











Il ATOMHAA

¢ Tmnamm BBOP. (Komnanua AKME-Engineering 6bin1a
yupexaeHa B 2009 rogy «Pocatomom» n En+ Group,
dmnmnanom Basic Element Group, kak coBMmeCcTHOe
NPeANpPUATME C PaBHbIM y4aCTEM CTOPOH.)

BbibpaHHbI BapraHT C NepexoaoM Ha BbICTpble
peakTopbl MOAPa3yMEBAET Pa3BUTIE TPEX PasHbIX
TEXHOMOMM: CYLLIECTBYIOLLMX TUMOB ObICTPOro peakTopa
C HaTPWEBBIM OXTDKAEHNEM 3MEKTPUHECKON MOLLIHOCTHIO
nopsagka 800 MBT, 6bicTporo peaktopa CBBP co
CBUHLIOBO-BMCMYTOBbBIM OXJTXKAEHNEM SIEKTPUHECKOWN
MoLHocTeo 100 MBT, 1, HakoHeL, BbICTPOro peakTopa
BPECT co CBYHLIOBBIM OXMTaXKAEHMEM C 3NEKTPUHECKON
MoLLHOCTE0 300 MBT. NoMuMOo 3Toro, K KoHLy 2020
roga npegnonaraeTcs NOCTPOUTb MHOMOLIENIEBO
1ICCNeaoBaTeNbCKUM PeakTop Ha ObICTPbIX HENTPOHAX
(MBWP) mowHocTeio 150 MBT. O6Lwmn 6romykeT
CTpoUTENBCTBA ObICTPbLIX PeakTopoB A0 2020 roga
cocTaBngaeT nopsiaka 60 mnpa py6., B OCHOBHOM U3
cpencTs enepanbHbix cpeacTs. Liensio mporpammbl
aBnsieTcs 70 % POCT 3KCMopTa BbICOKOTEXHONOMMYHOMO
obopyaoBaHus, PaboT 1 yCnyr, NPeaoCTaBAAeMbIX
POCCUINCKOWM aTOMHOW OTpacsibto, K 2020 rogy.

Peaktop BPECT co CBMHLOBbLIM OX/1aXKAEHNEM, KOTOPbIN
nnaHvpyeTcs nocTpouTtb B 2016—2020 rr., byaeT
NpencTaBNsaTb COOOM PeakTop Ha BbICTPbIX HEMTPOHAxX
HOBOIO MOKOJEHNS, e 30Ha BOCMPOU3BOACTBA
pacrofiaraeTCcs BOKPYr akTUBHOW 30Hbl. OH MpUAEeT Ha
cMeHy npoekTy BH-600/800 1 obecne4nT NoBbILLEHHYHO
3aWMTy OT PaCiPOCTPaHEHNS MPOOYKTOB AeNEeHNS BO
BHeLLHIO cpefy. Bce dhrHaHcHpoBaHve B pasmepe
25,7 mnppg, pyb. OCyLLECTBNAETCA 3a CHET hedepaibHOro
oromkeTa.

ANIOMUHWIA M AEPHAA IHePreTnKa

HaunHas ¢ 2007 ropga «Pocatom» n «PYCAST»,
KPYMHENLLINIA MUPOBOWV MPOV3BOANTES b aJTFOMUHIA

1 FINHO3eMa, FOTOBSAT TEXHUKO-3KOHOMNYECKOE
0B0CHOBaHVE MO MPOU3BOACTBY aTOMHOW SHEPrM Ha
AMOMUHNEBOM KOMOUHaTe B [prMOpCKoM Kpae Ha
poccunckom JanbHem BocToke. [JaHHOE NpeanoxeHne
obpeTaeT hopMy B B1OE MPOEKTA CTOUMOCTLIO 10
Mnpa gonn. CLUA, nogpadymMeBatoLLEro CTPOUTENBCTBO
YETbIPEX PEAKTOPOB SNEKTPUHECKON MOLLHOCTLIO 1000
MBT 1 kombuHaTta ¢ Npon3BoauTensHOCTLIO 600 000
TOHH B rofl, B KOTOPOM «ATOMCTPON3KCMOPT» UMEET
KOHTPOSMbHbIN MAaKeT B aTOMHOM COCTaBSAOLLIEN.
KomburnHaTtom 6yneT BoCcTpeboBaHa oaHa TPETb
BblpabaTbiBAEMOW SNEKTPUHECKON MOLLHOCTY B 4 BT,
TaKXe NpeayCcMaTprBaEeTCA SKCMOPT SIEKTPOSHEPIA B
Kuran, B CeepHyto 1 KOxHyto Kopen.

B okTa6pe 2007 roga 6b110 06bSBAEHO O HaYane NPoeKTa
CTOMMOCTb B 7 MAPA, A0/, HA KPYMHENLLEM B MUPE
ANOMNHMEBOM KOMBUMHaTe B CapaToBCKOW 0bnacTu,

[0Sl BHEPrOCHaBXXEHNSI KOTOPOro NPEayCMOTPEHO
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built by RUSAL at Balakovo, and would require about 15
billion KWh/yr. The initial plan was for the existing Balakovo
nuclear power plant of four 950 MWe reactors to be
expanded with two more - the smelter would require a little
over one third of the output of the expanded power plant.
However, in February 2010 it was reported that RUSAL
proposed to build its own 2000 MWe nuclear power
station, with construction to start in 2011.

Nuclear icebreakers and merchant ship

Nuclear propulsion has proven technically and economically
essential in the Russian Arctic where operating conditions
are beyond the capability of conventional icebreakers. The
power levels required for breaking ice up to 3 metres thick,
coupled with refuelling difficulties for other types of vessels,
are significant factors. The nuclear fleet has increased
Arctic navigation from 2 to 10 months per year, and in the
Western Arctic, to year-round. Greater use of the icebreaker
fleet is expected with developments on the Yamal Peninsula
and further east.

