GEN(IV £

Expertise | Collaboration | Excellence
oI EIl o - mPSOEEE

verview and Update of SCWR Activities within GIF

Mr. Armando Nava, CNL, Canada
26 November 2024

% ' . O AK \\" E:Eggg:ﬁr::clear
[ ]
NATIONAL NUCLEAR ® RIDGE

fe—)
==
Pacific Northwest LABORATORY @ / \ Laboratoires Nucléaires
NATIONAL LABORATORY A Canadiens

nnnnnnnnnnnnnnnnnn National Laboratory
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Some Housekeeping Iltems

@ Listen through your computer

Technical Difficulties

To ask a question

Share with others or watch it again

@  Please take the survey
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Please select the “use computer audio” option and
check that your speakers/headphones are not
muted.

Search the Zoom Webinars Support

Select the “Q&A” pane on your screen and type in your
question

A video/audio recording of the webinar and the slide
deck will be made available at

A brief online survey will follow the webinar.


https://support.zoom.com/hc/en/article?id=zm_kb&sysparm_article=KB0064143
http://www.gen-4.org/

To Ask a Question — Use the Q&A function

Click the

Q&A buton
in the zoom e e
m e n Ll . Toutes les questions(1)

. GIF TS (Vous) 13:20

You Wi I I Can you please elaborate on the role of GIF in relation to the topic of
the presentation?

then see a
window that
will allow
you to type
your
guestion.

Type your question here,

Envoyer anonymement Annuler Envoyer

2. Qui peut voir vos questions ?

£ GIF Secretariat
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Meet the Presenter
Mr . Armando Nava Dominguez has a Bachelor’s degree in Energy

Engineering, specialized in Nuclear Thermalhydraulics and a Master’s degree in Nuclear
Thermalhydraulics. He joined the Canadian National Laboratories (CNL) in 2005 as a
Thermalhydraulics Analyst, specializing in code development and validation of the
subchannel code ASSERT-PV.

He joined the Canadian Super Critical Water Reactor (SCWR) team in 2011 as part of the
Generation-IV International Forum (GIF) program. He is the Canadian member and co-chair
of the SCWR Thermalhydraulics and Safety under GIF. He is currently the chairman of the
system steering committee for the SCWR under GIF.

At CNL, he is the Technical and Project Lead of the SCWR Gen IV project, and Head of the
Advanced Reactor Technologies section. In addition, he has five years of experience in the
private sector conducting deterministic and probabilistic safety analyses of nuclear power
plants.
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Outline

« Why SCWR?

« Supercritical fluids in the power industry.
* Previous SCWR concepts.

« R&D activities and collaborations.

« Knowledge gaps.

« Advantages and disadvantages.

* Opportunities.

* Questions.

GEN(IV g

Expertise | Collaboration | Excellence
—iEEiFIEElle . mENSEE




Why SCWR?

What is critical about supercritical?
Why supercritical?

“Increasing thermal efficiency is effective in reducing capital costs
and the volume spent fuel and radioactive waste per generated watt
of electricity.”

Oka Yoshiaki, Superlight Water Reactors and Super Fast Reactors.

|s a technology already used in the power
sector.

The number of supercritical fossil-fired plants
(SC-FFP) worldwide is larger than that of
nuclear power plants.

SCWR is the only water-cooled reactor
selected by GIF.
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“There is nothing critical about supercritical. Super critical is a
thermodynamic expression describing the state of a substance
where there is no clear distinction between the liquid and the
gaseous phase (i.e. they are a homogeneous fluid). Water reaches
this state at pressure above 22.1 megapascals (MPa)”

Ingo Paul

https://documentsl.worldbank.org/curated/en/924431468740714825/pdf/multi-page.pdf
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Why SCWR?
* Presently, most commercial water-cooled 625 f
reactors are water-cooled.
« Allowed us to develop a large body of
knowledge on water-cooled technology. |
. . . @]
« SCWRis an evolutionary step from previous G
water-cooled reactors. Several components can 8
be used from previous generations and FFP. 3
°
- |tis an extension of current knowledge. |
. o 320
« SCWRs offers practicability and 310}
industrialization. 285+
- However, radiation is an unknow factor in SC L
FFP Entropy, kJ/kg K
. Pioro, I. L., and R. B. Duffey. 2007. Heat Transfer and Hydraulic Resistance at Supercritical Pressures in Power
GEN I Ip(;cstpT?tlonal Engineering Applications. Heat Transf. Hydraul. Resist. Supercrit. Press. Power Eng. Appl. ASME Press.
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Water-cooled reactors —An evolutionary path

Supercritical fossil fired plants.

