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Requirements for the reactor facility without fuel
reloading on-site:

work for a long time without reloading the fuel (7 - 10 years);
no storage of fresh or spent fuel at the plant site;
mobility of reactor facility;

embarrassed unauthorized access to fuel for the entire period
of Its existence at the plant site and transportation, the
availability of design measures promoting the application of
| AEA safeguards;

minimum number of staff ;

higher level of safety, achieved through the intrinsic
properties and wide application of passive safety systems;

ability to withstand all postulated hypothetical accident

without radiological consequences.
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Russian approach to nuclear fuel cycle of mobile
nuclear reactor (MNR) without reloading on site

In Russia the system of MNR may be only a part of a large
nuclear power industry. The flow of spent nuclear fuel from
MNR in the shares will be of even less than the energy share
of MNR In total nuclear energy, as reactor fuel campaign is
about three times longer than in larger reactors.

m=) NFC of MNR must be part of the NFC of “big”
energetics, 1.e. MNR should be fully compatible with it.




Specification of the energy supply system based on MNR

Integral Energy System based on MNR

l l

External subsystem Internal subsystem

Network of low power nuclear power Engineering complex of the provider country:

plants based on MNR of modular design, manufacturing, service, repair, refueling, disposal of

design are close to consumers. MNR
NFC of provider country:

Application: - uranium mining, enrichment, production of fresh fuel, fuel
processing, waste disposal

- power generation or

- heat International (regional) service center :

- hydrogen generator - Full range of services to ensure the operation of nuclear power

- desalination, etc. sources




NFC services can be done by MNR country-
supplier or in the international service center.
MNR reactors have the technological and
constructive features that prevent fuel handling

outside specialized center services.




MNR reactor features important for fuel
management :

« fuel loading, which Is unsuitable for making
nuclear weapons (the enrichment of no more than
20 %);

« complete prefabrication and safe delivery to the
MNR site;

« Improved efficiency and higher quality
production due to the reactor modular design,

serial Industrial production, standardization and
licensing of the project;




(continuation)

 variety of installation;

« ease of control and management , tolerance to
faitlures of staff;

* Independence from the presence of high-tech
Infrastructure at the location.




Organizational support for the MNR safe
operation:

 minimal needs for ""nuclear'" infrastructure in the MNR
Importing country, where it Is necessary to develop
Institutional arrangements ensure the safety and reliability
of the MNR and the development of financial mechanisms
for the operation of the AE,;

« MNR production under IAEA safeguards (international
control);

« Physical protection against sabotage and terrorist acts;

« MNR monitoring system with information output into
the supplier country, the importing country and Iinto
International organizations;




(continuation)

« MNR Reactor is used an active zone with a long cycle of
fuel (7-10 years);

« MNR Reactor design should allow for the use of
different fuels (uranium, thorium);

* the fuel should be used as part of big nuclear energetics
fuel cycle, In particular the possibility of recycling / re-
fabrication;

 treatment of radioactive waste by modern waste
technologies;

 the use of clean technologies in the management of
cpent coolant.




NFC of TNR:

head-end (mining, enrichment,

fuel) — the same as for “big” AE;

back-end (SNF Management)

“fresh”
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SNF Property of MNR

Fuel burnup in MNR 1Is In 2 time or more
than i1t for stationary reactors of the same
type; other MNRs (for example, RITM-
200M) have greater energetical resurse of
Zones.
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Currently icebreaker fuel and spent
nuclear fuel of BN-600 reactor are
reprocessed together with the fuel of
nuclear power reactors at the ""Mayak"
plant, but the reprocessing of SNF of
MNR with an acting water-extraction
technology will be difficult due to high
radiation exposures and extragent
damage.
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For the reprocessing of fuel of high
burnup It Is studied the possibility of
modifying the extraction technology, as
well as the possibility of "dry"
pyroelectrochemical reprocessing
methods.
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Comparison of the current Russian AE the back-end

of NFC and MNR NFC :

Fuel fabrication AE MNR

+*)

Reactor +

transportation

The interval between ~3 years 7-10 years

reloading

Transportation + By

without reloading

Exposure / storage U

Reprocessing a0

Radioactive waste + +

management

*) + means availability and coincidence

14




Russia has a high degree of readiness
for delivery to the market designs of
MNR pbased on the reactors of
thermal neutron RITM-200M and the
fast neutron reactors SVBR-100.
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The main characteristics of the fuel
elements of reactor RITM-200M

Characteristic Value
External diameter, mm 6,9
Height of the active part, mm 1700
Fuel composition metal ceramic +
+ silumin
Uranium-235 fraction in uranium, % 16,0 - 19,7
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The main characteristics of the active zone of
RITM-200M (thermal reactor)

Value
Characteristic Active zone of
RHYTHM-200M

Thermal power, MW 150
Electric power, MW 36
Volume, m3 3,9
The campaign duration, eff « h 67000
Resurce, h 85000
U-235 download, kg 887,0
U-238 download, kg 3870,8
The average content of uranium-235 in uranium, % 18,65
Average / maximum accumulation of fission products in the fuel 0,555/0,920
composition, g/cm3
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SNF management (RI'TM-200M)

