JAERI-M
6739

B 7 v BnEeRFLIC BT S
EAEROUIZE & BT

19765{‘110ﬁ‘
KB OB B2 T OE B N R
BN R ALK BB &N WK K

H & FE F Hh & R F
Japan Atomic Energy Research Institute



i

SoiiEEir, OERBETHMESRS JAERIM U #E—F E LT AEBRICHATL TS
Bl AT, BWE S SoBMA AT, BDARRTHEEREAERD (RRE
FIEIRMEA ) BT, HRLIL S0,

e

[=]

7
7

JAERILM reports, issued irregularly, describe the results of research works carried out
in JAERIL. Inquiries about the availability of reports and their reproduction should be
addressed to Division of Technical Information, Japar Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan, -



JAERI-M 6739
By 7 v BEEFOLICEBY 2EAEEORE L RIT

B &5 FAHF R REEIERESF T2
KEER -2 THEE -LEE L - BIIRA
ZHEFE - TAEFR

(19764981 7B%H)

Manabdi 2 0 % BEY S Y EMBEERESAK (SHE) D7 aDFLIOHNT, EREED
AT bt FLDSOBREBEFRIC ™ URFRIZONT2226 1566281 bh7
STHEY, ELEBIC MY Y anEmINPLoBL AR RHEEENSEHEL & DL
B reEN T D WETH EHEOE A &iT, FLOEHESREIHA TSR LML,
B NFLERM LD A& CIEED FIC, EREROHEICIZ R 4 B iR
LLEaTUDI—FhbolfoFRENT.

sy FREICH T AR, 2 odi THEIC>Tid Young ~Koppe 1 OEELH]

( ENDF A AL, o, TR OXMIKEYLEZELPIXSE-TUD 2 - FT1E
BEfTe B, BUUSBLDCORN BL UMK EREENDF/B-17 74 vip
SBIH & Ntio —F . BATH TEICHTAHEHIT, 0683eVrs10Me VDL AL F —
GHEE 3 3B hd, GAM=T17 74 L5 FPAXSE o —FTfERK &Nt T T, US
LU OHABRINE L OB SEEMNIRICM o — FTEHE S N7

EREROMEHELHEBELOMRIT, FHT26%, RATLL4BOA—H LD
Htote LithioT, SHE-5 5 SHE-OFLO L H>INEHERRTHEL 2 0% RV
G EMBERLE T AEREROHEFTEORYHSERINILEE L bo




JAFRI - M 6739

Measurement and Calculation of the Critical Masses of

Graphite Mcderated, 20%-Enriched Uranium Loaded Cores

Fujiyoshi AKINO, Yoshihiko KANEKO, Kenji KITADATE,
Ryosuke KUROKAWA, Hideshi YASUDA and Motoyoshi TAKEUCHT
Division of Reactor Engineering, Tokai, JAERI

(Received September 17, 1976)

Critical masses of the 20%-enriched graphite moderated SHE assembly
were measured in seven cores of different core configurations. The £/235y
atomic ratio in the core region is from 2226 to 6628 in changing combina-
tion of fuel and graphite disks. The seven cores are cylindrical,
surrounded with a radial graphite reflector, with the exceptions of one
also loaded with slight thorium oxide and another with an annular core
having inner and outer radial graphite reflectors. |

Calculation of the critical masses was made with 34-group one-dimen-
sional diffusion computer code TUD, assuming that the core region is
homogeneous for neutron transport calculation, disregarding the semi-
homogeneous as it is. The group constants for thermal neutrons were
determined by an ordinary procedure censidering the spatial dependence of
neutron thermalization in use of Young and Koppel's scattering kernel
(ENDF/A) for graphite, with computer codes PIXSE and TUD. The absorption
and fission cross sections of 235U, 238y and € are from ENDF/B-III file.

The epithermal energy region from 10 MeV to 0.683 eV is in 33 groups.
Epithermal group constants were calculated with FAXSE code from GAM-I
file. The resonance absorption and fission integrals of 235y and 238U
were calculated with RICM code. Agreement in the critical masses between
measurement and calculation is good, the discrepancies being 2.6% on
average and 4.47% in maximum.

