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(44) MSRE(Molten-Salt Reactor Experiment)
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« Light & compact

¥ Heat transter area >2500m' /m

¥ Working condition | — 200~880C
100--300 bar

¥ (Gas < Gas, Clean Fluid
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2 Zloz ofid. SMRY =A|o] AojstsgxlELez Alojss 10 mn
A8 olstz Aol 4 Qe REHFEYC] ARY Jlor Jiydeiz, =Y
53 AoleAsAIY A A7 eRl REAAA O Oish Arrfdo] He
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3-2 55323 (PHWR)

7F 7S AF £42(Advanced Simple Pressurizer Heavy
Water Reactor, AS-PHWR)

1)

54212 2 1S A%

Arde go /1% At AEst THEY] Helas dusow oigul
22 g7150] Zxoixo} &

Mg 2abe 235 &

« A5 &%/ Hfast neutron)g E%/JAHthermal neutron)= g

« Y7 g2 RE A A7

o Ao]AR]: AL ¥FS = A|of

AR YA Y RREH Ho

cZHE: 9] V5L BT TFEts AFAQ WA A

4205 U-2358 5547 A2 AHgshs o2 YAZ(PWR, BWR, AGR,
RBMK, HTGR)?} @o] HAASetu(0.7% U-235)3 Sz = o|gstel, HA ety
olgo] WE FAA AN S sl A7t BAME Fa(heavy water)Z A
83 HASetEe dE2 A8sP] hRo] dAwst He ol g, whey
e F ARBELS 8ol T 2 Y2 o] o 27 ARAER 1A

AT 15 Yot ARz o

E.
= AlAstol 2aF Algol AEe. 18 3-2.12 542 =4 LAAISY 2A A
3

5
)
re,
b
)
ne
=
I
=2
rr
%
re
b
o
nE
o,

1 Fol ARE @At F42E /149 ARaAE 9 AL H5e 5
Aalol st Z42 Sut vlasto] YHoe &e o] §8(capacity factor)2 U
22 HEE 4 9t ool g EY HASeHE o8] T ARYl AR
we u)g2e] e 91, A4zolM daslel 4e ASIARY AHAES F
o BAHE 28 Qots Eb A5E9ehE 52 A8Y 4 9t 9E fAY W

1)

2)

S22 HE J7MYE42 (PHWR: Pressurized Heavy Water Reactor)E 2QJuo|stH, ZHUTho Al 7]
0] dEo] fuets =Sty F=, of=’IEY, foiyot SO JHEEHIL Sle F4EE
700MWe &3& 7r= CANDU-6 (CANadian Deuterium Uranium) $42 . Q= oA= EAPH O
2 AU 5228 P 9e.

AAdets ARl Tet Agu]&2 IR, YRt A&z 17te] S5 AR&Sliof s17] wiZo
HARY dr ARl dekn ST & ¢ls.
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Rl BRE 9

u[o

LI

°oFLrEE F MY = d
Core Cooling)d} th40] ZshA MHu|2 &5 Al

= )‘471]540451 Al= 4}5 (defence in depth) 7]

’

a o
1, $7e Bed 4 Jes J1EE.

AR}, = 5

e

Yol FAASY L g

3) & 719 AXAE (shut down system)o] EHAN o g A=t

X (shut off rod)o2 AX|AlS (trip signal)?} LAStH &
O
=2

BRIAIZIN,  SDS2+=  wAle] Eoz MRE
(gadolinium) FAMS &l FAI=2E AAIAI.
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Z(ECC: Emergency

Aug 2 9w
ACIELELE

lo
ul]

X
)
i)
%)
)



Sleam
ey
Steam

Geanerator

Heavy Walar
Coolamt
{in heat

Feedwatar

Turbine

Ganerater
Power fo
= - Grid
Pumg ol
N
£ i
1 . I Transformer
Fuel _ ﬂiiwm\:imm Fuellll_'ug — B
{Uranium) araior Machins
{in calandria) — e |
Cooling Water

T4 3-2.2 JA|AQl CANDU ZHE L% [1]

o 31X} CANDU ¥At29] 7IHe e & 3-2.1 & & 3-2.29 Z&. # 3-2.12 7}
UttolAl 7ts 5 S42 ¥H JEE QoA EoRal i, & 2+ Syt
S LS of2AELY, 3, FohollA 7HE 9 CANDU 6 9xtz #%el.
CANDU 6 =92 700 MWe w9 &35 Z+= 7IdSa20lH, ZiYttolA s
29 252 5o T /L= diEol *uyete] 444 1 ~ 427]5 ngdst
of & 3-2.20] UeRd o)A 7bE F F4EE 85 CANDU 6 =Folud),
4t} YojlA= Point Lepreau ¥ Gentilly 2 & YAt CANDU 6 =3 <l.

4) ot23E]tol= CANDU 6 Y74 (Embalse NPP) o] 42 wAloz 4%l 42 (Atucha II
NPP)& 7Hs Folal, Q== AHA| 7HEet 5425 7Hestal A3
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& 3-2.1 7hHAolA 7Hs 59 CANDU €44 %)

Country Station Name Gross (MWe) Met (MWe) Service Date
Canada Pickering 1 Gd42 515 1971
Canada Pickering 2 542 515 1371
Canada Pickering 3 542 515 1972
Canada Pickering 4 542 515 1973
Canada Bruce 1 836 781 1977
Canada Bruce 2 836 781 1977
Canada Bruce 3 836 781 1978
Canada Bruce 4 836 781 1979
Canada Point Lepreau® 680 635 1983
Canada Gentilly 2* 675 635 1983
Canada Pickering 5 540 516 1983
Canada Pickering & 540 516 1984
Canada Pickering 7 540 516 1985
Canada Pickering 8 540 516 1986
Canada Bruce 5 877 822 1985
Canada Bruce 6 877 §22 1284
Canada Bruce 7 877 822 1986
Canada Bruce 8 877 822 1987
Canada Darlington 1 935 881 1992
Canada Darlington 2 935 831 1990
Canada Darlington 3 935 881 1993
Canada Darlington 4 935 881 1993
*CANDU-6 Reactor
# 3-2.2 CANDU 6 94 7t &< [1]
Country Station Name Gross (MWe) Net (MWe) Service Date
Argentina Embalse 1 648 600 1984
China Cuinshan 4 700 640 1984
China Cuinshan 5 F00 640 2002
Romania Cernavoda 1 706 655 1936
Romania Cernavoda 2 706 655 2007
South Korea Wolsong 1 679 629 1983
south Korea Waolsong 2 700 650 1997
South Korza Walsong 3 700 650 1998
South Korea Wolsong 4 700 650 1999
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Megt vieh 2ol JIE 3429 7R A Ade HESES AR ol§it
Z017] Teol, ARt A4z 47k ofd FHD20)E AL, e da
Arsz ols A wA F17t ol k5 ol A2 BAlretucling) 2
dof sh2 ol Bolsh B & YE® 1Y 3-229 Zo| wAo] 2% A=A

e
%]
o
lo
hu
4
ox,
i)
9
30
bjo

AxZIge] WAL 3807 27t ARAET S AHSHE mci(feeder
. ¥ b i
=

pipe)2 S5 521 F7|WAVlz AZd. Mool & ot 12 km oyol
gazgo] Aolold 7HE AR F7to] wet BAL obw, WE 5o HEAt %
ASEn AlTols FOARL WA Al F7te] 24 WAY JFsAE AYED S,
$W A2aE $2o2 At 6 m 2olo dATE FFEAZ F7tol wet A
RE4 Wote] T2 ok s 57 WHOR QS AR Za U s 4
o Mg SOl wosl BAVL LASIL QS AR JIE 4Rt deAdIgos
TAEE 28 wAo AHE AW, 2% U obHd] ojgt TEAY BAS Y

2 HIAA ATfSH= AS-PHWR(Advanced Simple Pressurized Heavy
Water Reactor) 71@& A Lebs(natural uranium) ¥ &4~(heavy water)S

o]-&sto] A7]E Aiste 7IE& $4949 A/t o]A(inherent advantage)s
285t 71E F4z 2 B is fAleR g5t VIE SR E

ot BT DEEOW, 23 AV 5)9 wFalo] G2 IARAES AL

AA| 2 of2]IE|Le] Atucha Il 9462 S42 OX|T F42ot U7 2 =4
o] #A9 YH&7|(pressure vessel)Z A= mHd, dHE SO FHT =
] §80] A=l lon], Ae5eets)S dr2 0|85
a2 Ao vlsh of 28f J= Frtsts APE 7HAL Qs

7189 429 IRPHRE AALetsS AR AMEStES 7|2 /ds AAst

5)

6)

7)

CANDU 6 =89 A%, 380749 2HARMER wilo] T4E. 217t dazjde g, Zdc
POk, U], e AXY 5o 74 @ ARA Uol 127]e] Azchdol BYEEL Hix
Aol 5 456070e) @=rhuo] AHE T, 7 ol Y of lrhue] AR LA 0.
ot=RIElolA 715 91 Atucha I aﬁe Siemens/KWU7} 473t Z4-2o0lu], Auirte)
CANDU »=&it =] wAlo] £Al0o g2 1AK]o] 9le.

Atucha II $4920A] o]&ol= As&5%dts e+ U 235 55%7F oF 0.85%=2 14,000
MWd/tonU2] AA&E= 71x|0], 0.7% AASels dgo] WA A4l 500 MWd/tonUo]| ]3]
o 2ule] A2ES THA.

L

- 115 -



%7] WEo] AS-PHWRE A= Al 3ol Golsialt o] g, ARz 92}
52 55T 2 UE Ul A AAFoR 1074FE o Hx AMN ALl
52 018 4 At 2PYARE AR £F FUAN AW WS 2 PHES 7}
A 4 900, B HIAE o] A% A Ao ou] Ytn ¥ 4 98,

IBHORE 55 fok Aol 230l ollE B GHOR S, Vg

229 OpRIZHR]2  SEU(slightly enriched wuranium), MOX(mixed oxide),

RU(recycled uranium) g Su} 772 Clofst g 2238 & Qe 2 M5}

YRt A e B2 dAr R 358 » Y 2 BA
&ofl At 2.

—

mlru Rl

%, AS-PHWRE 2|2 T2 IS ¥on AFEY Qs o347 d3dd=
(annular fuel), AFZ2A 3 A2 (accident tolerant fuel) 53 4L 7143 A8
Nde BEY 4 Y= nAEYD, WS AMASS Aedorn 2EAQ o

© B0 Atst= AS-PHWRZ 1960dd{of] dA = AEd +74 A=A

=
(horizontal fuel channel) =Alo] Zt= 7]|& Z4 20 AL thuE getst A
ANz, oo 59 4% A 250 Yst= &7 kot A 22]aL of
Al SAEA] o2 B AHEA 52 =5 4+ U+ THEZ A
& B9 opxlgol= 7]&AQ1 AS-PHWRO] AA 7IE@-& A-8E5t0] 600 MW2]
4= 82 2+ AS-PHWR AAItE AlRbstdl&. 12y &8 842 7858
oz AAE & Qon, 47 J|5ote 58 ZES 9oty JAAR] UARE

ode Fa A% tfat 1A A Ade afstel, B St A £
ol MRA A2V 2 P o2 e B A A9kl AS-PHWRY]
29 FAHSLE B 3-2.30 ZTS(IAEA SMR BOOK 20189] Al £8)
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¥ 3-2.3 AS-PHWR #Q Z7d®HS

MAJOR TECHNICAL PARAMETERS

Parameter

Value

Reactor type

Advanced Simple PHWR

Coolant/Moderator

Heavy water/Heavy water

Thermal/Electrical capacity,
MW(th)/MW(e)

600/200

Primary circulation

Natural circulation, pump
backup

System pressure (MPa) 15
Core inlet/exit temperatures (°C) 250/325
UO, Annular/Isolator
Fuel type/assembly array hexagonal
Number of fuel assemblies 98

Fuel enrichment (%)

0.7 (natural)

Fuel burnup (GWd/ton)

7 (prototype)

Fuel cycle

On-line refueling

Main reactivity control mechanism

Control rod, Poison injection

Approach to engineered safety
systems

Passive, redundancy

Design life (years)

40

Plant footprint (m?)

Not available

RPV height/diameter (m) 5/4
Reflector Vessel diameter/height (m) 6/5
Seismic design (g) 0.35

Distinguishing features

Annular fuel in reactor
vessel isolator hexagonal
assemblies; advanced safety
features and accident
tolerance.

Design status

Conceptual
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3) AS-PHWR A &x =7

o 7]1& Z42(CANDU reactor) A1} #HEY= O3 22 AMRFES ¥HYsHo
AS-PHWRE AA51HS.

