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<XkE> +B &
DB-MHR: ¢ GT-MHR XEERBIR, &% | » MIHEBRETES
=k =1 o |
SHRERMIE | ERGTERMEL | wppmemic g1z A28
<KE> Bt sms )
+B "
SPB: o EfEith- B - DEEE | ¢« A RLEBICFHYKRETRATH
AR—a7F (Ghlu, /NER T, BRERE | &
RTIRYRIF Ho--) + 2015 FICHE R E B
<StarCore,/Areva> | « HH TR, BIEEEFIA | » Areva(dh /) EDEEERABA F
<Hhr%/ EREEL, TN —R
LR/ XkE> | =R
(K 10] + 30MWt/10MWe/Md
GT-MHR: ¢ GT-MHR(KBOHH) DO | » HBHN FHRMEE, 73— KR ERH
<Rosatom,”0OKBM> T7HERIR R AR, OO 7B TG Mm$
<av7> «B & PuRl s hY IRy ARSI TZIZH A

+ 600MWt/Md, 850°C

MHR-T(=MGR-T):
<Rosatom,/0KBM>
<av7>

* MHR-GT(HR4—E > %
B). -OR(EMmEH).
-SMC(REKALVHE
FKBREE). -HTE(ER
KREKEREKREE)

+BE UMM

+ 600MWt/Md, 950°C

< YUZEMER—AIZ FEIZHR
A= (GFR) BI R ICBRCHE
>
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=3 HAEAFEIOISLI—E(2015 4 3 AHEE) (Md:EZP2—IL)(2/3)

(&R :THARR- BRG], [[RE - R5E- RRAF I LS OFRFETOTS L)

AR, ED B, T TR, KR EHE
SNE-TP: o RN LRI R, RF | « BRNLBOREF AR B ZE., HRK.
G R+ D HEMERBFREROE | BEHFICOTHRAARF(RFIF
TSN T+ — L B, EE B BEEE4RE. BREIIFRE
<EC> AIREMEDIRET: )
<EU> o« TOE BRI/ KREE BB
NC21R: s BEFhaEsaozmrc | TRFEFERAPHAEL), TOERRF
BT AL M ER. BNRcE | ARRBEESREFM
A=2TFF4T TS bR B@EE) | (EUROPARS). REHHaRIT SEELF
<EC> B 9288 5 (ARCHER) Z DR 2% 318
<EU> WTTEEIP, KE NGNP EZEIERH
[ 11] HE(NIA) 6 E #5954
ANTARES: s BERARE(RE. k=E | ¢ Areva-USA AEE NGNP FO4 S5 Al
IHRBHERHR AR ., #FIR)BAR [+ T ANTARES 3 E k& (SC-HTGR)
AEILE Areva Frikdft | e B & et IR EEFR A (NGNP EHEHAEIZ &
<Areva> YL ED NGNP SEEFFRITHRE ST
<TSURX> FEREHELTGERE) (1-1 I5SH)
HTR-PL: s ENTOBERFEIZNA | ¢ - 547 H75—(AGH), B
R—SUREBREF EEMFRE 2t242—(NCBR)., EiR#it 4
< AGH/NCBIR> —(NCB)WE AR, E&RMET
<KR—FIK> iales
TH-100: + Th & E(RE HHROBIE |« 2011 F:FOFF LI LT HEH
<STL> W) &, PBMR @ Th #% &, 2012 S~ RARH#EICRITTO
<@7> hix VP LRI
(K 12] * BARRERIZET &% | » 2014 £~ Th RN B A ENERE

ET -

oPE,
100MWt/35MWe /Md.
750°C

AR AT
+ 2022 F: I EHER (FE)
+ (HTMR-100/25 IHS8R)

HTMR-100/25:

EEREECa—ILF

<HTMR>
<@7/EHE>

¢ TH-100(EE7)DT7 7R
[Tk B hix

o PRI FHRITHE

* ZFEA:HTMR-100.
100MWt/35MWe/Md.
LEU. Th/LEU &%
Th/Pu %%, 750°C

* BEHHE A HTMR-25,
25MWt/5MWe/Md.
750°C

+ STL(Rg7). Neopanora fhn’&H4&
£t HTMR #t%5&3r

¢ HTMR 21)—XE&EtRa& 4

* AURRI7 D% BHKE (MPPR) B &%
EtHEICFEIT TR EHERASERES
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=3 HAEAKEIOISLI—E (2015 4 3 AHEE) (Md:EZP2—IL)(3/3)