The core capacity here is a fleet of large icebreakers, six
23,500 dwt Arktika-class, launched from 1975. These
powerful vessels have two 171 MWt OK-900 reactors
delivering 54 MW at the propellers and are used in deep
Arctic waters. The seventh and largest Arktika class
icebreaker - 50 Years of Victory (50 Let Pobedy) entered
service in 2007. Two shallow-draught Taymyr-class
icebreakers of 18,260 dwt with one reactor delivering 35
MW were built in Finland for use in shallow waters such as
estuaries and rivers.

www.powertecrussia.com



Turbomach S.A.

Turbomach, a 30+ years old company based in Switzerland, is a leader in the power generation
market and has become the brand for Solar Turbines in this sector.

Solar Turbines is the leading manufacturer of 1 to 22 MWe industrial gas turbines with over 60 years
of experience and 13'000 units operating around the world.

Both Turbomach and Solar Turbines are wholly owned subsidiaries of Caterpillar Inc., a global
technology leader and the world’s leading manufacturer of construction and mining equipment, diesel and
natural gas engines. 3

Turbomach has extensive experience in engineering, packaging,
installation and commissioning of gas turbine power generator sets with over
. 1’000 units installed in more than 90 countries. It has also developed strong
7 know-how and references in complete EPC power plant solutions.

Customers are served by Turbomach’s 19 maintenance field offices and

"____J'....’ : i S 4| Solar Turbines’ worldwide network, taking advantage of the combined
T _F‘ == "] i infrastructure and experience of Solar Turbines and Turbomach.

Turbomach is a complete solutions provider for Industrial & Commercial
Cogeneration applications and for Power Plants up to 100 MW, ensuring
continuous Customer support from project definition to plant operation.

Turbomach S.A.

Komnanus Turbomach, 6peHa Komnanum Solar Turbines, ocHoaHa 6onee 30
neT Hasag B LLBeduapum v SBNSETCS NMAEPOM B CETMEHTE MPOMbILLSIEHHOTO
NPOK3BOACTBA 3NEKTPOIHEPTUM.

Solar Turbines - BeayLLWi M3roTOBUTENb MHOYCTPUANbLHBIX ra30BbIX TYPOUH
€MHNYHON MoLHOCTbHO OT 1 g0 22 MBT ¢ Bonee yem 60-neTHuM onbiTom 1 13000
YCTaHOBOK, paboTaroLux BO BCEM MUPE.

0O6e komnaHuu: Turbomach u Solar Turbines BxogaT B coctas Kopriopauuu

Caterpillar Inc. - rno6anbHOro TEXHONOMMYECKOro NMAepa 1 BeAyLLero MMpoBOro b - =
NPOM3BOANTENS CTPOUTENBHOTO U A00bIBatOLLLETO 060PYA0BAHNS, AN3ENbHBIX W ra30MOPLUHEBbIX ABUraTeNemn.

Komnanus Turbomach nmeeT oBLmpHbIi onbIT B pa3paboTke, co3gaHuu,
yCTaHoBKe M BBoAE B akcnnyatauuto 6onee 1000 TypboreHepaTopHbIX
YCTaHOBOK AMNS MPOMBILLNEHHOCTH, 3HepreTuku 1 XKKX, yCTaHOBMEHHBIX B
Bonee yem 90 cTpaHax. ATOT HAKOMNEHHbIN 6OraThblit OMbIT caenan Hawy
KomnaHuio HacTosILLMM SKCNepToM C BOMbLIMM KOMMUYECTBOM MOMNOXMTENBHBIX
OT3bIBOB OT HaLLMX KNMEHTOB B KOMMNEKCHBIX PELLEHNSX ANS pasnuyHbIX

f KOHChUrypaLuii Npu CTPOUTENLCTBE 3MEKTPOCTAHLIMA.
19 CepeucHolx LleHtpoB  Turbomach pabotaloT COBMECTHO C
MexayHapogaHoii ceTbto Solar Turbines, 06cnyxwBas ycTaHOBNEHHOE NO BCEMY
MWpy 0BopyaoBaHue, npeasiarast KnmeHTam 00beaMHEHHYIO MHGPACTPYKTYPY U
onbIT Turbomach u Solar Turbines.
Energy in all we do
For more information on how Turbomach can support your [na Gonee nonHoi MHGOPMaLMKM N N0 BCEM MHTEPECYHOLLMM
business’ profitability, please contact: Bonpocam Bbl MoxeTte obpawarbcs B komnanuio Turbomach no
cnegytoLemy agpecy:
Turbomach SA, Marketing & Sales Department Turbomach SA, Otgen Mpogax n MapkeTuHra
Via Campagna 15 Via Campagna 15
6595 Riazzino - Switzerland 6595 Riazzino - Switzerland
Tel: +41 91 851 15 11 Tel: +41 91 851 15 11
Email: contact@turbomach.com Email: contact@turbomach.com
www.turbomach.com www.turbomach.com

Caterpillar is a trademark of Caterpillar Inc.

Solar Turbines is a trademark of Solar Turbines Incorporated Tu rh 0 ma c h
Turbomach is a trademark of Turbomach SA

© 2010 Turbomach SA. All rights reserved. A EﬂfEfPfHﬂ r EﬂmFﬂﬂ!"



B ATOMHAA

CTPOUTENBCTBO ABYX AOEPHbIX PeakTOpOB.
ANOMUHVEBBIV KOMOWHAT C NPON3BOAUTENBHOCTLIO
1,05 MIH TOHH B roa 6yaeT NOCTPOEH KOMMAaHNEN
«PYCAJT» B r. BanakoBo 1 notpedyet nopsaka 15 mnpa
KBT-4/rog. NepBoHa4anbHbI MnaH NpeaHasHavanca ans
HapaLUMBaHNA MOLLIHOCTEN OenCTBYOLLEN BanakoBckom
ASC, UMEIOLLIEN YETBIPE PEaKTOPa 3NEKTPUHECKON
MOLLHOCTbO 950 MBT, Npy NOMOLLM CTPOUTENBCTBA ELLE
OBYyX B/IOKOB — KOMOUHATY NoTpedyeTca YyTb 6onee
OIHOW TPETY BblpabaTbiBAEMOWN PEKOHCTRYNPOBAHHOM
ABC. OgHako B dheBpane 2010 roga nosBuIncb
COO0BLLIEHMS O TOM, 4TO «PYCAST» npeanoxun

NOCTPOUTb COBCTBEHHYIO ADC MOoLLHOCTLEIO 2000 MBTS,
CTPOUTENBCTBO KOTOPOW NNAHMPYETCSA Ha4aTb B

2011 rogy.

