International Atomc Energy Agency 1990- 11- 01

ACTIVITIES ON ACTINIDE BURNING AT IAEA
AND IN USSR, REP. OF KOREA, INDIA, CHINA AND CSFR

M.J. CRIJNS
Di vision of Nuclear Power

| AEA

106



ACTI VI TI ES OF ACTINIDE BURNING AT | AEA
and in USSR, Rep. of Korea, India, China, and CSFR.

| NTRODUCTI ON

The nmanagenent of radi oactive waste i S one of the key issuves in today’s
political and public di scussions on nuclear energy, especially the long-term
di sposal of high-level radioactive wastes. Rat her than waiting for their
radi oacti ve decay, it is principally possible, to reduce the period of
toxicity of the actinides - and long-lived fission products  through
transmutation of these isotopes in fission reactors or accelerators. It is
claimed, that the transmutation of “burning” of the actinides and |ong-1lived
fission products could reduce their half-lifes by two orders of magnitude and
hence reduce the length of time for which confinement in a repository has to
be assured.

| AEA

During the mid seventies, the Agency conducted a Co-ordinated Research
Programme in its Division of Nuclear Safety on the “Environnental Evaluation |
and Hazard Assessment of the Separation of Actinides from Nucl ear Wastes
followed by either Transnutation or Separate Disposal”, in which several
related studies carried out in the Federal Republic of Germany, Italy, Sweden,
the United Kingdom the United States and the Commission of the European
Communities were perforned. The results and conclusions on the overall
concept were published in 1982 in a report [1]. The report aimed to assist
Mermber States to consider their future research activities and policy with
regard to waste managenent for the actinide el ements.

In the Nuclear Fuel Cycle Division there exist some activities on the
separation and the partitioning of specific elements fromhigh |evel waste.
Recently, an | AEA report [2] on the “Feasibility of Separation and Utilization
of Ruthenium Rhodium and Pal | adium from H gh Level Wastes” was published and
a simlar one on Cesium and Strontiumis under preparation (A draft document

wi |l be discussed at a small neeting in Decenber). (The problem of nucl ear
data needed for various evaluations is taken care of in the Nuclear Data
Section. In this Section a technical document is being prepared on the review

of transactinium isotope decay data. At a neeting, Internediate Energy (20
Mev - 1000 MeV) Nuclear Data for Applications, Vienna, 9-12 Cctober 1990, data

requirements for  “incineration” projects in Japan, USSR and USA were
discussed). A list of target naterials and nonitor reactions for different
future accelerator incineration projects was produced. The data types of
interest include the elastic scattering angular distribution of the

projectiles, production cross sections for spallation products, double
differential cross-sections for secondary particle production, neutron capture
and fission cross sections for higher actinides. Only scarce experinmental
data and very few evaluations exist in the region of incident particle
energies above 20 MeV. The npbst urgent need is to conpile all existing
experinmental data in the internediate energy range and to validate the
existing theoretical nodel codes. Experinental measurements in this energy
range are very costly and it was felt that the majority of data requirenments
inthis field will be net by calculations. The exceptions would be the cases
when high precision of the data is required.
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An | AEA Consultants’ Meeting on “Nuclear Data for Neutron Emission in the
Fission Process” was held at the | AEA Headquarters, Vienna, from 22-24
Cctober,  1990. The nmeeting addressed itself to the following tw nmin
objectives: 1) to review the needs and the experinental and theoretical status
of data on neutron enmission in fission;, and 2) in the case of identified
urgent needs, to forrmulate and establish specific tasks and goals for a new
Co-ordinated Research Programme on “Physics of Fission Neutron Emission and
its Nuclear Data Applications for Actinide Burner Studies”. The neeting took
into account the outcone of the previous Consultants' Meeting on this subject
held in Mto city, Japan, 24-27 Nay 1988. New information was presented at
the 1990 Meeting in Vienna:

1. The need of inproved neutron multiplicity data ©(A,E;) (as a function
of fragnment mass nunber A and neutron incident energy En) for nmmjor
actinides, and nissing data on U(A,E;) for ninor actinides of
rel evance to waste incineration.

2. The need of data on fission neutron spectra N(E,E,) for various
nuclides i ncluding minor actinides of relevance to waste incineration.