(&R :THARR- BRG], [[RE - R5E- RRAF I LS OFRFETOTS L)

R (RS, )

B, #T

Bk, WK E

NHDD: s ERBIEELTKIRIR | « EECERBIBR(KAIST), TREH
FRFHKRRR& BA% Be (KIER) A5 A1 =
i s RFHIZ&DK, kK. E | « EH. ET. ®WHKZE(KEPCO,
<KAERI> HEEDRREE Hyundai, POSCO %) A& #ES N,
<E®EE> +B A 2013 £~ E NGNP sEH#i#iE
(B 13] + 200MWt/Md. 750(4%3k (NIA) H:E#ES N
950)°C + 2028 &~ S UNEEE & EEx
GTHTR300: ¢ HAR—EVHAYILER | ¢« —EDTTUNREHCDE, EEH
HRE—EVERF ARE(-X:FREH. -C: 5. BF MM ESERES
<JAEA> REGRA. -HARE | +HTTRZAVWCEREHREOFRLS
<A > EA. A 2ERXTIUN | MIcOTFRIARBRBP(10-1 BRER)
+B R UK
+ 600MWt/Md, 850°C
HTR50S: s REERFTEZEHI/NEE | « IR ERLHK THEHES)R
EIYATILINR BIFFR&E(EER. XK HEH. TS, BEMERSTE
=RARE H#iaA)
<JAEA/EZ--> B & UBE
<BE> * 1~ 2 B&Rs:50MWt/
(B 14] (13.5~17.2MWe) /Md,
750°C
o Ik
50MWt/(10.3MWe(ST)+
6.9MWe(GT))/Md
NSHTR: s BROYEEZ (R: * BEEERET. MEREMERRE & A%
AKENRE B R, B, BEME | HBERS
BERAREE ESR--)DHTLEM
<JAEA> R
<H&EX>
[ 15, 16]
CBHTR: * BOKIPERFRENDD | « H2KEtH
H)—oN—rEReE Pu BEHIALER
<JAEA> * Pu k¥
<B&X>
MHR-50/100: « RER/NYEBARE * B2 RGT. g, BEMRETE
=EERHRE o U Bkt Ho ESRRA TSV ERET
<=BET/ s JIEE:
JAEA> 120MWt/50MWe/Md
<BE> s ERE:
250MWt/100MWe/Md.
750°C
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{(JAEAHP)

1 (BX)@ETFHARBIELEF HTTR

N.Sakaba (JAEA),
IAEA TWG-GCR,
2015.2.25-27,
Vienna

2 (BRHTTR AREZ—EY /K ABEHABRETEI(HTTR-GT/H2)
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% HTGR Development: HTR-10

Reactor
Power,
MWth

_Pressure,
MPa

Reactor Inlet |
Temp., C

Reactor
Outlet Temp., 700
(&

Fuel
Elements in |
Core

(Sun Yuliang (INET), ”Potential Contributions of Modular HTGRs to Energy
Supplies in China”, IAEA Technical Meeting on Options to enhance Energy

Supply Security with NPPs based on SMRs, Oct.3-6, 2011, 1AEA, Vienna)
3 (hE)EEBERABFHTR-10)

27000

Design Approach

- Passive safety features
- Negative temperature coefficient reduces
Comtrol Riod reactivity as temperature rises

" Dirtve Amembly —  Helium coolant

= Non-moderating

+ Gaseous phase during all conditions

+ Radioactively & chemically inert

- (ean be carrier gas)
"~ Ceramic coated-particle fuel
+  Maintains structural Integrity during LOCA
« Contains fission products during normal
operation

Shiroud

I ppev Pinoin
Tep Flemum)

CR Guide ___
Tk

Side refestor
saals
Outer Reflector

Core Basrel

— CR Structural
Eleiriar

o= Remater Vomd

Central — Low power density (5.8-6.6 wicc)

Reflector Fue! Elemants + Maintain acceptable temperatures during
::ll;‘t; 1T itk Plemum 1 I m‘nd“ﬂ

orrmail, i Hower ey T20M | Annular graphite core with high heat capacity
Cool - i CAR R +  Limits fuel temperature during LOCA (1600°C)

