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The Reduced-Moderation Water Reactor (RMWR) is a next generation water-cooled
reactor which aims at effective utilization of uranium resource, high burn-up and long
operation cycle, and plutonium multi-recycle. These characteristics can be achieved by the
high conversion ratio from 23U to #*°Pu resulted from the higher neutron energy spectrum in
comparison to conventional light water reactors. Considering the extension of LWR utilization,
Japan Atomic Energy Research Institute (JAERI) started the research on it in 1997 and then
started a collaboration in the conceptual design study with the Japan Atomic Power Company
(JAPCO) in 1998.

In the core design study of the RMWR, negative void reactivity coefficient is required
from a viewpoint of safety as well as establishing hard neutron spectrum. In order to
achieve the above trade-off characteristics simultaneously, several basic core design ideas
should be combined, such as a tight lattice fuel assembly, a flat core, a blanket effect, a
streaming effect and so on. Up to now, five core concepts have been created for the RMWR as
follows: a high conversion BWR with high void fraction and super-flat core, a long operation
cycle BWR using void channels, a high conversion BWR without blankets, a high conversion
PWR using heavy water as a coolant, and a PWR for plutonium multi-recycle using seed-
blanket type fuel assemblies. Feasibility studies for the RMWR will be continued in the
research and development areas such as detailed core design studies, system safety analyses,
fuel cycle cost evaluation, critical experiments and thermal-hydraulic experiments.

The present report summarizes the objectives, domestic and international trends,

principles and characteristics, core conceptual designs and future R&D plans of the RMWR.

Keywords: Reduced-moderation Water Reactor, New Reactor Design, Conversion Ratio,
Long Operation Cycle, Plutonium Multi-recycle, High Neutron Energy Spectrum,
Tight Lattice Core, Flat Core, Critical Experiment, Thermal-hydraulic Experiment
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BEERMTLZEM9M5. Ih60l Ens, BiTO PWR PEREFTO /I Y—TIICK
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% 3.2.1 MOX#%%# PWR (STD-PWR) &#EE#fF (HM-PWR) TREESBZHED Puld
NLAFER L DAL DEH RS

STD-PWR
Generation 1 2 3 4 5
Total Pu 10.15 13.625 15.981 17.779 19.228
content
(w/o)
Pu-238 (%) 4.0000 4.8260 5.2880 5.5389 5.6633
Pu-239 (%) 50.4000 42.6180 39.1890 37.1235 35.6755
Pu-240 (%)  23.0000 26.9270 28.2750 28.9289 29.2940
Pu-241(%) 13.5000 13.4140 12.8570 12.3085 11.8480
Pu-242 (%) 9.1000 12.2150 14.3910 16.1003 17.5181
U-235 (%) 0.2500 0.2500 0.2500 0.2500 0.2500
U-238 (%) 99.7500 99.7500 99.7500 99.7500 99.7500

HM-PWR

Generation 1 2 3 4 S
Total Pu 6.703 9.636 12.107 14374 16.583
content
(w/o)
Pu-238 (%)  4.0000 4.6484 49674 5.1382 5.2151
Pu-239 (%) 50.4000 36.9325 31.5575 28.5209 26.4344
Pu-240 (%)  23.0000 29.0647 29.6867 29.3443 28.7947
Pu-241(%) 13.5000 13.0907 12.7012 12.1591 11.6091
Pu-242 (%) 9.1000 16.2637 21.0871 24.8376 27.9467
U-235 (%) 0.2500 0.2500 0.2500 0.2500 0.2500
U-238 (%) 99.7500 99.7500 99.7500 99.7500 99.7500
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4. 1 FLREFBER
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BAEBHMET 2O BRI L. AIRORIHIZZBET THITN TS [20]. BWR BU4FIZEE
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geomtbtZHEL . BB,
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n. ZHEARTHEDIFELOREHCEPETOFLNSORNERELSTSD, RKIBED
OZARITSNT, EbEZ LRI 525820, BLEE2 LT3 EEBEIINE<IR5,

ZOLEIITEBEMN 1.0 ZEZ DEFEARY MVFOREHTIIEMNEICHR T X ZHENS
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(EREARY MUFEREHTHICHZ0.,. 1 RRBERKREA LT 2 ANRE LOERER
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BOTaEaEAEND. FLORISEIIFONOFHFICE 2 SRS SR LN 5 DRI X
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L=1/[1+M?%- B?] 4.2)

B2=[2.405/(R+ A )2+ T /(Z+ A)?] (4.3)
ZZT.

