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Summary of the Progress of Reactor Physics in Japan
Reviewing the Activities Related to NEA Committee on Reactor Physics

Jitsuya HIROTA™

Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken, Japan
Received March 31, 1984
Abstract

This report summarizes the progress of reactor physics in Japan in the period from 1962 to March
1982, reviewing the activities related to the NEA Committee on Reactor Physics (NEACRP).

The progress of fast and thermal reactor physics, fusion neutronics and shielding researches in
these twenty years can be clearly recognized in the reviews of reactor physics activities in Japan
which had been prepared by the Special Committee on Reactor Physics: the joint committee under
Atomic Energy Society of Japan and JAERI. Many topics of those discussed at the NEACRP meet-
ings concerned fast reactor physics. Information exchange on the topics such as adjustment of group
cross sections by integral data, central worth discrepancy, sodium void effect and heterogeneous core
stimulated the researches in Japan. And achievements in Japan including those in the JAERI Fast
Critical Facility FCA were reported and contributed largely to the international co-operation. In
addition, the contribution from Japan was also made concerning a study of fusion blanket.

Among various specialists’ meetings recommended by NEACRP, those on nuclear data and bench-
marks for reactor shielding were often held since 1973 and helpful to the progress of shielding
researches in Japan. The Third Specialists’ Meeting on Reactor Noise (SMORN-III) was held in Tokyo
in 1981, indicating the recent progress in safety-related applications of reactor noise analysis. The
NEACRP benchmark tests were quite useful to the progress of reactor physics in Japan, which
included the benchmark calculations of BWR lattice cell, key parameters and burn-up characteristics
of a large LMFBR, FBR and PWR shielding, and so on. It may be noted that the benchmark test on
reactor noise analysis methods was successfully conducted by Japan in connection with SMORN-III.
In addition, the co-operation was positively made to the compilation of light water lattice data, and
the preparation of reviews on actinide production and burn-up, and blanket physics.

Keywords: Fast Reactor Physics, Thermal Reactor Physics, Fusion Neutronics, Reactor Shielding,
Group Cross Sections, Central Worth, Sodium Void Effect, Heterogeneous Core,
Reactor Noise, Benchmark Test, Actinide Production, Blanket Physics, Review

* Special staff of JAERI
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1.& L & I(Z

it 1B (OECD) ORNE 171158 (ENEA)
DKL B4 (EACRP) S O#filAthE - 12D
1964 EE D 3B V2 2 — T RBOKTH~»7co EACRPII,
ENEA »iECK#% 7 -4 £H 2 (EANDC) OfitkERE2 &
LT 1962 I L bDTHS. T OEELHTIL, B
FEIORTFHEEICE ~TEEFMHESFORE « R
ATV, HiFcBI A3 FEEF ey TEERL, Fr o T E
BB OMFEBROBEF L HBERHEST 5 ETH
%. EACRP 1319654 1 HDE 5 BB/ B THHE
DIFYIRT R ER) & ORREED 5 T L2 ENT 5 ED
BEAT-TWA. Z L THMED ENEA OHENMSEH
EHELC Lictky, FFEI10 AOF EAICEEIA
TH—NELTBMTEHE LI T,

0L TIRbBEIB T 5:BE 4 EBOFMERZR
EBOWME LTS C EBBHE SO, BRRTHFEZOF
TR EEMREELTLEN > THREOID T L%
T-7:. EACRP i3, »HEIBF 3 FWEMFAIEHHS
GESIIChI > TN AT PP TE 2 EROBEX
T84 %%, ENEA BEIFE11AOEEZRRICEL
T EACRP tE13 2 bPEOBRF L+ EZLDTH 5.

1966 4E 6 A @ EACRP §E 7025, 196742 HDHES
BlI&&I TEERIOOSEOMFTEH ZIE L, KE
E2LOEOEEDFHAED D LD IKE 7. H9E
LADHERETI967E 10 ik tid, DE
DIFYIIE I 2 BEZERORRLNE 18- THE
LEATTOEDTH -1, DM, FRIFNEEMAER
21519674 3 HIKRT L, BHRRT ¥ & RFOLHHE
DIFYIFE T (FrRIEP) RASHEE T RICRRE L.
COEBLIMEIEHOL © 2 —OERK, HEICHT 3
BHER O & EACRP iKBh#d 57E8ETHC &
AFESHMD12ILTEY, FIESA/IKTHREL
&R CDEELBHPLER - TEEDILEDTH -
1.

Z0%, HHEH ENEA KL&M8B Loz LicpEn,
19724 4 A iz ENEA BEF/7#688 (NEA) & tFrah,
ZOEERERICHBWT EACRP it} 2 bsEHOHF
HE2ict 3 EnEBan. omBEOREREKE
HFF:1, ~F¥F-BXUAXIFT VI, 7F7VR:1,
A Y1, BMEERE:1, 459 7:1, dLEkEE:
1, A4 R:1, 4AF¥YVR:2, TAVH:3TH». ©
HEPSDE S 1 >OHEMICIBROAHEZ SO
EACRP & 19734E 6 HDOF 16 A& &I B 1T HIRRICH
W, F17E024L NEACRP t&irsni. 155,

FELLAR3F 1BEE TR 2FEIIMAOEIATEHES N
fohs, AL 1EC1FEg STV, BgER
RN 28], BMNEIA LE AR L TIT OMBRTH
b, F2EL5REINELEHBRTOHETHES
1.

A& I3EEH NEACRP(EACRP) DR B4 8%
1982 £ 3 A 3 TOMBIc oW T, hrEOFEYERFRAS
ED L& DS L THRichri NEACRP EORIEIRB
THRIELLLDOTHS. Bitg~xickdic, EELLE
TREIEISEUBOFEHIEHFTEH DO L £ a— 2HET
LT EMBHEINTOLDT, Ph3LEa—iEID
THEOHBE L HHT 5. KT, RELKLKADFEEN
BEICHLT, DBSEPSEDLIBHESLINTH,
KOWTRRLS.

NEACRP REMRXAZHBET 2 EBEHNTHA
5 &R L SAIiE, FOREEEE L TR,
LB RAEREEMNRETIERICT 5720 60 BN D
BMBLEE L Eash, ZOMELBFERICEBLTVS
E DY BNk X + &7 > T, NEACRP X#0DHE
FIR&E4BMET 20080 ThH 5. X5, NEACRP
RZOFEFHD12ELT, EEHLERVYFv—2F X b
SEELTED, HDYPED» S SEBREBNSIEENT
k1. THOEFIRLEPRVYF -7 F R MibHHE
KB 5 PYEMEICAREHBRRES L 56DTH- 1.

£1, DEEDBBMUMPOHEICE, BRKES IO
KiEF7—4, dEFRRI P NVF -2 REDREITH
B LT, HEMRIILIC!E - T, NEACRP 3 [ &#4F
PEOBRR] LI v a -2 EkT 5 T L AEtE L
BALAKSCOHBERBNA Y BLU7 5 v ABEHL
e EDRBHASIER I NV, 1982 F iICHEDIEE
XFRESH, DHAESEALLET 77y ME
REAREOWIC K » THEBAER L, SEZBICER

L.

Table 1ic NEACRP (EACRP) O R#I5 5T & BEE
BHZRTH, zOBBRAXRTH¥RFEORTEET
WELTRILDOT, TOEBH ) 2L TEL.
NODAETRESNLEHIA, LEXUUELHEAS
h, zhZhFESLFshTvs. ABRRERSAL
W, LERHIBHMER CRERS, UBMRTZ2 RE
¥TH-71obs, BETRUBKNIMTHS. 198149 H
DE24CLEFITTABNBIVLENOREIZZN
Fh 491 BLU 255 ThH » 7c.
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Table 1 Place and date of NEACRP(EACRP) Meeting
Meeting Place Date Reference*

6th Montreal, Canada 4th — 7th October 1965  7[12], 728(1965)

7th  Madrid, Spain 13th — 17th June 1966  8[9], 509(1966)

8th Rome, Italy 6th — 10th February 1967 9[4], 225(1967)

