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> 7|& Oid AT(1400MW, )2 EFat A7|& 3A &2 A2 2 HI|EH 300MW, 0|5t2| X2

> 250/t Yol BEY 37| 2 EA /HIESHH XG2S ZESHE Y4

Generation IV

b, |

Generation |

Japan Sadium Fast Reactor ASTRID

Ea Large-scale Evolutionary Revolutionary
prototypes power stations designs designs
+ Calder Hall (GCR) « Bruce (PHWRICANDU) + ABWR (GE-Hitachi, Toshiba) | + EPR (AREVA NP PWR) « GOR gas-cooled fast
+ Douglas Paint « Calver Clifis (PWR) + ACR1000 + ESBWR (GE-Hitachi BWR, reaclor
:IPH Im:‘:‘:lgl.ll « Flamamyille 1-2 (FWR) ::i&:mu PHWR) g 0 * LFR ‘,;'ﬂif.?m“
*+ Dresden- . [ * -
+ Fermie1 (SFR) : E"«".ﬁ"é’!'.?('él,é ;me (s T e W B eterid
* et Bt (769 oyl YT TETETI et o
2 + APWR (Mitsubishi PWR : + SCWR supercitical water-
* Shiggingport (PWR) + Palo Verde (PWR) e L SRR el vatr
-Mitsubishi PWR) - Westinghouse SMR PWR
+ CANDU 6 (RECL PHWR)

1950 1970 1990 2010 2030 2050 2070 2090
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SMART-P SMART100 iI-SMR
*Research Reactor (KAERI¥) *Pre-licensing i-SMR Pre-licensing
- Combined CP+OL submitted Review in 2019 Review (Oct.2023~)
-Withdrawn in Sep. 2006 on Dec.30, 2019 .4 -
p “SDA issued - To be Submitted SDA

on Sep. 26, 2024

A A A
2005 2010 [ENRFN 2019 2020 2021 2023 [ENPZY 2026 2027 [EIEE)

SMART

* Multi-purpose Reactor
*SDA submitted (KAERI)
on Dec. 30, 2010

AL .
(ﬁ’ *SDA issued
@, on July 4, 2012

P24 Korea Institute of Nuclear Safety
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ARA
*Research Reactor (KAERI)

« CP submitted d:}
on March 31, 2021

*Under Review
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Fast Reactor) . ("H‘é’#z-._‘- 150 MWe=, SFR ET8& IR EAEH I &% ('17)
(KAERI)
LAY AN
(VHTR: Very High - (B7) TSR Iz, T2 USN, WE YUTE AH8-O10] 950°CTIRN ] 12 &S HLME & N
Temperature gas-cooled = MI4MITH ‘““IE"‘I’\E“
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> 2008-2016'
v At Z} DCA #|& 4 EE{ NRC= Pre-Application Review(PAR)S

1517141 &

Ofm
=Olg
A
=
A
|-O

Ajgstaat 3t
v 0|& 55| 201611 Design-Specific Review Standards(DSRS)2 2 HSt
> 2016-20204
v DCAE7|7F =9F, 2000717t H= DC&& Request for Additional Information(RAI)2+ 400712 TR
e RAI g
v 147}19] Topical Report(TR) &' 177} HA| X3 £l
v 10 CFR 52 Appendix G Rulemaking

Pre-Application NuScale Topical Reports Submittal & Revision (2014~2020)

. Gap Analysis
Essgoevs;lfgfr Design Summary gluscale DCA
NuScale Exemption
NuScale Reactor Report(Rev.0) Report
2016.12
2008 2010 2012 2014 2016 527" 2018 2020 2022
o ® @ [ ] o [ J [ J o o
EEZ?yosri]sse to68 DSRS e NuScale SD Final Rule:
Summary Report Approval NuScale SMR
(2014~2016) bC
Korea Institute of Nuclear Safety e
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7HLCH BWRX-300 7443517} Atz

5 2| SH
H L O

> 2019-2023'1 Vendor Design Review(VDR) — A[# QI5] 7| HHA|
v T VDRZ & 3TA 2 G, BWRX-3002 17| 2f 207 &

02 12~ 18711", 2647 o 247 48
v 2019t 129 CNSC2} VDR A|2f %7, 202014 A7 24 H|&, 0|5 3:A7te] HEE 72 20234

* 7|12k 1EA = g

3E 1A 20 2=
> 20224 7ML A1
v CNSCE 9F 307”2 AJAHE 3 20251 49 7AM317H 35
Design
BWRX300 Certified
(2025/4/4)

2025

AN A

2023
(

2AEM

A&
2019
[ J
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(a4 X Ope
> Basic Standard I S - i
- SDA Application CP Application OL Application rati

- e . .

= review Review

81 * SRG development

g » Regulatory amendment

for SDA

- * Regulatory framework

O * Regulatory technology

©

% Regulatory Audit Technology for Lifecycle Safety

[ * (Review) CP, OL, PSR, Continued Operation, Decommissioning

o  (Inspection) PO, QA, Periodic Inspection, Suppliers, etc.
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eRAI Public Report for Website

NUSCALE FSAR Chapter 19

LUSNRC

[EESTSTE

Application Title: ~ NuScale Standard Design Certification - 52-048

Question NRC  System Question Sensitivity — Question Status Issue  lssue Number SRP Section Tech RAI RAI Response  Response
Number Letter ~ RAI Type Type Branch lssue  Accession Date Accession
No No Date  Number Number
St
18-8 a4 Bgswun NA Resoived-Closed ~ Nene Human Faclors Engineering ~ HOIB ~ 11/3/17 MLIT30TA44T 1110118 ML17354A845
189 M 4 ?)led-:\gn NiA Resoived- Closed ~ None Human Faclors Engineering  HOIB ~ 11/317 MLI7307A447  1/10118  ML17354A845
Determining the Technical
S Adequacy of Probabiistic . . . %
0.01- ! ved - ML1718BAZT. I 9
19.01-1 8 8899 Design NA Resotved- Closed ~ None Risk Assessment Resuls for SEB 7717 MLIT188AY 9INT  ML17244A895
Risk-Informed
Determining the Technical
Std i G Adequacy of Probabilistic " o
19.01-1 8 8699 Design NA Resotved - Closed ~ None Risk Assessment Resuls o SEB 77T MLIT188A2T2 1277  MLIT331B460
Risk-Informed
Determining the Technical
wor0 8 s St A Resolved-Clossd  None Adequacy ofProbabilsie — eo gour s ST MLAT24ARGS
Design Risk Assessment Results for
Risk-Informed
Determining the Technical
’ Std _— Adequacy of Probabilstic HT MLATRRAYT AAATOR
19.01-11 8 8899 Desion NA Resolved - Closed None Risk Assessment Resulf for SEB 7T MLITIBBAZT2 9117 MLIT244AR0:
Risk-Informed
Detemining he Technical
w2 B sw L A Resolved-Closed ~ None Adequaty OIPOOISIC gy iy wiigaaom  wnT MLTIMARGS
Design Risk Assessment Results for
Risk-Informed
Determining the Technical
. Std : Adequacy of Probabilistic ; —
19.01-13 8 8899 Design NiA Resolved-Closed ~ None Risk Assessment Resuls for SEB AT MLITIBBAIT2 91T MLIT244AR95
Risk-Informed
Determining the Technical
St y Adequacy of Probabilistic 7 4 Tmiaann
19.01-14 8 6899 Design NA Resolved - Closed Nene Risk Assessment Results for SEB  TANT MLIT188A272 91117 MLIT244A899
Risk-Informed
Detemining the Technical
WM 8 B9 SO NA Resoved-Cksad  Nore Adequecy oI POBENISIC e gy piego i WLATIEG
s = Design Risk Assessment Results for R L

Risk-Informed

1211272019

**..Status is not a final determination by NRC.

135

Issued/Waiting for Response - The question has been issued to fhe applicant and the NRC is waifing for a response from {fhe appiicant. This can be for a new RAI question of for a follow-up quesfion
In Evaluation - The applicant has provided a response to the question and it is in evaluation by the NRC
Confirmatory Action - The applicant has responded to the question. The NRC has reviewed and agrees with the response and the propased markups, but some action is needed as part of ihe response is not
complete (e.0., FSAR change has not been formally submitted).
Resolved - Closed - The NRC has accepted the respanse and no additional issues or concems are remaining for that question.
Unresolved - Closed - The applicant has provided a response to the question, but the response did not adequately resolve the issue and the staff has issued a follow-up question
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> PRA Validation and Regulatory Justification

v PRAYH 7HY, ZHEY HA, LAT MO Het

Beer
v IA|E 7|5 Ao TSt PRA 7HY
v PRAZHO| EFE SHUY @4
(uncertainty analysis)
> Multi-Module

Y Multi-Moduleo| S0 F32 & 4 U=

lo
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v\ Q| EAZ10| Multi-Moduleo] 0|%|= F3!

v 2R Y 2% Wate YUY
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v 329l 722 81| SO2 I Li4RE B

> Severe Accident Analysis and Mitigation
v AgUE A8 ¥ Screening

> Seismic Margin and Structural Integrity
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Passive Safety System

Multi-Module 2™ EM

v SMR2 At g 7| +3

AH _, J=pspr YO ESO IR
M= BI o= v AT A ZEYQ
— =278t 2= E= ME2 =HE 7| Y

v Risk aggregation gf 4| & &l

\/XI-E§|. T’ 7 ol

> ME2 HRA EIH =
> A2 5 Kot
v 7|Z= psaA RE ol &

e 2o Ye
v/ 7|EPSAE 89| SIS Bt 7| e N 2ARIE, ZEY 27,
Znt 2 Be

v JEEREO| IR 2 AHANA SO S| Ol HitH=
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¢+ USNRC SMR T X|H|A| si=t

- 7|1 B3 I

— 10CFR Part50 Appendix A : GDC(General Design Criteria)E H|Z4+2 dA 0 &AH HEst=

I

X|&E RG 1.232E Sl MAI(18.4)
< GDC &5 PDC(Principal Design Criteria) X| &2 7|
(SFR) ¥ D2 7IAZ(HTGR)O CHEH B HEHZ KAl

< GDC CHH|[ X0 & =F 8 Mt A 7|=(SFR-DC, HTGR-DC) &= £3

SACH = (NEIMA Section 103(a)(4)7| =& #AIM AN w2l A A8 A
I5{7F MEHO| MEiM o= AtES = = TI-RIPB' #MXA =& &

% T10CFR Part 53(Risk Informed, Technology-Inclusive Regulatory Framework for Advanced

o|x}2d &4 Al Ol

Nuclear Reactors) & NHE 5('20.4.~'27.12.31))
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258 SMR PSA 112jAre 34 4|2t FR e
> =2 n{AE

« CDF, LERF CHA| X | & = ZeM

== Frequency of Offsite Radiological Releases

« BE A|2ED HEX S 24 9] X0
Fuel Integrity Loss Frequency (FILF) & o
-2 At =g ar ek
42| = H|0]E ==ad nd
2B £F2= Qo H|o|H FXY cHA X 2E S
« 2t AAE RO M2 @ 5= M2 = HO[E &0] - 4Ol E=tdd
«7|Z LWR H[0|H = i & &2 XEA HE0| =7t HRA ==t4d &
A EH AH/AES/A 20| SOl o|H WY Ha = =2t dE Bes| oot 240 B
= HIO|H M2z, &K, & 7tsd0f ot EEat ER

> ZZ g H ot
v =30 2 Risk Metrics H2| & Z=7| 9|
v =24 M| 2HAof oo A=l =E
v’ Passive Safety System & FOAK 7| =0 Ceot d5 |15 Ald & 2E 7|85 A Aol o Hhot
v INURI| RI|EH 2 BN SOt s E W HHE =84 2t
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I=sy HA=E 7ML S TS

Background
0 EXEYHA A 2 F2AS SALL
« TMI-2 accident (1979)
« Chernobyl disaster (1986)
« Fukushima accident (2011)
2 Passive Safety Systems =¢!
- IF MLt s=AE &S 80| 54, B, XA =2

23 O 7|58 Bafets | Bl
« 7| EXIE AN = MotHo =z MEEUXTL, 1980HL] 0| AL LHE S
HZ 7idot7| ol M= =¥
Benefits of Passive Systems

J Increased Safety

2 Reduced Complexity

2 Improved Reliability

2 Simplified Maintenance

SO 221N A
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key concepts in design of passive systems

3 PWR (Pressurized Water Reactor) =7| B2l
* Passive Accumulators(SITs): LOCA &M A| SHO = Xt& W2t .

2 BWR (Boiling Water Reactor) £7| 2
« Natural Circulation in Containment: At¢ 1 FE &5t HFE H|A.
* Isolation Condenser System

2 19804LCH~1990ALH
* Natural Circulation: Enhanced designs to remove decay heat using buoyancy and
convection, reducing reliance on pump-—driven circulation.

* Gravity-Driven S¥stems: Integration of water injection mechanisms that operate
solely on gravity for emergency core cooling.

2 20004Ly o]
» Passive Cooling Loops: Utilizing natural circulation to remove heat even in the
absence of active pumping.

* Gravity—Driven Injection Systems: Ensuring steady supply of coolant during
transients without relying on external power sources.

* Passive Containment Cooling: Relying on natural heat dissipation methods to
maintain containment integrity after an accident.

= A
10| %%' 2IXI2 I e LFETTE
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1980~1990LH

J

Westinghouse AP600

» Passive Residual Heat Removal System (PRHRS): HI ¢i0| XtH &3t
Sot E HA.