B2:NwZ 2% (cm?)
R : FOEE (cm)
Z fFoEmE (cm)
A REHEHEIH (cm)
M2 : PHEFBEERED 2% (cm?)
THbaEnd, LEIPHEFORNANZVE 1.0 T, BhOHEMIEWEDT 5.

BT (TR SKEO SEBEA R MIVALOREKIZDNWTEZ S, 88, WFLO

dEF 27 MUE, FRUTARLOBEEHEH TR 312 ITRLTH 5,
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B TR TR A RAEMT 5 &, BoEMIC X 2 P HTFOREDROBMMITLD. K
3.1.2 DARY MLV THAHTEBOSHEED URLBERTHS 1eV NS 10keV ETDIF
WX —OHHTFAEM L T U-238 KX Pu-240 OIHBRINAEMNT 27280, koldHEDT 5. —
#. RAIFEM I L BEEOWD & SETOFHETRINOF AN SBEIERHEINL THEK
ToHED. @DROLIINEL<RDE. DEV@EHIIE B keff ZWD S ELHRERS. R
ELTHRA RRIEERBIZECA LS,

EREZ RS MVFLOBESERAS BAMT B, ARY MIATEIFILF—EBIS 7 b

LTHELPOESE., BRNTRSEHEATEA, BREZDICRETLIHETORKIEK 3.1.1

CRTEDITIRINE—NEL LD EHNT 5. TORE kITHMT 2. —F4. FWhIkICHh

REBTEAEE AR EHTHEATS. R RREERROMEIZ. koDEMEIRLRNDH

MEEOEEITL DM, —BIRF LTI koeDBMAE > T keff IZML. B REGER

KIZEIT/R 5,

o TEREZRY MVFELTIRRNOEMSREEKRETEREEL T, N1 FRIGERK

ERICTAERBREICRS,

FLAUNZ 25 &, AT ORLN S ORNAEMT 5. LH LA E#RT 50130
DAEEHE L O DOBNERELTAITERNLETH S, BROEMBAFERIPLERELTSZ
ETH D, ZOEITTNIFLEERAML TRASKINT S Z ENGNnD.

& FLEEN—EORETELDE, R2Z=—ETHDNS. Z21/2ITTHE RIS 21K
LA 5. Z ORADOFEDHIAE S —BITIZA.3)R D B2i3EM L FHFORNIHEMNT 3.
BA RARATS & M2AEML., LIELT 5.

UEORNZEMEBZ—DOFERTHIFILRIELOEE, K4221T7R7.

T ORNEEMEETRS REBERKZAICT 2 FRIIREFLLUMI DAL EZSNT
Wa, Bz BICRERLTESFROTHETRNERESTEHE, A1 RELFLICREL
THHTFORNERNEI D HE. REEMSRNZFHTEIRLS T I 27y MRS
BY—R T30y MEORAETH S,

4. 3 POBEHREHS
4. 3. 1 Ak BWR BF

EEMEOERBER S BiEL. &t 1.1 © BWR BFELOBMEORFZTT o7z, TOMMD
CBEAEELT. AOFRAS RRGEHRK, BGWAt ORERE, 1EU EOEEY 1 2 )V Ex B
L. EEHEICYS 2> Tid. RBEAARBTORERE. REFREHESLEES TN OE
(VMONT — E[24]) &0 TRIIVF—EE 109 B TER L. FLFRIL. SRESEEHKZE
WM OERD 3SRTHBANEEI— RICKDERBL, TR)VF—12 B, FLmEHM 30 /
— REEE THREETE S RBISS A 0B U T EEAL 2B L 72,