Hot e 1 _-Graphie Core 2 + High temperature structural stability
Cool ; I i Bugprs. Cubinn _:;:; iﬂ_‘[ﬁmh sublimates ~3700"C)
Lamnr Meialic 0 Hlﬂh tharmal iMI-WW‘W" rise
B ertaer pba nism = Com Supporn ilmlfanDG#

and 5C5 maulation Insulabon Blecks

cover ahests

— Cool reactor vessel & metallic internals with
umm_n !.:wung core |I'I|-Ht ﬂ“

ik (H#) M. Haynes (NGNP Industry Alliance),
Presentation to The Governor’s Nuclear
, Advisory Gouncil, 2013.6.13 i

(M.Haynes (NGNP Industry Alliance), Presentation to
The Governor’s Nuclear Advisory Council, 2013.6.13)

4 (CKE)RHEREFHFTIUMNGNP) [T Areva 555t SC-HTGR k7
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headers 10 other
s reac or modules
ot 8
%" € vabres T '
L ..'-:—r' Steam
- ~550° C e
HTR . Generator
Reactor
Core
WP
P Process
+- Steam
Clroulator >4 ; ﬂﬂu:ht P
[(Ceacitwoteat | - J-__W P Process
| trarsportioops | b Steam
[ shown for umpbety
e Consenser
—\Waler/siam Process Process
< QO | water | A Condensare
Process watet/sieam Cleanup Return
Typical Co-generation Plant Configuration A

Makeup

{ Summary Decision Paper — Reference Modular HTGR Reactor Design Concept and
Plant Configuration for Initial Applications, NGNP Industrial Alliance, 2012.2.7)

5 CKEDREREFHTSUMNCGNP)REHIESRTITUMER

Distributed concept for biomass-to-liquids with
supplemental nuclear hydrogen

().0’Brien, INL; VHTR R&D FY12 Tech. Review Mtg, 2012.5.22-24, Salt Lake City)

6 CKE)RHREFHFTUMINGNP) KSR & /81 7 AL BRI G TS
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! HTR-PM: Plant Process Flow

750'C

566'C /13.24MPa

n = 40%

Steam turbine

D gune

!

Generalor

_@

Reactor Blower i
SG o : -
r : Y Ll 1I : | C
I l_(:)_ ! I :;
) ' -’ ! Condenser
Helium WlioTStnrn Puasp l !
E Deaerator -E—@—'
l-—{ }—1—-’ L :1-}—
LPH Pum
Reactor Blower HPH Pump P
(Sun, Y. (INET), “Potential Contribution of Modular HTGRs
to Energy Supply in China”, 2011.10.3.6, IAEA, Vienna)
7 ($PEDHTR-PM EifFOtRXT0—
OUTLINE OF KHTR PROJECT
W  i'phase | T 2 erriony Cemaren
b= ' i i W § T, G i
1= KHTR 3t o~ eaf i L
] i
e oo i
5 B i
[T - -
[l : i
Taripbiny TPt 1
ey I
;
i
I
i l
-
- 3 I 2 0=
1 E-I{H’ﬂ‘ B TR 0 P A
2010 2017 2020 023 2028 2080 2060  year

(1.Tazhibayeva (NTSC), Tech. Mtg. on Safety of HTGRs
In the light of Fukushima Daiichi Accident, 2014.4.8-11, IAEA, Vienna

8 (MY IREV)EBIF(KHTR) 7O /MR E
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The potential site for heat application:

4
e -
Ay A P N wl Otympia Zirconia
@A plant
MALAY 500 MW
\y
Mempawah SKSP Steel plant
\| Aluminum plant 500 MW
300 MW =
N g o
Tayan si e
Aluminum plant < oﬁw
100 MW _ bW & F S I A

(G.R.Sunavo, IAEATM on Hi. Temp. Qualification of
HTGR Materials, 2014.6.10-13, IAEA, Vienna)

9 UVEXRIT)RFHBFABES AL

Reactor Conceptual Admin
“silos’ bldg, turbine bidg +
control room

(H{#2) Marcel de Vos (Canadian Nuc.
Safety Commission), “A Licensing Discussion:
SMRs in Canada”, Presentation to CNNC
Delegation, Ottawa, Ontario, 2013.6.27

10 (IFZ)AREZ—aFRTILRYREE(SPB) TS5V MER
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Background: 17 years of EU HTR R&D

stakeIJ'uoIders

|

| HTR-Technology Network l SNETP/NC2I

~

{ CARBOWASTE

J

[ MICANET W EUROPAIRS .

