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JAEA Statute

“...accelerate & enlarge
contribution of atomic energy
to peace, health and |
prosperity...”
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JAEA: Main work areas

Nuclear Technology & Applications Nuclear Safety & Security Safeguards & Verification

Nuclear Energy Nuclear Safety & Safeguards
Nuclear Sciences & Security
Applications
Technical

Cooperation



NP Reactors
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Climate Change
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JAEA Assistance
to Newcomers

MILESTONE 1 MILESTONE 2 MILESTONE 3

Ready to make a Ready to invite Ready to
knowledgeable bids/negotiate a commission and

commitment to a contract for the first operate the first
nuclear power nuclear power plant nuclear power plant

programme




E-learning
for Nuclear Newcomers

IAEA Approach

Al
to life.

www.iaea.org/NuclearPower/
Infrastructure/elearning




Analysis for Sustainable
Energy Development
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IAEA support in
Nuclear Knowledge Management
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Regional Nuclear
Education Networks

BNEN STAR-NET

AFRA-NESE




Cyber-Learning Platform

i@; Cyber Learning Platform for Nuclear Education and Training
CLP4NET
IAEA

HOME | ABOUT | RESOURCES

Communication.  Collaboration.  Knowledge.



Nuclear Information

INIS: organizing the world's nuclear information and making it universally accessible

Search the INIS Repository

Enter your search term here ‘

Advanced search

3.9 millions of bibliographical records



Support for operators

Atam 104419

o~

Plant life
management

Maintenance/
Outage management
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Nuclear fuel

Fuel rod Fuel assembly

Fuel pellet
of uranium dioxide
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Nuclear Power Technology Development

B
Technology g H
Development gy ?

for Advanced
Reactor Lines

eneration NUCLEAR &Dis(ri

ENERGY




Macro Areas for Each Reactor Line and
Non-Electric Applications

Assist MSs with national nuclear programmes; Support innovations in nuclear
power deployment; Facilitate and assist international R&D collaborations

Information Modelling and Development of
Exchange Simulations Methodologies

Technology Education and Knowledge
Support Training Preservation




ARIS Data Base https://aris.iaea.org/

IAEA | ARIS fmmees pescor

Technical Data Characteristics About ARIS

ADVANCED REACTORS

WATER COOLED TECHNOLOGY GAS COOLED TECHNOLOGY MOLTEN METAL MOLTEN SALT COOLED
COOLED TECHNOLOGY
TECHNOLOGY
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Innovation & Technology
Development

NNV .
REACTOR DESIGNS AND CONCEPT SB Advances in Small Modular Reactor
Technology Developments

A Supplement to the IAEA Advanced Reactors

Information System (ARIS) A Supplement to:
IAEA Advanced Reactors Information System (ARIS)

http://aris.laea.org




TRAINING COURSES

R EA CTO R T EC H N O L O G Y IAEA N"c'ea Series
ASSESSMENT

Formal process of specifying key factors, based on country-
specific protocols, assigning relative importance to each,
and quantitatively evaluating technology design in a
consistent manner using reliable and comparable data, e.g.
from ARIS and vendors. 2014 2017

Basic
Principles

~ Common User
Considerations (CUC)

by Developing Countries
for Future Nuclear
Energy Systems:

Report of Stage 1

~ Objectives
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Reports
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|AEA PC Based Basic Principle Nuclear
Power Plants Simulators

Learning-by-Doing Education and Training on
Reactor Technologies
in Support of Member States’ Human Resource and
Capacity Building



IAEA PC Based Basic Principle Nuclear
Power Plants Simulators

IAEA assist Member States in educating nuclear researchers, engineers,
and regulators with effective learning-by-doing approach integrating the
all 4 learning dimensions

pie NPP Simulators for Ed‘gé(ion

Conventional 2-Loop PWR
Simulator (PCTRAN)

Integral Pressurized Water
Reactor Simulator Manual:
Exercise Handbook

10 PC based simulators NEW: SMR Simulator 4 learning dimensions

IAEA arranges for:
* Distribution of simulation software, and corresponding training materials

