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PRESENT STATUS OF THE OMVEGA PROGRAM IN JAPAN
1. |1 NTRODUCTI ON

The managenent of high. level radioactive waste ( HW)
generated fromthe reprocessing of spent fuel is very inportant
as well as the safety assurance, to further devel'op nuclear
electricity generation.

Nati onal policy of managing this HLW in Japan is to solidi-
fy in a stable formand to dispose of ultimately into deep
geol ogical formations after 30 to 50 years of storage for
cool i ng. In addition, the Japan’s Atom c Energy Conm ssion
submtted in October 1988 a report entitled “Long-Term Program
for Research .and Devel opnent on Nuclide Partitioning and Trans-
nmutation (P-T)", fromthe viewpoints of conversion of HHWinto
useful resources and its disposal efficiency. The program
plots a course for technol ogical devel opnent up to the year
2000 and is called “OVEGA” which is the acronym derived from
Options for Making Extra Gains from Actinides and fission
product s.

The programwas jointly stinulated by the collaborative
efforts of the Japan Atom c Energy Research Institute (JAERI)
and the Power Reactor and Nucl ear Fuel Devel opnent Corporation
(PNC) . In the private sector, the Central Research Institute
of Electric Power Industry (CRIEPI) has been al so carrying out
R&D on this subject.

The Japanese governnent (represented by Science and Tech-
nol ogy Agency) propos.ed an international cooperation for infor-
mati on exchange relevant to partitioning and transnutation
t echnol ogy under the framework of the CD Nucl ear Energy
Agency, in January 1989. The first informati on exchange neet-
ing on this subject was held in Japan in Novenber 1990. El even
OECD nenber countries and two international organi zations |,
namely | AEA and Joint Research Center of CEC participated in
the meeting. A workshop on partitioning was held in Japan in
November 1991 , and a specialist meeting on accel erator-driven
transmutation was held in Switzerland in Mrch 1992.

2. OVEGA PROGRAM I N JAPAN

The programis to proceeded in two phases: the phase-1 and
-1, The phase-1 covers a period up to about 1996 and the
phase-11 covers a period from about 1997 to about 2000. In
general, the basic studies and testing are to be conducted in
the phase-| to evaluate various concepts and to develop re-
quired technol ogi es. In the phase-11, engineering tests of
technol ogi es and/or denonstration of concepts are planned.
After the year 2000 , pilot facilities will be built to denon-
strate the P-T Technol ogy.
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2.1. PARTITI ONI NG

The principal technologies to be devel oped consist of the
followi ng three subjects and their R&D are to be conducted
according to the R&D schedul e shown in Fig.1.

Nuclide partitioning technology for HLW _
Technol ogy for recovering useful nmetals in insoluble resi-
due from

r eprocessi ng, and

Technol ogy for utilizing the separated elenents.

The partitioning is to separate HLW.into four groups:

i) TRU elenents ii) Sr-Cs elenents iii) Tc-Platinium el ements
iv) Qhers

Har noni zed and optim zed systemis to be studied to inte-
grate the partitionin? process W th the PUREX process and to
perform the best utilization and nmanagenent of nuclear re-
sources contained in spent fuel. Feasibility and anI!cab|I!ty
of dry process with nolten salt, and sublimation/volatilization
processes are also to be studied. _

The recovery technolog%his to be developed to obtain
useful elenments, 'such as Ru, and Pd, frominsol uble residues
of dissolved solution from reprocessing. Purification and
i solation techniques are also to be devel oped, for exanple, for
renovi ng | ong—lived pd-107 fromthe recovered Pd el enent.

The fabrication technol ogy of the separated TRU and fis-
sion products is to be developed for their further use or
di sposal . | mrobi |'i zation of the separated Sr and Cs is needed
for either utilization or disposal”

2.2. TRANSMUTATION °

The principal technologies to be devel oped consist of the
ollowng two subjects and their R&D are to be conducted al ong
with the R& schedule shown in Fig.2 and Fig. 3.

Application of nuclear reactor on transnutation

Application of accelerator on transmnutation.

