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KMR ve ana konular:
1. Calisma durumu ve yaklasan SMR'ler

2. SMR'ler icin Yakit Gelistirme Durumu
(matris, kaplama ve yapisal malzemeler ve
geometri)

3. SMR'ler icin Yakit Dongust Segenekleri
(On Ug Sorunlari, Cekirdek Igi Yakit
Yonetimi, Arka Ucg Stratejisi ve llgili
Sorunlar)

4. SMR yakit ve yakit cevriminin Guvenlik
Sorunlari

5. SMR yakit dongustnin nikleer silahlarin
yayillmasina direnci ve guvenlik sorunlari

Ulkelerin eneriji sistemi analizindeki
kapasitelerini gliclendirmek icin

e ulusal sosyal, ekonomik ve cevresel (iklim
degisikligi) hedeflerini en iyi karsilayan kendi
ulusal stirdirilebilir enerji stratejilerini
gelistirmek

e enerji teknolojilerinin en uygun karisimini
belirleyerek

e ve, nukleer enerjinin gelecekteki ener;ji
ihtiyaclarini karsilamadaki potansiyel katkisini
degerlendirmek gerekmektedir.



KMR Tanimi

IAEA ya gore:
Kiiciik ve Orta Olcekli Reaktérler
e Guc</700MWe

e Moduler

Enerji Pazar:

Kiglk Moduler Reaktorler

*GuU¢c<300MWe

e Fabrikada Uretilmeleri mimkin

¢ Tasinabilir: demiryolu,karayolu ve deniz yolu

SMR yer secimi icin 6n kosullar OZEL KOSULLAR
ve TALEPIlere baghdir

COGRAFI KOSULLAR: Uzak bolgeler Adalar, kiyi
seritleri

TASINABILIRLIK VE ESNEK YERLESIM




COGRAFi KOSULLAR: Uzak bélgeler Adalar, kiyi seritleri

ALT YAPI KOSULLARI: Az gelismis/izole elektrik sebekeleri;
Enerji depolamasi ¢cok pahalidir.

PiYASA KOSULLARI: Eneriji fiyatlarindaki oynaklik Yakit
bagimliligi.

YENILENEBILIR URUNLERE ASIRI ODAKLANMA: Kiiciik enerji
kapasiteleri Temel yiikiin dengelenmesi sorunlari.
TASINABILIRLIK VE ESNEK YERLESIM

TAK VE CALISTIR SEBEKE BAGLANTISI

FILODAN YONETIM

MALIYET ONGORULEBILIRLIK, OLCEK ETKiSi ESNEK KULLANIM
KARARLI URETIM




JAEA SMR Teknik Dokimanlar

H v
IAEA TECDOC SERIES [ Speaking: Aliki VAN |
IAEA TECDOC SERIES IABA-TEC
————— Ahmet YAYLI
Me
_ Design Safety Considerations 0 g
?gc"t?:;is '”DSOTZ'LM;:S,‘#:' sl for Water Cooled Small Modular
i ¥ Considerations for Reactors Incorporating }
Environmental Impact Lessons Learned from the Lldec mizncy
Assessment for IAEA TECDOC SERIES Fukushima Daiichi Accident o

Small Modular Reactors

Applicability of Design
Safety Requirements

to Small Modular Reactor
Technologies Intended

IAEA Nuclear Energy Series

for Near Term Deployment @ IAEA
& Hon Tomperar Ga oo eckos
S)IAEA
2020
(Daea

A 2020 2017

tA

IAEA TECDOC SERIES |

IAEA Nuclear Energy Series

Deployment Indicators
for Small Modular Reactors

Methodology, Aralysss of Key Fackors
and Case Studses

(Dmea

2018 2013




Activities relevant to business case building (1)
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Advanced
Generations of Nuclear Energy reactors

Older Reactors New Reactors
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iPWR - Bu tasarimda, birincil devre bilesenleri reaktoriinbasing kabi icine
yerlestirilmislerdir. icine yerlestirilmistir.




Table 2.1. Classification of SMR Designs Mentioned in IAEA (2020)

Number of Designs

Reactor Type Representative Products
Listed
Light water Land-based: 25
NuScale, GE Hitachi BWRX-300, Russia KLT-40S

reactor Offshore: 6
High-
temperature SMR: 14 X-energy Xe-100, Japan High Temperature
gas-cooled MR: 2 Engineering Test Reactor
reactor

SMR: 11
Fast reactor Toshiba 4S, Oklo Aurora

MR: 1
Molten salt | SMR: 10 Terrestrial Integral Molten Salt Reactor, Moltex SSR-
reactor MR: 1 "\
Others MR: 2 Westinghouse eVinci

MR = microreactor, SMR = small modular reactor.
Source: IAEA (2020).




Figure 2.4. Electric Power Output and Reactor Vessel Sizes of SMR Designs Mentioned in IAEA
(2020)
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LWR = light water reactor.
Source: IAEA (2020).