9th Tokyo, Japan 16th — 19th October 1967 10[11, 12(1968)
10th New York, U.S.A. 3rd — 7th June 1968 10[9], 523(1968)
11th  London, UK. 10th — 14th February 1969  11[5], 318(1969)
12th Berlin, Germany 3rd — 7th November 1969  12{21, 94(1970)
13th  Richland, U.S.A. 7th — 10th July 1970 12[11], 690(1970)
14th Stockholm, Sweden  7th — 11th June 1971 13[8], 481(1971)
15th Zurich, Switzerland 3rd — 7th July 1972  14[10], 564(1972)
16th Chicago, U.S.A. 4th — 8th June 1973 15[8], 554(1973)
17th Cadarache, France 4th — 7th June 1974 16[10], 534(1974)
18th Bologna, Italy 9th — 13th June 1975 17(91, 487(1975)
19th  Chark River, Canada  21st — 25th June 1976  18[10], 635(1976)
20th Petten, Netherlands 6th — 10th June 1977  19{9],610(1977)
21st Tokai-mura, Japan 6th — 10th November 1978  21{2}, 171(1979)
22nd  Paris, France 1st — Sth October 1979  21[121], 941(1979)
23rd  Idaho Falls, U.S.A. 22nd — 26th September 1980  22[11], 793(1980)
24th Winfrith, U.K. 14th — 18th September 1981 23(11], 841(1981)

* J. At. Energy Soc. Japan

JAERI 1292



JAERI 1292

2. IFIBHT R IRE

BRI AL ® & ERNEE L VWO RERRA
OIS, FHHEH FICHEOBKTERLBRT S &
WO ESEL D, PIHoRRIREVLTIHED TEERIN,
MO OERASVTHE L BRIEESE SN, O
FHEO YT 4 MBLIFILE ST, FROFEAISERICHMN
KBOWTBL -1t METFLTVA, ENTHUS,
Wk o IR TV S bhEI & - T, FEREIC
B BRGSO DBEIC BT BHEDOHEM G
CAXBEEBEEZ 360 TH-T. T/, HHEIIE
U ARREHICHTZEREED 2 4 v F RRICED
bDOTH-T1.

PTEENEDEFEDET->THRELLVEA—20,
ELWEETH - EEZIOND bOPREZENED
BILE R L fo b A huiae, SRR o HERS 4 B L
THB, 1914E 6 HOE 1TRISALIBIRERICE T
BHFIEEL BB SOBBIRICE->TEDELHTH
Lxnd LD, FLT, HERABHEEL TR
1DLZOHETHEDT, TOEEEELT2o0HM
KRTBLENTELS.

2.1 MBOEE

19654 10 H D EACRPF 6 RI&ATIZ, BRic®~X 1
L HichhEICB G 5B% 4EMOFYERIIET DR
w13 5108, T AMERICIZEE £ DBIO R T
REBHEENFEIIT THSREBLUEERRICE-T
BAXNTEIEICA->TWS, BARERTHESTHE, B
RBLOBEHERICET 2RELHRT 5 12HIC19615F
B S N R AREREPARELH, 1963 4F 5 ATy
HMERERERL LMY, RIGERE, ~vRpHFE
B, itk 2 ~7 b RERRBT RSN, bAEIC
B2 EEERORRO VL —BRA LN, TL
T 19654 3 A ic, FPRTHAEHREBLFYHEERE
PEELIK-» TSN, CoEMER20BMIE,
FYPEERR T — 5 DRFERBSFITIC L > THERS LU
- FOFMmAETS CEIKBELTHRBTHETH- .

HHREOWME T, FEBROBITICES AL LE
KREAVLCEOEBWMSHEL TRTVY, i3
DA EDIE D BRI RTRICH L THBEAAREL 7o
TH -1, 1963 EICARRTIIHEL ORI &KIE
ahtov 7 <RBLTE, F0BGHT 7 v— 7gdg
R EW R T — 7 ONE « F-EETT - TH O, Pk
TFoiLIcBT 3R ERTH - 1o, BuBipfgho7:

HOEEEHIERICEET B REHITH4L, 1,200 FH O ik
Fr~y bvE, BHICBOTEROBEGREEZEL Tt
¥4 % ESELEM 7 — F2 psBaRsht. Soic, il
HF RS OER G CIGRICHET 2RV niERTH
- f:.

FEH TR, BKETORRAERE ZORITHEARE
B3 OCF (B37), NCA (NAIG) & U TCAUER
TRACERESO TV, HHEIGEWERRICOVTIE
SHE (FHD) it BT, 2fAMEKHERICOVTIE AH
CF (BHH® ic 50T, —BOEREER & EIFsTHhI
T, EEFRICBEL TR, 19624 & DIEHRID 2MeV
NV e T e o 7 IERERVT, EWMERBIUTRA
9 5 SKRITDONT U 2P RER & 7 DR T 1577
bhTHiz. &oi, KE25EN R EEFRAERE
B FCA DEEZDSHETHTH » 72,

H1ELAI BT 2HEY T, WkRE BT
OHEEmE & b T oL, BTERES, vt
THEE, BKBRTERLENT, SEFYECET 20
#oERICODVWTLEa—L, TCATREMEL LU
MAPIDWA1D FICBE T 15 1 MOBRERISETHT
HHTEERE L., Tho5OBEDKLTHERILKIC
B 3 HRESFLOEHEEDORE P Friedmann & i€ X
%3k 1/v R 2 S8 KRZPO I T ORI ERO R
ERLERHODVTHEMAERZ G 2. £, BKick st
HTFoELicBEET 2RI O>WTIR, 1 FY) 2DEEH
54 F) RCETIMERBROMNAMS - 7. H8 M2
ATHETEE REFRLIERIC SV THREY L1,
BB 2 BT B~ O SIRBEEOIGAPNAIG T
RS iz v 2 FEROBIF 2 — FO L %
COEREMBELERLI.

1967 FE 10 AICHE TSN ZHEIMEGIcBT 5
e w3, SHE ORLHULRICERT St 250 °C %
TRIEAfE ERE G TRERVT, ®*Th O EHR
NrE O REKRLEEORIENSTTONI T &, TCAKKE
FARFHE I MoERERIC>VTEREEH 192H
O EREINI-C &, BIIERREFHF HTR © /Y
WAL ER SN, 1.0% 4k /k$ TOREIRIGEHEHIM
ah, BIERIERSREBREINE—HERLIC
&, FCAM0%EHY 5 v 28E s LT EE AL &
LA ERENREDFELTHEATH » 7. Thicxt
L, **Th ORIXKTRED 1/0 » 5O T ORIERE,
BEFHOFE IMOEARHERE LU HTR O/ v R Eirk
BORITREEL S >0 TERA S - 72,
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Table 2 Number of documents submitted from
Japan to the topics at the meetings

Meeting A;Sg:g L;ggﬁ‘tls' Total
6th 0 o) 0(1)
7th 1(1) 0 1(1)
8th 0 0 0
9th 0 2(2) 2(2)

10th 1(1) 0 1(1)
11th 2(3) 0 2(3)
12th 3(3) 0 33)
13th 0 0 0
14th 2(2) 0 2(2)
15th 2(2) 0 2(2)
16th 2(2) 2(2) 4(4)
17th 3(5) 0 3(5)
18th 33) 1(1) 4(4)
19th 2(2) 1(1) 33)
20th 5(5) 1(1) 6(6)
21st 33) 6(6) 9(9)
22nd 4(7) 1(1) 5(8)
23rd 1(2) 3(3) 4(5)
24th 8(10) 2(2) 10(12)
Total 42(51) 19(20) 61(71)

Total number of documents submitted from
Japan at the meetings is given in parentheses
except the progress report of reactor physics
activities.
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Table 3 Central reactivity worth of EUO; sample
(1075 Ak/k/g UOy)

Assembly  Calculated Experimental C/E
V-2 0.352 0.324 (Period) 1.09

0.339 (D.C.M.)* 1.04
V-2-R** 0.423 0.335 (Period) 1.26

0.375 (D.C.M.) 1.12

* Density Coefficient Method
** Reflected with stainless steel instead of
the blanket of Assembly V-2
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Fig. 3  Vertical cross section of the spherical lithium
metal assembly with a graphite reflector.
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Fig. 4 Response distributions of LiF and "LiF TLD’s in Li-C Assembly.
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Fig. 5 Vertical cross section of Assembly VII-2.
b o N N R N =y 72 o3 = - N
SERMEEVES, BELRLCET B C/EMOFES -, SREEORICOVTOHREEZ LHOERY

WAd BT EHAEY ZOPETHBRESA TV
DOED O 2 DOWEMLENIY, £D 12EET
BRIcET AME D Th -0, ChTRAFEAEN
T % #- Benoist DS HMEHHDOF « » 755 8n 2 —
Fic & 2 8ilf Ak TiThHh, Benoist #idF+ b U A
¥4 FiliEoRREL BAFMT 5 LRI N,
CRICMAT, + b)Y Lk FIEEDHEICBVTEH
ERESEETH B EO/BRY HBON. CHITE
AL NERRBE TR DWT, FbDF b ) I LKA
FE O ST EE S ROR D ICEXER (S £H
WEEH0%BWNTAEOHIBRICLEZBDTH S D,
ZDUEE, DPDAERIIAFYRAPT I VAP HIHEEK
EHXNbDTH- 1.