Nucl ear reactor provides an extrenely rational neans for
the possible earlier realization of transnutation technol ogy
for TRU nuclides. Sodiumcooled fast breeder reactor with MOX
or netallic fuel can be applied for transmutati on of many ki nds
of TRU nuclides due to its relatively |arge high—energy fis-
sioning. TRU burner fast reactor is another candidate to be
devel oped due to its nore efficient transmutation capability
t han conventional fast reactor. Thermal neutron reactor is.
also an alternative, when plutoniumis used as nuclear fuel

OnMng to the recent remarkable devel opnent of accel erator
technol ogy, application of accelerators 1s beconmng nore at-
tractive as a means of transnutation. Proton accelerator is to
be devel oped to transmute TRU and | ong-lived FPs by spallation
reaction and associated |arge nunber of enmtted neutrons.
El ectron accelerator is also to be devel oped to transnute the
nuclides having small neutron cross—section, such as Sr-90 and
Cs-137 , by photo-nucl ear reaction. Hybrid system conbi ning an
accelerator with a subcritical assenbly will be studied to
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i mprove the overall energy balance of the transnutation system

/

2. 3. RELATED BASI C RESEARCH

Rel i able data base of TRU and long-lived FPs is indispens-
able to proceed the QOVEGA program Underlying studies on
physi cal and chem cal properties of TRU and FPs w !l inprove
understanding of the science and technology for separation and
recovery of these nuclides from HLW, for fabrication of TRU
fuel for recycling to reactors or accelerator-driven systens
for transnmutation, and for wutilization of these nuclides.
Nucl ear data and thernodynamic data of these nuclides will be
measured, conpiled and evaluated for reactor Physics and mate-
rial devel oprent.

he areas covered by the QOVEGA program and R&D activities
are illustrated in Fig.4.

3. RESEARCH AND DEVELOPMENT ACTI VI TI ES

Under the framework of the OVEGA program, the follow ng
R&D activities are under way at JAERI , PNC AND CRIEPI.

3.1. PARTITI ONI NG

Wet processes of partitioning are devel opnment. at JAERI AND
PNC. Dry processes are devel oped at CRIEPI AND PNC.

A. STUDI ES AT JAERI

A partitioning process has been devel oped to separate
elements in the HHWinto four groups. This process consists of
three major steps as shown in Fig.5.1n the first step ., the
HLW denigrated with formc acid is fed to the solvent extrac-
tion system where the DI DPA (diisodechl phosphoric acid) is
used as a solvent. The DIDPA is an excellent solvent to extract
not only tetra and. hexa valent ions but al so penta valent ion
wth addition of hydrogen peroxide. The TRU el enents , such as
residual Pu In HLWand m nor actinides (Np , Amand Cm , are
coextracted ‘wth rare earths (RE) into “the DIDPA , and then
separation of the TRU fronf the RE is carried out by using the
DTPA (diethylene triamine pantaacetic acid) as a conpleting
reagent. |In the second step, raffinate is fed through activated
carbon colum for separation final step , the high-decay-heat
generating elenents , Sr and Cs , are captured by inorganic ion
exchangers of titanic acid and zeorite respectively , |eaving
the final solution virtually free of both ultra-long-Ilived
radi oactive nuclides and hi gh-decay-heat generating nuclides.

In the mxer-settler experinents experinments wth the
actual HLW it was denonstrated that nore than 99.99% of Am and
Cn were extracted with the DIDPA. It was also Verified in a
series of the tests with the synthesized HLW that nore than
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99.95% of Np was extracted when hydrogen peroxide was added as
indicated in Fig.6. Regarding separation of the TRU fromthe
RE, a preferential back extraction of the TRU from the DI DPA
has been studied by using the DIDPA as the conpleting reagent
to hold the RE in the organic phase. Distribution ratios of Am
and RE were nmeasured in the batch shaker tests and conpared in
Fig.7 by using a stripping solution conposed of 0.05M DTPA, 1M
lactic acid and NH40H at PH value of 3.6. The separation fac-
tors were observed to be larger than 10 between Am and RE.

