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Workshop Summary Report on the Advanced Utilization of Plutonium in Water Cooled
Reactors-March 2nd, 1999, in Tokyo-

(Eds.) Nobuya NAKAJIMA and Masaaki OCHIAI

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 10, 1999)

As the establishment of nuclear fuel cycle coupled with Pu recycling by FBR will
be delayed, the full-scale utilization of Pu in light water reactors (LWRs) is expected to
start in near future. Considering the current situation, the advanced utilization of Puin
LWRs, such as full MOX core, high burn-up core and high conversion core, will become
important.

In the Japan Atomic Energy Research Institute (JAERI), Department of Nuclear
Energy System, emphasis is placed on innovative R&D for Pu utilization in LWRs. In
order to promote the information exchange between JAERI and other organizations such
as universities, laboratories, utilities and vendors in which related R&D activities were
performed, JAERI held a workshop for the advanced utilization of Pu in water cooled
reactors on March 2nd, 1999, in Tokyo. The workshop was attended by 75 participants
from various organizations.

The workshop began with a keynote address by Prof. Kanda of Kyoto University
entitled “Prospects of Pu Utilization”. Then 6 lectures followed: “Full MOX Core Design
in BWR”, “Full MOX Core Design for PWR”, “Status of MOX Core Physics Experiments:
Mistral and Analysis”, “Full MOX High Burn-up PWR”, “ROX PWR” and “Study on Water
Cooled High Conversion Reactor’. At the end of the workshop, a panel discussion was
performed under the title of “View of Advanced Research for Plutonium”. In addition, a
model of high conversion-type fuel assembly and other related materials were displayed
at an exhibition room.

This report includes the original papers presented at the workshop as well as the

view graphs, meeting program and participant list.

Keywords: Plutonium, MOX Fuel, Light Water Reactor, High Conversion Reactor,
Full MOX Core, High Burn-up Core, Mistral, ROX
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Prospects of Plutonium Utilization

FHES
keiji Kanda

REKF R F R ERAT
Kyoto University

Prospects of plutonium utilization are explained in this basis lecture. The small-scale
demonstrations have been completed. The large-scale plutonium usage in light water
reactors will start this year in PWR and BWR . The over—moderated lattices to burn
plutonium more efficiently and under-moderated lattices to produce plutonium are
studied for future plutonium utilization. The political and tequnical problems are
discussed for plutonium utilization

The physics and safety characteristics of weapon-grade mixed-oxide (MOX) core in a
typical three-loop PWR were studied as a part of Plutonium Disposition Study. About
30% of weapon-grade plutonium were mixed with the reactor-grade plutonium produced
from ordinar plutonium fuel assemblies. The feed region comprised 40 assemblies at
4.1wt% uranium and 16 assemblies at 9.7wt% plutonium. The rusults showed
plutonium vectors do not change and multi recycle can be possible. The cost comparison
with that of uranium cycle shows that this method provides about 10% lowers fuel cycle
cost.

Finally, the critical experiments using MOX fuel in EOLE critical experimental
facility, called MISTRAL, are briefly explained.
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3. EEF L

3.1 @MOX—BWRIFL»
Full MOX Core in BWR

HiL E5H

Aoyama Motoo

(Bk) BLBUERT &) - SERBHRATSERT
Power & Industrial Systems R&D Laboratory, Hitachi, Ltd.
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PREVEER - BEMGER G RR OYF DEREHRIT OSSR, U7 VRO &Rk, TN ENDEREHE
WP TEDLZ LR LT, T2, BEFFM TIIMO XBE - 70O R 288
EE LT EERL, V7 U FL LR TRHMEORELHE TELZ L 2HRL
P

ABSTRACT

Studies on the core design, the fuel rod thermal-mechanical design and the safety evaluation
have been summarized for the Full MOX-ABWR, loaded with MOX fuels up to 100% of the core.
Fuel bundle configuration for MOX fuels is identical to the STEP II fuel design and the discharge
burnup is about 33 GWd/t.

Core performance evaluations and fuel rod thermal-mechanical design analyses have been
performed, and it has been confirmed that the design criteria are satisfied with enough margin like
the UO, fuel loaded core. Safety analyses on transients and accidents have also been performed by
considering the MOX fuel and core characteristics adequately through selecting appropriate input
data for each safety analysis. All safety criteria are satisfied like the UQ; core.
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3.2 ZEMOX—PWRHFLICDWVT
(Full MOX Core Design for PWR)

RSB, hR¥. LHESX
Y. Komano, H. Tochihara, M. Ishida

ZHETE (%)
Mitsubishi Heavy Industries, LTD.
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ABSTRACT

Full MOX core design for APWR was analized in nuclear design, fuel integrity
analysis, thermal hydraulic design and safety analysis et. al. Feasibility of
Full MOX core was confirmed from these analyses without any large modifications.

Full MOX PWR core has very good characteristics in which single Pu content
in an assembly, burnable poison free, higher burnup and longer cycle operation are

feasible.
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3.3 MOX/FipmzEM I S TRA LFHEOBIR & T OfFAT
Status of MOX Core Physics Experiments: MISTRAL and Analysis

WA
Toru YAMAMOTO
[5 - 1 S E R

Nuclear Power Engineering Corporation

BE

B HRELITHEE (NUPEC) ILREANLOERELEL LT, UV 7 VELYOT V=Y
AMBEARINL. 74 =0 AR EDCRHAT 2 BAFEMO X P UEESOM AL EHRL TV S5, =
DEBICIEZ BT, WEREKE (ABWR, APWR) &EAKICHRORKT LV AL E
Kk T ABREFLERN LTS, MOXFMEMBRHEM I S TRA LIT&BEMO XF Lz
L LT, EERAREYERT A— S 2 HETHRRTHY. 1996FLYNUPEC, 77
xﬁ%ﬁﬁ(CEA)ﬁ%F%(DRN)&WCEAwﬁ%ﬁﬁ%Nwhfwmﬁﬁm%aLfﬂ#
59 A EFOBRARBEBEOLEAMALTEML TS, RBI1 YT REHERL 3MO
KIREHARIC W TER LTS, NUPECI, ZhbDH LWRRT —Z i, CEANLIAL
ICEHE L7-MO X FEREBRHEE P I CUREDRRT— Y2 AT L, TOMHTE JENDL 3.
254751 —rSRACRUMYV P a— F&FIFLTEDTND,

Abstract

Nuclear Power Engineering Corporation (NUPEC) has been studying advanced MOX LWR core
concepts that give higher plutonium consumption rate and use plutonium effectively. This study
is entrusted by the Japanese Ministry of International Trade and Industry (MITI). For this
purpose, NUPEC has been working on the cores with higher moderation ratio than the
conventional ones based on ALWRs (ABWR and APWR). A MOX core physics experiment program,
MISTRAL, aims to obtain the basic core parameters of high moderation MOX cores. It was
started from 1996 at a light water critical assembly, EOLE, at the Cadarache research center in
the collaboration of NUPEC, CEA/DRN and CEA’s industrial partners. The experiments consist
of one UO2 and three MOX core configurations. In addition to these new data, NUPEC has
obtained a part of the data of the MOX core physics experiment, EPICURE, which CEA had
conducted before the MISTRAL. The analysis of those data is progressing with the SRAC system
and the MVP Monte-Carlo code coupled by the JENDL3.2 library.
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QDARRYT FNA LTI ARRaA N~V ar Ty