3. Application of new techniques for nmeasuring $ and N(E) as a function of
neutron energy.

4, New data on S(Ep) neutron spectra N(Ey) for a few neutron incident
energies for several nuclei.

5. New results obtained from multiparameter studies of neutron enmission in
fission. These results give essential information on fission neutron
em ssion nmechanisms and in particular, on nuclear level densities of
neutron rich fragnment nuclei. Such data often camnot be obtained by

ot her neans, but the information on neutron em ssion nmechani sns and | evel
densities is required for example for theoretical prediction of neutron
spectra for unknown cases of nminor actinides of inportance to studies on
waste incineration. Several questions still remain to be resolved
concerning the ability to extrapolate from known fission neutron data to
that for unknown cases.

At present nost nuclear data files lag behind the theoretical advances
that have been made in this field and discussed at this meeting.

M nor__Actini des

The present requests, which are derived from fuel cycle considerations,
fromreactor designers/physicists [3] are for cross-sections only and it
happens fromvalidation on integral data that nmost of them are net, as a
general figure turns around % 10%

In the future, if the burning actinide projects are considered for real
application, then the needs will evolve towards strongly different requests,
such as better accuracy on the cross—sections and new types of data
[Sp(E), N(E)], for the already identified isotopes (2378p, Am and Cm
i sotopes) and for new ones. In the nore stringent context (the in-situ
burning ofactinides) the inportance of delayed neutron yields should not be
om tted.
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In order to provide liaison between OECD and non-0ECD countries, the |AEA
held a small neeting for non-OECD countries (22-25 Cctober 1990) to
investigate their current and planned activities. Their activities are
included in this report, as well as their comments on the OVEGA project. In
its 1991/ 92 Programme, the Agency plans to conduct a survey on problems and
prospects in fractionating of high-level waste with further transnutation and
utilization of selected elenents and to pronpte and coordi nate experi nental
and eval uation research required for the generation of new and nore accurate
data bases (such as neutron fission and capture cross-sections for secondary
actinides, neutron capture and scattering cross-sections for |ong-lived
fission products and neutron activation and transmutation cross sections for
reactor structural materials). For its mediumterm programme, the | AEA i s now
investigating which additional activities related to the actinide burning
(such as separation and recovery techniques, fabrication of fuel/targets,
i mprovenents of presently available nuclear data, system design, technology
aspects and rel ated physics) could be undertaken. However, in order to
successfully assess prospects for future activities on actinide burning, all
aspects and activities by other countries and organi zati ons should be
consi der ed.

USSR

Today the USSR is engaged in the research connected with |ong-lived
actinide i sotope and npbst dangerous fission products burning. Progress in
atom c energy requires ecologically safe waste mnagement. On the one hand it
means keeping the bal ance between nature on uranium activity and on the other
hand wastes activity to be disposed of. [It’'s known that fission products will
not greatly affect the natural radioactive bal ance. Actinides will define the
waste activity after about 500 years and the corresponding activity level wll
not sharply decrease over mllions years. The recycling of Pu and actinides
(Np, Am Cm, produced through reprocessing of spent fuel, in a reactor or
accelerator is the nost direct way of handling long-lived radioactive wastes.

Actinide partitioning and separation of isotopes for industrial use
remain an inportant part of the USSR research. A summary of these activities,
on physical, chenical and material properties (including nuclear data) and on
accel erators has not be provided to date.

The burning of actinides will be nobst efficient in FBRs, where the
probability of the fissioning of actinides is higher than in thernal
reactors. The choice of the FBR type for actinide burning will depend on the
progress of atom c energy. One of the options nmay be to use currently
devel oped FBRs while introducing gradually actinides from thernal reactors in
its fuel cycle. Estimates carried out at the Institute of Physics and Power
Engi neeri ng have shown that recycling of actinides from three WER 1000
reactors can be realized in the fuel cycle of one BN-800 (with 3-4% actinides
inthe fuel). In this case the BN reactor core can bumupto 100 kg actinides
per year. Further results have shown that the nunber of WER-1000 served by
BN-800 can be much higher, wto 20 VVERs [4], but it will require sone

drastic changes in the fuel cycle. It seems quite possible a more effective
burni ng node coul d be devel oped in a special reactor with a hard neutron
spectrum [5]. In this case, safety problenms will play a major part in

devel oping such a core, because the sodiumvoid effect is expected to be upto
2 times higher.
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The cal culations connected with actinide burning will demand an increase
in the nuclear data accuracy. The error inthecross-section conponent in
criticality calculations of a reactor with a high actinide fraction does not
neet the required accuracy necessary in reactor calculations. At present,
integral experiments with pure sanples of actinides are carried out.  Special
attention has been paid and will be paid to technol ogi cal aspects connected
with the actinide burning; such as the separating of actinides from spent fuel
and the fabrication of full assenblies containing actinides.

