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The basis for the import of RR SFA to the Russian Federation is a
government-to-government agreement.
Some Gov-to-Gov agreements (Uzbekistan, the Czech Republic,
Kazakhstan, Ukraine) provide for the return of conversion products
produced from RR SFA reprocessing.
The conversion products are regenerated U, Pu, TPE, separate or mixed
radionuclides and RW produced from SFA reprocessing.
RW are nuclear materials and radioactive substances produced from
SFA reprocessing, for which no further use is planned.
The nuclear fuel imported to the RF under the U.S./Russian Gov-to-Gov
agreement and any nuclear material (except RW) produced from the
nuclear fuel shall not be shipped from the RF or fall out of the jurisdiction
of the RF. RW is the only material to be returned to the SFA supplying
country (regenerated U, Pu, and Np are never returned).
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Legal Framework for Import and Management
of RR SFA and RW

The quantity of the conversion products to be returned is determined by the
methods agreed on by the parties basing on equivalence of the activity of the
previously imported SFAs intended for reprocessing and the activity of the
conversion products returned with account taken for natural radionuclide
decay during interim storage of the spent fuel and conversion products, as
well as treatment of irradiated fuel assemblies.
So, to fulfill international commitments to return the RW, it is necessary to
develop repeal methodical approaches, which shall be agreed on by all
concerned authorities and agencies in Russia, the SFA supplying country, as
well as to determine the quantity, quality and form of the RW to be returned to
the SFA supplying country after treatment of an SFA batch. The RW
characterization methods should take into account the technology state-of-the
art.
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Peculiarities of Reprocessing the Spent Fuel and
Handling the Conversion Products at Mayak PA
Mayak’s SFA handling procedure includes the following stages:
 interim storage;
 SFA treatment to separate targeted conversion products (U, Pu
and TPE);
 RW conditioning;
 interim storage of conditioned RW.
The interim storage period depends on the SFA activity and the
reprocessing plant's schedule and can come to several years. In
average, it is 2 years.
The SFA reprocessing technology is based on the PUREX process
(extraction). The PUREX process includes dissolution of the SFAs and
extraction of plutonium, uranium and neptunium from other fission
products and actinides. The ready-made products of the RT-1 plant (the
targeted conversion products) are uranium, plutonium and neptunium.

4

Peculiarities of Reprocessing the Spent Fuel and
Handling the Conversion Products at Mayak PA

The PUREX process allows extracting 98-99 % of the targeted conversion
products (U, Pu and Np) from the nitric-acid solution of the spent fuel. In
average, the share of the targeted conversion products (U, Pu and Np)
remaining in the RW is 0.14% of their initial content in the SFA.
The SFA reprocessing yields the following radwaste:
 vitrified RW containing almost all fission products (except gaseous and
volatile ones), Am, Cm and remaining U, Pu and Np;
 tritium distillate;
 refined nitric raffinate;
 iodine;
 krypton and 14C.
The vitrified RW is the only to be returned. The return of other RW is
unfeasible. The contribution of the nuclides left is compensated by other
ones in the RW returned.
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Peculiarities of Reprocessing the Spent Fuel and
Handling the Conversion Products at Mayak PA

Liquid RW containing the bulk of FP, Am, Cm, dissolved structural material
and remaining U, Pu and Np is vitrified in an electrical ceramic melter to
produce sodium aluminophosphate glass.
A Foreign Trade Contract for SFA storage and reprocessing specifies the
RW interim storage period and a necessity to decrease irradiation and heat
release to the level allowing safe transportation of the conditioned RW to the
SFA supplying country. As a rule, the RW interim storage period does not
exceed 18 years.
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RW Quantity Equivalence Criterion


The quantity of the conversion products to be returned to the SFA supplying
country is determined by the methods agreed on by the parties basing on
equivalence of the activity of the imported irradiated SFAs intended for
reprocessing and the activity of the conversion products returned with
account taken for natural radionuclide decay during interim storage of the
irradiated fuel and conversion products, as well as treatment of irradiated
fuel assemblies.
Problems:



Most of the fuel reprocessed at Mayak PA is power reactor SFAs. The
volume of the fuel receipts, relation by types and integral characteristics as
of the date of delivery change insignificantly over time. The radionuclide
composition of the research reactor SFAs by the FP vs. actinide relation
significantly differs from that of the power reactor SFA.



