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C. “Harry” Andreades, et al., “Technical Description of the ‘Mark 1’ Pebble-Bed
Fluoride-Salt-

Cooled High-Temperature Reactor (PB-FHR) Power Plant”, UCBTH-14-003
(2014).
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Innovative High Temperature Reactor (IHTR)
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WFFEREES Bhabha Atomic Research Center, BARC
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600 MWth for following deliverables (Optimised for
hydrogen Production)

— Hydrogen: 80,000 Nm? [hr

— Electridty: 18 MWe

— Drinking water: 375 m°fhr

1273 K/873 K

Reactor power

Coolant outletfinlet

temperatures

Moderator Graphite

Coolant molten salt

Reflector Graphite

Cooling mode Natural circulation of coolant

Fuel 23310, & ThO, based TRISO coated particle fuel

Control Passive power regulation and reactor shutdown

systems

Energy transfer Intermediate heat exchangers for heat transfer to

systems system for hydrogen production + High efficiency

turbo-machinery for electricity

generation + Desalination system for potable water
High efficiency thermo-chemical (High temperature
steam electrolysis processes.
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I.V. Dulera, R.K. Shiha, A. Rama Rao, R.J. Patel, “High temperature reactor

technology development in India”, Progress in Nuclear energy 101 (2017), pp.82-
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99.

Sinha, R.K., 2013. Nuclear power for energy security - Indian scenario. J. Sci.
Cult. 79 (1e2), 5e16. January-February.

Sinha, R.K.,, Dulera, I.V.: Carbon-based materials—applications in high temperature nuclear
reactors, first Asian carbon conference (FACC 2009). India Habitat Center, New Delhi, India,
25-27 November, 2009. Published in Indian J. Eng. Mater. Sci. 17, 321-326 (2010)
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Advanced Molten-salt Break-even Inherently-safe Dual-missioning Experimental

AT DALFR
and Test Reactor (AMBIDEXTER)
= CiAES|
WF7EREES Energy System Research Center, Ajou University
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(1) Burner Core

(2) Transmuter Core

® Primary Heat Exchanger
(@ Central Riser

(8 Fuel Salt Pump

() Fuel Salt Bypass Inlet/Outlet
(7) Graphite Reflector
Coolant Salt Inlet/Outlet
(9) Control/Shutoff Rods
Fuel Salt Drain Line

() Freezing Valve

(12 Hot Cell Shielding
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Parameter

Data Parameter Data
-Gross power,MW(th) 250.0 -Reactor physics
-Reactor vessel: Ketr (HFP) 1.0056
Material/shape Hastelloy/cylind. C.R ) 1.005
Dimension, cm 420.0'°Y 650.0" Max. Flux, Y10 nv
-Core lattice: Gjin(E™ 1.0eV) 7.43
Material/shape Graphite/hex. 10.0 it 14.42
Pitch, cm 1.856/4.696 F. tmp. coe.,T k/K'C 4.62Y10°
141.0 -Thermalhydraulics Pk.
Eff. channel rad., em |\ e e ThE,-UF, pwr. don. wics
Eff. core rad., cm 71.625-16.-12.-.375 Coreinltfoutlt tmp.,°C | 127.9(salt)
-Fuel salt 3.309 Pwr peaking factor 621.0/704.0
Composition Fraction, 17.6 -Prmy. heat exchgnr. 2.797Y1.59"
mole% Type
Avg. density, g/c? Shell & tube
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/ Shutoff Rod [
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Se Kee Oh, Kun Mo Chung, “AMBIDEXTER nuclear energy complex: a practicable
approach for rekindling nuclear energy application”, Nuclear Engineering and Design 207,
pp.11-19 (2001).

Tae Kyu Ham, et al., “The Design Features of the Double-Banked AMBIDEXTER Utilizing
DUPIC FUEL”, Transactions of the Korean Nuclear Society Autumn Meeting (2016).
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SRTF WA i Copenhagen Atomics waste burner
= Denmark

MFFCH%ES Copenhagen Atomics
WREL « B« Wodht | LiF-ThE, BREHE) . E7K  (Bodik))
B ) 50 MWt

BT 2L

AERGERRE N DR L 72 I Pu OBRBEAZ BRY & LT, BEERET & %
BEED BTV D,

VAT HZOWNWTHE, TRIOEESKN RIS TE Y, 2SI TO
LBV ThHD,

BRI S U, EIK R & 95,

—SFIO DT REHED D FP 20BN 53 A7 L2 F LTS (B
TRy NETH T EEFIA)

DT R—H AT~ 7 A BB,

2FEOMEMS (FERE) (CBARZ, ¥—E VIRV EELITI,

“VAT LADOFEFIZIE, MY U LAEGTEL L ERE A R L TR 2
NHERELE L THERZREFHZAN TV S,

“V AT AEEITARE 13n O3 T FITEHRE,

Heavy Water Moderated Molten Salt Reactor

Roactor Core  Fission Product Trap Oump Tank  Frozen Thorium Salt Blanket v
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TP - (K]

KA IR R (N Ty — 43

Frad AR LN ERIE
FHME - REE | LSRR
U7 7Ly R Copenhagen Atomics fH#fit Youtube )i

[Copenhagen Atomics Waste Burner in 5 minutes] & ¥
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AT DATR CUBE-100
5| Denmark
HFFER% Seaborg Tech.

JOREE « InARA - Jeioskibt

KR WEHE B U NIERE (BMF) | AR AL, k)
K]

Bt )

250 MW

P

<EE>
TSR INC K DIEEN 2000 FARETHLEAE 2 A LT D

RIREB DR B D L TIRILIREDREEIA D MEN DD
SRR EANCALE IR T AT b, BRI EAET DIERH D

< RAT B>

LUF 3 SOOFH%
Oz RyEaett: (CANNOT be used for nuclear weapons)
@#%Z# (Burns waste from conventional reactors)
@D EsEiElLEE (CANNOT meltdown or explode)

HRLEIAE S

Al Al A] A
Al Al Al AllA

DUMP TANK
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VAT AORE S
Proprietary ultra compact design

250 Mwth,
ina 20’ container,
50 ton, 35 m3
Seaborg CMSR NuScale LWR Downscaled IMSR Westinghouse LWR SMR
250/100 MW 160/50 MW 300/125 MW 600/225 MW
<R >
MR (20154F), JA.LJE R (2016 4F), JRHFRESRIK (2017 49) {F

159
impossible

to extremely hay
o ‘\,‘ S

to very hard

2015 2016

TRBUE + (A

< JHAE >

+11, 500, 000 =—n
<{hHI>

- A

wFRe PRI

<Rt >
< RB{

FEHNE - REFIE

< FEHIME>
N
<R >
AR
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<HP>

* https://www.nextbigfuture.com/2018/08/seaborg-100-mwe-molten-salt-
reactor-would-fit-on-a-regular-truck-and-burn-nuclear-waste.html