The USSR is interested in participating in an international cooperation
and plans to continue R& on actinide transmutation according to the follow ng
programme:

1. Theoretical devel opnent of the physiochem cal concepts of actinide
transmutation;

2. The creation of a nuclear cross-section library to provide research
cal cul ati ons;

3. R&D on the actinide extracting technology and the fabrication technol ogy
of actinide fuel;

4. The devel opment of a special FBR core for actinide burning;

5. Nucl ear fuel cycle R& for special actinide burners; devel opment of the
necessary shielding and of cost estimates for such a fuel cycle.

REPUBLI C OF KOREA

Korea supplies about 50% of its total electricity needs through nuclear
power generation. The role of nuclear power as an alternative energy source
to oil has been obviously upgraded. Currently, the problem confronting the
nucl ear power policy is howto treat and where to store or dispose radioactive
wast es including spent fuel. According to a prelimnary survey to solve this
problem a plan to construct an interimstorage facility of 3000 tones of
spent fuel has been made and the conceptual design will be finished by the end
of this year. The facility should comrence operation by 1998, storage
capacity will be saturated in the mddle of 2000s.

Therefore, considering of the Korean situation during this period a
fol lowup policy regarding spent fuel nanagenment should be established. As
one feasible option, the partitioning and transnutation of radioactive waste
for the further devel opment of nuclear power could be undertaken in Korea.

A Korean research project consisting of 3 phases over a 10 year period
wi Il be undertaken in the fields of partitioning technology, recovery of
pl ati num group elements, and transmutation through one or nore nethods.
Twenty three researchers will be involved in this project, and the research
topics for each field is sunmarized in Fig. 1

Devel opnent of Partitioning Technol ogy

The final purpose of the nuclide partitioning technology from radioactive
waste is the devel opnment of separation and purification technol ogies of

sel ected key el ements. The various separation techniques include solvent
extraction, precipitation, and crystallization, ion exchange and ultra
filtration. Because each elenent, especially the transuranium (TRU)

elenents, has its own peculiar properties, it is expected that a high purity
of each elenent nust be reached for the sinmplification of the transmutation.
In order to develope the separation and purification technol ogies, the Korean,
R&D programme has 3 research phases.
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PARTI TI ONI NG ARD TRANSMUTATI ON OF RADI CACTI VE WASTE

—

Pd-107 Separation by Development of Partitioning Transmutation by =~ %)

Laser Beam Technology Proton Accelerator

. Theoretiicall study of | |. Study of equi pment . Establishment of
atomiic smpectroscopy characteristics nucl ear data base

. Devellopment of hiigh || Study of process control . Theoretical evaluation
power Laser system . Devel oprent  of and devel opnent of a

. Devellopaent of partitioning process conputer code
evaporator technofogy;| Construction and operation|| Study of target design
Study of ion of a lab-scale . Devel opment of a target
separation equi pnent partitioning test facility|| fabrication technol ogy
React or kinetics of Construction and operation||. Devel opment of
of multi-photon of a pilot-scale facility accel erator technol ogy
i oni zation Production of raw material ||. Analysis of econonics
| npl enentation of for transmutation target
Pd-107 i sot ope
separation

* temporarily deci ded upon in Korea.

Fig. 1. Research topics of the partitioning and transnutation programre.

Phase 1. a survey of the published data and experinments regarding the chenical
and physical properties of each element in aqueous and organic solutions will
be carried out by 1993.

Phase 2 (1994-1996): the partitioning behaviour of each group (TRU group,
pl ati num el ements group, Sr-Cs, and others) or elenent, by using sinulated
high level waste, will be studied in a |ab-scale nmock-up system  The opti mal
separation and purification process will also be determned in this study
considering interaction phenonena anong the nulti-conponents.

Phase 3: the design and operation specifications of the partitioning process
will be established by constructing and operating a pilot-scale partitioning
process by 2000.