- BWR reaktor kabi boyutu 6rnegin: cap 7.1 m, yikseklik 21 m
- PWR buhar jeneratori boyutu ornegi: cap 4,1 m, yukseklik 21 m
(RPV-basing kabi, 6rnegin: cap 4,4 m, yikseklik 12,9 m)




Bazi AB ulkeleri ve nukleer eneriji

Polonya

Polonya, 2033 vyilina kadar ileri teknolojiye dayal ilk nikleer reaktorint
kurmayi planliyor ve 2043'e kadar bes tane daha insa etmek, bu da 6-9 GW
kapasite anlamina geliyor.

ePolonya'nin planinin 6nceligi buyuk reaktorler olsa da, HTGR'ler gibi
KMR'lerin ozellikle 1s1  Uretimi ve kojenerasyon icin vyararli olacagi
ongorilmektedir.

KMR'ler iklim degisikliginin azaltilmasina katkida bulunacak. Sanayi icin fosil
yakitlarin yerini alabilecektir. Isi Gretimi icin HTGR projesine baslandi. SMR'lere
endustrinin ilgisi de artiyor.

Estonya

KMR'ler  iklim degisikliginin azaltilmasina katkida bulunacagi
ongorilmektedir. Sanayi icin fosil yakitlarin yerini alabilecektir. Isi Gretimi icin
HTGR projesine baslandi. SMR'lere enddstrinin ilgisi de artiyor.



AB 2050 de sifir karbon emisyonuna ulasmak

istemektedir ve KMR lerin bu alanda 6nemli rol
alabileceigi ongorilmektedir.

Cesitli reaktorler arasinda GE HITACHI BWRX-300 en
umut verici SMR'dir. 2021 de lisanslamanin
tamamlanmasi beklenmektedir.

CANDU Owners Group (COG), CANDU sahiplerinin bir platformudur ve
KMR'lerin ileri asamalara tasinmasi ¢calismalari var.

COG altinda, cesitli sirketlerin CEQ'larinin paylasmasini iceren bir KMR forumu
kurdu. Bu Platform bakis acilari ve ortak zorluklari ele alir. Kanada Nukleer
Sanayi KMR kapsaminda Eylem Plani olusturdu ve bir sekreterya ile
faaliyetlerin organizasyonlari saglanmaktadir ve vyol haritasi calaismalari
yapmaktadir.

COG ayrica uluslararasi isbirligi calismalarinida baslatmistir. KMR'yi her tlkenin
planlamalarindaki zaman dilimlerindeki farkliiklari dikkate alarak yeni
isbirlikleride getirmektedirler. Sadece dulzenleyiciler degil, ayni zamanda
endustriyel oyuncular ilede isbirlikleri yapmaktadirlar



Kanada ve ABD lisans i¢in hazir durumdadirlar. Ayrica bircok Ulke ve
sirketlere yogun ilgi var. Yapay zeka kullanarak operasyon maliyetlerini
dustrmeye yonelik arastirmalar tniversiteler de dahil olmak tzere ortaklarla
ilerliyor

BWRX-300 ile kisa vadede kurulum icin hazirdir ve endustriyel ortaklar,
uygun fiyath tasarim, lisanslama, tedarik zincirleri ve pazar sonrasi hizmetler
konularinda calismalar stirmektedir.

eCin, ylksek sicaklik reaktortiniin (HTR) ek olarak 6nemli oldugunu
distinmektedir.

Komurle ¢alisan gliciin yerini PWR'lerin almasi planlanmaktadir. Hidrojen ve
kojenerasyon tasarimlari 6ne cikiyor.

1970'lerde arastirmalara baslandi ve 2014'ten beri ticari tesisler insa edildi.

HTR-PM, Shangdong'da kurulmustur. Teknoloji, HTR-10'a dayanmaktadir
ve iki reaktor ve iki buhar jeneratori bir tlrbine baglanmistir. Yiksek
sicakliklar ve verimlilik disiik maliyet saglar.

HTR-PM projesi 2012 yilinda insaatina baslamistir ve neredeyse tamami
tamamlandi. Kritik ve glic operasyonlari 2021 icin planlaniyor.

HTR-PM600'iin gelistirilmis bir versiyonu da gelistirilmektedir.