» Passive Containment Cooling System (PCCS): A &7| Wzts |5t X1

SEEICE S

GE SBWR (Simplified Boiling Water Reactor)

=
- Automatic Depressurization System (ADS): At &2t 2315 2|5t At= Z

B AIAHL

EP1000 (European Passive Plant 1000)

» Passive Residual Heat Removal System (PRHRS), Passive
Containment Cooling System (PCCS) X &.

ATMEA1 (BEA-UE ZF i HXIZ)

* Passive Emer%ency Core Cooling System (PECCS), Passive
Containment Cooling H&.

Advanced VVER

« Gravity—Driven Safety Injection: &2t Xts F¢I.

9
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2 Westinghouse AP1000
* PRHRS, PCCS, Gravity—-Driven Injection
2 APR-1400 (gt=2d #Xt=)
* In-Containment Refueling Water Storage Tank (IRWST): 2 7|} H| At

LHZFA a0,

A &=

il

718k AA” HE.

oln

o1 od
* External Reactor Vessel Cooling System (ERVCS): |IXtZ2 22 E5t £
E LH7|'

2 GE-Hitachi ESBWR

e XIS 231 W7 A 7| 2522 E5F 7Lt WZF A|AEI £O

3 VVER-1200 (2{A[O} &X}I=)

* Passive Heat Removal System (PHRS), Gravity—Driven Emergency
Cooling System X &.
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@ Westinghouse AP1000(AP600)

® PRHR Heat Exchanger
- Natural circulation heat removal

® Passive Safety Injection

- Core Makeup Tanks (CMT)
- Full RCS pressure, natural circ. injection
- Replace HHSI pumps RS

- Accumulators

- Similar to current plants
- IRWST Injection

- Low pressure (replaces LHSI pumps)
- Containment Recirculation

- Gravity recirculation replaces pumped recirc)
~ Automatic RCS Depressurization

- Staged, controlled depressurization

- Stages 1-3 to IRWST, stage 4 directly to containment

Valves

Compartment

Depressurization

Pressurizer
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@ Westinghouse AP1000

@ e
JAGEsva
X e
A
Lr] - CONTAINMENT
il il
— ‘::f:/:)YEVL CORE MAKEUP -
i @ TANK (1 OF 2) Natural convecti
| i oen —>- . ARERHLST e air discharge
PCCS gravity drain
} IRWST 1RWST water tank
—d ® e ) )
Loop o | — Water film evaporation
o a =l
- 1C) r
os = —sle—
STAGE4 Wor2) —plle— ACCUM. 0 i i
RS h . |7 e (10F2) Outside cooling air intake
~ . l
F— VA
‘ . = I "
HL i NET
i : ovI CoMN Intemal condensation
s o ; and
e core | " i Steel containment vessel | e
REACTOR - - (4]
VESSEL x — | Bl
X
. A
ADS 1123 S \ T Air baffle
&2 CONTAINMENT :
r VESSEL T .
t e
|
[} [}

| v
c T
- St s
; o, T e
PZR T ]
SPARGER || 7 1 i
SUMP

RECIRC
SCREEN

Passive reéiduél heat removal Containment and passive containment
(PRHR) system cooling system (PCCS)
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Westinghouse AP600 * /AP1000

APPENDIX B: AP600 PASSIVE CORE COOLING SYSTEM FAULT TREE

AR ] ot ] E‘,L.&wm-' ] Eﬁfwm—j (“&'w" ] Ei'g""'j
SYSTEM UNAVAILABILITY (Q) = 9.877E-04
SEE PAGE B SEE PACE 9 SEE PAGE 10 SEE PAGE 11 SEE PaAGE 12 SEE PAGE 13

G et veane ™) (G TnacTion 1 Ta UEAX R COMP. IDENTIFIER COMPONENT IMPORTANCE ¥ OF DECREASE BASIC EVENT
Faiuine  romen (BASIC EVENT) DESCRIPTION {ADECREASE) C.5. INQ PROBABILITY

st Pace 3 SEE Pace € 1 AVV10BAELRILSC Air op. vlv V108A failure 12.15 1 1.2000E-04 1.2000E-04

2 AVVI108BELRILSO Air op. vlv V108B fajlure 12.15 1 1.2000E-04 1.2000E-04

b 3 SVVQ21AELR Solenoid op. vlv V021A failure 2.35 1 2,3200E-05 2.3200E-05
e (IR ) (o Bramwen) (B TIEE T "‘_ﬂ;:"""" 4 SVVO21BELR Solenoid op. vlv V021B failure 2.35 1 2.3200E-05 2.3200E-05
 rLsorisa S 5 SVV0OTAELR Solenoid op. vlv VOO7A failure 2.35 1 2.3200E-05 2.3200E-05

perar— s P 6 SVVOOTCELR Solenoid op. vlv V007C failure 2.35 1 2,3200E-05 2.3200E-05
@ 7 QVVOO4AFTO Squib vlv VOO4A fail to open  1.21 1 1.2000E-05 1.2000E-05

8 QVV004CFTO Squib vlv V004C fail to open 1.21 1 1.2000E-05 1.2000E-05

fire mmrie 9 QVVOO4BFTO Squib vlv V004B fail to open 1.21 1 1.2000E-05 1.2000E-05

- 10 QVVOO04DFTO Squib vlv V004D fail to open 1.21 1 1.2000E-05 1.2000E-05

proariin 11 QVVOO4AELR Squib vlv V0O4A ex. leak/rupt. .97 1 9.6000E-06 9.6000E~06

12 QVVOO04CELR Squib vlv V004C ex. leak/rupt. .87 1 9.6000E-06 9.6000E-06

13 QVVO004BELR Squib vlv V004B ex. leak/rupt. .97 1 9.6000E~-06 9.6000E-06

14 QVVO04DELR Squib vlv V004D ex. leak/rupt. .97 1 9.6000E-06 9.6000E-06

15 QVV301AELR Squib vlv V301A ex. leak/rupt. .97 1 9.6000E-06 9.6000E-06

16 QVV301BELR Squib vlv V301B ex. leak/rupt. .97 1 9,6000E~06 9.6000E-06

17 RIRIAIGOALL Containment rad. sensor RIA160 .87 3 8.5800E-06 1.6900E-03

18 RIRIAL61ALL Containment rad. sensor RIAl61 .87 3 8.5800E-06 1.6900E-03

19 RIRIAL62ALL Containment rad. sensor RIA162 .87 3 8.5800E-06 1.69Q0E-03

20 RIRIAl63ALL Containment rad. sensor RIA163 .87 3 B8.5800E-06 1.6500E-03

21 OVV306TELR Prass. ctrl op. vlv V306T fails .80 1 7.8T00E-06 7.8700E-06

22 AVVO0Z2AELR Air op. vlv V002A failure .73 1 7.2400E-06 7.2400E-06

* |AEA, “Technical feasibility and reliability of passive safety systems for nuclear power plants”, TECDOC-920, (1994)
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GE SBWR/ESBWR

2 Passive systems consist of:
* Gravity driven cooling system,

Automatic depressurization
system (ADS),

* Isolation condenser system e EmE "
(l CS) ’ Power Operation . Drop in RFA’VLeveI
 Standby liquid control system, e | i TN
« Passive containment cooling e — — g
system, |
* Suppression pool. -
Y oy {

Figure 2
KRB - A Emergency condenser diagram

= 4‘ o}
Hl % ood —9-.__' Xl‘ E 7H Q é}xnzﬁl ‘Greimggnergymm.mm
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@ Overview of NuScale Safety System

Normal Operation

Transient Mitigation

7ok smunmana
Korea Atomic Energy Research Institute

KAERI"
f

LOCA Mitigation

e

NOT TO SCALE

11

MAIN STEAM ISOLATION VALVES

[ FEEDWATER ISOLATION VALVES
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@ NuScale Safety System

J ECCS
H i Reactor Recirculation Valve (RRV)
* 5 Main Valve m”mm\ s /\
Reset Valve (RV) Reactor
« 3 RVVs, 2 RRVs N Vetos

e

A

— power-actuated relief valve
that is hydraulically closed,
spring-assist to open,
normally closed, and fails

open.

* |AB(inadvertent actuation
block) function

— reduce the frequency of
inadvertent operation
(opening) of the main valve
during

— a block valve with a spring-
loaded disc that functions to
block venting of the main
valve control chamber
when the RPV to CNV
differential pressure is

o /‘ Reactor
above a predetermined ¥_,/

threshold.
* 2 Rx Safety Valve(RSV)

[‘F@?.{S)—I

REACTOR COOLANT_
PRESSURE BOUNDARY

Containment
Vessel

Reactor P24
Vessel [

Reactor
Recirculation
Valve

Reactor —1
Recirculation
Valve
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@ NuScale Safety System s = -
o2 DHRS 5 ¥
* Main Function | ‘ ¢

* Remove post-reactor trip residual and
core decay heat from operating
conditions and transition the NPM to
safe shutdown conditions without
reliance on external power.

« Composition(Independent 2 trains)
» 2 Passive Condenser
* Actuation Valves(2 Iso. Valve/train)
« Steam inlet/discharge line

* Valves and Instrumentation, etc.

_E
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@ NuScale Auxiliary System

2 CFDS(Containment Flooding and Drain System)
* Main Function

* Flood a CNV with borated reactor pool water
after shutdown in preparation for NPM
refueling and to drain water back to the reactor
pool in preparation for NPM startup.

* Flood water to a CNV during a beyond design
basis event.

« Composition(Independent 2 trains)
e CFDS Pump
* Drain Separator Tank
2 RPCS(Reactor Pool Cooling System)
* Main Function

* Maintains the water temperature of the reactor
pool and RFP during normal operations by
removing heat from the operating NPMs and
from a disassembled NPM during refueling.

* Back-up water to CFDS
* Back-up to SFPCS

)
- CHRQX}EIITLY
é(ZAEHI heﬁn:«l_i tyk hl?lllul

PN
—D
FROM RPCS L 1 1
>4 FROM PSS -
a
& |—P4——> MODULE 02
D Ln FROM PSS
MODULE 0 %
] FROMPSS
o Tow )
 — > MODULE 04 |
_j;— e
LN FROMPSS | (“RPV ) |
> MODULE 05 | I
) : Lo
a FROMPSS | | i
MODULE 06 | i
coumnmzm FLOODING i8] | !
AND DRAIN PUMPS FRONPSS | it
I
FROM REACTOR POOL FILTER ‘ Iy
RE) BANK | I
' 1 e I
1 TORBVS \ / r’
DRAN b
SEPARATOR (_J
o rJ
TORPCS “MODULE 01
/TGN COTAWENTFEGENG —_— N
MO DRAN SYSTEM [ HOORNSYSTEN / T
( POGLCLERNGE SYSTEN :J l—n—m; [CRES-SEETIOURER >
R SR T RS EEFGREL) ’\%
STECOENGER "\
CONOLCTMY | ¥ B )
NETER™ | METER™ i —
\\! ‘
AT HEAT
EXCHANGERE EXCHANGER | L
/SOOI NER |+ sew
\ SYSTEN
N neJ i |/ COTANIENTFLG00NG
M B4 F” > oo srsTe
PUNPA naes L < = E
' S SEEFRER
STRERA [P SErEREs
i RPCS-SEEFGUREY § ‘ bl P—————
e CEOOL AN SR bt
CONTANMENT #LOODNG
“\__AND DRAIN SYSTEM
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i—-SMR Safety System

PAFS - Passive, 21 month w/o refill ] .
;Patssive Auxiliary Feedwater - 4 trains PAFS Hx(in 2 ECT Tank)8 |
ystem

- 8 MF/MS isolation Valve(4 MS/MF Pipe)

-  Fail-safe Valve

. RCS to safe shutdown condition within 36 hours
after accident initiation and maintains safe
shutdown condition for at least 1 month(TBD).

PECCS - passive, =1 month w/o refill(TBD)
- 2 trains (2 EDVs & ERVs at RPV)
- Fail-safe valve

* Passive Emergency Core
Cooling System

PCCS - 2 trains
- 4 PCCS Hx(in CV), 2 ECT(UHS) L
No Valve(TBD) PCCS HX ol
2 PCCS Hxs in CV(2 train) ‘ PER| - [

yim uim%"‘ ; + ' onv
L L~

f
Emergency AC Power - Not applicable Y| W
* Safety DC power systems are equipped |ty
6 125V DC Bus(TBD) powered by 2 BAT.
Charger for each bus
non-safety 2 ADGs & 1 BSG 4
2 6.9kV SWGR, LCs & MCCs

MMPS
NRHRS
-  Power Conversion System

Reset Supply
(trom CVCS)

*

* Passive Containment Cooling
System

7[ CONTAINMENT
Helical SG

BOP
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o [ i ‘

B i-SMR EXAIE
3 NRHRS

¢ QPHRIOIN AN SF W2t Jl5
c 2 Ty

EDT

1 bS
o -] ot N TS
FAl
SI-691 —M
FAL | SI=T24] 415 |
SI-681
s

SCP MINIFLOW I
HEAT n
EXGHANGER 1 s-a15 1

@j
si-462 (M) W) 1
[eor] L |

= 71 =
- REIRIMS =
« MMPS HjZ 2R(TBD) %;% il ol
Sl-412
Al © H peei~y @Y o
° gc; _l'__II_-I 8‘75 [Sig‘msvm Slfgwgaj,f’f
V- y A
. 71E AL EY e e T @, e o =E:
(LETOOWN) FAI WATER — —
O, o N SUTDOWN B SI-300 TANK INTAINMENT |
 176°C (350 F) / 3.1 MPa (450pSIa) o sw—am@}{aim GootG Fen LIE?\% “ LCA\/\TY e
«  OMXX|(safe shutdown) — XHET QIE o] jwous | PGS poreor) o v R .@N{“ soveel | "
SI-189 Lave RN ":"‘
° CV %_)'\_ 7|i % SE/?‘M sw;i‘ss sI-107 ¥ 5"‘;%7 sié‘oo s
< A ®Y e @X ScP MNELOW g 1
> -EDT
° %EHA"E EHHlI CV %A ‘IQI'E 5\7422 51-209 EXCHANGER 2 @ | s g Coor e 1
ore |