NASA studies on thermalhydraulics (for SC
fluids).

« Water-cooled reactors (subcritical).

» Supercritical GE (300 MW), Westinghouse.
* Martin naval propulsion concept.

» Superheated Beloyarsk nuclear power plant.
« Super LWR and FR.

» High Performance Light Water Reactor.

« Canadian SCWR.

« CSR-1000.

« ECC-SMART.
. Martln Supercrltlcal
e« (Canadian SCW-SMR. Naval Reactor
Supercritical boiler GE 300 MW,

* CS R'1 50 Westinghouse
Rocket propuI5|on 1 E

Beloyarsk
GEN I International
Forum
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UC-81. Reactors-Power
(TID-4500, 1dth Ed.)
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i t
History .
The Staff of
- Reactor Englneering De velopment Operation

March 18, 1858

SUPERCRITICAL PRESSURE POWER REACTOR

A Conceptual Design

» Supercritical FFP:
— Philo #6 125 MW, 31 MPa, 621 °C (1957).
— Eddystone #1 325 MW, 34.5 MPa, 649 °C (1959).
* First BWR & PWR.
— Dresden Unit 1, 180 MW, (subcritical) 1960.
—  Shippingport Atomic Power Station 60 MW, (subcritical) prototype.
— Yankee Rower 185 MW, (subcritical) 1961.
* First SCWR concepts
— GE 300 MWe 1959 (Not constructed)
—  Westinghouse Atomic Power Department 19577 (Not constructed)

HANFORD ATOMIC PRODUCTS OFPERATION
RICHLAND, WASHINGTON

Conceptual Study of a Supercritical Reactor
Plant for Merchant Ships

Figure 7

i Tlmlng favored Subcrltlcal reactors, Schematic-Core and Pressure Vessel Schematic-

Westinghouse Reference Design

* Nuclear reactors are built to run for multiple decades.
Marchaterre, J. F., and M. Petrick. 1960. REVIEW OF THE STATUS OF SUPERCRITICAL WATER REACTOR TECHNOLOGY. Argonn

Beznau nuclear power plant in Northern Switzerland takes the honour of IL (United States).
being the oldest nuclear power Currently in use. Construction on the plant Pravda, M.F., and Lightner, R.G. 1965. Conceptual study of a supercritical Tractor Plant for merchant ships. Nuclear power
began in 1965 and Beznau 1 began producing power on 1 September 1969, sysmposium, Philadelphia, Pa. Marine technology, p.p. 230--238
with Beznau 2 following in 1972. MSwissinfo.ch Swiss perspectives in 10 languages
News >

Swiss Politics » StUdy to aSSeSS if SWiSS
GEN/]V Lematona nuclear reactors could
Forum operate beyond 2030

Expertise | Collaboration | Excellence
TEEEFIEELL v e mEOSE= https://www.swissinfo.ch/eng/swiss-politics/feasibility-of-oldest-swiss-nuclear-reactors-under-review-post-2030/74491335
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Beloyarsk

The Beloyarsk Nuclear Power Station /N LV, Kurchalov 549
* Reactor built in the former Soviet Union. —_—
g =/ / o - .
* On April 26t, 1964, Beloyarsk NPP supplied = I
current to the power system. Ly
RS II: I .

* Used superheated steam (500 °C) but ] .

operated at subcritical conditions. N1

Operational experience is important for SCWR
as we have some knowledge on the material’s
behavior under high temperatures.