« Management of existing suite of simulators
 Development of new simulators
« Organization of training courses and workshops




SMR booklet

« Published every two years
« 2016 edition includes:

18 LWR designs

7 marine based designs

9 High temperature reactors
6 fast reactors

8 molten salt reactor designs

« Supplement to ARIS
database

 https://aris.iaea.org/

Advances in Small Modular Reactor
Technology Developments

A Supplement to:
IAEA Advanced Reactors Information System (ARIS)
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CRP: HTGRs applications for energy neutral sustainable comprehensive
extraction and mineral products development - till 2018

Use process heat to comprehensively extract mineral products

Process Heat
for
Phosphate
conversion

and
U/Th recovery

Cleaner products and
waste streams / reduced

High Temperature Gas- NORM
cooled Reactor

- ree e

Nucle Fuel 16 member states
Manufacturing participating



CRP: Modular High Temperature
Gas-cooled Reactor Safety Design

Propose safety design criteria based on the
unique safety features of HTGRs

» clarifying the safety approach and safety
evaluation criteria

» design and design extension conditions

appropriate

» multiple reactor modules and co-
generation considerations

» No cliff edge effects; no core melting
> 10 member states participating germane
» Project to finish in 2018

Safety analysis and Licensing is often singled out as one of
the main challenges to the deployment of new advanced
reactors. 27




IAEA Nuclear Graphite
Knowledge Base

to support the preservation and
sharing of expert knowledge

u.xueareraph.te and experience, across the
Knowledge Base . . )
@ iInternational nuclear graphite

. .. community.

Databases

http://nucleus.iaea.org/sites/graphiteknowledgebase/



Fast Reactor Technology:
Key Activities

*Coordinated Research Projects (CRPSs)
. *EBR-II (Shutdown Heat Removal Tests)
MOdelllng and *NAPRO (Sodium properties)

1 1 *PSFR Source Term
SlmUIat|0nS *CEFR Start-Up Tests

*FFTF (ULOF Tests)

* Fast reactor knowledge preservation portal (FRKP)

Knowledge
Preservation * Liquid metal cooled fast neutron system database
(LMENS)
Education and + SFR Simulator for Educational Purposes
S * ICTP-IAEA Workshop on the Physics and Technology
Tralnlng of Innovative Nuclear Energy Systems

+ Joint IAEA-GIF Technical Meeting on Safety of SFR
* Passive Shutdown Systems for Fast Neutron

Systems — NES Publication
> Information Exchange

* NAPRO: CRP \
- LMFNS Catalogue International Cooperatlon

29



Fast Reactor Technology:
Major Outputs

FR 17 EBR- I Handbook on
FRKP portal SFR Simulator Benchmark Sodium
Conference Results
e s @) = < S '

Properties
.@

11

..................



7-11 December 2009
Kyoto, Japan

International Atomo Energy Agency

Hostadby the

Japan Adomic Enargy Agency (@)

i coopemtion with te
Japan Atomic Energy Commission

Minisiry of Economy, Trade and Industry (Japan)

MINISTy of Education, GUTtF, Sports, Science and Tec nalogy (Japan)

JAEA Conferences on Fast Reactors

International Conferenceon

Fast Reaclors and Related Fuel Cycles:
Challenges and Opportunities

FRO9

N )

IAEA

|IAEA International Conference on

Fast Reactors and Related Fuel Cycles

- 26- 29 June 2017, Yekaterinburg
R 456 Papers Presented

¥ International Conference on

L' FAST REACTORS AND
& RELATED FUEL CYCLES:
+,. Safe-Technologies and
s Sustainable Scenarios

L RBANARE |1 1] oo 705 204 o
FR13 International Conference on

FAST REACTORS AND RELATED FUEL CYCLES:

4-7 March 2013 Next Generation Nuclear Systems for Sustainable Development

Paris, France
26-29 June 2017 FR1 7
Yekaterinburg, Russian Federation




Fast Reactor Knowledge Preservation:

FRKP Portal

1 e contmpt st Senges e PG UG NES ubction- .. 8 STANOTAET - WeAnd . (8 O
SharePoint
et i o |
A
Fast Reactor Knowledge Organization System (FR-KOS)  FR Knowledge Base  SemanficSearch Sealt
ome
It general recogized that ong NS Fast Reactor Colection Search
term development of nuclear power as =
a part of the world's future energy mix (& ) IAEA|INIS
b .
il reqire fast reactor technology with
S closed fuel cycle. The fast neutron
spectrum allows fast reactors to
ol increase the energy yield from natural
uranium by a factor of ixty to seventy
compared to thermal reactors, granting FAST REACTORS IN THE WORLD
herefore realization of nuclear power ;
Number of units in operation/non-permanent
programmes for thousands of years, a5 chutdown
well as a sigficant improvement of - Number of nis under commissoning 2
nucear waste management. It is for these reasons that fast reactors have been under  Number of countris with/constructing fast '
development for decades in several countries, primariy as breeders and,in recent years, alsoas ~ reactors
High-Level Waste bumers.
Facilities in support of " P y
"F“'Hg” Sipport The necessary condition for successful deployment in the near and mid-tem is the -
INK
understanding and assessment of technological and design options, based on both past el
Facilies n support o knowledge and experience, as well as on scientific and technological research efforts
HLM FNS
With regard to the firs, the design and operation of several sodium-cooled fast reactors, such .
a the Fast Flux Test Faity (FFTF) in USA, the smallsize Prototype Fast Reactor in the United TAEA Lk
ottt ) ¥ -3 ta ondtra
Kingdom, the prototype Phénix in France, the BN-350 in Kazakhstan, the demonstration plant TAA Fat Reactors Web-site v

Recent BN-600 in Russia, Monju in Japan, the commercil size Superphénix in France, etc. have

CRPs data uploaded: (Designed and ready for
use by projects’ participants)

=

EBR-II Shutdown Heat Removal Test Analysis

Monju_UPNC: Sodium Natural Convection in the Upper
Plenum of the MONJU Reactor Vessel

Phenix_CRW: Control Rod Withdrawal Tests Performed
During the PHENIX End-of-Life Experiments

Phenix_NCT. Sodium Natural Circulation Tests Performed
During the PHENIX End-of-Life Experiments

N

> W

. New CRP on "Radioactive Release from the Prototype
Fast Breeder Reactor (PFBR) under Severe Accident
Conditions "

. Passive Shutdown Systems for Fast neutron reactors

Available also on the web:

. Experimental Facilities in support of Development and
Deployment of Liquid Metal Cooled Fast Neutron
Systems (LMFNS). LMENS catalogue is alive database

. FR 17 conference

FR Taxonomy was revised in 2016 and applied in the FRKP portal


https://nucleus.iaea.org/sites/lmfns/
https://nucleus.iaea.org/sites/lmfns/
https://nucleus.iaea.org/sites/lmfns/

LMFNS Experimental Facilities Database

Experimental Facilities in support of Development and Deployment of Liquid Metal

cooled Fast Neutron Systems

IAEAog  NUCLEUS

@} IAEA | Catalogue of Facilities in Support of Ll\:%;

Home LMFNS Facilities Database Overview of SFR Overview of LFR LMFNS Compendium

Catalogue of Facilities in Support of Liquid Metal-cooled Fast Neutron Al

Ao oA

MYRRHABELLE facility -Belgium

This LMFNS catalogue is a living database, which is, in its current form, presents an electronic version of section 4 of the IAEA
Nuclear Energy Series publication (in progress) "Experimental Facilities in Support of Liquid Metal Cooled Fast Neutron
Systems. A Compendium".

