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I. INTRODUCTION

he  Supercritical Water-Cooled Reactor

(SCWR) is a high-temperature, high-pressure
water-cooled reactor that operates above the
thermodynamic critical point of water (above
374°C, 22.1 MPa). The main advantage of the
SCWR is improved economics because of the
higher thermodynamic efficiency and plant
simplification opportunities that are made
possible by the use of a high-temperature, single-
phase coolant. However, there are opportunities
to achieve improvements in other areas such as
safety, sustainability, proliferation resistance and
physical protection because of the flexibility of
the various design options that include fast and
thermal spectra as well as opportunities to utilize
conventional or advanced fuel and fuel cycles.

The SCWR is the only water-cooled
Generation IV reactor concept and builds on
many years of experience in advanced water-
cooled reactor and supercritical fossil plant
development. It also builds on proven advanced
concepts and systems from both industries
(e.g turbine technology). The main challenge in
the SCWR development is to combine advanced
reactor technology with supercritical fossil
technology so that the desired operating
conditions are produced by nuclear heating rather
that fossil fuel. This introduces challenges in the
selection of materials for the core components
that will require significant R&D. In addition
R&D will be needed in other areas such as
thermal-hydraulics to produce data and
information needed to design and license the
reactor. A system research plan has been
developed by the GIF SCWR System Steering
Committee that outlines the R&D requirements
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for the SCWR development'. The GIF members
that are currently active in the SCWR R&D
include: Canada, EURATOM, France, Japan,
Republic of Korea, and China (as observer).

1. SCWR DESIGN OPTIONS

The SCWR can be designed as a fast or
thermal reactor with closed or once-through fuel
cycle. In addition, pressure-vessel or pressure-
tube designs can be used which opens the way for
a number of design options that have the potential
to significantly improve the four GIF metrics.” A
schematic of the SCWR is shown in Figure 1.
Table I lists the main operating parameters and
features of the SCWR.

Direct
Thermodynamic Cycle

Pressure Tube Option

Figure 1: SCWR Schematic

Economics, safety, sustainability, proliferation resistance
and physical protection (PRPP)
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TABLE I: SCWR Reference Parameters

Parameter Reference value(s)
Power (MWe) Up to 1500
Pressure (MPa) 25

Inlet Temperature (°C) Up to 350

Outlet Temperature (°C) | Up to 625
Efficiency Up to 50%

Burnup (thermal option) | Up to 60GWd/tHM
Burnup (fast option) Up to 120GWd/tHM
Spectrum Thermal or Fast
Fuel UO,, MOX, thorium

Fuel Cycle Once through or Open
Pressure Boundary Pressure tubes or pressure
Coolant vessel

Moderator Light water

Light water or ZrH, (PV)
or heavy water (PT)

The SCWR GIF members are considering
several design options that are based on the
parameters in Table l. These design options
include:

1. University of Tokyo thermal and fast
spectrum designs:? these are pressure-
vessel design concepts (see Figures 2, 3)
that have been under development at the
University of Tokyo since 1989 (thermal
version) and 2005 (fast version). The
thermal version is called “Super LWR” and
the fast reactor version is called “Super
Fast LWR”.

2. High Performance Light Water Reactor
(HPLWR):® this is a pressure vessel design
that is under development in Europe and is
partially funded by the European
Commission (see Figure 4).

3.  CANDU®-SCWR:* this is a pressure-tube
reactor that is being developed by AECL
that uses a thorium fuel cycle and a
separate heavy water moderator with
enhanced safety functions (Figure 5).

4. SCWR-SM:® this is a pressure vessel
design under development in the Republic

T CANDU - Canada Deuterium Uranium, a registered

trademark of Atomic Energy of Canada Limited (AECL).
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of Korea that utilizes a solid ZrH,
moderator (Figure 6).

5. Mixed core design:® this is a pressure
vessel concept that is being evaluated at
Shanghai Jiao Tong University. The core
consists of a fast spectrum inner region and
a thermal spectrum outer region (Figure 7).

The above design options have common
features such as the use of a direct thermodynamic
cycle that contributes to plant simplification and
improves efficiency. They also have common
R&D needs that will be described later. These
different designs are expected to result in very
economical reactors with safety features that are
at least equivalent to the high safety standards
implemented in Generation 11+ water-cooled reactors
with opportunities for further enhancements.”®® In
addition, the introduction of the fast spectrum and
the use of advanced fuel cycles™®™ provide
opportunities for further enhancements in
sustainability and proliferation resistance and
physical protection. These designs are being
developed with the objective of providing options
and ideas that can potentially be used to design an
advanced water-cooled reactor that enhances all
GIF metrics. These design activities are used to
guide the R&D activities that are described next.
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Figure 2: Super LWR Schematic.
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Figure 3: Super Fast LWR Schematic.
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Figure 5: CANDU-SCWR Schematic.
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Figure 4: HPLWR Schematic.
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Figure 6: SCWR-SM Fuel Assembly with a Solid
Moderator.

145



SCWR: Overview

Fast Spectrum

Thermal Spectrum

Figure 7: Mixed Spectrum Concept.