ARG WA VT v 7 Ak, RO R BN S REME A PRI L TE O RSB DS
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¥3#R EMWERD GHEE-NEE) Ok

MISTRAL MISTRAL EPICURE EPICURE

GO R 1 Rl 2 UHL. 2 MH1. 2
PREH 3. 7% U02 7% MOX (Mainly) 3. 7% U02 3. THUO2 + T%

MOX

H/HM 5.1 5.1 3.7 3.7
[N ~ 40 cm ~ 60 cm ~ 50 cm ~ 70 cn
SRAC ( Pij +|— 0.19%Ak|+ 0.37 %Ak |+ 0.07 %Ak |+ 0.29 %Ak

TWOTRAN )

MVP + 0.39 %Ak |+ 0.65 %Ak |+ 0.51 %Ak |+ 0.43 %Ak

+ 0.03% + 0.02 % = 0.02 % + 0.02 %

(1o) (o) (10) (1o)

aFk AT MAUT I REAL AT ar Ty A0 GEE/BIEME) Ol

MISTRAL MISTRAL EPICURE
SR ol 1 B2 MH1. 2
PREH 3. 7% U02 % MOX (—%p 3. 7%002 + 7% MOX

8. 7% MOX)
H/HM 5.1 5.1 3.7
AT Huls Hds U02 $E sk MOX S8
AR PV 239Pu/235U0 | 1.01 ( 2.4) 1.02 (2.0) ] 1.05 (2.1) [ 1.04 (1.5)
AT v R 241Pu/235U | 1.00 ( 3.6 ) | 0.96 (2.9) [ 0.97 (2.9) [ 1.02 (2.3)
=AW &/ 1.02 (3.0) 1.01 ( 2.7) — —

() NOEEITHERZE (B : %)

8. HLM&

EEGEAL LIZMO XREHF L& XR L Lo PmBERER® @ (MI STRALGHE) 2, 772D
CEA/DRN&DO#EFEFRL LTEMLTWD, RBRIL1 99 640520 0 0FE TOFHE TLH
TR Thy, BERBRBERENBBON 2B L ZATHY, ZOMTLEITF THD, NUPE Cit
ERE AR TOMO X P LORM A+ iBB T 27282, CEA/DRNMLANZER L7fEkD
HOE L T AR OMO X PERER® (EP 1 CURERE) OBROHETAF LRI L TV 5,

O DOMO X FBERBROMAMT L, FHAESET —F 7477V JENDL— 3. 2%,
RERBOFIECESCHE TR THHSRACa— RV AT A ® LG XX —F T hln
a-—-RMVP @ 25 LTI EmL T3, BEE COMTOMERTIL, EMHEGER BeE
HAH, AT MA LTy 7 2 RIRM ROSEME. A4 RS EMIE D RS 5 & TSRO
“HIIBHTHY . 7T REHER EMOXBREHERDFITREEDE, WIZ, 77 VBREHER KO
M O X BREHA R O BROECIZ K A REATRERE ~ DI R LR H72, SHEIZFMERRE D,
HKEEROIAT 2B L T OB HRT 5 FTETH .
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3.4 EMOX®ABEPWR
Full MOX high burn-up PWR

KAMR B, AGE i, BE B, HE Uk, %S B
Tsutomu Okubo, Teruhiko Kugo, Shoichro Shimada, Fumimasa Araya and Masa-aki Ochiai

B AR+ A FErT

Japan Atomic Energy Research Institute

G |

SRR A OISR O —o L LT, BFEHEomLE, ERAEAREOREREK
B, PunoASRAZHEEL, 100GWdt BEOEREER3EREORMY
£ 7 NEERDER AR 7 VMO XREHF L 2 X - BKIF ORE 2 ED T
b, ZZ T, PWRICHTIRMOMELBE T 5, BHEXTIC, LEOAE
RIERTTEERF O E LT, BB HREHETE LAY 2.6 ~ 3.0 D#EFHIC & 5 mBuE(L
LEELEARELTEY., BRHROBUKHRFFHEICL Y ZOMELFMHT D
bt SEHMEEMAETAFRVATAICBOERATAZ LEREL T,
FRIZHTHRERHLZERL T D,

Abstract

As a part of conceptual investigation on advanced light water reactors for the future, a
light water reactor with the high burn-up of 100GWd/, the long cycle operation of 3
years and the full MOX core is being studied, aiming at the improvement on economical
aspects, the reduction of the spent fuel production, the utilization of Plutonium and so
forth. The present report summarizes investigation on PWR-type reactors. The core
with the increased moderation of the moderator-to-fuel volume ratio of 2.6 ~ 3.0 has
been proposed be such a core that accomplishes requirements mentioned above.

Through the nutronic and the thermo-hydrodynamic evaluation, the performances of the
core have been evaluated. Also, the safety designing is underway considering the reactor

system with the passive safety features.
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B CIL, SRR AKFEOBARIFTO— & LT, BEMOM E, FEHER
BORERBER, PudBFBHHBEOEREYA 7 L0y I R E D&
AMLBRLZFHSOEELBE L. 100GWdt BEOERERE K3 FERED
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HTWNWD DD Z 2T, PWRICET 285 "OEL RS,

BATEAKFIZBWTIE, VIVDORBELZRDDIZ LIZL > TERBEE L2
DTWAN, ZOHETHE., ENBREINTEROFRT EOBRR W EIREHEES
%DFPATH, 33y FRREIZZHFT T 60GWd/t TR E DIREEE UER TE 220,
Loh, RIGEOBRERESCVIHORRFGEDOB AN S, AT MEY (Burnable
poison) DERNBMEL o> TWAH, ZHizxtL, FL%E27/LVMO XBREHMET 5 Z
LKV, BREPICEZ /NS TE, 8RBRELRORBY A 7 ViBEi{LizE L
TR LDOBENTFRELE 2D & L HICFAIRUEBYOERNSAREL 25 AREE L&V,
Z OB % Fig. 1R d, ABRNCIE, BOEM XHREHATEL (Vi/VE) 23 2.5 TR
PuDEILED 88%DBFEIIKHTLHERLREL YT VIFLOBE LB L TRL
TWABNR, MOXEEOFERIZE > T3 RNy FREZHEFERT 100GWdit BED
REEE DN FRETHDHZ L ERL TV B,

—fRIZ, MOXBEDOFERIZL > T, FROPHF AT BT ZZ &
26, BAKFETOERIZHTZ> T, BOEMOBEZEM I &5 &EBEIC X -
T, HlEM OMEZBRITFILICHEMITDILE EHICPuDEIRERN D Z &2,
FBR LB RN TN —< LOIEER EThH o> CTHRITIF O &2 KX
SEZ2WEDOFREEbLNTWS, ZOZ L5, KBRFHIAWTYS., V/VS
ZWINZE 2 ®mBUEOF M TRFEZITV., UTISRTHRIS, V/VE O8I &
HEBERLORENFELOEEER UK I RIETRIREZBE L L TF
LOBMSEHBELTWD,

2. EEREEEMO XIF.Lo ARG

ERBEEMO X PWRFLOEAZERHELIBET 272012, FPLOEENRT A
— 7 THDLPuBLE, Vm/Vf ELZEREHEE L LT, SRAC 22— F *ZHNTH
FRRBEBIZ L AR T A—FAZT 4 2 E R LTz, AFHETIE, koy FFy
RN EREMBERICE O 1 REEMAEET A E AN, XX —HL LT
X, W31 RUBL29 DF 60 BE L L, FEIBMESUIIABEMEEHEIC L BEICEY
Wotz, £ FER L P uMAkiZ. Table 1 (Z7RT 725, 4.9%EHKE 0 UBRE % S5GWd/t
BRIE S B 7-1% ., BAEM4 FROFLEE 3ERB L7 P u B AHEH % SRAC
a—RNZEXVHELELDTH S, M. UBMIZ, 02%%{kU & LT,