+ https://www.theengineer.co.uk/seaborg-technologies-molten-salt/

« https://www.nucnet.org/news/denmark-s-seaborg-attracts-investment-for-
molten-salt-reactor-project

« https://www.neimagazine.com/news/newsmolten-salt-reactors-spark-interest-
in-usa-and-denmark-6107151

* https://www.seaborg.co/the-reacto
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AT DATR

Dual Fluid Reactor

Germany

WFFER% R

IFK Berlin gGmbH (Institut flir Festkdrper-Kernphysik, Institute for Solid- State
Nuclear Physics)

BREL + b - Yk TARMEIREHBUAPU) Cly or (B2ThRRUNCl, +  IRIRSE B Enm HA

M ERBEI LA T ar L LTS
Bt 3 GWth(~1.5 GWe)
B 2L

(]

BEAFEIFIE S 2 ML BRI OB L ERURE, OIRRIRGIE &V o 7o
BAERZTEBY, DFR 3N b6DEL 2EETCEX 5 TR T A
VT, i, B, =R 7Y =R X VF—FHTH D,
R TH 5720, U HEAE 100%1HE TE 5,
SRAEIRNIC X 0 B ORI IEN ATRE T, TARMEIREL & DL %
< DEZBZ RN & ) D TERIRIFTh D,

(gl

*PBNC2014 Tzt AR EHERI S D, (E DR, [2]TA ¥ B a
—RENH TN D 720)

[ 27 LfRk] F2icH

Pyroprocessing

Unit (PPU)

Coolant
loop

Residual heat
storage

IR

PRERARIE T = —~ 13000 ALL F, #M% 9mm

TEAOZ LA, EEHOY L L0 O GE
LM, BE 3m

AEER R

WREHET = — 7 : SiC, st « = v VA4

T N (X—F v B)

15~20 4

RAEALZRIbN
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90 tons/s (10 m3/s)
U EIAA R
SO TR AR 1030°C
Jr BB R 1300°C
R EE
SOV FEA R 1270°C  4F.0 EEBA R 1540°C
OB LE - BRAEE LETSE
PEERA  7E I, B~ 7 7L R L U F (F—2 U vy U TR S
b LTND)
CHREEEL (BRBE R L o D mAD)
5~200 MW
LR ]
g2 7k R Lo J5
AL
Physico-chemical separation methods at high temperature,
TREMREL L — 7 T O EE LR Pyroprocessing Unit(PPU) + 4855 k% 4544
EROHBH
*BOP
HERS TR F 73R R A 2 — e

TR - ik

TR (IFK HP 12 T& k)
(IFK R2n—4 4 SN A N —4 2 T RAA Y3 4

G GIRINI

7L

SEBIME - R LA

CRiE L
7o hE A TR (FEE) £T 78 &4, b LT 10 &, TP AR
IZHIZ 5 A ET HRIAL, AFF 10 5 15 FDfH
R
B (<1.2US$/We) | gk (GEfE. aKbideE, Ak 7 0 b, KH#E
k)
%= A b 0.75US$/kWh (0.82 M, kwh)

Item 500 MW, DFR 1500 MW, DFR
Capital costs 0.50 0.30
Operating costs 0.65 0.45

’ Sum 115 0.75

Table 3. Total costs for electricity produced with the DFR in USe / kWh

U771 A

[1] A.Huke, et al, “The Dual Fluid Reactor — A novel concept for a fast nuclear
reactor of high efficiency”, Annals of Nuclear Energy, VVol.80, June 2015

[2] “Interview: The Dual Fluid Reactor”, 21st century science & technology,

November 2014
[3] A.Huke, et al, “THE DUAL FLUID REACTOR — A NEW CONCEPT FOR
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A HIGHLY EFFECTIVE FAST REACTOR”, The 19th Pacific Basin
Nuclear Conference(PBNC 2014), British Columbia, Canada, August 24- 28,
2014

[4] “New Concept for Nuclear Power Plants: Dual Fluid Reactor”, NCBJ, April

8, 2016

[6] X.Wang, “ANALYSIS AND EVALUATION OF THE DUAL FLUID
REACTOR CONCEPT”, TECHNISCHE UNIVERSITAT MUNCHEN, 2017

[6] “Dual Fluid Reactor”, IFK, 2013
[7] Jan-Christian Lewitz, “Dual Fluid Reactor”, ThEC2018, Brussels,

October 30, 2018

[8] A.Huke, et al, “The Dual Fluid Reactor — A new reactor and safety
concept”, Proceedings of ICAPP20135, track3-15176, Nice, France

[9] http://festkoerper-kernphysik.de
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AT DAL FUJI-U3 (MSR-FUJI)
3] HA
WFZer% e International Thorium Molten—Salt Forum: ITMSF
Rk - 7 oo BREL « —UCRIBEIM © 7 v ALMTERME 1iF-BeF,~ThF,~**UF
HREL - a0t - ot] VB © — IR ft - Thit, =R,
! CRREEE © 7 o ALYVERIE NaBF,-NaF
BOEM © B2 Graphite
7 450 MWth (200 MWe : ZA%h=R 44. 4%) (FUJI-U3)
B A <RhE>

1960 FRUICA—2 U » PENAFTEET T S EREE (MSR) 1, FE
BRIFAS 4 AERIRIRE © 70 < SIS S VBT RRNEMED S RGE S 7z,

*MSR-FUJT 1%, MSR #~_X—2 & L TR BT 288005, 1980
FRICARENO 7 V—F 1 ko THFE s (K1) . £D% mini-
FUJT (E8R4F) | super-FUJI (RAYSF) | FUJI-Pu (PulkBil) 72
BORABAFE SN TIY | FUJI-U3 [ZEFED SMR Th .

155KWe  /NELSRUERBIR (FUJI)
150MWe  SMALL MOLTEN-SALT REACTOR *FUJI*

ARSH - oRER
(STEAM TURBINE GENERATOR)

R¥FRE 1L Ji
REACTOR BUILDING

RF

(PUMP) ]

wRE |
CONTAINMENT ~

& — L |

FAFRO% LR, R

mnumxu) /) L
reactor vessel is

(ocoupied by graphite. L — e %
RNV > AR . A\ [ X
(mmm) @ =il 8 \ [

1 MSR-FUJT o ESHiX|

< AT BEE>

CZENRET AT AEBRALTREY, IAEEREH I LB R U TSR 218
CTCRLAUE U TITHMEND, [UIRO FPITVEREEIREND & F R
FEEINDZ ETEHEEFEDOY A7 #iH/IMEL TV D,