M AR E L THEDICE. KHREMARIL 2 BB S B2 0 ENH B0, K1 FREZEL
TEFOENEE 01T BEETEBL . X OBEIN/FPLOEAMLREBT ABWR &
L TE 4.3.1 107 T. £, REEAEORERMAMAER 4.3.1 ITRT. FLE X432
RT LI, 924 ROANAMDREBHESEHEFLOTANSEASIND 295 D7 07—
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XY FRIEEEN SHRI NS, RESEEEIBRTFLRCDIIN AT/ REL., BREHEOHAD
g% B L CREHERIEZ 1.3mm & Uz/zs, MREHEIIN 4.3.1 IR X 51T, 14.5mm DOXRE
BREMEL D, HMOTHEAZIN/ BWR O 7 X THESKREIERABEETH D, ZOKE. HFi
ONEERIT 3.6m E72Bh, EHERIEETELRRESORBENTH 5,

BA RRGEREEALTAHMEE LT, Fl% 18.5 KU 20cm EFE L <RHELL 2 ik &
L. K 433 KERTEICEOMEWEL ETHRICHLY I 0TSy hERBLE. AR
TS5y OB 295em T EF 7524y ME& 433 R 20cm THB. R FRIDE
#EL. BOEE75 T-10pem./ 1% void (1pem=10°Ak/k) TH o7z, FH 1 ZIVHFHOD. &
Wbl 1.1 Eieo =, ANV ABEREL T 1.06 &E/xo/k, PV U LARELITTTR
TEHIN[12]. BAHDROBFFIIBWTEREI NS,

jﬂwlvbﬁﬁmz@%ﬂﬂ¢@&%§ﬁ7W+:ﬁAﬁ (4.4)
ERRBR O EE TNV =T LR

BREVE O EE N EME TV R NELEX 18% THEH, EERNOEBLEEZ SHEREELT
BRiY—F 73 1.06 L FickE3X3Liz. FLOOBAMEHE—F > 7b 1.21 THEEEN
M5 TH5, BEOREIZ. ABWR OF 1/4 T, FOOFHRA RERTHOI A T 413 70%
RIN55% EEL <EWAE SIS TWABM, {EIE CISE R[25112 & 5 H/MRFH T EEMCPR)IX 1.3
CHlEN TS, BAEHAEEZ 17kW/H T, AROMDTHWSLNZ 7 X 7 HESHRE
OFIBEETH 3 18.5 kW/ft LATIZ8> T3,

PAEDRSF UL TWBHN, AF LV AMEHFREOHERBZEL THREEHREZ 1lmm &
LBt b LT, IMEHEDHIA D CBRADE S 55 %OMFERE L2505, FLI kR
12 3.04m IZEADT B, BFELOEREEEE 432177, £k, BREESHEOBAENZHBRE
X 4.3.4 IZR7