M xer—settler experiments are in progress to verify the effect
of PH variations due to extraction of NH4+.

The separation of Tc has been denonstrated bX adsor ption
with the activated carbon colum. Mre than 99% of Tc was
adsorbed from the synthesized HLW adjusted to 0.5M nitric acid
concentration and the absorbed Tc was eluted from the col um
very efficiently by usin% a eluant , 2M KSCN-4M NaCH ( al kal i ne
t hi ocyanate solution). The adsorption and elution of platinum-
ggoup metal s were also examned. And nore than 99.9% of Sr and

s were captured by the inorganic ion exchangers descri bed
above.

The proposed partitioning process is planned to be tested
in the sense’ of chemcal engineering and in parallel , to be
tested with the actual HLWat the Nucl ear Fuel Cycle Safety
Engi neering Facility (NUCEF) of which cold operation will start
in 1994,

B. STUDIES AT PNC [11[21[31

PNC's basic approath is to develop partitioning process as
a part of advanced reprocessing system where the inproved PUREX
process is closely conbined with TRUEX-like TRU separation
process as indicated in Figure.8 with enphasis on TRU recycle
in FBR system

As an effort to inprove PUREX process , studies are in
progress to control Np valence by electrochem cal and photo-
chemical nethods so that it is conpletely recovered in Pu
product stream for recycling in FBR Prelimnary experinents
are also in progress to electrochemically recover platinum-
group netals and Tc from di ssol ver sol ution.

A series of extraction tests have been conducted to recov-
er TRU from the HLW by using CMPO(octyl phenyl N,N diisobutyl
carbamoyl net hyl phosphine oxide) mxed with TBR as an extract-
ant. Fundanental batch tests were carried out to determ ne the
distribution ratios of TRU and FP elenents as well as to clari-
fy the fundanmental behaviors of the CMPO TBP solvent such as
the third phase formation and the precipitation. Follow ng
t hese fundanmental studies counter-current experinents wth
mniature mxer-settlers wer’e conducted based on the sinplified
TRUEX flowsheet wusing the actual HLW generated from FBR fuel
reprocessing tests. Concentration profiles for Am Pu and
typi cal FP uclides are shown in Fig.9. It has been observed
that Am and Pu were conpletely extracted by the CMPO TBP sol -
vent whereas such FP elenents as Cs and Sb were well retained
In the raffinate. However , the RE elenments such as Ce were
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co-extracted as expected from the batch shaker neasurenents.
Al so extracted into the solvent was a significant fraction of
Ri. Future studies are planned to inprove the process for Pu
back-extraction, to inprove extraction efficiency of Np, and to
devel op a process to separate TRU from RE el enent.

As an effort to recover noble netals from the nuclear
waste, the Pb extraction tests have been conducted with the
actual insoluble residue produced in the dissolution of irradi-
ated m xed oxide fuel. he tests verified that noble netals
such as Ru, Rh and Pd were efficiently recovered by this proc-
ess.

In addition to the devel opnent of aqueous separation
processes, experinmental studies are in progress to explore the
feasibility of dry separation process. One of the processed
met hods under investigation is the FP separation by super high
tenperature treatnment of the HLWas illustrated inFig.10. In
the prelimnary experiments, the sinulated HLWcalcined at 700
C was heated In inert atnosphere at 900 C at first and then
further heated up to about 1800 C. It was observed that nore
than 90% of Cs was elimnated by sublimation in 2 hours at 900
C, and nost of noble and transition netals were separated as
molten alloy from the oxides of remaining FP elenments (RE, Zr,
alkali earths and TRU) at 1800 C

C. STUDI ES AT CRIEPI [41

CRIEPI has ﬁroposed a concept to separate TRUS from HLW by
dry process with pyrometallurgical nethods and then to trans-
formto short-lived nuclides in a netallic fuel FBR under de-
vel oped [4]. This dry.process can be applied on the renoval of
TRUS from undi ssol ved residue and cl adding after the |eaching
by nitric acid without nmuch efforts for the nodification.
According to this concept, TRUS produced in LWR fuel cycle are
confined in the FBR cycle. Fig.11 shows the flow diagram of the

dry process for partitioning of TRUS. This process consists of
(1F denigration to obtain oxides, (2) chlorination to oxides to
chlorides, (3) reductive extraction to reduce TRUS from nolten

chlorides in liquid cadm um by using of lithiumas reductant,
and (4) electrorefining to increase the purity of TRUS recov-
red. Both the denigration and chlorination steps are pre-
treatment process prior to the application of pyrometallurgical
process. The first target on the devel opment of dry process is
to recover nore than 99% of TRUS containing in the HLW by
allowing the introduction of the sane amount of rare earths as
TRUS .