£5 12o0WMERF 1Y Y LEA FilfEIcHd 5 FP
DERDREOEEER® THY, R. Shroder ik BE)
#icH-5%, Mo, Ru, Rh, Pd, Ag, Cd, I, Cs,
La, Ce, Pr, Nd, Sm, Eu, Gd &9 15D KAT
£ 61 A FP (FS) AfEM & hviz. EBRBThhk
FCA VI- 2 &1 (REER) 0¥HK%E Fig.5 icRds,
A LO FS fRigIC FS A 1,500 THRS 5 C
Lit k> T, 20,000MWD/t $ TOBRBBTTRETSH - 72,
$7-, TAIBIOEICHASNIKA B.C bIEEBEYELE
LTSN, F b Yo afA MEEORES Fig.b ikl
@R LA TIThN ., ok HHAER A TE
WTERINIZODTH- Ll dEBEBRV .. &6iT,
Mo B LU Nb W AEBEME & LTEHT 5 LTk

fFbhbhiz. L»L, Fig.6ixd LHic, FS & B.CHS
dulhd Y AFA FBECHLTE SR ERT E
WO ERERSHEICE > THET S LT, zokic
Tt 2T %6 ic & > T A RAIBET & - 7z

J

L

Col.(WI-2 M.N)

/

x Col {VI-2F.B,FP

S

; VI-2F, with FS coupons

s Vi-2B, with 84C coupons -

.o

; VT-2M, with Mo plates

; Vi-2N, with Nb plates

Percent increase of central sodium void worth (%)

|
2.5 (10% % ak /k),
1 _l

1 2 3 4 (i0* Mkwo/r)
Reactivity worth of FS, B4C, Mo or Nb in
central volume of 3.7 £ (simulated burn-up)

Fig. 6  Effect of fission product simulated materials
on central sodium void worth.
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Fig. 8 Test region drawer loading of Assembly VII-3-1.
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Fig. 9 Comparison between axial distributions of
sodjum-void worth measured in Assembly
VII-3.
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Table 4 Status of experiments in NEA Shielding Benchmark Programme in October 1975
- Source Geometry Shield Configuration ., Availability
Facility and Strength and Material Experimental Results of Results
HARMONIE Cylinder, 3 KW Iron-sodium laminated Activation rates, neutron In progress, results
(Cadarache) configuration; pure iron spectra by proton recoil will be available at
block; pure sodium block counters the beginning of 1977
TAPIRO Cylinder, 5-10 KW | Sodium block, 1X1X1 m Activation detectors In progress
(Casaccia)
YAYOI Cylinder; 2 KW Iron slabs with thicknesses | Neutron spectra by pro- Ready for
(University of reactor operated up to 20 cm portional counters and distribution
Tokyo) in a gun mode organic scintillator
ASPIS Disk; 7 Watts Iron block, 2X2X1.5m Activation rates, gas-filled Fe measurements
(Winfrith) Light Water Tank proportional counters; distributed in
2X2X1m organic scintillator, standard format
resonance foils

TRIGA converter | Disk; a few Watts Iron block, 1X1X1m Activation detectors; Distributed in
(Casaccia) fission chambers standard format
EURACOS II Disk; 30-300 Watts | Iron block, Irradiation facility is
(University of 1.5X1.5X1.5m being constructed

Pavia-EURATOM)

(under construction)

Cf 252 Point; 7 107 n/sec | Iron spheres;up to 40 cm Neutron spectra by proton | Ready for
(Karlsruhe) diameter recoil and He semi-conduc- | distribution
tor spectrometers
Cf 252 Point; Cf fission Iron sphere; 50 cm Neutron spectra by organic | In progress
(JAERI) diameter scintillator
Accelerator Point; 14 MeV Iron cylinder placed Neutron spectra In progress
(Karlsruhe) 10° n/sec adjacent to the target
Accelerator Point; 14 MeV Iron sphere; 50 cm Neutron spectra by time- In progress
(JAERI) diameter of-flight and NE213 liquid
scintillator
TSF Sphere; 10 KW Pure iron and steel Neutron spectra with large | Available; results
(Oak Ridge) reactor operated configuration NE213 cell and proton published by Maerker
as a gun source Steel spectrum modifier recoil spectrometers and Muckenthaler
and 4.5 m thick cylinder
of sodium
Sphere; 10 KW Steel-sodium configuration | Neutron spectra with large | In progress

reactor operated in
core-source mode

of gun source experiment
repeated with core source

NE213 cell and proton
recoil spectrometers
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BINFFI D - 1o,

FCA it 3 REREORIES L it E4E R4 Table
5icRd. chiEFRERfEERIC B 2B B KED

BARC Lt z0RkOERIR SN -1,

4.3 HIfERERM

1975 D E 18[EHEA/ICBVT7I V2 D Barrée £ 8

MSEBROD - o THIEBRERFCET 2H5MELSE Table 5 Summary of measured and calculated B4C

1976 E4 Bich 4 5 o ¥ 2 REFHTHINI. DR rod worth (GAk/E)

N NZ1S oS4 7R FEIr +

AOEERONG, BEELLORPEFFCEYBH T T T

B & Mo IC R BEkET, 28l UEEKLD

R & BRI B ISR & 2 OREE £ L b BC7 1.654%0.006 1.65:0.01 1.66%0.01 1.664
- . BC-16 2.76%0.01 2.78+0.01 2.83+0.02 2.87

a = ’ Y 3 5 X = JWAEETT

, L Ejimc%”z’%%%é&?éf ‘wcz'g S8 BC-32 4.2140.03 4.22+0.03 4.24+0.05 4.20

EPHORELAREVIOPILT 5L ETH T T BP-7  1.30+0.02 131+0.01 134%0.01 1.31

® NEA #EE» O 2Z208ME8HD, 190 H/mXHBE BP-32 3.33t0.06 3.38%0.02 3.42%0.05 3.32

Hahnt, bAEMSORHHANIE SHE K BT 32K
AsEEEONE"P 5 L0 FCA KB 2 EABER

* Average of three channels placed far from
the core centre
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BEOTARBESTEETHAS. &bk, HERhoLE
DUBRPEEE~OPWHELTA V54 VEHHBICEL -
HECHASHEOSVEFAVORERICE T, IR
U7tk 5184 KF i (adaptive procedure) A5k 1
ILBRENBIEAS T EMTFEENT.

4. HMR=A 17

4.5 EROILOOET—9ERVFT—)

1973 FEiCBth SN RGBT 3 2 BB & AFEE X
BATOEABLUBRN VY F 2 — 7 EROZRITICOWVT
O HHED 12D, [ERDOIDOWF—§ EXVF < —
7icBI4 2 EHR LA ] A3 19804 10 Hic <) ThEE h
1z, Co&iciE, BAEHERSML T35 720 NEA
EED S 40LDREE M 275 PR OBRMNERAT R
- (BSIS) D2 % » 7 L, 27 DRXDOFEERD
Btz bHED I [ DR T DIRH
BLUTRLV] ICBY 2 EBREROEBRE OrTek
i, TOLEBIL-> THLSHITH » IR HEH X BT
KB 2&GBELERE, BEPROERIC ST 3K
Era7 s v2HETEHDa—- FOBETHD, C
NoRLTEVYFANODREIREDIL D TH-12. Th
SR LT, OhEICEBY 3ERERITIIEZ 59 ANISN
- SWANLAKE 2— FY2F4ik & 3 6&DT, Z0OEN
WBRINIA, TORGBRBEISLIOVHBZINTES
T, SHOBNBHEBELEEONS.