In conclusion, the calculational technique used is adequate for
predicting critical masses of the graphite moderated cores, loaded with

20%-enriched uranium, such as the present semi-homogerneous cores of SHE-5

~ SHE-9,
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B 3 100 mm
K} 153 324 g
85y 0.515 g
238 g 208 g
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TI—F 4 ¥ #9702 { G F)nEE002m
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(15427 100 mm
e |
5574 R7 50 mm
157427 2616 g
x|
5F A4 R Y 1304 ¢
wE (7 L) 7R, REBEL) L7+003 g/ enm
B o oW B B 0.1 ppm
I3 2 < 20 ppm
P AFARY (H 23 445 mm
B = 100 mm
& -:4 327 g
BIrhEE 261 g
ki 1§ 210 g/ emd
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® m & 19.85 %
0/U. # 203
T S (ﬁﬁlppm)
Ag < 0z ! F <100
Cd < o2 : Ni 10
1n < 2 : Ca < 50
T i < 15 : Co < 5
Fe 30 :I Mn < 10
AL 15 f Mg < 1¢
Cr < 10 i Zn < 1s
Mo 20 : Sn < 2
w <. 590 : Cu < 6
Si < 5890 : Pb 2
B < 05 E v < 1

Photo. 1 SHE critical assembly
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Table 5. Physical and nuclear properties of the different core configurations of S HE
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Fig.2 Critical masses of the various SHE cores
9 —
- 3
| ¥ enrichment ; 20 %
R Megsured valug
=)= * , Uraniom core
| o ; Uranium-Thorium core
5 —— Calculoted  value
S
‘@ L
x‘
7+
b
g i o Rarnge ro be used inthe design of VHTR
-t
2 L
Ser
-
s L
5 —
FSHE’S SHE-7 SHE -6 SHE-S SHE-12
4 Itllllll\]llJlILll!li.LIL\IILI
2000 3000 4000 5000 6000 7000
C/®%)  atomic  ratio



JAERI~-M 6739

2\/—3—[,02(3;)2_‘_31)_,_1):,,32 ................................... e teeen e aan ey aan 8
L0, 2(3p+3p+1) . SHEOBBHALEENORBAKORE, NiCHEYY
B b

TR?* =43 o N

= 2413 X+~ N P ey
FID, HMERT, BEEABROELHBCEFITEI LB 5.
DL DRDONF-EBBIREICBTL2EMERLES WK Le

L BMRERO MR

4.1 FoogEs

ASEOHET FLRIEETH>T. —ic, By 7 v 3 F8EABODICEELTLS
2) FOERREERELALTHT, B—EIORHRFKR THI Eh0 D, L0 3HFEHRTIC
DNTEHE L FLOBRAZELLWLIE . N1 oL S0, fEDODREMBe LY v 7 2F
rEAHEAD, FOMCBEEZELBALT VG, BREEREI, MEBFT1 27 LBHT1 27 %
EHONIHSHIC LS >T, BEHOBH HICHALTLLEZLLEDTHL. BEAL
SEOFLMC 2T, BBV v 7 2FICRGTREEZELZANLI LT LS 7
fizmRd L HI. BE T4 R REREELTO S UL, PR, SHE -1 2RU

SHE -T1HLCD0Ti}, S@EA2RT3ED7 M)y 7 28I, BiLbv 7 BEE

TIAR, BELF) Y LADBREZLA, ZHE1XFTD>{ SHE-1 25 LTHE. BELY
v A ADBMEEEORDICENBE)ABALALOTEL TILRT LT, BILT 7 VBT 4
B, PLEBHFMICDOTPe AN TTEMEINTNASIE KL b0 LLENG,. BE
FAZIPEVZEL, O/ P UETFE~557Th->T, BHRETFHEIENBEAEEA-
TWADOT, BEEACHESEE BEAL LB EIXCVWEVHIERL S, BEBRICD0TS
WSt EEEH o

4.2 SHE®TE#H

1) b FHEHR

S TR R DIEHIZ0 V5 068257 eVETAIOHILDIBCLEEL, BB
2T, SHE%%&?%%E””UZHUC}O an%@ﬁ%@mﬂ%@@%Domj
774 fbﬁ)EL‘GIENDF/B J]l7)7/f}lx2’)>b§§ﬁ(:r_z Lk — ﬁ)gﬁb\fél{ﬁ L E 7R IC
L oTRbro 2EHPI -23—F£7:03 THERMOSEC a— FiIZ kD g=1m530iC
T