M crowave heating device was selected as the preferred
met hod for denigration of HLW because of the expectation of the
production of small anmunt secondary wastes and operating
safety in a hot cell. The technical feasibility of this method
was exam ned experinmentally, and a design study was carried out
for the assuned scale of the denigration step based on the
experiments. The specification of the facility with suitable
condition is presented in Table.l.

Chlorination using chlorine gas together with carbon as
reductant was selected as the preferred nethod because of
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recycling of chlorine gas by processing of salt wastes. The
feasibility exam ned experinentally, by using the apparatus
shown in Fig.12, sh.owed that nearly 100% of chlorination can be
attai ned under suitable condition with evaporation of sone
amount of specified elenments with chloride form which can be
recovered for the follow ng processing of” reductive extraction.
The assuned scale of chlorination step_was desi gned based on
the experimental study. The specification of the facility is
al so presented in Table.l. _

The TRUS, acconpanied wth sone anount of rare earths,
contained in nolten salts are reduced into liquid cadm um added
lithium as reductant. The principle of the reductive extraction
Wi th the subsequent step of electrorefining IS schematically
shown in Fig.13. |In order to eveluate the purity of TRUS recov-
ered in liquid cadmium it is necessary to obtain the distribu-
tion coefficients between salt and cadm um phases, and the
rel ated thernodynanic data, especially activity coefficients
and standard free energy of formation of chlorides forTRUs and
rare earths. The distribution coefficients nmeasured for acti-
nides of Uand Np and for rare earths of La, Ce, Pr, Nd and y
predi ct the separation factor between actinides and rare earths
151[ 61.

[ The electrorefining technology can be applied as prefera-
ble nmethod in order to get the TRUS with rare earth as |ow
Concentration as possible. The electrorefining wth liquid
cadm um anode or inert anode and solid cathode covered wth
nolten salt electrolyte, i.e. KCI1-LiCl eutectic salt, has been
applied. The separation study using rare earths has been car-
ried out in CRIEPI, and, noreover. , the anode dissolution and
cat hode deposition study using actinides has started within the
framework of the TRUMP-S Program organized by CRIEPI, Kawasaki

Heavy Industry (KHI), Rockwell International corp. (R) and
Univ.of Mssouri. The devel opnent of process technol ogy includ-
ing pre-treatnment process and the reductive extraction and
electrorefining steps will start from the beginning of 1993 in
CRIEPI .

The activity coefficients and free energy of formation of
chlorides in the eutectic salt and activity coefficients in
l[iquid cadmum were obtained by EM- neasurenents for rare
earths, of La, Ce, Pr, Nd, Sm Eu, Gd and Y, and for actinides
of U NP, Pu and Am [7]. The data gives the prediction of
separation efficiency of actinides from rare earths, as shown
in Fig.14. The figure suggests that recovery nore than 99% of
TRUS can be attained with the acconpaninent of rare earth |ess
than 10% to the initial amount in HLW

Cadm um used in the pyrometallurgical process is recycled
to the reductive extraction step after recovery of TRUS and
another elenents, such as noble netals, by the distillation.
The waste chloride salts containing fission products nainly of
al kali and/or disposal. It was clarified that the alkali and
alkaline earth elenents were reduced to netals by using the
graphite anode and liquid cadm um or zinc cathode. The chlorine
gas produced in the process can be”’ recycled to the chlorination
pr ocess.