T 7
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R B R
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power station I/N |.V Kurchatov. Atomnaya Energiya,16, 489.
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Super LWR and Super FR

- __________________________________________—
/ Once-through direct cycle system

188,]

Neutron spectrum

U

* Prof. Oka from Japan worked on supercritical
water-cooled reactors for many years.

 His work is the basis/foundation for most of the
new SCWR concepts.

« Prof. Oka's book Super Light Water Reactors
and Super Fast Reactors summarizes the
process of conceptualization for an SCWR.

[PULIdY L
R ————_

0 > 600°C |
(44%) (> 46% )}

* Multiple Universities in Japan are working on P )
SCWRS Theriratereeicy N e e e e &

« Prof. Akifumi, from Waseda University is
working on SCWRs.

GEN(IV £
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High Performance Light Water Reactor

Control rod extensions

« Concept developed by the EU. A
« HPLWR is a SCWR.

Aiming at a new power of 1000 MW, and a net  couoispoe e
efficiency of 44%. oy

 Core outlet temperature set at 500 °C. '

- System pressure of 25 MPa.

 Vertical orientation. — - Tr— .
« Two-flow passes. R o

« Safety systems borrowed from current LWRS.  rutesenoycuste sumrvesrz |

Core support/base plate

Lower mixing plenum

GEN(IV e
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Starflinger J. & Schulenberg T. (eds.) 2012. High Performance Light Water Reactor : Design and Analyses. 13
Karlsruhe: KIT Scientific Publishing. DOI: https://doi.org/10.5445/KSP/1000025989
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Canadian SCWR

» Canada also conceptualized the Canadian
SCWR.

« Based on CANDU reactors (Canadian
technology.)

— Pressure tubes and heavy water moderated.

« However, some ideas were taken from LWRs:
— Direct cycle.

— Vertical orientation.
— Safety systems from LWRs, such as ICS.

Operates at 25 MPa, with an inlet coolant temperature
of 350 °C and outlet of 625 °C.

Thermal efficiency of ~48%.

ilﬂ'ﬂilall 1)

B
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Pioro, I. L. 2023. “Handbook of Generation IV Nuclear Reactors: A Guidebook.” Handb. Gener. IV Nucl. React. A
Guideb., 1-1079. Elsevier. https://doi.org/10.1016/C2019-0-01219-8.
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CSR-1000

« China also developed a SCWR concept called
the CSR-1000.

Cooled and moderated with light-water.

The primary circuit is a direct cycle consisting
of a two-pass, thermal neutron reactor.

Thermal power of 2300 MW:
Thermodynamic efficiency ~43.5%.

NH “'“”!IH

Inlet coolant temperature 280 °C and outlet
coolant temperature of 500 °C.

GEN(IV e
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ECEEEHEELE o B OSEE Water Cooled Reactors, IAEA-TECDOC-1869, IAEA, Vienna (2019)



GEN IV International Forum

New SCWR Concepts

« The SCWR group faced a generational gap
challenge.

« Multiple experts who developed SCWRs
retired.

* New group took the initiative and proposed a
new project under the Horizon 2020 platform in
the EU.

« Canada and China were invited to participate
in the project.

« Aim to develop a supercritical water-cooled
small modular reactor (SCW-SMR).

GEN(IV £
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Cross section B-B
through steam
flanges

GEN IV International Forum Cross section A-A
through

ECC-SMART froduater

e

» Reactor developed by the EU. ¢ . =g i<

« Support from various institutions.

T

« Main characteristics: : 1 L.

— Horizontal orientation.
— 80 MW..
— 7 passages.

oL
5 v

A HT BRITLH SR LA LTBLE

Development of
Small Modular Reactor @ <
Technology

&5 Arwrmcar e Propc e bing # prene el of wseos ol
- n

i el s e ke

GEN I International
Forum
Expertise | Collaboration | Excellence httpS://eCC-Smart.eu/ 17
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Canadian SCW-SMR

« CNL is working on this concept.
« Based on the Canadian SCWR.

« Scaled-down version.
— 188 fuel channels.
— 4 m active length.
— Inlet coolant temperature 290 °C. ' l ’ l ' | '
— Qutlet coolant temperature 500 °C.
— Pressure 25 MPa.
— 300 MW..

