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Nuclear Power in Russi&tatus andProspects '.”

POCATOM

Present NP in Russialssedon thermal reactors (VVERL7/ RBMK- 11)

and open nuclear fuel cycle technologies.
Justone sodium fast reactor BMOO in operation and new B#f0O0 starts operating in 2015

GOYSNHE {GN)YGS3eé 2F wdzaaAil ¢ O2yaARSNI &ac
with 21 GW capacity (overall increasé4 GW assuming shutdown of old NPPs) by 203C

Nuclear Power NuclearPower

2014 2030
Other sources Other sources
of energy of energy
NP share in electricity generation is 17 % NP share in electricity generation is 20 %
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Russia irGlobal Nuclear Industry @

POCATOM

Uraniumenrichment

D

Armenia
Belarus
Ukraine
Kazakhstan
Czech Republic

Slovakia Nuclear fuel

Bulgaria
Hungary
Turkey

Iran
Jordan

Egypt

O Contracts signed

@ Prospective projects :

O Project in progress Uranium prod uction

| '; rf‘ 1 . D o~ O Y . b 4
(construction, modernization) Wi
29 new reactors (+ 9 under discussion) around the world by 20300
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RussiarStrategy G

of the LargeScale Nuclear Power Development

POCATOM

Criteria for the development of largscale nuclearpowe A 1 K G A Yy K S|

ZE15

1. Exclusiomf the accidents which require evacuation U

or relocation of localpopulation (breeding ratio BR = 1,05)
2. Efficientuse of natural U energypotential
3. Multi-reprocessingpf nuclear materials

in a way preservinghe natural radiationbalance

ONFC CNFC

99%
0,7 %

(equilibrium modein 25 year$
4. Minimizationof high-level wastes throughmulti-reprocessing The above mentioned
of MA with U-Pumix (decrease ofadioactive wasteb times) requirements can be met
5 T : : : : : only by integrated
. Technologicaleinforcement of the nonproliferation regime
development of new

(not separation ofPu& Ur) generation FR
and CNFC technologies

6. Competitiveness of nuclear power
LCOE (ONFC+GAS PP)>LCOE)(CNFC




ROSATONProgrammeof Innovative Development 6’
and Technological Modernization

VVER
technology

1 Short term S
optimization

Closed fuel cycls

_ based on
2 Medium term thermal and
fast reactors
Nuclear
3 Long term fusion
technology




R&D: Structure @

R&D areas basedn Nuclear Fuel Cycle
Uranium Uranium Uranium glrl]: dfabrication Electricity and -Ia-rr]%a;[gleg}m RW
mining conversion enrichment re-fabrication heat generation ofSNFy 9 treatment
R&D areas based on the NP L(@gcle

Designing and Equipping and _ Maintenance o
>Constructing > > Building Operation and Resource Extension Decommissioning

Statistics for the last Yyears

30 - Investmentin R&D, bill Rub
24.6
25 - 224225 54 545 55
63 51
15 - 49.8 49.6 49.5 49.7 49.7
10 -
5 - 12 International patents Average age, years

2009 2010 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 2016 2017  2006200720082009201020112012201320142015
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R&D: Needs and Infrastructure

O

POCATOM

R&D: Strategic Needs

® |[ncreasing of nuclear fuel cycle duration

¢ Development of robust fuel for present LWR
fleet

¢ Licensing majority of the commercial PWRs
for the 60 years

e Minor actinide transmutation
e Proliferation resistance fuel

¢ Fuel & reactor materials for next generation
reactors (VHTR, SFR, GFR, LFR, Supercritical
WR, MSR) are to be tested and approved

R&D: New Generation Infrastructure

® High flux reactor

¢ Experimental loops with different types of coolal
¢ [nstrumented reactor cells for pile testing

¢ PIE hot cells

¢ Research labs

e Facilities for manufacturing of samples, test
devices, assemblies, etc.