30



3. 3. TRANSMUTATI ON W TH FI SSI ON REACTCRS

Optimzation of mnor actinide recycling into MOX-FBR is
studied at PNC.  Studies of mnor actinide recycling into
netallic fuel FBR are conducted at CRIEPI. Actinide burner
reactor design study and integral experiments to inprove cross
section data of mnor actinides
are carried out at JAERI.

3.3.1. MOX-FBR AND METALLI C FUEL FBR

A STUDIES ON TRU TRANSMUTATION | N MOX- FBR POWER PLANT AT PNC
[81[9]

Feasibility studies of TRU transnmutation in LMFBRs have
been’ perforned to establish TRU (exactly mnor actinides)
transmutation technology. Systematic paraneter survey cal cul a-
tions were perfornmed for a conventional 1000MWwe LMFBR core to
I nvestigate basic characteristics of TRU transnutation in an
LMFBR core and also to establish TRU | oadi ng net hod whi ch has
no serious influence on core design.

A het er ogeneous TRU-loading net hod, where a few nunber of
subassenblies wth concentrated TRU fuel (target S/As ) are
| oaded in the core, can have an advantage in manufacturing and
managi ng the TRU Loaded fuel since the nunber of the TRU-loaded
fuel subassenblies is smaller than that of the honbgeneous
nmet hod. An effort has been made so as to nake the heterogeneous
nmet hod feasible. The fuel pin design and the |oading pattern of
the target S/A were studied. It was found that the heterogene-
ous TRU-loading"nmethod with target S/As is feasible by reducing
the fuel pin dianeter |oaded with TRU and optim zing the | oad-
ing pattern of target S/As as shown in Fig.15.

Study on an innovative core concept for TRY transnutation
was also carried out taking into account the results of system-
atic parameter survey calculations. Feasibility from neutronic
point of view was studied on 1000MWe and 300MWe Super Long-Life
Cores with no need of fuel exchan?e during plant life. It was
found that remarkabl e reduction of both reactivity change and
power variation during burnup is possible by optimzing the
anount and zoning of TRU | oaded. The reactivity change and and
power swing during 30 years of “the optimzed core are |ess than
hal f of those of the Super Long-Life Cores with no TRU'| oaded.
The Super Long-Life Cores |oaded wwth TRU fuel were found
feasible fromthe neutronic point of view

R&D program are being pursued to establish the transnuta-
tion technology of TRU nuclides in LMFBRs. Irradiation of MOX
fuel pin including small anount of 241Am was started in JOYO
from August 1992.

B.STUDIES ON TRANSMUTATI ON IN METALLI C FUEL FBR AT CRIEPI

TRUS recovered by pyrometallurgical process will be trans-
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formed. to short-lived nuclides by fissioning in netallic fuel
with the matrix of U-Pu-Zr in FBR The research is directed to
él) the analysis of transnutation rare by simulation code and
esign study of fuel elenent and core, and the characterization
study of U-Pu-Zr alloy contained mnor actinides (NB’ Am and
and irradiation study. The latter activity has been pro-
ceeding by the cooperation wth the European Institute for
Transurani um El enents (ITU) of the Conm ssion of the European
Communities in Karlsruhe, Germany.

The CITATION-TRU code, developed by nodifying the burn-up
cal cul ation code of the CI TATION, pointed out that a nmetallic
fuel FBR is superior in the transnmutati on TRUS because of the
hard neutron spectrum The transnmutation rate of 13 to 14 wt%
per year of the |oaded TRUS is expected in the netallic. fuel
FBR. If the nmetallic fuel allows 5 wt% of mnor actinides in
the matrix, a netallic fuel FBR with the capacity of 1000MWe
can accept the mnor actinides produced from5 LWR plants with
the sane capacity per year at the equilibriumrecycle condition
[109. Moreover, the ClITE-BURN code, which can make the burn-up
analysis at the fuel rod unit, was developed for the analysis
of irradiation study. The analysis of sodiumvoid effect gave
no large effect’ on reactor operation so far as the content of
mnor actinides is up to 5% [11]. In addition, using the ana-
|ytical data for oxide sanples wth the bench mark cal cul ati ons
for transnutation was carried out in the cooperation wth KK
| TU and CRIEPI. This study showed that the prediction by calcu-
lation of transnutation of mnor actinides is accordance with
the experinental results.