GEN(IV e
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CSR-150

« NPIC is working on this concept.
« Based on the CSR-1000.

« Scaled down version.
— 45 fuel channels.
— 2.5 m active core length.
— Inlet coolant temperature 280 °C.
— Qutlet coolant temperature 520 °C.
— Pressure 25 MPa.
— 150 MW..

GEN(IV e
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DOD00
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1 Grilwork
-1 Avsembly box

3 Fuel element

4 Soild moderator claded
5 Solld moderator

& Control rod
7 Liguid moderaiar

& Coolamt

T Lbgubd moderator
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Collaborations supporting GIF SCWR
GEN@ ::né%rr%ational

SCWR TH&S PMB. EARel s srela s nll e S
SCWR M&C PMB.
The ECC-SMART project.

IAEA CRP “Advancing Thermal-Hydraulic
Models and Predictive Tools for Design and
Operation of SCWR Prototypes.” : —

= -
¥ -
ﬁ% % . i = [ = i D
L 5 B womse 1
‘g\;‘:j Illﬁ“EIﬁ v, Press centre  Employment Contact ¥ i :'i"i' a 9
TOPICS ~ SERVICES ~ RESOURCES ~ NEWS & EVENTS~ ABOUT US ~ Search n e BB Aoaiw [ i [l
iome / News / New CRP: Advancing Thermal-Hydraulic Models and Predictive Tools for Design and Operation of SCWR Prototypes (131034) = N e h‘_ -
New CRP: Advancing Thermal-Hydraulic Models and Predictive Tools for Design
and Operation of SCWR Prototypes (131034)
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Thermalhydraulics and Safety
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Heat Transfer

Heat transfer under supercritical conditions.

Experimental campaigns.

Several experimental datasets are available now.

Multiple geometries and fluids have been used in
the experiments.

Allow for verification of CFD, subchannel and
system codes.

Multiple international benchmarks have been
carried out —latest organized by NPIC.

& 0.50

Correlation and model development.

CHF near the critical point needed for start-up
and shutdown of SCWRs.

GEN(IV £t

Expertise | Collaboration | Excellence 22
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Smooth lower wall Modeled roughness on lower wall
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Heat Transfer

« KIT carried out experimental campaigns under
the ECC-SMART.

« KIT (Germany) and CVR (Czech Republic)
worked together to prepare the test section.

« Test section has internal rough surface.

« Study the effect of surface finishing on heat
transfer.

« Data shared among participants.
« Heat transfer deterioration delayed.

140+

U 120
# 100
GEN(IV ey o
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Hydraulic Resistance

estimate pressure losses.

« Correction factors proposed for friction.
e Several datasets available.
 Recent data from KIT is valuable for

understanding the effect of diabatic rough

surfaces on hydraulic resistance.
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Important to properly dimension pumps and
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Similarity studies

« Several institutions are working on this area.

« However, the University of Pisa is leading this
effort.

» The adoption of the fluid-to-fluid similarity theory
allows for identifying boundary conditions that, if
properly imposed to different fluids, may produce
similar heat transfer behaviour no matter the fluid
properties.

» Further understanding of the role of
dimensionless numbers in the development of
correlations.

International

GEN I Forum
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Flow instability

« Similarly to BWRs, SCWRs experience a
change of density across the reactor core.

* Need to study the possibility of flow
instabilities.

* Multiple experiments have been performed,
including natural circulation and parallel channel
instability.

* International benchmark under the ECC-
SMART project called International benchmark
study on SCWR thermalhydraulic
characteristics (IBSCTH).

GEN(IV e
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_ Extension

GEN IV International Forum |:I'.Ir::f||
= = n i B sparimEn Tast
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S u rface fl n IS h I n g ::ﬁlnel arr;d;;IE;ent
~ spadimen

. 1
Ui | fone heater
B element

« Supercritical water is a corrosive environment.

« Understand the effect of increased roughness
on the cladding material.

Fxlension

rod

 Effect of surface finishing on heat transfer and
hydraulic resistance.