(1) mjj(feeder pipe), Y= (pressure tube), ZHt2jotit(calandria tube) =
o "t AACIE F4=20A oo F 4ol 12km ol/folH 7HsAIRE S71o]
ohe WoE gt oA BA WA

(2) o]5H2 2= 7 U= 87](pressure vessel) A8 WA} &A= 5L

AHoIX|gE 2] 2= M2 OF
(3) ALY A4z AMYX WUAI=2 &7|(reactor vessel)= BHAFA] 8&7](reflector
Vessel)ETEi dAdoz By =2 A7

Jo J
1
0%
ox
mjo
(o]
:Ol:‘l‘
S
oA
ok
i
rid
ogd
re
fru

7) =
annular fuel) A&

(4
(5
(
(
(
(8) A= AYA 2ol 57t
9)
(

(

(

(

9) Atal A& 743 A& (accident tolerant fuel) A&

10) At 918 = & 7 A2 w7 (fuelling machine) A7

11) 9xt2 £3 Ago] 13 WlEe At 2 Y2ls 34

12) BZASS] NEAQA A

13) = 7tz €@ HstHheat load)o]] s 2715 n]z HR A7 YL (semi-passive
al

backup heat sinks) &-&(oj: %K}Eﬂ% 141
(14) Crpst w5 obdl AlAE] Ag(0]: 597 U
(15 29 A A 7)5e] A 2s 48
(16) &= o 2 ofz uj7] 93t Wxt2AZC] Z7bdel Alst 24 (additional
subterranean containment volume) A&

(17) AL 2 2 ABL oI5FL AL A0S 4% S WY 5T 5
char el chopt o ney

(18) 1z} & &R Als D20 A|AH] thisl] 1 ¥4 ¥2t4 F4(high pressure
emergency water makeup) 7|5 A&

(19) 24 As R 571 v Aol 1Y ¥ F244 S4(high pressure
emergency water makeup) 7|5 A&

(20) Dz % COol Estd AM=2e mds 7Idd ZIA ¢st A]2AEl(passive
combustible gas mitigation systems) ¥ {YAIZAE AKX §X] AA

3
(21) AtaL = Hatofl thsh b AlARL o A A4 BE Vs Als

-{m
2,

L
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CCE A=

dozg &= 3

™~N TTA” ~o {aW
N oo

By HdE

0 ol mpl

(0]

2w B2
_wL_ El °F Kr

_— o__.: Iy WM

K N ﬂn_ 1o

oM oF = T o

1 <k Lo~
Q_o L_..Dvo -~

— T = %0 oA O__._._

= o7 D -—

T g = ny 0

Res e

s < op "

= = K Klo M- Ko

cEO_d -

R TR

g o |

T T M <+ R
,Wﬂ of o ok RO

< ) ~

we 8w
7K X

ofo Ko 5 T T or

& 5 Ko Ko %

SH 3T oo

AN N o AN AN N

~— — — ~— ~— ~—

al
P

A& AA

Amol UMl SAHES AGFAR ARE

S
-

o= ARE
7H A5 7@ A7 (Conceptual Design of Fuel)
= (Annular Fuel) [2]

(28) At & W& 7tA AlA ¢
(31) 4% 7IA9 Class 1 HiE{2] A&

4) AS-PHWR ZQ @5 A7

A

2 Z7] giwol 71E A= oy

ofn

3ol

}_

o
R

Aol o

o}-% o8- T (dryout margin) ¥ 47 A2 == (critical channel power)

Hat Q] UMY 7 A== A

H

-+

A=

N
SR
(gap conductance asymmetry)

1o

o

ol

a4 3-23L8 71&

st
1

(e}

A7 A71E 7] =

a

L L5

94
Az A w9 5

=

o

]_

S
i

Hofl o

=

GED]
Anol Ar) £ AuE Ho

>4

SH

CANDU 6

>

SH

5]

olp
o%

<+
ol
o

il

mu

Q
L

L

L.

1l o]

ol

ol

= OEARl(accident tolerant fuel sheath) 7§
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L [ QR R L R B SR AR e .__ % e
1700 g R e .
—_ ~@— CYLINDRICAL FUEL . i
Bk + L 3
s L e e
a i
= : |
R H H
= i i
o
E !
+~ 1100 SR e SR S
b i
m H
s ; ! i t 1
B T e becreuioins |
ST TN SV SRS ORIV
1t o DRSPS RPMNSPYS RSSUNSPPTUEPNROEL || S VRSPRCSSSSIUR . SEE e (L P PP PRRRRRR S
—————
300 F———— ;
25 30 35 40 45 50 55

LINEAR POWER [kW/m]

T 324 71E 95E L #Y AR WA MEAo| 02
Hj 2w ulw

(2) A XSA HR (Accident Tolerant Fuel)

o xlezdzol WEA) W APHO st A2lsto] Ae} whgo] WAlshs
7V AA DS ZIHAFIE ALLAEA g st we ¢pSo] 2siEn Q)
S AS-PHWREZ o]8]3t AluAEHY dgs
Oe sa B8 S0 wAIE dEE 4 flen, et UOZ Sl ol High A
AR S Sol 2718 ARAYYS |

oy
A
=
5
o
(@}
D
=
[e)]
=
ol O
3
5
ne
D)
|o
hu
T M

CREHEZE 5RO ZTE =¥ 4d(common

a
system)oflAl= HEES ARES

plenum)ojjA] Ajoj". d44 A E(heat transport
Al o3l AFA &2l ob o] Esh= S 1ot UAAX|TH iE A DAAM= &
3] "o (bypass pump)s EZISIE =2 &F U Aoje 5|EQ} Ango] RS o]

st AsARl  ZId7I(pressurizer)g  ol&%.  FpEAS(HTS, Heat
Transport System) 9H2 &AM Al 37H0 2 &9 T4 B¥3+= b

o O
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CYLINDRICAL ANNULAR FUEL ASSEMBLIES IN
HEXAGONAL LAYOUT

MODERATOR

ISOLATOR

ASSEMBLY

Sealed, double walled |solator
ALszembly

Gas space

Al 2A E

Sh
=]

I 3-2.5 AS-PHWR ¢ a7

180

g
ofr

]_
=

3-2.601 LtERH vt

a9

’

oAt

Hexagonal

ZIRCALOY
ISOLATOR

2mm

MODERATOR

COOLANT

ANNULAR

50C

310C

FUEL

INTERCONNECT

A Ato] d e

7EA
=]
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h Al 7§ 3@ AdA|(Conceptual Design of Core)

o st ALY YHo AERjet AaieA7 A0 2 QX|st= AS-PHWR =
A2 I8 3-2.71 2. SR} Waes 5USH 4EHE AT £ S OY
-2.60] UERd viet o] Al SHAHOA A2 AARE HAEUS. o, T
AR B3+ o5 v (passive ECC) 7]5% Ao 7. 272k A4l
Ao izt £4-95 Hl&(power to flow ratio)& WH7] sl U7 Lo
2REO Wzt 950] Az AYUA JAHAYYES & 2AHY, 51 Z2E0
AN WZae OA] 23 Az wsty|E o]gste] kA oA AzATAS <
Z/AA /RRERR] 59] Atdo] ~aiE.

COOLANT

MODERATOR .

VERTICAL FUEL
ASSEMBLY

REFLECTOR

I3 3-2.7 A2ASHA wjx] E
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2H d327A15 7Y AA(Conceptual Design of Heat Transport

System)

o NEFAQ] d4d AT 1™ 3-2.81% HS. YA ELEAS(primary heat
transport system)2 2719 F(loop)Z /&0 2719 S7|EA7E &l 1L
5715 27t Aeo 2 viEsty, A5 Alee A sholA AR & éﬂ
=olst oFade Ox|sh o][r_ﬂ /\]/\Eﬂ or=d oF 15 MPa Aroly, Oz 7| 7t

S

e

_'|-'||||»|I

g -

e
v Moderatar
REACTOR cooling
VESSELS

O 3-2.8 AS-PHWR ¥44741%0] 7@ A7

o) X212 718 AA (Conceptual Design of Containment)

)

o YAtZAE (containment)2 o]FHOoz YHY, 4H AXS A F71] 3¢
3

- v
o
= 19

-2.90] =AMo=z uERd A dALZAE R AJshEiH(external

-
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subterranean emergency vent volume)of| A7A|st.

Exlernal

e sUblerranean
PRI Ve volumes
volumes

External

O 3-2.9 A2 E 7iE 2A

5 600 MW &&= AS-PHWR A AA (Design for 600 MW
Thermal Core)

7}) AS-PHWR 4] 2%

LA & 110709 AsrlgAl(fuel assembly)z H/dEH, Z47te] A g ATA|
19719] gty i g S 6t ol 5 mY. dAas 7|& 5429 =5 A
Q 2l g (natural uranium)g AFRs5tH, &3 sidg #Ha2jlo] 9742 26 mm, U
2 19.72 mm o]t mExl(sheath) F7 0.4 mmE 12i5tH,
9]74L 26.8 mm, WH2 18.92 mmY. 7|1E 5422 Zo] 7HE F
BAo] aeiEY, A 2 7IRE 59 ¥ Aoj= wheA| AEs

(control rods)l} ==Z291 7}=2]%(Gadolinium) HAto] 2Jaf o]2o]Al. o]g]
T M9 =19 AX|A|2E(shutdown system) Al AA] D AT o[HIE A]
of A&4.

o 600 MW ¥&3& 7= AS-PHWR xAl(core)s & 3-2.101 Zo] HAs1%-2

bl
3
&

7
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23 3-2.10 600 MWth
AS-PHWR =4l 7Hd A
(FF871= ALY F4= AAA
SEATA] Wi 2ol AR, F4A =
&AL E)

2] 3-2.11 ofjo]Zk (air
gap)o.= weld ki 2
(WAA/EE B3) A=
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L}) AS-PHWR Al A7 g|o]g]

o AS-PHWR =4 %1 A7 dloje] AXgle B 3-2.40] H2lsteis.

¥ 3-2.4 AS-PHWR x4 A7 HolH

PARAMETER VALUE | UNITS

Design Input Data

F = Cross sectional area ratio of D,O and UO, 16.75 [-]

N = number of fuel rings in each fuel assembly 19 [-]

D = UO; PELLET OD 26 [mm]
t = sheath thickness 0.419 [mm]
H = dimension of hexagon flats 150 [mm]
P = Fuel assembly pitch 309 [mm]
T = thickness of annulus plus double walled isolator assembly | 10 [mm]
t; = Wall thickness inner isolator wall 2 [mm]
t, = wall thickness outer isolator wall 2 [mm]

Number of fuel rings diagonally in hex inside the isolator 5
walls

Cell Dimensions

S = dimension of hexagon assembly side 86.6 [-]

A; = Cross sectional Area of fuel and D,O inside the fuel

2
assembly 19485.6 | [mm?]

A, = Total Cross sectional area of Isolator assembly including

2
the double walled isolator 25028.1 | [mm’]

As; = Total Cross sectional area of single fuel cell of fuel

2
assembly pitch 82689.0 | [mm”]

A, = moderator cross sectional area outside the fuel 57660.8 | [mm?]
assembly

Total moderator cross sectional area

Cross sectional area of walls and gap 5542.6 [mm?]
Cross sectional area of insulating gas 3325.5 [mm?]
Cross sectional area of metal in outer jacket 1163.9 [mm?]
cross sectional area of metal in inner jacket 1053.1 [mm?]

Fuel Dimensions

AUO; = UO, cross sectional area (A;+A4-AfZr)/(F+1) -uses

2
AgZr iteratively 4285.9 [mm?]

Single fuel element UO, cross sectional area 225.6 [mm?]
UO, PELLET ID 19.72 [mm]
FUEL ELEMENT OD (includes sheath) 26.838 [mm]
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PARAMETER VALUE | UNITS
FUEL ELEMENT ID (includes sheath) 18.88 [mm]
AfZr = cross sectional area occupied by Zr sheath 1143.4 [mm?]
Fuel element metal (UO,+Zr) cross sectional area 285.8 [mm?]
Fuel element inside flow area 280.0 [mm?]
As =Total cross sectional area occupied by fuel ring (UO,+Zr) | 5429.3 [mm?]
Ag =Total flow area inside of fuel elements 5319.1 [mm?]
A; = Flow area outside the fuel annuli 8737.2 | [mm?]
Minimum distance between fuel rings 6.50 [mm]
Flow Characteristics
Fuel inner hydraulic diameter = 4xarea/perimeter 18.88 [mm]
Fuel inner flow diameter 18.88 [mm]
Ratio of flow to hydraulic diameters inner 1.00 [-]
Fuel outer hydraulic diameter = 4xarea/perimeter 16.47 [mm]
Fuel outer flow diameter =( 4*area/pi)*0.5 24.20 [mm]
Ratio of flow diameter to hydraulic diameters - outer
subchannels 1.47 (-]
Ratio of flow areas inner to outer 0.61 [-]
Estimate of ratio of inner to outer subchannel flows 0.65 [-]
Ratio of heat transfer surface area inner to outer of fuel 0.70 [-]

rings
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(1) Advances in Small Modular Reactor Technology Developments, TAEA,
2016

(2) Wm. J. Garland, The Essential CANDU, A Text Book on the CANDU
Nuclear Power Plant Technology, UNENE, ISBN 0-9730040, 2014.

(3) Y. S. Yang, C. H. Shin, T. H. Chun & K. W. Song, Evaluation of a
Dual-Cooled Annular Fuel Heat Split and Temperature Distribution,
Journal of Nuclear Science and Technology, 2009.
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BENEFITS:

Small Size Simple Design Fast On-site
Installation

Fits on the back of a Fail-safe and

semi-truck and can be | self-regulating Can be connected
deployed to remote designs that require = and generating
locations and military fewer components, power within a
bases for reliable heat | maintenance and week of arriving
and power. operators. on site.
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Requirements

R1

R4

R5
R6

Ref.:

Portability: utilization in different environments and conditions. The MR must be able to be operated remotely or autonomoustyin different
environments, like: space, oceans and other hostile Earth regions, with little project modifications. Each one of these environments has
characteristics that are very different from others. Therefore, the utilization of the same reactor project in those envirenments is impossible.
Some adaptionin a basic design must be made

Flexibility: use in electricity, hydrogen or heat generations. The MR must be the thermal power source of a versatile energy conversion
platform that can generate electricity, heat for processes, steam, etc. To satisfy this requirement the reactor operation temperature must
be the highest possible

Transportability: MR platform must be able te be transported by the usual means utilized in the target environment. Dimensions and/or
‘weight must be considered premium on this case

Safety/Survival: fail-safe, passive shutdown and robustness. The reactor plant must be protected against all events identified in the base
accident scenario considered for the target environment, including transportation accidents. The MR must be able to survive or, at least, to
operate partially and safely after a low level accident condition or malfunction. Safety must be based as much as possible on physics
phenomena and passive systems. If the reactor fails definitely, it must fail in a condition that preserve its integrity and that does not need an
extemal intervention for definitive passive shutdown. In all conditions the decay heat must be safely remaoved

Longevity: long-life without maintenance. The MR must be able to longtime operation, years, without periedic maintenance. Sub-systems
that are critical to the reactor operation must have suitable redundancy and diversity to enable the reactor operation if one of them failed

Extrapolation: as much as possible adherence to the GEN-IV requirements for terrestrial high power applications. The technologies
used in a MR shall be extrapolated to enable high power reactor units that can be used to supply the society energy needs

Jamil A. do Nascimento , et al., "Advanced Micro-Reactor for Space and Deep

Sea Exploration: A Scientific Brazilian Vision," 2011 International Nuclear Atlantic

Conference - INAC 2011, Belo Horizonte, MG, Brazil, October 24-28 (2011)
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Fly reactor to theater

Transport by truck to the base

Protect by earth, barriers, and water jackets

J2 4-1.8 2428 Uxt2 2Xd

Nominal 2 MWe (5 MWth) Mobile Reactor Package

Weighs about 35-45 lons Inaded

Halgs 3 tons of fuel in 5 tans of
steel monolith

Metallic grll about 10-12 . diameter

Potassium Heal Pipes

A1,0, - Reflactor

Prlmaryﬂem Decay
Exchanger  Heat
Exchanger

Monalith Core

Openings for shieid
cooling flow (alsa for

case of smergency

Personnel barrier
Prevents radiation workers
from high dose. Could be stuffed
with locally Gbricated shisiding Cradie

(ALARA) Attaches cask fo skid
skid with rollersies

Cask wall

Stewl shell
filled with soft
wood, ridged foam

Stainless steel outer wall, T 1M, oo o material

Lead gamma shield, 4 .
Air gap for shield cooling, 1-2 In.
BAC neytron shield, 6 in.
Stainless steel containment vessel, 1-2 in.

