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Abstract. Today nuclear power plants in the Russian Federation Produce about 800 tHM of spent
nuclear fuel (SNF) per year. About 100 tHM/year of Russian origin spent fuel is being reprocessed at
the PA Mayak RT-1 plant. Most part of the spent fuel is being accumulated in wet storage facilities
both at-reactor and away-from-reactor types. Due to economic difficulties construction of the new
reprocessing plant near Krasnoyarsk (so called RT-2 plant) was delayed for at least 15 years. Near-
term storage of the accumulated spent fuel is now the only option considered for the RBMK spent fuel
and part of the WER-1000 spent fuel. Dry storage of the above spent fuel both in casks and in vaults
is considered as a preferable storage option for near-term future. First dry storages will be in operation
before the year 2005. Besides part of the WER-1000 spent fuel will be reprocessed at PA Mayak site
after PT-1 reprocessing plant modernization. Increased amounts of submarine spent fuel resulted from
disarmament process also will be reprocessed at the plantBoth current and delayed reprocessing will
be the main spent fuel management option for the Russia in years to come. This will be accompanied
by R&D activities to optimize and simplify chemical reprocessing and waste management operations
to improve economics of the reprocessing activity. Partitioning of the waste streams, conditioning and
long-term storage of immobilized minor actinides will be the most important part of the work to be
performed in laboratory and semi-industrial scale. Future deployment of fast neutron reactors will
facilitate both separated plutonium and MA utilization in a form of reactor fuel.

1. ACCUMULATION OF SPENT NUCLEAR FUEL IN RUSSIA

Three types of spent nuclear fuel primarily are to be taken in consideration:

RBMK spent nuclear fuel;
VVER-1000 spent nuclear fuel;
VVER-400 spent nuclear fuel.

In addition BN-600 spent fuel, submarine and research reactor fuel are of concern.

TABLE I. ACCUMULATION OF RUSSIAN ORIGIN SPEND NUCLEAR FUEL

Type of spent No of reactors in Spent fuel discharge Spent fuel accumulated
nuclear fuel operation MT HM/year in Russia, MT HM

(Russian/Foreign) (Russian/Foreign) (1998)

RBMK H/3 ~ 550/n.a. 7800
WER-1000 7 /13 - 1 5 0 / - 2 8 0 Over 2500
WER-440 6/18 - 8 0 / -240 -

All RBMK spent fuel is now stored at reactor sites in wet AR and AFR storage
facilities. Estimated amount of RBMK fuel to be discharged during reactors life-time is
around 22500 MTHM.
VVER-1000 spent fuel is stored up to 5 years at reactor pools and after that period is
transported to RT- 2 plant wet storage facility (Krasnoyarsk). The RT-2 storage capacity
is 6000 MT HM.
VVER-440 spent fuel from Russian, Ukrainian and some European countries is
reprocessed at RT-1 plant (South Ural). Most part of the European fuel is stored at NPP
sites. Starting from 1978 about 2400 MT HM was reprocessed at RT-1 plant. Currently
PT-1 plant also reprocess uranium spent fuel from BN-600 reactor and from
submarine/icebreaker reactors.
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2. OPTIONS FOR SPENT FUEL MANAGEMENT IN RUSSIA

Taking into account operation of NPPs in Russia the near-term perspective (up to the year
2010) will be connected with the following problems:

Current storage capacities for RBMK and VVER-1000 spent fuel is being exhausted;
Only a few new VVER-1000 units will be deployed, while 4 VVER-440 units will be at
the end of operation life;
PT-1 plant reprocessing capacity is being used on less then 30%;
Increased amount of submarine spent fuel will be released during disarmament process.
This fuel will be stored and to be reprocessed.
Waste management system of the RT-1 reprocessing plant need to be improved to meet
regulations and requirements for final disposal and shipment of the immobilized
radioactive wastes.

To meet these challenges Minatom experts are now evaluating different possibilities. Draft of
the Minatom's Concept for Spent Fuel Management includes possible delay in reprocessing
of accumulated VVER-1000 spent fuel for at least 20 years and dry storage option for both
VVER-1000 and RBMK fuel.

Delay in reprocessing will allow MINATOM:

to accumulate funds for future investments in construction of reprocessing and final
disposal facilities;
to develop and test in laboratory & semi-industrial scale advanced reprocessing
technology (including dry technology) with improved waste management scheme for
long -lived radionuclides.

Meanwhile in years to come there is need for investments to refurbish PT-1 plant with the
primary aim to shift reprocessing activity from mainly VVER-440 fuel to VVER-1000 fuel
with the reprocessing rate of -300 MT/year of and optionally to reprocess PWR-type fuel.
This will help to improve economics of the plant and PA "Mayak" and accumulate the
necessary investments.