LMFNS Compendium. Summary of the IAEA publication

To overview the potential capabilities of 150 experimental facilities in 14 IAEA Member States to support the development and
deployment of the innovative Liquid Metal cooled Fast Neutron Systems (LMFNS) and navigate yourself through the LMFNS
Facilities Database" click on the below buttons:

Overview of SFR . Overview of LFR

For detailed information on these facilities 1) click on the below button "LMFNS Facilities Database" (also on top of this
page), 2) select the Coolant technology - SFR, LFR or both in the search box, 3) use other search and filtering tools as
appropriate, 4) click on the Facility Profile you are interested in.

"LMFNS Facilities Database

A comprehensive Catalogue providing detailed
information on experimental facilities currently
designed, under construction or operating

Facilities Designed to support the development
and deployment of innovative liquid metal-cooled
(sodium, lead and lead-bismuth) fast neutron
systems (LMFNS), both critical and subcritical

Identifies existing or future operational
experimental facilities able to support innovative
LMFNS

Expected to facilitate cooperation using existing
and planned experimental facilities for LMFNS,
and enhance their utilization by providing end-
users with detailed information

Encourages international collaborations



IAEA Workshops and Schools on
Innovative Nuclear Energy Systems

« Recent Course: Joint ICTP- P o th t . n
IAEA Workshop on the reparing the next generation...

Physics and Technology of

JointICIP=IAEA'Workshop-on

Innovative Nuclear En ergy ) ) 'sicé,g? \eemplogy of Innovative Nuclear Enerdy Systefns

forSustainable’Deyelopment

Systems for Sustainable
Development, 29 Aug - 02
Sept 2016, Trieste, Italy

— Imparted theoretical foundation of
all aspects of innovative nuclear
energy systems

— Familiarized students with 3
models and codes for design and T8
safety analysis _

— Provided an active forum for
sharing new ideas

B

The Abdus Salam -
(CTP International Centre —— 29 August - 2 September 2016

for Theoretical Physics &) Miframare, Trieste

AR



HEEP

Evaluates the economics of the most
promising processes for hydrogen production

View Additional inputs Help Exit

Help (?)
[” Use "Real" rat quity : Debt—— Borrowing - Tax Rate;- Depredation

Discount rate: [5 %] B @) interest (%) | (%) period (yrs)
Inflation rate: [ % [70 ¢ W 10 10 20

[5

Construction Operating

Help (?)

P | ViewEdd Baiflack
A‘Ii:“::::al Update and
store Case

Estimate
hydrogen cost

¥ Nuclear Power Plant

¥ Hydrogen generation ¥ Hydrogen storage ¥ Hydrogen transportation

Help (?) Help (?) Help (7] Help (?)
v Use library & Read from library ™ [Jpdate v Use library & Read from library o Use ibrary ' Read from library Update Use library ¢ Read from existind™ [pdate
utilty " Create new data 5 TFI;P utility " Create new data utiity ¢ Create new data b szs utilty " Create new data
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Parameter & Colocated " Away from NPP & Compressed Gas ¢ Liquefaction  Pine & Vehicle
Thermal rating (Mw/th/unit) adq| | Metal Hydiides P
Heat for H2 plant (Mwith/unit Parameter Value | jata |
Electricity ratirflg (MWweunit) H2 generation per unit (ka/vr] 2 52 +08| Edit Parameter Value gglda. Parameter Value g:lda'
IN‘:"“:’;?’ ?fl U';’:k i Heat ?QnsumpFion [MWlh/Uf?i[] ! Storage capacity (ka) 4.83E+6 Distance for transport (km) 200|Edit |
PR TLE: nac (R L Electricity required (Mw/e/unit] Compressor cooling water (Lithr) | 1.50E+6|E Ovemight Capital cost (USD) 1.92E+8| Edit |
gnnual fueéfeed [kg/u{nlgw ] Number of units Electricity requir- =
vernight Capital cost{USD /unit QOvernight Capital cost{USD funit) i
- Dvemight - rogen Eco
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Decommissioning cost (% of | #: Cost to be entered, i energy is drawn fromgid | . IAEA
capital cost)* @ market rate Infer'na'honal Afomic Energ y Ag e"'CY

HEEP R

F :
Or. L Khamis. Nucloar Powt Tachenia e ond this sofware plaaso

Y

Pie Chart

Tabular Display

1 " Hydrogen cost details € Thermal energy cost de' ology Development Section, Division of Nuctear Powsr IAEA.