It I1s provided the ability to long independent
operation In remote areas. Reload of nuclear
fuel during the MNR factory repair provides
every 7 - 10 years. The handling of equipment
at MNR and site storage Is not provided.
Transportation of fresh and spent fuel
produced inside a reactor.
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SNF man agement (continuation)

Equipment for SNF and solid radioactive
waste management - wet and dry storage of
SFA and SRW, reloading complex located at
the plant performing (repairs, reloading) MNR
— 1t 1S combined with a system of SNF of big
energetics.
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Activity of fission products and actinides in spent fuel
for different times of exposure after reactor
shutdown, Bq

Radioactive Exposure time

nuclide 1 day 10 day 1 year 10 yaer
Kr-85 4.21E+15 4.21E+15 | 3.95E+15 | 2.21E+15
Sr-90 3.77TE+16 3.77E+16 | 3.68E+16 | 2.97TE+16
Y-90 3.91E+16 3.78E+16 | 3.68E+16 | 2.97E+16
Cs-134 6.76E+16 6.71E+16 | 4.84E+16 | 2.35E+15
Cs-137 4.48E+16 4,48E+16 | 4.38E+16 | 3.56E+16
Ba-137m 4.24E+16 4.24E+16 | 4.14E+16 | 3.37E+16

The amount of

fission products 3.81E+18 2.92E+18 | 4.77E+17 | 1.39E+17
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(continuation)

Radioactive Exposure time

nuclide 1 day 10 day 1 year 10 year
U-237 2.87E+17 | 1.14E+17 | 1.03E+12 0.00E+00
Np-239 1.82E+18 | 1.29E+17 | 2.07E+12 0.00E+00
Pu-238 2.22E+15 | 2.23E+15 | 2.28E+15 2.14E+15
Pu-239 1.77E+14 | 1.77E+14 | 1.77E+14 1.77E+14
Pu-240 1.23E+14 | 1.23E+14 | 1.23E+14 1.23E+14
Pu-241 4.41E+16 | 4.41E+16 | 4.41E+16 2.73E+16
Am-241 8.70E+13 | 8.87E+13 | 1.56E+14 6.43E+14
Cm-242 1.86E+16 | 1.80E+16 | 3.99E+15 0.00E+00
Cm-244 6.18E+14 | 6.17E+14 | 5.95E+14 | 4.21E+14
The amountof | 2.17E+18 | 3.08E+17 | 4.94E+16 3.08E+16

actinides

Total sum 5.98E+18 | 3.23E+18 | 5.26E+17 1.69E+17
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Power of residual energy of spent fuel, KW

Exposure time after Energy, kW
reactor shutdown

1 day 1100

30 day 269

180 day 110

1,0 year 68,6

2,0 year 41,9

3,0 year 31,8

10,0 years 17,8

15,0 years 145748
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NFC of reactor SVBR -100

Reactor SVBR-100 - Universal reactor with
an electrical capacity of 75 - 100 MW for
multiple use Is In the system of nuclear
power stations or as Independent energy
source. It I1s a fast neutron reactor with a
chemically inert lead-bismuth heat coolant
(LBC).
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Reactor unit can be  completely
manufactured at the factory and delivered to
the plant site or can be removed from the
site by different vehicles.

Small module dimensions and LVC
properties provide an opportunity to return
spent nuclear fuel without its unloading from
the reactor in the user country.
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Main technical characteristics and SVBR-100 reactor
specification in the nominal mode

Name and dimension specifications Value
Thermal power (nominal), MW 280
Dimensions of the active core: diameter x height, m | 1,645x0,900
Time interval between loading, years ~8
Loading of fuel (UO,) on uranium: 9130/16,1
mass/av. enrichnment, kg / %
The average fuel burnup, MW x day / kguU more than

65

Amount of coolant in the primary circuit, m? 19,3
Dimensions of the reactor monoblock: diameter x | 4,410x7,360
height, m
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With the current low prices for natural
uranium and enrichment services In the
next decades 1t will be used oxide
uranium fuel and work in an open fuel

cycle with postponed reprocessing of
SNF.
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Future needs to use "dry"
pyroelectrochemical methods for
SNF reprocessing In  molten
chloride and vibrotechnology for
refabrication of fresh fuel.
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Storage of spent nuclear fuel before
reprocessing (SVBR-100)

After retrieving the spent fuel assemblies from the
reactor, they are set in the canister with preheated In
an electric furnace above the melting point of lead.
Next, canister Is sealed and transported to "‘dry"
storage of spent nuclear fuel with natural air cooling.
At the same time lead In the canister gradually
hardens by forming an additional protective barrier.
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Small module sizes and LVVC properties
provide a unigue opportunity to return
SNF without its unloading from the
reactor In the wuser country. Fuel
transportation In reactor unit with
solidified LVC creates additional
technical barrier to fuel theft. Solidified
LVVC In the unit also eliminates the risks
of accident during transportation.
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Conclusion

NFC of transportable nuclear power reactors without
reloading at the site is compatible with “big” energetics
fuel cycle, representing a small part of it.

MNR features are considered at the example of reactor
RITM-200M and SVBR-100.

SNF is returned without retrieving from reactor
facility.

SNF Management including of SF reloading, short
exposure, long term storage, reprocessing and RW
treatment is realized at special plant in supplier-country

(or in international service center).
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