+0.5 MPa CEECHEIZIN A2, EWRTFRGCEEIIAETH D, K
BHE A RS M2 P NHEEY) 1 IFEE T, IR A ZRNIC & D DI 3I80H
DEENDOHRTH D, Al BE - R 7« BAHES - IRABEZLRNOID
JRF RGBS AT & (NSSS) TH—E U REMHRLR LG T 5, B
IR D — R FL— 71T, IO AR v 7T & A iRilER CElis S 58, JE
WRHIIBAEERIC e D, (K 2)
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REMEA RN, IRBASHAIC R D 77T o MEIIARE, 72721, B 1.0
BIERT D128, T AFEICRERRRIE O E1T 5,

SRR ORISR O AOHEN L, RERPE S 27 AT, BRERHRK - IR 2 [
RFFREE L CAT 5, FEFEIRRRCIE, EIRPI5 RO TW D ilEEZ B )
ETFICKVEAT D, RTFREBOESIL 5cm BRE T, JFiEEY b IHGH
MORHT v > 7 ORTHD, (K3)

R, FEARAYIC, SKEORNL TREZE S 7 BEnEGE - 7 bW iaRiE ) <
bo, BB, JRAIFNZ B LI2RBHEDS . SR DA OSERIE R 7 CIE R
L. —REGHER AR T, IFOAMIE TR L, BOURRICIRAT S, =
OB EIEMEICEE SN TWD, —REGTHAERZ - RGO, R
FIFIREERIC T D KRR AR BB S AL, RGO ERRIC L V.

S =

1T,

Secondary

Pump

Reactor

Freeze

Exchanger
2HT -

WDy Th, -UF,

Valve

Turbine &

Tank Genarataor

2 MSR-FUJT ARk

I Hl=}s
SERE

b
b
TSP

> X

Jal
[X X X A X X XK X XK X XX X X XX XX XXX KX K]

FLA S0 BRRKLAL 200

12m

3 MSR-FUJI ®»>—¥RZDEEX
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<z >

c UFRHEIC K0 EBERESOMERIEN 2 . REREZEMEAT 5,
ARESEER (—UGR ¢+ RGR) , AEFERIRIE D O i s O VAT
« FHRFICHORE SV T B O T RS R DR, AR~ DO ERAK
- FHEFOKFEIRTE - AL, FP O EGRE, BN SOGRSE

- FREFFEIZ LD | BCCS X2 ADS D TN AT ARAE, RREEEN T, =
BIRERE D AT AR L OVERAREDZEL AT A THREIND, 72720, &
FHEEE FE ORI E LT, b —F — &1 2 T @R ORI LB 72 D,

<FUJI-U3 : MS-FUJT D>
< PR 2 e L RS DI, BERE T 7 e RORAH OWFSEBR T S L EE R
b T FNEHE R A2 D, E7-. MSBR % TMSR TIXFEWNEEM A 1
~A4 AR T L \IASHAT DM, IEEEERIR (RERE) OfIFE L7 FiEE O
HUIEN72EETH Y JFOiEIRa A 2L BT D & FREIND, 2079,
PRERE OESG LB 2N T IFFE MO 30 AR BRERRIHER % A2 it e
T&X A& LT FUJI-USMER I,

TRBUE - Al

RIE

FFRS AR

RE MSR IZHOWCHEEME - HA RTA UBPIREINTVD)

FEHME - BRI

< SEHIME>

S A T OROBERRFNE T LTEY ., BEIZ MSR DOEERIFT 4
FEOEGERBENH D OO, FEHIERFHTMEE > TV,

<ARFEME>

T T 7 A NMESZHLCT, 304EER (ARTERTE%) NATHE

CfiSfaR (FH)) 131.01

REHITEY: L lbF s (FP BRE)

JREHEAGICE LTI, B OARFERRIBRBEDS AT HE

o EY) (U233) &1L, R CEXL T DOBWRD32%
RIRREMLER D FEHL T, FPO A ZEFRE L7-RENCU233 2N X, IR A
T AN EIHE  (BR{ELA 728 o AL E)

‘PuEpEET. R UESH JJIBWRD0.1%

MAAERIT, [F UESLETTOBWRDAY%

U757 LA

* International Thorium Molten-Salt Forum, [ FUJI|,P345-352 of the book
I Advances in Small Modular Reactor Technology Developments]
IAEA, 2016 https://aris.iaea.org/Publications/SMR-Book_2016.pdf
C TAEMARE N Y U ARRYEE ORE (CEH, (LA, i, EAR)
A AR /P sGRCEE. Vol.7, No.2, p.127-133
+ “Molten-Salt Reactor FUJI and Related Thorium Cycles (R. Yoshioka,
K. Furukawa, Y. Kato, K. Mitachi) ”, Thorium Energy Alliance Spring Conference

2010, March 29-30, 2010, Mountain View, USA
* R. Yoshioka, M. Kinoshita; "Liquid Fuel, Thermal Neutron Spectrum

Reactors”, "Molten Salt Reactor and Thorium Energy”, Elsevier, 2017.
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VAT BAARR Indian Molten Salt Breeder Reactor (IMSBR)
AR
HFgeAk R Bhabha Atomic Research Centre (BARC)
JREE - EIRE - WOEM| LiF-ThF4-UF, /LIF-ThFs (77 27w 1)
Bt ~1.9GWt (850 MWe TEHK 45% & L Q)
Bl A FOBERENERTH S MY U LOHZFI
2 B L BREE L TRRY T VEKIFCT NV M= AEED |
2 BEE LTI N U LET Ty ML TV h =7 LA,
FIBEMEIL Y T 233% D MU U AR & L T ORI T
HOSEM A D, s
« VAT LS 1 ; Loop-in-tank (RS— 1)
« VAT MRS 2 ; Pool-type ((RX—F)
=T LTV EESTNDEN, SFR IZEDENRH D L HITIFR X720,
PR T A DA T a v VIZARER T UREHED A Xy b — bR T

&Y ORFHELIZ > TN D,

ORI BREHE (UFg, ThF, LiF) | F5HIMAFL (molten active fluoride salt
loop, <700°C)

IR 2 5 MWth BEERR G

< JR{% 3 ; Molten salt breeder reactor development facility & L T, —#®D
Bt % BARC B v L/ S AICEHEF (] 5 BERT A b, A 7EAK
B, 70T 4 TR T - R, T U — XL T
HBRERERBE T AT LA b oA 7 ViREBALR 72 &)

— Blanket
Fuel salt il s::sc:?r
cnrcu:)autgg e v | Safety Vessel
Fuel salt
intermediate ..~ \
heat Nl

valves

Loop-in-tank concept of IMSBR
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Secondary coolant
salt inlet/outlet

Secondary
Blanket salt coolantsat
Inlet/outlet

Inlet/outlet
Blanket salt
Primary HX Inlet/outlet
Primary heat
Reflectors exchanger
Reflectors