Egy)
J gyar (B) ¢ (E} dE

I“:"E'+1
¢ (E) dE




JAERI-M 6739

_ 24 3 roz ( 3p2 +3p+1)= = U £
L, 2(3p+3p+1) {3, SHEOBBE:EEMOMEEREOBY, NiICHSYT
T

sR? =43 1, N

SR 2413 X AN e e e e et @)
D, SMEERE, REEEROFEFBICEHTICEBbhb B
DEDRD SNT-HEREBCBTLZMERLRERS KR L.

4. WE R R O &t &

4.1 FLoOHEH

SHEOBETL FLIEETH>T. —Ric, Bty 703 THEROFICRELTLAD
2) FELEREABREALTWT, B—EI0ENRHK TH Fhnsd, L0 H3EBERIC
SNTEE Lo FLOBRATZELL L HE,. M1 0L 3, BEORM= ) » 7 28
rEAHER, FOHICHRBERZBALTO S0 BBERGE, BHTA 7 EBBT4 27 %
EPONTHAFICLLY-T, RV OBRE BMITHBALTS LA LALLDTHE, BEAL
SEPFLITDNTIE, BSR 7 M) v 7 2FICRHTHRBEZRLANL LT L ER1 7
MR dT LA, BEFA 22BAERITELTHAE. L L, A, SHE-12RKU

SHE-T1HELMc2WTid, ZARART3IRD M Uy 7 28I, G778 E

F1E, BELMIYLAOBHEZRL A, AHE1XT D> SHBE-1 2HLTE., BLEHY
v LADBEIEZOMR N ICENE ) A EBALAOTRL TITRT LI, Biby 7 /BE T4
2, FLEBRBFMITODOTPRALTTEMINTNSEIE KT S LBLEANL. BRE
FARIBENZESL, O/ UBEFRE~557TTH-T, BERBEFHBFIENEAEEAS
TWADT, BESCHEEEE RN D LB EZICLWEWSHEAL S, HESRICDWTS
AN EEEH o

4.2 SHE#HEH

1) B FHEH
ifﬁﬁﬁ%ﬁﬁﬁ@ﬁ&ﬁOevméaﬁmm7eVif%SOﬁKbH%C&&L-%%

KOMT,SHE%%&?%%E”WL”U,QCLThH%@ﬁ%@&ﬂ%@%%D@ﬁ
77ANHALENIENDF B —J]lg TALDLS BT T wﬂe“k,ﬁsgcoc\fém L e e
L oTRH7zo 22D PL -223—-FE/IZTHERMOSEC - FiIZ k0 g=1m530iC™
LT

Egy)
J oyar (E) 6, (E) dE

E
— e (5)

EEH
¢ (E) dE

nl
LE

aMAT ' B




JAERI-M 6739

ZZit

B E
¢ (B} = — €xp (-~ —) T, =0025 eV (6

MEtFIOROTALEF KPR RLIELEBOTHS.

I F - %@ﬁﬁ%ﬁﬁu0§®;5mbt%¢to%%mﬁ?%ﬁ¢ﬁ?ﬁﬁ%?w&
LT Y)oung Koppel fDiEﬁJJ%IﬁHﬁJ:@GA)SKETJ— FCEHEIS(a, 8) (ENDF/A7
FAN, T—296°K ) #5t&BL, PIXSEa-FTI AL+~ —EEdd THIANEEEZRD

& 5 e L/'CS:R&B o

THbHE,
. 1
g, (E_)E’) :—_} pn a { E;)E’, 6) dp H= ¢cos [/} J R A T L ST P T (‘7)
-1 .
B % E’ _8
s (E—>E', 8) = e 2 8 (a, B) e e beeeeeeiree e e (8)
2KT E
T T,
A+1
trbr.(--_—-«—)2 o,
E'—-E
g =
' KT
E'+E-2#+EE
a =
AKT

E&EET L F—

B I HABT ALY -

o, . B FHEHE
—%, U, My, o, HEIUThiCHT 2&EETLICHERTRET A ZHEAL, R
DFEBTT A ¥ BBt THRAHEELRD o
F 7., BH T2 OEANL

(a, 8) - (Zle B ©)
R , — T P P TR TRLE
* 24 Ta exp e :

