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Applicability of Three Dimensional Diffusion Theory Programmes
Based on Coarse Mesh Methods to Calculating Nuclear

Characteristics of Fast Breeder Reactors

*
Masakazu HOTTA, Susumu IIJIMA and Hiroyuki YOSHIDA

Division of Power Reactor Projects, JAERI

(Received July 30, 1981)

Hexagonal coarse mesh methods in three dimensional diffusion theory
programmé have been examined for calculating in detail nuclear characteristics
of fast breeder reactors composed of hexagonal fuel assemblies, comparing with
more accurate triangular fine mesh method.

The fast breeder reactors considered here are LMFBRs with different core
configurations including heterogeneous core and GCFRs in different burnup
states. The nuclear characteristics investigated in the comparative study
are effective multiplication factor, power and neutron flux distributions,
breeding ratio, reactivity effects and control rod reactivity worth.

The comparative study indicates that the conventional coarse mesh method
is not adeguate to detailed evaluation on nuclear characteristics of fast
breeder reactors, and that the improved coarse mesh mehtod developed by
T. Takeda et al. is very useful for this purpose, though some problems exists

in evaluation of power distribution and breeding ratio of the extremely

composite fast breeder reactors, such as the radially heterogeneous core LMFBR.

Keywords : Fast Breeder Reactors, Three Dimensional Diffusion Calculation,

Coarse Mesh Method, Effective Multiplication Factor, Power Distribution,

Neutron Flux Distribution, Breeding Ratio, Na Void Reactivity,

Doppler Reactivity, Steam Ingress Reactivity, Control Rod Worth

* On leave from ISL Ltd.
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Fig. 2.1 Triagonal mesh point

-

Fig. 2.2 Conventional Hexagonal mesh point

Fig. 2,3 Improved Hexagonal mesh point
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Table 3.1 Energy Group Structure and Fission Spectrum
from JAERI-FAST Version I Revised
25 - Group & — Group
2%? Energy Range gﬁﬁg ng Energy Range ;ﬁi&
1 10.5 MeV - 6.5 MeV | 0.0234
2| 6.5 Mev - 4.0 Mey 0.0996 1 | 10.5 MeV - 1.4 MeV | 0.5692
3 4,0 MeV - 2.5 MeV | 0.1847
4 2.5 MeV - 1.4 MeV | 0.2615
5 | 1.4 Mev - 800 Kev 0.195 2 1.4 MeV — 400 Kev | 0.3328
6 800 KeV - 400 KeV | 0,1373
7 | 400 Kev - 200 Kev | 0.0603 3 400 Kev — 100 KevV | 0.0841
8 200 KeV - 100 Kev | 0.0238
9 100 Kev - 46,5 Kev | 0.0094
10 46,5 Kev - 21.5 Kev | 0,0031 4 100 Kev - 10 KeV | 0.0135
11 21.5 KeVv - 10 Kev | 0.0010
12 10 KeV - 4.65 Kev | 0,0003
13 4,65 KeV - 2,15 Kev | 0,0001 5 10 KeV - 1 Kev | 0.0004
14 2,15 KeV - 1 KeV 0.0
15 1 KeV - 465 eV | 0.0
16 465 eV - 215 ev | 0.0
17 215 ev - 100 ev | 0.0
18 100 eV - 46.5 eV 0.0
19 46.5 ev - 21,5 ev | 0.0
20 21.5 eV 10 ev | 0.0 6 1 Kev - 0.215 ev | 0.0
21 10 eV - 4,65 ev | 0.0
22 4.65 ev - 2,15 eV 0.0
23 | 1.15 ev- 1 ev| 0.0
24 1 ev - 0.465 eV | 0.0
25 0.465 eV - 0,215 eV | 0.0
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Table 3.2 Atomic Number Densities of Homogeneous LMFBR

(unit : 1024 /cm3)