P u BLEKRT Vi/VI 2/ 5 EREMEROBBERFME S Fig. 212077, WTh
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DOPuBLEIZBWTYH, V/VE OBEINIHEVEBER/ENT S Z 8500
Be ET2. U%RREOP uB{LENOIIE, 3 /3y FREIZHEF X T 100GWd/it D
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FIANYAOEROBELG, PuBERY Vi/VE T3 580 VRO
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PuBLEMEVIZERA FOEMIE > THRA FIEEAKELRADELZ LB
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THRA FRENL LV EROEL L 2EMBBENITLD, A1 FOFIZXLLFIFE
—EDEE DT ENGND,

P u BILE RO Vi/VE IR 2 BOEAM IR BRI 2 Fig. 51277, RA Mg
B L RRIC, PUuBLERBWVIZCRERELSEMOMEE & 52 B350 5,
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3. FLEEORE
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E—REICIIARFIRER 25, BIH. ViV 2S5 & BHEMHREOR
LROHNWEEDOKT2BLIBENALD D, BHMBEORE D IXRBAARE L
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HoT, INOLOBAFEERE LB MMBEORENSLELIRS,
Vm/VE ZME T3 5EE LTE, RO 3SHOODFEREZ NS,
1) BEHERSIE Y FEILT 5,
2) BEEEMELT 5,
3) BREIEEZ KR KETE®RT S,
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INHLDOFELE, FRFRL—E—E0/HY. BETFLOFEIIEUER
BLETHD, F1OHEDT, BEENSEWVEEICIE. %R 3 54kIZ DNBR O
THMEE D, F2DFHEIZ. DNBR OBENOIIE10FELIVEA TS
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Table 1 HEHEIZEER L7 P u ik

Pu(wt%)
238 239 240 241 242 Am-241| Pu Pu-fis.
294 |152.60123.74 {11.67 | 7.24 1.81 1 0.6427

Table 2 #F.0LDFELFR
vm/V f 2.6
MREHEE 9.5 (mm)
MEHEL v F 13.8 (mm)
REERT 17X17
ThimbleZs%k 25
REUH 109
Ny T8 3
amih 1685 (MN?)
EERENEE 16 (ki/m)
SR RE 60/100 (GWd/?)
YL IOIVE 20/33 (EFPM)
PurZ{LE 7712 ("/0)
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Table 3 EAIF.0 O B

Average of discharged burnup (GWd/tonne) 60 100
Cycle length (EFPM) 20 33
Plutonium-fissile enrichment (wt%) 7 12
Plutonium-fissile inventory loaded 1140 1990

for equilibrium cycle (kg)

Isotopic composition of discharged fuel
(Pu-238/239/240/241/242)

4.8/34.1/30.5/17.1/13.6

5.7/33.9/30.1/16.1/13.5

Peaking factor
Fxy (BOC-HFP) 1.33 1.45
Fxy*Fz (BOC-HFP) 1.69 1.94
Flocal (BOC-HFP) 1.11 1.11
Maximum linear heat rate (kW/m) 29 34
Burnup reactivity(%dk/kk’) 9.8 10.6
Boron efficiency (pcm/ppm) (BOC/EOC) -3.5/-4.1 -2.5/-2.9
Ciritical boron concentration (ppm) (BOC) 2800 4200
Moderator temperature coefficient at critical -26 -11
boron concentration (pcm/C)  (BOC)
Moderator temperature coefficient at no boron -61/-65 -49/-54
(pcvC) (BOC/EOC)
Doppler coefficient (pcmv/C) (BOC/EOC) -2.7/-2.8 -2.5/-2.6
Moderator void coefficient at critical boron
concentration (pcm/%void) (BOC) -99/-147/-240 -43/-69/-22
0~ 10/ 0~40/ 0~90%void
Effective delayed neutron ratio(BOC) 0.0038 0.0036
Prompt neutron life time ( « sec) (BOC) 8.8 72
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Table 4 #7848 D F (A%

7 LEHNE (mm) 134
ST IVERE (mm) 04
DOJTIVEME SUS
FlE S ZE (mm) 10.9
FEIEHEEEES (mm) 0.5
FliSEEERY SuUS
R F IR U XAB4C
BRI EE (%TD) 80

Table 5 HIRALBREMELE OO B4R

vm/'Vf
REERE
REEE Y F
£ 5AKEH
Thimbl ez %k
KEHH
INYTFH
#HAH
T|HENEE
YL OILE
Purg{tE

3.0
8.3 (mm
12.6 (mm)
17x17
25
133
3
1685 (MHD)
13 (kH/m)
100 (GHa/?t)
31 (EFPH
12 (")
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3.5 ROX PWR

BKITHRS, W TRz, BEGIF, REFHHE, ZREBR, A5
2 Nyl

B

FFIEEREREPREENLDORRI TN F = LADOBROBVRELXZ B L T, Pu
ARAMROXBEOBMENKRTTINTVS, ROXIREITIX, @V Pullilfstt, BELEMH.
LR CHEFHREELHARFEIND, —F, Pra=7T%~X—2R ¢ T 5HROX(Zr-ROX)
ZER LIZPWREFLTIX. Fy 77 —RIGERE, HAHVY—XF 777 7 2S5 %ETS
VERHB, ZO7D, U0, ThO, Er,0,FDHEM. & DVMNIROX & UOREHES KDY
HEFMFLERN LIz, TORRE. UOHEnLO;DBMA KRG ERE & BHHFREOHERT
HASFRFEEIZEDNTH D Z e PHID O, —T5. 1/3Z-ROX + 2/3U0, 5857 FEfrk O
T, SHIHAE—F 72 ERTINERDHDHZ L bbholz,

ABSTRACT

For an efficient burnup of excess plutonium from nuclear reactors spent fuels and dismantled
warheads, plutonium rock-like oxide(ROX) fuel has been investigated. The ROX fuel is expected to
provide high Pu transmutation capability, irradiation stability and chemical and geological stability.
While, a zirconia-based ROX(Zr-ROX)-fueled PWR core has some problems of Doppler reactivity
coefficient and power peaking factor. For the improvement of these characteristics, two approaches
were considered: the additives such as UO,, ThO, and Er,0;, and a heterogeneous core with Zr-ROX
and UO, assemblies. As a result, the additives UO,+ Er,0; are found to sufficiently improve the
reactivity coefficients and accident behavior, and to flatten power distribution. On the other hand, in

the 1/3Zr-ROX + 2/3UO, heterogeneous core, further reduction of power peaking seems necessary.

