The Abdus Salam
International Centre for Theoretical Physics

140f

22914

Joint ICTP-IAEA Course on Science and Technology of Supercritical
Water Cooled Reactors

27 June - 1 July, 2017

OVERVIEW OF GLOBAL DEVELOPMENT OF SCWR CONCEPTS

Laurence LEUNG

Atomic Energy of Canada Ltd. (AFCL)
St 87, Chalk River Laboratories
Chalk River KOJ 1.J0
Ontario
CANADA

Strada Costiera | I, 34151 Trieste, ltaly - Tel.+39 040 2240 || 1; Fax +39 040 224 163 - sci_info@ictp.it



€
Y& f0verview of Global Development of

SCWR Coneepts (SC04)
P

Laurence Leung

Manager, Advanced Concepts and
Collaboration

Joint ICTP-IAEA Course on Science and
Technology of SCWRs, Trieste, Italy

June 27 — July 1, 2011

A AECL EACL

UNRESTRICTED / ILLIMITE




Objective

To introduce global development of SCWR concepts in
— Canada

—China

— European Union

—Japan

— Korea

—Russia

— United States

Focusing on

— Thermodynamic cycle
— Core design

— Fuel design

— Safety system
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Introduction

A number of SCWR design
concepts have been pursued

— All evolved from the current fleet
of reactors
— Boiling-water reactors — vessel type

— Pressurized-water reactors — vessel -
type

— Pressurized heavy-water reactors -
channel type

— Each concept is at different
design stages

— Some concepts have been
terminated
GIF SCWR concepts focus on
achieving four design goals
Improving

— Safety, economic, sustainability
and proliferation resistance

Supercritical-Water-Cooled Reactor

Electrical
Power

Pump

http://www gen-4.org/Technolo gy/syste ms/scwr. htm
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Design Parameters for SCWR Concepts

Parameters Unit Canadian | SCWR-M HPLWR JSCWR Super SCWR- | VVER-SCP | USSCWR
SCWR Fast SM
Reactor
Country - Canada China EU Japan Korea Russia us
Organization - AECL SJTU EU-JRC Toshiba/U. U. of KAERI OKB INEEL
of Tokyo Tokyo "Gidropress",
IPPE

Reactor type - PT RPV RPV RPV RPV RPV RPV RPV

spectrum - Thermal Mixed Thermal Thermal Fast Thermal | Fast-resonance Thermal
Power thermal MW 2540 3800 2300 4039 1602 3182 3830 3575
linear max/ave kW/m 39/18 35/14,8, 4.5 -/13.5 39/14.26 -/15.6 39/19.2

(€Y
Thermal eff. % 48 ~44 43.5 427 ~44 43-45 45
Pressure MPa 25 25 25 25 25 25 24.5 25
Ti,coolant °C 350 280 280 290 280 280 290 280
Tout COOlaNt °C 625 510 500 510 508 510 540 500
Flow rate kg/s 1320 19270 1179 2105 820 1890 1843
Active core m 5.0 4.5 4.2 4.2 2 3.66 4.05 4.27
height
Equiv. core m ~4.5 34 3.8 3.34 1.86 3.6 3.93
diameter
Fuel = Pu-Th UO,/MOX uo, uo, MOX uo, MOX uo,
Cladding - SS SS 316SS 310SS SS austenitic SS
material alloy (ChS-68,
EP-172)
#of FA 336 284 1404 372 162/73 193 241 145
#0of FR in FA 78 180/324 40 192 252/127 316 252 300
Drod mm 7112.4/12.4 8 8 7 5.5 9516 10.7 10.2
(b)

Pitch mm vary 9.6/9.6 9.44 6.55 11.5 12 11.2
Moderator - D0 H,0/--- H>0 H,0O -IZrH ZrH; H-0 H0

(a) Evaporator, Superheater 1, Superheater 2 (b) Outer, Middle, Inner rings
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Canada’s SCWR Concept

1

Main CANDU features are
retained

— Modular fuel channels

— Heavy water moderator
Supercritical light water coolant
— Pressure of 25 MPa

— Qutlet temperatures up to 625°C
Advanced fuel channel design

Enhanced passive safety

— Separation between moderator
and coolant is unique to CANDU
reactors

— Moderator (heavy water) acts as a
passive heat sink

Advanced fuel cycles
Non-electricity applications

A AECL FACL i
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Canada’s SCWR Thermodynamic Cycle