ATOMHbIE NeJOKONbI 1 TOProBbie cyaa

AOepHble CUIOBblE YCTAHOBKM JOKa3a CBOK BaXKHOCTb
C TEXHUNYECKOW 1 SKOHOMUYECKOW TOYKN 3PEHNSA B
POCCUNCKON APKTUKE, FOe YCNOBUA HE MO3BONAOT
aKcnyaTnpoBaTb 06bi4HbIE NeAoKosbl. CyLLECTBEHHbIMA
hakTopamu SBASKOTCHA SHEPrOEMKOCTb, KOTOpas
HeobxoamMma Onsa B3namblBaHUS Nbaa TOMLWWMHOW OO

Tpex METPOB, a Takxe TPYAHOCTM C A03arnpaBkon
Opyrmx TMnoB cynos. bnarogaps atoMHoMy oty
NPOOOIIKNTENBHOCTb apPKTUYECKOW HaBMraLm
yBeM4mnnach ¢ OByx 4O OECATV MECHALEB B roay,

a B 3anafHbiX panoHax APKTUKK OHa cTana
KpyrnorognyHon. OXugaeTcs, YTO UCMONb30BaHMe
NefoKonbHOro ioTa BO3PacTeT C OCBOEHVEM
MoNyoCTpOBa AMar 1 ParoHOB Aafiblle K BOCTOKY.

OcHoBol siBRsieTca noT KPYMNHbIX NIEA0KON0B

knacca «ApKTnka» BogonsmelleHemM 23 500 TOHH,
CryLLEeHHbIX Ha Boay nocne 1975 roga. 9Tn MOLLUHble
cyna ocHalleHbl peakTopamn OK-900 Tennosom
MoLHoCTbO 171 MBT, gatowmmm 54 MBT Ha rpebHble
BMHTbI, U MUCMOMb3YIOTCA B FMYOOKUX apKTUHECKUX BOAAX.
CeabMOoW 1 camMblii KPYMHbIN NeAoKOoN Knacca «ApKTuka»
— «b0 net Mobenpl» — Bowen B cTpon B 2007 roay.
[Ba negokona ¢ HebOoMbLLOW 0CaaKom kKnacca «TaiMbip»
BoAou3MeLLeHeM 18 260 T C O4HMM PeakTOPOM
MOLLHOCTbIO 35 MBT 6blnn nocTpoeHbl B PrHAsHANN
0N MCMNOJIb30BaHNA Ha MENIKOBOAbE, HanpuMep B
YCTbSAX PEK 1 Ha pedHbIX hapBaTepax.

B 1988 rogy B Poccum 6b1n1 NpUHAT B SKCnlyaTaumio
«HC CeBMoOpnyTb», B OCHOBHOM Af151 O6CAY>KMBaHNSA
CeBEPHbIX CnbUpckmx nopToB. OH NpeacTaBnsieT cobown
260-MeTPOBbIN IMXTEPOBO3 MPY30MN0ABEMHOCTLIO 61
900 T (019 LOCTaBKW IMXTEPOB B MOPTbI MO MENKOBOALIO)
N KOHTENHEPOBO3 C NEAOKOSbHBIM HOCOM. CroBas
yCTaHOBKa MpeacTaBnsaeT cobom TOT e peaktop KJTT-40,
YTO 1 Ha Bonee KPYyMHbIX Negokonax, 0becne4mBatoLLmmn
MOLLIHOCTb Ha rpebHbix BuHTax 32,5 MBT oT peakTopa

C MoLHocTbio 135 MBT, 1 oo 2003 roga emy
noTpeboBanack NuLLb 0aHa Neperpyska TonmBea.
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In 1988 the NS Sevmorput was commissioned in Russia,
mainly to serve northern Siberian ports. It is a 61,900
tonne 260 m long lash-carrier (taking lighters to ports with
shallow water) and container ship with ice-breaking bow. It
is powered by the same KLT-40 reactor as used in larger
icebreakers, delivering 32.5 propeller MW from the 135
MW reactor and it needed refuelling only once to 2003.

Russian experience with nuclear powered Arctic ships
totals about 300 reactor-years in 2009.

Floating nuclear power plants (FNPP)

Rosatom is planning to construct seven or eight floating
nuclear power plants by 2015. The first of them is under
construction at the Baltic shipyard at St Petersburg,
designated for Vilyuchinsk, Kamchatka. The second is
planned for Pevek on the Chukotka peninsula in the far
northeast, near Bilibino. Each has two 35 MWe KLT-40S
nuclear reactors mounted on a 21,500 tonne barge 144
metres long, 30 m wide. Three 12-year operating cycles are
envisaged, with maintenance between them.

Russia is developing a new icebreaker reactor — RITM-200
—to replace the current KLT 40 reactors. This is an integral
210 MW, 55 MWe PWR with inherent safety features. For
floating nuclear power plants a single RITM-200 would
replace twin KLT-40S (but yield less power).

Heating

In addition, 5 GW of thermal power plants (mostly AST-500
integral PWR type) for district and industrial heat will be
constructed at Arkhangelsk (4 VK-300 units commissioned
to 2016), Voronezh (2 units 2012-18), Saratov, Dimitrovgrad
and (small-scale, KLT-40 type PWR) at Chukoyka and
Severodvinsk. Russian nuclear plants provided 11.4 PJ of
district heating in 2005, and this is expected to increase to
30.8 PJ by about 2010. (A 1000 MWe reactor produces
about 95 PJ per year internally to generate the electricity.)

Heavy engineering and turbine generators

The main reactor component supplier is OMZ’s Komplekt-
Atom-Izhora facility which is doubling the production of
large forgings so as to be able to manufacture three or four
pressure vessels per year from 2011. OMZ is expected to
produce the forgings for all new domestic AES-2006 model
VWER-1200 nuclear reactors (four per year from 2016)

plus exports. Forgings include reactor pressure vessels,
steam generators, and heavy piping. The company has
been reconstructing its 12,000 tonne hydraulic press, and a
second stage of work will increase that capacity to

15,000 tonnes.