XL OHIZ

ERTEBR{EMI(Rock-like Oxide : ROX)REHE, BAKIFE AFEREHCBEED b DRFIPu
DHEOIVREE BIR L, PUEEERVAFT— b~ b 7 2R O—RETH 5, PuO,
ZEETHHRA MEBREE DV 3 =T (Z1,Y)O,(SZR)) TH 5 ¥ A 7' ((Zr,Pu,Y)0,-MgALO, : Zr-
ROX)& bV 7 (ThO,) Tdh % ¥ A 7((Th,Pu)0,-MgALO, : Th-ROX)D2BEMSBRERB I LTV
5, WThDZATS, @mOPuHBEREYE, BETEN, (LFNB LI CHEENRTEEL AR
LTEREN, EABERKOESELS ZHEL T35, Th-ROXAEITUO MK & HB ALl
TRt E R T — T, Zr-ROXIZUO, & X, Ry 7T —FHEAVNI W, BEERICEELB K
ELPFLRICHAE—F U 7 HAELRTWVWEDORBERE b2, —HZr-ROXIE., LY &V \Pu
HBERFPE L SZRIADBVMEERNRERZF . PPUDEERMNR, T2 Tik, Zr-ROXREHE
KFZBITHBEROUBLRAL, EOUHFEDHRD . KISEFB(RIARSH A EERER
(LOCARDIR D HV R, BEHRBIEER E~RIFTRBEHRTS, 12
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1.  ROXREIDORK
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1.2 Puil B

Table 1 2, AAEEITMOXREIPWRIZE T BFLHA1GWedh 7= 0 . BRBEMIR
300EFPD® 7= ¥ OPulifiE, HEEGEWERE-BH LE) HEBRIBEEFE)DHEREL
H&T 5, FAFEOARRITHITREII00MWek17x178PWR L Rl— & L. BV H URBEIRIIT
1170EFPD(MOX PWRT45GWd/HHE ) ZHBE L7, 33y FREZ B DM T1170EFPD DR
BEHFNZERTED LI, 27 —AOPuBLEEZRE L, 28, UTARE CORMIX
LTI7x17TRPWRIZE S EFLVEZ RV TNV S,

Table |
Input and transmuted amount (tonne/GWe/300EFPD) of plutonium calculated with 2-D core
calculations (ROX) and cell calculations (MOX) (1170EFPD burnup = 45GWd/t for MOX PWR)

W-Pu R-Pu
Input  Transmuted Input Transmuted

1/3Zr-ROX+2/3U0, Pu-239 0.34 0.25(75%) 0.27 0.18(67%)
total Pu 0.36 0.16(43%) 0.46 0.19(41%)

(in 1/3ROX only) Pu-239 0.33(99%) 0.26(98%)

total Pu 0.31(86%) 0.34(74%)

Zr-ROX-ThO, Pu-239 0.97 0.94(97%) 0.80 0.75(93%)
total Pu 1.03 0.82(79%) 1.37 0.90(66%)

Zr-ROX(Er)-UO, Pu-239 0.93 0.85(92%) 0.80 0.70(88%)
total Pu 0.99 0.69(69%) 1.36 0.81(60%)
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UO B L DEARDKI1/3% Zr-ROXIBBHER R & B S X 747 L TIX. Zr-ROXIRFHER
BEIZBVTHED THEHVPuEEE(%) DB E b5 (KIBHFEPU(W-Pu)D86%. AT I #&Pu(R-
Pu)D74%); T v AAN—TODHEFENY 2B 2 BRICEBERBR L 2D, Zr-ROXZ £ DN
EH LB, RICERER EOWRBEO D Z-ROXIZUO,, 5 VMNIThO, % HMER)T 5
L. Puil§BsEtEIIS b5, LA LPuliBER bMOXIFLMCHARD &R Y K& | Puilidl
B(M ) EKE L TETW-PuTHIt, R-PuTIE0.8-09t), Zr-ROXEBZr &R L RLMOXKF L
LHB LU TEMIZH D,

1.3 ROXIREI DEEHE _ Tableldl
ROXEAEH O 1 Possible inert matrices
F—r= rY 7 RE chemical irradiation thermal actinide,FP

stability stability conductivity  retainability

M LT, kok

9 7. =1L SZR XX XX ) XX
> 2AH ZBRE LTS, Spine! o v y 0
- MBRHASZRETIE  Corundum " " o X
ThO,)- A EX/L#(Mg _Magnesia - XX XX X
ALO,) XX : excellent, X : good

24

- HMAEME-2 5 ¥ AE(ALO,)
-RARME- A EXNVE-2 T X L
Table I DX 5IZSZR, AERA, 2T Fh, BLBTNIF L L BIZAERNVEEAL
TEH52 X7 (MgO)YDFHD, {L¥EHH D VITBRLEMH, BnEE, 77 F = FLFPO
REFEER R LT,

TNH Y SBFPOIREERLSZIROBUCERZF D BT a7 V¥ ADERABE X725, JRR-
IWMHRRBRICBITARFEEI NS 2T U FAREATT, A AR VHENRE ST,

(1) BIREEEY TOREM
BHEROX. B L HEEFP

T a AR W ROX Z3mol% 1E+00 k&\\\%

HNO;HIZ 3BV T420K T3 A D - .

<)
R L=, TORE. BMREIT % 1602 | i
ZrH52%. Al& Mgix30-50%. Ba @ - 299.C. a5 iy gy |
= g v '//'7/://77/"/"//7/7/7/9 ﬁ oc
1360-89% TH -7z, SZRFAILHE o 1EM[ —~_ LT
BOWBMICH L THEDTEET 3 b Al .
HY. PunKR MEE LTHFE 1B i
ThHbdH I EBEND LN, i =
1808 — o0 TE+01 TEs02

(2) BIRAR TOREME Time (day)

14 4 F ROX O 1 1B A Fig.2 :;‘eﬁg?lvr;gtgtes of elements in simulated spent ROX
FTORHRARLITo7, Fig2
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X DORREZTY, BEFEMAEROXORHRIL, 7 RELEE AT BPIT/hEV,

1.4 BT M 1E-08 N S
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ICOWTROXASBESE D FEE [ T !
EAGRR B2 EBLMOX  81E12} ]
OBELUBLE, TORMR. 2,.0,0 1:
ROX. MOX & Han+3HAERS 32 '
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2. FLREOSE :
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Zr-ROXAEPWRIF L D
Ry 77— LHHhe—x
TOHREBOEDHIZ, LTFTDO LD
TRP DR, R D EE %
RIT=,

Koy 7o —FZEo%kED
72®IZ, (QUOSFLDESED 102
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BRBERISEELZ /NI RO LN THIENEET, )., ZORELENTHB, i,
(©)Gd, 0, 7R ME DR & Er,0,# M b B X 7=, Gd,05i%. BHWHED 2\ \Zr-ROXIREI DK X 727
HIRBIPICEEZMZ D L2 EHE LTHERML TN, FigdlilRiT X5 K& RRERS
EELORRA L 22> T,

21 o7 S—RISELHAY—F T 770 %

Table II (Z1/3Zr-ROX4F /1> & ThO, 3 X TRUOHMZI-ROXIFL D K v 75 —RUSEE & H
HEe—F 0 7HFEZ. UONLEHETS, Fy 7 7 —RIGEIIWThOBRELMIBWTHHK
EHRNH DM, MoERIFELTORASAEEIIEECH - 7,
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2.2 RIARFE X LOCAR Fs i &
RIABFRELT o & VL B L UYRE
HUMREE R KD, EUREKA-22— K¥
LD BEREL. Zr-ROXE LTUO,
BREHFEOIMZ OV TTable  IVIZRT, &
EROZ-ROXF L OB E ., BRAT
UO,PWR TDORIAR T v & )L & DR
fE230kcal/kg, B & VYRS D@ A2200K
A3 EBIBZER LR TD,
ThO, 5 \VMIUO WMLy — A T
o hooflfR%Z TEI~7-, %IiZU0,
LELO,;ZRBFICIRM L 2B &, Zr-
ROX L UO,NEEDNDENEEZERL Tx
VENEERBENEEL-Y O IAF