KMR Pazari

Name Capacity Type Developer

CNP-300 300 MWe PWR CNNC, operational in Pakistan
PHWR-220 220 MWe PHWR | NPCIL, India

KLT-40S 35 MWe PWR OKBM, Russia

CAREM 27 MWe PWR CNEA & INVAP, Argentina
HTR-PM 2x105 MWe HTR INET & Huaneng, China
VBER-300 300 MWe PWR OKBM, Russia

IRIS 100-335 MWe PWR Westinghouse-led, international
LWESMGLGUEERS U 225 MWe PWR Westinghouse, USA

mPower 180 MWe PWR Babcock & Wilcox + Bechtel, USA
SMR-160 160 MWe PWR Holtec, USA

ACP100 100 MWe PWR CNNC & Guodian, China
SMART 100 MWe PWR KAERI, South Korea

NuScale 45 MWe PWR NuScale Power + Fluor, USA
PBMR 165 MWe HTR PBMR, South Africa; NPMC, USA
Prism 311 MWe FNR GE-Hitachi, USA

BREST 300 MWe FNR RDIPE, Russia

SVBR-100 100 MWe FNR AKME-engineering, Russia
EM2 240 MWe | HTR, FNR | General Atomics (USA)
VK-300 300 MWe BWR RDIPE, Russia

AHWR-300 LEU 300 MWe PHWR | BARC, India

CAP150 150 MWe PWR SNERDI, China

SC-HTGR (Antares) 250 MWe HTR Areva

Gen4 module 25 MWe FNR Gen4 (Hyperion), USA

IMR 350 MWe PWR Mitsubishi, Japan

Fuji MSR 100-200 MWe MSR ITHMSI, Japan-Russia-USA

Source: World Nuclear




Terestrial Enerji, maliyet sorununu ¢6zmek icin IMSR'yi gelistiriyor

ilday sV August cviv

Light Water Cooled SMRs

| Lightwater SMRs courtesy:prezi.com




NUSCALE & HOLTEC (USA) N”'ONA:.L.-T‘H?*F;‘i?.::‘

NUSCALE
> 45 MWe
> Integral PWR

> Reactor vessel submerged in
water pool

> Natural circulation
> 17x17 fuel assembly
> 1.8 m core active height
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B&W mPower & WESTINGHOUSE SMR =
(USA) N/‘\TI()NA‘l”rlxj‘l‘Jl(ﬂ‘lrl[,‘:}f :.

» mPower

» 180 MWe

» Integral PWR

» Forced circulation

» 69 17x17 fuel assemblies

» Westinghouse SMR
» 225 MWe
» Integral PWR
» Forced circulation
» 89 17x17 fuel assemblies
» 2.44 m active core height




General Atomics GT-MHR & GE- NATIONAL NUCLEAR'®

Hitachi PRISM (USA) RTGRY o®
GT-MHR

» High Temperature Reactor (HTR)

» Ceramic TRISO fuel

» Helium coolant

» Graphite moderator

» Fuel compact in prismatic fuel blocks

PRISM
> 622 MWe
> Sodium cooled fast spectrum reactor
> Metal fuel
> Passive safety




IAEA (2020) veriler:

Sekizi karada yerlesik LWR dahil olmak tGzere toplam 35 SMR;

dort acik deniz LWR, alti HTGR, bes sivi metal sogutmali hizli reaktor, yedi
erimis tuz reaktoru, ve bes mikroreaktor.

LWR'ler icin /MW (12 adet), ortalama reaktor kabi hacmi :3,05 m3/MW. 25,86
m3 /MW non-LWR ler(35 adet), 3. nesil biylk gic reaktorlerindeyse bu
rakamlar 0.5-07 m3/MW dolayindadir. Bu blyik farkhliklar reaktorlerin teknik
ozelliklerinden kaynaklanmakadir.

Bu da su demekter hacim basina gic¢ oranlari KMR lerde konvansiyonel giic
reaktorlerine gore yuksektir.

Ornegin ETR ve HTGR lerde moderator olarak grafit kullanildiginda, ergimis
tuzun ve grafitin hava ve suyla temasinin kesilmesi gerekmektedir. Bu durumda
da ilave teknik donanimlar ve malzemeler gerekmektedir. Bu dizaynlarda
hacimsel alan bliyimesi demektir.

Daha buylk bir reaktor kabinin maliyet tGizerinde olumsuz bir etkisi vardir.



ABD icin gelecek yedi yil icinde tam kullanima gececek gelismis reaktorler
tasarlanmaktadir.

Risk azalatma; gelecekte ileri reaktorlerin devreye girmesinde en dnemli
faktorlerden olacaktir.

2020 degerlendirmelerine gore 2030 da ileri reaktorlerin ticarilesmesi
beklenmektedir.

DOE, (sodyum sogutmali hizh reaktor), TerraPower ve GE-Hitachi ve Xe-100
(yiiksek sicakhkta gaz sogutmali bir reaktor) tarafindan gelistirilen reaktor ve
X-energy tarafindan gelistirilen ARDP (Advanced Reactor Demonstration
Program) programi kapsaminda her birine 80 milyon ABD Dolari verdi.

DOE ayrica, gelismis niikleer yakitlarin arastirma ve
gelistirmesini (Ar-Ge) tesvik etmektedir.

DOE ayrica diisiik zenginlikli uranyumlu HALEU (high-assay low-
enriched uranium) vyakit demetleri iireticilerine de destek
saglamaktadir.