Scunan Lex Higmes N Lisraury

o A

—

4-19 249

a flow fhrough core in

Integrate into the base

(Ref. DoD Report, 2016)

S

Proven UO2 fuel (19% enriched)
Solid steel monolith core

Passive heat pipe coupling with no
moving parts in the core

Housed in armored and shielded
' cask during operation and
transport

Proven materials

and nuclear design P?}

Core monolith has

openings for the nuclear fue

andthe heat pipes. k also ) @
condugis heat rom the fuel
10 the hea! pipes.

Axial Reflesior

Heat Pipes passively transport
heat generzted in the core b the turbine duid,

Uime-size nuclear pelle
are stacked in the monol

He-Cover Gasé&
Fission Gas Plenur

Atz 253t 7fE (Ref. MegaPower - Hologen, US)

A D AS =Y U AAL A QAARE AE AL
PArsgsleme §32 $3 284 /Mg fstel AgAnE w9, 2l
A L oMY Y Aast 27

2 A9 glo] 715 % AR Jhseha, ReiE s e Huslel tied 8o)
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0 23] 958 Yxtzes mIshs ChEA BAY Jfdol crorst g0 £4%Y
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o AU A2FUAR J124E W AN $TL B k3 2L
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$’54A77 Army Nuclear Power Program (ANPP):

EERERE

s nc ekt Pl ey 1710 Mw XFZ 87|(SM-1, SM-1A, PM-1, ML-1 &) A _
I\AP-10A 165, O:5GRWN: RIS PWR/BWR/Gas reactor 274, ZAL H7|/HHer 8/ 32, 2 Y =¥
Romashka (‘64, 0.8kW): RTG -TES-3 (61, 2MW): 25 XY, pWR
I £E5-5. (77, W) R Pamir-630D (‘85, 0.6MW): N,0, #ZtIxt2 E& rrfe TRL
s TOPAZ-| (87, 5kW): Thermionic converter %) ‘SFR giﬂai = = , I
1] (7 & loshiba, ' : L, BEACT
Zﬁ’;ﬁé zls,fzz;m’) JEE"‘:: cs:"zr:et;,bme Si=U-Battery (11, 2MW): He 7tAE, N, Brayton cycle 3@
IEISP 100 (83-94, 100kW): HP, Thyt e o {8 '12 5SMW KAERI ELH AXIZ 7| 270 A Na HP, sCO, Brayton cycle 2 [l
— L " IEHE Thermionic convi- o {0 '13 12MW KAIST ZAE X2 7| 270 Y A sco, 7FA 2, Bor THE 11
= ://l\;: (4(());) ggzkw;] L‘:VPzPN;}HP/Ea;a;tI;r\‘ g [ OKBM, ABV-6E, (14, 6-9MW): Floating(X12}-8) PwR, 2At X2t 9 I
5 SAIRS (04, 111kW): Na HP, AMTEC 5 LANL, MegaPower (15, 2MW): K HP, Air Brayton cycle 3m
ELEGD(OS 25KW): Na HP, & 7| X|1 & == HolosGen, HOLOS (17, 3-81MW): 7FA 2, Brayton cycle, BOP L H|H 3
— 2 s e I#l17 242X 8 28 AT Z i B4, Z20| 77 cH AHAE T s
ESKRUSTY (118, 25kW): Na HP, stirling & NIKIET, SHELF (17, 6.6MW): PWR, 2AtS 2| == Xt =F 9 M APR-1400
WH, eVinci (18, 0.2-5MW): HP, Brayton cycle 4 M
18 DOD, O| SH YKL E F & Z E: U-Battery, MegaPower, eVinci, HOLOS S
19 KAERI, Ea D272 R 718 7L, 10mw 2@
19 ZAH AT AP EHUNIST ), 20MwW SHEZ M & LFR WY Bb= 11
- R tAR/SH A2/HY2E > WG AT B2l (TRL1~2)
TR > ZEEH| B (TRL7~9)
> 7HE 2| T (TRL3~4)
ToPAZ %
SNAP-10A
a‘ BV-6E 4s
1 Mwe O]k : 10! | 102 103
- “Holos
HXE = (MWe)
2] - R AT 2~ T SF al S AR
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SF R AEL 1SS = = ur Q. L OX O
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B 4-1.2 1960~19709 o u]=+ &4to] &8st RAFLRR
Atz | EH(MWe) | =7 AR 715 iz
SM-1 2 PWR Fort Belvoir, Virginia 1957 1973
SM-1A 2 PWR Fort Greely, Alaska 1962 1972
PM-1 1 PWR Sundance, Wyoming 1962 1968
PM-2A 1 PWR Camp Century, Greenland 1960 1962
PM3A 1.5 PWR | McMurdo Station, Antarctica 1962 1972
SL-1 1 BWR Arco, Idaho 1958 1960
MH-1 10 PWR | Panama Canal (USS Sturgis) 1967 1976
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| Coolant pipe (sssumed)
i Berylilum "Rods™
10em -
- Fuel UMo
15 em —
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HISTORY AND CHALLENGES OF SPACE NUCLEAR REACTOR POWER SYSTEMS
R RN BICHEE TS

Xu Chunyang(China Institute of Nuclear Information and Economics),

Xie Jiachun(Division of Reactor Engineering Technology Research China Institute of
Atomic Energy)

Yang Li(China Institute of Nuclear Information and Economics)

Huo Honglei(Division of Reactor Engineering Technology Research, China Institute of

Atomic Energy)
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KILOPOWE

DESIGN ;
1.2 2.2 9.6 m?
1,011 1.3 2.7 13.5 m?2
x: hm e e 7 1,246 1.4 3.0 17.1 m?

= : I 10 1,544 1.5 3.3 20 m?

% FSPDESIGNY§ e 10 3300 10  7mtal 37 m?
40 7,000 2.7 7 mtall 184 m?

FOT6 rouponwer Ovendew

O 4-2.11 Kilopower £ 2A

e dA5h= WS AAlstL 1S olf 2 fH9] A2 o= 1.8
= A== ogEY, YAEE 25 BHE Ools & 34 m, 0] Tm A& &
AF=]l ol
o2 X a-

HEOMD Mission Pull for Small Fission

- _-Kilopower-Option ;
= 410 kWe @
1800 kg ea .
___on7200 kg u ¢ issi i - | 40 KWe
= 5800 to 7000 kg

2 4-2.12 Kilopower®] Th4 Syl A7 vfAl

o

A g=fo] aglol oy FHli= sLstAl 2A1dY =Hol 9
AA AT ZFo]E Ho]il Q. ozith 1 kWe Kilopower?] 2E
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Titanmm/ Water Heat
Pipe Radiator
(tnmcated in picture)

Stirling Power
Conversion System

Sodium Heat Pipes
LiHW Shielding

BeO Neutron Reflector ——@
LMo Metal Fuel

B;C Neutron
Absorber Rod
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LW HEL, 8 V&" HPs 0 kWi HEL, 24 8" HPs
U238=18 kg Fuel=23ky V23838 kg, Fuel-ddkg
Renctor=161 kg

Reaclor=26%8 ky

- lem L

- 40 cm L
£ LW LEL. 8 V8" HPs 20 kWi LEL, 24 28" HPs
U235-5Tkg, Fuel =348 kg U235-68 kg, Fael-415kg
Reactor=832 kg Reactor 973 kg

- &7 e L S8em >

12 4-2.14 Kilopower A THE[12]

Bettom of Shield
==

\ _ J \‘\\ Heat Pipes
(OD=1,27 ¢m)

=== Axial Reflector
Fuel -
_(OD=11 am) S 2 £

= Safely Rod
“““““““ (OD=44¢cm) ————————=

Radial Refloctor - —— ——————— =
(OD=33cm)

a) axial cross=scction b=-h b) radial cross=ection a-a

|J
ol
o~
k1
o
A
b
o
1o
=R

2 Ajd[13]
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a} axial cross-section b-b

03 4-2.16 ABE =

__I
Q
o

10-KWe Kilopower Mars ISRU Demo

Reflector
{1-30 cm)

Fucl andfor
Moderator Block —
(5.5-23.2 cm)

AR

b) radial cross-sectiona-a

del z2 A

HAR HHE0 wet Bof dujo] AAE defxlerd 1M E sEE Y A
o] W2 Kilopower?] A2 H] LS A|AStL QL.

N

Electronics (1e12 nvt, 100 kRad), Lander (1e14 nvt, 10 MRad)

2400 2187 kg
2200 +44d%
2000
1800
1600 1519
1400
1200
Em:m
800
600
400
200
0

U7Mo-HEU U7Mo-LEU

2016 kg
(+33%)

U-LEU*

2126 kg
(+40%)

UZrH-LEU**

m Heat Rejection

» Power conversion

= Gamma Shield

m Neutron Shield

= Reactor Components
® BeO

= Fuel

*Un-alloyed U reduces mass, but adds low/modest risk in fuel performance and is different than KRUSTY fuel.
**The UZrH mass shown is extremely optimistic - neutronically ideal {entire core in single can) and hydrogen loss (s

10x less than previous GA estimates; more importantly, development time/cost/risk will be substantially higher for any

2 4-2.17 Kilopower?Q] =

5= dro oE A H|w[14]
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o Kilopower ¥AIZ9] 1 GOotMA 9] bz A AH7HA|of(Self-regulating) 7]5-0]
Aedl, ol HolAM AEE KRUSTY AR M= FA5H vF 9l &, AEH
AZA o B2 o] oW UXRe 2&7f YH7tl, 1= QIsto] HALE9]
3717} AoIR|HA AL Aol AT AuAoz YXtzO] £ o| FISHA

=4, ol¢t g2 4o maAl yyoz AUViEY] g ARdidS =R

u

il

g 4=

KRUSTY and all Kilopower reactors are designed to passively accommodate all
possible states of the power-conversion system, including worst-case failures.

Stirling Engines Draw More Power Stirling Engines Draw Less Power
Power removal Power removal
/ goes up j / goes down 1
Reactor power Reactor Reactor power Reactor
goes up temperature goes down temperature
goes down goes up
Reactor shrinks, Reactor expands,
fewer neutrons more neutrons leak
leak out, reactivity out, reactivity goes
goes up down

Note: the above occurs via a few dampened oscillations, similar to any classical underdamped stable system.

The bottom line is that the reactor “wanls” to stay at a constant temperature, so that if power demand rises, the
power will rise to keep the reactor at its "preferred” temperature, or vice-versa

3 4-2.18 Kilopower YAI29] ml= 9FS g Ao} ¥FAl[15]

(3) Fwigh

© Kilopower®] Q¥ghe & ¥ ololal. A Wal: UAt2 wilold AZAAN7}
XolH SIS, AHANTN ©F BTHO2 AE YEF ofols FAeo] B
2F. F 1A RROA s|Emolng ME3. AMUA Kilopower Uxt2o| 714
Ay 7)ee sEntolmolA 20tn & & 98,

o LeRo|Ao] dwigte AR LES AMGSHE S|ETO| LS o] g5, X EdML
22 AL83L[16] oln] e oF 1100 KS §AI5], ARt oeuly Wabw
< A 83to] 400 KS A|3L ojuf AHYAKL 400 WeS 8TiS Hx|3
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E 4-2.1 Kilopower &|Enjo]mo] Wi

Total Thermal Power, kW

Number of Heat Pipes

Heat Pipe Power, W

Operating Temperature, °C
Working Fluid

Envelope Material

Wick Material

720 - 800
Sodium
Haynes 230

Stainless 316

Heat Pipe O.D., in. (¢cm)
Wall Thickness, in. (cm)

Evaporator Length, in. (cm)

0.5 (1.27)
0.035 (0.089)
14 (35.6)

Adiabatic Length. in. (¢cm)

Condenser length. in. (¢cm) ‘

34 (86.4)
3.5 (8.89)

1eR s|Enfo|mi M AES AM&5I0], T2k 1100 K, 5 720~800 C 7 ZoflA]
289, ol WHAFY Wb ¥ 0.927 g/em3 YED LAA UG Lew
s|Emfolmo] FuRL atz Al Fo] g|shs WUY 1RHo) PAE. o
e dxtz AW 292 gttt o] g pRejd Sojehd Ao
2 AZW. $o) F|Edo|n SENL AW RAHLL, FABS o 35
7104 AR o R Fo] AT,

The evaporator is located next to the reactor core,

fitting into a semi-circular groove. The adiabatic

section jogs out and then back in, around the

reactor shielding. The annular heat pipe condensers

are attached to a mounting plate.

Heat is conducted from the condenser to the Stirling

convertors through the mounting plate.