As the first step, the alloys with binary alloys of acti-
nides, and U-Zr with rare earths, and U-Pu-Zr with mnor acti-
nides and rare earths were fabricated for the mscibility and
-characterization studies in the Institute for Transurani um
El ements. Through the study, the volubility of mnor actinides
and rare earths in the U-Pu-Zr alloy as well as the mscibility
of actinides were clarified. It was found that the rare earth
inclusion with anericiumdistributed uniformly along the grain
boundaries in the matrix, when the content of mnor actinides
was up to 5 W% [12]. In addition, the inportant paranmeters of
U-Pu-Zr alloy with mnor actinides and rare earths, such as
met al | ogr aphy and phase conposition, nelting point, Young's
nmodul us thermal conductivity, dilatometry, and redi stribution
of alloy conmponents in a tenperature gradient, were neasured.
The chem cal interaction between the alloy with mnor actinides
and stainless steel, and conpatibility of the alloy with sodium
were also examned prior to the irradiation study. Base on the
results, feasibility study was carried out for the irradiation
in CEA. Fig.16 shows the conposition of the irradiation fue
and the figure of the irradiation capsule in the PHEN X fast
reactor.

3.3.2. ACTINIDE BURNER REACTOR STUDI ES AT JAERI

Conceptual design study has been carried out on Actinide
Burner Reactor (ABR) which is a sort of fast reactor with very
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hard neutron spectrum specially designed for efficiently
burning of mnor actinides (MA). Two types of reactor design
wi th about 1000MVN t hermal power have been evol ved, which are
Na- cool ed MA all oy fuelled ABR (M ABR) and He-cooled MA nitride
particle fuelled ABR (P-ABR).

Low thermal conductivity and nelting point of MA alloy
fuel are the limting factors for the high MA burnup in the M-
ABR. Therefore, the particle bed reactor concept was sel ected
as the reference, which has the high efficiency in heat trans-
fer since small particle size produces @ larde heat transfer
surface per volune. The bed of coated particle fuel contained
i n doubl e concentric porous frits is directly cooled by helium
The fuel is a mcrosphere of MA nitride which is coated with a
refractory material such as TiN. The fuel concept of P-ABR is
conpared wth that of M-ABR in Fig.17.

In a cold fuel concept as adopted to the P-ABR, fuel
tenperature is to be kept lower than one third of its nelting
point to reduce mass transport. Since reduced nass transport
results in smaller swelling and gas rel ease, thickness of
coating |layer can be mnimsed to give |arge heavy-netal densi -
ty in order to obtain hard neutron spectrumin a core.

The reactor core design paraneters of M-ABR and P-ABR at
their equilibriumstate are shown in Table.2. In the P-ABR the
neutron flux is very high and the MA burnup per year is conse-
quently very high (17%, owng to the efficient heat renoval
characteristics of particle fuel. A fuel cycle based on the P-
ABR is being studied.

Reliabe database of MA is indispensable to increase the
accuracy of the ABR design. The integral experinments have been
conducted in the fast critical facility (FcA) of JAERI to
eval uate and refine neutron cross-sections for MA and accuracy
of nuclear data of MA conpiled in JENDL-3 nuclear data library
has al so been exam ned. The phase diagram and thernodynam c
studi es on M conpounds are being carried out under the cooper-
ation with the OGak Ridge National Laboratory (ORNL).

3.4. TW NSMUTATI ON W TH ACCELERATORS

A transnutation systemdriven by a proton accelerator i
studi ed and devel opnent of an intense proton accelerator i
under way at JAERI. At PNC, accelerator assisted or fusio
driven 'systens for Sr-90 and Cs-137" transnutation are eval uated
and an intense el ectron accelerator is under devel opnent.