Turbine generators for the new plants are mainly from
Power Machines subsidiary LMZ, which supplies high-
speed (3000 rpm) turbines and plans also to offer 1200
MWe low-speed (1500 rpm) turbines from 2014. Alstom
Atomenergomash will produce low-speed turbine

www.powertecrussia.com



NUCLEAR H

Poccuiickuii onbIT 9KCryaTaummn apKTUHECKMX CynoB
C aTOMHOW CUNOBOWN ycTaHoBKOM Ha 2009 rof B LENOM
cocTaeun nopsiaka 300 peakTop/ner.

MnaByyne aTomMHblie IneKTpocTaHUuK (MAIC)

«PocaTtom» nnaHunpyeT nocTpoutb K 2015 rogy

cemMb U Bocemb nnaByynx ASC. lNepBad U3 HKX,
npenHasHavYeHHas ong noc. BuntodmHek Ha Kamyatke,
yxe cTpontcs Ha OAO «bantuickuin 3asoa» B CaHKT-
[MNeTepbypre. Bropasa 3annaHnpoBaHa ans r. [esek,
HyKOTCKMIM MONyOCTPOB, Ha KpanHEM CEBEPO-BOCTOKE
B6M3M bBunmbuHo. Kaxxgas NASC ocHalleHa aBymMs
aToMHbIMK peakTopamn KIT-40C moLHocThio 35 MBT3,
yCTaHaBNMBaeMbIMI Ha Bap>xke Bogou3MeLLeHeM 21
500 T, annHon 144 m, wnpuHon 30 M. [NpegycMoTpeHo
TPy 12-neTHUX pabo4mx LmKa ¢ 06Cay>KBaHEM B
MPOMEXKYTKAX MEXIY HUMMU.

Poccus paspabaTtbiBaeT HOBbIV peakTop A5 TEAOKOSIOB
— PUTM-200 — ¢ Lenbio 3aMeHbl AeNCTBYIOLLMX
peakTopoB KJTT-40. 3To MHTerpansHas BOOO-BOAAHaSA
peakTopHas yCTaHOBKa TernioBon MoLLHOCTHIO 210 MBT,
ANEKTPUHECKOM MOLLHOCTBIO 55 MBT ¢ MOBbILLEHHON
cTeneHbto 3awmTbl. [na nnaByyumnx ASC ofHa ycTaHoBKa
PUTM-200 3amenunT napy KIT-40C (Cc Npon3BoacTBOM
MEHbLLIEN MOLLIHOCTW).

TennocHabeHue

NomM1mo 3TOro, NpearonaraeTcs NOCTPOUTL TEMNOBbIE
3NEKTPOCTaHLMN 0OLLEN MOLLHOCTLIO 5 BT (B OCHOBHOM
ACT-500, BOO0-BOASAHOrO UHTErpasibHOMo TUMna) Ans
PaMOHHOMO U MPOMBILLINIEHHOMO TEMSIOCHADXXEHWS B
ApxaHrenbcke (YeTbipe 6noka BK-300 ¢ BBOAOM B CTpOW
0o 2016 ropga), B BopoHexxe (apa 6noka 2012 - 18 r.), B
Capartose, AumuTpoBrpaze 1 (ManorabaputHble KIT-40
BOJI0-BOASHOMO ThMNa) Ha HykoTke 1 B CeBepoaBUHCKE.
Ha poccuiicknx ASC B 2005 rogy obecnedvsanock 11,4
MK 0ns paoHHOO TENNOCHAOXEHUST; OXKNOAETCSs, YTO
aTa undpa ysenmnuntea oo 30,8 Mk npumepHo k 2010
roay. (PeakTop MoLHocTeo 1000 MBTS BhipabaTbiBaeT
cobcTBeHHO okono 95 MK B roa anst npon3soacTea
3NEKTPUHECTRA.)

TAXenoe MalMHOCTPOGHUE W TYpGOreHepaTopbl
OCHOBHbIM MOCTaBLLUMKOM KOMMOHEHTOB PEAKTOPOB
SABNAETCS BXOAsLLas B cocTaB kopropaumn OM3
KoMMaHus «KomnnekT-Atom-I/xopa», KoTopas Bogoe
YBENMYMBAET MPOU3BOACTBO KPYMHbIX LLITAMMOBaHHbIX
N30enunii, YTobbl METbL BO3MOXXHOCTb M3roTaBIMBaTh TPK-
YEeTbIPE PEAKTOPHBIX KOPMyCa BbICOKOMO AaBEHNS B O/,
HaumHas ¢ 2011 roga. Mpeanonaraetcs, 4o OM3 bynet
NPOV3BOANTb LUTAMMOBaHHbIE U3AENMS 15 BCEX HOBbIX
OTEYECTBEHHbIX SAEPHbIX PeakTopoB NpoekTa ASC-2006
mogen BB3P-1200 (no YeTbipe B rof, HadmHas ¢ 2016
rofa), a Takke Ha akcrnopT. LLItamnoBaHHble n3nenns
BKJTHOYaKOT PEaKTOPHbIE KOPMyCa BbICOKOrO AaBfEHUS,
naporeHepaTopbl 1 YTONLEHHbIE TRYObI. KoMnaHms

www.powertecrussia.com

generators based on Alstom’s Arabelle design, sized from
1200 to 1700 MWe. Silovy Mashiny plans to invest RUB 6
billion in a factory near St Petersburg to produce half-speed
steam turbine generators of 1200 MWe from 2013. It is
25% owned by Siemens.

Reactor technology

In September 2006 the technology future for Russia was

focused on four elements:

» Serial construction of AES-2006 units, with increased
service life to 60 years,

» Fast breeder BN-800,

» Small and medium reactors - KLT-40 and VBER-300,

» HTR.

