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Nuclear Characteristic Measurements and Calculation by the SRAC

Code System for LEU Fuel Element

Department of Research Reactor Operation

Tokai Research Establishment, JAERI

Kenji ARIGANE, Tetsuo OTSUKA, Hajimu SHITOMI, Shukichi WATANABE
and Minoru MOROZUMI .
( Received March 6, 1985 )

The reduced enrichment program for the Japan Research
Reactor No.4 {JRR-4) fuel has been progressed using 20% enriched
uranium.

This report describes nuclear characterictic measurement
results on the experimental fuel element which is designed with
the same specification as the fuel elements to be used for the
LEU demonstration core and neutronic calculation results by the
SRAC Code System. The characteristic measurements were performed
as follows;

1) fuel reactivity
2) control rod worth

3) thermal neutron flux.
These results comfirm that the experimental fuel element

has a comparable reactivity performance to that of the HEU fuel
element currently used. The neutronic calculation is in satice-
factory agreement with the measurement and accordingly it might
be concluded that the nuclear characteristics on the LEU demon-
stration.core could be estimated with enough accuracy by the

SRAC Code System.

Keywords: JRR-4, RERTR, Low Enriched Uranium, Fuel Element,
Reactivity, Control Rod Worth, Thermal Neutron Flux,
SRAC Code System, Characteristic Measurement,

Calculation
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I AT AR 659 70 T T2 895
[79]75] 66 159 | 60 61 82 63 0.r
T&74] 65 | 58 | 56 54 51 52 0.15
77173| 64 | 57 | 55 53 50 49 0.15
48142 31 | 32 | 33 34 35 36 0.2916667
4741 30 | 21 | 22 23 24 25 0.2916657
46/40) 2% | 20 ¢ 13 14 15 16 0.5833333
83 82 81 145391 28 | 181 12 7 8 g 0.5833333
441381 27 118 1 11 6 3 4 0.5833333
43137 26 | 17 ] 10 5 2 1 1.16666657
[Ep il (g} [Epd Lo
[ ) o [N} o™ (Kl ji]
= & SEE S8 S 3 3 3 (B{T cm)
4X 1 =2 = S lslsl 2| @1 = b S =
T-EKegicn R—Region M-Region Mixture
—~ 1 1
L~9 Inner Fuel
10~36 2 1
Plate Zone
37~48 3 1
49~63 4 2 Quter Fuel
B4~80 5 9 Plate Zone
81 6 3 Al+H;0
&2 7 4 Side Plate
23 8 5 H: O
X 5.3 EFE #EHETEHERK
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4Y
— 0.03 =
IR i T T2 007
79175 | o6 5 | 60 61 62 63 0.129
78174 | 65 5% | % 54 51 52 0.129
77|73 | 64 57 | 55 53 50 49 0.258
131421 31 1 32| 33| 34 35 36 0.2903333
1741 30 | 21} 22 23 24 25 0.2803333
16140 29 | 20| 13 14 15 16 0.5806667
83 82 81 M5139| 28 | 18] 12 7 8 9 0.5806667
44138 27 1 18 11 ] 3 4 0.5808667
430371 26 | 17 (1 10 5 2 1 1.161333
) 22w | el o ' )
el » ol8E 2 |S8] 8 | ¥ o (AL em)
S | N == ey S 0 =
4X fans) = oD D | [l (=] < < o] —
T—-Region R—Regicn M—Region Mixture
1~9 : 1 Inner Fuel
10~36 2 1
Plate Zone
37~48 3 1
49~63 4 2 Quter Fuel
64~80 5 2 Plate Zone
81 6 3 Al+H, 0.
32 7 4 Side Plate
83 8 5 H,C

X 5.4 HEU #EESEH BERE
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SR /
AR
HEU KB (LA H.O o H.0 HEU E R

s M

M—Region 1 2 3 2 1

Sub—Region ] 2 3 4 5

T-Region 1~8 9.10,{47 1% |10, 9 g~ 1

R—Region 1 k 2 3 Z i

4X (em) 5% 135 1%0675 2%03375 {5 10c| 619 | G7o5 2+03375 1%0.675 6% 135

B 5.5 &lEEEERGTEERE
— [N | o2 = N BN ‘o [N RanEEan] !N
Mesh
= () ] wD — e o o OO D
4X = S LElS ) x| ER S| e
[a] — f=1 o) = | & = {agn]
Mesh 4Y
1 20.0 H: O
2 10,0 Core Tank
1 o
2 4.1 Hz O ;
4 8.1
3 6.75 L
T 135 i
4 g1 HEU | HEU
L 025
L 5 0,25 — — l
2 4.05
i ) | HEU [HEU [—
2 4.05
BAT om
X 5.6 oSS ERGRTED 2 D 2 KT