cluster

e (-

AT
0
e
0
]
o)
-
o
g B
® N
E N
0
(\/] H
0 T
\ ) R
1960 1990 2000

2005 2010 2015

(M.A.Fuetterer (JRC), Current Status of EU R&D

on HTGR Safety, 2014.4.11, Vienna, Austria)

14

11 (RNES)SRFEMREROTRN(RFHREGE NC21 L)

n
|

AR NS e U e / —
rum damde bl bermel i anmeguuuub
— (#10 000 partiches per prbbie)

Single fuel kernel
7 Outer pyrolitic carbon barrier

Silicon carbide barrier
Inner pyrolitic carbon barrier

) Porous absorber buffer layer

99.99% Retention of
: all fission products
Copyright ©STL —— == within each kernel

{ steenkampskraal Thorium Ltd. (=STL), HP)

12(@7 7)Mo LREEE AR LE (TH-100)
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— —
Key Technology Performance Gen-IV International
Development Improvement Forum Studies

Nuclear
Hydrogen | . pesign Code Development -
Key - Very High Temp. Experiment -Key. Tech, Performance Test
Tm:h. - Wery High Temp. Material DB = Fusl. Fab. & Performance
- Conted Fuel Particle Tech. Develop Cualific ation
=Lab-scale Sulfurdodine [Atm.) H; =Engineering-scale 5l
Praduction {Pressurized) H, Production
—
—
VHTR System oint | Concept Integrated Demonstration of Process Heat (NuHs-PHS)
Concept si Design and Hydrogen Production Systems (MuH;-HPS)
Nuclear HuHz-PHS NuH-FHS
Heat& Exsig st atos DG,
Hydrogen
{NuH;) NuH,-HPS NUH,-HPS
Demo. Design/Upgrade J|_Peme.
81 Hydrogen Production Scale-up to Déma.
Not yet decided

Government Lead Industry Lead

(Eung-Seon Kim (KAERI), “Status of HTGR R&D in Korea, IAEATM on
Hi. Temp. Qualification of HTGR Materials”, 2014.6-10-13, Vienna, Austria)
(Revised 2015.1)

13 (BREDFEFHKRBRRT I 3T

H.Ohashi, Status of HTTR Project in JAEA, TM on Safety of HTGRs
in the light of Fukushima Daiichi Accident,2014.4.7-11, IAEA, Vienna

14 (BF)/NRREHIEEELF(HTRE0S) TS5 UM E
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@

R&D on Safety (

iy

Research Committee under AES) ('13-'14)

® Development of safety requirement for commercial HTGR design

Passive

accident

® Designed by passive @ Safety design philosophy

and inherent features  for HTGR coupled with
r—— non-nuclear facility was

@ Safety requirements were developed

Category of safety features

h
* NSHTR*

initiated after F1

developed taking into
account HTGR features \ f
® Reviewed and authorized |
by MEle [+l 1 L
1998 2030 Deployment year 2040

* MSHTR: Maturally safe HTGR

® Assure the safety at
GTHTR300 GTHTR300C accidents by
Safety review X (HTGR hydrogen system) inherent features
of HTTR = M= @ Design study was

(H.Ohashi (JAEA), Status of HTTR Project in JAEA, TM on the Safety of HTGRs
in the light of Fukushima Daiichi Accident, 2014.4.8-11, Vienna, Austria)

15 (AR)EBAHRFLZEEMERREDTEA(NSHTR 22L)

Safety concept of Naturally Safe HTGR

No harmful release of radioactive material is assured only by natural phenomena

Physical events to loss
or degrodation of the Couses of Naturally Sofe
- Events
confinement function
Diffusive G Negative reactivity feedback ]—
FP Release n - 2
- Core ® Passive residual heat

@ 4 o heat up removal from outside of
RPV by radiation and
natural convection ]
Gr_o;-on/ ® Large heat capacity of core | ||
graphite J

1

Stable oxide layer formation
on the surface of the coating

v

Reaction of CO with O, to
ensure the CO concentration
explosion lcs below the lower explosion
limit

g
| 2
=
—

RPY Coating layers ' o

| R, S,

>

{ K.Kunitomi, JAEA, VHTR R&D Tech. Review
Meeting, 2012.5.22-24, Salt Lake City, Utah, USA)

16 (BX)FENERLERFENSHTR) DREHES
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Confinement of radioactive materials

@