3 4-2.21 1 &% 3|Ento]mo] Lx
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SH ASYARNA 5B WAHHOR AAY S|Eufo|EL ElEHEOR WS
ojFon, YRt 22 AEAR ASY. slET|ZL AUYAZI0] AF AZ
sHo o] 91, CSAF 54712 &7 MAlste] 9AY 282 kot Wug
A 2= oS

(b) csAF Interface

IF 4-2.22 A5 s|Emolmof A, FE2 AFAE, &5 CSAF dZ[17]

o CSAF= 527] WHY wicks matA AX|7F o|fstiA 354

(e}
= o
W=ol &1 QS

Accumulator {coarse)

¥ Liquad

Vapor

Primary wick
(fine)

O 4-2.23 CSAFQ] Hx[18]

o 7<12 o] s|Emto]mrt &5 Ftut AZE = FEols WEwo] AXEof Ql=d,
o] B 4 Y 2 Oﬂ 0e 2= Aozt FAZo| IA o o= 5 ~ 23
7 ] O

o kol S5 YRIROAN ALEEHE S|Emolms ol AW Ao H|sH Te
oFeh B EMI2 A9 0.6%)4 S&5FQ =0 Al SERE ot sh7|
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s wAE #AS ol&sfof & o] mLo] s Emfolm Fo|4E Grooved wick

=2

O 4-2.24 Groove wick (£}&) s]Enjo] Lo} Salt Bending2 sF th29] B

o
19
L

T

S 93 wWatme WAt 17]9 9.6 m2o] WAL 2t
2 st m, UbAl 94to] A3l moroz Yrtzo] MAH 9. s Eufo|me}
20]E5 YAPHE low temperature soldering ¥l oz XArg]o] 9] O ls
e Aeroglaze A27602 TAE|o] Q18 o|tfjo] Z|Tf radiation emissivity=
0.8602 44X J-&.[19]

o

rB e nx Ho

Aluminum panels 8

Cold
2 End
Heat Pipes
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Aol El=d], oo tigt AEAF A Hdate o2 Idat 23.[20]
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o Ohio State University Research ReactorofA]= 500 kW22 2 8A|7F Zot 10!
n/cm’s9] Al&lS  288dt 743lo] 91, University of Missouri Research
ReactorofAl= 10 MW22.2 24A17F =90t 6x10" n/cm?sS A3lsty, LiHo| of
st A lE 43885t 9l8. Standard Radiation Test Facilities?t Lawrence
Berkeley National Laboratory?] 88-inch Cyclotronof] AX|Ejoj Qo
Goddard Space Flight Centero= ZIOtRAMAYO 24 Radiation Effects
Facility?} 29 Z9l.

(5) Kilopower 2 EE}QIO] AHAL AX=2: KRUSTY
o KRUSTY+ Kilopower Z2 EE}Q] YAI2 S A|/JoA AEs] B 0pX]9F GA =
Al FAAAE AR, 1 kW A7]S AASHE, =o]:= 9F 1.9m, Depleted Uranium

Core9] 9]7 110 mm, W7 39.88 mm=zZ AAEA-S. 8719 Q&9 &5 Eof
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Flight vs. KRUSTY =~

KRUSTY

Flight Unit Experiment

Upper Shield Heat pipe (Ha230/Na) t
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Performance Metric KRUSTY Experiment
Status

Reactor Startup 3 hours to 800 deg. C 1.5 hours to 800 deg. C  Exceeds

Steady State 4 kWt at 800 deg. C > 4 kWt at 800 deg. C Exceeds
Performance

Total Loss of < 50 deg. C transient < 15 deg. C transient Exceeds
Coolant

Maximum Coolant < 50 deg. C transient < 10 deg. C transient Exceeds

Convertor >25% >35% Exceeds
Efficiency

Convertor Start, Stop, Hold, Start, Stop, Hold, Meets
Operation Restart Restart

System Electric > 2:1 (half power) >16:1 Exceeds
Power Turn Down

Ratio
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7} Mega Power

© Mega Power+ 0O]= LANLOJA Kilo Power 7]&& Bl O 2 J7i&st A48 S|E
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= Proven UO2 fuel (19% enriched)

= Solid steel monolith core

= Passive heat pipe coupling with no
moving parts in the core

= Housed in armored and shielded
cask during operation and
transport

Proven materials A
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DireWolf: MOOSE-based Multiphysics | Microreactor Simulation
Simulator for MW Scale Micro Reactor

Reactor Physics
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Grizzly Structural Mechanics
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Hl - Ne
Heat Exchanger

H;—H,

Heat Exch
at Exchanger seeded

Hydrogen Propellant
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Gas Reflector Moderator

12 4-3.5 Nuclear Light Bulb 7i@
(4) Pulsed Nuclear Rocket
o Pulsed Nuclear Rocket2 ZF7|Aozg2 QzxXo] FH Yo Ah2 sHEZul(Nuyclear
(@]

Explosion)e Q07 HW2ME Wit 2712 o83t YY1 4-3.6)

AAR|Z 1950~1960d o] O]=-ofA Oriono|gt= Z2ME=Z A
A

2 Putt-Putts(E+= Hot Rods)gl= ©HAIoZ AR JiE AZAS
ol W AEE B Al st Euo] olgElgle(2 4-3.7). AEAY HF ol

T W2 g o] AAEHAS(I™E 4-3.8).
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I3 4-3.6 Pulsed Nuclear Rocket 7

Putt Putt Test Vehicle Putt Putt Flight Test

3 4-3.7 Pulsed Nuclear Rocket AZA]& (Putt Putt Test)
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10 Meter DESignS’ : Manned Flight Tast

Seip Diarramar 32 FT Ship Haight 198 17

Raefers To Pusher Plate Diamator s s
n Refers To Gross Departure Weight t?ﬁrn.b“ll ll.‘-urne;nslt Orbital Battleshlp

10 & 20 Meter Designs Shown Sans Mission Payload United States Air Force

73 4-3.8 Orion 2AE Q] t}ofst 7| ot

) At & 7]5A(Nuclear Electric Propulsion: NEP)

Al H71E AALSHS Alo] SlRdg o] gsly 2
Electric Propulsion)o]2til 3.

o RIS olgSHA A7 MG WAL A (NIRGE o8 UAt vl
2], (2)7tAEE], (3) 28 A 5o AIFEAS. 7|5 o] &gt FAYAL OjF
2 715 olgstel AR 9 ADIFS WS o|RE o] fstel olestE 2AA|
2 F75he YU AHBR(IY 4-3.9). TFU T pESol AEolon of
0] oA AFRELD e 7less e ALR Ve dart AYs =2 #
.

o olefgt A71EAl WAL Qskste A1l A7l Al7lo) whet stet 2w
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AHAE 37 dths Wie] 9lg. webd Uyidos X MY § Feo o
oAl ol o] AHg2 s

o WAt H7|ZAS olu] Aot ABYY SoIH A dZ ALES) 21 gloo
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2020 doll= AA AsHd & 2R BRI o] Y=

a2 4-3.9 NASAQ] 6kW Hall Thruster
(1) Ion and Plasma Drives

o A715 olgste] LAMS FAsHs WAoR A A JhA| WAoR BRE:

(1
Electrostatic, (2) Electrothermal, (3) Electromagnetic. of2fjofl= ZFzko] "iAl
ol cslA Zeks] At Qg

d

(7} Electrostatic

o Blectrostatic WAl o] 28171 Uxto] M71ge Qrtstel 2zt WAl A
B dejo] o2t Gridded Ion Thruster, Hall Effect Thruster, Colloid Ion
Thruster, Field Emission FElectric Propulsion, Nano-particle Field
Extraction Thruster £o0] Qo0 o]2|st WtAle Quxlo g FX|Ho| oL o

o

a -
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o Gridded ion thruster= A¥IA 0l jon thruster?] ®WHo=z Ao X=ZE o
g5t 7142 F4AI712L ol o]&ste oS 7H&St st WS AR
& 4-3.10). o]of] wkslj Hall effect thruster+= AP7174 &0l A7)t A12F wigko
2 AR/t 525% =A2 oW APIFH AF REo| of WEoz AM7|Fol
UERE e 0] 83t0] 0|22 743t WHS AL83ID U1y 4-3.11).

electron
gun
negative grid
© electron positive grid
0 neutral propellant atom
@ positive ion
3 4-3.10 Gridded Ion Thruster 2]
boron nitride cothore
Wwa I Is neutralizer
anode
gas distributor o
Inner thruster
magnetic exhaust
coil
magnetic  outer ma.gnetic
circuit coil
2 4-3.11 Hall Effect Thruster ¥g]
(4}) Electrothermal
o Electrothermal WAle HAP|AS ol gsto] 3R] LLg %ol1 Zefxors
G50l At WA, 2AAC] o] F7he 029 £EES ko|w o]
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-2 Electrostatic 4]

o A7]FA YALZ 1970 EE o]u] A[otoA ARES] @1 Qe 7|&olH, O]=
of[A= o]et v]LSt F35]|& Ut-HoA ZiEst Arcjet o] Q3. Eot 2 Y <
7|14 2+= NASAOJA] A& A|Qtst Variable Specific Impulse Magnetoplasma
Rocket(VASIMR)7} 18(23 4-3.12). o] xAle asHgsdlofA mhiel 7]a=z

7tA5to] o] 2stA|A ZEf=0tE e

Radio Wave& ZFXlIA||(argon or Xenon)&
IBe At 712 J1EY B 2L

1 0|2 RP|AFS o] 835te] JtAste =X

FAH/ AR R A7 FARFAH/E52E) 7S PH2 BT BEs] 9
siAl Zidet Aoz Jig A2 olfoReu ot deAHoz 1RRHS 24

31K]= &3+ Arejal.

T4 4-3.12 VASIMR 7fE %

(ch) Electromagnetic

o Elecromagnetic W2 o]&%E50| Lorentz force W Electromagnetic forceoj
olsilAl T4 n H7Igol Tha Wk 24 W £9 Aol opatw o] ¥
=09 st 2= = Flectrodeless plasma thruster,
Magnetoplasmadynamics thruster, Pulsed inductive thruster, Pulsed
plasma thruster, Helicon double layer thruster o] 9.

E‘L"

AR S %A1 (Bimodal Nuclear Thermal Rocket: BNTR)

T

o) =

- 200 -



ol Artel @xA AAdT A7) QA AARS BFete JldSol Aot
o M AwAQ lde Axza 47154 shiel Axtzs EelA Pas
X Bimodal Nuclear Thermal Rocket(BNTR) 7jE@o =2 = 4-3.133 722, 0]
a2 =2 FAH(Thrust)2 BRE 4+ A4S ol&ste +L(Cruise) &
ANe A7IF4E Ool&stLAL st 542 7. ol2fgh WA olelol= shuto] AX}
2o EAR 7]5& £85tLAt St o8] Al=E0] AS

Cryogenic Ha
Propellant Tank

Generator
T Power

I Conditioning
Compressor ) On-board
Turbopump | r"- Systems

I— —_ Electric Propulsion
used on Hybrid
BNTR/EP aption

Heat
Exchanger

Radiator

Electric
Propulsion

Thermal
Propulsion

77 4-3.13 B3 AR GRA

fo ox Rl ox nt

o]
o|&sHd 4-3.14).

o ollA ATligt Al o]Qlof = TheFet WALl AR S o] &gt A1 JE=0]
T d31%Q. Fission Fragment Rocket2 SHEH HFS oA o HEY
g0l A FAlo| Argshe &R HAY. Fission Sail2 & 39 W2 WE
dZo= A m, YHEA= S4AE Fol ddadA S5 € O e A
2o £ML PHT 2 UL sh- PAY. F2 PUSH AolFe of W
2 2
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2 4-3.14. Fission Sail 7fd

3) WAt 273 7% A oa

= LI5S

7H Nuclear Engine for Roket Vehicle Application(NERVA)

o &3 AR FAIAC HA" EAQl A= ul=oA £33 Nuclear Engine
for Roket Vehicle Application(NERVA)7} 1S, o] 2 7582 1950 AT A]AtE]
on 1970t opx|et ElAE ol 2 of2] JHA] o|f 2 m2 I8 Alsiu} Fo]
YHEEQS. o] 7]e2 9AE R4 71e2 $4 FXIA|(Propellant) g ARE-5haL
@7k Adol Qe Prismatic Coreg A& i@+ Uranium Carbide £

Cermets(Ceramic Metal)S AFE3H

o NERVA 9Al2t 3402 SAMS Wil BH0o2 TS wokon, o /7|
T E F 20 WAtE AW ARG A) 2 4500 MW, AT A

L 2750 K o, x|t XL 250,000 pounds, Z|Tf B]F2-2 850 sec 2
AAEAS. 1 4-3.15= NERVA m=z IlofA 7idst AJARISl Lx9F JEIZ

LAlstL QS

I=]
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v Housing for
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¥
Turbopump Exhaust [ Red hakg
- [Attitude Contral) — Reactorfeflecior
Control Drum - r— Reactor Core

1 “. Prossure Shel

Propellant Bleed Propaliant Feed Line

to Turbopump

Nazzie

Nozzie Extenslon

2] 4-3.15. Nuclear Engine for Rocket Vehicle Applications (NERVA)

U}) Particle Bed Reactor(PBR)

o Particle Bed Reactor(PBR) 1980¢Cy 0] &ofA &1t & OjALY 7HEQ
2 et doR 1990|dn) g7 S5 A 2

Hefo] =4 A o5 A fdd
o
o

J
P

).
Axjo] B 00 o2 Foto

Un2ol AP FYSIA GO, Fe 32E Solo] de YAYE
2 4 99g. ol SHERNH 1EY G5 /fESe v B W AF
F722 92 4 Atk Aol g SIS WA AT Ao BN 199
Aol T2, PBRY} #2isto] criticality @7 AAR o] YA O

gaso] /lde UFHon ol Ssjo] A £ YTt 1.5-20 MW/L

o) £E& 1900 K 714 2 4 AL
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Control Drum

-+ Reactor Core
Pressure Vessel »

* Reflector

» Nozzle

Inlet Hydrogen Flow
(From pump)

a4 4-3.16 PBR 7@ ¥ fuel particles
o) 2Alote] YAl @EA A

o O]=of tigsto] #+ AR E AR FRAIo] gigh A450] »PEHUS. 1965
UEE 1980dT7HA] AledE|lon, =7 AA-=Aat ZIA-kA & 7HA] 2AIVL
D& vHEQCoY Fe T[eAR ofyFeg o] F UA-L=A ALY A&EE T
0]=9] Graphite Aldt= E2] 120X Graphite@} £49] ¥t3 FA|E msty
At Carbide Alofl Thgt g 5H¥-S. Twisted ribbon PERQ] A ® 7Retsted

22X 2o AFRES(OY 4-3.17). A=

%i‘%% AHESIRI oW, o] &5to] 0]=9] NERVA

= X142 oF 7700 pounds 7HA| E/dot%d

U Atso] FHEHIAS.

