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Léno neitronu heterogéna kodolreaktora shematisks attéls

1 — vadibas stienis;

2 — biologiska aizsardziba;
3 — siltumaizsardziba; I
4 — neitronu paléninatajs; B

5 — kodoldegviela;
6 — siltumneség;js.
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Atomelektrostacija

Advanced gas cooled reactor Electricity to grid
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O. Dumbrajs, LZA, 2011. gada 9. februaaris.



The 50s : Nuclear Electricity

j i 1.8 1956 : Inauguration of
| Calder Hall by Elisabeth

4344 - T, =R

1951 : EBR (Idaho)1 lits
4 200 W Bulbs

1954 : Obninsk, 5 M\We



4.::5;2:.;.... SR
R ild'lflwru:
!




Kernkraftwerk Philippsburg




e SR
a1 W _I._I_.IF

1




.‘. .' f"r. l‘.l“- 5
'”'-..I“E"




Tresais kedolreaktors S
= | Pirmie divi kodofreaktori

Olkiluoto atomelektrostacija


http://lv.wikipedia.org/wiki/Att%C4%93ls:Olkiluoto_atomelektrostacija.jpg�




Reaktora uzbive

1 -~ dzeséianas cauru|vads; 2 — vadibas kanali;

3 — sillumnesaja aiztures tilpne; 4 — radioaklivo

paraugu glabatava; 5 — vadibas stienu piedzinas

servomolori; 6 — aizvara piedzina; 7 — verlika-

lais eksperimenidlais kandls; 8 — aktivd zona;

9 —  horizontalais  eksperimentalais  kanals;
- 10 — siltumekrans

Koncipynyma peaxtopa

1 — r1pybonposoa oxnamaesnn; 2 — xawanw ynpaane-
HuR, 3 — 33AEPMUBAIOWAN  EmHOCTs TENNOHOCHTENA:
4 — cyxme cHopum gns xpanenma pagmoanTmenux obpaa-
uos; 5 — CepEoONPMEOAL!I CIEPMHEN PErynupoBanus; & —
npusop wnbepa; 7 — BePIVKANLHLIA 3IKCNEPHMEHTANL-
Huiin wamwan (B3K); 8 — axtmuenan 30Ha; 9 — ropuiow-
ATanshbin INCNEPumentansumin xanan (F3K); 10 — 1enno-
80h IKpan

.

Design

1 — cooling pipeline; 2 — conirol channels; 3 — coolant
delay tank; 4 — dry assemblies lor radioaclive sample storage;
5 — servodrives of conlrol rods; 6 — gate drives; 7 — ver-
tical experimental channel (VEC); 8 — reaclor core; 9 — hori-
zontal eaperimental channel (HEC); 10 — hea! shield
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GWe Installed in the World, July 2010

W PWR*
@“BWR
UGG

® RBMK
“1 Candu
® FBR

Under Construction:61 uUnits, 59 GWe
Operating : 438 Units, 372 GWe 53 PWR+VVR

PWR : pressure water reactor (Udens-tudens spiediena kodolreaktors) |l paaudze
BWR: boiling water reactor (varosa tdens kodolreaktors) Il paaudze

GG:

RBMK: (lieljaudas kanalu reaktors) | paaudze

Candu: Canada deuterium uranium (smaga adens reaktors) |l paudze

FBR: fast breeder reactor (atro neitronu bridera reaktors)

VVR: Russian PWRs

O. Dumbrajs, LZA, 2011. gada 9. februaaris.



WNA May 2010

Kodolenerqgiia 2009-10

Country GWe TWh Units %Elec
USA 101 797 104 20
France 63 392 58 75
Japan 47 263 54 29
Russia 23 153 32 18
S Korea 18 141 20 35
Germany 20 128 17 26
Canada 13 85 18 15
Ukraine 13 /8 15 49
China 9 66 11 2
Spain / 50 8 18
Sweden 9 50 10 35

WORLD 374 2 558 438 14



Gl

Isotope Radiation Half-life absorption
Strontium-90/yttrium-90 B 28 years 30%
Caesium-137 B,y 30 years 100%
Promethium-147 B 2.6 years 0.01%
Cerium-144 B,y 285 days 0.01%
Lben o5 B loves oo
Zirconium-95 B,y 65 days 0.01%
Strontium-89 B 51 days 30%
Ruthenium-103 B,y 39.7days 0.03%
Niobium-95 B,y 35 days 0.01%
Cerium-141 B,y 33 days 0.01%
E;igium—lllO/Ianthanum— 8y 12.8days 5%
lodine-131 B,y 8.05 days 100%

Tritium B 13 years 100%
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Spent Fuel Management

Reversible
direct
disposal

Storage, then
decision

Reprocessing
& Recycle +
HLW reversible
disposal

Spent fuel.