Region
IC ocC RB AB1 AB2Z
Nuclide

Pu-239 6.84393 -4 | 8.93628 -4 | 0O 0 0

240 2.83190 -4 | 3.69778 -4 | 0 0 0

241 1.65200 -4 |.2,15701 -4 | O 0 0

242 4,71992 -5 6.16293 -5 | 0 0 0
U-235 1.97602 -5 | 2.23545 -5 | 3.59380 -5 2.44260 -5 | 2,82500 -5
238 6.56691 -3 | 7.42922 -3 | 1.19430 -2 | 8.11760 -3 | 9,38860 -3
0 1.53780 -2 | 1.78050 -2 | 2.39590 -2 | 1,62840 -2 | 1.88340 -2
Na 1.06930 -2 | 8.81740 -3 | 7.37440 -3 | 1.06930 -2 | 8.81740 -3
Cr 3.26760 -3 | 3.55920 -3 | 2.83560 -3} 3.26760 -3 | 3.55920 -3
Ni 1.92870 -3 | 2.10090 -3 | 1.67370 -3 | 1.92870 -3 | 2,10090 -3
Mo 1.96880 -4 | 2.14450 -4 | 1,70850 -4 | 1.96880 -4 | 2.14450 -4
Fe 1.14930 -2 | 1.25190 -2 | 9.97380 -3 | 1.14930 -2 | 1.25190 -2

Table 3.3 Atomic Number Densities of Radial Heterogeneous IMFER

{(unit : 1024 /em®)

cesten e oc IBL,IB2,RB | ,py B4 CRP
Nuclide AB1,AB3
Pu—239 | 8.84043 -4 | 1.04949 =3 | 0 0 0
240 | 3.65809 —4 | 4.34271 =4 | O 0 0
241 | 2.13390 -4 | 2.53324 -4 | O 0 0
242 | 6.00687 -5 | 7.23789 -5 | 0 0 0
U=235 | 2.00509 -5 | 1.91950 =5 | 3.59377 -5 | 2.57411 -5 | 0
238 | 6.66355 -3 | 6.37918 -3 | 1.19433 -2 | 8.55460 -3 | 0
0 1.62518 -2 | 1.62518 -2 | 2.39589 -2 | 1,71607 -2 | O
Na 1.00483 -2 | 1.00483 -2 | 7.37443 -3 | 1.00491 -2 | 2,05200 -2
Cr 3.36785 -3 | 3.36785 -3 | 2.83558 -3 | 3.36785 -3 | 1.37750 -3
Ni 1 98791 -3 | 1.98791 -3 | 1.67373 -3 | 1.98791 -3 | 5.16780 -3
Mo 202919 —& | 2.02919 -4  1.70849 ~4 2.02919 -4 | 8.61160 ~4
Fe 1.18460 -2 | 1.18460 -2 | 9.97379 -3 | 1.18459 -2 | 1,09780 -4
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Table 3,4 Atomic Number Densities of Island Heterogeneous LMFBR
(unit : 10%2%/cm®)
Region
IC ocC igi’iﬁg’RB AB2 AB4 CRP
Nuclid ?
Pu-239 8.39840 -4 | 9.39294 -4 | O 0 0
240 3.47519 -4 | 3,88672 -4 | O 0 0
241 2.02720 -4 | 2.26725 -4 | 0 0 0
242 5.79202 -5 | 6.47791 -5 | O 0 0]
U-235 2.02795 -5 | 1.97650 -5 3.59377 -5 | 2.57411 -5 | 0
238 6.73953 -3 | 6,56859 -3 | 1.19433 -2 | 8.55460 -3 1 O
8] 1.62518 -2 | 1,62518 -2 | 2.39589 -2 | 1,71607 -2 | O
Na 1.00483 -2 { 1.00483 -2 | 7.37443 -3 | 1,00491 -2 | 2.05200 -2
Cr 3.36785 -3 | 3.36785 -3 | 2,83558 -3 1 3.36785 -3 | 1.37750 03
Ni 1.98791 -3 | 1.98791 -3 | 1.67373 -3 {1.98791 -3 | 5,16780 -3
Mo 2.02919 -4 | 2,02919 -4 | 1,70849 -4 | 2.02919 -4 | 8.61160 -4
Fe 1.18460 -2 | 1.18460 -2 { 9.97379 -3 | 1.18459 -2 | 1.09780 -4
Table 3.5 Comparison of the Effective Multiplication Factor of IMFBR

Homogeneous Radial Hetero Island Hetero
2-D (RZ) 1.04282 1,04263 —_—
{(0.0470) % (0.1210)
Triangle 1.04233 1.04137 1.03894
Hex (Conv) 1.04410 1.05520 1.04802
(0.1698) (1.3281) (0.8740)
Hex (Impr) 1.04132 1,03669 1,03570
(~0.0969) (-0.4494) (-0.3119)

* (%AK/K)

: Difference from the value of Triagonal Calculation.
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Table 3,12  Comparison of the Peak Power Ratio of IMFBR (0C/IC)