Insulzted test sample
3D Model

« Delay of heat transfer deterioration.
« Cross-cutting activity.

GEN(IV £
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Surface finishing

« KIT experiments. SNRole

* DNS studies carried out by KIT (Germany),
University of Sheffield (UK), Carleton University
(Canada).

 Direct numerical simulation (DNS) offers a
good opportunity to complement experiments
by providing detailed information on flow and
thermal fields. This improves our understanding
of the physics even though simulations are
currently limited to low Reynolds numbers.

Carleton &2

University

GEN(IV iz e AT e

Expertise | Collaboration | Excellence oy Shefﬁe]d Karlsruher Institut fur Technologie Resolution of roughness 28
TEEMEELL o mEOSEE height in fluid mesh




CATHENA lIdealization of SCW-SMR Concept with ICS

GEN IV International Forum s Foo

Safety Analysis
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— Loss of feedwater accident (LOFA).
— Station black out (SBO).

— Japan working actively on this area.

Moderator Down-comer

Centre Tubes (CG-8 ~ CG-1) Fuel Channels (CG-1 ~ CG-8)
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' & ‘ The Scope of Japanese SCWR R&D: Resilient SCWR Development

BB = B (@)

* The conceptual development of the once-through direct cycle system started in 1989 (The Univ. of Tokyo=» Waseda Univ.).
* After the Fukushima Daiichi accident (2011), the conceptual development at Waseda Univ. in collaboration with Tohoku Univ., Osaka Univ.,
and JAEA aims for improved RESILIENCE in R&D. The TWO key points are:

Technical continuity  from the current technology and the FeleJg=RVoJ-{-Te [IXe Vg1 T-RH =R o I I L RN {1 TN

* HREERY: YUERETnEh #to minimize the plant internal contamination for smooth post-accident decommissioning.

Operation lifetime: 60 — 80 years L
Planning Decommissioning

Innovative severe accident (SA) management to

minimize the plant internal contamination.
Nl:jexutron Once-through direct cycle system https://doi.org/10.1016/j.nucengdes.2023.112756
spaEHUAD

my|

& Compact containment :

~ 1 spectrum e ~\ , : In-Vessel Retention

Core ! with suppression chamber
! —
upgrades : Smooth

i — post-accident
! decommissioning
1

= i N

= ! : :

% ! Innovative core upgrades / variants (examples)

S Bl = Pubreeding https:/doi.org/10.1115/1.4037719

* Minor actinide transmutation https:/doi.org/10.1016/i.nucengdes.2020.110619
* Small Modular Reactor https://doi.org/10.3390/ine1010004

Thermal efficiency


https://doi.org/10.1115/1.4037719
https://doi.org/10.1016/j.nucengdes.2020.110619
https://doi.org/10.3390/jne1010004
https://doi.org/10.1016/j.nucengdes.2023.112756
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Materials and Chemistry
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Workshop on structural materials for
Gen-lIV SMR concepts

* In November 2023, a workshop on structural
materials for Gen-IV SMR concepts was
organized under the ECC-SMART project.

The workshop on structural materials for IV generation small modular reactors
held in CIEMAT (Madrid) was a significant opportunity for engineers, researchers,
and students to gather together on a future-oriented theme. Not only did the
meeting update the community on internationally performed activities and

European projects but also it showcased results of ongoing projects such as ECC- 55 ECC
SMART. It also provided valuable insight into the state of advanced materials, = st
different nuclear systems, licensing processes, data management and research on WORKSHOP ON
accident-tolerant fuels. Furthermore, it proved to be an excellent opportunity for STRUCTURAL
university students to learn about upcoming summer schools and workshops MATERIALS FOR

related to the topics. The workshop provided a unique space for networking and
engaging in discussions about the future of the systems, as well as addressing
questions that remain unanswered.

GEN(IV e
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Oxidation

+ Identify a suitable cladding candidate for
SCWR conditions.

« Corrosion experiments using autoclaves.