1 @ Q —|_|si-658 o ol BRE si-ae5 @ @ |
SN L o o F :
° RV _ZFD_T 7I-O E’é‘ 1{ SI-680 [

° 7:"% I&@“@‘ cCcs #‘@4
* 2 NRHRS Pump

2 Hx
+ 2 Suction/discharge Hf{j&t

LETDOWN —a—pp—

MMPS CHARGING

* RCS MHNO], =2tstxH, 7147| H4

+ BEY 17 AZ(Q2 MMPS Pp)
A

SEHTL FAL

<

CARTRIDGE
FILTER

STRAINER

e -
CHARGING
PUMPS
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I—SMR PSA

x =
SMR =7|AHA OH|E4
HZITY AT
« CVU 1Rt AISZA i Ik LOCA
« CVIE 1R ASZA Hi2h mE LOCA: Z2|1
- EDV/ERV 2%t LOCA
+ 7% 2Ex0| o3t LOCA
*  Fail-safe 7|50l 2/t EXA|S2| TFOR QI5t @EZl 125V DC &4
o B71UMT Mz o A T
+ 7|Et RCS &= ZA &3 LOCA
- PSV(POSRV), RCGVS ! 7|E} T2 AZ HIZS
+ CVRIR Xt AISZA Hia Iz LOCA: ISLOCA
- Abz@st ZQ(MMPS & NRHRS)
M= AtA(Transient)
¢+ OHE 2X15 Hi 2k DEAtD
+ CVURIR 272 BF
o UBHEALA
AIZ AR |719] HEk g
AR, S47] ZAAA
o AQHANAMAIA
.« 47} BE SAAL(TBD)
+  LOOP Recovery 112
— NRHRS 2 PECCS 7 &K
« HIAS MHAA
« ZHEXAIEQ 0| mat AXEZX|, ALLASAS B 112
—  6.9kV SWGR HaAMA(4)
~ 125V DC X446, TBD)
— CCWS YZHA(EWS =3
— HVAC, 480V LC/MSS A4 AtA(TBD)
IHEALA
© HXES UZAA(TBD)
+  Consequential SGTR(LSSBAIL AFA%-20] ZH)
* SBO(LOPP ETOj| Z£&H)
7|E}
+ SMR EH 4ty
- GTRN or SUPP £7| 24

ke

e
é“KAEﬂTV

DI QIR 01T1 0

Kerea Atomic Energy Research Institute

7| EEF ZI|AE A )
1 Small LOCA in CV %IELOCA-INCV
2 Small LOCA out CV %IELOCA-OUTCV
3 ECCS Spurious Operation(EDV) %IELOCA-EDV
4 ECCS Spurious Operation (ERV) %IELOCA-ERV

LOCA
5 Steam Generator Tube Rupture %lELOCA-SGTR
6 RCS LOCA in CV %IELOCA-RCS
7 Interfacing System LOCA %IELOCA-ISLOCA
8 LOCA-LODC %IELOCA-LODC
1 LSSB in CV %LSSB-INCV
2 LSSB out CV %LSSB-OUTCIV
3 Loss of Offsite Power(1 Module) %LOOP-P
4 Loss of Offsite Power(4 Module) %LOOP-T
4 Loss of Component Cooling/Servise Water %LOCCW
5 General Transient
6 Loss of Main Feedwater
7 Loss of Condenser Vacuum
8 Loss of Instrumet Air System %GTRN

Transient
9 Loss of HVAC
10 LOKYV (6.9kV A)
11 LOKV (6.9kV B)
12 LODC (125V A)
13 LODC (125V B)
14 LODC (125V Q)
%SUPP(TBD)

15 LODC (125V D)
16 LODC (125V common)
17 LODC (125V common)

7|E} 18 CV Isolation, Secondary System Isolation S % ETC (TBD)
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Passive Rx |[Es Comparison
Initiating Events AP1000 SMART NuScale i-SMR
RVR Y Y(RCP) N/A Y(RCP)-TBD
LLOCA Y N/A N/A N/A
MLOCA Y N/A N/A N/A
SLOCA Y Y(2 SLOCA) Y(3 SLOCA) Y
ISLOCA Y Y Include SLOCA Y
ADS open Y Include SLOCA Y Y
SGTR Y Y Y Y
MSLB Y(3 IEs) Y(3 IEs) Y Y(2 IES)
LOMF Y Y Y Y
LOCV Y LOMFOi| 2=t LOMFOf| &gt ?
LOOP Y Y Y Y
Loss of Support system Y Y Y Y
ATWS Y Y N/A Y
MSHR N/A Y N/A Y
CDF 2.42E-7[year 8.49E-8/year 6.0E-9/yearl {1.0E-9/year
18
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Accident Sequence Analysis

J  Event Tree development based on 4 CSFs(Critical Safety Function)

o CSF 1 CSF 2 CSF 3 e o Result
Initiating ooling
Event
RSS PECCS(CFZ%SRV)/P PAFS/NRHRS N/A(TBD) End State
Critical Safety Function(CSF) Needed Mitigation System for SMR

- RRS & manual Trip

Reactivity Control (CSF 1
eactivity Control ( ) - SSS(TBD), DPS(N/A)

- Passive PECCS & PCCS with LOCA isolatopn

Inventory Control (CSF 2) . L.
- Alternative Injection by NRHRS

RCS Pressure Control/Decay - PAFS with ECT & MFWS(TBD)
Heat Removal (CSF 3) - Feed & Bleed by manual for Transient

Long-term Heat Removal

(CSF4) N/A(ignored, TBD)

2 Mission Time
TBD(72 hrs)
2  Stable condition(end-state)
> Maintain Safe shutdown(by RCS Temp ¢ 215°C) by PAFS & ECT

Maintain RCS inventory
EDV(or PORV), ERV & Cooling(PCCS) by ECT
EDV & NRHRS Injection by PAFS Cooling(TBD)

] = . UI-E
I — S M R P S A < /KAERL  toresstomicnesy msesrcn st
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Accident Sequence Analysis(ET)
2 GTRN

*  GTRN -> Rx Trip -> PAFS with POSRV Success-> OK(no CD)
»  POSRYV fail(Stuck open)->bleed by EDV & recirculation by ERV with PCCS -> OK

« ATWS: 3 I3 2AZ0 HE EQ(TBD)
*  No UET(TBD)
+ PAFS(No credit) : POSRV Stuck open 7FH3(TBD)
- EDV ES7IE 270 7H8

CSF 1 CSF3 CSF3 Result
Initiating Consequential
Event Event
RRS PAFS & ECT PECCS, PCCS & ECT End State
Secondary cv I
Tgf\'l\\llg'lzé\l\ll} Reactor Trip RCS Integrity Cooldown by RES EBII:?Sd by Depressyrization Recircg:gt/ion by RES Ln'%icég)n by

PAFS

by PCCS

1 oK
2 oK
- B D GERV-1 B )
|apces " )
GPAFS-2&MF 5 OK
GERV-1 3 o
GEDV-1 GPCCS 7 D
GBLEED-POSRV
1 18 CD
| o oK
GERV-1 10 OK
3 GNRHRS-PAFS _[-— o
GPCCS 7 o
GPOSRVSTUCK [ 13 [oK
GERV-1 14 [0k |
[GNRHRS-PAFS —IFe——1cb
V-1 GPCCS
IE-GTRN 2 16 [cD
GBLEED-POSRV. 5 o
Y I~
18 |OK
GERV-1 19 OK
GNRHRS-PAFS _[>oTcp
GPCCS T o
| 22 Jok
4 I—|GERV_1 GNRHRS PAFS=_ 2o«
GRS-TRIP GEDV-2 GPCCS al o
25  |cD
GBLEED-POSRV. < o
'GMTC 27 CD

TBD : MFWS Credit

)
ERl

=

SHRAUX}HI AR

Korea Atomic Energy Research Institute

GNRHRS-PAFS 837|% &

2N H(FYIs A S)

. GNRHRS-PSA &2
BE XIIMA MY
ETQ
EDV/POSRV £== 714t AlIj
S A3 ZE Z(RPV 1t
Qtofl 2|5t POSRV ¢ 7Het
A4 MZE- NuScale &

Q)

. DERIA HR
ZE TQ

POSRYV stuck-open 0|%

EDV/HY 224 =0l
ATWS At 49| MHEE
. = X7 5¢

. PAFS M2l 4&E 2Q
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Accident Sequence Analysis(ET)
3 LOCA inside CV(Az2| €7}
* LOCA -> Rx Trip -> bleed by EDV & recirculation by ERV with PCCS-> OK(NO CD)
LOCA ERV Fail -> Alternative Injection by NRHRS
« ATWS: =% S8 2MZA0 Z4E HQ(TBD)
* No UET(TBD)

+  PAFS(No credit) : POSRV Stuck open 7}’8(TBD)
- EDV H3B7|E 271 7F8

CSF 1 CSF 3 Result _
Initiating 1. GNRHRS-PAFS MZ7|Z& &0l o
Event RRS PECCS, PCCS & ECT, NRHRS Eng FUts Azt 8)
’ ’ State
AT =
MMggn:ie:;é:?de Reactor Trip UET RCS Bleed by EDV Bleed POSRV @Y Deg;egé‘érsila“m RCS Recgg/'ation by| RCs 'I\lnéac;?n by 2. E#DOY/7 TESIE\O/ (R Y Jﬂl_:: r01|| ]I(l.:l)r; I_Al-ﬂ
=10
POSRV 915 708 At 1AL MHEE-
NuScale 11 ZQ)
CERL 1IGNRHRS—PAFS y - . =
CNRHRS:PATS ;oo 3.  LOCA Break Size 0O Cit BIZtE &
¢l M(AI =7| PAFS TRy #9l)

5 OK
GNRHRS-PAFS va cD
GEDV-1 GPCCS CcD
GBLEED-POSRV I 2 o
10 OK
3—LOCA—INCV GERV-1 11 OK
GNRHRS-PAFS 12 cD
GPCCS 13 CD
14 OK
GNRHRS-PAFS 16 cD
GRS-TRIP GEDV-2 apccs = .
GBLEED-POSRV I 2 18 cD
GMTC 19 cD
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Accident Sequence Analysis(ET)
J  LOOP(Total LOOP)

LOOP -> Rx Trip -> PAFS with POSRV Success-> LOOP Recovery(TBD, PECCS Fail-safe)->OK(no CD)

LOOP Recovery Fail(fail-safe PECCS Valve 7&)->bleed by EDV & recirculation by ERV with PCCS(TBD) -> OK

IE-LOOP

CSF 2
Initiatin | CSF Consequential CSF3 Result
g Event
End
Event | RRrs PAFS/MFWS | PECCS, PCCS & ECT
State
- Secondary 1 cv RCS .
Loss of Offsite n 9 LOOP RCS Bleed by - 9 " RCS Injection
D Reactor Trip UET RCS Integrity Cool;:l::lsn by Recovery EDV POSRV Dsgrs;‘s:éggtl Reg;cg:za\i;lon by NRHRS

1 OK
= > OK
———{GERV-L 12 oK
|GPCCS 1 = 5
GLOOP-REC T I= Ok
GERV-1 | 25
GEDV-1 [ GPcCs i az
|GBLEED-POSRV z -
————{GERV-1 |?0 ~§
1GPCCS z :D
GPAFS-2 1 D
4‘—|GERV-1 2 OK
GEDV-1 0 GPCCS 3 Cl
BLEED-POSRV <
6 OK
GERV-1 NRHRS-PAFS |2 25
lepccs D
2 OK
GERV-1 _ 51 Ok
GEDV-1 [ GPCCS 22 CD
GPOSRVSTUCK GBLEED-POSRV 2 s
————{GERV-L 1 25 oK
1GPCCS T == :D
GLOOP-REC 2 =
GERV-1 2 o
GEDV-1 [ GPCCS D
BLEED-POSRV 30 D
32 OK
GERV-1 GNRHRS-PAFS |25 ~§
lapccs 34 -
36 OK
GERV-1 NRHRS-PAFS |3 25
GEDV-2 GPCCS £ 5
BLEED-POSRV E <D
———{GERV-L P ok
1GPCCS | % HD
GRS-TRIP GLOOP-REC = OK
GERV-1 E OK
GEDV-2 0 GPCCS Ci
|{GBLEED-POSRV ;;E oD
GMTC g o
— lss—]

54;5;;

2
SIRAUXIRN DA

Korea Atomic Energy Research Institute

GLOOP-REC &I A| Z7}7HAL

&

. PECCS i & X|E ¢
St manual block 1724
Elxl OI'c>

. 24|72t Zi}
N oS
(Fail-safe)

oz -|0||

. NRHRS & PAFS 114

ofX| 45
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Accident Sequence Analysis(ET)
3 ISLOCA(NRHRS Hiah oty out CV(AE| 27}
- LOCA -> Rx Trip -> EDV with PCCS-> OK(NO CD)
- ZA2|E7t2 Qg RCS FY el
— &8O 42 direct CD

o CSF 1 CSF 3 Result
Initiating 1. ISLOCA ZMA| 2= AIE EDV 71
Event RRS PECCS, PCCS & ECT, NRHRS sEthe % PECCSE S35t At 1 75 O

S(RCS 2 ¥ 59 BRA)
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i Passive Rx Accident Mitigation System Comparison
Critical Safety Function AP1000 SMART NuScale i—-SMR
Reactivity Control gis [ -RPS(No ATWS) IR
-CMT