HALEU vyakitlari; non LWR (Hafif susuz) KMR icin yeni bir yakit secenegi
olabilirler ve ABD de uretilmis bu yakitlarin bir kismi cevre kosullarina uygun
olarak INL de depolanmislardir.

Yani ABD daha reaktorler tasarim asamasinda iken buralarda kullanilabilecek
yakitlari Uretip testlerini de yapmaktadir. Bizimde benzer calismalara acilen
baslamamiz gerekmektedir

KMR'lerin yakit ¢evrimi ozellikleri, biiyiik gii¢ reaktorlerinin yakit ¢evrimlerine
temel olarak benzerdir.
Ancak bazi KMR tiirleri igin, 6zellikle “devrim niteliginde” yeni konseptler igin,

yakit elemanlarinin da yeni bir tip oldugunun dikkate alinmasi gerekir. .




NuScale Power , INL sahasinda KMR reaktor insasi icin calismaktadir.

Figure 3.2. Reactor Building Design of the NuScale SMR

refueling machine biological shield reactor building crane

spent fuel pool weir reactor vessel containment vessel reactor pool NuScale Power
flange tool flange tool Module

Source: Reyes and Hopkins (2018).




Cin, nukleeri guvenilir bir enerji olarak gormekte ve KMR'lere 6nem
vermektedir.

Uzak  bolgelerdeki  kiicik  sebekelere  katkida  bulunacagi
ongorilmektedir. Son zamanlarda, 200 MW vyiksek sicaklikli bir gaz
sogutmali reaktor (HTGR) arastirma reaktort calismalari baslatiimis ve
100 MW'lik basingli su reaktorli Uzerinde arastirmalara baslanmasi
planlanmistir.

eSMR'ler diistik karbonlu bir gelecek icin 6nemlidir. Teknik konularda
uluslararasi isbirligi standartlar ve diizenleme sistemleri cok 6nemlidir



Ulkeler ve SMR Calismalari
Fransa

Multiple SMR projects are currently under Advances in Small Modular Reactor
development (about 50 designs and concepts) and Technology Developments
have varying technology readiness levels.

For each project, a unique value proposition has to
be developed to address the targeted market needs
and expectations.

Costs and delivery times need to be adequately
estimated, analysed and optimised.

Revenues — and financing — must be secured, and
the business case demonstrated.

Finally, the economic impact of SMR development
and deployment has to be quantified and
communicated to gain societal support.

S. Dardour, February 2021. 8




Bazi az gelismis Ulkelerde niikleer enerjiye bakis

Kenya

Artan talebi karsilamak icin Kenya, 2035'ten sonra nukleer enerjiye gecmeyi
planliyor.Kenya Nikleer Gli¢c Programi (NuPEA), 2010 yilinda baslatildi ve saha
karakterizasyonu ve 2020'de bir arastirma reaktori projesi ve bulylk
reaktdrlerin ardindan KMR ler planlaniyor. Oncelik dogal olarak maliyeti az olan
projelerde.

Urdiin

Bir teknik secerken basing¢li su reaktorlerine odaklaniyoruz, hafif su
reaktorleri ve ylksek sicaklikta gaz sogutmali reaktorler ve sivi metal
reaktorleri ve erimis tuz reaktorleri harigtir.

Urdiin'tin (GSYIH) degeri dikkate alindiginda yatirimin élcegi sinirlidir ve
finansal bir risk olabilir.
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PsensoraE

TURNKEY FLOATING POWER PLANT

The CMSR Power Barge

Flexible, convenient and fast:

« Standard designs weth 200/400/600/800 MWe
* Fully commissioned at shipyard

» First power barge delivered in 2025
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400 MWe power barge

200 MWe power barge 600 MWe power barge
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UN REGULATORY FRAMEWORK

Complying with IAEA through IMO regulations
IAEA IMO

The International Atomic Energy The International Maritime

Agency is the world's central Organization - is the United Nations

intergovernmental forum for global standard-setting authority
scientific and technical co-operation for the safety, security and

in the nuclear field. environmental performance of
international shipping.

It works for the safe, secure and
peaceful uses of nuclear science and Its main role is to create a regulatory
technology, contributing to framework for the shipping industry
international peace and security and that is fair and effective, universally
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ABS - CLASSIFICATION SOCIETY

American Bureau of Shipping (ABS) is a member * Founded in 1862 with HQ in Texas. Operates 200
of the International Association of offices with 5,500 employees.
Classification Societies (IACS)

* Rules established by IACS also adopt and include
the rules from the International Maritime
Organization on behalf of the flag states.

* Assessments for the United States Department
of Homeland Security and US Coast Guard.

