.
HEU-B 0.6571 1.11055 9.955
2.0 0.93240 -7.250

Silicide 3.0 1.05714 5.405
4.0 1.12662 11.239
4.8 1.16260 13.986

(Unit of U Density : gU/em3, pex. : %Ak/k)
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Table 4-10 Power density at each element of the HEU B type fueled core

ELEMENT | AVERAGE Fr MAXIMUM Fz FrXFz
C-3 3.3349E+01 0.7416 4.3106E+01 12926 0.9586
C-4 4.3448E+01 0.9662 5.6432E+01 1.2988 1.2549
C-5 4.8358E+01 1.0754 6.2961E+01 1.3020 1.4001
C-6 4.3382E+01 0.5647 5.6374E+01 1.2995 1.2536
c-7 3.3168E+01 0.7376 4,2957E+01 1.2951 0.9553
D-3 4.0259E+01 0.8953 5.1998E+01 1.2916 1.1563
D-4 5.3815E+01 1.1967 6.9932E+01 1.2995 1.5551
D-5 6.0357E+01 1.3422 7.8597E+01 1.3022 1.7478
D-6 5.4288E+01 1.2072 7.0565E+01 1.2999 1.3693
D-7 4.0765E+01 0.9065 5.2803E+01 1.2953 1.1742
E-3 4.1396E+01 0.9205 5.3646E+01 1.2959 1.1929
E4 5.3736E+01 1.1949 6.9810E+01 1.2991 1.5524
E-S5 6.0422E+01 1.3441 7.8673E+01 1.3016 1.7495
E-6 5.4450E+01 1.2108 7.0750E+01 1.2694 1.5733
E-7 4.0898E+01 0.9095 5.2959E+01 1.2949 1.1777
F-3 3.2506E+01 0.7229 4.2182E+0] 1.2976 0.9380
F-4 4,1846E+01 0.9306 5.4260E+01 1.2966 1.2066
F-5 4.7028E+01 1.0458 6.1048E+01 1.2981 1.3575
F-6 4.2418E+01 0.9433 5.4933E401 1.2950 1.2216
F-7 3.3446E+01 0.7438 4.3252E+01 1.2932 0.9618

Table 4~11 Power density at each element of the silicide 2.0gU/cm3
fueled core

ELEMENT | AVERAGE Fr MAXIMUM Fz FrxFz
Cc-3 3.0805E+01 0.6852 | 4.0018E+01 1.2991 0.8901
C-4 4.1868E+01 0.9312 5.4628E+01 1.3048 1.2150
C-5 4.6905E+01 1.0432 6.1337E+01 1.3077 1.3642
C-6 4.2594E+01 0.9474 5.5597E+01 1.3053 1.2366
Cc-7 3.2123E+01 0.7145 4.1783E+01 1.3007 0.9293
D-3 3.7800E+01 0.8407 4.9272E+01 1.3035 1.0959
D-4 5.4476E+01 1.2116 7.1075E+01.  1.3047 1.5808
D-5 6.1538E+01 1.3687 8.0435E+01 1.3071 1.7809
D-6 5.5832E+01 1.2418 7.2853E+01 1.3049 1.6204
D-7 4.0985E+01 0.9116 5.3284E+01 1.3001 1.1851
E-3 4.1058E+01 0.9132 5.3438E+01 1.3015 1.1885
E-4 5.5094E+01 1.2254 7.1843E+01 1.3040 1.5979
E-5 6.2174E+01 1.3829 8.1213E+01 1.3062 1.8063
E-6 5.6424E+01 1.2550 7.3579E+01 1.3040 1.6365
E-7 4,1424E+01 0.9214 5.3827E+01 1.2994 1.1972
F-3 3.2018E+01 0.7121 4.1707E+01 1.3026 0.9276
F-4 4.2197E+01 0.9385 5.4903E+01 1.3011 1.2211
E-5 4.7279E+01 1.0516 | 6.1561E+01 1.3021 1.3692
F-6 4.3107E+01 0.9588 5.6004E+01 1.2992 12456
F-7 3.3473E+01 0.7445 4.3418E+01 1.2971 0.9657
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Table 4-12 Power density at each element of the silicide Et.Og,IJ/cnrz:JJ