There is no definition of the "activity equivalence“.
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Nuclide Activity Dose Equivalent

Ai ⋅ Di

– potential hazard of nuclide i, where:

Ai
Di

E = ∑ Ai ⋅ Di

– activity of nuclide i, where:
– dose coefficient of nuclide i,
(expected effective dose per unit of nuclide intake,
Sv/Bq)

– potential hazard of a nuclide mixture

i

Criteria of SFA and RW activity equivalence based on the activity dose equivalent
were used for all calculations of the RW returned under SFA import projects (the
Czech Republic, Kazakhstan, Ukraine, Uzbekistan).
This criterion is similar to and correlates with other ones used in international
practice, i.e. the BNFL criterion (report EUR17241EN).
The main drawback is the time dependence of the dose equivalent.
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Time Dependence of Activity Dose Equivalent
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Depending on the relation of short-lived nuclides to long-lived ones in the mixture, the
rate of change in the activity dose equivalent can differ significantly.
For the highly enriched fuel, the contribution of actinides at the initial stage is several
magnitudes lower than that of fission products.
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Different Approaches to Definition of Equivalence
Equivalence as of the date of RW return
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The percentage of the actinides in the RW is higher than in the SFA, since the
research reactor SFAs are down-blended with low enriched power reactor SFAs.
Neither of the approaches seems reasonable...

10

Integral Activity Dose Equivalent

E = ∑ Ai (t ) ⋅ Di

If

- reflects a potential hazard of the
nuclide mixture at the instant t,

i

∞

then

S = ∑ S i = ∑ ∫ Ai (t ) ⋅ Di ⋅ dt
i

i

t0

- will take into account the total
potential hazard of the mixture
over the period of its existence
(beginning from the date of the
RW return and "for ever")

The advantage of the integral activity dose equivalent is time
independence and accounting of the potential nuclide impact duration.
This instrument allows a fair comparison of the nuclides even with totally
different half-lives.
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Example of Using the Integral Activity Dose Equivalent
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The areas under the curves are equal.
The higher (at the initial stage) potential hazard of the nuclides (SFAs) imported to
Russia is compensated by a higher potential hazard of those (RW) removed later.
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Comparison of Approaches for a Specific Batch of SFAs
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Legal Aspects of Import and Handling RR SFA and RW

RF Government Decree No. 418:
Article 4. The import of irradiated nuclear fuel assemblies to the RF and the
return of the previously imported irradiated fuel assemblies or conversion
products shall be implemented under international agreements and foreign
trade contacts concluded by the organizations authorized by the RF
Government.
Article 12. The return of the conversion products to the supplier’s country shall
be implemented on the following conditions:
c) the foreign trade contract specifies the inventory, composition, physical
form, quantity and type of packaging for the conversion products to be
returned.

14

Conclusions
There is a legal and normative framework that sets general requirements for
determination of the RW quantity to be returned to the SFA supplying country.
The RT-1 plant has been using a technology for the safe SFA reprocessing and
RW conditioning for many years.
Vitrification is a high-performance method for RW immobilization ensuring its high
radiation and chemical stability and safe handling.
The lack of specific and unambiguous definition of the equivalence in standards
and the absence of a universally recognized reasonable equivalence criterion
make agreement between the parties involved more complicated.
The SFA and RW activity equivalence criterion should be based on the
equality of a potential hazard (radiotoxicity) of the nuclide mixture in the SFA
and RW with account taken for natural radionuclide decay during SFA
handling at the radiochemical plant.
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Thank You for Attention!

Sosny Research & Development Company, Russia