Pal | adi um 107 Separation by lLaser Beam

It is well known that the ampbunt of platinum group elenents in spent
nucl ear fuel (burnup: 30,000 Mwd/t in PWR) is about 4 kg/ton H.M., Even if the
spent fuel has a high content of platinum group elenents these elements cannot
be directly used as functional raw material in the industry wthout the
separation of the Pd-107 isotope (half-life of 6.5 mllion years).

Consequently, it is foreseen that the |aser beamtechnology will be
adapted to separate Pd-107 from the platinum group elements partitioned from
the sinmulated radioactive waste. This programre consists also of 3 phases.




The basic research to develop the isotope separation technology will be
carried out in phase 1 (1991-1993). In this phase, a narrow band | aser
system a vacuum | eak detection systems, and a nonochronator wll be
devel oped. Phase 2 includes construction and test operation of a snmall scale
mock-up system to renove Pd-107 by. 1996.

Based on the results obtained from phase 1 and 2, pilot-scale tests wll
be performed in phase 3 (1997-2000).

TRU Transnutation by Proton Accel erator

In view of the Korean situation, even if there are nmany nethods to
transnute Np-237, AM 241, Am 243, and Cm 244, the proton accel erator has been
temporarily selected as the nost promising method at this tine.

In the field of transnutation, the main research and devel opnent topics
in the Korean programe are conputer code devel opnent and the el emental
t echnol ogy devel opnent for a conceptual design, target system RFQ and
accel erator tubes. It is expected that real transmutation tests wll be
carried out through international co-operation.

[nternational Co-operative Wrk

Wth an eye to the public acceptance for the nuclear industry and the
flexibility and safety of radioactive waste treatment and di sposal, pioneering
research on nuclides partitioning and transnutation technol ogies is believed
to be very inportant in those countries that have nuclear reactors. As such
an effort requires various research activities, a long research period, and a
huge research budget, it is strongly recomended that the research and
devel opment inplenentation be conducted through an international co-operation.

Korea suggests the following international co-operative strategy for the
partitioning and transnutation of nuclides:

participation in OVEGA projects to be granted to non-CECD countries;

an international conference be convened on a regular basis for an
extensive exchange of information;

the R&D activity in each country be perfornmed under | AEA co-ordination
and the results be reported to |AEA for the peaceful and effective
application of this technol ogy.

| NDI A

Significant quantities of special actinides |ike Np, Am and Cm have
accunul ated in the spent fuel of nuclear fission reactors over the last four
decades. These actinide nuclides are generally |ooked upon as nuclear waste.
Criticality paranmeters like MR, Ko K% oR for over twenty fissile and fissible
i sotopes of different actinide el ements have been cal culated for both fast and
thermal systens. These results clearly showed that every isotope of the
transuranic el ements is a nore valuable nuclear fuel than, the corresponding
fissile/fissible i sotopes of plutonium  This finding has a profound bearing
on the long lived fission waste problem and supports the view that the
byproduct actinide el ements should be separated fromthe high |level waste
stream and recycl ed back into fission reactors, thereby elimnating one of the
comonly voiced concerns regarding the acceptability of nuclear fission power
[6]. Further a nunber of interesting systematic and correl ations have been
deduct ed by analysing the criticality data of the special actinide nuclides
using the concepts enbodied in the Trombay Criticality Fornula (ICF).
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A 35-group cross-section set with P3 anisotropic scattering Oatrices
have been generated with the MNX code from the ENDL-82 basic point
cross-section data library for a nunber of actinide nuclides, whose half-life
is more than one month.  However, for uranium and plutonium isotopes and for
hydrogen, oxygen, *’Np and 244Cm the BARC-35 group cross-section set
based on ENDF/B-IV files has been used. Since point cross-section data of
23lpa are not available to India, the cross-section set for this actinide
was obtai ned by conbining BARC evaluated data in the 1-20 Mev energy range
with the “33Pa data of JENDL-2 file for bel ow one Mev.

The transport theory code DIF IV was used for a spherical geonetry with
S16-P3 approxination. Criticality data were generated for both bare and
reflected fast systens. Mnimum critical masses of fissile actinides in
solutions and ke values of both fissile and fissible actinides as a
function of the noderation ratio were also calculated [7].