S
S
n

A STUDIES OF A TRANSMUTATI ON SYSTEM DRI VEN BY AN | NTENSE
PROTON ACCELERATOR AT JAER

A conceptual design study on proton accel erator—driven
transnmutation plant has been made at JAERI, which consist of a
high intensity proton accelerator, a sodiumcooled subcritical
core, with MA alloy fuels and a tungsten target. As shown in
Fig.18, the central tungsten target is surrounded by the annu-
lar MA fuel region, which in turn is surrounded by radial and
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axial reflectors of stainless steel. A proton beam w ndow is
| ocated right above the target region and is designed to be
repl aceable. Hi gh energy protons are injected vertically down-
ward through the window into the target. The tungsten target
acts as a spallation neutron source. The principal design
parameters of the plant is shown in Table.3. The table shows
that the plant transmutes about 250kg of MA by fission and
produces 820MW thermal power by using

a 1.5GeV proton beam with a current of 39mA. Electric power of
246 MW is generated with a conventional steam turbine, and
supplies sufficient electricity to power the accelerator.

Study is also in progress on the system with a chloride
molten salt target as shown in Fig.19. The system has a poten-
tial to establish a continuous MA transmutation concept with
on—-line separation facilities for the spallation and fission
products, and to avoid the complicated processes being followed
by batch reprocessing for solid spent fuels and/or targets. The
preliminary system design parameters and the schematic image of
ine separation system are given in Table.4 and Fig.20,respec-
tively. In addition, study on transmutation of Tc and | by
using accelerator is also under way, in which Bi-Pb fluid
target surrounded by a heavy water blanket is preliminarily
used.

In order to verify the reliability of the high-energy
nuclear data and the computer codes developed at JAERI, the
integral experiment with a lead bulky target and 500MeV protons
has been carried out since 1990. The experiment to use tungsten
and TRUS will-also be conducted in near future

In order to conduct various engineering tests for the
accelerator-driven transmutation plant, a plan to construct the
Engineering Test Accelerator (ETA) with a proton energy of
1.5GEv and a current of 10mA shown in Fig.21 has been proposed.
As the first step of developing the ETA, the Basic Technology
Accelerator (BTA) with the proton energy of 10MeV and the
surrent of 10mA is ready to be constructed to study a lower
energy portion of the ETA.

B. STUDIES OF TRANSMUTATI ON BY USE OF ACCELER?T?F[AH FN?
1 14] 115

The transnutation nethods of Cs-137 using accelerators
have been studied. The transnutation rate and the transnutation
energy have berm eval uated by Monte Carlo cal culation codes to
examne the feasibilities. The new transnutation nethods have
been al so proposed and studied to achieve both high transnuta-
tion rate and |ow transnutation energy.

A high current electron linear accelerator with an el ec-
tron energy of 1oMev and a maxi num current of 100mA (average
20mA) i s under devel opnent. A schematic drawing of the acceler-
ator technol ogy devel opnent facility is shown Iin Fig.22.

Fabrication of prototype conponents is in progress. Proto-
types of main conponents such as an accelerating tube and a
kl yptron were assenbled and their RF power test is being con-
ducted. Reflecting the test results, the design will be nodi-
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fied.
The construction of the whole linac systemis schedul ed to
start in 1993, and the first operation is scheduled in 1996.

4. CONCLUSI ONS

Various R&D activities under the framework of the QOVEGA
program in Japan were presented here. These activities wll be
reviewed by Atomic Energy Commission, and the partitioning and
transnmutation technology wll becone nore and nore worthy to
reduce the long-term burdens of nuclear waste disposal and to
enhance the effective utilization of resources. However, it
should be recognized that the OVEGA program is not to seek a
short-term alternatives for established or planned fuel cycle
back-end policies, but is conceived as a research effort to
pursue benefits for future generations through |ong-term basic
R&D .
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Table 1. The Specification of Facilities

and the Operating Conditions.