* American Bureau of Shipping (ABS) Group has
performed advanced compliance assessments
for several nuclear facilities.
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APPROVAL IN PROCESS

Enabling worldwide market

ISEANBORG

July 2020 - o

Feasibility Approval from the compaCT WOLTEN 2777 ‘T"‘,S.m-
American Bureau of Shipping. TECHNOLOGY FEA
(Including compliance matrix to IAEA guidelines)

Timeline:

2023 Commence serial production
2025 Get first reactor online
2027 Obtain type approval
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MODULAR CMSR POWER BARGE

24 years operational life time

2 empty CMSR Steam Turbine 2 CMSRs for
compartments with generator the first 12
~ for the second and condenser. year fuel
%, 12year fuel
cycle Accommodation
Control center
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WASTE AND DECOMMISSIONING

Seaborg's goal is to process and recycle spent fuel salt to
minimize waste footprint and reduce storage to 300 years

Waste from one CMSR:
« Activated components fit in two 40-foot containers
+ Spent fuel salt fits in a 10-foot container

CO, impact from one CMSR:
12 years of operation will save 8,400,000* tons of CO,

GREEN FIELD DECOMMISSIONING

Anton CHAUSHEVSKI
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Competitiveness of nuclear power in Russia

*  Nuclear plants provide 12% of total installed capacity and 19% total
electricity production in the national power system (UPS)

*  Russia has well-developed domestic industry providing the full cycle
of equipment production and construction of nuclear power plants
as well as their fuel supply. It results to:

low capital costs of large-scale 1200 MW units with VVER-
type reactors (near 2000 USD/kW for NOAK units)

expected 15% decrease of capital costs for NOAK units
with VWER-TOI type reactors after 2030

serial construction of units with fast reactors after 2040 and
further 15% decrease of capital costs

different SMR concepts (8-300 MW unit capacity); Bilibino
SMR was commissioned in 1974. New floating SMR was
commissioned in 2020.

Electricity production structure in UPS of Russia, TWh

2040 2040
2010 2019 (Strategy) (Least cost plan)

[Total UPS 1004,7 1080,6 14811 14811
Nuclear 170,2 2088 281,9 3990
Hydro 158,9 190,3 2271 2218
RES 0,0 16 176 13,8

| Thermal fossil 8755 6799 9545 840,6
NPP share, % 16,9% 19,3% 19.0% 26,9%

Competitiveness of large-scale NPPs vs alternative types of
plants estimated as a ratio of their LCOE

CCGT
250%

25%

200%

Central region,
Wind onshore 7% discount

New nuclear plants are competitive with conventional fossil power
plants and they are the least cost option for the non-carbon
electricity production

The role of NPPs will increase. Actual adopted strategy assumes
moderate growth of nuclear generation. According to the least-cost
development plan, the optimal volumes of NPP generation may me
1,5 times higher

2 .
Energy Research Institute RAS
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- ' Speaking: Elena Pashina Rusatom
* Northern and remote regions occupy L0

more than 50% of the Russian territory
+ ~20 mn people live there ST TR 9
* Richest reserves of minerals have o8 O IAEA M... (-
been discovered and developed here
+ Unified energy system of Russia Frdor
covers only ~16% of the country's o9 0, Elena Pashin:

territory

* Northern regions of Russia are located
in decentralized energy supply zone

+ Low powered thermal energy sources
prevail there

+ FNPP provides reliable and clean heat
and power supply to the population
and ensures potential for further
industrial consumers of Chukotka

* In the future FNPP will replace ageing
Bilibino NPP and Chaunsk coal fired
thermal power plant




wer unit equipment layout {-‘, ROSATOM

‘ Speaking: Elena Pashina Rusatom

Ahmet YAYLI
Me

9
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Fedor I
!

fb Elena Pashina |

IRBINE REACTOR SPENT NUCLEAR RESIDENTIAL UNIT
FUEL AND SOLID
RADIOACTIVE
WASTE
STORAGF



1l parameters

6’ ROSATOM
Displacement 21000t
Length 140 m
Beam 30m
Draught 56m
Fuel cycle 3 years
Design life 40 years
Time to maintenance 12 years
Fuel enrichment <15.7%

-40S 77 MWe 150 MWth

CONTROL AND SAFETY RODS

MAIN CIRCULATION PUMPS

CORE

: Speaking: Elena Pashina Rusatom

Ahmet YAYLI
Me

Fedor /’ ¢

[
(25

Elena Pashina |




urmansk Co' ROSATOM

: Speaking: Elena Pashina Rusatom

+ July-September 2018 — fuel loading 0

Ahmet YAYLI

into reactors

+ November 2018 — KLT-40S reactors
attained criticality e

+ March 2019 — comprehensive
mooring trials of the FPU completed

« April 2019 - FPU coloring

+ June 2019 - operation licence is
granted by Rostechnadzor

* August 2019 — FPU left Murmansk for
Pevek

+

f& Elena Pashina |




;e against external hazards and 6’ ROSATOM
ent protection

Seismic impact @

- Vertical acceleration of up to 1.8 m/sec?