Core

Core
Sacrificial salt layer Sacrificial sat
layer

Motor of primary

To fuel salt
reprocessing

side pump

Pool-type concept of IMSBR, natural circulation version on the left and forced circulation

version on the right
Table 26.8.1 Loop-in-tank IMSBR—major proposed design
parameters
Attributes Parameter
Il Power 850 MWe
2: Thermal efficiency >45%
5 Active core diameter/height 2m/2.05 m
4. Core inlet/outlet 700/800°C
5. Fuel salt LiF-ThF,-UF,
6. Blanket salt LiF-ThF,
7: Secondary salt LiF-KF-AlF;
8. Flow rate (primary) 109 Us
9. Flow rate (secondary) 6.3 Us
10. Velocity (core) 0.85 m/s
11. | Fuel salt inventory (total) 41.1t (2.7t of 23U)
12. Proposed power production system Based on a supercritical CO, Brayton cycle

Table 26.8.2 Pool-type IMSBR—major proposed design parameters

Parameters Option 1, natural Option 2, forced
circulation circulation

1. | Power 850 MWe

2. | Inlet/outlet temperature 650/1000°C 650/800°C

3. | Power conversion >45%

efficiency

3. | Fuel salt/blanket salt LiF-ThF,-UF,/LiF-ThF,

4. | Secondary/tertiary coolant FLiNaK/supercritical CO,

5. | Total fuel salt inventory 74.6t (5.22 t of 2U) 55 (3.64 t of 2PU)

6. | Velocity in the core 0.2 m/s 0.77 m/s

7. | Primary/secondary pump —/0.65 MW 0.71 MW/0.65 MW

power

TR - i | PR

Al
FRRR TR WAL

SR 2

CEBUE  BUEA V FITRRR RO —BR & L CRE OB IKIF A5k 5
et gyt | DRCOEAT BRI b b &0 3 BN ST ? R
i A, BUERT 22 BN TV TRNO TR ?
R ank

V77 L A Molten Salt Reactors and Thorium Energy
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VAT BT

Liquid-Fluoride Thorium Reactor (LFTR)

=

KIE]

WFJE - BAERERE

Flibe Energy, Inc

JREL « I EIRE « WA

TRREIREL @ TLIF-BeF,-2*UF,
JHoRES © Hi8h(Graphite)

Bti)
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BESEY) DRI A £
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HH (AR
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7T b Fm(ERED) TBD

—UCRIEER S E R
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fLA B H BHEREE(C) 500/650

IR R H R AR S—"7

BB AT I HEERCO2 T AL —E

PRI 1 (%) nfa (Th7» & £k S 4 % U-233 %A% H])

PREH A 7 L 7Ty EIBAR S LHU-23305HE
ToCR R A A

T O TS A BOIRERE, FIEERHRA

TR AT AT 7 u—F SEZEA

« BT AT DR

-EER VAT MERITRIKO®EY TH Y, FHTFE, 1 RV— 7 I
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Saturated
S4C Exhaust Al
N {1067.0 m¥'s)
sCO2 Power Conversion System X

Main Electrical Main
Genorator  FlocompressorComprossoc
257.7 MW 61.06MW 4483 MW ==

||:|| qun ! o LU P
Al Al e M)
e I S o™ LowTomg”
rator

Fuel Salt
s Blanket Salt
s Coolant salt
s Decay Salt

Waste Salt

Fresh Offgas

1-day Offgas

3-day Offgas
s 90-day Offgas
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w— UFg-F;
— NF3

HF-H;

Hz

Bismuth
s 200-bar CO;

77-bar CO,
icat-Pfocessing s Water

TRBUL - (At

- THEIR
~HH
-20184= 7H : DOE award announcement for Advanced fluorination

development work

- BAZE AR
- RM{E3TH D Flibe Energy 12 X 2 BH%E
-Flibe Energy 1% 2011 42 Kirk Sorensen (2 X V) 5% 7 S 7z RfE{EEE
(a private technology developer)
-Kirk Sorensen?s fX. 2 (President) 7> > 3= {T: £ 77 # (Chief Technologist) T&
D, ZrU=T BEE BOHEEOTF— Lk kb

- BIZEOYUMIBPETH Y | FRBAIIEENIARE T hOIRENTROIE
- 2015 4 10 A:LFTR (Z#%% EPRI LA— 31T

- BiZEME

- EPRI 2015 Technical Report (23317 % Hffiak# L1 (Technical Readiness
memmﬁﬁi&wﬁo

- BB CIIEER ORI EN e SN TR rorrfw LR

- ALFET v AR TRL3 LA L 72 D380 S D 7=, @,
227 AD TRL X2 hkﬂ£®ﬁﬁk&5
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TRL DOEFHRR L UKD TRL (ZRFEDOEY,

TRL1 TRL2 TRL3 TRL 4 TRLS TRL6 TRL7 TRLS TRLS

Y SR VN

Reactor Vessel Internals

Core Control System

Emergency Shutdown Systems
Internal Heat Exchanger

Reactor Vessel

Piping

Coolant Salt Pump

Primary Heat Exchanger

Primary Loop Redox Control System
Instrumentation

Drain Tank Coolant Heat Exchanger
Coolant Salt Loop Components
Containment

Fuel Salt Pump

Combiner Tank

Gas Separator

Bubble Generator

Fuel Salt Drain Tank

Fuel Salt Catch Pan

Deployment

1 2 3 4 s 6 7 8 9
Technology Readiness Level (TRL)

- R
DTV — P VR L [EE
B L, 772 MREVEIER D R e R

V771V A

« http://flibe-energy.com/
* IAEA, Advances in small modular reactor technology developments, 2018

Edition, 2016Edition

+ EPRI 2015 Technical Report, Program on Technology Innovation: Technology
Assessment of a Molten Salt Reactor Design, The Liquid- Fluoride Thorium
Reactor (LFTR)

+ Kirk Sorensen, Flibe Energy, ThEC2018, October 29, 2018, “Reimagining Nuclear
Energy with Molten-Salt Technology”
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Molten Chloride Salt Fast Reactor

AT DT
USA
WFTeRsEE Elysium Industries

JREL « I EIRY + B0

HAeWvAEE DU, LEU, SNF, WGPu, RGPu, Th, Unat 3"~ C f]
- 10% Pu(WGIRG) + 90%fE FHw VR, 1k > D fd I REH A
- >5 % to >20 % 235U, JEdikT 4

BN

- 110 - 2700 MWth (Flexible), 50 - 1200 MWe (Flexible)[1]
+ 4/10/200/400/500/800/1000/1200/3000/5000 MWih (flexible)[2]