Matches closely the current
advanced turbine
configuration of a SC fossil
power plant

High-pressure “steam” fed  =w=esc 0978 |
directly into the steam T e
turbines (direct-steam {@ |
cycle) g
— Improved efficiency o
— Plant simplification (no steam
generator)
A moisture separator
reheater Is installed to
reduce the steam moisture
Inside the low pressure
turbines

596kPa, 249°C
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M. Yetisir et al., 2011
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Reheat Option for Canada’s SCWR
Thermodynamic Cycle

Most high pressure turbines
In fossil-power plants are
designed for steam reheat
— All turbines will have the same
cabability in 5-10 years I
Reheat option can be
Implemented into the -
|
|

Canadian SCWR

Steam from the high-pressure |
turbine iIs returned to the core,. 1
reheated, and then fed to the

Intermediate-pressure turbine.

Benefits:
— Raise the efficiency further M. Yetisir et al., 2011

— Eliminates the moisture
separator reheater

A
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———
‘nada’s SCWR Core Design

» Vertical channels

« High-pressure inlet plenum
« Simplify refueling process

* Reduce lattice pitch outiet ——QIE IR,
. Header ;
» Relatively low temperature
(350°C)
* Individual channel closure Tubesheet

design is still being investigated

- Low-pressure moderator

* Passive moderator cooling
circuit (not shown)

» Channel outlets connecting to
header Riser

« Small diameter reducing
material thickness requirements

Fuel Channels

Calandria Vessel

End Shield
End Fittings
Qutlet Feeders

M. Yetisir et al., 2011
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Fuel Channel Layout in Canada’s SCWR Core

Thermal power of 2540MW
(electric power of 1200MW,
based on 48% efficiency) 25 E

—] |=—

TUBE LANE

A total of 336 fuel channels — 1™
(average channel power is ¢ 42000000000 N\ [Taeuse
7.5 MW(t)) 0033555565530 ¢

000000000GO0
Js]sle}s YO0O000T

T TYP.

336x @ 182

Core radial power factor is ﬁg%gg:\ <§ o
about 1.28 | 183833835 -
Lattice pitch is 250 mm (to \\f’fiigféi*
achieve a negative void ﬁjf@?@ég: ';
coefficient and high fuel N $88835555

-

burnup)

Each channel houses a 5m

M. Yetisir et al., 2011
long bundle assembly
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Advanced Fuel Cycle for Canada’s SCWR

Thorium fuel cycle to meet all
GIF design goals

— Enhanced safety

— Resource sustainability

— Economic benefit Legend

— Proliferation resistance B Fresh

Plutonium is mixed uniformly One cycle
with thorium Two cycles

3-batch refuelling scheme o

L 16
— Ensure even power distribution 4

radially across the core

Axial power profiles

established for BOC and EOC

fuels 5/ \ —8-E0C
0.4

Further refinements of .
refuelling scheme are in .

progreSS 1 2Bunaii'ile nfimbe?‘{fror% cooTIant iSnIet)9
M. McDonald et al., 2011 A AECL FACL & e
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Canada’s SCWR Fuel Channel Design

Insulate pressure tube on
the inside

Remove calandria tube

Insulator thickness
optimized to obtain

e Usual heat loss by
conduction/convection to
the moderator under normal
operation

« Sufficient heat rejection by
radiation/conduction/
convection under accident
conditions

Refer to as the high
efficiency channel (HEC)

AV AECL EACL S
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Canada’s SCWR Fuel Design

Three concentric rings of fuel
with 15, 21, and 42 fuel
elements

— Fuel composition is 13% Eli?]n-Fuelled
plutonium in thorium

— Graded enrichment option is
being examined

(]
A large non-fuelled element in ...
the centre ®
— Zirconia surrounded by cladding @
— Reduces coolant void reactivity ®

Fuel cladding option
— Austenitic stainless steel
— Ferritic / martensitic steel

— Oxide dispersion strengthened
steel

A AECL FACL i
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Canada’s Passive Moderator Cooling Concept

Enhances safety

Design for normal and
emergency operation

Two-phase flow In hot
leg generated by flashing

Advanced fuel channel
design allows moderator
to operate close to
saturation

Heat removed by
radiation and convection

“Walk away safety” with
no core melt

A AECL FACL Eimms
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5t China’s SCWR Concept

Pressure vessel type
—Thermal power of 3800 MW
—Electric power of 1650 MW

Mixed core design with
multi-layer fuel assembly

—TwoO zones

— Thermal neutron spectrum in
the outer zone with 164 fuel
assemblies

— Fast spectrum in the inner
zone with 120 fuel assemblies
—Achieve a high temperature
at the reactor exit

X. Cheng et al., 2007

A AECL FACL i
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China’'s SCWR Thermodynamic Cycle

Based on BWR conception and supercritical pressure
fossil-fired power plant

Steam from the reactor is supplied to the high pressure
turbine, then through the re-heater, and enters the
Intermediate-pressure turbine and low pressure
turbines.