Fuel

I 4-3.17 A" RD-410 ¥ Twisted Ribbon °5EH_1 A g
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(1) Hot Bleed

o Hot Bleed Ato]2-2 NERVA =2 J3Hofa &= a3
4-3.182 Hot Bleed Ato]2= 7|2 7HE& EAISHL Q1S Atel29] 24 382 o

o o
= 22

- AF FAA(FR a4 HEEES FohA 7HdE (1-2)

- 7tdE i SAA S d4st 7tEE A Z1ek (2-3)

- 7ot A BU0EH0 giRE2 dAZR Sovkal VHEE (3-4)

- 7tEE A URES =52 SOl EAMEC FAES d=H AHEE (4-7)
- U= HEgEe 29 HRlS S2=H AREE (3-5)

- HEgnz ot ARl HEEILO HYloz o7t 4ES e B

© Hot Bleed Afo]29] 147} Gastn o &2 YUY 4 Yote ARl 9o
U wmAlA] JtEE 240 AR A EHuEZE B3 g s L7}
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Saturation Pressure
Dome

= 4-3.18. Hot Bleed Ato]Z

(2) Cold Bleed

° Cold Bleed AJo]22 7]'dg MotElglont ol AR2 AL§H A gt fdo
2 3% 4-3.190] EASHT 918 o] Afol29 2} Wy ohgut 2e

- 719" FAAIE Rockete] 9j# g Yrsto] 7tuE (2-3)

- JtEE FAAE Brl5o] gREe AR Sol7lA JtEE F(3-40] $E
gl 27122 UL (5-6)

- 8719 FAAY LRt euEzol HYoe Sol7ly BIE AFled ALg
g (3-4)
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13 4-3.19. Cold Bleed A}o]|Z
(3) Expander Cycle

o Expander Cycle2 1185 Rocket Engine CycleZ RL-10 i}
T 9l JRdolAIg obstA] WAt @Al HEH o
Expander Bleed A0]Z23 7]& 7183 Z=AIstL Qlon 47494 SU g

cheut 23

- AN HEFE LA 1tE (1-2)

- 7t F4Al= Rocket ¥ oA 7tEHE (2-3)

- 7189 LA HEEIO| Bylog :017} Hus Aot AHSE (3-4)
- B2 U2 FMA= YAtR2 S017H4 71EE (4-5)

- 712" FAl= w52 SolA YEHC FAEZ A3 (5-6)

o Expander Cycled] A& e €l 252 I3 %o ERmmo] Alg
Ae agxoz AEY 4 Utk A A g o Aa

OHK]EJFL E}K—]o] 0] ol S
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Reactor

m

Artel Qxxle Axte, HEEm WA, Ao, WA AHA Sow 7
HElo] Zizbo] gt elatat EAe chea 2g

Rt YAl BENY JPY WA RO ARAL FIH B sl &
A WA A AL BFFeh REY. i) Az st nA-w
A WA, JIA- e 508 TREN, AxIA et A Sl Ao Ue.

ARl 7P A7t Wol H AR MA-kA dAIRR djEAo=R QoA
st NERVA ¢ PBR o] 91-S. NERVA d&Io] L AlS Prismatic FEfO] Al
o 439 F=7F AWhe FES Hi (2 4-3.21). dAd=s=2= U-235,
U-2330] AR EHQlonw w49l Ajg+= Graphite PE|U Tungsten 2 Z2 o4
1 Edd FE7F 1= oy FFA 0 2= Graphite 7F AEE S

A2 S Aojstr] QA wAl9] =92 Control Drumo] HiX]E])-S. Control
Drum®] 3t F/dx} 40] AE= Graphitelt Berylium o] Z®E A1 &

S45t= =491 Borono| IEE 900, Control Drumg 3]&A]
A e £¥5 28T & AR SI%ls. £82 =04 € fole A5 Y
i, 292 WAL & Gol 4 Wl mA%
o] 7t SHAITE AA|2+= Drum@ 3|7 glo] FAIXY
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o 44 9o AWFORE U) YF o2 o] HoH. $4 A} FL
TaAol7] Geo] £ kol & o RS §FL olt AWozE I}
8. 2471 ol £ULY Aol o F Uolun kol of s Uoly,
MR A4t JtEsE WASL @4 Sol WoldA Ayl PAstT £
of ZAsHl E. WA S0l wet AAARA Fo] A5 U AASH .

Solid Core® ALg3t: & OF2 =il Jjdozt 72Yel] AARES ALgste
Pebble Bed Reactor(PBR)7} 9J-&(2™ 4-3.22). oj7]o|A= SFBAF 2 Zirconium
Carbide’} T (UZr)C AARE AL&a} o] HAdolxe T2@Efe] Miast

annular |2 SXE W Berylliumo| &2 AFEH.

Cotlant Channal
wnd Extainal
Surfaces Comted
with IeC

Fusl Elamani
(NERVA-Rover
Dawign}

MATRIX COMPOSITE MATRDX

I 4-3.21 ROVER/NERVA Reactor Core



PACKED BED OF COATED

PARTICLE FUEL
OUTER FRIT

INLET CHANNEL

INNER FRIT

MODERATOR
BLOCK

HOT EXIT
GAS FLOW

INLET PLENUM
CENTRAL OUTLET CHANNEL

PROPELLANT,

INLET ““? \
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PBR Particle
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Buffer Layer
{50 % Dense C)

REFLECTOR

FUEL
ELEMENTS

Sealant Layer

OUTLET
PLEN Uiﬂ:—& (PyC)
THROAT &‘:;’; Ly

NOZZLE
SKIAT

3 4-3.22 Particle Bed Reactor(PBR) =41 73

(2) 2= x(Turbo-pump)

o ElBELL 2A9 AF0] AHE ARTIYAT AR ANoE BUL A
2 gge slEsos AMER U JlrENoR PyH, YARE Aelstn o
AFel ARANTPIOIA 7Pg 528 FRletn @ & 98(23 4-3.23). HrEn:

s g Yoz st AL 2R

FARE HHET|oM dxtz2 Bt
19bR] O

=B | E L v
o, BYla} o= ohE0] AAHo ST
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oz fgEo Hung 1sot: WAY. E¥leR A5t Soi7tr] Hoj 7]
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(3) Lgﬂx};‘q

-1 O

Inducer

|(Heat Transport System)

o FRIAY Mz RE

[ez]
=
azY, ZYsh ZAY S0l Sad

o dAtZ EFANTP)2 AHEEE F2AY 2= AR 0% 77h2 Z30A

(o]
Mo 288t Es] NTPQ 7S UAt27t AA|st Aljo Az Eajdo] x|&A0 =2
el dizoll o] WEA] AAsH Fojof . o2 A ] fet ¥ IA F
ZHRI7E g shbe Aol XS A4HoR ZeRn] Y4HS 235k WA
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SEEE
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QxR mGepa] o7 A3
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assembly

Radiation

shield Ree

High power
electonics
radiator
Heat rejection
Shunt subsystem radiator
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Bus companent
Xenon tank structure
High gain antenna

Electic propulsion
thruster pods

3 4-3.24 NASA Prometheous T 2AEQO] @2xx 1x dl W7FL Radiator

(4) A|ojAFR] (Control System)

HU

AsHAl &E8&st7] Hslide dAtzE A

oA e Ul¢ A=Ao2 ARLZ 49
Losh YAtRolA duthoz Z2g Alojsis
FHOo 2= oF9] NERVAS] AtoflA At v} Zo] Control Drum-Z ©]-&5}
= A 2409 RS 2785 YA ‘% Control Drum-> &/dAt &A1t

olr

- T TT o =
SaAN7E AR I o] o] XS Aoz YRR FHS A|o|dh= WA
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SUA e 2
#E Yaror] digdl 4o WU njel AARA £EE. 4
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2 4-3.25 Control Drum?®] 7§
(5) ¥rARA A1) (Radiation Shield)

o UAFE dFxX

e UARE AMgsh] WEo] e F We ool WMol WaH.
oot xhHst AR ol RolAlA] ohe A% HaASe] obHol FA| e AL

SE
TIAA H. ¥t o2 dn(alpha)id oL} HEK(beta)dl2 4] A7t =7 T F
A A7 HAl e, duHgamma)ilat 5/dAHneutron) &= A S SH
2ol A ﬂﬂﬂ-l A= &8 7HsshA] 22 F7HAR1 FA017] Tl 7Hs
ot 3t 2Y & Q=5 dfof . MM Ao BAE A A% YdlA
‘shadow shield 2h= ¥} 2 A}23H o] &&78 uigko g Q- "RAPA UL X} 5}
of A FAastels 7IEY. o UH olYo= thE XA E-8&oto] £ 4T
FAR 2o g0z A E o] Hg HHE AMgsh| e &

i EIE.

¢
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(1) A= (Fuel)

oslAg oA SHEYE EAZ2E U-235 7t 7 ol ARRE 1 9lon, Uutxoz of
§ 93% o9 e =2 Hle2 555 SiA A& E(High Enrichment). 448

Artzote ge] We AdErot 8840 R Qs UO2E & AMRSHA 9.

o m7] NERVA 9}2oA UCZ 1S o502 F&sh BISO fuelo] AILE|91S
(33 4-3.26). of7]o] W §2 We ALY AYRo] WAL UES ZrC2

o 1

AHstdS. olte ¥z (U, Zr)CE 59

Fe Aoteelon, BISO fuels AMEst= A B0 25 4 U2 Hds& BoF+
Z1iog M7tE]9lS. Particle Bed Reactor(PBR)OAM= AF&xo0=2 HESH Triso

Fuelz A|QtstR(2H 4-3.27). ojdff 152t ARESIH 7Huto] =(Carbide) A€
AMEPgr oflel  Cermetoletyl  oh  Algfdnt  F49]  ERIA|IR(W-UOZ,
Mo-U02)%= A|Qte] lS(13d 4-3.28).

BIS0 Fuel Partide Coated Particle Fuel Matrix
Propellant
Monparus Pyrocarbon Stream
Outer Coating
Protective

t-'r,:::hw @ @@g g _:::'T'
£ © O+

2 4-3.26 BISO Fuel Particles(NERVA)

Unirradiated TRISO Fuel Particle

a3 4-3.27 Triso Fuel
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W.U'(r, Cermet W-I'(}, Cermet Tungsten Cladded W-L'(), Cermet
Microstructure Pellet Sample Hexagonal Honeycomb (GRC 1965)

a2 4-3.28 Cermet Fuel Sample

(2) ZZ1x(Propellant)

o &8 WA FAA= HEE a7 FAMZ AR, AV 7hEL 54
LroA] =2 H|E2(Specific Impulse)S W@ 2 9Jon o 7h& Loz u Al
kg2 Aofstr|o = Rolg. f4 olelo= Xe, Kr, Ar, Li 5& 2jg 8pr}
ol o
%=

(3) &R ¥ ¥bARA|(Moderator, Reflector)

o AR ZAMAS A vo}o:] A&53ol £2 AMas AMESHH Boron
=
=

(4) 2=

o PEAL AAo} St EYL XY 2AAQ B BHAN £ TER 47

—

& AT & olo} Sjoh K20l ko] Solddol stol el g, Famae

1] H% =42 Stainless Steel, Aluminum, Magnesium, Superalloy,
Haynes 230 50| 9J&. Stainless Steelo] JLAxAjz2 &= Tjof]l= Cobalt-609]
5F0 2F0] _,,]_]_9} HEE 5t 9L

o AAHE FAFAE mIst FAIAF HHHE HH/QAs57E ol 2 (1) Decay
Heat, (2) Launch Fallure, (3)Security 247} Q-&. tf2 YXI2 =T OREIZHA]
2 GFZ A|AHME sHERZo] AFRE AFEfof|A] —Lr—’&‘. oA = A&AC= &
] (Decay Heat)o] 47| TjZo] o]& AAs| AASH] £& 4% AAHS A
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- 029 J 9= &2 LANLE 3H o2 dAF50] o]Fo]x|aL 9lonf ORNL, INL
e g dtAaet FE GistEo] ol F A|¥ste Ader B

- WA FAlaF gEsto] U)o F ER dess 29 3A (1) MER
SFA 7= N, (2) s R As Vi, (8) sdE AlA Al (4) LEU
g 7|¥te] @& ARt (5) Launch Failure ¥ Approval =A|1S1} O3y
FASO] WA T AT st o W,

- 53] 95 J)@o] AT ek YUstt §7] ARStAN BEAA FA L @
2] weto] ofgh e A7 WeSol WEHL ol o] Ay,

- gAML @RA wops FY|AAG o W TS JbAln MEGAHIT,
MECOSCRITOS, Horizon 2020 i} 28 ZEo1l maMES E54 YA

o 1
A712Z(NEP)Ol diet A5 &s] Alsgst 9l FAlE Fuel & Core,
Thermal Control, Conversion, Propulsion, Power management,
Structure, Safety regulations W= & Hof= ngtety Q1S E35| o]z
BE s @2 ohu Qe o2 wel.
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1Y 42 A9 ge.
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Higher Enrichment

Increased Deployment

Breeder Technologies

Lack of core access for verification

Early justifiable adoption of nuclear power
Requirement for frequent refueling with

enriched fuel motivates spread of U enrichment

Low thermal foot-print for remote sensing

Vertical Stacking of Spent fuel

Floating power plant vulnerability
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O Most challenging
@ Second most challenging
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7F AA A 2aLAt=Z(AMR)S] 15|17 A=t
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(1) A9 2 ELYATZ(SMRs with LWR designs) Q15]7} &t

o O]= NRCO|A LWR Ao 7]¥tstal, &&Fo] 300MWe o]siQl Aq ZEAAt=
(SMRs)ofl thigh QI5{7t= £7] A0l A&, A7t @Al= ZA LA= AA o
st A7A1915(Design Certification, DC), Y-X|5]7HEarly Site Permit, ESP), 714
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o Qsi7E AR ool EAAlel dist APd 4] W@ 7HPre-Application
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Designs Application Types Applicants
NuScale(PWR) Design Certification NuScale Power, LLC
BWXT mPower™ .

(ESBWR) Pre-Application BWXT mPower, Inc.