E ,'i
o — ’ - \
i-_'. . , Alrcraft crash €

- 10-ton helicopter crash from 50 m height

o

v N
Tsunamis =223

- Safety is provided by the design of the vessel and special
onshore infrastructure including the breakwaters protecting the
| vessel

Total blackout ”p

- Safety is guaranteed during unlimited grace period

. 1L
‘ . ®
_ Environment W%

- No impact on the biosphere at the site
- Nn fiial handlinn at the <ite

‘ Speaking: Elena Pashina Rusatom

Ahmet YAYLI

Me

Fedor

Elena Pashina |




MR evolution: from {-', ROSATOM

ITM-200

Speaking:

Ahmet YAYLI 9

Me

PWR technology

e dimensions, 35% less in mass*




RITM series SMR solutions for the market c-" ROSATOM

& Floating solution Speaking: Elena Pashina Rusatom

Land-based solution ﬁ

Reactor 2 x RITM-200M Reactor 2 x RITM-200N P AR 9
Me
Electrical capacity 100 MW Electrical capacity 110 MW
—
Fuel cycle up to 10 years Fuel cycle up 10 6 years ‘
Design life 60 years Fedor | ¢
Design life 60 years /
Length 1mM2m O, Elena Pashina |
Plant area 0.06 km?
Beam 30m
Construction
Draught 5m

3-4 years

period

’

E'
'.,;

——

OCTADNEH ROCTYT K DAWEMY IKPAHY 3axpuite gocTyn



Viewing Fedor's applicati.. v

Alternative nuclear projects by unit size and location

Large-scale units Concentrated SMRs Distributed SMRs
Large-scale (1000+ MW ) units Multiple SMRs (100+ MW units) Distributed SMRs (10+MW units)
at the same site closer to the consumers

e @ @& elell| [elen

ellgl| |anensd| g =

RARERE ol 6Ll

High voltage transmission lines (220/330/500/750 kV)

Distribution lines (35-110 kV)

4 .
Energy Research Institute RAS




GenlV Reaktorlerinde Yapisal Malzemeler

IV. Nesil gereksinimleri ve teknik zorluklar

Bu reaktorlerin bazi oncilleri, 6rnegin SFR ve VHTR gibi gecmiste insa
edildi, ancak IV. Nesil gereksinimlerinin bazilari karsilamadi.

Teknolojinin veya gereksinimlerin
odaklanilmasi gereken dort oncelikli alani
sunlardir:

e siirdiiriilebilir niikleer enerjinin gelistirilmesi
¢ rekabet gliciiniin korunmasi veya
arttirilmasi

e giivenlik ve glivenilirligin iyilestirilmesi ve
arttirilmasi

¢ Niikleer silahlanma yayilmasinin 6nlenmesi
ve fiziksel korumanin saglanmasi.



Table 1.1 OQverview of Generation IV systems

reactor)

Outlet
Neutron temperature | Fuel Size

System spectrum | Coolant | (°C) cycle MW,)

VHTR (very-high- | Thermal Helium Up to 1000 Open 250—300
temperature
reactor)

GFR (gas-cooled Fast Helium 850 Closed 1200
fast reactor)

SFR (sodium- Fast Sodium 500—-550 Closed 50—150
cooled fast 300—1500
reactor) 600—1500

LFR (lead-cooled Fast Lead 480—570 Closed 20—180
fast reactor) 300—1200

600—1000

MSR (molten salt Thermal/ | Fluoride | 700—800 Closed 1000
reactor) fast salts

SCWR Thermal/ | Water 510—625 Open/ 300—700
(supercritical fast closed | 1000—1500
water-cooled




TURKIYE NUKLEER YAKIT CEVRIMIi CALISMALARI KMR YAKIT
DONGUSU iCINDE NELER YAPILDI NELER YAPILABILIR?

YAPILANLAR
YAPILMASI GEREKENLER

KMR
TASARIM
MALZEME CALISMALARI
YAKIT CEVRIMIi CALISMALARI




TORYUM-
URANYUM YAKIT
CEVRIMLERI

09 36 BES




TAEK Toryum-Uranyum Yakit Cevrimi
Calismalari

Toz Metalurjik ve Sol-Gel Yontemleri

(Th, Ce, Al,Mg) oksit Spinell
IMF

Nadir Toprak —Toryum Ayirma Calismalari




IMF
Producti

on

PM Route

Sol-Gel Route
(Ex_Gel)
Weight %: _
Sol Preparation
80 ThO2

>5Ce02 Gelation in

5 MgO ammonia

Washing-Drying
Calcination

Powder
Preparation

Powder Blending

Forming 200-500
MPa

Sintering at 1700 o C for
different times

Microstructural Investigations
Characterizations




The Production of the Thoria Based Inert Matrix Nuclear
Fuel by Powder Metallurgy

e Plutonium Management

— OECD/NEA 2011
* 500 tons Pu

— Nuclear weapon warhead
— Reprocessing of spent fuel

e : g o '
— Prolifiretion and environmental § m |
* Minor Actinides i APt
— Radiotoxic material e 7
— Increasing £ o /i/ ,%/cm
. ¢ 100 <t
 Thoria based IMF o =