RCS inventory control

—-Accumulator(for Large LOCA)
-IRWST(w ADS)
-CVCS(Manual)

-CMT(w SIT) & Recirculation p
ump

-No ECCS Injection(RVV/RRV)
—-CVCS(Manual)

—-No ECCS Injection(EDV/ERV)
- MMPS & NRHRS(Manual)

Decay Heat Removal

-PRHR(in IRWST)
-STUP/Main Feed Pump/RNS

—PRHR(in ECT outside CTMT)/
CCW-SCS

—-PRHR(in Rx pool)
—CFDS Flooding

-PRHR(in ECT outside CTMT)

RCS Pressure control

—-ADS

—-ADS

-RVV

-POSRV

Containment Cooling

-PCCS(w steel CTMT)/IRWST
Flooding

—CPRSS(ECT cooling), Back-u
p spray

Rx Pool

-ECT(PECCS)
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i Passive Rx Accident Mitigation System Comparison
Critical Safety Function AP1000 SMART NuScale i—-SMR
Reactivity Control gis [ -RPS(No ATWS) IR
-CMT

RCS inventory control

—-Accumulator(for Large LOCA)
-IRWST(w ADS)
-CVCS(Manual)

-CMT(w SIT) & Recirculation p
ump

-No ECCS Injection(RVV/RRV)
—-CVCS(Manual)

—-No ECCS Injection(EDV/ERV)
- MMPS & NRHRS(Manual)

Decay Heat Removal

-PRHR(in IRWST)
-STUP/Main Feed Pump/RNS

—PRHR(in ECT outside CTMT)/
CCW-SCS

—-PRHR(in Rx pool)
—CFDS Flooding

-PRHR(in ECT outside CTMT)

RCS Pressure control

—-ADS

—-ADS

-RVV

-POSRV

Containment Cooling

-PCCS(w steel CTMT)/IRWST
Flooding

—CPRSS(ECT cooling), Back-u
p spray

Rx Pool

-ECT(PECCS)
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Generic HRA process supporting PSA (1/3)

Information source
Operation experience
Full scope simulators
Laboratory experiments
Interview with operators

Expert knowledge

4

**NHEPs

HRAData .o multipliers

=

1

Accident scenario
analysis

v

HFE identification

3

v

Feasibility analysis
(Screening)

Task analysis

5

v

HEP quantification

v

ntegration with
PSA

lIF a specific HFE is significant

* Required subtasks for each HFE
* Information on task environment
* Expected human error types

AT T 1LE Risk Assessment Research Division



Generic HRA process supporting PSA (2/3)

= HEP quantification

n
HEP ~ HEP(nominal) X ﬂPSFi
i=1

Representative HEP of a given task;
corresponding to an averaged value of
many HEPs for an identical task, which
were obtained from diverse different
contexts with ordinary/standard humans.

Effect of each PSF
(Performance Shaping
Factor) on the probability
of human errors is
multiplicative.

Participants Text Entry Metrics
Text Entry Error
Methods Ret Expertise | # | Correction E”"’.” Error WPM
.. Metric | Rate
Condition
[15] | Average | 11 None ER 1.80] 64.80
QWERTY [16] | Average [ 14 |Recommended X x | 86.87

PSFs PSF Levels Multiplier for
Action

Available Inadequate time Pifailure) = 1.0 [ ]

Time Time avalable 15 = the time required 10 ]
Nominal time 1 J
Time available > 5x the time required 0.1 1
Time available 15 > 50x the fime required 0.01 ]
Insufficient Information 1 D_

Stress/ Extreme 5 ]

Stressors High 2 [l
Nominal 1 Cl
Insufficient [nformation 1 L]

S e e i

Risk Assessment Technology Research Division



Generic HRA process supporting PSA (3/3)

W—“‘"‘“‘" e ¥
- i T ey | B

!

<

2 2222
Risk model

' (ETs or FTs)

HFE (Human Failure Event)

* Conduct of operation

' * Procedures

Catalog of subtasks (actions)
* T,: Monitor alarm A

* T,: Turn on component B

* T5: Stop component C

N

Quantification

Experience  Simulator experiments

Nuclear Power Plant
Operating Experience

Human performance data

Nominal human error probability
Performance Shaping Factor '

v

n
HEP(T,) = NHEP(T)) x | | PSF,
A “,l",l=1
HEP(T,) = NHEP(T,) X PSF;
J & “i=1

m
HEP(HFE) ~ » HEP(T))
=

AT T 1LE Risk Assessment Research Division



Potential human factors issues in SMRs (1/3)

= One of the biggest challenges affecting the performance of
human operators in SMRs is to manage MULTI-MODULES
in a simultaneous manner.

ld 7 .

SO8|_SUX|SHTS|T|  —

Sy - "y — -
R0CE T EREE

https://WWiw.youtub&-com/watch? /=9W
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Potential human factors issues in SMRs (2/3)

" Nuclear Technologfbekpment and Ecgnomics
2021

Small Modular
Reactors: Challenges
and Opportunities

Nuclear Safety
2023

CsNi‘Technical Opinion
Paper No. 21

Research Recommendations to
Support the Safe Deployment
of Small Modular Reactors

KAERI/TR-10318/2024

SMR 2Hatz QIEsis FHot o
OEANTAS BT 2M 7| WL o=

Human performance issues in an SMR operation environment and the
status of reliability analysis techniques for passive safety systems

%f) SrRAUX|EE TR
KAERI® bmi:ai;';hﬂ\m':

@) 0ECD Cynea *
| AT 7 Risk Assessment Technology Research Division




Potential human factors issues in SMRs (3/3)

—

vucear sy P | | 1. Application of defense in depth with
passive safety systems/features

2. PSA for innovative/FOAK designs

3. Investigation of emergency planning zones

CS W Technical Opinion (EPZs) and emergency response

requirements for SMRs

Pa er No. 21 4. Fuel safety of SMRs

| Table of contents . Human factors (e.g., remote operations

and multi-unit/multi-module plants)

Y A 6. Multi-unit/multi-module design aspects to

1 determine the impacts on safety including

v shared systems, adjacent unit/module

e accidents and common mode failures

Ul

List of abbreviations and acronyms ...l 9

Chapter 1. Introduction and background...........oooviinncninniflu s

Chapter 2. EGSMR asSeSSIMEeNt PrOCESS ........cinriemumisessssinassessgflesisssinssassssss iessssss ssss st et ssssassens

Chapter 3. Analysis of SMR deployment survey ....
3.1. Prerequisites - Technologies ........ccccvnns

33 Knomidgs v rremmonts o 7 o 7. Safety and security aspects related to the
34, Graded approach. sl s s s srssessnnss 2.1
Lo B transport of fueled nuclear modules and
ap er 4. ‘eas ol Interest an suggeste ac ns
+1 Ol #1: Regulstory hamonisation. -2 transportable/floating nuclear power plants
4.2. | AOI #2: Cross-cutting safety issues. 25
4.3,  AOI'#3: Expenimental campaigns... .28 1
e - 8. Interconnections between SMRs and
L. O nformation oo associated process applications (e.g.,
Chapter 5. EGSMR future fforts 25 hydrogen production and heat generation
@,, OECD OTICIUSIONIS ...ttt et oo e ems e e et s st et e emes s ssemsssam s enseses s eesnmnssemns amsean saenssas st mrssemssares a7 process)
BETTER POLICIES FOR BETTER LIVES RE{EI’EHC - S PP 19
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Challenge: human performance data collection (1/2)

Information source

Operation experience NO for SMRs

Full scope simulators Few simulators

Laboratory experiments Q

Interview with operators | Not available

Expert knowledge Uncertainty

A lack of available
information sources




Challenge: human performance data collection (2/2)

- - - - Experience  Simulator experiments
@ iISMR risk model
Human performance data
HFEs Nominal human error probability
Performance Shaping Factor

@ * Conduct of operation =

* Procedures HEP(T,) =|{NHEP(T;)|Xx PSTS
4 1j—=1

Catalog of subtasks (actions) _ \

* T,: Monitor alarm A HEP(TZ) - NHEP(TZ) & 1 “i=lPSFi

* T,: Turn on component B LG
* T,: Stop component C ! HEP(HFE) ~ z HEP(TJ-)
NN Quantification =

AT T 1LE Risk Assessment Research Division 1 1



Strategy to collect

| ‘ human performance data

N

-



Promising resolution to secure HRA data (1/2)

*Nominal HEPs =" PSF multipliers
= Reuse existing NHEP values = Need to rescale existing values
from available database * Need to determine the multipliers
= HUREX (Korea), SACADA (US) of unique PSFs in an SMR

environment

Experiments are
indispensable.

Experiments for | Experiments for
rescaling determination

Which PSFs should be considered
for the determination (or rescaling)?

AT T 1LE Risk Assessment Research Division 1 3



Promising resolution to secure HRA data (2/2)

=" Two strategic movements could be taken

Representative HF/PSF issue already available/mentioned

HF/PSF category reclassified

1 [Cues and instrumentation availability Workload 5
2 |Procedures/administrative control (availability and quality) | |Simultaneous goals/tasks
3 |Training and experience level Staffing and resource availability £ . ¢
4 |Task complexity Team/Crew dynamics - xzertlmer.ItS t?r
5 |Ergonomics/HMI (Human Machine Interface) quality Design characteristics of PSS/AS e
6 |Team/Crew dynamics (cooperation/communication) Task complexity 1
7 |Time available/required (including time pressure) Task type/attribute
8 |Working environment (temperature/humidity) Cues and instrumentation availability
Need f ial tools, parts, and outfit Time available/required )
9 |Nee . or. special tools, parts, and outfits e / q. Pl =D aee
10|Special fitness needs Training and experience level e
11 |Accessibility and operability of equipment Ergonomics/HMI quality AL
s ; D yo e — data with respect
12 [Task type/attribute Procedures/administrative control )
; , - to proceduralized
13 |Workload (time pressure and stress) Working environment tasks
14 [Simultaneous goals/tasks Need for special tools, parts, and outfits .
. T — (Task Complexity)
15 [Staffing and resource availability Special fitness needs
16|Plant policy (and safety culture) Accessibility and operability of equipment
17 |Passive safety system (PSS) and automation system (AS) Plant policy (and safety culture) Out of scope

Reclassification (

the

sensus of experts)

el &3 E7IA1 R

Risk Assessment Technology Research Division

14
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1. Rescaling case
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Experiments for rescaling (1/3)

PSFs PSF Levels Multiplier for 1. Expose subjects to
Action . .
different operation
Available Tnadequate time Pifalue) =10 1] | | environments
Time Time available 1s = the ttme required 10 [] y) Compa re two sets
Nominaltime [ 1l L]
Time availsble > 5x the time required | o1 0] | oftask performance
Time available 1s = 50x the time required =~ | | 601 L1 : :
Insufficient Information 1 []]| timesobtained

from experiments

with respect to task

complexity scores
3. Rescale PSF
multipliers based
on comparisons

Single module
(unit) operation

16
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Experiments for rescaling (2/3)

Bapd HE - - HAWE -
/PSF category reclassified M= : 1% B 2% HZEAY AFM
- ul 201 = I PERM S S o
Workload
Simultaneous goals/tasks A deas 2 =2 S2EA ERIAN

Staffing and resource availabilit
g y [mol] o 2 51 A4=7] £ Ae/D0] HHEICIE, ESF 71719 25 7150

Zest £5 0.
O RCS = A& ZU/ei.
oie] ReS 2fElo] HlojS= AefoflAf 15 ka/cn? O/8F (FSE7] 8iF ]
23 ko/ent O/BHS= ZI28/0, RCSH Y3t+= Z=817] #i80
RHR EIEZE $E508 Ff7[S8jof Zicf.