PRI

(1]
» Elysium Industriestt:»> CTO ClaltL 4 [F & # DEd Pheil K 1X, /D IF
DOF%EE - EERICBED Y | IAEADZERES O L BB D
< HAEIE T b 0 B LI, BedERINZ: L THIZ00°CHK < F& R
LI LRI E TR FULREDMER L
R PEET ARECL L, 7Y —r K3 R Fhvo—2m— R
IR & 7 DREF LA AT D
- RS L O R Pu 2R X — BT D
C AT IEAL-3]
- AW % O T Ve e
< L BREL SFIR, BRREEC A T LR T VIR B AR
s VAT AR
- EIEF AN S VR R R
< SR HE DEEE © 750~1,000°C
- SR FHREE @ 600~650°C
CEERE S - WIE (RBRA T ES)
- AR T40ME 7 5 1004F 2 AHE,  FERR IR 74P A5 2R PR 05 A AT 2
CBREEE LT b T o BEHIEREL. PUSE A E(RAME L TR
c AL OBLE D B F I g 7 L — ROPUIRERA L CEM
CREHE ORERUTIF S AT A0 D oyBEL T8y FALEETFT 9
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RO FALER A 7 9 0 2 o, O s BN RS
@O : BEREEKAF 2S5 OSNF A BT L 7%, BIRPuZ IEE % J7 % (PUREX
H£01/1000 =1 % 1)
@ : BERRBOKIF 25 OSNF A BT . PulZiEE T, —HUzHiHO X
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4MWe / 10 MWth
200 Mwe / 500MWth 400 Mwe / 1000MWth

800 Mwe / 2000MWth 1200 Mwe / 3000MWth
5000 MWth proc. heat
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- SEHBERELD & OBREHAHL LR P CRA%S S i bir ik 7s & & 1

o

« F T4 T FP HARRE (30 ) FP BB 17 4 L Z—FRE 4
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VP D3R

« FP AT 9006855 T L v

- 40-100 i)
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- BT ZEAKISS EEETUYY

Condonser

Hotwell

Secondary Salt to Pre-Heater Pump
Steam (Gas) Heat
Exchanger

S HUFIZHD D 2 LT K Y TR OE R EEN DT . K2 FP Y
— 7 RO Z P TE 5

< {Ri[2-5]

<\ < 2@ DOE,DOE-GAIN 7Ya =7 hDt b, EF U v 70okE
Hafa iy EOFIEEED TV D

- STC| JEREDNLEL 2

TRBUE - (K]

+2017 4 DOE GAIN 71 = h[4]

- FR#H4 . Synthesis of Molten Chloride Salt Fast Reactor Fuel Salt from
Spent Nuclear Fuel
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< HFE . 30 K2
- INL (2 THS MOX BREHZ AL TR T & 2 2 L 2958 5
« {&# : Elysium Industries — INL — ANL

+2018 4 DOE [5]

- #EH4 © Modeling and Optimization of Flow and Heat Transfer in Reactor
Components for Molten Chloride Salt Fast Reactor Application

- Bl 1 320 77 F/L(DOE256 J5 R/L. fih 64 J5 R/V)
- MCSFRIHD A2 #N, BVHUE ORI 2T ) 745
-2018 4 DOEGAIN Fr ¥ =7 K[4]

- B4, . Assessing Fuel Cycle Options for Elysium Molten Chloride Salt
Fast Reactor from Spent Nuclear Fuel, Plutonium, and Depleted Uranium

- BB 50 5 R
cfERBERE, Pu OfERZ R BREA T Y g U R[RECTH D D &

FET D
« {&# : Elysium Industries USA Boston— ANL
AR AR MR FT O ? AHA

£9° 10 MW O /NVEIF DRI 3t 5 [2]

ST - RRHE

BN B
A ME[1-3]
IEEIRANATRE, EOMPATRER RO (FE AR MRS R B2 BN X0 R

BuweitHdy (B
REY A = X S IEAH)

V7712 A

[1] Elysium Industries HP
http://www.elysiumindustries.com/
[2] Presentation at Thorium Energy Alliance Conf. #10 on Oct 1st, 2019.
https://www.youtube.com/watch?v=_ou_xswB2b0
[3] Presentation at Thorium Energy Alliance Conf.#10 on Aug 21st, 2017.
https://www.youtube.com/watch?v=aHsljVnY6ol

[4] GAIN website
https://gain.inl.qov/SitePages/Nuclear%20Energy%20Vouchers.aspx

https://gain.inl.gov/VVoucherSummaries/RFA-17-14592 Elysium-R3.pdf

[5] DOE https://www.energy.gov/articles/secretary-energy-rick-perry-announces-

60-million-us-industry-awards-support-advanced

Z A,
[6] Symposium on Thorium and Molten Salt Fast Reactor (2021.5.18)
“Molten Chloride Salt Fast Reactor (MCSFR)” Dr. Ed Pheil
[7]https://thoriumenergyalliance.com/wp-content/uploads/2020/02/Elysium-
MCSFR-TEAC10-Update.pdf

[8]https://thoriumenergyalliance.com/wp-

content/uploads/2020/02/ElysiumIndustries ThoriumEnergyAlliance-2017-8-21.pdf
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VAT DGR MSFR (Molten Salt Fast Reactors)

EU, GEN-1V

BFERsE Gen-1V, International Forum, CNRS (French National Research Center),
SAMOFAR, EVOL

JOREL - eI B | 77 5 mo19% LiF and ThF4 22.5mol%

¥
AT 3000 MWth
PH RS 5B

RHIRIZR T, @ 2 B AR OIRAEIC L E ) LW O BIE 23H 5
REBRADT 4 — KNy 7 FOSEET X % 2ZaVED @\ i@l i S i
FEMRHEIZ B3 % SR B 3 7 do 0 B

AT I
PRBHIR L 750 C
PREREIREE F5- 100 °C
HETHEL 1.1
SET 4 —R /3 -5 pcm/K
R BAE 2.26 m,
B 2.26m
PRBHE A FE 18 m® (BJF iy, BIMERAEER)
Ty N R 7.3 m®
RERE Y17 v 3.9 ¥

16 DR 7 & B, BARHITHNS FLA v

Reprocessing

Gas extraction

,,,,,

Gas injection

[ AR Jas b | 3 S
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Design of the ‘reference’ MSFR
10° —

] ] Ma-cooled FNR | |
MSFR
MERS ( a
w
e
2
@ 107
=
~
8
> 10°
3
100
109 aaund asnial g aauad s o iiad ol B
10 10 1 10 10* 100 100 10° 10° 107
thermal Neutrons energy [eV]  fast

CBREFY A 7LV AT MO
R L S NTRE A Z v aEe, Ny FRoA T A Vﬁ@ﬁﬁﬁﬁ(lo
—40 L/day), HEFEI 2T —F—

TRBUL - (At

HFDFHRITIN A AR BN B 5 SR 72 R&D b Effi ST
D WX, TR —T 4 T A, IR BN
* Gen-1V, SAMOFAR project, EVOL project

e ALk el
KIOUE - BEHFIE | HEBUE ERERFEBR
B EBEARRGS
U757 LA E. Merie-Lucotte et al., Fast Reactor International Conference 2013, Paris,

France <%
http://Ipsc.in2p3.fr/index.php/en/?option=com_content&view=article&id=183 (&
B o ZBAF e
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AT WAFR

Stable Salt Reactor for Thorium Breeder (SSR-Th)