1/4 st EERERK

. 29_

0.4

HEU

HiEY
LEU
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— C\]‘-‘ o3 o3 wﬂ“‘*—v—!v—\v—(ﬁ‘_‘v_‘v_‘—*-v—*v—i‘_‘v—11—M — N‘_‘N —
Mesh
AX < =l [Eg] [Eg] \_O wy | e <
== S Sle e )2 e —“@llene=E 9 [las] o
'N]eshdY [aN] — (S oC = {0 ] = (e =P N - | =F o= - i ™
| w g — —_ 000D — w
~ = - A N — ~
1 20.0 P
2 10.0
] 15
1 4.1
3l ol
|
21 675
1 - 0.2 '
1 TS 0.5 — ] | ]
1 0.425
2 8.1 B B B
. 0.25 o o
L 0.5 0-2; [ T T Tl T i ) .
0.25 e B 172 40
2| 81 N.Sj[a-1] B B B |A-2 1
2| 8l (Z{) A-3 | B B | B |A-4 i
1 0,25 FRMHIL/2 R0
. 025 i i T il T I
2| &l B | B | B
11 0,25
1 d2 025 S
2 6.7
Z 8.1
1 4.1
1 1.3
2 10.0
1 20.0
(EfAT cm)
Note : Br-oee HEU B #Ugr#ks
A-1- HEU A RIMGEHERNETE 2808 %
A—2 e “ # 00 H
A—3 e ” #1887 %
A—d e ” # 32713 %

Ba7
HFEERE (XY Ed)

HEU A+ B /B8 16 RMEAL 2 RS LU 3 T
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Mesh 47
i 20.0
Z 10.0
3 13.5
: T 21 - 0.5
= - C 05
! 0.5
11 i 1.5
\0.3425
1.43%
8 31.1185
4 16.7
3.4
2 5.2185 1.43%
X 03425
[ {g
] .
1 33 b2
5
3 13.0
2 10.0
1 20.0
R M E (4L em)

AR 2 7 56437 cm
BHY 59315 cm (PIHR)

X5 8 HEU A.B @&
Z A v 22 EH]

— 31 —
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B B B B B B B B
] 11 1 I ] | 1 T L | I 1
=} B B A-1 B B B [A-2
B B B A-3 | B B B |A-4
I LI | 1 ] 1 1 1 | ] € 1 1
B B B B B B B B
BAL12 AL A« BREUES 20 24P0

58 HEU 12, 20 A4ALEtE R

—32 -
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6. HIBIEIIE & #EAT

JRR— 43 oM (Co~Ca ) 4 A, WIER (Cs) 1K, Bffikaet’ (B, B2)
2 ADEIEENE 5, RIEEREERTE, ThsOFEEOSMMOCE SRR, HRELS
He Sl S SO DI A BE L 72,

WIS, 2ROtk LU 3 IRTTERR T 3B R AT, AH D TR £ R 7.

6.1 AIEAE

HISE L, @ JRR—4 TR ON TS Positive Period k& HEEAH O, AERDP
MR 4.8 ICm LIcEBOTH B, SO, HEUBKM 20 R THM SN TOHPLDE
- b DBEEEFE LB EHZ P LTE 5, AIEROREROMAGHE, HFABLEEBICD
WTiECs & Cr, Cs &C2 ZHAEY, Period H& HEFEFHR L 2 ARICHE L1,
Period = THIE LAGIIEIXC, & Cs Thd, HmIFEREID Period iTHEL Co THIE L
Too Efo, BBEELERMLEADCs & Cy & OHEHETHRE L,

6.2 RIERR

AITOFR, 2 TOMNABEOEMRIEEITRERNTSH - 7.
6. ICHIEER A, #6.2~ 6. 4 ICiRmLeE, MARLLE, HABRLZLBDRET -4
ZiRt, £70, K6 1 ~6. 2 iCHARLZSEE LUMARBEOSERICEORE S, Mo ER

T o
8.3 EHEHE

HIE PSR G ETEE, CORE—RBURN = — Fafl, T 4#UFEH3IET2RMG, 3R
DEAFET Cr ~Cs , Br, B: Ol | KREBOEMIUSEE By, Be ERH AR EMHE
EARDHI, TEBEOFELIE B EERRELFAUTH S, 3EEHIIT, BEERICOL