ELEMENT | AVERAGE Fr MAXIMUM Fz FrXFz
C-3 3.2446E+01 0.7217 4.1916E+01 1.2619 0.9323
C-4 4.3171E+01 0.9602 5.6047E+01 1.2983 1.2466
C-5 4.8615E+01 1.0813 6.3259E+01 1.3012 1.4070
C-6 4.3855E+01 0.9754 5.6953E+01 1.2987 1.2667
C-7 3.3634E+01 0.7481 4.3534E+01 1.2943 0.9683
D-3 3.9231E+01 0.8726 5.0834E+01 1.2958 1.1306
D4 5.3296E+01 1.1854 6.9230E+01 1.2900 1.5398
D-5 6.0509E+01 1.3458 7.8760E+01 1.3016 1.7518
D-6 5.4710E+01 1.2168 7.1080E+01 1.2992 1.5809
D-7 4.1191E+01 09162 5.3321E+01 1.2945 1.1860
E-3 4.0445E+01 0.8996 5.2345E+01 1.2942 1.1642
E-4 5.3398E+01 1.1877 6.9346E+01 1.2586 1.5424
E-5 6.0639E+01 1.3487 7.8894E+01 1.3010 1.7547
E-6 5.4872E+01 1.2204 7.1260E+01 1.2987 1.5849
E-7 4.1315E+01 0.9189 5.3466E+01 1.2941 1.1892
F-3 3.2140E+01 0.7148 4.1696E+01 1.2973 0.9274
F-4 4.1777E+01 0.9292 5.4148E+01 1.2961 1.2043
F-5 4.7270E+01 1.0514 6.1333E+01 1.2975 1.3642
F-6 4.2795E+01 09518 5.5392E+01 1.2944 1.2320
F-7 3.3866E+01 0.7532 4.3770E+01 1.2924 0.9735

fueled core

Table 4-13 Power density at each element of the silicide 4.OgU/cm3

ELEMENT | AVERAGE Fr MAXIMUM Fz FrXFz
C-3 3.4029E+01 0.7569 4.3830E+01 1.2880 0.9749
C-4 4,3715E+01 0.9723 5.6573E+01 1.2941 1.2583
C-5 4.8606E+01 1.0811 6.3055E+01 1.2973 1.4024
C-6 4.3569E+01 0.9691 5.6412E+01 1.2948 1.2547
C-7 3.3620E+01 0.7478 4.3389E+01 1.2506 0.9651
D-3 4.0489E+01 0.5005 5.2101E+01 1.2868 1.1588
D4 5.3286E+01 1.1852 6.8970E+01 1.2543 1.5340
D-5 5.9692E+01 1.3277 7.7427E+01 1.2971 1.7221
D-6 5.3661E+01 1.1935 6.9480E+01 1.2548% 1.5453
D-7 4.0688E+01 0.9050 5.2502E+01 1.2904 1.1677
E-3 4.1542E+01 0.6240 3.3629E+01 1.2910 1.1928
E-4 5.3182E+01 1.1829 6.8815E+01 1.2939 1.5306
E-5 5.9759E+01 1.3291 7.7476E+01 1.2965 1.7232
E-6 5.3810E+01 1.1968 6.9640E+01 1.2942 1.5489
E-7 4.0811E+01 0.8077 5.2644E+01 1.2899 1.1709
F-3 3.3150E+01 0.7373 4.2859E+01 1.2929 0.9533
F-4 42011E+01 0.9344 5.4265E+01 1.2917 1.2069
F-5 4.7171E+01 1.0492 6.1004E+01 1.2933 1.3568
F-6 4.2517E+01 0.9457 5.4853E+01 1.2%01 1.2200
F-7 3.3866E+01 0.7533 4.3640E+01 1.2886 0.9706
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Table 4-14 Power density at each element of the silicide 4.8gU/cm