= He[E]

WFFEREEA Moltex Energy

WAL (20T BORM | 500253mx 1k - NaF-ThF, — i HI4F - NaF-KF-ZrF, —kAHIp - Bi®U
777y b

B ) 150MWth

R C AT B

CAEOE Y 2 — NVIEEFELET Y 2 — LD L ICHEERE T,
150MW~1200MW [Z5his,

N T NI FEOBRIEN DA T HBEFENTY T O 3 [EFOMEEN
b5, FH MRDOSSRT, Lk T & U T ADLH LWEREZ &
3%,

REREIT AR MM & OBBME IR S N5, SSRTITSERR 7ek% /0S4 A4 ik
WNIHA AT BELTALEME TR T D120, X2 N HAIEET
b5,

CBREFE L, IEROPWR & FIEROBREHMESIRICE LD B, FLEY a2
— IV ETERRT D X EHEE IR S NS,
CHUTITEIETT RN D AD X HIZERRKEWM L KIGT D &
DI WEEIRRRERHM B TEE SN D, “RROMEAMIL, —REGH
Y SR EUSHE A D GridReserve ™ R /L X —HFk o A T LMZEEELD
ATe,

‘GridReservel., EHAENARERBIIXT AT v MIKOA TR L X —%
TARMERTE Y o 7 i D, T2 & ZIEHEAE BT RNV X =N A 7127
VWENFENEEDLE, 770 MIRTIF LIPS 7 I BEERE LTS
T5, Ziut, PR ET T FERILT, 1GW DOJF 4 3
GW OvB—27 7T MIEZD,

RBIAZHRT, B AREME SR A SR LD ED L, BT LWEARIRE
TG D200 TL REF T4 OB T a e ANEHTX 5,
CRIROEEILT VTNV T, BIEVAT ARHEIERMSNIEE A R, B
FHDgFETT 2 VB E T HIEIRS O ARETH D,

JRFIFITZER D BARMEERIC X o THESERIIC M A S du, IR OB 3t
THEEREF 2T ¢ 2R 5,

Molten UFx salt fuel in cored graphite assembly

( Fertile primary coolant NaF-ThF, in |
tank with integral primary heat ‘ i
exchangers, 650-750C+ )

[ Bismuth-U238 Extraction Column | | §
for U/Pa extraction.
U233/238 alloy directly converted
to fresh fuel assemblies.

SSR ¥ A7 AN

TR - (R

SRR A3, #E[E (2018 4F, 300KE) K[E (2020 4F, 4.5M$) A
SRS IRFZERT(2020 4, FEAR) 2 EnE SSR U — XBAFE D PR —
A AT

- TRISO BRI OFiEN 22 &, BLFREANBRR H OBk E T O3B i S h
T3

e PR

< OB 2030 FOEFAZ B L RGO L Ea—&2T> T
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GEX A ED TV D

YL

[RI4L23 3 E > Generic Design Assessment (GDA) D 3

SHME - B

KB

7 AT EHF DB E O RATE T & 5 WTREMD & 5
JNMES AT b, JFLORIE % T8 CRIERTHE, BRI 236 wTHE

LT3

R
TV a2 —ME - EOR R AD v TR AREE O, 50 SIMWhr 57 &

Al GEEOFROFE 2 A M 140 $IMWhr L 3

V77 LA

Moltex Energy Web - | https://www.moltexenergy.com
A.Owens, “Stable Salt Reactors — A roadmap to Thorium”, ThEC18 presentation

(2018).
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AT DA ThorCon

£ TAYH

MFFCH%ES ThorCon US, Inc. } UfThorcon-PAL Indonesia

JREL 0 - et | NGF-BeF-ThF,-UF,(76, 12, 10, 2 molos), U-235 JfE 19.75%
- NaF-BeF,(57, 43 mol%) - H£h

) - AT | 557 MW (per module) + 250 MW (per module)

BRFEAE L o=
ThorCon (X, VU U A-7 T OWRKIRE 2 W= IRREIR Ch 5, # L
W2 VT, vk TOEMREAT, K EHIT. R il &2
HHL, AFTEOMBIOREZEH Z LT, 2 V=T VU TDRT
BRETEL LS ET 2B CTH D,
VAT A (RERR)
2ODRISEME1ODMBIFR X — © L3 EM. H AMEZBHPALE, KA
R EREOEOOHN E LTER SN TS, VAT AT 1 EALIET
Wk ESnsg, F-. ThoZEePa—/LE LTS A 2 LN Alfer e+
LI TS, BREHIBRZ IR TEX 5 X ) Tm> TR M4EZ LI
ISz %z HHAE L o> TV 5B,
VAT IS (BOSEA)
POCHEZRNTIE, BEEEA T R 7 AL T T STl R ARE
ELTHER L, WRETICE END U T v O HCHaE % 704°CE
THIEL, EAZZ#ags T 565°CE TH=° I, BV L REMEZ N L CE
B IND, T2, —HBO U U ABNEEGENED T F o~ BRI ND,
FOGHEANOEINFIKL  (3bar gage) FS 49 m, EfE56m THY,
PERDBRAKIF L LT, IREATHY, PMETH D,
AT A (ReRERE)
oA FICIX R 2 o 7 PRERE S TERY . WRESE T LI25A1C
BWTH, R ¥ o7 CIRAEZREFT 2 E 7> TnD, KLy
2 T TRGEM N 72N T2 D RS 4L, BEAZLITHIENE D = & A
R, Fio. RL U o7 ORBBENIImKEERH D | RS DR
Lo TRBY, BEGNREZZDATZD RL U Z o 7 13NSTicEh T,
BRENES LD =Dy Z ek LTV 5,
AT LA (B H)
4 S DR L — T THERL STV 5, (DNaF-BeF,-ThF,-UF,, @NaF-
BeF,, (®NaNO,;-KNO4(55,45 mol%), @fElFERAK, —nbHaN LT, #
—EUHREIL TS, ZUTL - T, ThorCon [XEIR CIHEIEAAIRE & 72> T
B GEROBOKIFETIITEBRNEN 33%THDH LD & il LT, 46%~ & [[]
ETXx, ax MEEEFREE LTW5D,
AT MRS GETER)
FIRDOREBL AT LE LT, KNEBBLIIERY AT AEHONTND, &5
(2, NaNOs-KNO;DIRRAE # flAiATe = & T, M RRK AN @I R 5
ZEANLRWEREZER L WD, £/2, MRS T—L X —E U 2RE
THIET, ANBERZLICHBEB TE LX) s LT 5,
« FALEL - A T S
T (N FREI A #F50)
<R
ThorConifA > KA 7~ 35GW F TEAT HEHEEED TV D,
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double bottom in each power module