ZEUTERE LIS BOERIC b HRMICI DL D 0
BHH 1. K7 — 4B A5RTI, BB
Fio 8K, $78bb, IAEA OHRFERANT -4 B
i# (WRENDA) V) X MDD EE NS X b
AT A E 0 HUO SEABELTHB T EHHS
DT - 1o, KIBOHEFRTRMER Y FOXBE %D
CEHYMAERLOLEEBSHNELTED, ZoBHD
WHIT FBR & PWR OV F v — VHEAITH T EME
BINT (5.5 THD). ERERIC L Z2HEITEBOE
EOHERPRTEDDBHFHATH>12h, TOEEII
BOBRRICINE, £ oHREFRICE O TEHTRE
EDOMEBEDONTEBD, XVvFv—-EBRHOOLER
WIS EER AT T HDICRCDOFRBRAIRTH B &—
WICEZ ONB L DI - Tz, BWEEEERdC
BYL THE, A.Gandini ik - TREEIN consistent
B D oBOIIREN. COHETREMERED
KEIAZBEETAOTIHHEL, ZFEEET VD5 2
-7 —MEEsh 5. ERTEICT LB AMEC L
2, REBHHOTHONS A -5 - LHhEEL T R VF -
PERICRBETNTE ST, CokdickNti=r ) v 7
2 DB ELSEEbEhBE L TH-72. Ll, B
WIEREEEICHT 3 b Eo R SHEFEMEICET 5
BE Gl THR) LELD, BEANMEKRESBCE
HiEho i,

4.6 FHE
55 3 EPHEE HPIK2E (SMORN- 1) | 43 1981 £

10 Hic 2+ 2 MBS LTHER TSN, D
LS80 BAMEIR 1978 FOE 21 ELEIKBNTAEX
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., 1979 FicE 22 B2 A 0 TEERER "rith
h7z. SMORN- I it 1977 &ic 7 4 ) H THE s v ie
SMORN- 1 LR UL, FHESEHEAZICAL TRFI7
7/ NOREUBIOKHREM LSS LICERE
B/ bDTHD, CSNIMNHEL, TAEADEFAHT
5 v MG EERRELE 7 v — 7 (IWGNPPCY) 2t h
L. 150#EE 200 EBEENS 971 208 MEDL
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HD, S4DHXMBFERINIL. INSEFEBOFELLS
CICHEBRICAERICBET 22 DBEKD ZRHRERESA
THD, SMORN- I LIRDELWHESEHS C EMNT
X 4,120,121 X 54c, SMORN-I &REd LT, (M
AT DEIERI ISR Y F = — 2 5 2 b (5.6 I THiK) bAEX
IR .
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5. RyFv—I7RX}

1974 EDEVTRISETEANVYFv—27 7 X F DEH
EVWSH Ly 2B - TERMBIEEN, F18M&ELIK
WERZBE L TRy F=— 2B EFOoNBLS5ic
By, NvFw—IiEEBAKRL L. TRLETTE,
1972 E0E 1504 A/ICBWT, NEA DR THFEEH
#iZEB% (CSNI DR HTH 5 CREST) OiESh L Ba# L
T, 74— FnNy 70d5EHE 1 IRTEFER Y F <
— 7B ARY FF 3 ERESN, bBE»S
NAIG BLUREMEHEEREL > EHB. BT
BI&A&TR, EROABIKBOTRICHBN Y Fv—IH
BELTHETLTHESS SN, FEBREREVST
ETAEBESNID, Barré ZERNVFT—I120 TR
{, "vFv—rsHEOBERA®RAL . LT~
5X5ic, NEACRP DEME LItV F=—7F R MIT
OOEFBEBRICSRML 7205, ChREBEGHICERRY
510 T, bHRICBY ZFEYERAOESICKE
HHRELLLTEDTH - Te.

5.1 BWREBFEI/

H1TEZ2AKBVT, 4FY) XD Fayers EBIC?2
WIE LWR NvF=— 7 HEORERTTH T ENEFX
1, —#O BWR BT it BICE T 2 BRI HED
EHEIN. CORVFe— 57X FOBEHIZ, BWR
BFHERIC & - TRE & h 5 B EinX R td
LIS EF RO ERET S ETH- . 4
SOMENH Y, BLicx L THik MHEERES XUR
MEcHd 5 6 HOERMERSEG L Shic. BFzsn
AR IEAE, WHICX 3RS LOKORE, #h
HFHTELEARBLIUOE 6 BHOPUTHRAATH -

7. chicdlLlT, Fve—2, BHEX, 2xz—-Fv, R
A ZBLVA FY 2O EGERORBSBLIN.
CHSDREDLE 2 —"P 19T EOF 20 F2a
THEEShT. Table6 iR o bk Hic, BhHiahi
EEREOTEERICIARELRERNDD, TOFEIE
BEOBLWT R N Th-TEERLTHS. 68D
WEEAEMBEC LIS oD THEh S, 2R/
IANFE—BELOBF A SN EBFEHINEAX
XThHD. FFEHSNEBEIHLENE Y BLT+E
B4R ORINE 7oy T 52 EICE-T, Bl
NEARA—HOFERRBEE L TINSRIOWM D FWIZH
B ENELhIcEN. hiETFOMXEREER L,
EVARAERET 2 L0 H R bFFMISLIC LS4 F)
2D 4 7 ARRHOER EFHOERIIEV—
ZRLTCWS. FHOFHEIR CLUPTT 2 — FO%KETIR
ZAER U EHERRHBEICL D TH » 12h,
LhoDEMBIKIGEIL LT 1 %LIATEDREIE
TERLEZLONI. &6k, ARTRLNB KK,
B2k THREEh7: ABA/2E LT BRISTOL @
HREAFEFEE-RLTEY, FE#ES LD EHELE
EORREEEFICRIL > TWAZ EPMERREINT.

5.2 GCFREFLNDEREA

GCFR FLNOEKBARR L LE T L BHOKIGE
A1 OSTEDTH BN, LhdRIGEELOHE
MR RKEUAHEIPEETN TV I EARR SN,
NYFT— I FAMBERBINDLLEL . TDF
2 bTR, B EAE - FHREIR L BRABARIEGE
KDOWT, BF—%+ty rBLUHBEEDOHEDHEH

Table 8 Summary of eigenvalues

Submissor Problem 1 Problem 2 Problem 3 Problem 4
1  AEEW Best Estimate 0.8825 0.8200 1.0662 0.8237
2  AEEW Design Calc. 0.8888 0.8398 1.0734 0.8141
3 EIR 0.8534 0.8321 1.0437 0.8170
4  JAERI 0.8768 0.8078 1.0579 0.8175
5 NAIG 0.8680 — — -
6 RIS® (1X1) 0.8862 0.8540 1.0710 0.8127
7 liIS(b (4X4) 0.8401 0.8242 1.0350 0.7986
8/1 ABA/1 0.8612 0.8168 1.0464 0.8180
8/2 ABA/2 0.8890 0.8152 1.0656 0.8235
9  BRISTOL - 0.8151 - -
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EhiTbhlc. B Pu M TRERK FPBEE, &
IAHBEE, MRHRREE B X O OTE TR - T35,

TNOD/NT A= —FLIFTORRD SERICEENLE
BAFODETHINTHZ, bOBEGESD 5 7EHHL S8
BoORHHHD, TOLEL - P pER st AR
GCFR LA DESTBAIR L 3EEHEDOZEL% Fig.10
WWiRY. CoRKKBohd ki, BFELENS vEBX
VRARETSVZAOBRIZNTNEHUL TV BH,

BEVO S v—THEICEERINIETF -9 X—2ick
EZDBDOLA—BBHELELTWS. i, EHRBLUY
7 v ZMiHEIE JAERI- Fast & U CARNAVALAL
2y MCEBHDTH -7, BRAISHIAR-BEBRY

Aizpicid, LDEEREBRPLPLOFLVEKT -1
LBAHFAEREEZTHILENDH D LS T EhtERESH
1.

5.3 KE LMFBROEXENSA—5—

K& (1,250 MWe) LMFBR NV = — 7 3t H DEHH
B 1975 FDE 18 EIE&A BV THESH, ANL A
BOMLREEZERL .. ¢h TR Fig. 11 KRTEF VT
DWW, BEfEE, EREER k., hHEF 5 v 27— 5,
WHEL, LFT R <7 by, BARBEIURIGE
MiEs G, duofilfEmiE, Rl Y Y aK1 FR
IS, FOFy 77 -8R, ENERPUTIALED
AEAT B EBEFIN. 19TTERICEEHSEN

1.022
1.020 xh, 19718FE 2 i ANL ik W THEREOHOD
rotgy  SeREKNR HFIREA M 1IN I, Table? IR ESICCOF
1016 o—o SWISS—FGLS =0 Ed Z. lable R 2 T
1.014 +—+FRANCE
»—x JAERI . .
1.012 Table 7 List of solutions for LMFBR Banchmark
1.010
1.008 Solution Country Data set Adjusted
P 1.006 ANL USA (ANL) ENDEF/B-IV No
& 1.004 BELGIUM Belgium KEDAK-2 No
1.002 CADARACHE-1 France CARNAVAL-III Yes
1.000 3 CADARACHE-2 France CARNAVAL-IV Yes
0.998 CNEN Italy ENDF/B-IV No
0.996 EIR-1 Switzerland ENDF/B-IV No
0.994 EIR-2 Switzerland  ENDF/B-III No
0.992 HEDL USA (HEDL) ENDF/B-IV No
0.990 JAERI-1 Japan JENDL No
0.988 JAERI-2 Japan JAERI-FAST-2 Yes
0.986 — JAERI-3 Japan GJAERI-FAST-2(25) Yes
0.0 6.00E-03 1.20E-.02 1.80E-02 2.-':1;0E-02 KARLSRUHE-1 Germany KEDAK-3 No
Core averaged density of H20 (g/cm®) KARLSRUHE-2 Germany  KFKINR Yes
Fie. 10 Ei al d density of HyO SWEDEN Sweden ENDEF/B-III No
ig. igenvalue versus core averaged density of Hj
UKAEA E; d FGL-5 Y
for GCFR Benchmark Size: = 1000 MWe; FP: USSR U:gsl;“ BNABT0 Nes
ves; 1°B: no; Tgyep: 1500°K; Pu: dirty. - ©
A
91.4400 $=0
83,8200 (3) Refl. j=5
Axial Blanket
(8) =3
= Radial
Blanket
50.8000 ] . $=0
| =4
E I Inner Core Outer Core
(15)3! i=1 =2
sl
gl
13 38 9) 9 3
0.0000 LS ; ¢) { (@) @] _a
=0 b= o ~
g g 2 g g 5
= < o -
o N o © -
- - o~ o~

Dimensions in cm.
Number of mesh intervals in { ).