VVER-1000, AES-92

The main reactor design being deployed until now has
been the V-320 version of the VWER-1000 pressurised
water reactor, with 950-1000 MWe net output, as the
heart of what became the AES-92 power plant. It is from
OKB Gidropress, has 30-year basic design life and dates
from the 1980s. Advanced versions of this with western
instrument and control systems have been built at Tianwan
in China and are being built at Kudankulam in India, with
40-year design life.

VVER-1200, AES-2006

Development of a third-generation standardised VVER-
1200 reactor of 1170 MWe net followed, as the basis of the
AES-2006 power plant. This is an evolutionary development
of the well-proven VWER-1000/V-320 and then the
Generation Ill V-392 in the AES-92 plant, with longer life

(50 years and aiming for 60), greater power, and greater
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NPOBOANT PEKOHCTRYKLMKO CBOEMO rMapaBInN4eCcKoro
npecca ¢ yeunnmem 12 TbiC. T, 1 MOCTe 3aBepLUEHNS BTOPOro
sTana paboT ero MOLLUHOCTb BblpacTeT Ao 15 Tbic. T.

TypboreHepaTopbl 4151 HOBbIX CTaHLIA B OCHOBHOM
noctynatoT oT JIM3, hunnana komnanum «Cunoeble
MaLLWHbI», KOTOPbI MOCTaBNAET ObICTPOXOOHbIE

(3000 06./MWH) TypOUHBI U MAAHVPYET NPEeaSIoKUTb
TxoxoaHble (1500 06./MUH) TypOUHbI 3MEKTPUHECKON
MoLLHOCTBO 1200 MBT HauvnHaga ¢ 2014 roga. «AnbCTOM
ATOM3Hepromall» 6yaeT Npon3BOaUTb TUXOXOOHbIE
TypboreHepaTopbl Ha OCHOBE TEXHOMOrMK «Apabenb»
KOMMaHUn «ANbCTOM» C 3NIEKTPUYECKON MOLLIHOCTbO OT
1200 go 1700 MBT. «CunoBble MalLHbI» MAAHUPYOT
NHBECTMPOBATb 6 MAPA Py6. B CTPOUTENBCTBO 3aBOAA
pagom ¢ CaHkT-lNeTepbyprom onsg NPoOMsBOACTBA
TUXOXOOHbIX MapPOBbIX TYPOUH 1 reHepaTopoB
3NEKTPUYecKom MoLLHOCTBIO 1200 MBT HauvmHas ¢ 2013
roga. 25 % akumii 3aBoga NpuHagnexxat KoMnaHum
«CUMEHC».

PeaKTopHble TeXHONorum

B ceHTsa6pe 2006 roga TexHonorum 6yayliero B Poccum

ObI COCPEOOTOHEHBI BOKPYI YETLIDEX S1EMEHTOB:

» CEepUHOe NPoM3BOACTBO 6/10KOB NpoekTa ASC-2006,
C yBenM4eHHbIM 40 60 NeT CPOKOM CIy»XOb,

» PEeaKTOP-Pa3MHOXNTENb Ha ObICTPbIX HENTPOHAX
BH-800,

» CpeaHe- n ManorabapuTtHble peakTopbl KITT-40 w
BB3P-300,

» BbICOKOTEMMEPATYPHbIE PEAKTOPbI.

BB3P-1000, A3C-92

Ba30BoOV KOHCTPYKLIMEN peaKTopa, KOTOPbIN BBOAMIICS
B SKCrlyaTaumio 00 CErofHaLIHeEro aHs, bulna Bepcus
B-320 Boao-BoasiHoro peaktopa BBSP-1000 ¢ HeTTO
MOLLHOCTBIO 950-1000 MBT3, KoTOpas nerna B OCHOBY
aneKTpocTaHumn npoekta ASC-92. OHa npeanoxkeHa
OKB «['maponpecc», MeeT cpok cny>6bl 30 neT ans
OCHOBHOW KOHCTPYKLUWM U ncnonbayetca ¢ 1980-x rr.
Ee MopepH13npoBaHHble BapuaHTbl C MPUMEHEHNEM
3anafHbIX U3MEPUTESNBHBIX MPUBOPOB 1 CUCTEM
ynpaBneHns cosaaHbl Ha TaHbBaHbckom ADC B Kiutae
1 cTpoATCH B KyaaHkyname B Havm, npu STOM CPOK
cny>x6bl coctasngaeT 40 neT.

BB3P-1200, A3C-2006

B nanbHenwem Havanack paspaboTtka
CTaHOapTNU30BaHHOIoO peakTopa BBOP-1200 TpeTbero
MOKOSIEHNS HETTO MOLLHOCTLIO 1170 MBT3 kak 0CHOBBI
aneKkTpocTaHUmm npoekTa ASC-2006. 3TO 3aKOHOMEPHAas
3BOMOLMSA XOPOLLIO 3apekoMeHoBaBLLEero cebst BBOP-
1000/B-320 n nocnenytoLlero B-392 TpeTbero nokoneHns
B yCcTaHoBKe npoekTa ASC-92 ¢ 60bLLMM CPOKOM
cny>6bl (50 NeT € NepPCneKTBON yBennyeHus 0o 60 ner),
YBEMNHYEHHON MOLLHOCTBIO U BO3pOCLUMM TenosbiM K
(36,56 % BmecTo 31,6 %). YCTaHOBKM CO CBMHLIOBbIM

30 | POWERTEC

thermal efficiency (36.56% instead of 31.6%). The lead
units are being built at Novovoronezh II, to start operation in
2012-13, and at Leningrad Il for 2013-14.

A typical AES-2006 plant will be a twin set-up with two of
these OKB Gidropress reactor units expected to run for

50 years with capacity factor of 90%. Construction time is
quoted as 54 months. They have enhanced safety including
that related to earthquakes and aircraft impact with some
passive safety features, double containment and lower
core damage frequency. In Europe the basic technology is
being called the Europe-tailored reactor design, MIR-1200
(Modernized International Reactor), and bid for Temelin 3 &
4, Turkey and Finland.

A Generation IV Gidropress project is the supercritical VVER
(WER-SKD or VWER-SCWR) with higher thermodynamic
efficiency (45%) and higher breeding ratio (0.95) and
oriented towards the closed fuel cycle.