PLEDFEOICET 5B OBREIR. BESKROBEORRE, FEICREL2EFLIIBITS
LB R O ORER, BREREUBREERIC L SHSEEOERENH TSNS,

4. 3. 2 ER#iY1 7))L BWRBYF
1.0 2B A D BERLEERL DD MY A 7))V IX M EERTHEEANSRE L 24 E
DOEMY 1 7 VB e ALE B L T, BITAR BWR (1350MWe., #F.LERAEEX 6m)
BR—Z LT, MOX B THUERKEE 60GWd/t. BORA REBEFRK. FLERE 1.0 O
BWR SO BES 2 EL -, By 7 VRS ®, D, RO HUREEEED 5720
IR TN RS AEEEED BUHENS B, FRETIRITI b ABLER 15wt%E LTz,
TR LAEEDBNI ERIAF—T7 7 FZ ROBMITT ERICEREZIEICT 520%
BBHDOT. KA RRISEREEEIT S0, FOBSRUTOL D ITHEL:.
- SHEFIRERTOREN D BIVICE D ASHRBIN IR 24 05 KLz, Zhick nimflt
FEERDEEBIT, BRERSESET X GREY 1 7 )VOEMEER S 2.
B RREEREEAICT B L L, BITAL BWR OFLBAEERERR S Z Lix< AIOH
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FBEEZ 7Y 7 T5ZLEDFRENMSFLESIT1.6m &L,
- 752y ME OO ETFIZ 30cm &1 7.
BRI TRERA D < R RT3 EEAE DB A I TR R
R RA RESERKERICT B0, R RERAEREFLICEN L, B REES
KOWERER 4.3.7 \RT. CORA REESGHEO FRICINT = ARBKASRE SN, K
S RERESED. TOEERUTORY TH S, MEEEHHTIIREHE 4D 5 DR,
A RELRBESEKEDOMICNETARKEBFKOEARERICIOKFINSZDRA R
5 HE L CRD E ARG 5 T RIZME S N5, RA RARMT 2 EEMNE LT
BAITIMET D RATETORIKRLRDT 5, TOBE. FHTREERIHIT B
. PREHEAETEM LT3R REAEEL TRL E FARICRRT 5. FOBS %
KSTBZEDHRITEVRA REBEREZAICLED ET 5L, BEERR TOFHTFRR
BHE<BD, TRy AELEEBDIRERELS, —H, B RERGKERBLE
FRTIRT )L ko AEEEOBIME AT < T 7= DI R RS R LR LT 5.
EROSHOTEIAL I ER 4.3.3 D& S I2Ed i, FOKER, CHERER 435 105U,
HREHE & ARG 2K 4.3.6 1R T
B REEOEIIDEET 51 FRSERKIEREIS U T ORERERAET 5 &Itk
0. HEHAKZIEEREICHES TERICR RRIGERERDBEREZITD ZEDTELTNA AT
BB, TN, EHITA 7)) - BRI S B RRSERE OB REK ORI &
S THRIET B C EAERETH 0. APORECEDRRA KRSERERETH 5.
% 434 CHROHEERLE. SBOBEELTIR. FMRORELE. FLEEIEDOR
i & 0 AR DRI R R T 5 2 LB B, BIT, B REQBERE QM A A
BETH5.

4. 3. 3 T2y MEL BWR BF
H{FIF (1350MWe ¥ ABWR) OMEBIESREEREERDEEBIIT Sy bE2FERALR
WHEHIZEOEEET. chiE, BAOLBIENY LY RAQAMOEKREZBEEL TERES
NEBEETHD, £, TS50y MRENIEMNS, BABIZBWTHERERNS Y S &
TR LODEEIETIC. BOREBRYEOMOFMMIREL. BOSNBE TN RZULE
(LEDE W MOX 14t 5 ORAFL THRHEENTTRETH 5 ERAEND,
AL FOASHIREWERL /-,
- PREMES AT ABWR EFIE®D 872 4iC L7z, F v RIVR v 7 ZDOKE X idHliEED R
fDAF Y v TRIEFRKELS L .
C RBHE A ARREHERFIL X9 IEA T TABWR ERAETH D, 7D, HilELHRITHFEET
+R L Ui, REMEERIZ BWR4 128115 TX 7 REEAARTOMREHEITEWN 15.2mm &L
7o
CBREEAREFORAVDAFY v TENSKIBREBEAR I TERBRTHE & F %
(15.49cm X 15.49cm) & L7=. ZRCX 0. FLEERLR, > a5U B, ENEBROERYT
HBRBETREOEETH S, 28, BEMEBREHEREL (Vi/VD) 13034 &£725%.
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4. 3. 4 e PWR BIE
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FEOIRE M4.3.1417 7T, REHESERREIZ3796 T, AMOX#REHI228¢%k. 75 247y M
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LOATEAMFLE LTHAD ERNAT. ZOATL—BOERLA £ BIRLERH2ED S
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TSy MidBie SRRV, £ 7524y MEREICLUTH 10%D ZrH: #%
BT, & 4.3.8 113, R TEDMMGEERMN 1.0 £722 L EOGRHRERDRA FRISEREK
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0., FHABHEEINDRE, HEEGTIELTL B2 TR, $%8E. 7727y bOkd
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BB & DI, EFEARY MURLRETORREHTH S, BERILEADTT KK
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%431 EEHTEAAORHE REHEHRE 1.3mm) [@Ein#th BWR 24F]