SMR Inventec, LLC,
Holtec International Company

Early Site Permit ;Fqg\l;ljil)essee Valley Authority

SMR-160(PWR) Pre-Application

Clinch River Nuclear
Site

2 Qo) Bol, Z42-7]8 SMRY JpdaAle] thet orE

ok
[0)
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B7h= 718 LWR EAPVIE @ AR S ArzEs e88stae glon, 7 SolA
of wet dAY 4 A 7IEa Afo7t U= Al 2 G0 tishA fARcte 2
T &35, TelstHA], I 12 gere BAG] Urty oty 2t 4 9le

(2) AP LRLZ(ARs with non-LWR designs) Q13517} &

o AIFYUALZ(ARs) A= AF 20004c] ZUFRRE AL7igo] #dls] FHAlH
Gen-IVy ¥xtz AP o, 2o 29 28 AVleS AEstil Qs 429
22 249 YArE(Micro-Reactors) B9, U= AlgAAtz g LA

oquxe] YA hHel &8 AX 7]&o] F2Y YUt Ht: £ 58

F—?

3o WES sl AAVRE ARSS NRCOl AlE H2 AlEE
A2 AA(Non-LWR designs)S& B 5-2.29 Z& )
q0] AFMoPA A ™I tHAo|0], o]2]dt PAR AL %] Z7}tsta Q)

# 5-2.2 USNRCO|A AP 7HPAR)7E A3 S91 AP LALZ(ARs)

Advanced Reactors Regulatory

Pre—application information Interaction Technology

Applicants

Helium—Cooled Fast

. LR 2
General Atomics | Energy Multiplier Module (EM?) | 2020 Reactor

Oklo Inc. OKLO 2016 Oct. gompact Fast
eactor

Modular High—Temp

X—Energy LLC XE—100 2018 Jan. Gas—Cooled Reactor

KP—-FHR (Kairos Power
Kairos Power LLC | Fluoride Salt—Cooled, High 2018 Mar. | Molten Salt Reactor
Temp. Reactor)

Terrestrial Energy | IMSR (Integral Molten Salt 2019 Jan. | Molten Salt Reactor

USA Ltd Reactor)

TerraPower, LLC MCFR (Molten Chloride Fast 2017 Jun. | Molten Salt Reactor
Reactor)

Westinghouse eVinci™ 2019 Jun. | Micro Reactor

Electric Company
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o AUt FAIZ]E CNSCE CRopgh SMR Al7o] ofsh oty AES M3soz
ASEL 9. o A oA SMR 407} Ags] EAjgichs AP £ALS W

oz gt Zlor, 535 55 X9 A Jigo] SMRo] ofe &
ATHL ﬁ&%ﬁ}ﬂ AZ. ol E}E} D}O‘EOP AA JdEol "igh s

© CNSC VDR 0]%9] APRSHSI7HPAR) M=ot SARSIA WA 2317t A4
ofs) AIREE Zlo] obyet, AUAL-FAIH HE Foo] o3 AIBHS.
WEolA AR gt 71T AR YL HE W 4 9lo] puat
oNAE 983 AER QAL g wfebd CNSCE ARAlA R4
A1 ] o) we =g s]goln 9g.

o VDR AP oz dEst= A7 7[&ol <475 B7Isti(Phase 1), &% Q5{7t
oA ZAI7t dldEl= A== =E06l(Phase 2), 7fEAA 52X E FoteS
(Phase 3) st= AXFE d9F1 912 Phase 1 AlAl= 12~187], Phase 2 AlA=

2078 B Ad. 334822 USNRCe UR7HA2 &% ofidE= AP EARI =Y
A7t a8/, S =¥ 4 Ae A== o=l Q5.

ABOLT 9%, 0|oIA ALBSHe AAZIIN SMR, M AAZ-IIM ARUA S
ne musts AdY.

ol
rlr n[

o @A, CNSCoflA VDRO] iQEW °‘741—} Aled i% HAE R ded SMR 24

7} i 2 HK}E = C}Okopﬂ VRDO] ﬁ°“ﬂi Wes l=. 7ide VDR
o] APH = SMR2 HAUAR 7laS AHEstL St SA% a7, ul=9
ARG FEZE AR S A @Wol S5HA s A & 4 s 9l
+ SMR 7io] ol A= Aleiw|o] A4 U 2F2 St #AI7IES] A517F AA

- 263 -



SMRO] ZaW A& MAL ZyA YxpE A

Ya} FAZIgolAE Aze ojio] Zojx|n

£ e

=2

IMSR((Integral Molten Salt Reactor)?] 4]
Cooperation, MOC)& 9o Z5H¥ %5

AP AAIR Ao gt A BES T
=7d= dolA F7F 1
7iUtt CNSCeF ]2 NRC= =04 AAPL 188 &9 Alg 94 NuScaled}
st FFAA (Memorandum

FAAAZ et

Fe ]

224 SMR AFE A ¢

et gl

Hof]

% }\ O]
qH%e‘
. 3F

o]o
2=

o

LY =

=18
o]
=

of

AFoI AP O}

o}

AR5t R}

2730l AZIHALL,
|24, & 20199

o]

8

of

Nuclear Energy

reactor

B 5-2.3 7§Yct CNSCo|A4] VDRo] A8l =2 =9] %9l SMRs
] 3 Elect_rical Application received
Vendors Names of Design & Cooling Type Capacel;ty(MW Brese staire)
Terrestrial Energy | IMSR-400 (Integral molten salt 200 Phase 1 Apr. 2016
Inc. reactor) Phase 2 Dec. 2018
Ultra Safe Nuclear I}Yg\;i;i)and 10 (Micro modular 5.10 Phase 1 Dec. 2016
Corporation (GFP) . Phase 2 pending
High-temperature gas-cooled
SEALER (Small, Economic and
{fgdCOld Nuclear Agile Lead-cooled Reactors) 3 {?)E'aszemi holding)
’ Molten Lead &
Advanced Reactor ARC-100 with Metallic Fuel
Concepts Ltd. Liquid Sodium-cooled 100 Sep. 2017 (Phase 1)
SSR (Stable Salt Reactor), Dec. 2017 (Phase 1,
Moltex Energy Molten Salt 300 2)
SMR, LLC. (A
Holtec SMR-160
International Pressurized Light Water 160 July 2018 (Phase 1)
Company)
NuScale Power, NuScale 60 2019 scheduled
LLC integral PWR (Phase 2)
StarCore Nuclear S‘garCore Module 10 Oct. 2016 (Phase 1,
High-temperature gas-cooled 2)
U-Battery Phase 1 Feb. 2017
URENCO High-temperature gas-cooled 4 Jul. 2019 completed
Westinghouse eVinci Micro Reactor
Electric Company, Solid d h . ~25 Feb. 2018 (Phase 2)
LLC olid core and heat pipes
GE-Hitachi BWRX-300 boiling water 300 Mar. 2019 (Phase 2)

EEs5t A& %Kﬂ
o] = lon,

g2 Qs BH, SMR ZAAZNgol oieh ZHuthe] APE MR

“

OOH
A=
o] &ofl SMR 7HHAY]
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B Qltpy TE 4 . Aute] gAledE 9AA S50 A E0] B
71w 58N S44& 7L Qo JiAsH=H &olid2 7HAAL s
o}) @=e] AL EURIZ(AMR) 1517} @3

o e oY 4AS Uk
Foz Bol2as] e
8, UK ofuixlarel®

7122 sBsta nje] SMR Al7]%0] o
LR A7) e BALE AT 9
B(BEIS)= AMR F&D(Advanced Modular

T2 AAA o
. 20184

Reactors
Feasibility and Development) T2 A E S AJAtsto] ZF2H JfUASO|AH| A=

A AMRE 7l AAdstes AMARES st 913, AMR F&D Z2AE = Phase
19] €3y A7k Phase 29] /Y A9l UHOE Hage YO0, Phase |
ugtoz FRAUo| AR 87) AMR MASS & 5-2.40] H2]sta
B 5-2.4 UK AHX|AIFROA L5 870 Al 25HAtZ(AMRS)
Electrical
Awardees Names of Design & Cooling Type Capacity(MW | Remark
e)
MMR (Micro modular reactor) with
Ultra Safe Nuclear Fully Ceramic Micro-encapsulated 5.10 C a
Corporation fuel VDR
High-temperature gas-cooled
LeadCold Nuclear Inc. SEALER (Small, Economic and Agile c a
Blykalla Reaktorer Lead-cooled Reactors) ~40 VDR
Stockholm AB 12% enrichment of U-235
Advanced Reactor ARC-100 with Metallic Fuel 100 C a
Concepts LLC Sodium Cooled Fast Reactor VDR
. SSR (Stable Salt Reactor) Ca
Moltex Energy Limited. Molten Salts of uranium or plutonium (300) VDR
U-Battery Developments U-Battery with TRISO fuel 4 Ca
Ltd. high temperature He-N gas-cooled VDR
Westinghouse Electric tLFli (Llead—cooled Fast Reactor) 400
Company UK echnology
U-Pu oxide fuel, pool type
AMR Design with Pebble bed fuel
DBD Limited High Temperature Gas Cooled (250)
Reactors
Advanced Modular Fusion 100s MW
Tokamak Energy Ltd spherical tokamaks (ST) and high
range
temperature superconductors (HTS)

o UK #A|7]%, ONRES AHo] AMR 7l AAof| we} AFAAIQ] AP B EYAIZ
Y 22 IWAMR FRD)S AYst, AHA| AAA%S Austr] s 4d-A]

2 38(2017~2020)&
AFLALZ(ARs)2= BolEth+=
(Advanced Modular Reactors, AMRs)2t= &

(SMRs),

295t

o] O,
P =
ol 2%

= A&
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At 7]&(Advanced Nuclear Technology)& AF&S$H AMR 7o tist L8t
I 7HGeneric Design Assessment, GDA) ZXIS 7iEsto] ddfststa Q&

£ v, 93 YR} AYStT Yt AMREO] HF
F9 SMR AAST WAL Uk A2 B 4 L oory oigety
AFgo] ole) 22 AS A U8l 4T AR RS W
At st S APS Wol 1 Upelo] AT SMRE L,
2 A gl Akt
9o FpEs O Al #AL AL 9] BEdl g

iy tiol A VDR

) HE

(o)

)
>
¥0,
glo
e,
rk
)
|o
Hu
rua

2) NIAl 28 H4AT2(SMR) 3 AT HAI2(AR)S] AR /NES S

DR ECIICHIE R MR

(1) AFLALZS] A517F AR 7HE A=

© USNRCE 0= W Izt 7HdAte] v]da=2 7|8F AFAxtz AAlo] tigt Apsler
NdAE(PAR) Q730] Z7igdol whet, olF AArsH| gt Mz fAled 7id
WS Sot olsis] Lk 9lg. 249 i o® 2016 129, NRC H
A 49 XM2F “NRC Vision and Strategy: Safely Achieving Effective and
Efficient Non-LWR Mission Readiness”,oleh= 02 FAIJMN WS o1, &
B39 L. ot FF sl AdYRRo] Qlsrle 580l FdoR oy
StAL st HEE 7HAIL o, JfgAtEo] olF Hxste] A9 o548E =

U & g ol |tn g

o2& NRC 8ld 2 e 10d 7] ZL2I2(2016-20259)0l0], UAtHOZ
WA AAFSH SMR 7HE A4 AIE 7HConceptual design assessment)S A 7] 0]
WAl o® HAlstil, olf Q k= ©AA FAIYAMERKStaged regulatory
review process)g i, tiplsh=t] SA0] ot w02 APdAtzo] ot
RN At A L AANYE AfEstel AdAte ATt BEL MYst:

o e
oo mzaMe J|E Apr-sNe B 7143 AME RS 2 FHoldo,

7o
A=
AR A7IeS At e Bl eR-7|e] Aot AR digh <157t A

ul:J
A

- 266 -



Alg Mzol PEYUGE oulg 7T Qg 93 FI3H
HE o9 BUASL 4ToA 03 7 @YE 22

vlsfiof & BlA3SS YHisHAIT A

o] uA ¥
nZAMEZ
o2 RAlstn

RN
op —
¥ >

DA
oroe rn

ARLSL A, 22l n ols) WARLZL & wulslors RAISWT 7%
= H| 2 A(Technical and Regulatory Readiness) 384l 67 X2FEofS H
o £1 95, AR NRC= d=f Fopd AN weks ufsdsta o]y, a|s)] L

Flo
£ 4

Mk 1. AR g 9 XAl (Staff development and  knowledge

management)

Ak 2. AAtR s IZ =9 ZfEH(Analytical tools)

A2k 3. A AAIS] ¥ 73 (Regulatory framework)

A2k 4. AFA7)=7]1589] AL(Consensus codes and standards)
A2k 5. ARSI Qo] 5|2 (Resolution of policy issues)

A2k 6. JNEA-HFAIAE A5 78K Communications)

020174 79, NRCE W]F 9 Mere 24etr] 9@ AN olaAHos @]
(~54), &7](5~1091), A7](10¥~)9] o] & x| = (Implementation Action Plans,
IAPs)Z 7WY, AMAISHY =

o 3, NRC= AldYAtz2 g 738 3= Advanced Reactor Program Status)ol
2t A2 o2 2709] o] xA|AE LA|(SECYs)S 2018W3t 20199 0] w75ty
o, &% A5A0s ASZ AAD oA, olE ol olsiAARY HS §F
shi, @oHEe =&, Uesln, Mo AYYUARY Q6 MY SRS T
sto], o]=o] NA A1 &9 AFYAR 7|==(Global Leader)2 ¥.9-35H1,
AFICHe AAA OJA|S Hol 91g

:[o oXx oR l

(2) AlELRIRO] 9157} HAI L7 7Ndarsk

o USNRC U]l % Alzto] 67) 2o Fold, APURLR Agatgol 7y e wal
S Ho|1 9= Bof: ‘AMzF 3. FA AAQ W7 (Regulatory framework) Q1. O]
S AL AR 2kl g5 @o] S BushA AgE D gk HopolrE 8.

o Nagirt2o] st RAIAAE 715 LWR-7]¢F #AIRIAL vl 2ol st chobt
FAAEL ARG NLYFS 2HskD AN, AFAsL2] A, A, 290

ou= ol [e]
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(7hH S-4st 9l5|7HE XHFlexible Licensing Processes)S ¢st A