A

Ll L Kbeasmris Pres crgy
~Legend Developad for itermattonal Atomc Energy Agency by BARC
M Debt [ .02USD [ 32.49%)]

B Equity [ .026USD [ 42.28%)]

B 0&M [.01USD (16.85%))

B Consumables [ 0USD [ 0%))

B Decommissioning [ .001USD ( 2.38%)]

B Fuel [.004USD [ 6%)]
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Hydrogen Economic Evaluation Programme - NPTDS
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performance and cost evaluation
E E P of various power and seawater

desalination cogeneration configurations.

Full screen

DEEP 5.1

Desalination Economic Evaluation Program

i
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e 01 Flow Disgrary
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Desalination Economic Evaluation Programme - NPTDS



models the steam power
cycle of different WCRs
coupled with nonelectrical applications

DE-TOP

Desalination Thermodynamic Optimization Program

DE-TOP POWER AND DESALINATION DE-TOP

Step 1
POWER PLANT

Step 2
NON ELECTF

Define the power plant (fossil fuel power Define the non e

MAIN PARAMETERS

Gross Efficiency
Net fficiency
THERMAL UTILIZATION

Heat rate
HEAT RATE

PLANT PERFORMANCE PARAMETERS
HEAT INPUT

7,201
7,598

DUAL PURPOSE _ SINGLE PURPOSE

49.9%
a7.4%
ar.a%

DUAL PURPOSE _ SINGLE PURPOSE

7,201
7,598

49.9%
a7.4%
ar.a%

%

plants or water cooled reactors) from user I R RG] et inputsteam generator Lm0 L0210 M)
Heat input reheater (Nuclear) 25 265 MW(th)

values or predefined cases. Heat input reheater (fossil) - - MW(th)
‘GROSS POWER OUTPUT 515.1 515.1 MW(e)
High pressure turbine output 1562 1342 MW

I s ma
Total Mechanical Output 525.6 525.6 Mw

‘7

AUXILIARY LOADS

Feedwater pump 121 121 COUPLED DESALINATION PLANT

Condensate water pump 04 04

Cooling water pump 29 29 DESALINATION TECHNOLOGY MED TVC 'WATER PRODUCTION

Other auxiliary loads 104 104 Max brine Temperature 1us ‘c
TOS 20 ppm

NET OUTPUT 489.3 4893 MW(e) GOR 512 8] 0 ma/dav
Number of stages. 2 8]

HEAT REJECTED CONDENSER 507 507 MW(th) Cooling water temperature 2 S TOTAL POWER REQUIREMENTS.
DESALINATION PLANT CONSUMPTION

MASS B, NCE DUAL PURPOSE _ SINGLE PURPOSE Heat to desalination MW(th) 6.1 MW
Power lost due to extraction - MW(e) 5 (e)

UVE STEAM FLOW 919 a9 kg/s Desal. electric cons. - MW(e)

Live steam to reheater 1014 1014 kg/s Total specific cons. 612 KWh(e)/m3

Steam inlet to High Pressure Turbine 390.6 390.6 k‘/‘ POWER LOST RATIO

High Pressure turbine exhaust 2 a2 kgfs INTERMEDIATE LOOP §

Moisture serparator condensate (39.0) (39.0) kg/s 1L hot temperature 1255 c .