* Two international round-robin tests were
completed.
* Currently assessing:
« Alloy 800H.
» Stainless steel 310S.
* Aluminum Forming Alloy (AFA).
« Chromium coated Zircaloy.
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Oxidation

« Oxide growth experiments.
* Alarge databank is now available.

« ECC-SMART project is evaluating results to
propose an improved model.

« SJTU proposed a harmonization process for
carrying out experiments.

 Information needed as part of design limits.

« Materials and water chemistry for SCWRs
book (By D. Guzonas).

« 3rd international round-robin under discussion.
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Oxidation at LOCA conditions

« VTT, as part of the ECC-SMART project,
conducted oxidation experiments at 1200°C
with steam.

« Support design basis accidents LOCA and
SBO.

Corrosion tests are ongoing; preliminary results from AB00H and 3105 corrosion tests
C) LOCA after 1000 hours are shown balow:

A) At 380°C, Alloy 800H exhibits lower weight gain and both alloys show a low wall
penetration (calculated based on the model proposed by David Guzonas). At 500 °C both
alloys see increased weight gain as it is expected due to the effect of temperature, but 3103
maintains superior overall performance with lower weight gain and wall penetration

(= 20 pm wall penetration in 30000~ at 500 °C). it is reasonable considering the higher Cr
content in 35 3105, The data also highlights significant variability between laboratories,
underscoring the influence of testing conditions on material behavior.

B) Results from 3SRT show intergranular crack initiation sites on alloy 310 S only at 500 "C
{S5SRT with A 800H and AFA are not finished yet).

3108

C) At 1200°C, alloy 800H showed significant mass gain (~3 mglfcm®) with intact oxide layers,
while steel 3105 experienced mass loss due to oxide exfoliation. The thick oxide layers on
31058 seem to contribute to its detachment, particularly after 15 hours of exposure.

—
=
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Radiation effects

In addition to the effect of the flow conditions (i.e.
pressure and temperature), radiation also impacts the
material’s properties.

* Transmutation of elements.

= LR

7 E ™ b Wg¢ B A

» Displacement of elements. 3161 8¢ B00H4x 310S4x Foils8x 310 8x 800H 8x

316L2x 316L2x S, AL

» Change of mechanical properties overtime.

 CVRin the Czech Republic conducted irradiation
experiments using the LVR-15 research reactor.

« CNL in Canada conducted high-energy proton
irradiation using the TRIUMF accelerator (in British
Columbia, Canada).

» Collaboration with University of Waterloo for He
implantation.

Results are under analysis.
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Workshop on PIE

Warkshop on PIE
{Post-lrradiation Examination)

* A Workshop on post irradiation examination
(PIE) took place in CVR under the ECC-SMART
project.

* International participation.

« Important to move forward on new reactor
COﬂCeptS_ www.ecc-smart.eu

Workshop on Post Irradiation - Examination (PIE) L EC C
26-30 August 2024

smart

Research Center Rez

SR CVR| sz, 26-30 August 2024

The Post-Irradiation Examination [PIE) Workshop brought together experts in nuclear research to explore the latest

. "
advancements in PIE techniques. The workshop attracted a dynamic group of 20 early-career researchers and students, W o R K S H o P S O

aged between 18 and 30, from across the globe, all eager to enhancing their research skills and academnic expertise.

POST-IRRADIATION EXAMINATION

B irradiation experiments © safety regulations On behalf of the ECC-SMART project, Research Centre Rez (CVR) is organizing a workshop focused
% Dosimetry L Advanced material testing on “post-irradiation examination (PIE)."
Fuel inspection . Applications of PIE in future nuclear technologies

Post-Irradiation Examination (PIE) is vital for the safe operation of current nuclear power plants and important for
the development of new generation of nuclear reactors and technologies. The examination of irradiated fuel rods,
safety of nuclear reactors, along with hands-on experience through tours of research reactors and facilities. specimens from surveillance programs, or specimens from in-pile and other irradiation experiments is usually

done at hot cell laboratories. The data obtained are utilized by fuel developers, manufacturers, operators,

| ﬂte rnat 1ONa | regulators, material scientists, and metallurgists for fuel and nuclear materials improvement, ultimately
FO rum enhancing operating safety, efficiency, and reliability.
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The workshop offered a comprehensive platform for sharing critical knowledge on the long-term operation and
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Mechanical tests

tensile
i ]

« Understand the material behavior after being T
exposed to SCW conditions and/or irradiation. /alj g
> -

« Characterization of the material from the &

mechanical point of view.
 Yield stress and ultimate tensile strength.