Fig. 11 Geometry of LMFBR banchmark model.
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Reflector
1.3 \\
1.21 Quter
Inner Core Core Blanket
1.17
1.04
0.91
£
= 0.8
[
L
& 0.7
E 0.6
g
5 0.5
P-4
0.4
0.31
——— ANL
0.24 s KARLSRUHE-2
— — SWEDEN ,
0.11 -~ UKAEA '
0.0 LS
0.0 40.0 80.0 120.0 160.0 200.0 240.0
Radial distance (cm)
Fig. 12  Radial fission rate distribution.

A MTE 10 TES2NL T 16 OFESIEH SN0
OLPEP S JENDL-12FHL7c6DEH 320D
RESRB I NI,

ZE ORE SN ERBIC T LIS WRZESEHE &
Nieoid, RIEREMSEMBEOLESRSHE LR
OBEEEMEIC DWW TTH - 7o, BERICET AR
BRHEOHEF % Fig 12108385, 1¥) &z
T YORERTE, AAALIC B 28I kS 2R
HELTVWS, 4B, bUBEOFRERI TS ANL ©
FEREEBRHMB L. ¥BRARSHICBG 5 HK—
id, wAmamic i BENBO—BOEAIRh IS
LHRROMRIC LB b TRV LR Eshs. HE,
ZOFRRBRAFLD ke B X TAANE L E AR LD
BHEOZEICL S k. OWMA 0@ ICBEFRMNT OGN D
bDTH -» 7. dulHIEEEMEIC D W TDLhER % Table
BILRT. MELDBRETHHEE, F YT LNDS
BEEFRA FTHABEOBEREIL13HBLI05TH
b, HEHHEICHT 2 ERBEELRELTAE VLD
Th-7. REVEHHBEMECRE LAV "BHLK
SEMECHE L OMBRBIFTIREL, i, &
b/hE LG EEEEO JAERI-3 5B KXV 1B
PGB 2 & VS FEDH - 1o,

LORYF=—27F R ML PH T N5 v 20
ERA2BEVTI90FicEHBI v HW5 “Baker €
T I KB HBRUROEBRMISHELRK THD, EA
BHED LMFBR ¥ 2 7 4 iCBT 3 RHOKETLL
ERONT A= —DBEITN TR ERREVERE

RyF=—7F7R+b 21

Table 8 Comparison among solutions of central B4C
control rod worth

luti Na In Na In Na Void

Solution Rel. to Fuel Rel.to Na Rel. to Fuel
Mean —0.00355 —0.00298 —0.00460
Std. Deviation 0.00047  0.00043  0.00047

Percent difference relative to the mean

ANL -5.61 -7.09 —2.63
BELGIUM -3.23 -1.99 —2.63
CADARACHE-1 20.03 21.09 19.33
CADARACHE-2 7.91 19.74 17.59
CNEN —5.05 —6.42 -12.62
EIR-1 —-12.37 —13.13 —7.63
EIR-2 —10.68 —11.45 —6.76
HEDL —-5.61 -5.75 —4.37
JAERI-1 —10.68 -11.79 -7.19
JAERI-2 -11.81 —14.13 —8.50
JAERI-3 -12.52 —15.64 —10.02
KARLSRUHE-1 —-1.32 —2.58 -1.22
KARLSRUHE-2 8.93 8.98 7.33
SWEDEN - - -

UKAEA 9.60 9.35 8.46
USSR 32.42 30.81 10.85

BTHb0Th-1. Soic, BRlEh-FEL HE
LTEEF—4%+y +TH3 FGL5 CARNAVAL-I
PN&, BEESNTWIEW ENDF/B- Vo aigi s
REBITONID ORYTH 1. ZOEKT, dIE
5 AGLI i XA REDORHM - oD 3D TH
7%'(5 7.

5.4 KT LMFBR Q#8541

1979 FOF 2 MBI BT 2REICH -~ T, F23[d]
LHBIEBNVWTT7 7 ¥ ZD P. Hammer i€ X - TRHHBD K
# LMFBR XV F = — 7 & FIICOWTHREETE AT
CEMBERINA. 0T R FOHNERREOWERT
FRENTOZ 27— 7 2R OBRBEN I BE R
TAH5FPETIF /A FKEBIROVWTHELIKT ST &
Th-te. BIRSIEABIBEICHESFL 5 2 —5
—OFLBLUEZ SN PN R OBREHEL T
bote. DAESSORE bEH 8 rEH LRED
BEAHY, 1982F 4 8ic7 5 v RITEBWTHPIRES
LN TEROBRFBITON .

DRV F2—IFAPNTROBBROUR LI 1D
i3, Table9iC/Rd3 & Hic, #HE (360 FMLHAHH) K
O RISEZETH L, 9 2OMEDZEHRFEHH 0.5 %
dR/BICGELTEYD, FPOEMICL S D 0.295 % 4k/
k, BRIGMTHEDBRIECL S D 0370 % dk/k L2107
NRKEWVREEZRLICCETH 7. 75 v 2BWERBL
ToREERRITIC K B &, ERIMNITHEOMEEICE LTI ®*U
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Table 9  Burn-up reactivities after 360 full equivalent Table 10  Spherical geometry of FBR Banchmark
power days Model
Organiza- 1 2 3 4 Inner Outer Zone
tion Sker  Sken™®  Sken®  Sken'™ Zone radius radius  thickness
(cm) (cm) (cm)
ANL —0.01003 0.00565 —0.01940 0.00484 S 236.5 236.51 0.01
ource . . )

AUSTRAL. -0.00541 0.00569 -0.01692 0.00690 R

Lateral shield 236.51 416.5 179.99
CEA-2 —0.01275 0.00595 -0.01722 -0.00056 .

Sodium tank 416.5 916.5 500
ENEA —0.00678 0.00547 -0.01811 0.00666

Heat-exchanger 916.5 966.5 50
EIR-1 —0.00735 0.00535 -0.01269 0.00065 Sodi 966.5 1016.5 50
JAERI —0.01474 0.00561 —0.01870 —0.00074 odmm : :
KFK-1 —-0.01582 0.00562 -0.02207 -0.00172
KFK-2 —0.01940 0.00487 -0.02181 -0.00239
UKAEA —-0.01727 0.00575 -0.02124 -0.00113 Table 11 The data origin of eight data sets used by
Mean —-0.01217 0.00555 -0.01868 0.00139 the participants
Std. dev. 0.00501 0.00031 0.00295 0.00370

Bkeﬁ(l): Global reactivity loss per cycle
akeﬁ‘(2): Reactivity gain due to Pu build-up in the blankets
6keﬁ'(3): Reactivity loss due to FP build-up

Bkeff(4): Reactivity variation due to the core heavy isotope
burn-up

BLUPuOHENEREOEZRPEELSEREDC L
TH-7c. —h, FPItk s RIGERKIC BT 5 RHEXE
XX Table9 iCAONBLHIC16% T, THIZFPD
1 BB EREOEREE L —H LT, ZoFR b
3RO LMFBR OBBEICLE S P05 4 -5 —F8
L UBEOHROEICET 2 RETIOMERETHD,
HEIF L OB L TR ubsEIE - THICEERK
FRAPNTH-I.

5.5 EFFERK

1976 ££ic FBR “FRERA Ml & R ZE KIS PWR &Gt
MLTRyFo- B NREINLD, F{—a3-FT
Big-teF—9 2y PRERLUCHERICHATE SO
ERSEHSN, FOF X MEERLICENSHS. L
L, 1980F 10 BO [FFHEBRDIHDDOET— 4 &
Ry F2—2CHTAHEMAX2EIILBVT, ERAR
KB BZ0ROBERICES, HIEATHLLENAR
ah/. EBRCHBEMEAINOE 198143 AT,
BINE I E A FLE 12 B A% Tk NEA BERiIRET
B EDBEFINS. DD, FYERNARESDIE
BEMHE T, REMT « BEFMIEEL s v— 72D
& 78 - TRRBIERREHEE L 2.

