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'Experimental Analysis of the Central Reaction-Rate

Ratios in a Gas-Cooled Fast Reactor

Toshitaka OSUGI and Hiroyuki YOSHIDA
Office of Power Reactor Projects, JAERI

{Received January 14, 1975)

Experimental analysis of the central reaction-rate ratios
in a gas-cooled fast reactor, obtained with reactor PROTEUS,
has been made with the JAERI-FAST group constants and diffusion
theory with anisotropic diffusion coefficients recommended by
Benoist. Effective macroscopic group constants were prepared
the collision probability method, to consider heterogeneity of
the cells, |

The relative values of fission rate of
235

239 238

Pu (F9),

U (F5), and the ratio of 238U capture (C8) to 239

rates were obtained.

U (F8)
and Pu fission
There is no difference in reaction-rate ratio between the
homogeneous and heterogeneous systems. The measured to calculated
values, C/E, are the 1.067%0.017, 0.972+0.016, 1.006%0.015 for

C8/F9, F8/F9 and F5/F9, respectively,
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Table 2 Ooncentration of [FAST Zone Cell
(atoms o 3x10%%)

Nucliﬁe Fuel Pellet% Gansu¥e Oan? Rod Can | Average
Pu0,+U0, | Al 18/8 Steel | of Cell |

Pu 239 0027413 | ] 0001116

Pu 240 00006043 | 0.000246

ru 241 0.0001007 0.000041

U 235 00090860 0000035
U 238 00195357 0007953 |
0 0.0463793 | oo1sssr

LAl 0.07 9426 | 0.001660
Fe 0058816 0006658 ‘
Cir | 0016466 0001864 |

Ni l 0008507 0.000963

Tabhle 3 Goucentfation of BLANKET Zone Gell
{atoms Cm_3X1024)

%_ Nuc{Tde Fuel P;Ilet' ﬂapsu{é Can Rod Can E Average

bepl UO, Al 18/8 Steel | of Cell

U 235 00001021 00000416

U 238 00233461 0.0095 04

O 00464274 0.01890

Al " 0079426 0001660

Fe | 0058816 | 0006658

Or | 0016466 0.001864

0.008507 I 0000963
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Table 4 Concentration of BUFFER FKone Cell
(atoms o 3x10%%)
! © Nuclide 1 Fuel Pellet } Rod Can 1 Average N
: | Nat.U0, ; Al | of Cell
; .t e I peerne e oo e . —
o235 | 00001704 00001217
| U 238 | 00235017 | L 0016790
| 0 . 0046871 | | 003318
| Al | | 0079426 | 0015258
Table 5 Concentration of THERMAL Zone Cell
{atoms mh3X1024)
Nuﬁlide i ﬁ:gTYPellet Capsule ghd Nbderatéf Av ergée
 s%B.U0, | Rod Cam Al D,0 of Cell
U 235 0001176 ) ' 0.0000875
U 238 0022061 | 00016411
0 0046009 | 00332315 00330897
Al 0079426 | 00018284 |
D | 0066463 0059334
Table 6 K_,; of PROTEUS FAST Single Zone Model
- ! : N e
| | Kets | AK/K(%)i
[ ; A - | o
Homo | | 1004736 | 1
' | |
Hetero Isotropic i 1.005073 } 0.034 }

Anisotropic

1.004075

—0.066
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K PROTERUS

eff ©f

PFAST-~THERMAL

Model

Keff

E . ak /K
| (%)

Homo

Hetero

Isctropic

Anistronic

1.009463
1009507
1.009446

| 0.0 04
| —0.002

Tabie 8

Comparison of Fxperimental

of Reaction Rate Hatios

and Calculated Values

Cal

C/E

C8. /19

Howmo

Hetero

01408

0.1409

1.067

+0017

1.067

FExo

SF )

N " Homo n0313 0972 L0016
Fg/FQ 00322 o R
Hetero 00313 0.972
"Homao 1.030 “1008 Xoo1s
5 /F9 | toz22 I = 3 .
! - Hetero 1.028 ; 1.006
Tahle 9 Reaction Rate Hatios of Proiotype LMEBR
. Exp Cal G 8
: Ifomo 01512 1062 *o012
C8/F9 01424 | - o -
: Hetereo 01499 .05 3
é Homo 00252 1060 fooiz
F8/80 | 00238 —- — - ——
i i He}ero 0245 1.031
- ! ) | Homo 1056 L0002 0012
FP5/F9 | 1054 - - e - - . )
| % Hetero 1046 0,992
Table 10 Recaction Rate Ratios by Revised JAERTI—IAST Set

C8/TO
F&/F9
F5/F9

1006 L0017
1012
1009

0.1320
0.0322
1022

00326
1031

-0 —



5971

JAERI-M

W GOl 0% =]

NWNI0D vy 3HL

STANNYHT 3uvdS ONY
NOLIVINIWNYISNI HOLOV3Y

MOIHIAD O]

UOLD30438  LHAVUD

JHOZ HAAMA ZHHJYHD

AOYU T0UINOD

aoy NMOG-1MAHS YO AEISVS

13U00 ARy L3N &g

NWNI0D 1531 319VAOW
ANOZ 1S¥d
3NOZ H3A44n8

ANOZ H3AINA QW

HCIVOIONT 73A37T 0

HOLOV3Y SN3L0oHd IHL HONOHHL NOLLDIS IVINOZIMOH 1914

LY

Hotwb i b o
Hlerbipebi ool S
NG adBnd sy of Shunpin:




JAERI-% 5571

BLANKET AOVARLE TEST COLUMN
| .

3 FAST ZONE
SAFETY OR SHUT -DOwvid _ ; |
GAFETY OR SilC LRO]_)l | erER ZONE
1 D,0 DRIVER ZONE
CONTROL ROD , 5 P IVER
| ! &GRAPH T e
| | | {GRAPHITE
" - T i - | i REFLECTOR
1 | 1|
. | i % |
| L
| | | |
i i
|
I 3
] |
! !
| |
! |
| |
i
i i . 4
: ! |
L I 1:* I S
| e 1
L i N L
S Ed s E ¢
b Ty e
| N
- [ !
“ [ 1“_’ B ! i
| 1 l {
1L \ i] '
i 1 l | I
| L, |
| | |
SRR Ld I T o




JAE®RI-K 5271
L
e
[ —
T
o FUEL CIGAR

A

e :

ol

e OPEN END OF

L .
f.//-’; - GUARD FOILS
T

FOIL

FUEL PELLEY

B.7mm, D

e S

THmG, 1

. 82mmO, D,

Fig, 3 Foil Wounting in Fuel Rod
///]:
N {
S

CIGAR

. \ | .

' . % i ' = ‘1

/ FUEL W “| VOID | |

"// I%\ I1| i I

i A R :
To)

o o o O oW

o o e — fgeN

= o3 g o 5 o

Fig . 4 FAST and BLANKET Zene Cell Model




=~

x
|
|

|
|
T

BLANKET

et Y S

JA

ERI-M 5971

| 2
33— o
=
Cpug, - UQ L E
i | = THERMAL
l FAST \ =
-
i i ‘ )
| | i
| | |
L I .

T e

80

GRAPHITE

REFLECTOR

.5 Calculational Model of PROTEUS

FAST-THERMAL Core (rm )

Depl . U0,

BLANKET

6 Calculational Model of FROTEUS

FAST S

ingle

Zove Core {om)

ey

1