¢ Onsite fuel fabrication and spent fuel handling
facilities

¢ Development of new codes

¢ Developmentof supercomputer technologies

¢ Highly qualified staff

¢ Developed social infrastructure and acceptable
transportation availability




R&D:Areas @

POCATOM

Life Cycle Stage R&D Area
Technology of integrated geological modeling
and Conversion

NUEEEIRSIEIRE =T New fuel compositions and fuel rods (MOX and remix fuel for LWRs, dense FR fuel, fuel witl
and Refabrication

Largescale involvement of reprocessed uranium in the NFC
New structural materials for fuel rods and FA development

Electricity Development of power generating units with FR
and Heat Generation New source of fusion energievelopment and implementation

U CEUNERERRRAERTEE Creating pyre electrochemical and new hydrometallurgical technologies for SNF recycling

of Spent Nuclear Fuel
Development of technologies of minor actinides fractionation and recycling

Development of the basic technology for thermal reactors SNF processing
atPilot Centre JS§ A O SNA LY [/ KSYAOFt [/ 2Y0AYSEéD

RW Treatment R&D in longerm safety of RW deep dumping

NUEEETREETEHREI0 A |nformation and simulation modeling of territories and objects for the main types of radiation

Numerical and experimental methods of nuclear, radiation and ecological safety
analysis and substantiation

Life Cycle Development of new codes for design, technological and engineering solutions
Digital Technologies at the stages of the life cycle of nuclear facilities substantiation

NIRRT G E S ERE Properties in - accident conditions
and Radiation Technolog

New methods of isotope separation and enrichmesggearch and application




Management of ROSATOM Scienti@cganizations: @
JSC «Science and Innovations

POCATOM

Physics and Power Bloc

Electrophysical Bloc

Chemistry and Technology Bloc

R&D in the area of reactor, radiation
and nuclear technologies

Research nuclear reactors and
experimental installations

Works in the area of fast neutron
reactors (BN60O, BN, BN, BREST,
SVBRL00)

Developing new power systems
Developing and manufacture of fuel,
structural, and absorbing (based on
Boron10 and rareearth metals)
materials

Isotopes and RPh

Developing innovative nomuclear
technologies

Plasma and laser technologies;
Radiation technologies

Nuclear medicinetbmographs
cyclotrons, accelerators, gamray
plants)

Hightemperature superconductors:
materials and equipment on their basis
Non-destructive testing technologies
Inspection systems

New materials based on rarearth metals;
Technologies of uranium, rarenetal and other
ores processing

Obtaining nuclearclean structural materials,
high-purity substances, semiconductor
materials

Interaction of nuclear ionizing irradiations with
substances and materials

Developing radiochemical, radiaticohemical,
nuclearphysical technologies of manufacturing
products,functionalmaterials,nano-materials
and nano-technologies




Federal Target Program @
oNuclear Power Technologies of a New Generation

POCATOM

The following major facilities are planned to be developed MOX-fuel
and commissioned by 2020: =

w MOX fuel production line for BBIOO reactorg 400 nuclear fuel
assembles per year since 20Hs¢omplishell remix fuel for LWRs

w Nitride fuel technology is completed:
6 fuel assembles have been loaded in@&N.
Nitride fuel production plang 14 tons/year
(2014- start of construction)

A Multi-purpose fast research reacttdBIR
(2015¢ start of construction) PIK(2019¢ target)

A Prototypepower unit withlead-cooledfast reactor
BRESBOO (2016- start of construction)

300 MW (700MW thermal) gives assurance of a minimal reactivity margin
in the reactor core, by achieving core BR =1.05

w Design and construction of the esite closed fuel cycle
facilities for BRESDD300
(final proof for close fuel cycle technologies by 2025)
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0
MBIR: Unigue Research Facility u,

MBIR is a Multipurpose Sodium Fast Research Reactor

Plug Drive

e Heatpower: 150MW(t)
¢ Maximumfast neutron flux: 5.3-16n/(cm2-s) Refany P"‘g\
e Coolant Pb, PEBI, Na, He, salt

e Tenhorizontal and verticathannels

Vessel Loop Channel

¢ Upgradeablexperimentalcapabilities (more
loops, irradiation devices, channels, neutrc
beams, eto),

e PIE facilitieg analyticalabs

e Testingof materials forGenerationlV
innovativenuclearreactors (thereare 3 loop
channels in the core with irradiation
parametersundercontrol)

e Commissioningn 2020 (targek

¢ Designed life time: 5Qears

Reactor Core

Horizontal
Experimental Channels

Vertical
Experimental Channels
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Developmentof Metal Cooled Fast Reactdechnologies