25 MPa
280°C 510°C

\_/
HP FW HP FW HP FW
Heater 1 Heater 2 Heater 3
v v @- A—T—
[ |— I |- I Feed-Water Booster LP FW LPFW LP FW LP FW
Pump Pump Heater 1 Heater 2 Heater 3 Heater 4
X. Cheng et al., 2007 A AECL FACL S
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China’s SCWR Core Design

Equivalent core diameter is 3.4m T
Thermal spectrum zone ~ %&ﬁ
— Co-current downward flow mode -*;%lm
— Exit temperature over the pseudo- \ 77
critical point 77
— Active height is 4.5 metres L
Fast spectrum zone Z

— Upward flow mode
— A hard neutron spectrum with a wide
lattice structure

— Mitigating the non-uniformity of the
circumferential heat transfer at the
cladding surface

— Ensuring a large inventory of water

— The multi-layer fuel assembly can
lead to a conversion ratio close to 1

— Active height is 2 metres '~ Thermal Zone
Fast Zone

X. Cheng et al., 2007
7' AECL EACL s
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Thermal zone
— 180 8-mm rods
—UQO, fuel

— Multi-layer enrichment of 5, 6,
and 7%

Fast zone
— 324 8-mm rods
— MOX fuel of 24% enrichment

— 11 layers of seed and blanket
materials

— Short seed core to increase
neutron leakage for negative void
reactivity coefficient

— Axial blankets with depleted
uranium to increase the
conversion ratio and reduce void
reactivity coefficient

[

7%

i

blanket |

L woozy |

000000000000 00O000
0000000000000 0000

0000000000000 0000
OQ0000000000000000
000000000000 000000
0000000000000 0000
000000000000 000000
0000000000000 O000
0000000000000 0000
OQC0000000O000000000
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China’s SCWR Safety System

Based on the design of advanced water reactors
Passive concept from the ESBWR and AP1000

L .
List of Acronyms

Contanment pool

RPV: Reactor Pressure Vessel
ACC: Accumulator
GDCS: Gravity Driven Cooling System

ICS: Isolation Condenser System
o SRV: Safety/Relief Valves
s — ADS:  Automatic Depressurization System
GDCS pool SLCS: Standby Liquid Control System
CSS:  Containment Spray System
e - SPCS: Suppression Pool Cooling System
& 1ccs SPSS:  Suppression Pool Spray System
g ICCS: ICS Cooling System
RSW: Reactor Service Water
SPSS DVI:  Direct Vessel Injection
HX: Heat Exchanger

Suppression pool J— Suppression pool HL: Hot Leg
s CL: Cold Leg

X. Cheng et al., 2007

A AECL FACL i

Overview of Global Development of SCWR Concepts (SC04) 18

UNRESTRICTED / ILLIMITE Joint ICTP-IAEA Course on Sci. & Tech. of SCWRs, Trieste, Italy, June 27 — July 1, 2011



‘European Union’s SCWR Concept

High Performance Light
Water Reactor (HPLWR)

Pressure vessel type
—Thermal power of 2300 MW  gvaporator:

OioIgrororo
: O O IEREERESREERE O O
—Electric power of 1000 MW  J5asscioy custers Mejelic e nols
@ T
Operating conditions Superheater 1: S -
@) Cio O n PR e O
~Pressure at 25 MPa o CHEEmEEHE S
—Core exit temperature at - o
5OOOC Superheater 2: O O il Eh s tanRai el
52 assde;Pny clusters,
upwar ow
Three-zones core et
Evaporator T. Schulenberg et al., 2009
—Superheater 1
—Superheat 2

/A’ AECL FACL s
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European Union’s SCWR Thermodynamic
Cycle