Table il
Doppler reactivity and power peaking factor of
Zr-ROX fueled cores in comparison with UO, core

Doppler reac. Peaking
(900—»1200K)  factor
Weapons-Pu
Zr-ROX -0.098 2.7
1/3Zr-ROX+2/3U0, -0.48 2.8
Zr-ROX-24ThO, -0.56 2.4
Zr-ROX(Er)-15U0, -0.61 2.1
Reactor-Pu
Zr-ROX(Er)-18ThO, -0.64 -
Zr-ROX(Er)-8U0O, -0.59 2.2
uo, ' -0.75 2.0

(kea/lem)IZEBEH X TR D &, 1 RTUORBHF LELDBERB LN D, 1/3Z-ROXERIF
DT, =2 AE, BEHRE L bUEDRIIA KRS TH Y. HASHFEHRLE X HITFL

Ktk % RETVLENH S, Table VICIXFRERIC., RETRANO2=Z— Rz LY

iy

I S 7ZLOCA

RORMERERHRBEL X L D5, HIRMEDI1470K(1200°C)Z WV THOFLS FTH > TE

¥ . RIARBRUO,+Er, 0,7 MZr-ROX % AV 5 £ U0, L RIS DHBEIRENR B OIS,

Table IV
Maximum fuel enthalpy (E) and fuel temperature (FCT)
E E FCT
(kcalkg) (kcallem®)  (K)
Weapons-Pu
Zr-ROX >>230 >>2200
1/3Zr-ROX+2/3U0, 244 1.36 2100
Zr-ROX-24ThO, 224 125 1950
Zr-ROX(Er)-15U0O, 193 1.08 1700
Reactor-Pu
Zr-ROX(Er)-8UO, 192 1.08 1700
uo, 93 1.02 2080
2.3 BRRHEEE

Table V
Peak cladding temperature(PCT)
PCT (K)
Weapons-Pu
Zr-ROX >1470
1/3Zr-ROX+2/3U0, 1240
Zr-ROX-24ThO, 1240
Zr-ROX(Er)-15U0, 1090
Reactor-Pu
Zr-ROX(Er)-8U0O, 1090
uo, 1080

BOCIZB T B LA — 7 HAME TORE L NIBESHOH S ©—3 o R 5K
T (Fig.5)8 & TR BVR B RIKFFHE(Fig.6) % . GAPCON-THERMAL2-HC2— Y% AW T
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Study on Water Cooled High Conversion Reactor

V& 6 B
Masa-aki OCHIAL

SR NSl i

Japan Atomic Energy Research Institute
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BAKFEFIHOEMEZRE AT, HRBEEMFEO—DE LT, BKPEMICI D88
A NADOBEHEZBRL T, SnRBEEKSHIFORGHRZED TS, BWREKUOPW
RAZTEMZE L L EOFELHESZEEL THELZEDTRD, 2055, BWRAEFEL
IZOWTIE, EEY T 2V OEE. EREoR ERUBEFEFAOBAEEZERL 2 3 &
HOELNERELTNS, WThOFEIZDWTH, 0K REBEREEFEDER T
771100 A K WIROKBUFLORBL 2/ TNW5D,
AL, ERR 1 OEENS B -FREMRXHBHO—RELTHRHBLEZEIATHD,
L1 1EEETO Phase 1 ITBWTEHABBESZRI0 HIT. BEFEERET, 1 2FEEN
HEZEEEHDLEEHIT. RAUKICHRLIERMEZITOFHETH S,

Abstract

As a part of study on advanced reactors for the future, conceptual
design of high conversion water cooled reactors is being studied, aiming
at the contribution to nuclear fuel cycle by the LWR technology, since
the utilization of LWRs will extend over a long period of time. We are
studying on the reactor core concepts for BWR and PWR reactor systems.
As for BWR system, three types of reactor cores are investigating for
three different design goals; long operation period, high conversion
ratio and high applicability for the existing BWR system. In all the cases,
we have obtained a fair prospect of a large core concept with a capacity
of 1,000 MWe class having negative void reactivity coefficient.

This study is a part of JAERI-JAPCO(Japan Atomic Power Company)
cooperative studies. Various kinds of conceptual designs will be created
until the end of FY 1999. The designs will be checked and reviewed at
that time, then experimental studies on the realization of the concepts
will start with further design works from FY 2000.
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Outline of Opinion Exchange “View of Advanced Research for Plutonium”

Commentators presented their opinions at first and then discussed including
hearers. Their main opinions and discussions are on the necessity of the research
of Pu used by LWR and how to promote the research.

Chairman :
Akira Omoto (TEPCO)

Commentators:
Seiji Shiroya(Kyoto University) , Yasuo Tsuchie (JAPC),
Takayuki Magari (KEPCO) , Renzo Takeda (Hitachi),
Kohichi Sakurada(Toshiba) , Hiroshi Tochihara (MHI),
Masayuki Nakagawa (JAERI)

K
BA & (KREH)
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M= (BL8UEFD . BEDE— (K2, HF # GZEET).
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THE 1998 SANTA FE ENERGY SEMINAR

The Second U.S.-Japan Workshop on Nuclear Energy Futures with the

Los Alamos and Sandia National Laboratories

Nuclear Power in the Post-Kyoto World

April 28 - May 1, 1998

Draft Program
(Revised ¥25/98)

April 23, Tuesday

7:00 pm

Welcome Reczption at the Presidendal Suite of the Hote] Loretto

April 29, Wedoesday

8:15 - 8:30

2:30 - 10:00

10:00 - 10:15

10:15 - 11:45

11:45 - 1:30

1:30-3:30

3:30 - 3:45
3:45-5:18

5:15
7:00

Welcome and Orientation by M. Seott Campbell, President Washington
Pohcy lnd Aulym and Dr. Ed Anhxr anuly Director,
yF Los Alamo# Nation: Y-

Morning Session: Pracrical Visions, Advanced Technologics, and U.S.-
Japan Cocperarion

Introduction by Mr. William F. Mattin. Chairman, ‘Washington Policy
and Analysis, and former Deputy Secmwy of Energy. Mr. Martin will
discuss his findings from the GEMS Energy Model and the aeed for
puclear power to meet Kyoto Protecol emission reductions.

U.S. Keynote Address: Dr. Ernest Moniz, Under Secretary of Energy, to
discuss nuclear research and develapmeat priorities as the world
approaches the pew milleonium, (invited)

Immel(:mwl\ddrw Dr. Ymanu)n: Vwechmind
Cnmm.muncr of the Atomic Energy C
nuclear vision for the 21st ceawmry.

— Question md Answer Session
Coffee Break

Morning Session (continaed)

Dr. Ed Arthur, Deputy Director, I ial Technol Los
Alamos National Laboratory, “A Nuclear Enecgy Amh!ucn-n for the
Twenty-First Century.”
Dr. Joan Woodard, Vice President for Encrgy, Environment, and

T Sandia Naonal L jes, “Technal

Y. Sandia (3
Opporwnities.”

Lunch The Public Challenges Facing Nuclear Power in the 215

Century

Mr. Richard Rhodes, Pulitzer prize-winning author and hest of the PBS

g:-m Frontline: Nuclear Reacrion, “Building Bridges to the Nuglear
re.