VBER-300

OKBM Afrikantov’s VBER-300 PWR is a 295 MWe unit
developed from naval power plants and was originally
envisaged in pairs as a floating nuclear power plant. As a
cogeneration plant it is rated at 200 MWe and 1900 GJ/hr
for heat or desalination. The reactor is designed for 60 year
life and 90% capacity factor. It was planned to develop it
as a land-based unit with Kazatomprom, with a view to
exports, but this agreement has stalled. There is support for
two demonstration units at Zheleznogorsk for the Mining &
Chemical Combine (MMC).

VK-300 BWR

The VK-300 boiling water reactor is being developed by the
Research & Development Institute of Power Engineering
(NIKIET) for both power (250 MWe) and desalination (150
MWe plus 1675 GJ/hr). It has evolved from the VK-50
experimental BWR at Dimitrovgrad, but uses standard
components wherever possible, eg the reactor vessel of the
VWVER-1000. A feasibility study on building 4 cogeneration
VK-300 units at Archangelsk was favourable, delivering 250
MWe power and 31.5 TJ/yr heat.

RBMK / MKER

A development of the RBMK was the MKER-800, with
much improved safety systems and containment, but this
thas been shelved. Like the RBMK itself, it was designed by
VNIPIET (All-Russia Science Research and Design Institute
of Power Engineering Technology) at St Petersburg.

HTRs

In the 1970-80s OKBM undertook substantial research on
high temperature gas-cooled reactors (HTRs). In the 1990s
it took a lead role in the international GT-MHR (Gas Turbine-
Modular Helium Reactor) project based on a General
Atomics (US) design. Preliminary design was completed in
2001 and the prototype was to be constructed at Seversk
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NUCLEAR H

TENNOHOCUTENEM CTPOSATCA HA BTOPOM 3HEPrOBoKe
HosoBopoHexxckom ASC, ¢ Ha4anoM aKcryartaumm B
2012—2013 rr., n Ha JlennHrpaackon ASC-2, ¢ BBOOOM B
cTpon B 2013—2014 rT.

Tunoas anexkTpocTaHUusA npoexkTa ASC-2006

NMEET MapHYO KOMMEKTALMIO 3 ABYX PEAKTOPHbIX
YCTaHOBOK, pagpaboTaHHbix OKB «['uaponpecc», ¢
pacHYeTHbIM CPOKOM CIy>kObl 50 NET 1 KOSDPULMEHTOM
NCMoNb30BaHNSA MOLLHOCTY 90 %. 3asaBneHHOE Bpems
CTpOUTENbCTBA COCTaBNAET 54 Mmecsua. oBbileHa
6e30MacHOCTb, B TOM YMC/E 3alyTa OT NOA3EMHbIX
TOTHKOB W CAMONETHbIX atak, 6narogaps NPUMEHEHO
HEKOTOPbIX Mep MacCUBHOWM 3aLLMTbI, UCMOb30BaHWO
JBOVHOW 3aLLTHON 0B00HKM U CHPKEHWIO HaCTOTb!
MOBPEXOEHNIN aKTVBHOW 30HbI. B EBpOne Takas ta3osast
TEXHOJIOMMS HA3bIBAETCHA EBPOMENCKON afanTaLyen
KOHCTpYKUUN peakTopa, MIIP-1200 (MoaepHU3MPOBaHHbIN
NHTEPHaLMOHASTbHbIN PEAKTOP), 1 YHaCTBYET B KOHKYPCE Ha
CcTpoUTENLCTBO 6/10K0B 3 1 4 ADC «TemennH», MPOEKTOB B
Typumn nt GuHNAHONN.

«'mpponpecc» NPeANOXNT MPOEKT YETBEPTOrO MOKOSIEHNS
BBOP ¢ Bogoi ceepxkputndeckoro gasneHnst (BBOP-CK
nnn BBOP-SCWR) ¢ yny4LleHHbIM TEPMOOMHAMNYECKM
KL (45 %) 1 NoBbILLEHHBIM KOSHMDULIMEHTOM
BocnpouseoacTaa (0,95), KOTopble TakKe OPUEHTUPOBAHDI
Ha 3aMKHYTbIA TOMMBHBIN LIMKJT.

Bb3P-300

PagpabotanHbin OKEM nm. U. U. AdprikaHToBa BOOO-
BoAgAHOW peakTop BEOP-300 MoLHOoCTEIO 295 MBTS
CO30aBasncst 415 Cya0BbIX CUSIOBbIX YCTAHOBOK U C

CaMOoro Havasia paccMaTpuBauICA Ast SKCyaraumm
napamu B B1Aae nnasy4Hmx ASC. [Npy KOMOVMHMPOBAHHOM
NPOVI3BOACTBE Tena 1 3MeKTPOSHEPT N M0 MOLLHOCTb
cocTtasnget 200 MBT3 1 1900 I'[Ix/4 ons BbipaboTkum
Tenna nnm ONpPecHeHNs Bodbl. PeakTop paspaboTaH

ONs SKCnnyaTaumm co CPOKOM Cy»kObl 60 NeT n

KO3 HNLMEHTOM MCNONB30BaHWA MOLLHOCT 90 %.
[NnaHnpoBanock AopaboTaTtb ero C LENbO UCMONb30BaHNS
Ha 3emrie ans «KasatoMnpomar, C 3KCNOPTHLIMU
nepcrneKkTBamm, 04HaKO COorfalleHne noka He AOCTUMHYTO.
BonbLuon nHTepec NpuBReKatoT ABE AEMOHCTPALMOHHbIE
YCTaHOBKW Ans «[ OPHO-XUMUHECKOrO KOMBUHaTa» B
2KenesHoropcke.