Based on BWR concept and supercritical pressure fossil-
fired power plant

Steam from the reactor Is supplied to the high pressure
turbine, then re-heat using part of the extracted steam, and

enters the intermediate-pressure turbine and low pressure
tu rb i n eS " Net power output = 1000MW

n=43.5%

2300 MW, 4.25 MPa 441°c
24 MPa 260°C / 824 kgis

500°C
1179 kals
288°C
5 kPa
© 33°C 593
25 MPa kgls
280°C
25°C

135°C Z c
? Q 1228 kW,

2603 kW,
T AT 2w, AT W U e
o LJL] L1
PH1PH2PH3 PH4 PH5PH6PH7
M. Brandauer et al., 2009 A AECL EACL g
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European Union’s SCWR Core Design

Equivalent core diameter is
3.8m

Inlet flow splits ' i U

Control rod extensions

Upwards flow =(1.mo upper dom):
gap/ moderator water

— Upward to cool the dome and mivey - g
down through the gap between = I e
assemblies N | )—z}’

— Downward to lower plenum at
temperatures from 280 to 310°C

Upper mixing plenum /

Three heat-up steps with i
coolant mixing between -
steps to eliminate hot streaks . ) I——
— Upflow in evaporator at e | .

temperatures from 310 to 390°C ...

— Downflow in superheater-1 at
temperatures from 390 to 433°C  ==pllnlls

flow pal lh(hues -\a.udB)

— Upflow in superheater-2 at i \
temperatures from 433 to 500°C Schulenberg et al., 2008

A AECL FACL i
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Core support plate
with orifices for
downcomer mass
flow adjustment

Lower mixing plenum

Half shell of lower
mixing plenum

Mixing chamber 1 for line Aand B

. Overview of Global Development of SCWR Concepts (SC04)
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Eﬁean Union’s SCWR Fuel Design

assembly box fuel pins  wire wrap

Assembly Design Data: /

C 0000000 T

Fuel pin diameter 8mm 000800 060600000

o 00 0o 0®

prd 1.18 ssL_Js3ilesl Jss
wire wrap diameter 1.34mm “o:m unm
fuel pins per assembly 40 *e0eees VOPVVOS

: SSOBHOS SLOOTOG
active length 4200mm *® 800 0o 06 |

. R ee oo O

assembly box size 67.5mm oo __ 08 0o __ 06

assembly box length4851mm ) |

Fo .\- Pz .\- y=
water box 26.9mm 44— -4

box material SS 347 os |oo oo

TEGOOOT | OGS OOD

| Head picce Foot piece

Fuel assembly

. water gap water box G e
J. Hofmeister et al., 2007 oderator box
Metal-C-ring | | Plate
. Window element
Transition
nozzle
Diffuser-
Plate

Fuel assembly

AV AECL EACL S
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.
| nion’s SCWR Safety System

- Based on the design of the
boiling water reactors

— No primary pumps (direct cycle)
» Feedwater or steam line breaks

— Feedwater and steam lines closed
with two containment isolation
valves inside and outside of the
containment

— Reactor is shutdown while the
depressurization valves open
releasing the steam into upper
pools

— Residual heat is removed until one
coolant injection pump is available
» Long term passive residual heat
removal from the containment
using containment condensers to
the spent fuel pool

A AECL FACL i
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,‘1’5 Thermal SCWR Concepts

- Japan SCWR (JSCWR)

* Pressure vessel type
—Thermal spectrum
—Thermal power of 4039MW
—Electric power of 1725MW
—Light water cooled
—Light water moderated

« Operating conditions
—Pressure at 25 MPa

—Feedwater temperature at
290°C

—Core exit temperature at K. Yamada et al., 2011
510°C

AV AECL EACL S
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Japan’s Thermal SCWR Thermodynamic Cycle

Steam from the reactor is supplied to the high pressure turbines,
then the intermediate-pressure turbines, through the moisture
separator, enters the low pressure turbines