4 A28 ISEE AUAD slof YT X ATl 4TE BN, 7AD 22
NEURE A A U AASe
re @ Aolnz, AX ALAtet A

AAxtzo] ofst NRC FAIAIAI] WA, S e Aere Adatz spuatol
Az ALurakel thgt olsier Al Al E s Jojo} st FAIAOIA

A A0 Matge slastel oje) xaEel FAIS 2T 5 ARE s} &,

EE 2] Ye NRCO S FEES s HY, g 3

NFgARtR O] A5\t HRF A, 718718 SY,
Azol QYIS B Sweithe Suold Jb ad
b 2 Qltt. olo tjjsl ofzfolA & T ARAISHAl =2l stalAt &

N
E)
ok
o
tu
v
W
4>
o ¥2

st 015] 71 A XK Flexible Licensing Processes)2 st XAl 7j4t
7} Adist =2 A E(Licensing Modernization Project, LMP) F7%1
FLEALZ 7]=0] AL 7Hsst d¥tdA7]E(General Design Criteria, GDC)

o
N
=
nk

o USNRCE= AIFARZ A & 5|7t AAS §AE UAA 7REstAr g of7]A
e 71% Non-LWR AAZ I w7gofA 7NEA-HAAIAL A &S Sdsto] &
FS =&, Heste= ARE A AAIAIA otollA & 9 st AR & Qe

NRCQ] 9QI35|7} Axt= ZAl Q15|7F Al A9 AlAKFormal application review)2}
olal7t Al A At st AAHPre-application review)2 s £ Qlon, Al
FEALR JHETDAIRE AFGA Vi =2 O8S XHstr] Ysh, R&D 4S5 1L
& Q87 AL JPsSte g ARRA- AR BE S Fetet 9

u[o

“

o]9] dgtoz 2017 12¥€9, NRCE H|FL=20o] gt AAAUA 2E, A
Regulatory Review Roadmap for Non-LWRs" & 7i&, AA|5IH-S. ot 1d&
AANE &0 o2k A7 GAONA A7 54, v]5A FFo] 7hsst 7)

YEg Hol 21 98
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Cenee;:ma[ Design Status
DESion | e mm mm e e e e o e e e e =
Pre-Conceptual
1 Conceptual
1 7'y
Preliminary < _’
| =
Design e Interactions
NRC Pre-App 1 - (e.g., meetings,
Safety 1 &~ - consensus codes and Prelimina
Evaluation L __ - -.—I - standards, i
, sD S correspondence)
Standardized r s & -~ »
1 I Design ’I and
l Approval Ve
] Important Reference
I Documents
Construction PSAR e — -_— (e.g., topical reports,
consensus codes and
Permit
|_ 5 standards, NRC
(Siting & amendments) | ------- g beo Desian correspondence,
9 safety etc
g o — Certification Early
Site
l Permit, . e
1 v Final
B —— 1
I I oA Combined
A I License
- (coL)
Operating ESAR o o — Siting & amendments)
Lisriea Flexibility for First Unit and
Standardization Benefits
WI for Subsequent Units ‘ Constructed — As-built = v

a2l 5-2.1 NRC ©9ls|7t AXtet 7fExet A= 7HW®  (Regulatory review

roadmap)

o ATE AW A FEL Bl EL 15 FARE P 7149
TRL(Technology readiness level) 7}, PIRT H7}, Al@dds, AR & thoF
5tH, o] &8&all /WdA= R&D d7Aolut 7NEAE S 248 UE 5 S A
NRCE= 17 Non-LWR 7o oist APHCHEdg7E xS ddsh vF S
19894, Modular HTGR(High-Temperature Gas-Cooled Reactor), 19914,
SAFR(Sodium Advanced Fast Reactor) Liquid-Metal Reactor, 19944,
PRISM(Power Reactor Innovative Small Module) Liquid-Metal Reactorof Tj
st AMA QMM A HIEE 485t on T obAA HUTE A S 2SS o]t
ddE &, NRC= A e/ 7oA daide=s A2 Atart Al&EEL, B

(o]
2 FEol Wasths 22 ¥ QAL 98

ol

ol 2 1Al Non-LWR A7 ZRaialz} 7pat m2
Aol GRS it AATY, R&D, AREA, AFEAL So ojsl FAECIA
(Regulatory engagement plan)S UOfglsto] NRCO|| A|&Eotil =9t & Q=
AdE At Q1. AP 7E TDAIRERE ofy2l FAIA QL QIS|7F TAof|A]
L oAAnet JiagAl, ol gl FE5EA Al s et A4S AEsto
NRCSF %, APE Eo7t 28] 7F5oteg AASL 9g

2

E
=

ox.

[©)
T

Aonx
[—
=

2

2

<l
Q.
=]

o 5t 2eiie N2 AAE AHT AFAAIR] dsAlE E P29 TR
(Testing Needs and Prototype Plants)o]] Tfst AIUANS AAlst Q2. 7fdt
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So] 7)o FHYFL olsfsy] gt

A ZEMS Bo, vlASE AASH BAT AUA-AA =2 A Feld
AT, HIFRE MA AEAN P FABFES ANT & 00!, AR}

A ALEANA B2 FAALo] o]0l A 4 g Aoz ety U8

£xY. FFH 02 NRCE ol2jgt A

Lo

4> u:_,d

(L) 1517 <t =2 A E(LMP)S &< TIRIPB #AIAIA 7He

A 2 2 WA YR A71e2 AEstel of
Sk L =42 7K2 98 NRCY st dcjet mex)
= oleiet wEas Aol diE A ol Were. o4 Adelaie oloje
E A4 FA9 AAAANA ol 4712 MBI v]ALze AR
JefolSatthe ofulg T 918 oA A S4S wgs) UA ARE HA
FTHETL AAL URS FAAGEL AAPIES WHsHE 59 £AIS0] 7}
Sk

A 0]O
T )T

CHFSh Al7]&S A AFdLRtz = A, A&, Ad, 29 9o QlojA 7]&
I ggsl et Jler o et o9t WSt NRCe AFEAt=o] 157t o &
He  =ol7] & 7|E& 2 AFAE(Risk-informed) ¥ A7)yl

= S
(Performance-based)?] HAJX|& S E%é}% A= ’\3“6}31 S{li . s
71& RIPB AAIAAIOIA 7]<=5
A AA= i, AlAlshE AY. 20199 4% NRCL AP Yxt20] Q15|7} Aw
At 1s|7t 7]#o] Hi= TIRIPB ¥YRi&Eo #eh AR (hezA, DG-1353,
Guidance for a Technology—lncluswe, Risk-Informed, and

lrn
ox,
o
=]
2
Z
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%
o
a
=
5
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O
0
<
5
Q
c
23
<
&
=,
Hu
s

Performance-Based (TIRIPB) Methodology to Inform the Licensing Basis
and Content of Applications for Licenses, Certifications, and Approvals
for Non-LWRs, 2 72}, ZH5IHS.

TIRIPB A= Az 212 otyze}, 7]& A¥doz &85 QH RIPB AAIAIAIS
A Artzo] &), HastuAt sh= ZY. TIRIPB A AAA 71 & Q351
=gkl e FAle Y FHO| 71E Jigo] He ot 37HA AFg Y. o]
NERS0] 8|7 A Al AA ROl Zgsiord 712 AE2A, 52 &Y
S HEsH] Hsi BAAoR 9% = ASY. AZERRY Al A,
Jejal ARA o wRASh o Ao SiAlo] Hi= dtEEA
TIRIPB ¥ 22 ofEA adoz JiY, A8 AR WER-+AAL Atolof
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@ F+22/A8/7171(SSCs)9] <t

A
AS5o](Defense in depth) AAQ] A7&7d 7t

o J2fuh, QSPIEARIS) M, SSCso| SPHETRR fere A
thE 7k gln, 2 A Py R JlEel Aol 4 glol, Al Wl jEAe
AFUALZ A That LMP

Ab AAZIEE ASZRIA AR wWeleh ZolS ABUAR Y Euo] MY

g 2702 Jud o2 w1 g ok 4] AFYARE 20189 8YHE

Demo J_LEH]E7} 75_] Sl

)
®
5
o
=]
Hu
)
m
AN
N
2a)
o2
of
=2
39,
gjo
o)
uu
ol
ol
=
S~
Z
2

@O Westinghouse eVinciTM Micro Reactor(MR) (Aug. 2019)

® PRISM Sodium Fast Reactor (Dec. 2018)

® OKLO's DG-1353 Pilot (Sep. 2018)

@ High Temperature, Gas-Cooled Pebble Bed Reactor (Aug. 2018)

ol 2A, AAHSHEA eVinciTM Oto] 32 HA29] LMP Demo ZZAE = [ MP
FAHRIADG-1353 later)2 vlolaz Uxtz 7|do] Ags] BozA FAAFC)
RARAANS Wyl E i, 885 AU ARAMES 8o|slA AE & 92 JjA
sfere EaotuAl AL YL 7| Ch FAE QA =olgt 377} wA
oo}, DOE A0S Wot AIat FA02 a7k AL g, olet Baist wa
A= 20199 8¥Y, Southern Company White Paper, “Modernization of
Technical Requirements for Licensing of Advanced Non-LWRs,
Westinghouse eVinciTM Micro-Reactor LMP Demonstration” 02 7jjgl, w7t

A

o)

2R~ eVinciTM Ofo] 22 @A20] LMP DemooflA] s#AA 02 tfojx]
ol Al 9k DG-1353 TIRIBP @& M89l. o] 9ajx LM™oR
71E9 PRA YHEZ APLAIZo] ALF £ es Jjdsk= 2ol 2ag. ol
St WA= 20199 8%, FHHALA INLof| 9J3l, “Modernization of Technical
Requirements for Licensing of Advanced Non-LWRs, PRA Approach”2t=
Aoz 71, AAIEAS

=

ot 1YL eVinciTM bfo]3z @xtzo] AH83F Q15]7H7]&AHI(LBEs)9]
Y Grt ARE BRI QLS. MR YRR dAIY] AA7|EAL(DBAS)S

A7 EARIE =&, A, H7tshe AR, LMP A|olA& ZF YAL=
AAIR 71&50l/dS Vgl olg ZAAsteS st 9low, o]o maf HAF
O A MR 7j2tela} LMP Demo BHC& ZZoz MAAR AE 2 LMP Axto] A

e

2 rSE ]
o o go o
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SPSE-E
o=

AEstn QLS. o7|A HEW M7 ARSe ASAA, JHEuAel PRA,
o8] FMEA(Failure Modes and Effects Analysis), AF719] gl=-ZAd H7} 25
ZH(Frequency-Consequence Evaluation Criteria) S<. A, #A71&at 74
Are] A=AQl Fojet 2oz LMP Zitof] tieh A&d dE7F AMAS] A B

A =

~

Oﬂ 010‘

1. Propose Initial
List of LBEs

¥

2. Design
Development
and Analysis

y

3.PRA
Development/
Update

4. |dentify/Revise
List of AOQs,
DBEs, and BDBEs

6. Select DBAs
including Design
Basis External
Hazard Levels
e 4——-
7d. Perform
Deterministic

—

—

v

Sa. ldentify
Required Safety
Functions

¥
5b. Select Safety-
Related S5Cs

7a. Evaluate LBEs ‘

Against Freg.-
Consequence
Target

7b. Evaluate
Integrated Plant
Risk vs. QHOs and
10 CFR 20

v

7¢. Evaluate Risk

Significance of

Safety Analysis vs. LBEs and S5Cs
10 CFR50.34 including Barriers
T
7e. RI-PB

Evaluation of
Defense-in-Depth

|
|
|
:
} !
|
|
|
|
|
|

LBE Evaluations

O — ':F’_ _________________ a
. / Input to RIPB Decisions:

- §5C safety classification
- SSC design criteria
- S5C performance requwrements
- Siting criteria
- Emergency planning
' - Defense-in-Depth adequacy

I 5-2.2 HAAHsHA eVinciTM MR QIs|7P|&ARY A7y 31 7F 2XHLMP

9. Proceed to Next 8. Design/
— Stage of Design #—— LBE Development _
Development Complete?

£7] LBEs =
(TI), AOOs, DBEs, BDBEs
o] MAES Esf, DBAs=
targets)o]] @2 LBEs H7HK
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4 S @71 n23l(7d), RI-PB DID ¥718 AX(HA Te). 47 L LBE 7|
WS SRS 8). A% LBEs S5 LT 10). 1)1 olF 7FE0R
SSCs9| PSS IR U MWAVIE, H5RU, RAIE, WA, A3yl MY

b0

o A olzigt Axto] wet JARSHEA eVinciTM MRETE ofy2} o o mLX}

Z(PRISM SFR, OKLO, HTGC PBR)o] Tt 015]7}7]2A7A(LBEs)SS MA, H7}

st Q= Fol 9. T2m 1 At tew pua-AzlEe] dolz Ax
LMP A& B, 715 2 Ad.

(Ch AIFLALZ 7]zof AL 7153t ¥ A|7]&(General Design Criteria,
GDC) 7l&r

o USNRCE Al&dYxt2 7|4, Non-LWR A7A9] 915712 ¢Jst 71 =axQl @

A, & Y¥bdA7|%&(General Design Criteria, GDC)& 7J¥3}7] ¢l8] DOESF &
oz A&S £3s5t, old¥s Ut 1S, ] 10CFR50 Appendix A Ut

L mz

A71EL 71& LWR AAS 7|9to=2 stal 9lo] Non-LWR Ao X&5t7] 95
A AA 71eS Axs] 7iAd, 7i17go] o]Zo]xof qtgt
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oL hu

o o
=1
L

o uisko 2 whAG) kS wala] A2
o AFAAZIE /e = Ffoll=, 7HEA: AR = AlEA|O] digt &
7139 AEdE It HAEREES ZIYs NRCo| A|Alstal HESH= @

AXA & oold, AA JNEAMA] Qs AtH 7]&EZ HAAEA7]IE(Principal
Design Criteria, PDC)o|2}stH, FA17|H2] AEES A SQl=H, AvtAQl A
IEow HEY 4 A H.