THEZoh b
cokHLLT, éntzﬁ@ﬁﬁ%@ﬁé%ﬁmfﬁﬁﬂﬁmmama1ﬁﬁ@$ﬁ%
R Ry bw%ﬁa‘é&ﬁ‘éﬂzﬁﬁﬁfﬁ?é cEitky, HEHAERD ETENT E bo 2%,

30EEMOT z ¥ -—BH i FHEHED

E; E:
5dE'J dE ¢ { E—2E’) ¢, (E)

EY Ey T R R LR T TR G.O

Eq
J.¢Mde
E,

gg



JAERI-M 6739

#6 HPHETHBO2H
S —F ¥ — v —h

1 0.68257 0.23018

2 0.54223 "

3 0.43075 ”

4 0.34218 0.11509

5 0.304909 "

6 0.27183 0.23018

7 0.215094 "

8 0.17154 ”

9 0.13627 "
10 0.10826 ”
11 0.085998 P
12 0.068317 ”
13 0.054271 "
14 0.043113 "
15 0.034 2409 "
16 0.027207 "
17 0021613 p
18 0017170 "
19 0.0136309 "
20 0.010835 "
21 0.0086074 "
22 0.0068377 "
23 0.0054319 "
24 00043151 "
25 00034279 "
26 00027231 "
27 00021632 "
28 0.0017184 "
29 0.0013651 ”
30 500108446 oo




JAERI-M 6739

Thdo

L TE, LI E, D gﬁ)b—f@tﬂﬁﬁi(}?l&ﬁl ANE -—THbo

37z, SMOEER~OROETFRIE, FEMACOVT 068257 eV AR FEREZLT
D ~EHELEoTRD, Chil &1/ BrfbRELPIXSED—FT

B,
ELTEEEN 0
L@ 3 08 QWS TE, B RITHE, HHWE RS L ORAETESGICET 2 BT
A g — FTUDICAAL, ABELERICOOTHRBEF R 27 b OEEYH
ZHEL, chEEE LT 2EHORNT S FHEY OEROERLED 0
T UD¥EE 2 — FTid® B TR0 I, 8 —RTERICEMR S Successive
Over —Relaxation il L > THENICEON SO

E o :
SS:J ? dEJE 6 (B> R)Y dE/ /B’ orrrrr e an

__DgV2 ¢g(r)+,}:g¢g(r) :_—_Qg(r) ................................................... (12
QE (p) == _]; XE Z szg(ﬁg(r + Z 28%¢ (r)+sg(r) 13
4 g ghce
LT
d® p d
Pr= — 4 — — (WE&%Re=1)
dr r dr .

T, MiIBEERINLE BT TH S0

HELOMETFR_2 b, TUD2 - FE2FRT2HEE, BRCTHB0LT, LHI08
—Ift, 18= 0 LTHEAEL, BREXN-IEFESHSEH ) 20T 4E(r) ZRD T 5o
E(r) {1, 42 CO~NZERNE L OFLEOhE FRMGHNGTTEINL L, TDODEX

EENELNLZOT, FAMHEH LLSE(n) 20 TCHPHEFHELL RO I LELH Lo
kI LTRD otLtchtEFR A7 |~;1, (1) 2 HKE LTHEH L, FLE LURHED

%mﬁ%ﬁﬁﬁ,zuvzf,Dk;o % U8 My T £ A IR DI

j rdrf TyaT 95 (1)
M R R R TR R als

j rdr X 68 {r)
v ;

IMaAT =

ik DPERE L 7ze
SHE%@W@%W®®%¢ﬁ?ﬁ@%%E?Ki&btoiﬁ.%mﬁmﬁb%r:OUm
il HHEOBERS S LORNEKOPLICBT ZHIMFR 7 b ZR3 ~81TR L7
2) ETETREE

— 5, @¢ﬁ%ﬁﬁﬁc0wfﬁ FFEEEICONT 66D+ ¥ — it St
(ﬁsﬂ%)GAM—1947® JOWEHBDTA 77 )~ 5 2 BT ORI LEKEICD
ST AASE, LY — Ui 0.5 T068257 Vil i10MeVETHALETHI IHFOMERK
&FAXS%QWFfﬁmﬁLta’JgD