Homogeneous Radial Hetero Island Hetero
2-D (RZ) 1.017 1.128 e
(=4.57)% (~4.2%)
Triangle 1,033 1,151 0.944
Hex (Conv) 1.095 1.539 0,585
(6.0%) (33.7%) (4.34%)
Hex (Impr) 1.016 1,017 0.933
(-1.6%) (-11.6%) (-1.16%)
* ( Y : Difference from the value of Triagonal Calculation.
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Table 3.14 Comparison of Na Void Worth for LMFBR

(%AK/K)
Homogeneous Radial Hetero Island Hetero
2-D (RZ) 2,693 0.846 —
(0.003)% (-0,010)
Triangle 2.690 0.856 1,075
Hex {(Conv) 2.694 0.842 1.102
{0.004) (-0.014) (0.027)
Hex (Impr) 2.677 (.807 1.011
(~0.013) (=0.049) (-0,064)
® ) : Difference from the walue of Triagonal Calculatiom.

Table 3.15 Comparison of depler Reactivity Worth for LMFBR

(%ZAK/K)
Homogeneous Radial Hetero Island Hetero
2-D (RZ) -0.341 -0,202 o——
{0.002) (0.005)
Triangle -0.343 -0.207 -0.248
Hex (Conv) -0,341 -0.198 ~0.245
(0.002) {0.009) {0.003)
Hex (Impr) -0,345 -0,213 -(01.248
{-0.002) (-0.006) (0.0)
* ( ) : Difference from the wvalue of Triagonal Calculation.
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Table 3.16 Comparison of the Iteration Times for LMFBR
{minutes)
Homogeneous Radial Hetero Island Hetero

2-D (RZ)

Ref. 1.406 1.428 —_—

Na-void 1.381 1.224 —

Doppler 1.413 1.491 —
Triangle

Ref, 8.424 7.608 14,205

Na—-void 8.281 12.803 11.464

Doppler 5.807 15.443 13.412
Hex {Conv)

Ref. 2.502 11.998 5.748

Na-void 2.192 3.364 4,313

Doppler 2.594 7.246 3.396
Hex (Impr)

Ref. 6.920 12.561 12,443

Na-void 6.232 9.791 12.639

Doppler 6,645 24,149 11.111
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Table 4.2 Comparison of the Effective Multiplication Factor of GCFR
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BOL BOEC EQEC
Triangle 1.04596 1.02309 1,02165
Hex (Conv) 1.06147 1.03670 1.02369
(1.4828)% (1.3303) (1.0902)
Hex (Impr) 1.04257 1.02034 1.01104
(-0.324) (-0.269) (-0.159)

#® (ZAK/K)

: Difference from the

value of Triagonal Calculation.
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Table 4.9 Region Components of Breeding Ratio for GCFR

Triangle Hex (Conv) Hex (Impr)

(i) BOL
Core 1 0.576 0,552 0.585
Core 2 0.141 0.146 0,139
Core 3 0,093 0.097 0.090
Ax. and Rad. Blanket 0.582 0.569 0,588
Total 1.391 1.363 1.401
(-2.02)% {0,705)

(ii) BOEC
Core 1 0.590 0.568 0.599
Core 2 0.139 0,144 0.137
Core 3 0.090 0.095 0.087
Ax. and Rad. Blanket 0.576 0,564 0.580
Total 1.395 1.371 1.403
: (-1,74) (0.583)

(iii) EOEC
Core 1 0,556 0,540 0.562
Core 2 0.133 0.137 0.131
Core 3 0,088 0.092 0.086
Ax. and Rad. Blanket 0.583 0,571 0.585
Total 1,359 1.340 1.365
(-1.42) (0.376)

% ( y : Difference from the value of Triangonal Cal. %
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Table 4.10 Comparison of Steam Entry Reactivity Worth of GCFR

(%K /K)

BOL - BOEC EQEGC

Triangle -2.006 -2,920 -3.674
Hex (Conv) -2,095 -2,994 -3.746
. (-0.,089)* (-0.066) (-0.072)

Hex (Impr) -1.989 -2.921 -3.675
(0,017 * (~0.001) (-0.001)

* ( ) : Difference from the value of Triagenal Calculation,

Table 4.11 Comparison of Doppler Reactivity Worth of GCFR

{(ZAK/K)
BOL BOEC EQEC

Triangle -0.1855 -0,.1730 -0,1570
Hex {(Conv) -0.1781 -0,1678 -0,1534
(0.0074) % (0.0052) {0.0036)

Hex (Tmpr) -0.1861 ~0.1745 -0.1592
(-0.0006) (-0.0015) (-0.0018)

* ) : Difference from the value of Triagonal Calculation.
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Table 4,12 Atomic Number Densities of 20 v/o Control Red

(unit : 1024 /em?)