Team/Crew dynamics

P 4 AL
gr Naracter ’ oof PSS/AS

complex
Task type/attribute

ues and instrumentation availlability

De

Proceduralized tasks
(procedures)

Ta

*8.0 RHR PPE HXIsiof 3H=X
gl

81 RCS == AT

Time available/required

Training and experience level

(1) o=

Ergonomics/HMI quality

() 99

15 ka/cnt 0|4 (HLE7]
HIMAA] = 23 ko/em” O14)
2Hy EE 871

Procedures/administrative contr

Working environment

Need for special tools, parts, and

Special fitness needs

Accessibility and operability of e

Plant policy (and safety culture)

The com

Reliability Engineering & System Safety

Volume 100, April 2012, Pages 33-47

Model-based identification and use of task
complexity factors of human integrated
systems

Dong-Han Ham ® 2 &, Jinkyun Park , Wondea Jung ®

plexity level of a proceduralized task c

quantified based on TACOM (Task Complexity) measure
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_TACOM (Task Complexity) score quantification

Tl IF  pressurizer pressure is less than 123.9kg/cm?A, P — ok
to be done THEN verify BOTH safety injection actuation signal (SIAS) - Calculating the value o . N
and containment isolation actuation signal (CIAS) are actuated. \ ) . ‘.-"A'h..t
Abstraction hierarchy levels PN TN N SN
\ AT ATy | [ ATy | [ AT
1. Calculating the value of SIC Dewuatior. . bl o abetly Lion hieturchy Qu.lnmz:'nngl-:ga . e ol il
. value
AT, SF (system function)] based on /_l'_\
AT CF (compaonent function) abstraction T
Required information to accomplish a given task | ) oy AT3 CF Hierarchy graph S
Designation [ Meaning Type Quantifying the A AT, CF (AHC = 3.170) v v v
I, The value of ‘Float’ value of SIC w e [.' N,
pressurizer pressure based on | CF J '._':F /.' \ oF AN cF )
I The status of SIAS ‘Array’ of information e e e e
alarms ‘Boolean’ 5:2;?‘-"; gr;'ﬂh L{ d 2
I3 The status of CIAS ‘Array’ of =3 " il
alarms “Boolean’ e {..T..\. 4, Calculating the value of EDC l_\Tas'f__
 F L8 ]l B . P e,
e e P\ Engineering decision levels ) ,4/\_}
P “ 7 L
p— Designation | Level of engineering decision Quantifying the ‘ AT, | ATz | [ ATy [ .hT.\I
2. Calculating the value of SLC and SSC _ ._’Task | \ AT, ED-1 (the first level of va;:‘c:lf::c o A
. - - - g p * 4 engineering decision) engineering
Required actions to accomplish a given task .y . AT, ED-1 Decision graph
Designation | Meaning Quantifying the | ATa | H.\ ﬂT«/' AT ED-1 {EDC = 2.281)
AT, werifying pressurizer prassure value of 5LC + i AT, ED-1 ,.-!-,\ A e
AT, \erifying the status of SIAS and S5C (ep-1) (Ep-1) (ED-1) [ED-1)
AT, \erifying the status of CIAS based on (o) AN RN AN
AT, Proceed to the next task a“h“f;r:mre L
(5L€=':.922, T 5. Calculating TACOM score
SSC = 2.322) {ar TS = 2,929, TR = 2.058, TU = 2.281
L, TACOM = 2.659

Sub-measure  Description

S E Gl E G B Complexity due to the amount of information to be "
complexity) processed by human operators TACOM = {(0.621 "ES]2 +(0.239 '"l:‘R]2 +(0.140 '"l;U)Z}
SSC (step size Complexity caused by the number of actions to be § i i
complexity) conducted by human operators
SLC (step logic Logical complexity originated from the sequences of actions :
complexity) to be followed by human operators TS= 0.716 SIC + 0.284 *SSC
AHC (abstraction Complexity resulted from the amount of domain knowledge

WEEEN AL D138 to be considered and/or required by human operators

EDC (engineering Complexity varied with respect to the amount of cognitive

decision complexity) resources to be used/required by human operators

AT T 1LE Risk Assessment Research Division 1 8

| TU = EDC
TR= 0.891SLC + 0.109 ‘AHC




Experiments for rescaling (3/3)
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Task Performance Time

200
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",”f {J‘

TACOM score

1600

1400

Need ¢
rescaling .

1200 A ®
g 1000 L .~
= e o°
g 800 '; .."

.§ 600 .. '
g 9% I " o°®
~ 400
TACOM = X.X sy
200 e : ® ..J
. e u % °
3 4 5 6 7
TACOM score
Response
time data

PR

Risk Assessment Research Division

19




A

2. Dedicated
experiments



Promising strategy: Use existing simulators (1/3)

% tecnat -

p N7y 53 = e
—JAE EEE -----
Iu Home C “‘ o ',V\_ L / - 2 s

S @ Q
L.
[
2122

Conduct a series of experiments after establishing a multi-
module control environment with available simulators

e[ A3 @75

Risk Assessment Research Division
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Promising strategy: Use existing simulators (2/3)

= [FE (Institute for Energy Tech.) =INL (ldaho National Lab.)

= Established SMR simulators in 2021 = Human System Simulation Laboratory

by integrating 6 iPWR simulators (HSSL) originally built in 2012 to

. . support control room modernization
= A series of experiments have

conducted with US operators. * New HSSL-2 is being built (2026) for
advanced reactors including SMRs.

= Human performance data will be
collected for multi-module operations.

= Additional data collection campaign
IS undergoing.

AT T 1LE Risk Assessment Research Division 2 2



Promising strategy: Use existing simulators (3/3)

" A large number of experiments = Experiment facility was

to investigate the performance : S
of human operators in the iSMR developed by integrating

operation environment. four CNSs (Compact Nuclear

= Four modules with 2 reactor Simulator)
operators (ROs) and one shift = Westinghouse 3-loop PWR
supervisor (SS)

- Two modules per operator = Partial-scope simulator for training

= Emulating the primary, secondary,

= Two display screens per module \ ,
electrical systems and containment.

2| ATH7HPE Risk Assessment Research Division



Experiment overview (1/2)

=Objective

= Experimentally Investigate the multiplier of each PSF under the multi-
module operations for SMRs

Controlled variable (PSF)

Description

Condition

Number of abnormal
modules per operator
(AMO)

Number of modules assigned to operator what
are in off-normal conditions.

* 0.5 module/operator
* 1.0 module/operator
* 2.0 modules/operator

Homogeneity of abnormal
conditions

Whether the operator should have different
mental models or not. For instance, in case that
accidents occurs in two modules controlled by
one operator and the accidents are different, the
operator should apply "different mental models"
to each module for the mitigation.

 Different or Identical
(This condition only appears
when ‘Number of
modules/operator’ is 2.0.)

automatic system

operator can recognize status of automatic
systems (e.g., alarm or indicators)

Surveillance Whether there is a supervisor who can monitor |* Yes or No
the operator's performance, and detect and
recover errors
Supportive HMI" for passive |Whether there is any information with which the [* Yes or No
system operator can recognize status of passive systems
*Human Machine Interface (e.g., alarm or indicators).
Supportive HMI for Whether there is any information with which the |* Yes or No

el &3 E7IA1 R

Risk Assessment Technology Research Division

\
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_Number of abnormal modules/operator (AMO)

Abnormal

Normal

Normal

Normal

1 off-normal mudule \

&

2

Abnormal

Normal

Abnormal

Normal

2 operators

2 off-normal mudules -

&

2

Abnormal

Abnormal

Abnormal

Abnormal

2 operators

4 off-normal mudules \

2

2

2 operators

o Fades BT P % B Risk Assessment Technology Research Division
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_Homogeneity of abnormal conditions

LOCA

Normal

Normal

Normal

.3

.3

RO1: Single mental model for an
off-normal condition

RO1 and RO2: Different mental models

with two off-normal conditions

SGTR

Normal

ESDE

Normal

LOCA

SGTR

SGTR

ESDE

.3

.3

RO1/R0O2: Single mental model
for individual operator

RO1: Homogeneous (similar)
mental model
RO2: Different mental models

.3

.3

LOCA

LOCA

SGTR

ESDE

.3

el &3 E7IA1 R

Risk Assessment Technology Research Division
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Experiment overview (2/2)

=iSMR setting: 4 modules managed by 3 operators

=Performance measures
= Primary: Number of errors observed, Task performance time
= Additional: Workload, Situation awareness, Eye tracking

= Accidents/Transients
= LOCA, SGTR, ESDE

sSubjects

= Graduate/undergraduate students

* Limited number of control room operators worked in real NPPs
=sExperiment facility

" Integrating the four modules of CNS

= Three facilities are in use now.
* KAIST, UNIST, NESS

e[AIHI|H Risk Assessment Technology Research Division 27



_Experiment facility installed in KAIST/UNIST

e——— Module4

L

S 2. | Reactor operator #2
Reactor operator #1 L5 -

AN 5 = . | 5

Instruction B "

-

—




_Experiment facility installed in NESS

Instruction
Station

 Video recordings of each HMI" screen with the responses of subjects
e (Questionnaires after experiments

 Observation notes
*Human Machine Interface

o Fades BT P % B Risk Assessment Technology Research Division 29



Experiment status (1/2)
100% = 252 experiments

Collection

Phase 3
by Aug. 2025
75%
Phase 2
60% by June 2025
40%
Phase 1
20% by Dec. 2024

Analysis
Phase 3
by Nov. 2025
Phase 2
by Sep. 2025
Phase 1

by July 2025

AT T 1LE Risk Assessment Researc h Division
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_Experiment conditions (simulation cases)

CASEID | M/O SS MM HSI_PSS HSI_AS M1 M2 M3 M4
1 0.5 YES DIF original_pss original_as LOCA Normal Normal Normal
2 0.5 YES DIF original_pss original_as SGTR Normal Normal Normal
10 0.5 NO DIF supportive_pss supportive_as LOCA Normal Normal Normal
11 0.5 NO DIF supportive_pss supportive_as SGTR Normal Normal Normal
12 0.5 NO DIF supportive_pss supportive_as ESDE Normal Normal Normal
37 1 YES DIF original_pss original_as LOCA LOCA Normal Normal
43 1 YES DIF supportive_pss supportive_as LOCA LOCA Normal Normal
49 1 NO DIF original_pss original_as LOCA LOCA Normal Normal
61 1 YES DIF original_pss original_as LOCA_SI LOCA_SI Normal Normal
145 2 NO IDN original_pss original_as LOCA LOCA SGTR SGTR
146 2 NO IDN original_pss original_as LOCA LOCA ESDE ESDE
147 2 NO IDN original_pss original_as SGTR SGTR ESDE ESDE
157 2 YES IDN original_pss original_as LOCA_SI LOCA_SI LOCA_SI LOCA_SI
158 2 YES IDN original_pss original_as SGTR_SI SGTR_SI LOCA_SI LOCA_SI
159 2 YES IDN original_pss original_as LOCA_SI LOCA_SI SGTR_SI SGTR_SI
175 2 YES DIF original_pss original_as LOCA_SI LOCA_SI SGTR_SI SGTR_SI
176 2 YES DIF original_pss original_as SGTR_SI ESDE_SI LOCA_SI LOCA_SI
193 2 NO IDN original_pss original_as LOCA_SI LOCA_SI SGTR_SI SGTR_SI
194 2 NC IDN original_pss original_as LOCA_SI LOCA_SI ESDE_SI ESDE_SI
195 2 NO IDN original_pss original_as S5GTR_SI SGTR_SI ESDE_SI ESDE_SI
202 2 NO DIF original_pss supportive_as LOCA_SI LOCA_SI SGTR_SI SGTR_SI
203 2 NO DIF original_pss supportive_as LOCA_SI LOCA_SI ESDE_SI ESDE_SI
243 2 NO IDN original_pss original_as SGTR_AFW SGTR_AFW ESDE_AFW  ESDE_AFW

2 NO IDN supportive_pss  original_as LOCA_AFW  LOCA_ARW SGTR_AFW  SGTR_ARW

]

NO DIF SGTR_AFW  SGTR_AFW  ESDE_AFW  ESDE_AFW

[L: 244
o Rt BT g e = Risk Assessment Technology Research Division 3 1

supportive_pss original_as




Experiment status (2/2)

"Preliminary results from Analysis (Phase 1)

*Both AMO and Homogeneity significantly affect the
performance of subjects.

*Nominal HEPs and PSF multipliers will be determined

based on experiment results.

UA™ Recovery | Recovery rate Averaged UA
0.5 10 8 0.80 2.50
AMO 1 59 7 0.12 3.28
2
b | LOCA 10 4 0.40 2.50
AS ng;’:‘s ESDE | 38 6 0.16 2.92
SGTR 23 15 0.65 2.56

“Unsafe act (Human error)

PR

Risk Assess ment Researc h Division
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D AEoZ =2 Tt > Mo ofst

Containment
Atmospheric
- Dump Valve
Detall A Containment Spray Header Main Steam
Safety Valve,
=3
POSRV
Downcomer
IRWST: Feedwater
Control Valve
12}
Filter Steam Pressurizer Steam
Generator 1 A Generator 2
i
lon Control Rod % 3
Exchanger Letdown Safely Economizer
Orific: Reactor » S\ Injection | Feedwater
Letdown Vessel / Tank Control Valve
Heat
Exchange
Volume D‘ﬂ
Control Tank 1
Auxiliary React
Charging Detail A Coolant vy
Pump = In-Core Instrument | Pump ~ Safely
Regenerative Injectior %)
< Charging Heat Exchanger Reactor Tank
Boric Acid Control in Tank o OV
Make-up Val l Shutdown Cooling
Pump Ve ! Heat Exchanger
IRWST] SC Pump I'E1
BAST PO
W
Train A $! Pump
b= Containment Spray
ontainment Spray Pump
Train A
'———>Train B scg‘-mp '-n—o Hot Leg
e Traiin B
KHNP, APR1400 Design Control Document, 2074

https://ismr.or.kr/sub/technology
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I-SMR2| I| SHHA|S: PAFS

I PAFS (Passive Aux. Feedwater System)
2 Xteiasts S6lf RV-SGOllA THE S H|A

N N

\
=

S.G. Lim, Nuclear Engineering and Technology,Volume 57, Issue 10,2025




i-SMRE| I| St A|S: PECCS+PCCS

§ PECCS (Passive ECCS) + PCCS (Passive CV Cooling System)
2 HAQUKIO|0]| O[Tt LKA + Xjei2St0] O/3t CV 2|7
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2L MEIAKIE TSOHHAE (1/3
§ sALUS-100

2D PDHRS (Passive Decay Heat Removal System): &7| Xt¢d

A —_
=2t
. s hot air
g : hot air out z P TR 1 .
Rotating Plug _~—Containment Vessel = ) A Expansion
v/ xpansion  (zm ; tank
| — _—Reactor Vessel 4 an
Reactor Head — -ﬁg tank : ¥ @
o P E ——Inner Vessel i
Shielding Plate -~ A
l o “\v 3
Reactor Vessel — ALIX Sl
Inner Vessel —1+ uis JHX ' lepx
cold air in
& coldairin Yeold Na |
DHX N out
Cold sodium ADHRS EMPA" Blower | PDHRS ’
\ pool e [ ==
i Hot sodium bool F cold Na out
Core Restraint Middle P Py P Il
primanl | ||| 111]] wor Voseo) i @ rms| L v M
Core Shroud i i g ) d
pump R(éa. 7 (Conical shape) A Horizontal section view ws @ : oHx , Inner Vessel
Internal Pipe i"cm?l — @
e <« Vertical section view
Core Support Inlet Pt
DHX——— O 8/ — > DHX
Fig. 7. PHTS arrangements for SALUS-100. b / 7 \ [}
Ref. Nuclear Engineering and Design 420 (2024) 11299

Fig. 9. General Concept of DHRS arrangements for SALUS-100.