TREMBOBBE L UAERER VI, BELUACHBEIEIC OV, 95— F7 Yy —
YEOLDAER VR, (R, BOEEFIRSVLTEREETH S, HlilEC 3FICERT 205
SEHET, 5.3 4@ THELEEH O,

6.3.1 2 ueal BT & & G 4 SOL

2 ROTIARRIC X B HIIE EMbOSER TR, F6 3R 2IRmERT, £MEsss &k
tfoiREES , FTBE L LD &7 5RIBRSRA S NARED ke 1> & € DRI D TSR % K
HTR®A,
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Kapr — K IN
o (% 4%/K) —< SEL I“‘> X100
kour XK inN
C oK, BOREELS THE RS OREE L, SR/ 7 ) v 7354 TR AR
1o
£ 6.5 ICHERR & BUERE OB ETRT .

6.3.2  3mritEIiT X AHEHBEMRIEE

3T RDX —Y TPHOHERZER 6. 41T, Z HED A v v anBRERK 6.5 Rd,
DI BTOREERDZ HEOREEAT, SREERL SEEICHIY L ORMEERDT
B T —ICHREE L T B b D & Lise Fh, BIEHBOPIZRER, 10 A 23 HICIEERIE
s & 8 DR OERE T EFE @R ARE Lol A oklilsaE (Ci~Ca 0 354 mm,
Ce: 279 mm, B, Bz EBD CEE LT

Cr~C s OBEITEDIMRITE £, FE4 25HELTHRERE, S LIRS LUTRVE
BB L, OB kg OEDDRDI, T O, MOFMEMEIPRSREDREL L.
$7-. B:, Bz oL TREIEBRERENS By, B2, B1+B: FROBHEETV, WIHIRE
B D ko if & O S BMRIGE 2 KD 72,

F 6. 6 ICATEMR LHEIEA S DR AR T,

6.4 FHELAEBROLE

0 W SLEHEIC B I ARABREMEICE O RERE, AEEL LR LGS, HEELeRT
% —5~0%, WMEBBETH — 0.7 B THENBL—BER LI Lk L, BBl
B—18~—26% LMD, FEELEHLEDECELZR LTS

IR TR B A EER LB E OB TE, MBELZEEDCIHC ~Ca B3I+ 2 ~
4%, Coldly— 2 BTHIEME MO —EAR L7070, BEBEEOZNEN - 8% L 200tIR &
DHIT BIRDBEER L 7oo BiRAHBICOVLTE, 2HRCHBLIZERUERTS - /o

DRTEE & 3 RTHEOHEEROEL, 2UCGIETE, FTELL S & SRR T ®
FEARERIZ L, MBI 431K S ORETHET Zoixi L, 3U0ETEE, o
DNT BEEEOGHERE < — L IEUIKBICEEL TH 50T, C@iDC£oT$Lt%®
LHEHNG, £/, BEELBEOEMREISEFREBII L 1 AE TN 25 %, BREATIENY
19 BEO DI, A TR ST T 2ROERFOMEES THERCH R L0iT L, 38
FTHEBEOBREF AR A ZE LICO T ORENUFFEOREICE,PN TV 3 RFELEED
EWEBEICHbN D EEL OGNS, COFE, K5 TITRLZHEU A -BES 16 K #k
SOV TRIEN SR U FRICL DHIBOSHRIGEZ TR LR (iRA- 228
BT ABOABERS B TH - 3%, B TH— 10%, RAFAATH 4% & HIEE & iy
BO—HAERLLCEDLL EHETE b,

RO EERIGE AT E S THIT A LT, UEOER»S SRTitEoHFROERE



JAERI —M 85 - 047

75, 2IIHETE PHNETH D, BBLEBIC VLTI, SBROBRHSLETSHS,

BISEH : 1984« 10+ 30 ~ 31

F6.1 HERSMCEIERES
. , L R RE B oW @
& (eI
(% 4k k) (% dk k)
I Ca 4.085 <6
. 1 Ce 4.203 < 6
HH BT &8
Cs 4.096 < 8
Ca 4.485 3 < 6
R eBEGt | Ci~Cs | 16.869 > 14
W B E O Cs 0.550 > 0.2
B 1.072 -
%o & 4 H| B 1.397 —
B: +Bs 2.001 > 1.5