Kunawmii peaktop BK-300

Kunawmin peaktop BK-300 paspabatbiBaeTca HayqHo-
NCCNEenoBaTENbCKMM Y KOHCTPYKTOPCKNM UHCTUTYTOM
sHeproTexHukn (HVIKNST) kak ong npomsBoacTea
SNEKTPO3HEPTNN (3NEKTPUYECKAS MOLLIHOCTbL 250
MBT), Tak 1 0ns onpecHeHst Boab! (3NeKTpuyeckas
MoLHoCTb 150 MBT nntoc 1675 I'[k/4). OH aBnseTcsa
SBOJIIOLIMOHHBIM Pa3BUTUEM 3KCMEPUMEHTASIBHOIO
Kunsero peaktopa BK-50 B umuTtposrpage, HO

No Mepe BOSMOXXHOCTW UCMONb3YET CTaHAAPTHbIE
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(Tomsk-7, Siberian Chemical Combine) by 2010, with
construction of the first 4-module power plant (4x285 MWe)
by 2015. Initially it will be used to burn pure ex-weapons
plutonium, and replace production reactors which still
supply electricity there. But in the longer-term perspective
HTRs are seen as important for burning actinides, and later
for hydrogen production.

Improving reactor performance

A major recent emphasis has been the improvement in
operation of present reactors with better fuels and greater
efficiency in their use, closing much of the gap between
Western and Russian performance. Fuel developments
include the use of burnable poisons - gadolinium and
erbium, as well as structural changes to the fuel assemblies.

With uranium-gadolinium fuel and structural changes,
VVER-1000 fuel has been pushed out to 4-year endurance,
and VWER-440 fuel even longer. For VVER-1000, five years
is envisaged by 2010, with enrichment levels increasing
nearly by one third (from 3.77% to 4.87%) in that time,
average bum-up going up by 40% (to 57.7 GWd/t) and
operating costs dropping by 5%. With a 3 x 18 month
operating cycle, burn-up would be lower (51.3 GWd/t)

but load factor could increase to 87%. Comparable
improvements were envisaged for later-model

VWER-440 units.

For RBMK reactors the most important development has
been the introduction of uranium-erbium fuel at all units,
though structural changes have helped. As enrichment and
erbium content are increased (eg from 2.4 or 2.6% t0 2.8%
enrichment and 0.6% erbium) increased burn-up is possible
and the fuel can stay in the reactor six years. Also from
2009 the enrichment is profiled along the fuel elements,
with 3.2% in the central section and 2.5% in the upper

and lower parts. This better utilises uranium resources and
further extends fuel life in the core.

For the BN-600 fast reactor, improved fuel means up to
560 days between refuelling.

Beyond these initiatives, the basic requirements for fuel
have been set as: fuel operational lifetime extended to 6
years, improved burn-up of 70 GWd/tU, and improved fuel
reliability. In addition, many nuclear plants will need to be
used in load-following mode, and fuel which performs well
under variable load conditions will be required.

All RBMK reactors now use recycled uranium from VWER
reactors and some has also been used experimentally at
Kalinin-2 and Kola-2 VVERs. It is intended to extend this.
A related project has been to utilise surplus weapons-
grade plutonium in mixed oxide (MOX) fuel for up to seven
VVER-1000 reactors from 2008, and the one fast reactor
(Beloyarsk-3) from 2007.
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B ATOMHAA

KOMMOHEHTbI, HAaNPVMEP PEaKTOPHbIN KOPNYC OT
BB3P-1000. bbino caenaHo NoaoXKuUTeNbHOE TEXHUKO-
SKOHOMUYECKOE 3aK/KOYeHe 4151 CTPOUTENBCTBA
4eTblpex 610koB BK-300 ans KoMOGUHMPOBaHHOIO
Npon3BOACTBA TEMNAa U SNEKTPOSHEPTUN B
ApxaHrenbcke, BolpadaTtbisatoLnx 250 MBT
3NEeKTpUYeckon MmoLHocTh 1 31,5 Tk/roa.

PBMK/MK3P

Bonee coBepLUIeHHBbIM MPOAOIHKEHMEM TEXHOIOTN
PBMK ctana yctaHoBka MK3P-800 ¢ yiy4leHHbIMN
cucteMamuy 6e30MacHOCTU U 3aLLMTHOM 0B0SI0HKOWN,
XOT4H ee paspaboTka noka otnoxeHa. Kak n PEMK, oHa
Bbina cnpoektnpoaHa BHNMNIT (Becepoccuinckim
Hay4HO-1CCNea0BaTENbCKUM 1 MPOEKTHBIM UHCTUTYTOM
KOMIMIEKCHOW 3HEPreTn4ecKomn TexHonornm) B CaHkT-
[NeTepbypre.

BbicokoTemnepaTypHbie PeaKTopbl

B 1970—80 rr. OKBEM ocHoBaTeNbHO 3aHNMaIoch
Pas3paboTKOW BbICOKOTEMMEPATYPHbBIX ra300X1aXKaaeMbIX
peakTopoB. B 1990-X IT. OHO 1rpasio INOMPYHOLLIYHO

posb B MexxayHapoaHoM npoekte GT-MHR (Tazosas
TypbrHa — MOZy/bHbI reNIMeBbI PEaKTop), B OCHOBY
KoToporo nerna TexHonornsa General Atomics (CLLA).
MNpeaBapuTENBbHOE MPOEKTUPOBaHME ObINO 3aBEPLLEHO

B 2001 roay, a onbITHbI 06pazeL, ObiN MOCTPOEH B
Cesepcke (TomcK-7, CUOUPCKUIA XUMUHECKUA KOMOMHAT)

k 2010 rogy; CTPOUTENBCTBO NEPBOV CTaHLUMM N3 YETbIPEX
mMoaynen (4x285 MBT anekTpn4eckon MOLLHOCTW)
3annaHnpoBaHo Ha 2015 roa. MNepBoHaYansHO oHa 6yaeT
MCNONb30BAaTLCS /19 CXKUMaHNSA YNCTOMO OPY>KENHOIO
MAYTOHWS 1 AN 3aMELLIEHNST MPOMBILLIEHHBIX PEAKTOPOB,
KOTOPblE MO-MPEXHEMY 0B6ECTIEHNBAIOT SHEPrOCHAOKEHME.
OpHako cuMTaeTcs, YTo B 60nee OTAANEHHOM NepCreKTBe
BbICOKOTEMMEPATYPHbIE PeakTopbl OyayT MeTb O0NbLLIOE
3Ha4eHne 4N CKUraHnst akTVHUAOB, a B JaNbHENLLEM NS
MPON3BOACTBA BOAOPOAA.