La Hague






Figure 6. Global electricity production by source in 2007, and in 2050
in ETP 2010 Baseline, BLUE Map and BLUE High Nuclear scenarios

50

B Other
45 Solar
40 - ’ - ® Wind
35 _ W Biomass and waste + CCS
10 B Biomass and waste
g e B Hydro
B Nuclear
A - B Matural gas + CC5
B Matural gas
10 Sy .
5 l B Coal + CC5
ot N =m . .
Baseline 2050 BLUE Map 2050 BLUE High Nuclear
2050

fowrce: IEA, 2010,

MNote: CCS is carbon capture and storage. “Other” includes geothermal, tidal and wave power.

KEY POINT: In the BLUE Map scenatio, nuclear power is the largest single source of electricity in 2050.




Pasaulé 18% 2000.g. 14% 2009.g. no AES
Jaunu AES konstrukcija pieaugusi no 25 lidz > 60
Paslaik EU 27 valstis 28% elektriba no AES
Plans 2050 30% no AES
CO, samazinasana
Ja katru gadu pieprasijums aug par 1%
Tuvako 40 gadu laika vajag 4-5 jaunas paaudzes reaktorus gada

2008.g.beigas pasaulé 438 reaktori ar kop€jo jaudu 373 GWe

Projekti 2000 — 2050
31 valsts
3 reaktori ar atriem neitroniem SFR LFR GFR
1 reaktors ar siltuma neitroniem VHTR

2 reaktori ar atriem un siltuma neitroniem SCVR MSR
10° USD katrai sistemai lidz 2020. gadam



Towards sustainable nuclear energy

Fast neutron reactors with closed fuel cycle I

Other applications of nuclear energy

Future

Advanced Systems
b

Reactors

Generation Il
31% of EU’s
electricity

New builds in Finland | GETEaHORIN A

and France... Start of industrial
deployment in 2040-2050




Generation Il PWRs

APR 1400 S Korea

APWR MHI

ATMEA Areva-
Mitsubishi

AP 1000

Toshiba-W




Generation Il BWRS

ABWR GE-
Hitachi

ESBWR GE

KERENA
AREVA




20i|2 2020

Reference technology

(250-600MWe)

SFR Prototype |

LFR Demo
50 -100IVWth

Alternative technology

50 -100MWth

| GFR Demo

| MOX fuel

fab unit Supporting infrastructures, research facilities
Irradiation facilities
and fuel manufacturing facilities




Sodium fast reactor (SFR) Japan, USA, France, Euratom,
Korea, China, Russia as observer

Zona 5509

600-1500 MW, 300-1500MW, 50-150MW

Efektivitate 42%

Pu (14% loop, 25% pool)

Demo ~2020 Astrid France

|ead fast reactor (LFR) Euratom, Japan,
USA+Russia as observers

Zona 380° ELSY 5700 SSTAR

(Pu,U)0O,_, 19%

Efektvitate 42%

ELSY 600MW  SSTAR 20MW transportable

Demo ~2025



Gas fast reactor (GFR He gas) France, Euratom, Japan, Switzerland
Zona 850°

Efktivitate 45%

Pu 12%

1000 MW

Demo ~2025 ALLEGRO demo 7MW

Very high temperature reactor (VRHT He gas) USA, Japan, France,
Korea, Canada, Switzerland, China,
Euratom, South Africa exp,2010

Elektriba un siltums

Siltuma neitronu spektrs

235, 233U noTh, Pu 19%

Zona 10000

Efektivitate ~50%

400-600MW

H razoSana ~200t/diena

Demo ~2020 NGNP USA, HTR-PM China, GTHTR-300c Japan, NHL

PBMR South Africa



Supercritical water reactor (SCWR) Euratom, Canada, Japan,
Korea as observer

Paslaik attistas no GEN II un GEN III LWR EU un CANDU Kanada

Siltuma neitroni

UO, CANDU #2Th

Zona 6259

Efektivitate ~45%

1700MW

Demo 2025

Molten salt reactor (MSR) Euratom, France,
USA & Russia as observers
Zona 800°
Efektivitate 45%
Atrie neitroni bez C  MGFR EU, MS-HTR USA augsta temperatra
233U no bagatinata 3°Th
1000MW
Demo 2030



Paldies par uzmanibu
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