Panel #1: Short-Term and Long-Term Opportunides for U.S.-Japan
ion
The Future of Nuclear Power
¢ Mr. Jox Colvin, President, Nuclear Energy Institute

0 Mr. Yoshihiko Sui, Chairman, Nuelear Executive Committee,
Federation of Elecrric Power Companies and Executive Vice
President, Kansai Electric Power Company

Nuclear Testmology R and Devel (RAD)
¢ Dr. CE. Til, Argonne National Ltbonw:y (invited)
¢ Dr. Hiroshi Takahashi, Brookk ional Labx
“Nuclear Fuel Cycle for Second Genmnm of Nuclear Emgy"

Coffee Break

Panel #1: (continued) Short-Term andLong-Team Opportunil
U.S.-Japan Coaperation wieam tes for

The Potential for Advanced Fuel Cycle Technology and Nuclear
Waste Disposal and Plutonium Utilization

0 Dr. Keiji Xanda, Professar, Xyotd Univenity, to discuss
utilization of excess weapons plutonium

¢ Mr. Katsuys Tamona, Vice Cheirman, Nuclear Executive
Committee, Féderation of Electric Power Companies, and
Executive Vice President, Tokyo Electic Power Company

O Representative from the Sandia Naional Laborairies
¢ Mz Myron Kratzer, former Deputy Assistant Secrctary of State

Adjourn

mlber Ru.:&uon and dinm husu:d by the Federation of Electric Power
' Galleries.

Rﬂm.rh by Mz. Yoshihiko Sum: Chairmas, Nnclcar Executive

Cnm_mmee, Federation of Electric Power Comp-mes 2nd Executive Vice
President, Kassai Electric Power Company.
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Appil 30, Thycsdav

8:30-12:30  Working Group Sessions: Developing Public Acceprance Strategies
and Sening Priorities for U.S.-Japan Cooperation. The morning and
afternoan sessions will- be divided into two mait streams, cach with two
sub-wopics. Each stream will be led by a U.S, and Japanese moderat
with oe rapporteur to record findings and recommmendations.

Morning Session:
8:30-12:30  TOPIC A: NUCLEAR POWER GENERATION
Room 1: Improviog Ex ics and Safety. Mod, d by Dr. John
Ircland, Depurty Division Dircctor, Los Alamos National Laboratory
U.S. Speakers:

0 U.S. Uslity Executive
¢ Mr. Semn Harkness, Westinghouse

Japanese Speakers:

0 M. Koichi Hasumi. Vice Chairman, Nuclear Executive
Commitee, Federation of Electic Power Compaaies, and
Executive Vice President, Chubu Electric Power Company

0 Represcntative from Hitachi or Mitsubishi

8:30-12:30  TOPICB: NUCLEAR FUEL CYCLE OPTIONS

Room 2: Ipterface between Civiliao MOX and Weapons Material
Dispasition. Moderated by Dr. Keiji Kanda, Professor, Kyoto
University.
U.S. Speakers:
0 Mr. Neil Nurnark, President, Numark Asseciates, to discuss the
problems of interaction between Uic two programs
¢ Mr. David Alberstein. LANL Program Manager for MOX Fuels

(invited)
Tapancse Speakers:
¢ Dx. Atsnyuki Suzuki, Professor, University of Tokyo, to
discuss possible. areas of cooperation in the disposition of
surplus weapons plutonium progrim

0 Mr. Kazuo Mor, Nuclear Fuel Industrics, to discuss technical
areas (o be resolved

12:30-2:00  Luncheon: Nuclear Power in Jupan: The Media and Pyblic Opinion
M. Ryuichi Teshima, Bureau Chief, NHK (Japaa Broadeasting Co.).

The 1998 Santa Fe Energy Seminar
April 28 - May 1, 1998

Transmutation of Weapon—Grade Plutonium
in Existing Japanese LWRs*

Keiji KANDA
Graduate School of Energy Sci Kyoto Uni ity

Research Reactor Institute, Kyoto University
Kumatori-cho, Sennan-gun, Osaka 590-0494, Japan

Tel : +81-724-53-2145
Fax :+81-724-51-2604
E-mail : kanda@kuca.rri.kyoto-u.ac.jp

* This paper has been submitted to Journal of Nuclear Science and Technology. (Y. Hanayama**, A
Yi ** and K Kanda, Grad School of Energy Science, Kyoto University, *Transmutation of
Weapon-Grade Plutonium in Existing Japanese PWRs Under the Multiple Recycling Strategy.”)

** Present address: Nuclear Fuel Industries, Ltd. (NFI), 950 Noda, Kumatori-cho, Sennan-gun, Osaka
590-0481, Japan
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Multiple Recycling Characteristics and Fuel Cycle Cost of MOX Fuel
Using Weapon-Grade Plutonium
FHMKFERERT IV —REFRH Otk —8 #HE EiA
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Multiple Recycling Characteristics and Fuel Cycle Cost of MOX Fuel
Using Weapon-Grade Plutonium
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MISTRAL MISTRAL EPICURE EPICURE
1Bl Byt Fib2 UH1.2 MH1.2
% 3.7% UO2 7% MOX (—#B 8.7% 3.7% UO2 3.7%U02 + 7% MOX
MOX)

H/HM 5.1 5.1 37 3.7
FLEE ~ 40 cm ~ 60 cm ~ 50 ¢m ~ 70 cm
MVP + 039%Ak + 0.65 %Ak + 051 %Ak + 043 %Ak

+ 003%(1o) + 002%(1o) + 002%(10) + 002%(1o)
SRAC ( Pij — 0.19 %Ak + 037 %Ak + 0.07 %Ak + 029 %Ak
+ TWOTRAN)

AN HM T v’)l%’@ttiﬁ (C/E)

MISTRAL MISTRAL EPICURE
Rl $Fils 1 Filr2 MH1.2
PRELE 3.7% UO2 7% MOX (—&B 3.7%U02 + 7% MOX

8.7% MOX)

H/HM 5.1 5.1 3.7
@ iy gy UO2 sk MOX 45
ARINILA | 239Pu/235U 1.01(24) 1.02(20) 1.05(21) 104 (15)
TYIR 241Pu/235U 1.00 (36) 096 (29) 0.97(29) 1.02(23)
o R—ay 1.02(30) 1.01(27) -
2793

( ):RAEHREY(10)
*238URIN O H
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e h
1.5 l l
s 1.4 = UO2 (5%U-235) |-
8 \ <+ Vm/Vi=2
13 N ® Vm/Vi=2.5 |
2 TN * Vm/Vi=3
2 # Vm/Vi=4
g \N\
211 N
8 \
E 1 \~.~ S
0.9 = |
0 20 40 60 80 100
Burn up(GWd/t)
VI3t 95 Kb E D RS ( PUB{EE 14 w/o )
\ JAERI
( I
BEtEICERLI=Putpk
Pu(wt%)
238 239 240 241 242 Am-241| Pu Pu-fis.
2.94 |52.60|23.74|11.67| 7.24 | 1.81 1 0.6427
- JAERI _/
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Vm/Vf 2.6
PRE SR 9.5 (mm)
EEE v F 13.8 (mm)
K5 AES 17X17
ThimbieZs3k 25
L84 109
Ny T 3
=N 1685 (Mwt)
FEEJRENEE 16 (ki/m)
R 60/100 (GWd/t)
YA OINE 20/33 (EFPH)
PurZ{LE 7/12 (/o)
JAERI —
\

KL B 18 ] e MR S o/ N B —2

. Fresh fuel

1 cycle irradiation
D 2 cycle irradiation

- 3 cycle irradiation .