* 6.2 BHELSBESORCERNE S -4
HITE [ -

j 1684 + 10 » 30
1 2 3 A
B b RRER A B:B: FIREERR Bz TIREEHEF
e B @ | x7o 7l B M | Rro7l K W | ATl
o N #R 7 iwxt LT it LT af LT
# I FH i bhofo—p | B | d-fo—p | AL B | ot p
(mm) (rmm ) (%) {mm) (%) (rnrm ) (%)
Cs 300 | 300 0.0 300 0.0 300 0.0
of 353 484 1.072 484 1.072 353 0.0
Cs 353 353 0.0 460 0.929 563 1.397
Cs 353 353 0.0 353 0.0 353 0.0
Cs 353 353 0.0 353 0.0 353 0.0
By L R T BB - T PR - L -
B | L B | kB - Tomo| - T & -
GERILE 1.072 2,001 1.397
HIERS T
1. Bi OAEEFSELEFECNOLRIGE ; 1072 4%
2. B " " 1397 4
3. Bi, B: RERCKT SEBCmb ARIGE, 2001 7
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%65 2RICHEK X ZBHEEEOCSMEICE & REBED K
I Koff PO a1 GBI | PpF A | 00a1
All Out 1.0607758 — — I
Ci 1.0198555 3.782 4.085 0.926
Co 10190115 3.864 4203 0.619
Cs 1.0188551 3.879 4.096 0.947
C. 1.0167246 4,084 4.485 0.911
Cs 1.0546856 0.546 0.550 0.993
B, 1.0519218 0.793 1.072 0.740
B 1.0489683 1.061 1.397 0.759
By + B 1.0427179 1.633 2.001 0.816
+ fBOEEIREE Full Out
#6.6 IMTIHEICLAZEEECEMRISE &AIEMR & OB
. Ed
W | S#E INAOUT keff Poa) (BA D | op, B | Do,y /P8,
OUT 10081301
o 4.254 4085 1.044
IN 0.9665828
OUT 1.0081453
Ca . 4,288 4203 1.020
IN 0.9663671
OUT 1.0077362
Cs 4241 4096 1.035
IN 0.9664313 |
QUT 1.0082941
Ca 4405 4485 0.982
IN | 0.9654176
OUT ' 0.9973447
Cs ; 0.511 0.550 0.929
IN 0.9922880
OUT 0.9653533 |
B, 0.790 1.072 0.737
IN 0.9875882
OUT 0.0953533
B 1.051 1397 0.752
IN 0.0850440
ouT 0.0953633
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*  fOHIEEOME Ci1 ~C 354 mm
Cs 279 mm
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%71 GEFRHBITEEFLOREMRIGE S ke
SRR Ry 5 ) e AL
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{mm) @ 4k &) (mm ) @ A k)
C1 649 0.0
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Cs 651 0.0
Cs 512 0.347
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G 0547
" B HLE w HLE
W R O R
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SR ERE . —00122 % 4k, k.7 C
Rad Cal, #—#% : 5394 10 H
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| Fe - —— | 7.8799-5 6.6766—5
Si — — 4.6989~5 3.9834-5
Al 5.9922-2 577332
Mg - 182023
Fe 1.3387—4 7,2016-5
M A .
Si 578905 5.8735-5
Cr — 3.0940-6
Mn S 8.7849-6
H 6.6634—2 ' 6.6634—2
# K
0 3.3317-2 3.3317-2

— 80 -



JAERI--M 85 -(047

ek B HEUA « BRUEA 16AREHF LoD Hi IS S5 4l I e

X5 TRi/RLAHEU A « B 16 R#EF.LORERSESMICEOHELZR 6T TR~ H
ER UM ERE TR L, BB & Lo (R Lo s ERIiZ 038333 Th b, £ A
— D ICEEMEAEBED AR T, COPMIT D TOHEEE, 2 niE TR E e
IS — 5 ~—T%, WHERSK+ 0T %, BIEELEIMNN+ 10%~—6%, 3KTITRTIE,
B, W+3~—2%, — 5%, ~4~— 0B THEMERBV—EAERL T B,

FA—2 HEUA - B BHES 16 REBEME.L O IR S U O E &5 E O R

P T T T
Cou) iR O e 0p | BTOE O 00, 0
oo, (o, ) |

C, 4202 | 3920 | 0933 4.338 1032
C. 4260 | 4026 | 0.945 | 4351 | 1.021
Cs 4.051 3860 | 0.953 4176 1.031
Ce | 4343 | 4043 | 0931 4262 | 0.981
Cs 0.522 0557 | 1.067 0497 © 0.952

B, 0.750 0.787 1049 | 0727 | 0.969
R, 1180 | 1.113 | 0.943 1.067 0.904
B, + B 1510 1675 | 1.109 | 1sTT | Lods