6739

JAERI-M

dnead Uvovijnau [BWIBY) =g drnoas uorynau 3s5e]=7 ajou

[N

¢ OIX8EERED |  DIXOGEBEO |  OTXFLOBED | ; DIXOEZBED |  OTXTRERED| (OIXLBEBED T
¢ DIXELTSEZO .To.ﬁxmfmm.c ¢ DTX9G6YZ0 | ; OIXTIDEED ;  0IXTB0SC0D| OTXE60580 =7 | «
811980 211980 1229870 691980 151980 8% 1980 ’q m
2 DTXEGBEZV0 | , OIXPYTEVO | , OTX660TV0 | , OTXZZLEP O | , OEXDLEEPO| , 0TX8BYLZYO ‘g m
(DIXEGE9E0 | , OTX0Z0LE0 | g OTXZ6TERD | g DIXBELVYBY | , HIXZ69C80 | , OTXZEFLED Lifd 5

Lvar 67211 6FETT 6IETE 008 I'T VOB T a

¢ OTXBIETE0 | ¢ OTX00EVE0 | ¢ OUX6TLLEO | ¢ OTXTITS820 | ¢ OIXP¥9680| ¢ OIXBEYDETD Mﬂw

d DIXGFBOSD | , DIXGBESSO | (OITXOSFFIO | (DTXE000TG| , 0T X8Z8BLO]| , DIX66L690 a4
(OTXZOBOT'0 | [ OTX962010 | {OTXPBR8BZ'0 | ,0IxZ88610 | [ OTXEBSSTID| [ 01X9L6ZI0 | ¥7a R
Z25980 ¥S 99870 LgogR0 YRV 580 Y1V 980 6£698°0 1 m

OIXBFOETO | , OTXLIRETO | ; OIXESQOEZN | , OTXGRITZ0 | ; DIXBELZZ0 Naowthwmm.c k¢

¢ OTXLPZYL0 | , OTXECZZI0 | , OTXOLBETD | ; 0IXGZTIO1I0 |  OTxZLEEBO| . DIXBERILO L

¢-OTXLSOPED | ¢ OTXGGOVED |  OVXLIOE6D | { OTX6TTCH0 |  OIXZFI0G0|  0IxL0TTPD | YT a

T AA 1eeet 90171 0zgeT S6ETT ZIPTT 'a

I—-I—HHS CTI—HHS g§—HHES L—-dHS 9—dAHS S—HHS
Sj]uUBl1SUOD dno 18 g LI ®1qe(]




JAERI=-M 6739

(A8) Abisua uodirapn ' 3

o (e 100 100T
_4_____ LI T _____m_ T T A_a__.,aﬂ T m0|_
N
N
N\ i
,
Y
\ 4
\ 4
\ -
/ ]
\ IBU8T BI0T WOd) aosuDisiq U 1 o
\woggy-y J ot~
\ C ol
i pd
]
=
s o
— 2
1 —h
7] =
H ko
4 ol
-
2
=
7 5
a
-
1 <
7 =
B =)
3 @
- ot
o
WNMVHDmmw.\U H
9107 G-3HS ul CJpads uaunau puuayl By
o)

{ n&) Abusus uosinan ‘3

170

100

1000

T T 7 T ——_..,‘_«_ T A.g__“_ 4

/ w26 28- 4

\

i
\
\

\
A.u = "L,_.

18JU80 80D WO4§ J0UDISKT 1

8.€G= Ngea /D

a0 G-3JHS ul taioads uolnau

rowaayl ¢ biy

|

biad 11

.

L

11i||l

Ol

al

x|y uoanen C (3)d

{ stun Aioaiquo )



JAERI-M 6739

(A®) ABusud uoutnapy “ 3

0ol 10

100

_______ T T [

L I | T reerrri +

\ 49/Uad 210D Wod) aoupisiq .