_ Control assembly
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N
EHFDOETEREY
U UABERE (GWd/t) 60 | 100
Y49 & (EFPM) 20 33
E—%2 7% .
Fr (BOG-HFP) 12 | 1.31
Fr % Fz (BOC-HFP) 152 | 1.75
F local (BOC-HFP) 111 | 1.1
BRABHATE W/ m) 29 | 34
PABE RIS BE (%l k) 98 [ 106
AROER (pem/ppm) (BOC) -35 | -25
HBRSAROVRE (ppm) (BOC) 2,800 | 4,200
R R EERS (pem/°C) (BEFRAROBOC) -26 | 11
FyZS5—&# (pcm/°C) (BOC) -27 | -24
JAERI _/
~
HEEOETE L4
T IWENE (mm) 13.4
ST IWVEESE (mm) 0.4
TV EME sus
FEHBESE (mm) 10.9
fliEBEEES (mm) | 05
FlEsHEME sSuUS
Fh i -F IR A XKARB4AC
IR AR 7 FE (%TD) 80
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Va/Vf 3.0
PREHEE 8.3 (mm)
RigEEy 7 12.6 (mm)
- 3=y R 17X17
Thimb | ez 25
Sy 133
N TFE 3
B 1685 (M1
ESRE N EE 13 (ki/m)
I PRI 100 (GHd/t)
YA OIE 31 (EFPH)
PurB{LE 12 (*/0)
JAERI —’
~
5
4
Q:3
m
%
=3
v b | e vmvEso
* Vm/Vf=2.6
° 0 500 1000 1500 2000 2560 3000 3500 4600
Elevation (mm)
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ROX PWR
POTIRE, W TR 2, B8 F, 55 F 5, RIRH R A, R S
B AR F HH T

EHATEEY (Rock-like Oxide : ROX)#A%}
- PUO, + (Zr,Y)O,(SZR)-MgALO,( X E# L) : Zr-ROX
- PUO + ThO,-A E % JL : Th-ROX

e BUOPUHESEME
 BHREEM. N tEFH0%R
« Ry I —FE

 MEBERISEZREL =HAE—F27T

o BB R

Zr-ROXBREIBRIKIF RIS D E
- RISEEH(RIA)
- BEM B AEIL
- RARE

Pu B

i

cAF— T b Y I RRET—I Va3 T

- OECD/NEAEFHIRKIHRIF Y —2s a3 v
(& HIZ1998F 108 . A A APSI)
RERILIZESL

" Input and transmuted amount (tonne/GWe/300EFPD) of plutonium
(1170EFPD = 45GWd/t for MOX PWR)

W-Pu R-Pu

Input  Transmuted Input Transmuted

1/3Zr-ROX+2/3U0, Pu-239 0.34

0.25(75%) 0.27  0.18(67%)

total Pu  0.36 0.16(43%) 0.46 0.19(41%)

(in 1/3ROX only)  Pu-239 0.33(99%) 0.26(98%)
total Pu 0.31(86%) 0.34(74%)

Zr-ROX(Er)-UO, Pu-239 093 0.85(92%) 0.80 0.70(88%)
total Pu  0.99 0.69(69%) 1.36 0.81(60%)

Zr-ROX-ThO, Pu-239 097 0.94(97%) 0.80 0.75(93%)
total Pu  1.03 0.82(79%) 1.37 0.90(66%)

MOX (once-through) Pu-239  0.88 0.56(63%) 0.99 0.44(45%)
total Pu  0.94 0.30(32%) 1.69 0.41(25%)

(recycle once) Pu-239 0.76
total Pu 0.81

0.54(71%) 0.76  0.44(58%)
0.35(43%) 1.30 0.48(37%)
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ROXEREL DL (1)

4 F—b< bUY XEHEH
- BAEMB(SZREIEThO,)- R EFRILAE

EE&@:7/@AHMKM
- RAME-AEXRILIE-OT //S’Aifa

Possible Inert Matrices

chemical irradiation thermal actinide,FP
stability stability  conductivity retainability
SZR XX XX - XX
Spinel X X X X
Corundum X - XX X
Magnesia(MgQO) - XX XX X

XX : excellent, X : good
- BEEFH(JRR-SBHHAER) . RAEME- X EXRILIE

ROXBAK D L E MY (2)

535 Rk T C D RFROX (1 1565 F H ROX) D352
3mol% HNO,. 420KT3H

ERE
-Z2r 2%
- Al 8 £ Mg : 30-50%
- Ba : 60-89%

T AMEEISEDOHEEIIX L THRO TEE
= PuDRRA MHE L THBE
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1E+00

1E-02

1E-04

Leaching rate (g/m2/d)

1E-06

N

1E-08

1E+01 1E+02
Time (day)

Leaching rates of elements in simulated spent ROX in hot

water

o FARROXDEHKRIZHS AELE L Y IZDAIZ/NE (N

ST RIEIC D LN T B

W b OHERE M

1E-08

—_
m
o
[{s)
1

1E-10

AREALL B

1E-11

™

1E-12

1E-13

YT

Individual dose per 1IMTU (Sv/y)

1e-14 F
r

MOX,Pa-231 Reactor Pu

Weapons Pu

Y Zr-ROX-UQ2,U-235

..............................

1

1E-15

-1 .
1E+05

1E+06

1E+07 1E+08 1E+09
Time (year)

Individual dose from 4n+3 decay chain of disposed Zr-
ROX and MOX spent fuels

o BEABHBERE  ROXIZMOX L Y21F = LL E/)
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B D E

« Kyw S5 —FH
- Zr-ROX+UO,FEHE {FiD
- Zr- ROX’\UO & B L\lthhO /?ﬁjJ[l

CHAE—F S el ' ' '
- UO, or ThO, , Zr-ROX
- Er2O 7Nl 5 Z1-ROX:15U0-Er205 ]
8 1.1
s
3108}
o
é’ 1.06 -
2
£1.04 | .
=
“io02 il
1 1 1 \‘- !
0 100 200 300 400 500
Burnup / days
Burnup reactwlty swing of Zr-ROX PWR (weapons
Pu)

Ry 75— R (%dkk) E D E—% 22T 75 & (BOC)

Doppler reac. Peaking
(900—1200K) factor

Weapons-Pu

Zr-ROX -0.098 2.7
Zr-ROX(Er)-15U0, -0.61 2.1
Zr-ROX-24ThO, -0.56 2.4
1/3Zr-ROX+2/3UQ, -0.48 2.8
Reactor-Pu |
Zr-ROX(Er)-8UQ, -0.59 2.2
Zr-ROX(Er)-18ThO, -0.64 -

uo, -0.75 2.0
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Zr-ROXBR & 914
« ZE - UO 0)1/2*1)#( .5)
H‘-ﬂ]\}]—"—(/\ EE/EIIJ:E: U 1 22OOK>

. BMEEE ; UO, otué,

8 1 1 T T
YSZ
7r 0 .
- SP-YSZ-UOp

6r \\\\ SP- YSZ(calc) T
N

w

Thermal conductivity / W-m™!-K:1
LN

N

o
4

1
600 800 1000 1200 1400 1600
Temperature / K

« SP-SZR-UQO, : 37mol% spinel, SP-SZR(calc.) : 56mol%spinel

RIABF M ol

Maximum fuel enthalpy (E) and fuel temperature (FCT)
E (kcallkg) E (kcal/cm®) FCT (K)