I11. SCWR R&D

The collaborative GIF R&D projects focus
on areas that are common to the design options
under considerations by the SCWR members.
Two major collaborative R&D projects are
currently underway:

1. Materials and chemistry: this project
involves testing of key materials for use
both in-core and out-core, for both the
pressure tube and pressure vessel designs.
A reference water chemistry will also be
investigated, based in large part on materials
compatibility and the radiolysis behavior.

2. Basic  thermal-hydraulic ~ phenomena,
safety, stability and methods development:
this project will address knowledge gaps
that exist in key areas such as heat transfer
and critical flow at supercritical conditions.
The design-basis accidents for an SCWR
will have some similarities with conven-
tional water reactors, but the different
thermalhydraulic behavior and large changes
in properties around the critical point
compared to water at lower temperatures
and pressures will have to be better
understood.

More details of these collaborative
programs will be presented at this symposium.

Together with the design activities, the
above R&D areas are on the critical path and are
needed to establish the viability of the SCWR in
meeting GIF goals and objectives. Other R&D
areas that are underway for specific designs
include advanced fuel and fuel cycles (e.g., using
thorium in the pressure-tube design and the
development of the fast core and mixed core
options for the pressure vessel design), and
hydrogen production.

The materials and thermal-hydraulics R&D
projects will utilize test facilities to perform basic
tests to provide information needed to optimize
the various designs. In addition, major test
facilities to qualify certain aspects of the SCWR
(e.g., fuel qualification) have been identified and
collaborative projects have been initiated to
design and build these facilities.

The SCWR R&D is expected to provide
sufficient information by ~2020 to enable the
design, licensing and construction of a prototype.

IV. CONCLUSION

The SCWR is a water-cooled reactor that
operates above the thermodynamic critical point.
Several design options using pressure vessel and
pressure tube technologies are currently under
consideration with the aim of providing a
spectrum of possibilities for consideration for the
next generation of water-cooled reactor technology.
These design options are being used to define high-
priority R&D areas and will contribute to the
definition of a future design that will improve and
optimize all GIF metrics.
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Nomenclature

AECL Atomic Energy of Canada Limited

CANDU Canadian Deuterium Uranium Reactor

CR Control Rod

RPV Reactor Pressure Vessel

GIF Generation 1V International Forum

HPLWR High Performance Light Water Reactor

LWR Light Water Reactor

NRCan Natural Resources Canada

PRPP Proliferation Resistance and Physical Protection

SCWR Super-Critical Water-Cooled Reactor

SCWR-SM SCWR design under development in Korea

SM Solid Moderator

References

1. Generation IV International Forum SCWR System Steering Committee, “Generation IV Nuclear
Energy Systems System Research Plan for the Supercritical Water-cooled Reactor,” Rev. 0 (2007).

2. Oka, Y., etal., “Research and development of Super LWR and Super Fast Reactor,” Proc. 3" Int.
Symp. on SCWR, Shanghai, China, Paper No. SCR2007-1003 (2007).

3. Schulenberg, T. and J. Starflinger, “European Research Project on High Performance Light Water
Reactors,” Proc. 3" Int. Symp. on SCWR, Shanghai, China, Paper No. SCR2007-1001 (2007).

4, Khartabil, H.F., etal., “The Pressure-Tube Concept of Generation IV Supercritical Water-Cooled
Reactor (SCWR): Overview and Status,” Proceedings of ICAPP '05, Seoul, KOREA (2005).

5. Bae, V.Y, etal., “Update on the SCWR Research in Korea,” Proc. 4" Int. Symp. on SCWR,
Heidelberg, Germany (2008).

6. Cheng, X., etal., “A Mixed Core for Supercritical Water-Cooled Reactors,” Proc. 3" Int. Symp. on
SCWR, Shanghai, China, Paper No. SCR2007-P021 (2007).

7. Khartabil, H. (2008), “Review and Status of the Gen-IV CANDU-SCWR Passive Moderator Core
Cooling System,” Proc. 16" Int. Conf. on Nuclear Eng. (ICONE-16), Orlando, FL, USA (2008).

8. Bittermann, D., etal.,, “The Safety Concept of the HPLWR,” Proc. 4" Int. Symp. on SCWR,
Heidelberg, Germany (2008).

9. Ikejiri, S., etal., “Research and Development of a Super Fast Reactor (6): Analyses of Abnormal
Transients,” 16™ Pacific Basin Nuclear Conference (16PBNC), Aomori, Japan, Paper No. P16P1295
(2008).

10. Cao, L., etal., “Research and Development of a Super Fast Reactor (4): Transmutation Analyses of
Minor Actinides and Transuranium Elements,” 16" Pacific Basin Nuclear Conference (16PBNC),
Aomori, Japan, Paper No. P16P1293 (2008).

11. Duffey, R.B., “Future Fuel Cycles: A Global Perspective,” Proceedings of the 16" International

Conference on Nuclear Engineering ICONE16, Orlando, Florida, USA (2008).

GIF Symposium — Paris (France) — 9-10 September, 2009 147



SCWR: Overview

148 GIF Symposium — Paris (France) — 9-10 September, 2009