B BREt ABWR

BRHA MWe 1,100 1,356
Emh MWt 3,188 3,926
FFHFEED MPa 7.2 7.2
FONEEE m 3.60 2.69
e RS 924 872
B REEE GWd/t 45 38
FLEEE ! m 0.68 3.71
FLHE 10%/h 1.3 5.2
HOr+U54 % 55 14.5
ERA RE % 70 38
PuE{LE % 10.2 3.6"
Pu ¥ E t 12.1 -
Pu BZFLL 1.06 -
BRRFERHLLL 1.10 -
BB NIBE kW/ft 17 12.5
MCPR 1.3 1.30
R RERE 10" AX/k/%void -1.0 7.0
R R A 14 13
5 3 EEDO PuE w/o cm 18 185
{LE 53T DU_ | cm 0 29.5

w/o cm 18 20.0

Pu: BABEME Py, +: 75 VEEEE, 1: EF752 v 330, 20.0cm fF&

%432 FEHETEAOLEN BEHERR 1.0mm) [Fin#it BWR RUF]

B HERET ABWR

EXHN MWe 1,100 1,356
BHh MWt 3,188 3,926
RFFEES MPa 7.2 7.2
FONEEE m 3.04 2.69
RELEEHEK 720 872
R BEEE GWd/t 45 38
P REs ! m 0.69 3.71
FORE 10%t/h 1.7 5.2
HOorx Ui+ % 43 14.5
EERA R % 66 38
PuEfLE % 10.2 3.6*
Pu BEHWE t 8.8 -
PuBEFHL 1.06 -
BRRFiR L 1.10 -
BAXRHENEE kW/ft 14 12.5
MCPR 1.3 1.30
R RERE 10 Ak/k/%void -1.0 1.0
e i A 10 13
#7517 3 FHOD PuE w/lo cm 18 19.0
{LEE AR DU cm 0 30.0

wlQ cm 18 20.0
Pu: ERZM P, + 75 BRE, 1: EF75>27 v b 36.0, 17.0cm ffi%
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% 4.3.3 EEFOMLE [BHY1 7))L BWR BUF]

H H B |RA RERSAREFC| ABWRA
A MW 3926 Rk
PO RIERE m 5.8 5.4
FLEE m 1.6 3.7
IREL R B HRIEEHE 469 62 (8x8)
REHE TR ZAKRT (NABREH)| EHRT
REIBEENEE cm 11.9 12
HBENE mm 0.4 (SUS) 0.9 (Zr)
RELE v F mm 13.2 16
K REHARE L 0.5 3
BRIV Ny LEREIE wt% 15
#4.34 FEFOMERE [(REYA 27V BWR 24F]
H H L= X174 A FEREAREER.D ABWR#H
LT 1.01 0.6
PRI A5 M 5 — > 4)Ny ;/ggzi;/r 7N 4Ny 9;4%1;&;4 )7
#1 ks |08 2.4 7
RS CFeER) w/cm 200 195
BABRES CEgERAD w/cm 401
PRI5E B FE %Ak ./ k 3
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#4.35 FEFOLR [TF25 v MEL BWR BUF]

¥ H BifL
REHEZ S 9X9
i MW 2356
FLES cm 156
ELE v F cm 1.617

BRI NEE w/em 213.78

BEHEBRENEE cm 0.7085

R EEN LR cm 0.7585
Ry b-#EERFR cm 0.01
WBE - SEENE cm 0.1

#4.36 FEFLMEE (752 MEL BWR BUF]

W H

HUHHARE R ARt ~1.11

H1 7))V EIRE(A) 328

HUHREHRBER (GWA/) 13.5

R LGNSR T # YR

BIEAZRN 4 5 % e kRIS Ek ¢ 1.007 1

1 0 0 % BREFRSER BN RSBk 0.997 1

BAEHNEE (w/cm) 610 561
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F4.3.7 FLEFENTA—FOELD [ELPWRAF]
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