LY MEIYXZ O SOHHAIE (2/3)

I VHTR (Very High Temperature Reactor)
<D Air-Cooled RCCS (Reactor Cavity Cooling System): 27| Xt z=3t

0

(40H)
4148

0x

gxg s
AIR OUTLET
s iy = A 10
— — 3= Hol B PSHE
- FHAC
—» RCCS
HAZUHED
AIRINLET 7| [T
—_—
4 HAZ 82|
-85 RE
- ZYHE =d
= A BARA
e i
L
ouTLET bucTS ouets
A2 e
COOLING PANELS
Ref. Schematics of air-cooled RCCS, Ref. VHTR IS0 9I2| DAIE KAERI 2015,

KNS, KAERI, May 2012. and ANL/NSE-21/3, 2021.



2 MEIQIXIE I SOHIAIE (3/3

¥ K-MsR
2D Freeze Valve

10

Generator

Turbine Electric
Power

1 : Instrument Chamber 14 : Steam Generator

2 : Fuel Salt Drain Tank 15 : Coolant Salt Drain Tank

3 : Fuel Flush Tank 16 : Freeze Valve
- 4 : Freeze Valve 17 : Coolant Salt Pump
o 5 : He Bubble Generator 18 : Freeze Flange

6 : Fuel Salt Off-Gas System 19 : Isolation valve

7 : Helium Supply System 20 : Power Conversion System

8 : FSS Support Structure
77777 9 : Overhead Crane

10 : Double Containment

11 : Water-Sand annulus
12: Radiation Shield Structure
13: Maintenance Hatch

Ref. KNS-257-Sanghoon Bae, KAERI, May 2024.

Ref. MSR 7HE/ =, KAERI, 2023.




=2| SMR/AR I|SQtMA S #=t (1/2)

I NuScale

2D Decay Heat Removal System (DHRS)
<D Emergency Core Cooling System (ECCS)

I Natrium

<D Reactor Air Cooling (RAC)
2D Intermediate Air Cooing (IAC)

seuamo B - c b 1T s
o % '8 RAC Heat Removal
b4 x = Passive Cooling and Always On
REACTOS j‘\
T -
_
‘ ' Intermediate Sodium Loop
e } IAC Heat Removal
T\\ ; \ ! ‘ +« Normal Shutdown Heat Removal Path
\ | — |4 - Passive Cooling
. ‘ « Air-Cooled via Forced or Natural Draft Flow
N2/, e
. 100_r0




=2| SMR/AR I|SQMA E #=t (2/2)

§ BWRX-300 B Xe-100

<2 Isolation Condenser System (ICS) 2D Reactor Cavity Cooling System (RCCS)
<D Passive Containment Cooling System (PCCS)

Header

Upper Header
) > fif | Graphite reflector

YYYYY

Lower Heador

2 Pebble bed

Steam Ge
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Q.Wang, Numerical simulation of TH
characteristics in a closed loop NC system, 2019



IOt AHE: 5H2 L=

O L— L ~ e |
I =234 259 I =sextol 152 I noas s
<D SMART100 CMT/SIT <) i-SMR PECCS < i-SMR PAFS
(cv N
) i
RV PAFS line ECT
ant t L
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s AN J
SMART100 EEAAQI7t XM
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= 1.0E5 [N/m?] = 1.0E4 [N/m?] ~ 3,000 [N/m?]
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I|SCHHAE: 7|sMA40Y (Functional Failure)

J mEAEe 71sHA Y N stress-Strength 24

Load-Capacity Diagram

>

Plant parameter

dl Stribution Stress-Strength Interference Model
EENEERNEeg,, / 0.040 = Strength Distribution
! f = Stress Distribution
."I Failure Region
ll.u' 0.035r
Ty 0.030

!
EEErEm |
.?'l. "y

I
/
.u

"
- / ...*a-
- ‘e,
ol ]
¥

Probability Density
o o o
o o o
- N ~N
(%] o w

probablllty for

‘e, 0.010+

he mission failur > 0.005

T)E: ’C 0.000
(l) 2‘0 4\0 610 8|O 160 12|O 1210

. . . . . . Stress [ Strength
LBurgazzi, Functional failure analysis of a thermal-hydraulic passive system,Nuclear Technology 144(2), 2003

representative plant parameters
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OEHAE 182 i
(Failure Mode and sis)
4871E 24
P 31 ter 1
Run-001
—— | Run-002 I M @42 g4 A
Run-003
4 :
Montecarlo
Sampling
Run-xxx
Parameter o TH d
) code
Run-001 Fc, - 0K EaA Y Gelew I
Run-002 FC, - Fail (Monte Carlo simulation) [ waws gy [ Ao A
FCl|l=——m (<105 Run-003 Fc, — Fail I
sie :
Run-xxx FC, — OK ISUHAE X U E B
p Number of Failure
faill = Number of Sampling
*Results of a Demonstration Assessment of Passive System Reliability Utilizing the Reliability
*Application of REPAS Methodology to Assess the Reliability of Passive Safety Systems, Method for Passive Systems (RMPS), Argonne National Laboratory, Matthew Bucknor et al.(2015)

\_ Nuclear Research Group San Piero a Grado, Franco Pierro et al.(2009)
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Wilks FormulaZ O|Z%t Threshold

D HstEl AlB01M 22 ME|E U= AES LI 4 U= 54| 71

05% M= |22 95%E XY

Oof
rir
S
0
ne
I
HZ
inl
B

Target Failure Probability Success Coverage (CP) Simulations Required
1.0E-2 (1%) 99% ~299

1.0E-3 (0.1%) 99.9% ~2,994

1.0E-4 (0.01%) 99.99% ~29,960

1.0E-5 (0.001%) 99.999% ~299,600



I-SMR L34S AE|=B71 A=

» i-SMRe| I|sA|E: PECCS, PCCS, PAFS
v’ Transient, SLOCAO]| CHSHA{ ©F 7FX| 4] EA = 3
v PECCS + PCCS 24 /| PAFS &4
v’ Failure Criteria
« PCCSQ| EX|HY, ECTE St EX|HZFO0| £HE CHH| x % O[3}
« CV & ~ 50 bar
= i-SMR2 O}zl two track= ZIH
v RMPS &/ HE23 7|89 Z meta model (DL or GP) + Adaptive Sampling= At
v Wilks formula Z7|8F 30,000 M3l S S8l 1.0E-4 S EH
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- A LOCA Bl LUA(HXE 87| BHER 2 -CRDM, IC| & Ct&et A% LOCA 112
A 29 87(8AY: 50712) e |08 2AEEAY 57T
SIS AL W s TETE s AUe MaE W BEAS
TEREE SEoEAS
IEREXIFAS(ECT & Z2He) - SEERIFHE@Pump, 2AFWT, BEAH])
ISOIHEUAEQ WEYS, 2 e - 5SS FEYH S(@Pump, RWT, 2Z4H|)
ISR 7| YA S(ECT & Ha|uy) oipine || SSAEUBURE Pump, 20 B LH)
—_ = o
AMH| TA
sxMH Mg 2T =&d8 B
o et o et o - PES QS HAASRR/AF HY)
B Ee T eEE s 7171 27 RAIE A BIIZIAS
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Mgt A 4| (EAB: Exclusion Area Boundary)
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HEALMH| A A2l 1A (EPZ: Emergency Planning Zone)
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HEALMH| A A2l 1A (EPZ: Emergency Planning Zone)

« HXATHALEALS| AT H[STH O 2ok 778 [AlH 2022. 12. 29]

= o 2 A|AdIEH HEALA AtAHl 2 A XX A X 12
[B2E 1] HXHAZE A SA= TS 7| 2K FR 3= 2E)
(M3 1]
ATIEAAE FAMHIAAHEFIY JIEXH (A3 d)
S # 9 « SMR2 AT&O0| OfL|H 100MWE
ARz e |(AFEsedAgeed| KNS\ S 2= W8 /X2
| 151 NS 71 IR=AT] A} ” - =
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g0l A a7 W ek 5a=vd | — O] NRCE 10 CFR50.160° 414 3! 50.33
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AT A3 "W o tE A o » 10 CFR 50.160: Emergency preparedness for SMRs, non-LWRs,
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Aerle > RG 1.242: Performance-based Emergency Preparedness for
1 uto] AxpE AR e B2 77 SMRs, non-LWRs, and non-power production or utilization
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O] = HEF 1 - %R (CFR: Code of Federal Regulations)

»= CFR (Code of Federal Regulations)

- O g @22 Ot 2010 24 178 HMA|
_ ofudF M=ol ZF 2 Ol 7| 2o A LSt D E SiA AN A Hobs

rlo
Okl
1z
Mo
x

50702] M= (Title) 22 &5

- 2 Hl=2 &3 20k II%

» Title 10: Of| 4 X|of| 2t M

y Title 21: A E U oFE 0t A= 7

- 0= GYR0| 2Xz 2dE = A= MEH EXet 7|8 HS

<
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O] = HEF 1 - %R (CFR: Code of Federal Regulations)

= 10 CFR (Title 10 of the Code of Federal Regulations)
* Title 10: Of| A X| 2tH 7
=22 A ESIALI A AE2E 2
el A0 A58 A=A
-F 2 0j=5 X ™ 2 &A=2(NRC:
Nuclear Regulatory Commission)2f
0| L4 X[ & (DOE: Department of
Energy)/t 2ot &1} 8 28
- AKXt o X|Qf PtMSt Ml Q=
AMEE BEHSHY| 2lsl BHS01T
- Part 1~1992

.oH

> 172~199 (Reserved): SiMl= EX A HE
ZotohK| o, Oj2jo 2ed 42 M2

2 8S FIotA L GHOIEY = UEE

H| & &
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(0)
=

SECcY: &2 E ¢t Y

RG: 'FM‘” i %
NUREG: & &

=
=]
H A
I

=  SECY (Commission Papers)

. 82 2% NRe & A S0| 928 (commission)Oll FRE HM, R EE WY SHE BISIHLE HQSHE LR 24

- £%:
- FEZYMEY, A MY, 207 ELAELE
- FlEEe Sels Y| P S M EME AE
- CH&: NRC RIRZ(LHFE)

* RG (Regulatory Guides)
o F8 ZF:NRC/t A XS A 78 &4 Slct T LS MSH7| /e X EAM

. EX.
- O.
- BN FEEHO| SR, Al CHRKOf: RIXHE A2 2B Xh7ENRe| 7ITHE O35t O] E =E & AEE &= 9
- 8 = YR oAt 2 A E HE
- Oid: BXE A2 2ER, 20| A ERAL S 2 & Ols 2t A Rt

= NUREG (NRC Publications)

« FRESH:NRCZLET, 2 Y X 252 A6 SR E SMots sS4 =
. EXI|.
= O.

M, 71& 2M, M 24 X 7|Ef A 23 HE I ZoHE
=0|1 55 X O[S 2AXIAH EEE HS

o LCH&: YutCHE, MY BARXL A S

« H|Z1: AEC (Atomic Energy Commission) A| B 0f| = wAsHEl= XA E AHESH7 | = &
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Mlet+< A A (eaB) / H| A A =2l 1 H(Epz) 7 2 & A}

= 1950 WASH-3 (Summary Report of Reactor Safeguard Committee, U.S. AEC)
+ Hanford siteS 7|HIO 2 6}0] K|S A AHA S 7| et
= 0.01V/P

- R (Exclusion distance): O| 2L} 7177t 2 HE2|O| Mo AFE Mg =+ QS
- P °_|x|-§o| E1 [kW]

= 1962 10 CFR Part 100 (Reactor Site Criteria) T mfond it

« XNt (Exclusion area)
- AP D2 HASO| =Z 0 At F 24| 2H SO o2 AA| M| FRO|A O F = LA
MM MZFO| 25 rem (250 mSv), L4 ZF0] 300 rem (3000 msv)S E1He 2217t U= XS
X 21 X| L (Low population zone)
- M= HAS0| =50 WAMS EEO| X7t E A7 S 22 AA MY FUUOA O|=E =
AR M FF O] 25 rem (250 msv), ZH&F4 20| 300 rem (3000 msv)= =1t 227t U= XY
o O|IY77tX| & Epz XY

- SCHAtD = EMSHK| Zo i, A A 7| ZF AP (DBA: design basis accident)= LPZE &&= 0tCH= &

= 1975 WASH-1400 (Reactor Safety Study, U.S. AEC)
- A0 285 E SUAILIF Yo THs M ol
4
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Mgkt H3 4 (eas) / Hl S A =l H(epz) 2’8 2| F AL

= 19783 NUREG-0396, EPA 520/1-78-016 (Planning Basis for the Development of State and Local
Government Radiological Emergency Response Plans in Support of LWR)
- HAAZE e O ChFSE O] AfT(a spectrum of accidents)0l CHol 112{slof &

- WASH-14002] &= (release categorles) s= ngfg

7|E 1) A 7|=AtD(DBA) Al UM 20| O|=2H4 2 S H(EPA)2| PAG(protective action guides)S Z=1te = = XY
7|Z= 2) Less-severe$h At (A4 A| MAMEFO| O|F 24 25 H(EPA)2| PAG(protective action guides)E X=1tst = U&= X[

7|F 3) More-severedt At A| 27| X[FH HAFLS =20 22 & U= XY

« T =R LRE=2E 135t 9| H| YA = T H(EPZ: Emergency Planning Zone) & X|E H&

- & O E ZAZ(Plume exposure pathway): 10-mile EPZ
NNING ZONE
> EENAEAY UANSHRHE DEgS M 9HIE };‘“i*-.: T
> EE SIM 2502 NELE WRIF (B7I2h £ A2~ £ Y 71Zh e -
— . . Tume
- M3 T Z ZAZ(Ingestion exposure pathway): 50-mile EPZ ~ T

e UF 2 OEEs WRIE (B712h 5 Azt~ 3 71E 712h s 2ove
S —
‘Myﬁﬁm
nerw

EXAMPLE RESPONSE
AREA FOR THE
PLUME EXPOSURE
PATHWAY,

THE RESPONSE

AREA FOR THE
INGESTION EXPOSURE
N PATHWAY WOULD
HAVE THE SAME
RELATIVE SHAPE

- H|AAZ AZHtime frame)2 WASH-14002| 2{Atet 9 Zotof 7|8t & / ' .

o
- Crefet Al S nefstez X[FHo| offH AZhs £83H7| = o8 BB e
ChFet Ak 7HEofl s nefsiof mencrarfune L
INDICATES VARIABLE
BOUNDARY.