1Y .
._Euo‘wh =1
A

\
wd 2 ge=1\

N\

-
-

mNNNu Dnnm\u

2400 g-3HS M

D4}2ads Uodihau (pwiayl g By

1

IR

L

Ol

=

{lll\'

Ol

XNy} uwanynaN ‘(¢

{shiun Aloapquo)

{ A9} Abuasus woislnan 3

o1 1o Tegs) 1600
[T AL ) [T T 0!
\ ]
\
\
\ |
\ 4
\
\ ]
.__. _124U8D AICD WD) 3BUDISI] A u
\ WO by : ]
\ — 0Ol
\ i
\

//
O\ .\\
/rrl‘\\\\\

9LE%=Nggz/D

3103 4 —JHS Ul DAoads uodinaw |Dwisy] G big

e

T
AlDJJiGaD )

ol

[

l1eg gl

01

uosinaN ‘(31 ¢

xnij

{ situn




&
m
[
©
=
1
-
<]
=
-
o]

(A8} ABnaua uousynapn ‘3
ol 1o 100 1000
—ﬂ_____ 1 T _4-‘4_1_ T T JA___-_ T 1 Mm_
hY
\ —
hY
/ —
N
\ ]
_’ -
’ -
’ —
d -
wIgeg- ]
/ 8eg- J 19jU3D 2100 WO S2UDISIT \%_¢
wo \ P
/. M.O_Vu‘_/ ] =
} e
— @
=4
{ 3
Wd0= 4\ . -
/ 1 e
— Q1 =
1 -
a
.
- o
a
<
N [
B 2
\ 1 2
/ g 401
. S &
Ki \\\
~———
686 Z= N /Ul ;e, i
qmwwujmnm\o B
8109 |—]—3HS ui Dloads uoineu mulayi 8614 m
301

- L]
(A2) AbBusua uousnapn * 3
o1 10 100 1000
____q_ U T T —_____ 1 1 T —--~4 T I n@_
N\
N "
\
\
/ =
\ .
\
\ i
/Eum oB= .
‘ 1S .
\ J2;U80 940D W04} DUDISIG: ] o1

8299 = N,/

8109 Z[-3HS Ul Dioads uougnau jowasyl 2 Big

Xz-

i

|

|

Ol

(shun Aloyiquo ) xnjj uosnap ‘(3

T

0l




JAERI-M 67309

%8 BEPEFHEEOSE

7n—7 Eo® *t ] sn—7 | £ B E B
£ = Lotk — N % B - T F o FE—
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3 050 6.0653x%1 08 38 9.25 96112
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9 2.0 1.3533x10° 44 10.75 21445
i0 225 1.0540x10°8 45 1 1.0 16702
11 250 820.8 %1 ¢4 46 11.25 130.08
12 275 §39.3 x10° 47 1150 10130
13 3.0 49787 x10f 48 1L75 78895
14 325 387.74 x103 409 120 61442
15 3.50 30197 x10° 50 1225 47851
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17' 4.9 18316 x103 52 1275 29.023
18 4.2 5 114264 x10° 53 130 22603
19 4.50 11109 x10° 54 1325 17603
20 475 86.517 x10° 55 1350 13709
21 50 67.379 x10° 56 1375 10677
22 525 52475 x10° 57 1 4.0 83153
23 550 40867 >10° 58 1425 6476
2 4 5.75 31828 x1i0° 59 1450 50435
25 6.0 24788 x1¢0° 60 1475 39279
26 625 19.305 x10° 61 150 3.059
27 6.50 15035 x10° 62 1525 23824
28 6.75 11.709 x10° 6 3 1550 1.8554
29 7.0 91188x103 64 1575 1445
30 7.2.5 71017x10° 65 160 11254
31 7.50 5.5308x10° 6 6 16.25 087643
32 775 43074x103 ol 16.5 0.68256
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Table 9 Calculated values of the effective
multiplication factor for the various

SHE cores at critical

critieal eore radius
kett
(em)
SHE~-5 3513 L0016
SHE-6 3320 1.0105S
SHE—17 3107 .0075
SHE—8 2873 0.99750
SHE—12 37.28 L0062
SHE-T—1 4029 096138
SHE—9—A7 61957 1.0055
{# Jnanner reflector radius : 4655mm)
° T
(C/*u=2226) :
‘ ! : :
— 8 ‘ " ! 1
(=] ! ; i
d
7 | ]
- (C/#*=3276)
- \
E e . N
5
o
Ny} .
b 5 .
a L .
c 10 20 20 4G 50

AERATEFEFE  (cm)
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