FBR &~ v F<— 7 €7V 1976 FICRB I
SO LREILHEEF LV TH S, ZDJH:% Table 10 iR
T35, h¥EFR, ®Na & ®Co OER, HMEkDEE,
U OFDHR, IHFB LU r BINAOHENEFES
e, smHck->THEBEIN/KZ82DF -5y b %
Table 11 ITR T4, DHED S OFEEITEREIHEI
BOTEBRSPOE L > TER LI bDTH D, EKKIC

Data set Data origin

VITAMIN-E ORNL generated 174 group cross-section
data based on ENDF/B-V.

ORNL generated 171 group cross-section
data based on ENDF/B-IV.

100n-20 gamma group library, based on
ENDF/B-IV (neutrons), and POPOP4 li-
brary (n—7), processed by the RADHEAT-
V3 code systems of JAERI.

113n-36 gamma group library, based on
ENDF/B-IV, processed by the MCC2-PN
code system, generated at CEA.

Shielding formulaire developed with the
collaboration of CEA (France) and ENEA
(Italy), based on 45 energy group data for
neutrons and derived from BABEL.
Adjusted version of the previous formula-
ire, using neutron propagation experiments
performed jointly by CEA and ENEA.
EURLIB-3, as used by the UK.

UKNDL processed in 100-group EURLIB
structure - Fe weighted with ¢ = (EZ ()™
and other isotopes with ¢ =E~!.

VITAMIN-C

RADHEAT

BABEL

PROPANE-Do

PROPANE-D,

EURLIB
UKAEA

{#H & H17- 4T 3 — F i3 RADHEAT - V3?0 NAIG
WX BEBIERTH - 7. 1983 4F 5 AICRFS R R /4 —
L1 TRE TR Sl F 6 PRI RERKE R < 3#)
KBWT, COEBREOBERE T sushTn3
B, FEHERORERLEIOT A~ EBAS EKITITHE
LTS, UL, EEFEEOIERICEHE T -4~
—ZA R - HETUELIZBEOHBERERICE, L
FLEA—EABEShTwS. A, 2diFED
I 2 DOBNEALTH Y, RADHEAT ® & 5
1 1/5 BoOMBEIcE 5 B E B b 2 <7 b ovg
BICEOCHENDD, HBESBL TROHEFRD
lx5A Tz, &oic, EPHTIREDREVLIHE
RLTWAD, RADHEAT 20T+ k) 7 40 300
keV DEDIEA DD T\ A5 BY) TS - 12 T EHVHIH
L.

PWR ##k~ v F < — 7 €7 i3 1976 FIBR sh
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bOOWIETH YD, ZD~THE% Table12 TRy, 3ED
BEHEA R E SO LOIMUSEIRIC B 1 5 19 /hHs K
gL LTEZ 5N, OBED SOBEITERERM
W HB T MAPI Sl & 78 » TR L 72, T35 6 [E
KA SR RERE LS ) I B ARIERE D o, T
B3 AT EEERDOIE F 4 Y0 IKE O &R & 0Nttt
#% Table13ic/Rd. CHORKALNB LS, &P
HFHIZEHNES (Int. 107) F TREEFLE—BERTH,
a vy — bEBROAR (Int. 189) OFEd T HRERI
KEVERAZRLTVWS., £LTC, PHF— r RS
47350 — KB 3RGHFOMD ROBEN 7o Ic#

Table 12 Radial dimensions along a main
axis of PWR Benchmark Model

Zone Zone

Zone radius thickness
(cm) (cm)
Reactor core 172.5 -
Core baffle 174.8 2.3
1. Water layer 210.5 35.7
Core barrel 218.5 8.0
2. Water layer 250.0 31.5
Austenitic cladding 250.6 0.6
Pressure vessel 275.6 25.0
Concrete shield 470.6 195.0
Air 471.0 0.4

PHTFRERBICKREUAEEINELTHS. ik, 1
BINEL r BERICOWVTO MAPI Of5813 IKE O&
RERFHE—EERLL.

5.6 {FMTRFT

BT E M ERIT T — 7 285 knicid, -4
WEOEBHTESEI SN TVWELENLETHS.
ZCT, T NE LoREALIARKICT AT LN
ElicrvyF=w—27 52 b% SMORN-NTO—B&ELT
Efid 5 &A%, SMORN-I B0 HIMMIER 2T
Te DI YIIRR R B AR S/ SMORN-# 4|
EELICEVTIRES N, COBRKLERI 1979 108D
5 22 5] NEACRP &I TERMEBONT-DOT, M
e D EEM B ED ot FHLUIF -2 IATHEE
2ODEFRTTHD, Tho%x Fig.1B3RART LI
1AXOBKT—7 (14 vFM, 14F v V2, 3,6007
14—k, FMZR) icidRk LicborBAmL, BELK
BREK (MHRARARL, A <7 FAEEMEEB LIV -L Y
2B ESMENE L EEZ L HETHEL, #H1%
HBELALT T 7EATT oy b4 EMERENT.

LDONYF2—I2FR ML, 75 VR, FEAY,
NYH)=, 49Y7, BHEX, 255, 2x-Fv,
A XY ZABLOT A1) AD 218D SREED S - 123,
DOED S @R, FA HKE, RKEBEERKR, His

Table 13  Neutron target quantities related to the IKE values

Pressure Vessel Barrel Concrete Shield
Damage Rate Neutron Activation Neutron Dose
Organization (dpas™!) (em™3s™1) (Sv-n™)
Fast Thermal
Int. 107 Int. 105 Int. 72 Int. 189 Int. 189
IKE 169 —12* 657 +5 1.53 +7 123 -5 092 -5
Stuttgart
AAEC
92 108 102 112 193
Lucas Heights % % % % %
AERE 97 % 98 % 97 % 450 % total
Winfrith 109 % 110 % 105 % 395 % total
CEA + 81% 88 % 90 % 43 % 70 %
Sacla + 82% 89 % 90 % 44 % 825 %
aclay 91 % 101 % 99 % 50% 914 %
CEN/SCK 100 % 101 % 98 % 100 % 304 %
Mol + 104 % 105 % 102 % 104 % 314 %
EIR
96 98 96 58
Wiirenlingen % ® ® 46 % %
MAPI
98 % 96 % 95 % 56 87
Tokyo % %
Average Val. 1.65 -12 6.64 +5 1.51 +7 094 -5 254 -5
Stand. Dev. 6.4% 52% 36% 36 % 325%

* read 1.69 107*?

+ not included in averaging
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~ 140 feet
Top LT
oftape 0 8 18 26 51 76 104 133 139 1119 feet
Sine wave Sine wave
oV |+1.0V| ov | +0.5V|+1.0V (10Hz) (100Hz) ov Artificial Noise *1
1V rms 1V rms
NEAN _/
N
A B
1119 1144 1158 1209 1234 2212
*1 0V |+0.5V |+2.0v| White Noise Si"ezv{'lave(mHz) BORSSELE Noise 82
p-p
—
"
c
2212 2228 2233 3225 3230 3249 3252 3271 End of tape
Si 10H i
) |ov]|+tov| ov PHENIX Noise oy [oine wave(10Hz) | Sine wave (100Hz)|
2Vp.p 2Vpp
D E

Fig. 13
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BLIMBENENYF— 7 F R MEERBINEI LI
Ko, HEA(EK), #7357 (ECN) BLU 75 v %
(CEA) n e TNRIEAEER L TIRET A ENVEE
. ZLTC SMORN-V icBl# L TZDF 2 b
HoNTHS,

5.7 HERUZHLAD BWR il

BWR Tt # L7 Gd.0, A D REHE %2 F ¢ 2 REHE
SADSBREl O BB E) Eo fopicl STV S, i
EHSITON T BEEENC OBFIFHIREEFTIIC
WOE/Z B, F5C Gd OMFEICEE S M L&k O L%
IEHEICTRIBIREN E S D F = v 73 B I-HDOBEETERE
MIEDs, 1981 FEDE 24 [EEBICTRA AP ORRIN
fz. Zhid BWR BT 2O RyFv—7F 2+ (511
TR ORREERBELSOT, BicRk-5 v F, 7
AZBROT A ) ADBEET> T, BMEED
EEND - 1. Bt n B EAEI Fig. 14
R L IiC, 14AD U0, #kHE (AR 1em) & 240
Gd: O, (3 w/0) A D #REWE» O RERK (K& F % 1.6 cm )
h, EMRILvAe4-2(0F 1.2em) ThHAB. C

LT : Low Tape position

Order of signal recording in the data tape.