Figuea 1 Contept of Emargancy Plsnning Zonwy
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Mt ZAl(eas) / H &A= % (Epz) &

g

o
-

O A Xk}

= PAG Manual: Protective Action Guides and Planning Guidance for Radiological Incidents
(Environmental Protection Agency)

Phase Protective Action Recommendation PAG, Guideline, or P1 g Guid
Sheltering-in-place or evacuation of the | PAG: 1 to 5 rem (10 to 50 mSv) projected dose over
public” four days®

Early Phase | Supplementary administration of PAG: 5 rem (50 mSv) projected child thyroid dose®
prophylactic drugs — KI* from exposure to radioactive iodine
Limit emergency worker exposure (total | Guideline: 5 rem (50 mSv)/year (or greater under
dose incurred over entire response) exceptional circumstances)”

Relocation of the public PAG: =2 rem (20 mSv) projected dose’ in the first
year
0.5 rem (5 mSv)/year projected dose in the second
and subsequent years

Apply simple dose reduction techniques | Guideline: < 2 rem (20 mSv) projected dose” in the
first year

Intermediate | pood interdiction® PAG: 0.5 rem (5 mSv)/year projected whole body

Phase dose, or 5 rem (50 mSv)/year to any individual organ
or tissue, whichever is limiting
Drinking water PAG: 100 mrem (1 mSv or 0.1 rem) projected dose,
for one year, to the most sensitive populations (e.g.,
infants, children, pregnant women and nursing
women);
500 mrem (5 mSv or 0.5 rem) projected dose, for one
year, to the general population
Limit emergency worker exposure (total | Guideline: 5 rem (50 mSv)/year
dose incurred over entire response)
Reentry Guideline: Operational Guidelines” (stay times and
concentrations) for specific reentry activities (see
Section 4.5)
Cleanup' Planning Guidance: Brief description of planning
Late Phase process (see Section 5.1)
Waste Disposal Planning Guidance: Brief description of planning
process (see Section 5.2)

2 This guidance does not address or impact site cleanups oceurring under other statutory authorities such as the United States
Environmental Protection Agency’s (EPA) Superfund program, the Nuclear Regulatory Commission’s (NRC)
decommissioning program, or other federal or state cleanup programs.

b Should begin at 1 rem (10 mSv); take whichever action (or combination of actions) that results in the lowest exposure for the
majority of the population. Sheltering may begin at lower levels if advantageous.

© Projected dose is the sum of the effective dose from external radiation exposure (e.g., groundshine and plume submersion)
and the committed effective dose from inhaled radioactive material.

Note: Footnotes continued on next page
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I I T T U TN

K| Z= AL Westinghouse GE-Hitachi Rolls-Royce NuScale NuScale KHNP
352

(MWth) 800 870 1,276 160 250 520
7)==

= ! >22 270-2 1

(MWe) 5 70-290 443 50 77 70

XA = INPEY -~ S X|EA Epz ~ =INPEV|
EPZ M| EPzE =M EPZ(1km) =2l =7t 2mile EPZ* =2l =7} EPZ = H
*TVA AL 2 XS0 AMHE 7|F

«  (AP300) Westinghouse'.: ’23.5.3. U.S. NRCO| AP3000]| CHt At A Ab(Pre-application) Al 2l (2HS MZE. SX| 0|3 7.
«  (BWRX-300) & X| A EPZE HAlSED QO 1km O|LHE MAISED QS

*  (UK-SMR) X Epz= 018, &2 =t A 7| 2tk e, &4 E“"*E SguiEtoz AN o,
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0| =32| SMR EPZ 2+ At

U.S. NRC (“15) U.S. NRC (“21)

RG 1.242 ‘g A%&7H
SECY-15-0077 28 SMR Epz 2o
al AHEO —
SECY-11-0152 &' g il ' RG1.242 X9t 10CFR50/52/72
Ao 7|1=0 Metstep ary R
(SMR EP 7 412] X]) % opeig ojst 117} W& /AL
.F.I.OXI 11|IJ_:1=;1F;|-'_ (F82:50.33 744
Sl alie 2 5! 50.160 A4d)

SMR EPZ M » RiPB H| &=
YHE At WHE Het
(A 27h (NEI24-05 &7

TVA (‘16) U.S. NRC (‘19)

SMR 4 9|5t

clinch River £ X| MHEX| S
AFHEX| S {7} (ESP-006)
MHE
SME EPZ ¥ H » SMEEPZE’ |, NuScale TR(rev.3)
HIEH 2 TR(rev.0) HFH 2 TR(rev.3) | Of S X|Z T2t
M= H= Al gl 5ol

£ NEIO| A K| @t HHEH 2.2 NRcO]| 2|8l OIF =l HHEH O] OF &

—
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0| =32| SMR EPZ 2+ At

;e

» US. NRC2| &2 SMR2| H|&TCH* (EP: Emergency Preparedness) =& 1} 2 0] Ciat SECY
HIAME Tt 7Hdelx] #F

- YO WFE 7N 20233 SMR EPO|| Lt 10CFR50/52/72 7178 /412 B R.G. 1.242 &7t

- 10 CFR 50.160 4!2: Emergency preparedness for small modular reactors, non-light-water reactors, and non-
power production or utilization facilities

TVA (Tennessee Valley Authority) it AFH 5 X|S2l(ESP: Early Site Permit)2|
EPZ @7} 82
« TVAE= 2016'A Clinch River £X|0f 27§ 02| SMRE A 7| &[ct A EX|5 2l 4
NRC Z|& 59!
« BEX|ZA EPZ 2mile-EPZE HM|A|E
- et =dE ST5HA RULH, 471K H1 ¥ =28 H
7tekol EA Xtz E 7PE"
(BWXT, NuScale, SMR-160, Westinghouse)
- EPZ H7IE flot At B8 M7
- NUREG-03962| 37}X| 7| &0 et AL d R &F5t, EPA PAG ME 7|& HE¢

A = AL A 2. *U.S. Environmental Protection Agency
@ E7:”7|T'—_A|'—'—(DBA) dgk 1 rem (10 mSv) Protective Action Guides

@ © dZsH SCHAFI(CDF > 10-6/rx-yr): 1 rem (10 mSv)
® et STHALL(CDF > 107/rx-yr): 4 842 200 rem (2 Sv)@l ZHE=E0[ 10-3/rx-yr 2 HE|
)
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0| =32| SMR EPZ 2+ At

» NuScale EPZ E®™7|&FH E 1A (TR: Topical Report) 2
+ US. NRCE NuScale®| SMR EPZ B7} g 20 243t TR £91(22.10)

O -Hdio

o= LT o=

« Ct32| 471X & H| w5 7 2 EPZ ¥HE S M85t= A= A Al

@ A Z|FEALD(DBA) E72 ML EHTEDE: Total Effective Dose Equivalent)O] 10~50mSv/4¥*

@ E MZtst ZO|AFD (Less severe accident) S8 & MZFEZFO| 10~50mSv/4 L

F

3 Mzt SO At (More severe accident) & A4 ‘E——’F*._" 2k+0| 25v/1 Q1 20| 10-3/E™ Q1 Az
=2 X4 "HF 7|4 Z20A 10mSv, 95 29| 7| YEZ0|A Soms
@ T8 A2 82 714 01 tomsy 09 #1261 714 7 2401 somsv
*PAG 7| EC 2 2sv/1Y S AFSEL UOLL, NuScaleO| MA|BH gf2 H|S 7 (Blank) K 2|

= U.S. NRC2| RG 1.242 It

- Z™EEN dIHO| ofLl 2tEEH W (B, 2 SA| 12)2 HES5I0 HIt
« Mechanistic Source Term (MST) AF2: SCHALLD o a0 RIHPHO| CHBt OSHE

7|Hto 2 Bl AKX MLlsh

Al 2t A1t M2 (MELCOR or MAAP TE ALE)
- &) XA MAT "I 9. TID-14844, NUREG-1465 (AST: Alternative Source Term)
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0| =32| SMR EPZ 2+ At

= U.S. NRC2| RG 1.242 Appendix B

(Development of Information on Source Terms)

- dREY 24 YH

@

0

7b MHEHXHE /XA M| 015{7t7| = AL (LBEs: Licensing-Basis Events)S HIE O 2 758t
dEE LE MLUEIE HEsiof g . = AlLte[2 3 O HIE0f st EE e
= EIM(SAR)E OfL|2t s El= 42 SAILS Fehof| ot et FeHE7IE ML

oA 2 ok ro
rd

al
@ PRA BES E837| flsiME HelFAH, 2
A

= 2fdEL, TR E/CieE AL AL2[20] CHoH
FEel5t0{0f 5tH, PRA ZAItof| Ciet S2H4d UHdE EM S E50{0f &
® AtDA|LIE|RF MENAMRI =7} 0 RALL At Zido| =2l Z2)s17| fisid d=H ZAqtof
Ciet 7|=% v Z o] ®Sk[ofof 2. O & ™, & EA K|(cut off) O[5t AL A[LtE[2 HYK|E
FHSL7 |2 M= Y AlLtE| 22| 22l %@.% —T—?—t‘ﬂ@ e 227 AKX O|5HYE
st

2 0joF gf. 4K Olote] AtLZR|HEE 2

.|
= T
@ S8 AXH A|Lof Cfet At MAT2 ZQE 2M IS (0: MELCOR, MAAP)E &850
| O SiC

_I.

7| A O{OF St DBA MUsH H A A| OFM BT SSCOIO| AL SFSIE Q8| 0|2 7Hs 8Tt 7™ sl of
St11, BDBA M AT ALt A] LT A HEfQL A BHE S 1St SSC £ 20| HHFstofof & kot
AU ZFAFAFTL(MHA) M BHS ALRSH A20]= SARS| MLUBH =M ZHTtE Z=gjo} &
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BIH2%X &

AR A

(Accident Scenario Selection)

MeUs 2

(Source Term Analysis)

7| 2ot £ A

(Atmospheric Dispersion Analysis)

MTE}

(Dose Estimation)

pz 37| Z2HA

(Determination of SMR EPZ Size)
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e QU USHEOE HELD Y= TIRAI EE ZHO| Mg 2H T
StLtE 102

S(plume rise), Z1= 2HF &t (building
A™Mo=z 1

d2A+8 13

o M HYI0| M= SLHCH D (sheltering) 27l (evacuation), O| 5 (relocation) & 2|
B ZzX0f oot HEMZS D2SHA| Ba

= ppz37| AH
o LBEOA MEHEI Ak H2(0f CHSHY A 7| EALLI(DBA), B & 2ot SCHA D (less-
severe accident), &l M ZtSt Z L At (more-severe accident)2| 37tX| HE 2 L2510
HIl2 283 oA
o = T o= o

mjo

S XK AF™7|=0| OFAHE| O o8 2 0] 7|&ES HEC 2
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[AAERY 2718 ZHE & AU
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1

* TID-14844 (1962)
e TID-14844 “Calculation of Distance Factors for Power and Rest Reactor Sites (1962)
« 1962 L7HO|Z 9f 307t 0| B L 7t HAH O HE

= AST: Alternative Source Term

*  NUREG-1465 “Accident Source Terms for Light-Water Nuclear Power Plants” (1995)
« BUHADAHZEYEE Ul A s A0 O AMSHA A, XA 5H S S M JAE AHE SEHeZ Lt

= MST: Mechanistic Source Term
o SOALD S0 T IHO| LD O[S E 7|Hte 2

<]
o  ZFLOHALLD 8§ T E (MELCOR, MAAP, CINEMA S) A

1 Fl= S 27| 8| g2 87121 %s F2|Lf BH
: (Gap Release) (Early In-vessel) (Ex-vessel) (Late In-vessel)

REETESPY

=

it

st 2N N8

1
1
CEHIE AS 7ZKh)D INnEINL T 1 05 13 : 20 10.0
28471 10 : 0.05 095 : 00 0.0
g=22 05 I 0.05 035 I 025(029 0.1(0.0?)
vz l |
aa : 0.05 0.25 | 035039 0.1(0.06)
'ﬂ*‘;&aﬂgﬂ?z?ﬁ ,f;f i 0.0 0.05(0.15) i 0.25(0.29) 0.005 (0.025)
Ba, Sr Solid: 0.01 : 0.0 0.02 (0.04/0.03) : 0.1(0.1/0.12) 0.0
S R 1 0.0 0.0025(0.008) | 0.0025(0.004) 0.0
NS : 0.0 0.0005 (0.01) : 0.005(0.02) 0.0
BIEZ 1 00 000020002 I 000500015 0.0
R0 51512 HEH 12: 91%, LAk 5%, R712: 4% Csl > 95%, I+HI < 5%, (1 = 1%, HI = 1%)@
ESFQ} Mo i3t 518 HE Plate-outoll fsff R2E 50%2A % S SRSWIE P S (AR, O, 0O12E A, A I A 3)