Tensile tests of irradiated specimens at RT
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Radiolysis

The coolant of a nuclear reactor experiences
irradiation as well.

« Water radiolysis is the breakdown of water
into its constituent parts by ionizing radiation.

 These new species need to be
removed/controlled from the system.

« However, there is very little information of
radiolysis under SCW conditions.

» Preliminary results point out that it is possible
to suppress the radiolysis.

« Mainly computational analyses have been
completed, but we need experimental data to
verify the predictions.

International

GEN I Forum
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Lead shielding
around test section

Van de Graaff
electron accelerator

Effluent line to

control room Feedtanks

Remote transmitters

Metering pumps

Supercritical water rig
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Corrosion product transport

* Another important area is corrosion product
transport.

 Most SCWRs proposed a direct cycle.

« Conversely to BWRs, no dryers and steam
separators are needed in SCWRs. However,
knowing what type of corrosion products are
transported to the turbine is important.

« CNL is currently working on this area.

« Improving the loop to have a better
temperature control, and thus more reliable
data.

GEN(IV e
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- E 40 B Improved (non-uniform enr. )
= Initial {(uniform 5% enr,
ReaCtor PhySICS E 35 | Initial {uniform 5% enr.)
E‘.‘ED
C2s
D 20
« The University of BME conducted most reactor e
physics analysis. 10
* CNL and BME organized a benchmark to assess =5
computational tools. 0

#l # #3 8a #5 #o H
» Coupled physics code Serpent with the Heat-up stage

thermalhydraulics system code Apros.

» Obtained reactor power distributions for proposed

ECC-SMART reactor. 0000000 assembly wall

» Core models were developed with special 00000 00NN .o
attention to the reactivity reserve, achievable cycle o | @ OB M moderator box wall
length (over 2 years without shuffling) and power ..Ili..l B moderator
distributions with the highest power generation in o0 insulator with neutron absorber

the first few heat-up stages.

GEN(IV £t
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Licensing

» Under the ECC-SMART project, a work package
called Synthesis & Guidelines For Safety
Standards focuses on developing generic and

specific safety criteria and requirements for the
SCW-SMR concept.

» Current nuclear standards lack provisions for
supercritical applications, including high pressure,
high temperature, and the combination with
neutron irradiation.

* Under the GIF RSWG, two design requirements
documents for SCWRs were completed.

* Under the ECC-SMART, a new pre-licensing
document was completed.

GEN(IV £
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ECC-SMART PROJECT

Joint pean C. ian Chinese d E of Small Modular Reactor Technology

Grant Agreement Number: 945234
H2020 — NFRP-2019-2020

Start Date of the Project: 1/09/2020
Duration: 54 Months

Deliverable Title: D5.3 Pre-licensing study
Lead party: 4-Jsl
Author(s): Andre] ProSek (JSI), Leon Cizelj (JSI)

BME: lidiko Boros, Attila Kiss;

CIEMAT: Alberto Saez Maderuelo;

g CVR: Jifi Duspiva, Guido Mazzini, Monika Sipova;
Participani(s): ENEN: Gabriel Pavel;

IPP: Yaroslav Dubyk;

JRC: Oliver Martin, Radek Novotny.
Due Date: 31/10/2024
P |
- 'I(:’:‘\D ECC
U smart
ECC-SMART PROJECT
Joint European C: 1 Chinese of Small Modular Reactor Technology

Grant Agreement Number: 945234
H2020 - NFRP-2019-2020

Start Date of the Project: 1/09/2020
Duration: 48 Months

R D5.1 Safety criteria and requirements for
verabe T | the SCW-SMR concept
Lead party: JoZef Stefan Institute (JSI)
L. Cizelj, A. ProZek, M. Ur8ié. J.-C. de la Rosa Blul, O. Martin,
Author(s): A_ Kiss, |. Boros, M. Hrehor, A. Toivonen . A. Nava-
Dominguez, S. He, |. Otic
Participant(s): JRC, CVR, KIT, BME, VTT, CNL, UoS
Due Date: 31/08/2021

Version Number: 0.1
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Knowledge gaps

Neutronic cross-sectional data at SCW
conditions.