Weapons-Pu

Zr-ROX >>230 >>2200

Zr-ROX(En)-15U0, 193 1.08 1700

Zr-ROX-24ThO, 224 1.25 1950

1/3Zr-ROX+2/3U0, 244 1.3 2100
Reactor-Pu

Zr-ROX(Er)-8UO, 192 1.08 1700
Uo, 93 1.02 2080




LOCAIE

BELRE (BOC, fFIbH h E—F v T REIKTFH)

2500

n
o
o
o

Temperature / K
o
o
o

1000

JAERI—Conf 99-—014

la%

Peak cladding temperature (PCT)

PCT (K)

Weapons-Pu

Zr-ROX >1470

Zr-ROX(Er)-15U0, 1090

Zr-ROX-24ThQO, 1240

1/3Zr-ROX+2/3U0, 1240
Reactor-Pu

Zr-ROX(Er)-8UQO, 1090
Uo,

1080

1

SP-YSZ-UO;
peaking=2.1
—

~e
~a

1

cladding

500

0.002

I
0.003

Radial position in fuel pin/ m

—161 —



JAERI—Conf 99014

RELERE (BOC, MERIGERIKEN)

2500 T T T T
pellet | (cladding
2000 ¢ ..
¥ .
N e P -
3 -
®© 1500 |- T~ .
Q SN -
8‘ _peaking=2.1 ~\\\
(O] TR
- YSZ P
1000 | sp-YSZ-UO, 7
—E—
SP-:{§§(93|C.) ,
. ‘ B\EJ
500 1 i 1 1
0 0.001 0.002 0.003 0.004

Radial position in fuel pin / m

EHEFOOESEAHAE—F T (1) (FRETH)
ROXH#AKL & UO BRI D A R kL DARE

1E+01 prrrrmm l T I

1E+00 }

Flux

1E-01 F o
' BOL EOL
R-PUROX UO2 R-PuROX UO2

=002 1E-01 1E+00 1E+01 1E402 1E403 1E+04 1E+05 1E+06 1E407
Energy (eV)
Neutron spectrum in Zr-ROX (reactor-grade Pu)

and UQO, fuels (pin cell calculation)

e ROXHREL - BOLEEOLTARY MILWKELZEE
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SR EIEIL DE AR H B —F > 7(2)(#RETH)

i EIROX Fuel
Juo2 Fuel
, | EWater
4-assembly system of ROX and Uo,

1.4

Peaking factor

04 1 1 IR 1 1
0 200 400 600 800 1000 1200

Burnup (EFPD)

Peaking factors in the 1/4ROX-3/4U0O,
assemblies system

« BOLIZROXIZ, EOLIZUO,IcE—% >4

- el )

. UO,% % L\METhOL M : RIAL LOCARS ek

UO,+Er, O, : UO MR il #RIA, LOCA% M

1/3Zr-ROX+2/3U0Q,JF 1> -
ELBBBENDEWAL—F 2V TE)

UO2+ROXEDDERIFL AR DZr-ROXER K : PUNEES
Zr-ROX2ERFD  PUERES

PRELRE | BRRES(H O, BROEHEAR)
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VO R[5 2 7 > ] red 1eV=1.60218x 10-'*J 0|7 7] da
Tk BlrrsoTy sr 1u=1.66054x 10" kg L I d
1072 + v F c
v N 10°* | ¢ U] m
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J cqea | fthoD SI Bif oS 0+ s n
%O iLs itk 2 58 !ﬂtﬁéhéﬂim 10-'2 = 9 p
Bl ;4 B|l~ » V| Hz s ! % B = 107" 724t f
H =.2-tbtv| N m-kg/s? AUz koo A 0 7 b a
it W Hey 2 A | Pa | N/m? ”~ - > b '
TANF— (LR B | Y . - g N-m N - v bar (B
L#, ekl o v W Jss 7 W Gal L &1 51 THEERWE] B6 R Mg
A, &Ml - ool oC A-s ¥ .0y - Ci BBl 1985 FFIfTIC £ B, 72721, 1 eV
&EhL, BIL, Kdn | /1/» f*. \% W/A I N 2 R 8&01u®ﬂ€<iCODATA@1986E?’&§Z
v e L - & L /N rem " -
IVY ISR Y- vz] S A/V 2. R4wisme, /--,r,Al—w, ~7
# #7 = — o Wb| Vi 1A=0.1nm=10""m _rbaRhTRasERORILOTT
W A ® 5 2 7 T Wb/m* 1 b=100 fm?=10"2¢ m? iTligﬂgLf:o
O e . oy . : ) “
AN R ] wo/a ! bar=0.1 MPa=10° Py 3. barid, JISTREKEDIE N4 EHSIE
oy AR | vy 2] C 2 s s BBV E2DH 5 70 — I fishTu
w o . 1 Gal=1em/s®=10"*m/s
¥ #o| A | Im cd-sr 2
; : 1Ci=3.7x10'°B °
" v 7 A x| dm/m ' 4 4. ECHMSE T A5 bar, barn bt
fel~2 L alp 4 1R=2.58x10 *C/kg ‘_ R .
& i g - q s i U TMIEDHifY mmHg % &Z2DH 52
WOW #® ‘7 L 4| Gy | Jrke lrad=1cGy=10"Gy R ARTL
BB M By -~ Sy J/kg Irem=1¢Sv=10°Sy °
b =4 &
1| N(=10°dyn) kgf 1bf . [MPa{=10 bar) kgf/cm® mmHg(Torr)| Ibf/in*(psi)
—- - | 7
1 0.101972 0.224809 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 A 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 | 0.101325 1.03323 1 760 14.6959
W1 1 Pas(N-s/m")=10P(KX 7 Z) (g/(cm-s)) 1.33322 x 107* | 1.35951 x 10°* | 1.31579 x 10-* 1 1.93368 x 10°?
B 1mYs=10'St( 2 F — 7 2) (em?¥/s) 6.89476 x 107" | 7.03070 x 10°2 | 6.80460 x 10" 2 51.7149 1
L] J(=10"erg) kgf-m kW- h cal (it&ik) Btu ft « Ibf eV 1 cal = 4.18605 J (if Kif)
G e | ke A e S LT L
n 1 0.101972 | 2.77778 x 1077 0.238889 | 9.47813 x 10" * 0.737562 | 6.24150 x 10'* =4.184J (#fLy)
e
! 9.80665 1 2.72407 x 10°° 2.34270 9.29487 x 107 7.23301 6.12082x 10 =4.1855J (15 °C)
{1 3.6 x 10° 3.67098 x 10* 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10 =4.1868 J ([HFR &L
H
. 4.18605 0.426858 | 1.16279 % 10 ¢ 1 3.96759 x 10" 3.08747 261272x10"  fpgie | pg (15 )
5} 1055.06 107.586 2.93072 x 107 252.042 1 778.172 6.58515 x 102" =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10-7 0.323890 1.28506 x 10°? 1 8.46233 % 10 = 735.499 W
160218 x 10" | 163377 x 107*] 4.45050 x 10| 3.82743 x 10°** | 1.51857x 102 1.18171 x 10" * 1
Five Bq Ci %{2 Gy rad ;’; C/kg R %§ Sv rem
0 LI
a 1 270270 x 10-1 6 1 100 & 1 3876 4 1 100
fit H fit (5]
3.7 x 100 1 0.01 1 2.58 x 104 1 0.01 1

(86 %12 A 26 HE)
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