VYnyyiuenue xapaKkTepucTyK peakTopos

[1o HegaBHEro BpeEMEHM OCHOBHOE BHMaHWE YAENSN0Ch
COBEPLLEHCTBOBAHWIO SKCMyaTaLMOHHbIX XapakKTEPUCTUK
CYLLIECTBYIOLLMX PEAKTOPOB Bnarogaps yyuLLeHNo
kadecTBa Tonnmea v nosblleHno KM/, B pesynstarte
Yero paspbiB B MapamMeTpax 3anagHblX 1 POCCUMCKIAX
TEXHONOMMI CYLLIECTBEHHO COKpaTunics. PaboTbl no
YYHLLEHMIO XapaKTEPUCTVK TOMMBA BKIIKOHAKOT
NCMONb30BaHNE BbIrOPAEMOro NMOrIOTUTENS — ragoNNHUA
N 3p6UA, a TaKXKE KOHCTPYKLIMOHHBIE N3MEHEHWS
TEMNNOBbIAENSOLMX COOPOK.

Bnaronaps npyMeHeHIO ypaH-rafonMHMEBOrO TOMBa
N KOHCTPYKLMOHHBIM U3MEHEHNSIM MPOAOHKNTENBHOCTb
TOMMBHOrO Lvknia B8 BBOP-1000 Bo3pocna Ao HeTbipex
neT, a B BBOP-440 — paxxe 6onblue. [ns BBOP-1000
NpemycMOTPEH CPOK NATb NeT k 2010 rofy, Npy 3ToM
YPOBEHb 060raLLEHVA K STOMY BPEMEHW YBENNHNTCS
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noYTu Ha TpeTb (C 3,77 % 0o 4,87 %), cpeaHas rnybunHa
BbIropaHusa Tonnmea Bo3pacTeT Ha 40 % (oo 57,7 [BT.

I/T), a aKCnyaTaUyoHHbIe pacxodpl cHU3ATCA Ha 5 %. Mpu
paboyem Lvkne 3 x 18 MecsueB rnybuHa BeiropaHns dyaet
MeHbLLe (51,3 BT.4/T), 0aHaKo KO MOULIMEHT 3arpy3Ku
MOXET BO3pacT A0 87 %. CpaBHUMbIE YiyHLLEHNS

Obl NPEQYCMOTPEHBI 1 Ans 6onee NO3AHMX MOAENEN
yCTaHoBOK BBOP-440.

B peakTopax PEMK Hanbonee BaXKHbIM
YCOBEPLLEHCTBOBAHNEM CTaN0 BHEAPEHME YpaH-
3pbreBOro TonNNMea Anst MPUMEHEHNST Ha BCEX
YCTaHOBKax, XOTS 3TOMY MOMOI NN COENaHHbIE
KOHCTPYKLIMOHHbIE n3MeHeHusl. bnaronapsi NoBbILLEHUIO
cTeneHn oboralleHns Tonamea 1 CoOaepXaHns apodus
(Hanpumep, ¢ 2,4 nnn 2,6 % 0o 2,8 % ons oboraleHus
1n 0,6 % ona 3pbus) NnosiBUNAChL BO3MOXXHOCTb
YBENNUYNTL ryOVHY BbIFrOPaHNS U COXPaHATb TOMIMBO

B PEAKTOPE B TEYEHME LLECTU NIET. Takxe, Ha4MHasa

¢ 2009 roga, y4acTku oborauleHns NpomUInpPYrTCs
BOO/Mb TEMNOBbIAENSIOLLMX SNEMEHTOB, MPU 3TOM B
LIeHTpanbHOM Yactu obecnedmBaeTcs oboratleHme

3,2 %, a B BEPXHEN U HMXKHeM YacTax — 2,5 %. 910
no3BosieT bonee ahHEKTMBHO MCNONb30BaTh 3anachl
ypaHa u elle 6onee yBennm4MBaeT CPOK SKCryaTaumm
TONNMBA B aKTUBHOWM 30HE.

[Onst BeICTpbIX peakTopoB BH-600 yny4lleHHble
XapaKTepUCTMK TONMBA NO3BONSOT 06eCneHnTb
MPOMEXYTOK MEXXAY Neperpyskamm AIUTeNsHOCTBIO 0
560 gHemn.

[MoMMMO OMMCaHHbIX HOBOBBEAEHUIN YCTAHOBNEHDI
cnepytoLme 6a30Bble TPEOOBAHMS K TONNBY:
3SKCNyaTaumMOHHbIN PeCcypc TONMBA YBENNYEH OO LLECTA
NET, ynyylleHHas rnybuHa Bbiropanns go 70 MBr.o/TU,

1 NOBbILLIEHHAA 6€30MacHOCTb Tornmea. Kpome Toro,
MHOMe ASC ByaeT HeOOXOAMMO BKCMNyaTnpoBaTh B
PEXMME CEOBaHMS 3a Harpy3KoW, 1 NoHaoobuTCs
TOMMNBO, KOTOPOE OBECMEHYNBAET HY>KHbIE MapaMETPbI MPK
N3MEHSIOLLIMXCS YCNOBUSAX HArPY3KM.

Bo Bcex peaktopax PEMK ncnonbayeTcs BTOPUYHGIN
ypaH, nonyy4aembin n3 peaktopos BBOP, onbiTHas
aKcnnyaTauusa NpoBoamiach Ha yctaHoskax BBOP
KanuHnH-2 n Kona-2. MNpegnonaraetcsa paclumputb
Takoe 1cnosib3oBaHne. B cOOTBETCTBYIOLLEM NPOEKTE
HaMe4anoCh MCMNOb30BaATb USMULLIKM OPY>KENHOMO
MNNYTOHWSA B CMELLAHHOM OKCWAOHOM TOMMBE B CEMM
peakTopax BBSP-1000 ¢ 2008 roga, 1 B 0gHOM
peakTope Ha ObICTPbIX HEMTPOHaxX (benoapck-3)

c 2007 ropa.
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