As a part of RT-1 plant refurbishment construction of 2 new ceramic melters for vitrification
of liquid waste is under way. The new facility will start operation early 2000 year. Additional
bench-scale facility with cold crucible melter will be in operation for the immobilization of
long-lived waste and wastes with complicated chemical composition.

Future spent fuel management in Russia include:

refurbishment of RT-1 plant for reprocessing VVER-440 fuel and part of discharged
VVER-1000 spent fuel, increase in reprocessing rate for the submarine spent fuel
(currently ~ 10 MT/year);
delay in reprocessing of the already accumulated VVER-1000 spent fuel;
long-term dry storage option for the accumulated VVER-1000 and RBMK fuel;
geologic storage/disposal of some amount of spent fuel which can not be reprocessed.

Preliminary results of feasibility study show that construction cost for the dry storage facility
at RT-2 site close to 500 million USD for -30 000 MT HM capacity. The cost estimates
include construction of transport containers and concrete vaults for dry storage of ~22 500
MT of RBMK fuel (in halves of subassemblies) and -8 000 MT of VVER-1000 fuel.
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Final decision for processing or final disposal of RBMK spent fuel will depend on such
factors as:

economic considerations (storage, reprocessing and/or disposal cost),
long-lived waste management option including feasibility of the environmentally safe
long-term storage / final disposal of spent fuel;
development of Russian nuclear legislation/regulation;
public and local authorities involvement

One of important issues is interconnection of spent fuel management program with future
steady development or decrease in the nuclear power in the Russian Federation.

Taking into account Russian experience in spent fuel storage and reprocessing, current
intermediate wet storage and future dry storage availability, there are plans for receiving
foreign fuel (up to 10 000 MT) for its long-term storage on Russian territory with future
optional reprocessing or return back. These options might include reactor burning or
incapsulation of minor actinides and some of the long-lived nuclides from this fuel. We
believe that new developments in quality of spent fuel service will facilitate construction of
new NPPs in countries which have no possibilities for final disposal of long-lived wastes.

3. RECOVERED NUCLEAR MATERIALS AND RADIOACTIVE WASTE
MANAGEMENT

Reprocessed uranium from RT-1 plant is currently used for fresh fuel manufacture. Amount
of recovered and stored civil plutonium is 30,5 MT (mid of 1999). This material was
considered as future fuel for BN-type reactors - construction of the first BN-800 unit is
scheduled for the year 2010 at Beloyarskaya NPP. Reactor core for BN-800 was designed for
the RT-1 reprocessed plutonium utilization.

Additionally to the civil Pu stock up to 50 MT of excess weapon-origin plutonium have to be
utilized in Russian reactors according to bilateral Russia-US initiatives. Minatom consider W-
Pu utilization in commercial reactors as a first step to future industrial-scale use of Pu in a
form of reactor fuel.

Well known problem of long-lived radionuclides such as minor actinides (MA), Tc-99 and I-
129 also is under consideration.

Different extraction technologies for partitioning of radionuclides are considered and tested
for use at RT-1 and future RT-2 plants.

As an example cobalt dicarbollide extraction technology was already tested in pilot scale for
Cs and Sr removal from RT-1 waste streams. Later on MA oxide concentrate was obtained
from the raffinate of this process.

Electrochemical reprocessing of fast reactor fuel coupled with vibropacked MOX technology
is under development and bench-scale testing in RIAR (Dimitrovgrad). This technology can
also be used for development of proliferation-resistant closed nuclear fuel cycle.

Final stage of any fuel cycle connected with waste disposition. Major part of low- level waste
is now stored on site at NPPs or fuel cycle facilities. Near surface disposal for solid and
solidified waste, as well as deep well injection of short-lived liquid wastes are currently in use
in Russia.
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For geological disposal of the radioactive waste and unreprocessed fuel several sites are
considered. The potential candidates are:

PO "MAYAK" site (porfirite) for vitrified wastes from RT-1 operation;
Nijnekanskiy rock massif (granite) for future RT-2 plant immobilized wastes and/or
spent fuel;
Novaya Zemlya island (permafrost);
East Siberia, Bilibino NPP (permafrost) for spent fuel and NPP operational waste.

Final selection will depend on such factors as transportation routes for waste delivery to the
disposal site, nature of the waste and the isolation properties of host rock.

Russian nuclear power and industry for nuclear fuel cycle now are in a transition period.
From former socialist economy with the governmental funds available for the nuclear
facilities construction and operation today Russian nuclear industry shifts to the new market
economy. This transition includes new "rules of the game ", new legislation and regulation
procedures, changes in business relations between enterprises and companies. All that mean
that necessary steps are to be taken in current complicated situation for future development of
Russian nuclear power and fuel cycle industry.
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