4.000.000.000 kwinh
062t (l e
5.54 t Nof
193wy 255tuUFe
7252tnstursiy | @Nrich t0 19.7% = e 500 MW 0991 BeF2
%45 SWU/kg product ' aad b ThorConisle ——
48 10 t naturs 0.2% tails > 91% Capacity Factor 4.35¢Thed
861 UF4
7059t
depleted U : 13.43 ¢ spent fuel
13431 spent tue
Wwe2
928 8¢ volatility
* dry
Spent Fuel cask
U isotopes. kg
U238 1322 - 1818 storage
u23s 2]
v233 s1 1 cask
e o P enrich to 19.7% bt aopetaayy | SVOY 4 Yours
232 005 4.5 SWU/kg product———————#=
Total 1508 0.2% tails

TRBUL - (A

HIE 12 B
« {f&<#] : ThorCon-PAL Indonesia

G GIRIN

SRETTOFFRAIC 10 FL, 106ELL EAvins LREL LT B,
A YRR T THBAI G5 EZED TV D,

KIUE - B - FEHIME : Oak Ridge National Laboratories 25 DHF7% 3545 415
SRR R = A b 800~1000 RULKW, #EE= A b 3 k2 FKkWh
U771 2R http://thorconpower.com/

https://www.reuters.com/article/us-indonesia-nuclearpower- idUSKCN1UDO0DOQ
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AT DA TMSR-LF,/TMSR-LF Small Modular Demo-Reactor/TMSR-LF150
HREE A\ RALFNE
TFgeksRg HERFFSE (CAS) - B HAYEERZEAT (SINAP)
R} BREHE - A9 (3%) TMSR-LFL : LiF-BeF,-ZrF,-UF,~ThF,)
WHRF WHWE : A (%) TMSR-LF1 : LiF-BeF,)
o JBGHERT : Graphite
& - :
i) (%) TMSR-LF1 : 2MWt)

TMSR-LF Small Modular Demo-Reactor : 373MWt/168MWe
TMSR-LF150 : 150MWt/60MWe

+1970~1971 : SINAP [T ¥ m XU —D MSR %k,
«~2019: B I T v F I al—& (TMSR-0 : 370kW. 1/3 AAr—)L,
FLiNaK WIS (2 & D —Hidlr - 2@ O FEEE (2019.6 584%)
«~2020 FEBRIE (TMSR-LF1 : 2MWt) &P E
(2019 FERFEEIHIX, 2N ETHRE I TV 2 TMSR-SFL : 10MWt
% 1 FR)
- ~2030 FEEFSF (TMSR-LF2 : 100MWe 35 L T8 TMSR-SF : 100MWe) D%t
(2018 EFEFXEEBHIZIT TMSR-LF2 & L T. TMSR-Small Modular
Demo-Reactor : 168MWe, 2019 FRFELHIIIHE = 3 D H ) 2 IR
T2 3 RADIFEIE Ny 7 7 %27 &% E L7 TMSR-LF150 : 60MWt
NENENLH)
cayviR—3xr b URBMERAR 7, 7 ) =X 007 B, HIEEERR
BRAEE . MHEME - 7T 7 74 MEOMBIEEZ) o R&D % EfE. Mk
WZOWTIIERAL b S,
C AT MEA

PrpEREEE

TMSR-LF Small Modular Demo-Reactor TMSR-LF150

SR TMSR-LF Small Modular Demo-Reacto
SINAP
L3
Nuclear island parameter
Design Parameters value
= Electric power 168MWe
— wi
Thermal power 373MWth
Core diameter / height 4.8m/5.0m
Primary vessel diameter /
height 5.2m/6.0m
Uranium enrichment 19.75%
The final loaded U / Th 141
ratio .
Initially loaded uranium 2100kg
o Initially loaded thori 15700k
Design Parameters value i et &
n Adding mass of uranium
The shape of graphite M egerallerem per day 1.08kg
component
Length of side 26cm EHIBIT 0oy
DI e | The number of control 6
iameter of molten salt 8.63cm N~
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# | TSR

SINAP

Main parameters

Parameters Value Parameters Value
Thermal Power 150MW Fuel U, Th or TRUs
Electricity Power 60MW Burnup >250GWd/tU
MOd;':rrigZplace 10y Teg‘?eeriit/‘gjto‘( 600°C/700°C

prc';g:slsli)na;cgsgod 10y Load factor >95%

FEREBERERIT Sy T BIMEERERE,

+ TMSR-LF Small Modular Demo-Reactor  (168MWe) % 8 4£ (TMSR-LF150
(60MWe) 1T 10 4F) Ta v R—Ry MEIEY 2—/LA%HL, E o2 —/LASH
LR TR S 2,

TERAUE « (R

- HERERE (CAS) TMSR =2 NEH
(2011-2017) 2.17B A9t (2018-2020) 500M At (5 (BAERT=K
75 (EH)

o YIS EIZERT (SINAP) TMSR a2y =7 N
(2015-2017) 115M AEoE  (—~2025) ~800M AEJt (8 (BARITT=HK

120 {&M)
AR AR “TMSR-LFL [\ CHIIZRZHZ ST CAS NOTF A — F L E 2k T
(2018.6)

*TMSR-LF1 {22\ T PSAR #& TP (2019.8 (iR AcHe:D)
*TMSR-LF1 (Z2WTEE (Wuwei) VA - DBREERE L R— MKEEH»
(2019.12.2)

CREE D7 EHERIFO TMSR-LFL @ MWY) ITEER S5 &b
Do

« #%#5 M TMSR-LF Small Modular Demo-Reactor (1 6 8 MWe) 7 /% K 7]
AR AP -ar

V7712 A

- Progress of TMSR in China (2018.7.14 B FIamE H R hERE 7 +—F
L)
http://www.owaki.info/etc/msr20180614/Progress%20%200f%20TMSR%20in%20
China.pdf

- Research Progress of TMSR design (2019.7.4-5SAMOFAR

(Safety Assessment of the Molten Salt Fast Reactor - MSFR)Meeting)

http://samofar.eu/wp-content/uploads/2019/07/2019-TMSR-
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http://www.owaki.info/etc/msr20180614/Progress%20%20of%20TMSR%20in%20China.pdf
http://samofar.eu/wp-content/uploads/2019/07/2019-TMSR-SAMOFAR%E2%80%94%E2%80%94Yang-ZOU-PDF-version-1.pdf

SAMOFAR%E2%80%94%E2%80%94Y ang-ZOU-PDF-version-1.pdf

- R BE ORI L R — b DGR

http://www.mee.gov.cn/xxgk2018/xxgk/xxgk11/201912/t20191205 745792.h t ml
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AT DA TR

HSR ATLAS (Hard Spectrum Reactor Advanced Transuranic Liquid Atomic System)

NS

WFFEREE

ARISTOS POWER ft

WRBE« I HIRE A

- HSR ATRAS
#% Bl : NaCl-UCI3-PuCls+FPCl, (REME (FEBR L72\N) )
7T MREE < AR NaCl-KCI-UCI3 + PuCls + FPCly
2 k% : NaCI-ThCls, 3 %% : K « AXR

- YPIE%EE (2015-2019) D HSR 1)

#% Bl : NaCl-UCI3-PuCls+FPCl, (REME (FEBR L72\N) )
WHWE « iR
2 G WRER, 3KFR K - KRR

B

+ HSR ATRAS : HSR1 & th#k L C 4 fE0EE
- HSR : 150~300MWth

BibiE

de B,
[EE

- HSR1 THifT L CW iR L — 7 2 VRl (777 v r v MRERE L
THHERET D) ICEE L, ZEIMH & IRBE (Multifil Breed and Burn)
T 5xat.