©/C/©©

Fig. 14  Fuel element with adjacent poisoned pins.

DEFNMICOOT, BEESEPHATUSRBICD X 1
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HEAITH CEMERI NI
LORYFT—7 7R MCHLTE, FHEHEER
LOFRTHEYZFLEMHFRICEVT, BRRickd3
RESPLA 7 — FBV AR L T 3N BIER P, H
Wiz 3 SRAC 2 — F¥ 27 Alc kA HEDOH#ITIRG
BHE &, #EESThN. 1982FDE B EIXAIC
BIBLDONYFv—2 72 b OEROMES D ic kg,
OHE (K bED 6y A OMENRLEINTVAS.
Table 14 iC k.. fEDLEARTH, RAKDFERIIK S/
&L, HOoBKEEDENBBGCENERL TS, &
F—4#, hiEF 2 <7 s VO RGFREOHERRE L U
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5. NYFw—sFRAb

Table 14  Multiplication factor for the poisoned lattice

E(é‘;‘;;‘/‘:)e AEEW  CISE EIR  EPRI OSAKA SWIERK
0(NoXe) 1.0093 10164 1.0110 1.0279 0.9905 1.0035
1 1.0024 1.0058 1.0093 1.0240 0.9955 1.0013
2 1.0295 1.0286 1.0403 1.0512 1.0232 1.0230
3 1.0625 1.0531 1.0727 1.0834 1.0516 1.0440
4 1.1042 1.0884 1.1083 1.1208 1.0813 1.0654
5 1.1516 1.1120 1.1477 1.1618 1.1114 1.0880
6 1.1866 1.1501 1.1754 1.1955 1.1332 1.1127
7 1.1989 1.1717 1.1895 1.2109 1.1426 1.1389
8 1.1939 1.1788 1.1861 1.2110 1.1433  —

9 1.1832 1.1728 1.1765 12020 1.1387 -

10 1.1715  1.1621 1.1657 1.1885 1.1309  —

INSEE R VETELIC B 1 B ERIMELD RO RIS LD
OFBAEZ B0, BRlEhERIELHoCHAZ
NBCEFE-STOEL,

5.8 Fr—imkEIDFEHEH

4 FY 2R Y EFRBROBFREICBYT 5 C/EfED
FEILKT O T-0id 1976 FEETH - 73, 1981 £ DH
24 BIEAICBOTE YRk VOEEER L VS b E
v IO EF ot oy zittl, bHBED
S LML ET ) v S OMBICET 2HE DY piR
Hanzd, ChlE FCAVI-28&8&KICE05 Y —1IR
RIARERER PV EMIT L2 6D Th -7, 45 2
{2 ZEBRA @ CADENZA &IFi3h 354 KA EHENK
Ny Fe—sBBELT, CVRERKEVOIEEER

DOHDFNC DO THERZEITH TEERBE L. 201,
4 F1Y 2 KD CADENZA £ & EOTLRMBE L SN ihs,
CHRBRBREI AR U 7o4P0, Fig. 15 IC/RT & H i
ZDT5% HE VKB ICER SN IFLB L U5ELR
EVRBREERTICAB S hicFLEEATE D, &EIIK
BOLTHESTbO .

1983 4E 6 Aicid, 4 v 7 ) REFHiIcBWTI D~
YFw— 7 7R FORICET 2EMESEMEHM N,
BERE g S i RisiThbh. EROEGED
FTEER A Table 15 ic/Rd 4%, (C—E)EDZEIZ 0.3~
08% LT/ EKROABREVHEREEFLITWS.
DUED S DOBERRZED JAPAN-1 2fRKA, 2 2E
HickBbDTHEH, WFROUBR/NIVEEZRL
fz. 138, ZPPR-12&&5& T HUDERMSITONI
75, ANL KHBJ2RIFERTRE, ©rRERRERD

Table 15  Eigenvalues of pin-plate assemblies

Plate Pin  PinPlate  Plate)  Pin®  Ppin-Plate®

Solution 1 C-IIE C-l;: 8(C-115)
k k 8(—E) 5(—;) 8(—E) 8(8(—E))

JAPAN-1 a  1.0024 1.0058 +0.0033 +0.0004 +0.0048 +0.0043
b 1.0037 1.0058 +0.0021 +0.0017 +0.0048 +0.0031

JAPAN-2 a  0.9989 1.0038 +0.0049 -0.0031 +0.0028 +0.0059
b  1.0011 1.0038 +0.0027 -0.0009 +0.0028 +0.0037

FRANCE, a 09916 009976 +0.0061 -0.0105 -0.0034 +0.0071
ITALY b 09916 09971 +0.0056 -0.0105 —0.0039 +0.0065
USA-1 0.9978 1.0028 +0.0050 -0.0042 +0.0018 +0.0060
UK a  1.0030 1.0107 +0.0076 +0.0010 +0.0096 +0.0086
b 1.0077 1.0115 +0.0037 +0.0056 +0.0104 +0.0048

USA-2 0.9975 1.0007 +0.0032 -0.0045 —0.0003 +0.0042
GERMANY 1.0086 1.0161 +0.0073 +0.0065 +0.0148  +0.0083

(1) Kpiate exp = 1.0020  0.0006 (10)
(2) kpin exp = 1.0010 £ 0.0014 (10)

3) Finalcolumn=(k 1 _k'l ])_(
pin ca

pin exp

1 _ 1 )

kpl ate exp kplate cal
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6. F — 7 R &

¥ EACRP it »TF— 4 ORERBHTEER
HBETH -7, ThicRERE< vy - 20 EET
B30T, EFOMEND -1, T8bH, 1966 EDH
7[E& &k BT, ENEA OFBKEILZEKET, F
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NOREOHIRIIH 05, FLVRERSIEXOEL
critiote, FLTC, MEER BRLIUCERKN
EAKk, BBLUVERMTHEORELDLTE PG
Zahi, UTF, 20707 -5 DREOEE L b
EHb o DEHEHIHOWTRHBICHRRK S .

6.1 FEKBT

BB T-7— 5 OFEIZ 1963 F iCBtE s 0, 1964 6F
it EESEAEIN TV, EESBHTHFE L1965
FEOFeRBIXALIK, HILLWF— 5 ORESEFS Y,
FLWF—idas LT/, 1970FIciEmsh
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Lo THREDOBWO T ICRIRSNIc 28487 725 —
DFNFT A= — LT EF— I BEENTN S,
AEYZRDT ANV ADPLDF — s REBNENE WA S
HDOTH -7,

6.2 BEKBTF

BIEASIBVT, T2 A0 Kouts TEITFEM
1R IKKET- 7 — 5 DIRED T vy 7 ~7 VHFEET (BNL)
® G. Price itk > THITHTHBDT, EACRP DEK
BT — 7 OREICSERERPEL LTHREZ LS
A3 EaFRLL. UL, COFFEZZOHRETL,
1970 F0F 13EL2A4THE, 74 Y #® Hannum £ 8
WRIFEFRASC OHFEETERT 5 EBTEELLML 1
SA@E L. 22T, 4499 7D CNEN B8 DEE
ZB|EBE T EEB . TNHEL D ERET, &
B30 BT & N DI 1977 FICRAK. COREICE
FhTV3bBEDORIES Table 16 1K/R7 45, #Hic L

T HREVESELTEEDIL, TCA ILHF 3 PuO:
—UOARFEBRTF— s B DREOHTHROFT LV F—
ITH 7.