ELEMENT | AVERAGE Fr MAXIMUM Fz FrXFz
C-3 3.4406E+01 0.7653 4.4235E+01 1.2857 0.9839
cC-4 4.3831E+01 0.9749 5.6616E+01 1.2917 1.2592
C-5 4,.8688E+01 1.0829% 6.3041E+01 1.2948 1.4021
C-6 4.3632E+01 0.9705 5.6386E+01 1.2923 1.2541
c.7 3.3848E+01 0.7528 4.3604E+01 1.2883 0.9698
D-3 4.0645E+(01 0.9040 5.2204E+01 1.2844 1.1611
D4 5.3006E+01 1.1789 6.8466E+01 1.2917 1.5228
D-5 5.9321E401 1.3194 7.6786E+01 1.2944 1.7079
D-6 5.3331E+01 1.1862 6.8910E+01 1.2921 1.5327
D-7 4.0677E+01 0.9047 5.2386E+01 1.2878 1.1652
E-3 4.1633E+01 0.9260 3.3641E+01 1.2884 1.1931%
E-4 5.2898E+01 1.1766 6.8304E+01 1.2912 1.5192
E-5 5.9394E+01 1.3210 7.6843E+01 1.2938 1.7091
E-6 5.3486E+01 1.1896 6.9079E+01 1.2915 1.5364
E-7 4.0804E+01 0.9076 5.2533E+01 1.2874 1.1684
F-3 3.3519E+01 0.7455 4.3253E+01 1.2904 0.9620
F-4 4.2114E+01 0.9367 5.4288E+01 1.2891 1.2075
F-5 4.7524E+01 1.0510 6.0992E+01 1.29077 1.3566
F-6 4.2584E+01 0.9471 5.4832E+01 1.2876 1.2196
E-7 3.4103E+01 0.7585 4.3865E+01 1.2862 0.9756
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Table 4-15 Control rod worth by the case 1 method

U Density Control Rod
Fuel (gU/em3) Control Rod Woi‘th (% AK/K) HEU / Silicide

Cl 3456 | -eeeeee-

C2 3509 | -

C3 3407 | -----e--

HEU-B 0.6571 C4 3.537 | meemeee-
C5 0506 |  -----m-

B1 0715 | -mmeeee-

B2 1212} -

C1 3.522 1.019

C2 3.755 1.070

C3 3.533 1.042

3.0 C4 3.786 1.070

Cs 0.538 1.064

Bl 0.748 1.046

Silicide B2 1.060 0.874
C1 3.190 0.923

C2 3.222 0.918

C3 3.138 0.921

4.0 C4 3.244 0.917

Cs 0.471 0.931

B1 0.694 0.970

B2 0.944 0.779

Table 4-16 Control rod worth by the case 2 method

U Density Control Rod
Fuel (gU/cm3) Control Rod | worth (% AK/K) Case 1 / Case 2
C1 4.950 1.552
Cc2 4.920 1.527
Silicide 4.0 C3 4.620 1.472
C4 4.657 1.436
C5 0.532 1.131

One Rod Stuck Margin = -0.557 %Ak/k
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Table 4-17 Logarithmic derivatives for control rod
CITATION . TWOTRAN
Core Logarithmic Control Rod Worth Control Rod
Derivative with L.D.* without L.D.* Worth
HEU-B 0.395219 22.249 21.957 22.249
Silicide 3.0 gU/cm3 0.396662 23.360 19.433 23.360
Silicide 4.0 gU/cm3 | 0.393684 20.132 16.752 20.132

Unit of Control Rod Worth : %Ak/k
* L.D. : Logarithmic Derivative

Table 4-18 Vertical bucklings for 2-D calculations

Fuel Buckling
HEU-B 1.77149
Silicide 3.0 gU/em3 178133
Silicide 4.0 gUjcm3 1.77559

(Unit : x 103 cm2)