A plot of the fast system k, val ues against the fissibility paraneter
(z2/6) for the fissile actinide nuclides showed a remarkable 1linear
correlation with ke, increasing linearly with (z2/A). An “eye-fit” to
the data points gave the followi ng relation.

ko =1 + 0.682 [ Z/A - 34.1]

The above equation suggests that a threshol d [z2/a] val ue of at | east
34.1. is required to sustain a fission chain reaction in non-noderated fissile
syst ens.

Another inportant observation was that the variation [1/02] with
(z2/a) f or fast systemswasalsolinearandasimpleexpression or
[oB] was obtained as

o = 94
[(Z2/A) - (Z2/A)¢p]

where  (Z2/A)¢n, is 34.1 for fissile and 34.9 for fissible nuclides.
(NOTE: 0 is a surface mass density, b stands for bare system and c for
critical).

Plots of neutrons |eakage probability for fast critical actinides showed
that «gtgq Vvalues (i.e. standard size o values) for the fissile and
fissible fast assenblies are 77 and 107 g/cm? respectively.

The variation of the nonl eakage probability with critical core radius for
both bare and water, reflected solution systens of fissile nuclides in general
exhibited a linear relationship. For further details see [8] and [9].

The fast criticality data of *7cm and 24am did not fit into data
of other actinides as far as the different correlations nmentioned above. This
suggests that the basic point cross section data for these nuclides need a
fresh appraisal. Conparison of Indian fast critical nass data with ANS|
val ues for fissile nuclides clearly indicates that there is a need to |ook for
new nucl ear data of 23lpa and 24lAam. Scrutiny of Indian data and ANSI
data shows that considerable disagreenent exists in the criticality data of
242pm, 243cm, 245Cm, 247Cm and °5'C nuclides.
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Presently there are two options available to take the pressing problem of
actinide waste. In the first approach, actinides enmbedded in suitable targets
are transnmuted with the help of high energy protons or electrons. In the
second approach, actinides are to be used as fuels in fast breeder reactors.
In either case the successful design and operation very nuch depends upon the
quality of basic cross section data available.

Even though a nenbers of libraries |ike ENDF/B-V, JEFF 2 are avail abl e,
nor nuch effort has been put to test these libraries BARC, India has reported
criticality data for npbst of special actinides using ENDL-SL and ENDF/B-IV
libraries. It is therefore suggested to generate simlar data using |atest
available libraries to find out discrepancies anong these libraries. It is
also inportant to carry out sensitivity analysis to specify accuracy
requirenents on the basic data. These libraries can be tested to some extent
by measuring the reactivity worths of small sanples of the individual actinide
nuclides in zero energy fast reactor systens.

CHIRA

Reprocessing of spent fuel in China started in the late sixties. Since
then a large volune ofhigh radioactive waste was accunul ated and stored in
under ground t anks. Before vitrification of HLW it is advised to separate
actinides from the rest of the fission products due to its long half-life and
hi gh bi ol ogi cal hazard to manki nd. On the other hand, sone transuranium
el enents and fission products could be used for different purposes in the
industry and scientific research, if these elenents could be recovered from

HLW in pure state. During the last decade, three different chenical
flowsheets for separation and recovery of actinides have been devel oped in
China. Research activities are still ongoing at present in-order to optini ze

the process.

1. Reverse Talspeak Process

Np has a linmted application and usually spreads over the whole sol vent
extraction cycle due to its peculiar chemical behaviour in nitric acid. The
ratio of Np03 to Np04* strongly depends on the concentration of
HNO2 present in the nitric acid, which is unstable and easily deconposes in
to NO and NO,. China's Jain attention has been focused on the restriction
of No into HW  Therefore, the first step is to keep Np in the penta-valent
state in the first co-decontam nation cycle. Results of experiments show that
if an additional aqueous stream of NaNO2 is introduced in the mddle of
extraction cascade and the concentration of HNO,in HLWis kept around 0.05
M, nore than 90% of Np will be in the HLW if the concentration of HNO,in
the feed solution is 1.5 M or less; less than 90% of Np will be in the HLW if
the concentration of HNO,in the feed solution is nore than 2 M [10].