Steam inlet to Low Pressure turbine 316.2 316.2 k‘/’ ILcondenser return temp nzs < ”Dlv/o 4

Low Pressure turbine exhaust 2347 247 kgfs ILmass flow - kg/s

%8

Btu/kWh
ki/kwh

Non-Electric Applications

ILpumping power




estimates water needs in
NPPs especially for WCRs

WAMP

Water Management Program
in Nuclear Power Plants

Version 1.0b
November2012

Water Management Program

RESULTS

WATER USEma/s @m3fii SELECT COOLING SYSTEM E¥VERZNISF-EEIY
WITHDRAWAL ‘ CONSUMPTION
2. RESULTS
COSTS *\lsmam ‘
CAPITAL (MS) OPERATING (M$/yr) Read, prirk or save as PDF a full report which
110.0 7.7 Steam turbine summarizes the assumptions and results of
the examined case
38 °C
ENVIRONMENTAL IMPACT summary
Visual impact I
Impingment Condenser —_—
Plume —_—
Thermal polution mS Heat e —
Air polution s Rejected: ,y Ym——
Detalled Report
FY PARAMETERS
Power Plant ° fthe obtained using this cod
Netreferenceoutput ~ ggoMwe ¢ [ * Condensate 38 °C the taauts obished usha ihis cade
0.07 m3/s 0.8 m3/s
Ambient Conditions Water
Air Temperature 0°C L[y
Relative Humidity 20% <
Inlet water Temp 15°C [
wind Speed Tmis [ ¢
Cooling System B 0 05 1 15 2 25 3 35
Cycle of Concentration 10 TETT Stvporsed B Db m3IMWh

Water Management Program - NPTD




[ Nuclear Hydrogen Production Toolkit - NPTDS ]

|

Toolkit on Nuclear Hydrogen Production

Up-to-date information

e Link to IAEA tools

Click on the links to

cocsonthe reiovart | [HAIARANY ‘ * Highlights of IAEA Publications

information.

. News on IAEA Activities

* Newsletter on nuclear hydrogen

Contact

production

Division of Nuclear Power
Department of Nuclear Energy

IAEA =

Vienna International Centre ==
P.0. Box 100

A-1400 Vienna, Austria

Tel : +43 1 2600 22751
Fax: +43 1 2600 29598

e AR e Update/Release in Jan. 2017




‘ Nuclear Desalination Toolkit - NPTDS l

............................

 Up-to-date information

. Link to IAEA tools

EVALUATING OPTIONS FOR DESALINATION
Clickion the links to USING NUCLEAR ENERGY

* Highlights of IAEA Publications access therelocant -~

information. s e
IAEA TOOLS ON NUCLEAR DESALINATION
(DEEP & DE-TOP)

. News on IAEA Activities

*  Summaries of the TWG-ND - Wowes ooy 2! (L
. . Contact TECHNICAL WORKING GROl{P
* Newsletter on nuclear desalination o TG s——
o :::Iw o LAUNCHING NUCLEAR DESALINA
Vienna :::r::::;;l Centre PROGRAMME
Update/Release in Jan. 2017 blteei T

Ibrahim Khamis
Email: L.Khamis@iaea.org LATEST NEWS
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“Internet Reactor”
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HEU Removal

43



Spent fuel pool '

Spent fuel

44



Disposal

Deep underground disposal facility
for spent fuel Onkalo, Finland

;‘v," ""‘ ) ‘ -, "& "?I e

Final covering of LLW disposal facility
Centre de la Manche, France



Decommissioning &
Environmental Remediation

Yankee Rowe NPP

Maine Yankee being
dismantled, USA

46



- n
International Conference on the
Safety of Radioactive

Waste Management

Third International Conference on

Nuclear Knowledge Management . 21-25 November 2016
Vienna, Austria

Challenges and Approaches

Vienna, Austria 7-11 November 2016
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 International Conference on Fast Reactors and Related Fuel Cycles (FR17)
* 4th International Conference on Nuclear Power Plant Life Management (PLIM)

* Ministerial Conference on Nuclear Power in the 21st Century



U 60 Years
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I A E A Atoms for Pea

...atoms for peace
at your service...

Thank you!

www.laea.org/nuclearenergy


https://twitter.com/IAEANE