S 160 1950 1970 1660 90 2000 2010 20 2030 2040 %0

— Reduce Pu stockpiles
— Transmutation of minor actinides

Year
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The Production of the Thoria Based Inert Matrix Nuclear Fuel by

Powder Metallurgy
* Experimental Studies mo, | [0, | [ | [0,
" b ) " 1%
| | l [ J
* Pellet Production -
Blending powders &
Adding PVA for bindering
. Millirg
Pressing at 200 Mpa
Sinteringat elevated temp.
Pressing
s
Niring
1473, 14573,
_ 16,1,
O 103 113K

Sintered pellets Flow sheet of the pellet production



i 200 X600 Zpm 11 48 BES 200V X10000  fpm 144 BES
’ . . CNAEM'de Uretilen ThO2 Tozlarinin Elektron mikroskobu Gorintileri

|

¥ \: \{\/
15K X10,000 1um 19 35 SEI 15KV 6,000

A (

CNAEM'de Uretilen Toryum Esasli Inert Matriks Niikleer Yakit peletlerinin Elektron Mikroskobund
Alinmig Mikro Yapi Gériintiileri

CNAEM'de Oretilen Toryum dioksit, ThO; Niikleer Yokit Peletleri

20kV  X3,300 5pm 0943 BES 20KV X2,000 10pm 0943 BES

CNAEM'de Sonokimyasal Yontemle (Diinyada ilk kez GNAM de Yapilmistir) Uretilen Toryum DiOks

CNAENYde | ¥Ontemiyle Uretien ()Th)0;. Mikicer Yalat Peletied Nikleer Yakit peletlerinin Elektron Mikroskobunda Alinmis Mikro Yapi Gériintileri




16kV  X2,000 10pm 09 59 BES 15kV  X2,000 . 10pm 09 55 BES

IMFPM 1700 - 12
h




Resim 7. Yan otomatik ig jellestirme diizenegi ve bu yéntemle tiretilen UO; peletleri

Resim 8. Tiirkiyede ilk kez CNAEMde tiretilen WWER tipi sinterlenmis UO: (solda) ve
yanabilir soguruculu UO2-Gd»Os peletleri(sagda)

Resim 9. Sinterlenmis UO: (siyah)ve ThO2 (beyaz) peletleri ve zircaloy zarfta tapa kaynak
rontgeni

Resim 10. Dis jellestirme ile elde edilmis (U, Th)O: ve tekrar sinterlenen ThO: peletleri




Sol-gel yontemiyle
toryum
kiireciklerinin eldesi

Sol-gel

yontemiyle
Uranyum
kiireciklerin
eldesi

(Th0.9, U0.1)0O, Dis jelasyon yontemiyle tretilmis yakit peletleri



Role of thorium in sustainable growth of nuclear power-
A case study for India

Uranum r‘/ FHWR

S

PHWRs+FBRS (Pu-U) +FBRs(Pu-
Th) +MSRs (23U-Th)

L)

)
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&
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Manufacturing routes for (Th,U)O, fuel tried at BARC

s Powder metallurgy route

s Sol gel microsphere pelletization
(SGMP)

s Carbon black (30 g per mol of Th and
U) was added to the broth and
subsequently removed by controlled
oxidation during heat treatment to
obtain porous Gel microspheres.

s Pellet impregnation

s Coated agglomerate pelletization (CAP)
» Coating of U,04 on ThO, granules -

» Advanced CAP(ACAP)

s Co-precipitation from respective
solutions




Sintering of thorium fuel

Sintered in Ar-8%H,
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FORSCHUNGSZENTRUM

Scenarios for Thorium Use
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Gen-lV MSRs
233U/Th cycle
Gen-lV FRs Th-
blankets
for 233U
Gen-lll+ HTRs breeding 233y/Th cycle
Gen-lll PHWRs 233U/Th cycle

Gen-lll LWRs Gen-lll+ LWRs

- Improve fissile material balance

- Increase conversion r o ip/LW
- Breed 233U Q(O

2010 2020 2030 2040 2050 . Time

source: Aliki van Heek Thorizon 1 March 2011
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Ceramic Coated Particles for the HTR
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HTR
1954 P Fortescue TRV N T

1956 R Schulten i d UL N
COSLITE S N N

History of coated particles:

1957 R AU Huddle
1959 W Goeddel
1961 J Oxley, Battelle

fluidised bed coating

Manufacturing
United States
United Kingdom
France
Belgium
Germany
Russia

India

Japan

China

South Africa
South Korea
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The HEU/Thorium Fuel Cycle extensively 2 JULICH
studied in early