The next step is to separate Pu and Np fromtri-valent transplutonium
el ements and FP by extraction with 30 vol%x TBP/OK, First, the HLWis treated
With Fe(NC;),and NH,for reduction of Np and Pu to its |ower valent
state. Np*+ could be quantitatively extracted when concentration of HNO3
in the cascade remains relative high, for exanple, 4 M HNO, then, Np4t in
the organi c phase can be stripped with diluted HNO3, for exanple, 0.2 M.
Recovery of Fp in this step achieves nore than 95%  Then, Np goes through an
ion exchange colum for further purification, especially for renoval of Th
being in co-existence with Np. In this case, the purity of the final Np
product neets the specification of Np [11].
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Separation of tri-valent transplutonium el ements from RE is acconplished
by extraction with 0.3 M HDEHP - 0.2 M TBP - K The better extraction of
bot h actinides and lanthanides can be obtained only when the pH of the
solution is in the range of 2-3. So, the solution conming fromthe extraction
process for recovery of Np nust be treated with formal dehyde for denigration
of HLw. In the second cascade, Np#t is stripped with a conpleting agent
DTPA - Lactic Acid (PH=3). Transplutonium elenents will go into aqueous
phase and R.E. renmains in the organic phase. The separation factor is about

103, In the third cascade, RE is stripped by 2M HNO, [127] . For
separation of transplutonium elenments itself, liquid chromatography could be
used.

If it would be desirable to recover €s and Sr, the HLW should after
removal of Kp and Pu pass through a columnfilled with zeolite to absorb Cs
and , after renoval of tri-valent actinides and R.E, the solution should pass
through a cation exchange colum to absorb Sr.

2. DHDECMP Pr ocess

DHDECMP is a bidentate or ganophosphorous extractant which is able to
extract tetra-, hexa— and tri-valent actinides and lanthanides from aqueous
solution with high acidity [13]. So, it is applicable directly to extract
both actinides and lanthanides from HLWwithout pre-denitration. The chenical
flowsheet for separation of actinides and lanthanides consists of three

cascades. In the first cascade, all actinides and lanthanides are extracted
into 30 volx DHDECMP in diethyl benzene (DEB). 0. 05 M oOxalate i n washing
solution is used for inprovenent of 95zr-“Nb decontam nation. Mor e

than 99% of the actinides and lanthanides coul d be recovered fromHW In the
second cascade, the majority of actinides and al nbst all lanthanides are
stripped from the organic phase into an agqueous phase by re-extractant
consisting of 0.05 M HNO,- 0.005 M Fe(NO3),. The rest of U Np and Pu
in the organic phase can be stripped in the third cascade by neans of a
conpl eting agent-oxalate at low acidity, for exanple, 0.01 M HNO,.

For separation of actinides from lanthanides, a nodified reverse Talspeak
process, as mentioned above, can be used. However, the problemis the acidity
of the solution coming fromthe CWP process. The acidity of the above
solution is about 0.2 M, which is higher than the acidity needed for the
typi cal reverse Talspeak process. There are two choices, one is denigration
and the other is to apply a high concentration of HDEHP, saying 1 M for nore
effective extraction of actinides and lanthanides.

3. .TRPO Process

TRPO is a Oixture of tri-alkyl phosphine oxide with 6 to 8 carbon atons
per nol ecule and is a by-product fromthe petro-refining factory. TRPO can
extract all actinides and lanthanides with different valent State except for
Np0} in the range of acidity from 0.05 Mto 1.5 M. It can strongly
extract zZr and Tc too. The chemical flowsheet consists of denigration of HLW
to 1-1.5 M HNO3; reduction of Np and Pu to its |ow valent state, extraction
of actinides and lanthanides with 30 volX TRPO-OK; strip 1 with 5.5 M HNOj
for recovery of tri-valent actinides and lanthanides; strip 2 with 0.6 M
H,C504 for recovery of Ne and Pu and strip 3 with 5% Na,CO, for
recovery of U Prelimnary experiments show that TRPO has a potential to be
used as industrial application for renoval of actinides from HLW  Further
work nust be done for optimzation of process condition [14].
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The transmutation of actinides after their separation from HLW has not
been considered at the nonent.

China will be interested in the follow ng research programe:

CWP + Reverse Talspeak process for separation of actinides and lanthanides
Separation of Ru, Rh, and Pd from both residues and HLW

Yi el d of radiolytic degradation product and its influence on property of
extractant. Recovery of used extractant.

Sem -industrial operation of extraction process for renoval of actinides
in hot cell.