(1) for Denigration

Conditions for Design

HLW

2,0001 / Day

Condition

Temperature 700 “C ~ 800 “C

Absorption Efficiency of Microwave 0. 7
Microwave Power per Unit Volume of Oven

0.03 KW /1 (Tentative Value)

Specifications

Major Apparatus

OvenZ2mWX2mL X2mH
Microwave Oscillator 100 KW X 2

Number of Batch

4 Batches/Day

Hot Cdll

SmWX8mLX4mI |

(2) for Chlorination

Conditions for Disign

Denigrated Material 300 kg/ Day

Conditions

Temperature 780 “C -

Carbon 36 kg
Chlorine Gas 1100 kg

Specifications

Major Apparatus

Chlorination Furnace 1.2 mDX 2.3 mH
Condenser 0.9 mbx 1.9 mH
Powder Blender

1.8 mW X 0.5 mL X 0.45 mH

Number of Batch

3 Batches/Day

Hot Cdll

5.5mMWX6mLX8.5mH
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Tab 1 e. 2 Reactor dzsign parameters of Actinide Bumer Reactors

M-ABRY P-ABR®

Fud concept prn-bunare coated particle

materiz] ICH:Np-22Py-20Z¢ (66NpAmCem-34Pu) N, ,

.0C:AmCm-35Pu-5 Y

MA initial loading,*? kg 666 “ 2065

Np/Am.CovPu 255/1991212 76515987702
Reactor powsr, MWth 170 1200
Coolant material S o d i u m Helium

velocity, m/s 8 total flow. kgfs 1088

inlet pressure, MPd 10
pressure drop. kPa 13

inlet temperature, T 300 127

outlet temperature{core max),T 1C:484 0C:440 340
Fuel temperzrure, T max?) IC:834 0OC:809 722
Clad t:.r’npcxzmrc.c max® |, 1C517 OC:484 Frit temperature, max 56 0
Neutron flux, 10° *nfem?.sec . IC:4.1 0C:3.4 8.4
Neatron fluence  (E>0.1MeV), 1080em? IC22 OC. 1.7 2.2
Core averaged mean neutron energy, keV  1C:766 OC:785S 743
Reactivity (% ak/X)

Na-void r:zc[ivity/core 252

Doppler reactivityfcore (& t=300T) -0.01 -0.01
Kinetic parameters

Bur 135X 103 1.72X10’

L,. sec 6.84 X 10 10.8X :-LOS
Cyclelength, fell-power days? 730 300
MA tansmutziion, %/cycle 26.0 25.3
MA bumup, %/cycle” 17.8 17.3

1) M-ABR:MA metallic fuel bumner reactor
2) P-ABR : MA panicke fuel bumer reactor
- 3) IC:laner Core, OC:Quter Core
4) After Ist eycle,only Np.Am.Cm arc added.
* 5) Predicted melting point of fuel $00T for M-ABR

Max. allowable temp. of fuel 727°C (/3 of M.P. 3000K) for P-A BR
6) Max.2llowable temp. of cladding/frit (HT-9) 650C
7) Fuel isradiation time
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Tabl e. 3 Design paraneter of minor actinide transmutation
system assisted by an intense proton LINAC

Proon Deam current 39 maA
Actinide inventory 3160 kg
Effective neutron nmul tiplication factor 0.89
No. Of neutrons per incident phot on 40 afp
No. of fissions’ — (>15MeV) 0.45 f/p
(<15MeV) loo f/p .
Neutron flux 4X 105/cm? . s
Meari neutron Energy 690 keV
Burnup 250 kgly
MA thermal out put fuel 800 MW
lungsti:n 20 Mw
o total 820 MW '
Power deasity . maxi mm 930 MW/m3
average 400 MW/m3
Linear pover ratio maxi mim 61 kW m
average 27  kW/m
Cool ant tenperature
outict maximum 473 T
aver age "430 C /
Maxi mum  tenperature
fuel center 890 €
surface 548 €
clad insi de 528 €
out si de 484 €
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Table. 4 Design parameters of target system and results of the
calculation for MA transmutation

Target Salt
Composition : 63NaCl-36(Pu, MA)CI:3
(Pu: MA = 15: 85)
(MA : Np, Am, Cm)
Volume: 2.6 m3

Weight “:9 ton
TRU inventory :5 ton

Effective Multification Factor
Kags = 0,92
Beam Power :1.5 GeV, 25 mA

Thermal Output :800 MW
Transmutation Rate of MA :250 kgly
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