HTR development in both the USA and

Germany

~1 mm Diameter

TRISO-coated fuel particle

High Temperature Reactors
12.5 mm Diameter
M ~50 mm Long
= AVR (Germany)
= Peach Bottom (USA)

= THTR (Germany)
= Fort St. Vrain (USA)

60 mm Diameter

A 360 mm Across Flats
13-15 April 2011 IAEA Consultancy CRP proposal ~800 mm Long slide 62



NUCLEBRAS/CDTN

§ R.B. Pinheiro*, F.AN. Carneiro, F.S. Lameiras*, R.A.N. Ferreira, W.B. Ferraz, G erman l U L I C H
2 M.S. Dias, M.LL. Soares, E.P. de Andrade, H.A. Mascarenhas, AMM. dos Santos, ORSCHUNGSZENTRUM
3 L.CM. Pinto, A. Santos, S.A.C.Filgueras, M.J. de O. Lopes. Brazilian
5 SIEMENS KWU/Nuclear Fuel Cycle Programme
s M. Peehs*, G. Schlosser, F. Wunderlich, H. Gross, W. Doer, M. Gaertner, G. Kaspar, :
: H. Fiemann, . Porsch on the Thorium
2 . . .
E NUKEM Utilization in
M. Hrovat, M. Kadner. PW RS
KFA-Jiilich i I NAL RE PORT
V. Maly*, K. Reichardt, B.G. Brodda, E. Zimmer. o ‘88

r) :Y : [
Prodpein of
DEVEIGHINE
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JAEA CRPxxX.
Proposal for Work Structure

“Assessment of
Thorium Fuel Cycle in Thermal and Fast
Reactors”.

13-15 April 2011

d

o O 0 O O 0O O

Why Thorium?

Thorium resources

Fuel Cycle Considerations
Th in Fast Reactors

Th in LWRs

Thin HTRs

Th in MSRs

Conclusions and recommendations

IAEA Consultancy CRP proposal on Assessment of Thorium Fuel Cycle
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13-15 April 2011

J  ThinHTRs

Results obtained in the German HTR Fuel Development
Program 1977-1989

1 Introduction
2 (Th,U)O, TRISO Coated Fuel Particle Design
3 HTR Fuel Manufacture
3.1 (Th,U)O; Fuel Kernels
3.2 The TRISO Coating
3.3 Spherical HTGR Fuel Elements
3.4 As-Manufactured Fuel Quality
4 Irradiation Behavior (Normal Operating Conditions)
4.1 Irradiation Envelope
4.2 Material Test Reactor Irradiation & Analysis
4.2.1 Post-irradiation Examination
4.3 AVR Real-Time Irradiation Testing & Analysis
4.3.1 Post-AVR Examination
4.4 Irradiation Performance Assessment
5 Fuel Performance under Accident Conditions
5.1 Simulation Testing of Core Heatup after

Depressurization

5.1.1 (Th,U)O; Release Under Isothermal
Heating Conditions (1600° C - 1800° C)

5.1.2 (Th,U)O; Release Under Fast-Ramp
Heating Conditions (up to 2500° C)

5.1.3 Comparison of (Th,U)O, TRISO with
other HTR Fuel Designs
Accident Condition Performance Assessment

5.2
IAEA Cﬁssu tancy CRP proposal on Assessment of Thorium Fuel Cycle
erformance Limits

JULICH

ORSCHUNGSZENTRUM
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What is fission energy from
232Thgy, ?

J Thorium is fertile, not fissile, so it can ONLY be used in breeding

mode, by producing 233U, which is fissile . In the reactor the fuel is
almost completely used up.

d The fact that most of the thorium is used gi:~c ~ frrtar 140 anip

~ramnarad +Aa 23511 in D\A/Rc Neutron Capture
e ce, OVfTe c*gr 00)
artile 238U 5 239U fertile 232T 233Th
Bdecaylth =22.45mn [:’)decaylh/z =22.3mn
239Np 233Pa

ﬁdecaylh/z =2.3d «— Factor 11! -» Pdecay |t1r=27d

fissile 239pu fissile 233U

Uranium chain Thorium chai 66




Destroying nuclear waste with
232'|'h90

Thorium minimizes nuclear waste production, as it is 7
neutron captures away from 23°Pu

For the same reason, it can be used to destroy nuclear
waste (transuranic elements) with efficient recycling and a
fast neutron flux in the reactor

235P

Entry door to nuclear waste
- production

155 0.08 0.69 0.03 1
2 235U 0«371 236 0-4| 21 0«351 238 022 239 240,

6.75d 235mn 141h

(barn)
== (n, y) capture 2INp

lﬂsgge” p-decay < 10 years 7 4 /5’1 %_24 % u I TRU
241 Puiﬂ, 242Pu}ﬂ, 243pu’ﬂ,

%am) Fission
1431 4%6h

<o (0,20) /02 27 017

: 31
sfbam) (E_ > 6 MeV) 2, a2, : 27 U2
12 02 4
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