Table 4-19 Kinetic parameters

Fuel U Density | Prompt Neutron | Prompt Neutron Effective Delayed
(gU/cm3) Life Time (s) | Generation Time (s) | Neutron Fraction
HEU-B 0.6571 7.04757x10-3 6.34600x10-2 7.61367x1073
2.0 8.48609x10-3 9.10133x10-3 7.67054x10-3
Silicide 3.0 7.07932x10-3 6.69666x10-3 7.63357x10-3
4.0 6.08730%10-3 5.40315x10-3 7.62152x10-3
4.8 5.51082x10-3 4.74006x10-5 7.61717x10-3
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Fig. 4-3 Horizontal geometry for whole core calculation
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Mesh Division for the Excess Reactivity Calculation
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Fig. 4-4 Vertical geometry for

whole core calculation
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Mesh Division for the Excess Reactivity Calculation
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Fig. 4-5 Vertical geometry for whole core burnup calculation
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Fig. 4-7 Order of fuel loading
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Table 5-1 Infinite multiplication factors of the silicide A.OgU/cm3
fuel with each cross section library
JENDL-2 JENDL-3 ENDEF/B-1V
Koo Koo 1(J-3)-1/(J-2) Koo H(B-1V)-1/(J-2)
Inner Plate 1.61410 1.62210 -0.306 1.61269 0.054
Quter Plate 1.45299 1.46001 -0.331 1.45033 0.126
Fuel Element 1.54879 1.55674 -0.330 1.54669 0.088

Unit of 1/(J-3)-1/(J-2) , 1AB-1V)-1/(J-2) : %Ak/k

Table 5-2 (Critical bucklings of the silicide 4.OgU/cm3 fuel with each
cross section library

JENDIL.-2 JENDL-3 ENDF/B-IV
B2 B2 (J-3)/(J-2)-1 B2 (B-1V)/(J-2)-1
Inner Plate 1.69433 1.63152 -3.707 1.66444 -1.764
Outer Plate 1.19741 1.15572 -3.481 1.17132 -2.179
Fuel Element| 1.24220 1.19220 -4.025 1.20810 -2.745

Unit of B2: x 10-2/cm2
Unit of (I-3)/(J-2)-1 , (B-IV)/(J-2)-1 : %

Table 5-3 Effective multiplication factors and reactivities of the

Silicide 4.OgU/cm3 fueled core with each cross section library

JENDL-2 JENDL-3 ENDEF/B-IV
Keff Keff Keff
1.12662 1.11838 1.11906
Reactivity Reactivity J-3)-0-2) Reactivity (B-1V)-(J-2)
11.239 10.585 -0.654 10.639 -0.600

Unit of Reactivity : %eAk/k
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Table 5-5 Logarithmic derivatives for control rod of the silicide

4.OgU/cm3 fueled core with each cross section library

CITATION TWOTRAN

Library Logarithmic Control Rod Worth Control Rod
Derivative with L.D.* | without L.D.* Worth
JENDL-2 0.393684 20.132 16.752 20.132
JENDL-3 0.393282 20.237 16.832 20.237
ENDF/B-IV 0.392499 20.254 16.883 20.254

Unit of Contrel Rod Worth : %Ak/k
* L.D. : Logarithmic Derivative

Table 5-6 Vertical bucklings for 2-D calculations of the silicide

4.OgU/cm3 fueled core with each cross section library

Library Buckling
JENDL-2 1.77559
JENDL-3 1.76150
ENDF/B-1V 1.76981

(Unit : x 103 cm2)
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Table 6-1 Excess reactivities calculated by VIM and SRAC

Code Keff Excess Reactivity (% Ak/k)
VIM 1.12390 + 0.00153 11.0241
SRAC 1.11928 10.6568
(SRACY(VIM) 0995890 | e
(SRAC)-(VIM) | = e -0.3673.

Table 6-2 Cl control rod worth calculated by VIM and SRAC

Code Control Rod Worth (%Ak/k)
VIM 3.1357
SRAC 3.1989
(SRAC)-(VIM) 0.0632
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Fig. 6-1 Core configuration for the comparison between VIM and SRAC
calculations
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