THE CZECH ARD SLOVAK FEDERAL REPUBLIC

In the CSFR, prelimnary anal yses have been carried out, considering
possi bl e options about the backend of the fuel cycle:

final storage of spent fuel on the USSR territory without Czechoslovak
participation;

construction of a new reprocessing plant or final disposal facilities in
the USSR with Czechosl ovak participation, in the meantine the spent fuel
woul d be stored in the CSFR;

final long-term storage of spent fuel in the CSFR

reprocessing on a comercial basis in a conmercial reprocessing plant and
accept receiving vitrified waste.

The choice of one of the above nentioned alternatives which is expected
be realized after the year of 2000 is presently being considered.

As early as 1965, the first |aboratory Purex reprocessing was carried out
in collaboration with the Boris Kidrich Institute in Belgrad by staff of the
Institute of Nuclear Research (Rez, CSFR). In 1973 several hundred grans of
plutonium were isolated on a |aboratory scale in NR (Rez) by a Purex
procedure using cascades of nixer-settlers. Since 1977 |aboratory work on the
isolation of 137¢cr and/or ‘°Sr has been perforned using the method of
sol vent extraction.

Together with specialists of the Institute of Inorganic Chemistry of the
Acadeny of Sciences in Prague a novel extractant, cobalt dicarbolide [(w-(3)

1.2 - C289HXC111_X£§C0]' was  synthesized and suggested as an
efficient isolation of 7Cr and — using the addition of a sxnergl stic
reagent, pol yethyl ene glycol - also for the extraction of The

devel opment of technol ogical flow-charts and their testing was carried out in
col l aboration with specialists of Radium V.G. Khlopin Institute in Leningrad.
The basic chenical “reactions, methods of back-extraction, radiation stability
and mechani sm of radiolysis were studied in Czechosl ovakia; |aboratory and
pilot plant experiments with real high level waste were carried out in the
USSR The technol ogi cal schenmes devel oped vvege used to prepare on a
sem-industrial scale tens of tons of 137¢s and ?9Sr in USSR Laboratory
work in Czechosl ovakia proved that the reagent can also be used for the
i solation of palladium and actinides.

The main features of the processes based on the use oOf dicarbolide of
cobalt are:

the possibility to extract cesium, strontium from solutions of a
relatively high nitric acid concentration

high selectivity of separation (Cs/Na, Ba/Sr, Sr/Ca)

| ow | osses of the reagent in the aqueous phase
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exceptionally high chenmical and radiolytical stability of the reagent
the possibility to use the volum nous anion to extract several conponents
(Cs, Sr, actinides, Ba, etc).

The main problenms which were solved to a certain degree

the difficulty with achieving an effective concentration of the elenents
separated in the final aqueous phase

the toxicity of nitrobenzene as an inportant conponent of the organic
phase in sone schenes.

The main sources of information on work performed up to now are |isted
separately [15 to 21].

During the period 1987 - 1989, the activity of the research group of 3 to
5 co-workers at the NRI (Rez) was financed by the Radium Institute in
Leningrad due to the fact that the high |evel radioactive wastes from
reprocessing exist in the USSR, but not in CSFR. The financing of the
activities in 1990 is ensured by a grant from Czechoslovak basic research
funds .

Starting by the year 1991 the activities of the research group involved
in the research described cannot be financially supported using the previous
types of funds and NRI would be interested to perform research workin the
field of actinide partition under the condition of attaining a contract with
the framework of the programme of a nmore conplex nature. The activity could
include |aboratory research in the field of solvent extraction of actinides or
fission products using reagents such as the dicarbolide, polyethyleneglycols,
crowns, bidentate phosphororganic extractants according to the general or
specific request of the conpl ex programme. One of the promising directions
could be based on prelimnary positive results obtained in studying synergetic
effects obtained with the simultaneous use of the dicarbolides and the above
phosphororganic reagents of crowns. In case of interest work in ion-exchange
separation both with organic and inorganic ion exchangers could also be
carried out using highly experienced professional staff.

PROPOSAL FOR IRTERRATIORAL COOPERATI ON

L. The 1AEA Oight function as a nediator between the CECD states research
efforts and those of non-OECD states (exchange of information, etc.)

2. The nutual information about activities occurring in the non-OECD states
is highly desirable.

3. The inclusion of the problens of PT (such as radiochemical research,
nucl ear data, reactor physics and design aspects) into existing |AEA
fornms of co-ordination whenever possible. Information of countries whose
specialists cannot participate in the respective nmeetings.