O

POCATOM

Total reactoryears ~140

BN-800 (2015)

BN-350 (1973) BN-600 1980)
-—_—-,&L—ﬂ‘. - §

BEEE

v |

APL-705
experimental

Experimental
facility -
(1951) (1971) APL705serial

(1976-1996)

BN-1200 (2025)

BRESB00(2020)

Commercial
solution for
fast reactor
with CNFC

AL

FR-1200




GProryvé t N2 2SOl @

GProryvé  t N@EeeGkihipughe

aProry\e Project,which is to develop neweneration nucleapower
technologies,

basedon the closed nucleduel cyclewith fast neutron reactors,

hasbeen implementedindertheC ¢t & b dzOf S| NJ t 248 SNJ ¢
Generation fotthe period of 201 nmp YR dzy 0 Af. HAHAE

oProry\€ Projectis the transition from alemonstration ofseparate innovative
technologies to the integratedorld-class solutioni.e. a pilot demonstration
facility that includeghe onsite nuclear fuel cycle.

Theproject involves 3@rganizationsof which 1%re scientifiand educational
entities, and the total number acgngaged scientistsxceeds 1,500.
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at NENBEGE t NB2SOUG ! LILINE I C)KS@Q
Similaritieswith INPRO Basic Principles

POCATOM

1. Sustainableglobalnuclear energy systemequires improvemenbf current nuclear
power characteristics in kegreas:safety, security, nomproliferation, waste,
resource sustainabilitgnd economy

2. A systenbasedon fast reactor and closed fuel cycle technologies will be a critical
component of any large scale sustainaplebal NP

3. Development of FR and CNFC technologies is challenging and important mission,
particular for nuclear technology developer countries using or aiming to use nucles:
energy at large scale level

4. (Cooperation and assistance of nuclear technology holder countries to technology
user countries, particularly in such areas as infrastructure, nuclear safety, security
of fuel supply, waste management, and assurance ofpratiferation

5.  Transitiofrom presentNP systento the future FR based one wilé achievediia
2-component(VVER+FR) intermediadd® system

6. Externalfuel sources: Pu istockexisting + Pu to bproduced byL WRs + uranium
fuel

15



R&D Radiation Studyof Materials G

POCATOM

¢ Research in the area of the reactor material

technologies
¢ Improvementof structures
Reactor and e Justificationz2 ¥ G KS & 0 NHzO G dzNB a Q

experimental
installation ¢ Researclof the material initial physical

complex and chemical properties

¢ Research of the products after irradiation INPP

¢ Researclof radiation properties of thematerials

Material study and products

complex

~~

¢ Developing and manufacture of experimental
materials and products

¢ Testingthe product mockups at specialized test
facilities

16



. | B
ReactorCore Materials Study: Experiment&lase \,

POCATOM

Russiarresearch infrastructurancludes

¢ 6 Research Reactors
BOR60, SM3, MIR, RB®, IV\\2M, BARS

¢ 6 Critical Facilitieszgropower reactorg
includingBF&2 - the largest operating critical test facility
in the world

¢ 5 Highvoltage Accelerators
with the energies of singly charged ions
within the range 010.3-15MeV (Tandertron- 2016

e More 70 Test Facilities
for the fundamental research of th@evelopment
of theoryandcomputer codes

e More 80 Hot Cells of Testing Complex
in RIARthe largest in thavorld




ExperimentalBase: Research Reactors &

Allresearch reactorare successfully operated
and no failures were registered for the last 10
years.

The last modernization of the SM reactor was
completed in 1993 and it can be operated till,
at least, 2050

Reactor MIR M1 in RIAR Reactor IVV2M in IRM
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| N | B
ExperimentalBase: Critical Assemblies ‘.’

Russian Federatioownstwo unique
Critical Assemblies (IPPE): BEBRdBFS2)
for investigating the fast reactors
neutron-physical parameters

Critical facilityASTRA (NRC Kil)
IS used for thea@search

of neutronic characteristics

of different HTGR core
configurationsacquisition

of experimental data for
validation of calculational
models andcodes

ASTRA
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