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1. Introduction (1/2)

Enhanced safety by Passive safety system without safety-class DC power and operator’s actions

1,000 times safer than large NPPs

Integrated Reactor Design Fully Passive Safety System Design

Safety :
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Geometry and design status of i-SMR NSSS

Reactor Coolant
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SG Main Steam 
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<Helical-SG>

Component No.

Containment Vessel (CV) 1

Reactor Vessel (RV) 1

Pressurizer (PZR) 1

Reactor Coolant Pump (RCP) 4

Steam Generator (SG)
Helical Type 1

SG Nozzle
Feed Water 8

Main Steam 8

CRDM 48

<Major components of i-SMR>

1. Introduction (2/2)
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Requirement and systems of i-SMR ESFs

2. i-SMR Passive Safety Systems (1/7)
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i-SMR Safety Systems for Defense-in-Depth

2. i-SMR Passive Safety Systems (2/7)

DiD Level
(IAEA SSR 2/1 
and WERNA 

report)

Plant State
Safety Function / System

Control of
Reactivity

Heat
Removal

Overpressure
Protection

Containment
Isolation

2 AOO CRDM
PAFS1), PECCS2), 

PCCS3) PSV or POSRV CIVs4)

3a
DBA 1 CRDM

PAFS, PECCS, 
PCCS

PSV or POSRV CIVs

DBA 2 CRDM
PAFS, PECCS, 

PCCS
PSV or POSRV CIVs

3b DEC-A CRDM, EBS
PAFS, PECCS, 

PCCS
PSV or POSRV CIVs

4 DEC-B
• Primary system depressurization
• Inject water to cool the corium
• Inject water to flooding gap between RV and CV

1) PAFS : Passive Auxiliary Feedwater System 2) PECCS : Passive Emergency Core Cooling System
3) PCCS : Passive Containment Cooling System 4) CIVs : Containment Isolation Valves
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2. i-SMR Passive Safety Systems (3/7)

Passive Containment Cooling System, PCCS

<PCCS of i-SMR>[Configuration of PCCS HX]

• Composed of : One (1) PCCS heat exchanger, Connecting pipes 
to ECT for each train

• Capacity : 33 % × 4 trains
• Operation :

- In the normal operation, the water from the ECT continuously 
circulates inside the PCCS.

• After accident,
① The steam is discharged into the CV and condenses on the 

PCCS HX. 
② It causes the water in the PCCS HX to evaporate, cooling the

CV compartment. 
③ The gravity-driven PCCS loop continuously drives the PCCS 

flow until the ECT inventory is depleted.
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Passive Auxiliary Feedwater System, PAFS

<PAFS of i-SMR>

2. i-SMR Passive Safety Systems (4/7)

• Composed of : One (1) PAFS heat exchanger, and Connecting pipes for each 
train

• The PAFS HX, submerged in the ECT, is connected to the main steam line and 
the feed water line outside of the CV.

• Capacity : 50% × 4 trains, brings the RCS to safe shutdown condition within 36 
hours and maintains the condition at least another 36 hours.

• Operation :
- In the normal operation, the water flow inside the PAFS is blocked.

• After accident,
: When the PAFS is actuated, the steam generated in the SG by the decay heat 

of the RCS is transferred to the PAFS HX where it is condensed and then 
returned to the SG.
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Passive Emergency Core Cooling System, PECCS

<Passive ECCS of i-SMR>

2. i-SMR Passive Safety Systems (5/7)

• Composed of : Two (2) EDVs and two(2) ERVs
• Operation :

- In the normal operation, EDVs and ERVs are closed.

• After accident,
① When the PECCS is actuated, emergency cooling of the core is initiated by relieving the RV’s 

pressurized steam into the CV through the EDVs. 
② The steam is condensed due to heat transfer to the PCCS HX,  and condensed water 

accumulates in the annulus between the RV and CV. 
③ After the condensate level of the CV becomes higher enough compared to the RCS coolant level, 

the condensed water in the CV is recirculated back to the RV through the ERVs.
* EDV : Emergency Depressurization Valve
* ERV : Emergency Recirculation Valve
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Containment Isolation System (CIS)

<CIS of i-SMR>

2. i-SMR Passive Safety Systems (6/7)

*MMPS: Modular Makeup and Purification System
CCWS: Component Cooling Water System

Location -

MMPS charging line

Two Valves in a single valve 
body outside of CV 

MMPS letdown line

PZR spray line

CCWS supply line

CCWS return line

Containment Vacuum System line

RV high-point vent line

Main steam line / Feed-water line
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Preliminary analysis to confirm the performance of ESFs

Nodalization
SBLOCA (MMPS Charging Line Break) Analysis Results

2. i-SMR Passive Safety Systems (7/7)
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3. i-SMR Validation Tests (1/5)

Thermal-hydraulic Phenomena in i-SMR
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3. i-SMR Validation Tests (2/5)

Expertise and Experience for Validation Tests

SMART Integral Effect Test FacilityATLAS Integral Effect Test Facility

Schematic diagram of iPOWER

PAFS PCCS
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3. i-SMR Validation Tests (3/5)

Separate Effect Tests

Simulated CV 

Separate effect test 
for passive safety systems of i-SMR

Separate effect test 
for flow distribution in core of i-SMR



2023 Canada-Korea Conference on Science and Technology

3. i-SMR Validation Tests (4/5)

Integral effect test facility for i-SMR

Integral Effect Test (1/2)
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3. i-SMR Validation Tests (5/5)

Integral Effect Test (2/2)

Integral effect test facility for i-SMR
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4. Summary and Future Plan

ESFs Design/Safety Analysis

SDA Review
Validation Tests>>                               (SET)                                 (IET)

SSAR preparation
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Supplement. i-SMR Development Goals (1/2)

Major Top Tier Requirements
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Target Goal: Standard Design Approval(SDA) by 2028, First Of A Kind(FOAK) Operation in 2031

Supplement. i-SMR Recent Development Status (2/2)

Standard Design
(2.0yrs)

Licensing
(3.0yrs)

TTR* &
Conceptual Design

Basic Design
(2.5yrs)

* TTR: Top-Tier Requirement
National BPLE** has determined FOAK operation in 2034.

** BPLE: Basic Plan for Long-term Electricity Supply and Demand

Industries

Period : `21 ~ `23
Budget : $40 Million

KHNP project (KAERI, KEPCO E&C/NF, DOOSAN etc.)
National R&D Projects

MSIT(Ministry of Science and ICT)/MOTIE(Ministry Of Trade, Industry & Energy)
Period : `23 ~ `28
Budget : $300 Million

Preparation for Construction Const.
beginsEstablishment of 

• Business model
• Private sector participation First Construction Completion
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