Eight-stage system of feedwater heating consisting of mixing
heaters: four low-pressure heaters, deaerator, three high-
pressure heaters st e

ikl
F"’|:| 11.1P2776H.185T.1286G V] Feedwater

ESP/]\ MSV.C ) | LP Tusbines Pump Turbine
Reactor ‘ enerator

Gi t
I —' ‘ L}I
! Condenser | N

|
HP Turbine IP Tuybine| I ‘ ?szmH% ‘ ?22111._1H% ‘ ?2_’1n111]-14
N _/ | 3T_14_’ILG
g _ | LP-CP
= ¥ =
ik
O
o - ol o Eject
=l Do [ =[o 32 2 e
3 FE = 3T 2= o = =i
! = < o = Deaerator & S Grand Steam
U i U Vi ﬁ: W Wy Vi Condens
_’90T| L 253T| ¥ ’l?Tl / | 189T vy |1 T v 131T A v
1220h '.‘155(3 | [\'I ‘ A ’\{ 7 \ | 7‘ | | I\{ 7{ \I_[ 7{ \\I | 74 ’\F\'Q_ Fill
- L I 1~ V184T2105G6_~ Hp-Cp Demineraliz
=N b 42T
HP Feedwater Feedwater Pump Booster Pump LP Feedwater Heater to Conder
P:MPa abs H
eat
Gkgls
T:C
H:kJ/kg (steam)
hkTkg (drain, water) K Yamada et a|1 2011

A AECL FACL Eimms
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Japan’s Thermal SCWR Core Design

Core diameter i1Is 4.8 m

Inlet flow splits

—Upward to cool the dome
and down to lower plenum
through the gap at the other
side of the core

—Downward to lower plenum
Single pass
—Double-pass option

87 Control rods mserted
from the bottom

372 fuel assemblies
Three-batch fuelling

0

Upper Dome

o N

Bx pass Line

- o
[ —
=

o B R
[—] =]
—] =]

22 ; 11
Overview of Global Development of SCWR Concepts (SC04)
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3
1

Upper
Enlet Pl \Tczzle
Nozzle | enuim
—_
Downeomer |
Core
Control Rod Shroud
(CR) T~
™1
CE Guidetube |
Lower
_ i Plenum/ |
1mi1213141 18 19 20 21 22
1 : 1st evele -
i : 2nd cyel |
111 3|3 3 2 3rd evele
0 3[3 3la -~
1 3|3 111
111 3|3 1]1
111]3)3 3|3 3|3 111
1]1]3]3 3]3 313 il L
3 3]3 3 1
3|3 3|3 313[1]11
3]3 313 3|3 313 311
3 3{3 3]3 313 3|3
2l S o TR [ [ o <o K. Yamada et al., 2011
1 3|3j11143)3 3jajij3jali
3]3j111}]3}3 31341 3|3
3(3 13 1
3(3 313 1
1 111 111
i ]
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» Square-array fuel
assembly
—137-mm by 137-mm
—192 7-mm fuel rods
—20 Gadolinia rods
—Central square water rod
—Graded enrichment

» Fuel rod

—Active fuel length 4.2 m Lz i :i:
—UO, pellets 35
—Graded enrichment (axial)

Ye/E pemos

— Stainless-steel “316” — ,
cladding - :

Overview of Global Development of SCWR Concepts (SC04)
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;
S. Sakurai et al, 2011 Distance from the core bottom
N AECL EACL .
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Japan’s Thermal SCWR Safety System

Based on the design of
the advanced bolling
water reactors

Emergency Core COOIIng QStanclby liquid control system
Systems L rey

Containment i anbiol valves
—Auxiliary Feedwater System J( |§5WAD%mwaswf;‘ ‘j/l
‘ MSIV 7 MSIV L Turbine
—Low Pressure Core N =
Injection System —pﬁr-— R .
. . . o _N_m l—‘—_f\‘]_;‘_ @Yy ¥
—Automatic Depressurization i == ) s
System %EJE,,CRS_,_ 2
Reactor Shutdown g ed] ;l T fa
SySte m Condensate water Ey neaters i

Reactor coolant pump

. . storage tank
—Standby Liquid Control Y. Ishiwatari et al., 2011

System for backup
Coolant Supply System

/A’ AECL FACL s
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Japan’s Fast SCWR Concept

UNRESTRICTED / ILLIMITE Joint ICTP-IAEA Course on Sci. & Tech. of SCWRs, Trieste, Italy, June 27 — July 1, 2011

Super Fast Reactor (Super
FR)

— High power rating and no
moderator

— Capital cost reduction
Pressure vessel type

— Fast spectrum

— Thermal power of 1602 MW
— Electric power of 705 MW

— Light water cooled
Operating conditions

— Pressure at 25 MPa

— Feedwater temperature at .
280°C Seed assembly
— Core exit temperature at 508°C . Blanket assembly
Same plant systems as the
JSCWR . Reflector

T. Nakatsuka et al., 2010
A AECL EACL B
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Japan’s Fast SCWR Core Design