(1): Al 27| 10~202 SOt HAIZYZIM YALS YTt UL, THE S0 BisH DR 22| YAISO| YSEDE RAE £ 1 / (2): =8 3 32 282 2A0ig/ (3): 37| A
2 Y20| A B2 UIYSE2 3% / (4) M2F HHLZ 29| pHIL 7 01422 GAIE £ U282 UBY F200 siFE

4 TID-148442} AST H| i1
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gt(Accident Source Term)

= SSAR 15 (A Z7|EAID) > (7H5 A M) TID-14844(R.G. 1.195) H &
o AAZ|FEA(DBA) HIOA A A E BEAIM QIS EAB HI QB O 2 AL El o F, sAR 158 HAH| 7| FALD = eAB M Of| HEF

=
- X 7S T2 TID-148442 M -85H0], EAB H7H, ESFs, TH O A M A S0 &8

= PAMP 2 (EA7|EXTHALD - CEES D FAL /XA B) > (7HS & F) AST(R.G. 1.183) H &
. (CHEDEALD) O3] QHFH A E0|Lt QAT SA|0| e HEMO 2 MIfSIBIA 7|0 M 7|ZALDE A1t D, ZIHALL R 2
TH5 0| Qs AL Y(OA] HHATMEH Y AFAAALT, Z7| LM MHR CHETIEALD 5)
. (BAZIEXDFRFRTYSH) K| T, KL 50| AT AT T F A ELAP), £ B BH| A 2 AAl(LUKS) S O] TR0 TEtEl

AL (ELAP+LUHS+&E A 7| & X 1t X| X &)

Ju

N

oin ojn

= PAMP 2ZH(EA|7|EXTMALL - SEHA S
o BAT|IES ZI5H0] o KT 42 XeStE AL E o|0|5HH, Y 0l0f ojs) HALEE2E R HE Yo 7| 50| AKX E2S
LS sloF &
o HEYMEH JAXZE7| S AHUZ(SMR2 AHE7|) IhE0f O|l2= LHO Atn T 1Y St 2 Jtsot SHAI L e (=L
DCH, McCI &)0il CHSH STHAL LD 2tats 32 K A|sHof &
ST psa ZNE Sof BRUHLZ AL2|2E MEHSID, F£2 SCHALD S 2H0f| CHsH MAAPS(iSMRS CINEMA) R EE 0| 8510 M e (msT X&)

[
v
S

i
ri0
£
2
wn
-

o
0fo

0

»  AST: Alternative Source Term Alnge
» MST: Mechanistic Source Term
T AA 7| =ALI(SSAR 15%) A 7| =X LD (PAMP 2%
Non-LOCA LOCA CHE &AL SCHALD
=M /3 SSAR 15% SSAR 15% PAMP 2.1 PAMP 2.2
LAE=4(CD) 71 X 0 X 0
R.G. 1.195(TID) R.G. 1.195(TID) R.G.1.183(AST) MST
LA A (=L &)
IO A| HM|2017-15% HHRIIA| M[2017-34=
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- H|& THA S| O F
- QRIOF S HRL =S EZ A
* ICRP 26 3! 60 A AR LM A E
A +E AL 2ES + UA=E M-S

MEAH =
D(r,8) =C(r,0)-DC-T-CF-SH
- D(r,0): (r,0) O Ao m=EME
< C(r,0): (r,0) Ml &= - pc: MEHA% - T: TEAZ EFOIXL ! MEL7oE
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wind direction

e LCIQI/CI=SH= CIOI/CIE Z2 SHA} 18 =T
o=/ |-2>_ XS, o=/ |'2>_ == =t o /Pzﬂf\»vi’ z » B
. Jla HolE 4EE T We N
T P A VA - :
— 1 e A
N N~ s A ! o
« RCAP/MACCS 25 O|M|E S¢t HIAE etz o T ey
HEAR 2EE Mg EE
—1 SIAF S SEAF cll Hd
«  ZHEZ 7 3 I(Building wake effect) 22 13 1608
- EE MA=ZTHPlume meander) 2 T | 0, = max[min(fym frma). Frmal - 2, ()
Oy (X) = fom * 07(x) 1.E-04
° _63 nal _ 054 . we
T = fyml*“;ay(x)a,(x)} Hees w p[(l ln(u)—]n(Z))l( ) 2:26
=3 uU) = 1 ex] e =D n(m us= 1.E-
- RG1.145 EE%I ;yyzz =f(u) Az 17}(%%9\ ) ! (6)1 n(2) 6<u o 0 02 0.4 06 08 1
—ea— SMR EPZ - =-MACCS
- Ramsdell & Fosmire 2 2!
= RG 1.145 2 RG 1.145 2 H|@m HZ
« MACCS ZEQtH|m AHAS
1.E-02
o 7|Z& HMR(area source) &E v
5, = (03 4353] 43e3))
bSPSES HFX @ M = :I - : i - e
> 4 &(Point source) & M =7} 07, =913 101 - (1+ ) ewp (- )} e
N o2 —524x 10720241 — {1+ —— |exp (- —— 7Eots
— Ramsdell |§|t| RG1.145 (?_-I% QI-'IEI' J—|_|_) El:él% i - { ( lo\ﬁ) ( 10@)” 1.E-04
EZ=(o§+@+
MM gr= 7<7‘|I|_|' S5t Ao? =667x10% {1~ (1+mnu) exp (~ ﬁ)}l .
N o d %= AoZ = 1.17 x 107 2U2A{1—( L‘r)exp(—%)ﬂ ? 0z o4 pe 08 !
. %!. |-7:” 0." LOOkUpTabIe I:lIA_ _'_7|_ 10v4 10VA —=—SMREPZ - +-MACCS

/7

x\ Korea Atomic Energy
I(AERI Research Institute

Ramsdell & Fosmire 2 &!

Ramsdell & Fosmire 22 H|w A

=
[



g THA
. mEZ= -
HiAl=9 | O|& = | = ;|¥- o Badsl
- LALS 20| o3t 2 £ I| Z(Cloudshine)
_ X|EXIHEoO| o3t o EI=E
| & Ao 2|t 9|—: | Z(Groundshine) . — . {.ﬂ;ﬂ;—"ﬂf‘;}
- 280 o3t LHE I Z(Inhalation) ==
- IOR2H0| 2ot | Fm|Z(skin)

= MZA 2 (Dose coefficient) 2t0| E2{ 2| Ht<H
ICRP 60 WS M| A 7|8t M A ==
2770 B71, 7270 HF
* ICRP 26 "W H|A| 7|Et M kA ==
1970 ¥71, 7474 HZ m
© FGR-13 7|8t A 5=
2770 &71, 82571 & F

JELL

0= EPA % ICRP MEE7L M Ao mE 0| EPA % ICRP MZH 7} HA|of w}E
=8 ﬂ%‘ﬂl-’-‘- Clo|E (& u|E) F8 ’.‘J'E-fﬁl-’r‘- CloJE (Lj ol =)

& FGR 12 FGR 13 FGR 15 ICRP 144 e FGR 1 ICRP 72 FGR 13

sAls 2 HALs 2 YArs2 HAKS2 55 55 35

el Bl

NEALELHNE | NEYUELHUE | NEYESAUE | AEY ESNE M okl M
SEAR S R A| ICRP 26 ICRP 60 ICRP 103 ICRP 103 SRARS BESHA| ICRP 26 ICRP 60 ICRP 60
S| X2 ICRP 38 ICRP 38 ICRP 107 ICRP 107 $57| 2y ICRP 30 ICRP 66 ICRP 66
g 170 (& el) 671 (A4 oF, 1A, 5MI, 10|, 15A|, A2l) 25| 2™ ICRP 30 ICRP 30 ICRP 30
Aol - ICRP 110 MAl M A FE 2 ICRP 30 ICRP 30 ICRP 67
?_l(;j:i? =X Cristy and Eckerman &% =8 Han et al. o0} ICRP 143 29X ICRP 38 ICRP 38 ICRP 38

A == 23 MIRD* oAl 5HStylized) =4 (Voxel) AT 174 (M el) 671 (A4 ot, 1/5/10/15M|, A ¢l)
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 i-SMRO| F8 AE £l
i
— PAFS (Passive Auxiliary Feed-water System) o, a5z wary
F' P ()
- PECCS (Passive Emergency Core Cooling System) "{‘_‘j‘ L I a—
- CV (Containment Vessel) R
. - 1 eyl
* i-SMR2| & oHH g
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. weAmmMuE g s%
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Recent Risk-informed Regulation in US

July 4, 2025

Hyun Gook Kang
Department of Mechanical, Aerospace, and Nuclear Engineering, RPI
kangh6@rpi.edu

Nuclear Plant Reliability and Information Lab.
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Risk-informed Regulation (RIPBTI)

25 rem. Realistic assessment
of possible accidents assuming
full power operation

Quantitative health objective
Early fatality 750 rem at 5x10”7

Environmental protection agency
Protective action guides (1 rem)

LMP F-C Curve (Use of Averaged Risk)



Licensing Basis Event Selection

NEI 18-04



SMR Accidents on F-C Chart

(1) Small core LWR

Multiple sealing w/ small diameter piping
Filtered venting in the worst cases

Small leakage

(2) Low pressure AR = Small leakage

Passive safety features
= Ultrahigh reliability
= Low frequency of release



Licensing Trends

= LWR SMRs
* 10 CFR Part 50 for CP
* 10 CFR Part 52 for DC & CL
«  Some modifications with risk-informed approach
=  GenlV SMRs
* Clinch River Breeder Rx Project (1980s): Difficulties in establishing licensing basis
¢ 10 CFR Part 53 (2" draft released in 2024.10) - 2027

» Licensing Modernization Project (NEI 18-04) was endorsed by NRC in RG 1.233 for the use
under Part 50 and 52

* RIPB Emergency Planning (NEI 24-05) under NRC review

KNS annual conference May 2025 (Dave Grabaskas)



New Risk Measure (EPRI)

= Measure which corresponds to the consequence-oriented
regulation

= EPRI suggested “ Offsite Dose Emergency Action Frequency
(ODEAF)”

« Sum of the frequencies of accident sequences that exceed a specific
does at the boundary for a specific time

* For example, 50mSyv at 4 days from the start of event, considering IAEA
GSR Part 7 (50mSv for evacuation)

« |If we stick at EPA rule, it is 10mSv (=1rem) at 4 days after the event.
* Occupational workers’ dose: 5 rem/yr (US) or 2 rem/yr (Korea).



Presidential Executive Orders

Ordering Reform of the Nuclear Regulatory Commission
¢ 400GW nuclear by 2050. Dispatchable power over intermittent resources

* Reform within 18 months - Focusing on new reactor licensing, Reducing
ACRS, 18-month licensing, no LNT assumption

« Special path for DOE & DOD approved reactors and high-volume licensing

« Limit NRC’s improvement request during construction

* Focusing on realistic and reliable risk factors and extending license renewal
Reforming Nuclear Reactor Testing at the DOE

* Increased role of DOE for new reactor development
Deploying Advanced Nuclear Reactor Technologies for National
Security

« DOD nuclear powered electricity by Sept 2028

* DOE infrastructure for Al data centers as defense facilities

¢ Promoting US nuclear exports
Reinvigorating the Nuclear Industrial Base

* Domestic fuel supply and cycle (even with Plutonium for military purpose)

« Loan for 5 GW of power uprates to existing reactors and 10 new large
reactors are under construction by 2030



SMR Progress

LWR SMR

NuScale

BWRX-300 (GE Hitachi): Canada & US

ACP100: Linglong-1, China. Final stage before operation
I-SMR

GenlV Rx

SFR: TerraPower, OKLO, ARC
TRISO: X-energy, KAIROS
MSR: Thorium-powered MSR in Gobi desert. Seaborg - Saltfoss

Fuel Supply

HALEU Availability Program by DOE

Centrus, Urenco USA, Orano by centrifuge + General Matter
+ Global Laser Enrichment

TerraPower with ASP Isotopes (South Africa)

Integration with Renewables & Grid Services

Hybrid energy systems: Nuclear + solar/wind + storage
Flexible load following



New Construction Project Progress

NuScale
* NRC approval for 77MWe reactors
* Romania project (US EXIM bank approval for detailed design)

BWRX-300 (GE Hitachi)

* Ontario Power Generation (OPG), Tennessee Valley Authority (TVA)
* < 50% of building volume (concrete) per MW

* Cooling by natural circulation with Isolation condensers
Holtec: Palisades project (NPP restart + new 2xSMR-300)
Terra Power: NRC approved Non-nuclear portion construction
X-Energy: Dow Texas project - NRC CP submission
KAIROS: Hermes 1&2 test facilities
US Navy and Dominion collaborates for SMR project (Navy use)

Oklo: plans to submit microreactor OL for military use
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* BWX Technologies, Inc. (BWXT) mPower™ (Generation mPower LLC design)
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Data Center with Nuclear

= S&P conference (March 2025): Nuclear x3 by 2050

= (Google
«  KAIROS Power (500MW)
« Site-first approach: Adv Rx 3x600MWe with Elementl (Turn-key)
= Meta
« 1.1 GWe from Constellation for 20 yrs
= Microsoft
¢ TMI-1 from Constellation
« TerraPower by Bill Gates
= Amazon:
*  PPA with Talen Energy (Pennsylvania)
*  SMR with Dominion (Virginia)
*  SMR with Northwest (Washington)
«  X-Energy
= OpenAl
*  OKLO by Sam Altman



New Eco System

= QOpen space for vendors
= Financing gets easier
= Federal and State government support



Thank you
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