20 w/o 50 w/o
He 1.3470 -3 1.3470 -3
Cr 1.6831 -3 1.6831 -3
Fe 1.0969 -2 1.0969 -2
C 5.2665 -3 5.3860 -3
plo0 4.5419 -3 1.1281 -2
pl! 1.6524 -2 1.0263 -2

Table 4,13 Comparison of Control Rod worth at BOL

(%ZAK/K)

20 w/o 50 w/o

Triangle -4,2526 -6.6312
Hex {(Conv) ~-3.3058 -4.7783
(0.9468) * (1.8529)

Hex (Impr) -4.2625 ~-6.5262
(-0.0099) (0.1050)

® ( : Difference from the wvalue of

Triagonal Calculation.
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Table 4,14  Comparison of the Iteration Times for GCFR
{minutes)
BOL BOEC EQEC
Triangle
Ref. 7.647 7.734 5,344
Steam entry 7.093 7.868 5,353
Doppler 7.408 7.881 5.226
C/R 20 8.760 —_— S
n o 50 8.038 — —
Hex (Conv)
Ref. 1.385 1.672 1.266
Steam entry 1.286 1.722 1.932
Doppler 1.721 1.316 1,626
C/R 20 1.287 — —_—
n 50 1.287 —_ —
Hex (Tmpr)
Ref. 5.788 3.313 3.012
Steam entry — 4,180 2.917
Doppler 3.427 2.962 4.695
C/R 20 2,967 E— —
n 50 3.319 — ———
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FI1G4.2 GCFR CONFIGURATION AT

1 CCRE!-1

z COREl-2

3 COREZ

4 CORE3Z

5 RE1

B RBZ

7 REFLECTOR
8 CRP

9 SRP

AT BOL

1 CORE1-1 OY
2 COREL-1 1Y
3 COREL-1 2Y
4 COREI-2 OY
5 CORE1-2 IY
5 COREL-2 2Y
7 CDOREZ oY
B CORE2 1Y
9 COREZ2 rat
10 CORES oy
11 CORES 1Y
12 CORE3 2y
13 RB1
14 RBZ
15 REFLECTOR
16 CRP
17 SRP

BOEC

1 COREL-1 1Y
2 COREL-1 2Y
3 CORE1-1 3Y
4 CORE1-2 1Y
5 CORE!-2 2Y
& CORE1-2 3Y
7  COREZ 1Y
8 CCOREZ 2Y
39 COREZ 3Y
10 CORE3 1Y
11 COREZ 2y
12 CCRES 37
13 RE1L
14 RBZ
15 REFLECTOR
16 CRP
17 SRP

FIG.4.3 GCFR CONFIGURARTION AT EOEC
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Fig. 4.4 Calculation flow for GCFR
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<< HEX(CONV.) >>
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Fig. 4.6



JAERI — M 9638

<< HEX[IMPR.) =>=>

<< HEX(CONV.] >>

<< TRI1 =»>

Fig. 4.7 GCFR-BOEC POWER DISTRIBUTIGN [N(CC]
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<< HEX({CONV

<< TRl »»>

Fig. 4.8 GCFR-EQEC POWER DISTRIBUTION (W/CC)
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GROUP |

GROUP 6

GRCUP 5

GROUP 4
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Fig. 4. 12
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GROUP 3

GROUP 2

GRCOUP 1

GROUP &

GROUP 5

GROUP 4

GCFR-BOL FLUX RATIOQ << HEX(IMPR.) / TRI >>

Fig. 4. 13
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GROUP 3

GROUP 2

GROUP !

GROUP 6

GROUP 5

GROUP 4

GCFR-BOEC FLUX RATIO << HEX(CONV.) / TRI >>

Fig. 4. 14
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GROUP 3

GROUP 2

GRCGUP 1

GROUP 6

GROUP 5

GROUP 4

GCFR-BOEC FLUX RATIO << HEX(IMPR.) / TRI »>>

Fig. 4. 15
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GROUP 3

GROUP 2

GROUP 1

GROUP G

GROUP 5

GROUP 4

GCFR-EQEC FLUX RATIO << HEX(CONV.) / TRI >>

Fig. 4. 16
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GROUP 3

GROUP 2

GROUP 1

GROUP B
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Fig. 4. 17
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Fig. 4. 19
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