6.3 hiEFIRRI ML

NEACRP ic X B5thEF 2 <7 b VvF— 7 DIREICD
VTR, RYIOERD 1966 FICEA SN, £ D% 1972
FEx TR S5HOEHENREAINI. ZORN, DIEDS
DEE3HAY icH B0, bk B, CdBXUGd
A—RICSUHEROBKOBAPHT 2 R b VERITR
M TRIE LcmKFETORSE, BIUHIROBRK, Cd
BLUSHEHEOBE®D Cd & In 2 —HIKCEUHEEBEOR
IKDEPHETF 2 <7 b VERIE LB COHERETHS.
Fifics g 2RIEIIE LINAC psfER &1, Fig.16 i
AEERDO1P%ERT. COBEBEDCAEELT In DE
ElxZh74 9.645 x 10" BXU 4.703 X 10" atoms/cm?
THY, HEER1eV LBV TERBIIHBILENT
W5, 0.15eVEUTFTORRTZ bt DO CEHE L EERIZ
BO—¥ARLTWSA, X5 CdBLY In DEE
BEMUABESICE—HRIEBL LT

6.4 EEREBRERIEERTXb

1967 £ 10 BOFE IRIALB/IKBNT, TAYHIOEEM
LR ERBREEETORTIFOERAR T — 73
ORNL OEFIFE#RKIEH+E ~ ¥ — (RSIC) itk »THIT
LTREIDEVIRESD -, THhoDTF—4 13
EACRP iTX DERMEVHIAETEDONISDTH -
1hs, CORKROBYICEMHmSh, BRI omAEHT
bht. Zhicid, HTR, JRR-4 BLUTHIF DR
ERBEASTHIATVS. T, ERABROT-5IC
i HTR, JPDR, JRR-1, JRR-2, JRR-3, JRR
—4, HAL, HAKRE, BRELIKE, IBFBIUOERZ
KERARTFFOLDMAEETNTV S, 2FELT2HET
FORERT — 7 LPNGEINLTVRVLET, bBE»S
DEESRDL ESHDELSRAXVHDOTH - 12,
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E®(E) (Arbitrary units)

LHEOEYEREICE Y 5 E50 NEA FYERERMEEHO L £ a2 — KL 58

Table 16

List of light water lattice data submitted from Japan

Enrichment of Diameter  Moderator to
Type of U or PuO; Cladding of fuet fuel volume Labora-
fuel content material ratio in tory
(w/o) (cm) unit cell
U0, 1.490 Aluminum 1.000 1.490 AERL*
[S[07} 1.490 Aluminum 1.000 2.500 AERL
U0, 1.490 Aluminum 1.000 3.500 AERL
U0, 2.020 Aluminum 1.000 2918 NAIG
U0, 2.490 Aluminum 1.000 0.430 AERL
U0, 2.490 Aluminum 1.000 1.000 AERL
U0, 2.490 Aluminum 1.000 1.490 AERL
U0, 2.490 Aluminum 1.000 2.500 AERL
U0, 2.490 Aluminum 1.000 3.500 AERL
02 2.588 Aluminum 1.071 1.760 JAERI
U0, 2.588 Aluminum 1.071 2.000 JAERI
U0, 2.588 Aluminum 1.071 2.380 JAERI
U0, 2.596 Aluminum 1.250 1.501 JAERI
U0, 2.596 Aluminum 1.250 1.833 JAERI
UO, 2.596 Aluminum 1.250 2.482 JAERI
U0, 2.596 Aluminum 1.250 2.999 JAERI
U0, 2.708 S.S. 0.960 2.116 JAERI
U0, 3.205 S.S. 0.960 2.116 JAERI
uo; 4.400 S.S. 0.960 2.116 JAERI
Pu0;-UO; 3.0 S.S. 1.065 1.770 JAERI
Pu0;-UO; 3.0 S.S. 1.065 2.420 JAERI
Pu0,-UO; 3.0 S.S. 1.065 2.980 JAERI
Pu0,-UO, 3.0 S.S. 1.065 4.240 JAERI
Pu0,-UO; 3. S.S. 1.065 5.550 JAERI
Pu0,-UO; 34 S.S. 1.070 1.760 JAERI
Pu0,-U0; 3.4 S.S. 1.070 2.000 JAERI
PuQ;-UO2 34 S.S. 1.070 2.380 JAER!
Pu0,-UO; 3.4 S.S. 1.070 2.950 JAERI

* Atomic Energy Research Laboratory, Ozenji
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Fig. 17 Experimental arrangement for experiment 1 at “‘YAYOI'.
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ROTHE 19EIRA T, B X USEFOMR
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KTINhETY, 1979F 5 AickEns (877 F=
v LG F— 7B 5% 2B IAEA B /v —72E
FTCICTEELTHRLOEDEFEND - 7-.

ERR L7z v B a — @B EkBNEZER2E BT 5&E
ORER S VIR EDE, By 1 7 vicBE 5T
754 FOEEM, HERENTU-Pu¥A 2 VEIKF
70, EEEE 1 BMEREOLE, RERY, E8REHE
BIUOBHLEHEERREEVS Py 2 RITDTI-T, 7
7 F 74 FOERE RT3 5RO SFICET 5
HSERIET B L L bit, IRAI LM ELT Y
A2HBFLI-bDOTHB. Table 17 ic JENDL-1ic k3
Db EHTEEF | BFEmEO LR ERTH, FGLS
B LU CARNAVAL-V 3R F-5 itk » TEIEZH
T-WEEESATHS,. »DOTKisters EEMNTT- 1L

LiEa— 31

BLBENLE, REVUR-HEMWDPLTHEY, 20T
1B, PPaBLU*Am O RMFERE, **Pu,’?Am
BLU®Cm OWEMERICIZ 7779 — 2L EDR—
HBE-TV3, ZOLVEa.—EREOEBDaI A Vb
L&D BETFOBECIERT->Th 58" shi

7.2 BEFPEORK

1976 F 6 ADFE 19[H&AICT, SEFYUEOHIKE
WH L E 2 —DERIZBAL TN v — Fic & BRREDSIT
Hh, ERESERSNI. chickhid, Table 18ic
RTEIW62DEMOHERL, BEIIFTEEREE
FEL, Thicwl THREOIEREDFME L PIER
HBEUREORBIETOLIHIED LI, EBEORIIE
S0EEEE SN, FROS A LART Y 2 — VED

Table 17 Comparison of one-group cross sections for fast reactors

(barns)
Reaction FGL5 CARNAVAL IV ENDF/B-VI ENDF/B-V JENDL-1
Th232 ¢ 0.43 0.59 043 0.41 -
f 0.0094 0.0097 0.0091 0.0096 -
Pa233 ¢ 1.13 1.33 1.18 1.18 —
f 0.64 0.22 0.062 0.062 —
U 233 c 0.27 0.33 0.28 0.29 -
f 2.85 2.81 2.90 2.84 —
U 234 c 0.61 0.35 0.63 0.66 —
f 0.29 0.30 0.29 032 —
U 235 c 0.53 0.59 0.62 0.62 0.64
f 1.98 1.94 2.02 2.00 2.10
U 236 c 0.59 0.51 0.60 061 —
f 0.088 0.092 0.089 0.099 -
U 238 c 0.29 0.29 0.31 0.31 0.31
f 0.043 0.040 0.040 0.040 0.045
Np 237 ¢ 1.95 1.44 1.68 1.86 -
f 0.31 0.33 0.31 0.32 -
Pu238 ¢ 0.45 0.54 0.48 0.80 0.91
f 1.13 0.84 1.15 1.14 1.12
Pu239 ¢ 0.55 0.57 0.56 0.57 0.61
f 1.83 1.81 1.84 1.86 1.88
Pu240 ¢ 0.63 0.55 0.58 061 0.62
f 0.35 0.33 0.36 0.36 0.37
Pu241 ¢ 0.62 0.50 0.51 0.50 0.55
f 2.69 2.53 2.61 2.63 261
Pu242 ¢ 0.39 0.63 0.39 0.48 0.41
f 0.22 0.22 0.27 0.25 0.28
Am 241 ¢ 2.01 2.02 1.37 1.89 1.69
f 0.31 0.29 041 0.28 0.30
Am 242 ¢ 0.11 0.7 - 0.097 -
f 3.33 3.7 - 0.61 -
Am 243 ¢ 1.73 1.6 0.86 1.20 1.65
f 0.19 0.2 0.17 0.22 0.23
Cm242 ¢ 0.51 0.59 - - —
f 1.23 2.05 - - -
Cm 243 ¢ 0.10 0.5 - 0.27 -
f 2.89 3.39 - 2.77 -
Cm2244 ¢ 0.49 0.85 0.53 0.91 0.66
f 0.38 0.45 0.52 0.40 0.43
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Table 18  Proposals leading to publication of a book reviewing the current status
of fast reactor physics

Content

Initial clean-core reactivity-critical enrichment and neutron balance -
including cell and whole core calculations; experimental validation,

Core burn-up, including fuel cycle, fission product build-up, isotopic
changes and effects on breeding gain.

Reactivity control and core power distributions, including control
rod requirements, interaction effects, power distributions with rods
present, Y-heating in control rods and control absorber burn-up.

Blanket physics, including blanket power and its variations with
irradiation, breeding, Y-heating, the problems of core/blanket inter-
face, leakage spectrum (for shielding purposes), blanket management

Shielding, and energy deposition in the reactor and its structure,

Chapter Author
1 H. Kiisters (F.R. of
Germany )/(Belgium)
clean reactor breeding gain.
2 1.Y. Barré (France)/
(de Benelux)
3 C.G. Campbell (U.K.)
4 J. Hirota/T. Inoue
(Japan)
problems.
5 U. Farinelli (Italy)
radiation damage.
6 C.E. Till (U.S.A))

Reactor physics aspects of safety, including coefficients; material
movements in small numbers of sub-assemblies, coherent core move-
ments, and gross core rearrangements; point and space kinetics; the
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