Upperydome

Equivalent core diameter Is
1.86m

Inlet flow splits

—Upward to cool the dome and
down to lower plenum through '
the blanket assemblies Outlet e

—Downward to lower plenum
Flow mixed in the lower
plenum and travelled
upward through the seed S I B

assemblies to outlet ? V)
162 seed and 73 blanket %ﬁj‘”p'e
/i;i//

assemblies

-
-

T e T e e T T

]

R

T. Nakatsuka et al., 2010
A AECL EACL B
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.ﬁpan’s Fast SCWR Fuel Design

OO00000
16.0.0:0.0.0 6

et e:CR guide tube
(X0 X 0 X

Hexahedral assemblies Fuel réd

Seed assemblies

—252 5.5-mm fuel rods
—MOX fuel

—19 0.55-mm control rods

Blanket assemblies
—127 5.5-mm fuel rods
—Depleted uranium fuel
—Solid moderator in blanket

Active fuel lengthis 2 m

ttttt

Stainless steel C|adding (b) Blanket fuel assembly
T. Nakatsuka et al., 2010
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Korea's SCWR Concept

Center

Pressure vessel type & U O V-
—Thermal power of 3182MW Y

—Electric power of 1400MW | W %

Operating conditions . 7 Y=L
—Pressure of 25 MPa 7 i
—Core outlet temperature % /7 -

510°C i 22 S
193 fuel assemblies BHH)

—Four-batch fuel loading e o e
Solid moderator rods Onc e s ety

/ Twice Burned Fuel Assembly
Development has been -
discontinued 2] o Ties B Fut sy
K. M Bae et al., 2007
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Korea’s SCWR Thermodynamic Cycle

Two-stage reheat and 8-stage regenerative system

Steam from the reactor is supplied to the high pressure
turbines, then the intermediate-pressure turbines,
through the moisture separator and reheaters, enters
the low pressure turbines.

A AECL FACL i
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Korea’s SCWR Fuel Design

\CL Instrument
D — " ube o A
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. O O Sr():l’ig)iﬂsc_)tggreactior UO2
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—UO, fuel with 3 )ogooog 60,8
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Assembly Duct 105.3 cm
—300 fuel rods e e owto
. ) : UO, Fuel 32 rods Assembly
—25 cruciform-typed solid  DlOp Crossypes Y DesignA
moderator pl nS ><> :@2 R ylld Moderator 6%?::0 85 2 om
~16 single pins of the solid e, e o
) W . 32 rods
moderator EE N EeS Q(G”'d:"f . Y -
_ 1N ) @ O @ L;waEnriched
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‘ ‘ Russia’s SCWR Concept

VVER-SCP

—Computational studies at s. 8.0 80 gTe
SSC RF IPPE C o Saflnl Bl o

—Design efforts at OKB './ e o¥
"GIDROPRESS” &

Pressure vessel type
—Fast spectrum

—Thermal power of 3830 MW
—Electric power of 1890 MW
—Breeding factor 0.9-1

Operating conditions
—Pressure at 24.5 MPa . — FA with RCCAs (109 pcs.)

—Core exit temperature at

540°C <:> — FA without RCCAs (132 pcs.)

S. Ryzhov et al., 2011
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Russia’s SCWR Thermodynamic Cycle

Steam from the reactor is supplied to the high pressure turbines,
then the intermediate-pressure turbines, through the moisture
separator and reheaters, enters the low pressure turbines.

Eight-stage system of feedwater heating that consists of mixing
heaters: four low-pressure heaters, deaerator, three high-

pressure heaters a0k
-
M 332 kgls
9171319 v
&‘& 131 [0.28 v 480°C
6288 | 2930 510.7 5:£| s |_| SHL | SH2
/ / 125 378
33.2] 26
HPC MPC
131 |0. 311| 24
26.9] 551 140[ 1391

| I
343 |6.05 g
486 3022
. 200 |1.e4
o
2 286378 297 12804 180 035
e 53.6[ 2930 20| 1.08_ 243|817
56287

200 | 059
253| 2851
LPH3

77 oo
24.3]2638

80C wy 250 wy 20 y
HP PH

S. Ryzhov et al., 2011
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- Russia’s SCWR Core Design

Equivalent core diameter is
3.6m

241 fuel assemblies

Two core flow-path options

— Single pass

— Double pass

Single pass

— Sandwich-type core with
MOX-fuel layer (0.9 m) and
mixed depleted uranium and
zirconium hydride layer