AT MR

- PP A S VEEIRZ I L, AT 1.0 L1

BBV AR A&

- HSRATLAS TiIfgER L7 bk & U CERi & s i U U #RB 8 &
P SCERICRIR T 5, Z O FIZ L 0 EEREEE 2 4 4I5%F (HSR1)
D 750°C7H> 5 850°CIZ -7l fiE

- B TRAT BBV EEaT (BREBE) o'V T T AT
WCERL, FHETREFOmM E

- ZEL AR, BIRMETA A

Newtron spectrs In fued sl fertlle st
—

1 ———— ot - -

Vg (VY

MRl L MICE I P AR 2 b e
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Symposium on Thorium and Molten Salt Fast Reactor (2021.5.18)
“Hard Spectrum Reactor (HSR)” Dr. Andrei Andrei
http://www. thoriumenergyworld. com/uploads/6/9/8/7/69878937/ari

stos_power_thecl8_slides. pdf
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X2

U T AEEBEE AV REMRD, TUT BRI, KE & AR o 5T E R
FEMRHEA TN D, BREHTIZ, KEFIR LA > R IHIR AT T2+ F U 7 ADERIR (2X7)L)
AT 2I1E0NTEMEE VD VAT A TH o7, TEIFRLE Y = 7 — Rk O% 100MW 2>
DI BIL THRATHI 56V £ TOIREN D 5, WARBREHA L, EHZBI D 2 B FHHIBR 23
rasnsZ bbb, RODFORENRRE b,

% < DREPESMRFTEPS CRBIMEIRAI E B2 oD, £ < OWEEDKE MSRE D%
BRAasl AL, MOWEBENF L & T 5, —EBICFFR A0 5 BEE& (Thorcon—iB 7z

J u\

(TMSR) H -T2,

@Task2 FU UL LT T DOHE
MU O DIFEORREL, R4, A 7 OV OFEERR, EEERRE R, T v bbb L CIEE

T 5, MU TAIFIZOWTIL, FERIRREF DM THOIL TV R WEENZ WD T, v AT AFREHC
K& ARLE L7V, JEiRsE, JRHARMEIC EIRAE S, T 02T 5 MY v A D—f%AY

Rz e LT 2 2 & 2l T,

2019 FROKRETOHER (@QKWKT) LHAREZER
B A EEE - /T %7 | (A Phenomena Identification and

NRC LAR— |k [§F@n

OfaFEBRES LY T, US-

Ranking Table (PIRD)) D7 4+ —~<v NAAWTEET A - L 2R LT,

Table PIRT for physical properties of thorium fuel in LWRs
Knowledge
Phenomenon ln(\:fhrtia:oe (U=unknown,
or g 7 P=partially Commentary Summary for Category
. .. M=medium,
Characteristic known,
L=low)
K=known)
Thermal conductivity for thorium oxides is
Thermal P fairly well known, but the properties when
Conductivity mixed with PuO; and UO; at varying fractions
are not well studied.
Snmllar to thermal conductlwty thermal :hvs'cal Zfog‘:lr_hes ,°f :;hO; hav:
20 expansion characteristics for thorium oxides egn studie I;torlca yt oug h
SRR P are fairly well known, but the properties when ;an(:’:seresea;c. {mams;n 1; 0:
pa mixed with PuO; and UO; at varying fractions as ." usedin prfa ously.
have not been well studied. The limited research that is
: s available is positive in that the
Preliminary indications are that ThO; and Fusleal sronartios of THO. ara
Chemical P thorium mixed oxides are chemically more pe::rall P r::erable o usze in
Stability stable than PuQ; and UQ;, but further research EWRs Hi\‘:rever e
is needed under irradiation conditions. 5 " g
- about the resulting physics
The melting temperature of ThO; is greater properties of PuO,/ThO; and
:/lelting P t:an_tha;t fo; U0, fa;d P:O;, Ll;ut the propertiﬁs U0,/ThO; mixtures. Very little data
emperature : mixed oxides of Pu/Th or U/Th are not we Sra avallablator afteraathn fist
NCWD: forms such as thorium nitrides, or
The heat capacity of ThO; is lower than that for other potential fuel candidates.
UO0; and PuO;, and early research shows that in
Heat Capacity P general, the heat capacity of mixed oxides of
thorium are lower than the parent oxides;
however, there is little research in this area.
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LU TOZ B L MU U LD ICEIRLICEH LT 5700, 74—~y b
BETHZEE LT,

YRR DIFFRET « A 7 VERGT A AE L, PRI H ORI 2 ERmAICHPI T & 2 5 &2
H HEE1E K (Known) . F o 72 < 220 5E 1L U(Unknown) . & B 5 THZRWEEE1E P (Partially
known) &2, ZAUTKVHROFRREZ HLT <2 EN0ENT T2, BRERICEL
TITPESE DRI SN, (U708 Y U ADRE] OIS E L CORBENKN R
AN b, 7 vt L EALDIE O Z N TS OV TREMZRIFEIE 2207, 2
NBIZOWT O RO FERETM 2R AT, ZTE=Z T T, R e T DB T —
A LIRS RIS HESEUT D 6L L7z, OFLiBe (2LiF-BeF,), @ FLiNaBe (58NaF-15LiF-
27BeFy), @ 77.5LiF-22. 5ThF,, @ 56NaF-44BeF,, B 41.5NaCl-58. 5MgCls, ® LiCl-NaCl-
KC1 (54LiC1-8NaCl-38KC1),

Fo, BRI TO X 512, BEUEBREHC OWTITE A EBER L2 BEE L | sl RIzHo0
TIE ERE OB BRI U TR 27 i 2 (ETHOoO~O1% EEL oIS L
F). - BEIRESRIZOW TR, TR - mnddFIcir 5 MU U LRELOFIH Y —F
TIN—T | COREESHR LT,

FEEE

(A) B b1 MRELO FEREPEIC DU T o b

BVRE R AR, (LRLENE, Bl AR E
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Figure 2-2. Summary of unseparated salt waste streams along with disposal pathways. “WF™ and “cermet™
denote waste form and ceramic-metal composite, respectively.
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Figure 2-3. Summary of separated salt streams along with suggested processing routes and action and/or
disposal pathways for different options.
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