Cood ke ke X 7
o x . Ob 9

L e

o USNRCs= 20189 44, v]da2 Ao dist 4AZ2A7I&(PDC) T #AIRIEL
2 RG 1.232, “Guidance for Developing Principal Design Criteria(PDC) for
Non-LWRs 2 7i&, AA]5TH-E. X}, o]2 AAR35] Gen-IV Non-LWR AA| S0
TE™Mor AQst £ 9l AIFPUAXIRO] AA|7|&(Advanced Reactor Design
Criteria, ARDC)at A7 183t 27 ¥YAt29] AA7]&(SFR1F MHTGRe] DC)&
N, AAlskaL Ql&. ® 5+ 7] LWR GDCE 7[¥tez A=z 7idd AgAxt=
AA71#Q1 ARDCeE 71w Eol/idZ vtgsto] 7ide SFR-DC, MHTGR-DCE H]
WE AR AE Hof F M2 AT HA Aoz GDC 2 ASH )
8ol MM, AIEA FlEE FES 2 4 A4S b RG 12325 OF2 A1

0]
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-

URt2 47 PRt PAEAZIEPDCKS JREste AlRlol g 4 oo, 4
7] Non-LWR DC 7l Z@2 Axs) /AgeAols Ageastze] A7 7w

o FpSeITtn W & UL

B 5-2.5 LWR «8HdA|7]&(GDC)xt ARDC, SFR-DC, MHTGR-DCQ] H]u. A}

Criterion | GDC for LWR [ ARDC } SFR-DC [ MHTGR-DC
IV. Fluid Systems (Heat Transport Systems for MHTGRs)
30 Quality of reactor coolant pressure | Quality of reactor coolant Quality of primary coolant Quality of reactor helium pressure
boundary boundary(Medified for ARDC) boundary(Modified for SFR-DC) boundary(Medified for MHTGR-DC)
! Fracture prevention of primary Fracture prevention of reactor helium
Fracture prevention of reactor Fracture prevention of reactor coolant 3 : .
31 coolant pressure boundary boundary(Modified for ARDC) Bacz::/anf boundary(Modified for SFR Brg]ssure boundary(Modified for MHTGR:
12 Inspection of reactor coolant pressure Tnspection of reactor coolant Inspeciion of pﬂma? coolant Tnspection of reactor helium pressure
oundary boundary(Modified for ARDC) boundary(Modified for SFR-DC) boundary(Modified for MHTGR-DC)
Reactor coolanf inventory Primary coolant inventory
3 Reactor coolant makeup maintenance(Modified for ARDC) maintenance(Modified for SFR-DC) NAto MHTGR
34 Residual heat removal Modified for ARDC Modified for SFR-DC Modified for MHTGR-DC
35 Emergency core cooling Modified for ARDC Same as ARDC NA to MHTGR
6 Lny:q:rcr}m of emergency core cooling Modified for ARDG Same as ARDC Srﬁqgg}tmlﬂ zéal‘ \eads?r;ﬁﬂ ’ﬁ%’f’;‘ﬁ?’d’éﬁr removal
7 g&;‘gﬁ% of emergency core cooling Modified for ARDC Same as ARDC srﬁssi‘gf‘g(ﬁ,{&?g{,%fﬁﬁ%g?ﬁ&mm’af
38 Containment heat removal Modified for ARDC Same as ARDC NA to MHTGR
39 | Ispecton of containment heatremoval | ppogifieg for ARDG Same as ARDG NA to MHTGR
0 |JEEgdsnetied e Modified for ARDC Same as ARDC NA o MHTGR
41 Containment atmosphere cleanup Medified for ARDC Same as ARDC NA to MHTGR
0 ngggg;ﬂgyg{ggtﬂmem atmosphere | g.me a5 GDC Same as GDC NAto MHTGR
5 | §2masl snidnment singsire Modified for ARDG Same as ARDC NA o MHTGR
- Structural and equipment cooling( Structural and equipment coolin
44 | Cooling water Wiodified for ARG d Same as ARDC Wodified for M TGR-DO) "
45 Inspection of cooling water system L’ﬁﬁgﬂ;‘mgé%&%ﬂaﬂgq“’pmem c00ing | Same as ARDC Same as ARDC
46 Testing of coeling water system ;ﬁgg}%ﬁﬁgﬁé‘gfgﬂaﬁ%‘j"P’"em €00lng | same as ARDG Same as ARDC
Criterion [ GDC for LWR [ ARDC ] SFR-DC } MHTGR-DC
VII. Additional Technology-Specific Design Criteria
70 NA NA Intermediate coolant system 55 ;2?2:2;39’ and reactor system structural
71 Primary coolant and cover gas purity control Reactor building design basis
72 Sodium heating systems Provisions for periodic reactor building inspection
73 Sodium leakage detection and reaction prevention and NA
mitigation
74 Sodium/water reaction prevention/ mitigation.
75 Quality of the intermediate coolant boundary.
76 Fracture prevention of the intermediate coolant
boundary
7 Inspection of the intermediate coolant boundary.
78 Primary coolant system interfaces.
79 Cover gas inventory maintenance.

) Auete) szt A A

o CNSCx= 2016 SMR HAIE flet A=, ®et R Aol et
(Discussion Paper, DIS-16-14)5 7ig3sto], 7fLAto|A AAsHA 5. ol 7H
o A4, +3s 2 SMRO| 5|7t BALS &olstal A&sHA A|2fsh7] et =
A¥2. 20199 8Hol= 1 & JNEAIR} =t Attt ohekeh AP AAL
2(VRD)= ®vfgCoz SMR <Qsi7t AIFARE fst As7 AR AAA,
REGDOC-1.1.5, “Supplemental Information for Small Modular Reactor
Proponents™& U7k, AAletS. o] fAIAAIAMOE a2t 22 37HA] ZQ3%t

Hge g 9s.

24
Ut
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® SMR Q1517F AAAe] FAIHS A1

@ <57t 71€e=  RtsAlel  Z8(Graded approach) Ryl
(Risk-informed regulation)®] A}-g-of &3t X7

® A7 -4A7g71Q1 VDRO] gto] st At

(1) SMR <I5]7F AlFdof et A1

o 7|& P UM 57} 4% A(Safety and Control Areas, SCA)S 7|¥to =z AF
A& (Small water cooled)¥} AlF YA (Non-water cooled)o] Tfst AAA HQJ,
woF &= 5 #AIA 42 AXstL & A9 E 24Y EA=, A

L= =S|
o =] =
olele] ciofet 2R AR, 47| 2. A WA HE Sof U Asir

(2) SMR 1517} 7]&(Basis)

o 71& AR, AFEA Ao F7tsto] A JAFEAAROIA elAFof BItstes Af
SAl(Graded approach)s &&sch= WS AAlst Q3. ESH Al
TEEA]Z]17] 9t diehyiQH(Alternative approach)o] THs

(Risk-informed licensing)S &-85t= 9IS A|Alstal QL.
(3) SMR ©9135]7} A1 A 7 E(Pre-licensing review)
o Ql5|7F AlIFYH AP oMW/ HE+E= O VDR(Vendor Design Review) AXIeb @

2lA3 AW Qlslsto] ofat AMFad Axb, £ WL QL. o2 S8 AUA-
Axte] AP A&l bsshi, SMR Qa7 AEA o] shsetE= stn 9le.

So], BT HAIKQl YRR 7]&o] Cfat 2jA3 Wop U Mt AL olejr} Al
A Aol ARt B 4 UAES AT-YE FA Yoke AN MG 9
<. Ao g o]= NRCO AFARtZ AR FARH A=l lgs &
A 0]l9.
T ooxx4a-

CH IAEAQ] Z2A|7|& 7fgtarer

o JAEAJM = SMR 7]&7]&S 7dohet @2 HAE 7R Q. TAEAOA &
o5ty Yt 423 TE WUXIZ(SM = Folat, gdA
FA02 AAEY, F7MAQ tas WANRe HA7F 518EL, MER Ve=
A LWR % non-LWR AA7|&3& A&gH =& 4

=
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0 20159¢ 3¥9~2017d3 54, IAEAE 3|¥=5 A4S SMR A Ay}t AQSo tist
HMEE Footal, &5 IAEA AA7|ES 7istr] Hall, 29d-Pilot Project, Al
At ZH(SMR Regulators Forum)— —_rué, =35I =. 20184 19401]% 370

o IAEA #AIAt 2H2 B9l 42 St At ofttke FI7PARQlI SMR dFS =
oJsp7] sl 379 Mz WGs 4, +dstits AL Ad. A +84€ 3
el FAl= o=, Jidth, F= S04 SMR 7ol Rleidol| weat JHaAtet A
Aol AZishL Qe AR A A=Y, 2017dRE =9=7] AlArer 374
of Al ofet 2o, F= v|FLHz 7|Hr) QI57F AL 3l M EEA]
20199 1240f ofof tfet FFE 1A 7)E LR, HixselS.

@ 9ls|7} AR} dA<H(Licensing issues on Key Regulatory Interventions)

@ 71 /bge2s AA 2 oFASiA(Multi-unit/Multi-module Design and
Safety Analysis)

@ AR A4, AJ&A ¥ &Y (Manufacturing, Construction, Commissioning

and Operation)

(1) As]7F HAAF QM (Licensing issues on Key Regulatory Interventions,
KRIs)

o JAEA QI3]7} &loF WGL 7|& QI35|7 AR}, SSG-12, “Licensing Process for
Nuclear Installations”& 7|¥to =2, Ald SMR 153 A7, AR, 9 EX
(Scalability, Modularity, Mobility, Compactness, Automation, §)& ¥¥st=
SMR 9157h EAtet B AIAA ALS w0 Fol US. JIE Fa Asi7t WA
(KRI)= HX|(Siting), 2 A(Design), 71d(Construction), A]-2%(Commissioning),

A (Operation), siiAl(Decommissioning)® 2% QA|TF AIFLXZ Q5|7
AR ofelet Zol we Al U ALY FEA WHol 9L o= o)

F_':‘,.,l‘
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1 9le.
A tRIRRRE A&l B £ WAIKRIs) - @Y £= o
4 BEo| MX|E= HX|(Siting), &FX3Z7](FOAK) U 0]$357](NOAK)Q] AA
(Design), @4 = +25 ZdH(Construction), 4 =2 a4 7171/4& Al
AHManufacturing), XX 37] 22 ol g7 A9 Al SA (Offsite
commissioning), 357}  QEE  Sdg  JEEA]  Z2 HAYA +F
2 3 AAFPOT)E 4385t AW Al (Onsite
commissioning), ttp2E =2 s 7] X (Operation)yt £ X35 7|(FOAK) ¥
0|23 7|(NOAK)S] HALAH], Z7|AMAMHAIAL S(Maintenance, PSR etc.),
on/off 2 52| A ¥ £(Onsite decommissioning), shA & A|AH, A, &,
Al & 49 | 2(Offsite decommissioning) 5 AF7 Lfsiiof & <57t DA
=0] e = SN 1 7] A FOAK+  First-of-a-kind, NOAK+=
Nth-of-a-kind, FPOT+= First Plant only Test, 3S+= fuel Safety, Security,
SafeguardE 9Julg. AlUtsoz A9 SMRO| <Hi7]&E A ZAPt 435 G2t

UG MM R UL,

=

(Transportation), 7J¥

(2) 27|/t rs AA Y ePAs A (Multi-unit/Multi-module Design
and Safety Analysis)

o b5 7|/the 59 oFAAd HIHMulti-module safety assessment)= 7]E9]
single 22 twin WYAL=29} ol Oh& BAISH WHES Q= ¢ 2&5 9 45
ArE, HAEY] B, OaREl 1, el =3, OgeRsEl 9 ¥ B

=
o

5, teRel ugdds, 5

T
-

o 22 = Qe V|eA dAds2+, ASYol(Defence in depth, DiD) Z+&
DA thar]/Ha gl T2 18, /A8 59 Be 259 Ajs
ZZ(Internal and external hazards)g 7§¥ LRE9 QMAA m7toA 18, £7]
AH1 0 2 (Selection of initiating events) th2 R &5/284d8|9] 1Ato g Qlst
SHLOOP, missile attack £)& 12, QtAo] HQ35F SSCsQ =9 A|sto] PAlo]
U, 385= 42(MCR, heat sink, fueling facility &), g]A3 7S Est &
T 1128 g9l Whole-site PSA9| 7]¥tst A& FX] 2] AF(Whole-site risk) =
7, R 59 &9 A=Hnormal, AOO, DBA, EPR)o]] tigt Q1A Q 4 ((Human
factors)?] A4, 4259 A 2 AL o tigt vl (Emergency
preparedness) 0] L.

(3) A=A, AAX AlEd » X (Manufacturing,  Construction,

’
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Commissioning and Operation)

0 A% REYARIEL kst @ E3HModularization) AAS A=stL S LAY
ARt2 wjd 2 WA AA(Integral and compactness), &5 A& U w2 A|Y
R GAE 4&(Transportability), th4+289 A, =W 2 §ie] 717 v &4

YQA) 5 71ET e A 7% L PEe 875ty UL,

o2 WGOA= A, 23u Hdst dots2 =5, W] 2 sidste Weto] tish
=7t A3 Fol dd. cl2A, xUSt MFARE AU B, A/ ELE
Aot Aol ZAIPE 2 & Ao, FoA AR, dEo] He ddas IS
2 0]&ste 4%, dde &5 o F Heto] Hash A 2 AZ. 7IE 2973
dol e g7l/HaeRsd 94 =2 Al Al2Al(Commissioning), =9 %

H 2~ (Operability and maintainability), B]ATH - AXHEmergency procedures)
sk 7|1&0 e AV ¥ RS a5 2 AY. oo digh At =&, o
2 2 52 wero] SR chstA =olvt M ol 9.

o @x} IAEA FAIAE ZHoIA TR =oH T 9t SMR HUES 2
M Z1ZolA =olst 9l SMR 52 ARS) @SS EWA ob21 9ickn MY,
obal, AARCR SMR AL WAV 71EHAE SHOIA o
PHrIES FYsHe ok AVIHoR Aol ok 2

g, 12l1 Qelue}, BjAlol, 7 5 CrFEt SMR o] oA So] ol n

Ut AWM Fo 2 WS B Wast Ug. o, 7 ZoA LA
AAte] BE @Yol J14atE T, £7] A £ U S1F WEe LA Uk, Al
Aol fat JRo WEHe ofn AE FHL A S FUsHo] 1ABA
SMR AR ZH e ju] gt AL & oz B

5
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