—avoid the positive void
reactivity effect

R - L
— Under development i-'--):_{Lff“'LW“"“"'”E“’“““’;;‘j#’fx"

e

ECCS norzle

S. _RyzhO\-/'é't al., 2(511
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Russia’s SCWR Core Flow Path Options

B
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Russia’s SCWR Fuel Design

Jacketed hexahedral fuel

assembly

—252 10.7-mm fuel rods

—18 12-mm guide tubes for
control rods of the rod
cluster control assemblies
(RCCA) i

—One 12-mm central tube Ll A

—2.25-mm jacket thickness

Wire-wrapped spacing

spirals

Active fuel length

—4.07 m for single pass

—3.76 m for double pass

Top Nozzle

Jacket

Bottom Nozzle

S. Ryzhov et al., 2011
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Russia’s SCWR Safety System (1)

One of three coolant
circulation loops and one
channel of the safety
system is shown for

Containment

— Containment isolation (MSIV) i g
— Passive residual heat removal e Zal
from the core (PHRS) ale @533 s
— Emergency core cooling )
system and reactor makeup I i
(PCFS accumulators and H@Pi% ,,,,, A
tanks, ECCS pumps) Lia) inhnin ﬂ
— Prevention of pressure L | B
increase in the containment ] % S g
(PPDS, spray system) - =)
— Heat removal from the
A AECL FACL Eimms
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Russia’s SCWR Safety System (2)

One channel of the
safety system is shown
for

—Pressure decrease
system under emergency
conditions (BRU)

—Pressure limitation
system in the reactor
(PORV)

UNRESTRICTED / ILLIMITE

Containment

Relief tank

To turbine
= S :
From FWP

; To condenser
BRU
MSIV

PCFS tank

Overview of Global Development of SCWR Concepts (SC04)
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‘ﬁjted States’ SCWR Concepts

Pressure vessel type
—Thermal spectrum
—Thermal power of 3575MW
—Electric power of 1600MW
—Light water cooled

—Light water moderated

Operating conditions

—Pressure at 25 MPa

—Feedwater temperature at
280°C

—Core exit temperature at
500°C

Program discontinued

." Reactor
| B pressure Vents
Drywell Vesggll o, !
DR o )
Condensation}
pool

Reactor building

P.E. MacDonald et al., 2005
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United States’ SCWR Thermodynamic Cycle

Steam from the reactor is supplied to the high pressure turbines,
through the moisture separator and reheaters, enters the low
pressure turbines.

Eight-stage system of feedwater heating that consists of mixing
heaters: four low-pressure heaters deaerator three high-
pressure heaters. e s

I_ Reactor ‘ !
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United States’ Thermal SCWR Core Design

Equivalent core diameter

iS 3.93 m * I/L CR guide tubes
Inlet fIOW SpIItS ii%irﬂg;lis; i i i | Barrz;f:dg:a tubes
—Upward to cool the dome N | -
and down through the gap I c e
between assemblies water R R s
—Downward to lower plenum il g N

Flow mixed in the lower i P
plenum and travelled
upward through the fuel -

assemblies to outlet 1 s

16 control rods inserted
from the top

145 fuel assemblies

Lower core plate

P.E. MacDonald et al., 2005
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United States’ SCWR Fuel Design

Square-array fuel
assembly

—286-mm overall size
—300 10.2-mm fuel rods
—36 square water rods
—Grid spacers (~14)

Fuel rod

—Active fuel length 4.27 m
—UO, pellets

@ Instrumentation pln
—5% enrichment ?L#:w
—Gadolinium as burnable Q;H;E@ H.

poison ®
¢ 5 8
=

—Low swelling austenitic
stainless-steel cladding unouuuuuuuuuo

|

P.E. MacDonald et al., 2005
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Conclusions

Various SCWR design concepts are presented
— Pressure Tube and Pressure-Vessel types

— Direct thermal cycle that leads to design simplification and cost
reduction

— A range of thermal powers from 1600 to 4000 MW at thermal
efficiencies higher than 43%

— Thermal spectrum, fast spectrum, and mixed spectrum cores
—UO,, MOX, and thorium fuels
— Light water, heavy water, and solid moderators

Some similarities emerged for the thermal spectrum cores

Design challenges, particularly cladding material selection

— Improvement in heat-transfer prediction could ease the cladding
material requirement
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