4. The IAEA should organize an international synmposium on actinide burning.

5. | AEA mi ght encourage pooling of financial means of the OECD states and

those which are not nmenbers of OECD with the objective of establishing
suitable projects (senmi-industrial pilot plants etc). oriented to
partitioning or transmutation. The incentive for governnents be devote
financial means for these purposes night be the possibility to attain
waste from reprocessing wthout actinides or long-lived fission products.

*x X kX X k kx k %
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Annex_|

Comments and Renarks on the Contents of the OMEGA Proiect.

1. Physi cal and Chenical Properties of Elenents Generated in the Nuclear
Fuel Cycle

Mechani cal properties should also be included.

The relevant data should be provided with the same accuracy as those of

uranium and plutonium isotopes. Experimental benchmarks should be carried out
and sensitivity anal yses be perfornmed.

1.1 Chenical properties and behaviour of the actinide species in aqueous and
organic solution

Include in the studies other separation systenms such as ion exchange and
precipitation methods.

1.2 Analytical techniques and nethods

If the techniques are nmeant to be used during partitioning, they should
be incorporated under 2 (i.e. between 2.2. and 2.3). Oher techniques should
be included |ike new devel opments in on-line techniques and inprovenments in
radiometric analysis. Software for conputerized process and anal yses shoul d
be devel oped.

1.3 Physical and chenical properties of various actinide conpounds

Add rmetallurgical in title. Study al so stoichiometrical properties and
phase transitions.

1.4 Collection and eval uation of nuclear and thernmodynam ¢ data of rel evant
el ement s

Add (B, Beff) after delayed neutron data. Cross—section data for
fission reactors are required for the whole fission energy range.

study of thermodynamics for prediction of. nulti-phase (such as
solid-liquid, liquid-liquid and solid-organic-liquid) and multi-conponent
equilibrium included in high livel waste systens.

2. Partitioning technol ogy

The necessity of minimzing the arising of secondary wastes and the
reduction of the waste volume should be stressed. Systematic studies should
al so be included on:

the distribution ratios and separation factors of actinides, fission
products and other conponents in multicomponent systens for the
sol vent extraction technol ogies

degradation and third phase formation of solvents

extraction and re-extraction kinetics.

2.1 Partitioning of high-level liquid waste with wet and dry processes

It is suggested not to Ilimt separation into “four groups” but into
“several prelimnary groups”. Subsequent separation of individual elenents
shoul d be provided.

Conpar ative evaluations of proposed partitioning processes should be
carried out with respect to technical perfornmance, cost effectiveness and
envi ronmental aspects.
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In the future, efforts should be oriented to the separation of the
unburnt or newly produced elements in the actinide burner.

2.2 Recovery of Platinum group netal s-recovery technol ogy

No conmments
2.3 Fabrication technology of the fuel and target materials

Fabrication should be done into high integrity and intrinsically safe
fuel or targets exhibiting high retention of the nost hazardous conponents.
The technol ogy of handling the highly radioactive materials should be inproved
and the conditions of safeguards fulfilled.

Properties of all possible fuel matrices should be exanmined and tested.

Attention should also be paid to the follow ng powder characteristics:
size distribution, fluidity, conpatibility, har dness, porosity, and
sinterability.
2.4 Partitioning in the reprocessing process

No coments

3. Transnut ation

Nucl ear reactor chains of (higher) actinides and fission products should
be incl uded.

Based on the approach (i.e. selected system) the need for specific data
(nucl ear, physical, chemical) should be defined and al so investment and
operation costs estinmated.

3.1 Transnutation with (FBRs)

I nclude the devel opment of fuel assenmblies, the equation of state for
t hese actinides in the safety cal culations and risk assessment anal yses.

3.2 Transnutation with TRU burner reactors

Irradiation tests of fuel assenblies containing actinides should be
performed in sub-critical and critical facilities.

3.3 Transmutation with proton accelerators

Not only experiments on |ead and uranium targets, but also on actinide
and fission product targets should be perfornmed.

34Transnutation with el ectron accelerators
no coments
3.5 Conmparative Analysis

Comparative analysis of above and of other transnutation systens should
be carried out.

*x kX k x kX %k k% k %
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