Radiolysis at SCW conditions.

Corrosion product transport.

CHF near the critical point.

The effects of non-uniform power distribution
on heat transfer.

Natural circulation.

Fuel qualification.
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Advantages and disadvantages
« Supercritical fluids is a mature
technology in the SC-FPP industry.

« However, never used in the nuclear
power sector.

« Water-cooled reactors represent most
commercial nuclear power plants.

« SCWR offers practicability.

« Itis an EXTENSION of knowledge, not a
different branch.

* Multiple system or components can be
used from LWR, PTHWRs, and SC-FFP.

« Excellent platform to form highly qualified
staff on water-cooled reactors.

Advantages

GEN(IV £t
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High-pressure system.

Supercritical term can be misleading.
The word “critical” has several
connotations.

Current water-cooled vendors are
focused on Gen-Illl and Gen-Illl+ reactors.

However, sCO2 is becoming more
popular in the nuclear industry.

Hyper-marketing is focused on non-
water reactor technology.

Disadvantages

44
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Opportunities

Supercritical fluids
technology

Oil &
Gas

Cross-cutting activity with non-
water-cooled reactors.

Several non-water-cooled reactors
propose supercritical fluids for the
secondary circuit.

Work with other sectors, such as oll
& gas sector to improve models.

Pave the road for the Gen-IV water-
cooled reactors.

SCWR

on-water-
cooled

«  Support a smooth transition of huclear

water-cooled reactor technology. reactors
(secondary

GEN(1V & circuit)
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Upcoming events

. Pisa, Ital $
UNIVERSITA DI PISA %, rewmiims §

©r &
Wy, A8
€/ Water-CO°

11" International Symposium on Supercritical

« The 11th International Sym ium on
e ternational Symposium o Water-Cooled Reactors

Supercritical Water-Cooled Reactors will be

held in Pisa Pisa, Italy - February 3-7, 2025
.. . . The dates of the Symposium have been changedljoe l‘:vgflt;sparticipahon of the Chinese scientific community,
 Thanks to Prof. Walter Ambrosini (University of Koot s o s 4 e v
. . . . The University of Pisa and the
F?ISG)I for suppo_rtlng 1.ZhIS technology and for his Dipartimento di Ingegneria Civile e Industriale
time In organizing this event. are happy to announce that the first ISSCWR Symposium ...
in the post-COVID-19 era will be held 3

"!“.
in the beautiful town of Pisa ‘_fﬁ r

iIie

g as ’ b/ s Lt
= t ﬂ i 1l
@ e & REREREDEAFT T 1 ~ | SEENE

GEN(IV e

Expertise | Collaboration | Excellence
—EEEELL s mEEOEEE

POLO FIBONACCI

Aula Magna Pontecorvo - Edificio E

Largo Bruno Pontecorvo, 3 - 56127 Pisa :
www.isscwr11-pisa2025.com
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Questions

Why not?

The scientific man does not aim at an immediate
result.

He does not expect that his advanced ideas will be
readily taken up.

His work is like that of a planter - for the future.

His duty is to lay foundation of those who are to
come and point the way.

In theory, theory and practice are the same. In
practice, they are not.

Albert Einstein.
Nikola Tesla,

“The problem of increasing human energy”, The
Century Magazine (June, 1900)

GEN IV p5
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Upcoming Webinars

e A

05 December 2024 Overview and Update of LFR Activities Mariano Tarantino, ENEA, ltaly
within GIF
22 January 2025 Overview and Update of MSR activities Jiri Krepel, PSI, Switzerland
within GIF
12 February 2025 Overview and Update of VHTR activities Gerhard Strydom, INL, USA
within GIF
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