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Title ACE (Advanced Critical Assembly for Education)

Goal To establish a low-power(10Wth) Critical Assembly for education

and to develop a Global Human Resource Development Program

Period 2024~ 2028 (32M-US$) Site 4,400㎡

Facilities 2 Facilities

: Critical Assembly Bldg., Education & Research Bldg.

Title MARINS (Munmu* Advanced Research Institute of Nuclear Science)

Goal 2nd campus of the KAERI that enhance innovative reactor systems

Period 2021~ 2027 (Phase1) Site 2,200,000㎡

Facilities 17 Facilities including SMR Test Facility
: SMR Test Facility(1), Infratructures(8), Suport Facilities(6), Others(2)
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Design Requirements 

Contents Requirements

Maximum power 10 Wth

Reactor Open-pool type

Fuel Rod type, UO2  (same with APR1400)

Moderator/Reflector H2O

Reactivity control Control rod (B4C)

First shutdown system Drop of control rod

Second shutdown system Dumping of water 

Excess reactivity < 500 pcm

Shutdown margin > 1000 pcm

Isothermal temperature coefficient Negative (> 15 ℃)

Neutron flux < 10^8 n.cm^2/sec



Fuel Rod 
Fuel

Material UO2

Enrichment (wt.%) 4.1

Pellet diameter (cm) 0.8192

Pellet length (cm) 0.98

Active length (cm) 37.24 (38 pellets)

Volume of active region (cm3) 19.628

UO2 stack density (g/cm3) 10.313

Maximum number of fuel rods 570

Total U-235 mass (kg) 4.17

Total UO2 mass (kg) 115.38

Cladding

Material ZIRLO

Diameter, Inner/Outer (cm) 0.8357 / 0.95

Length (cm) 46.3



Core Configuration

Two types of basic core

• S(quare)-core : 570 fuel rods, 6 control rods

• C(circle)-core : 550 fuel rods, 6 control rods

Grid plates

• 26x26 holes for fuel rods and control rods

• Guide tubes for 6 CRs in fixed positions

CR1

CR2CR3

CR4

CR5 CR6

<Fuel loading of S-core and C-core> <Fuel rods, control rods, grid plates>



Power distribution
Power peaking factor
• S-core 1.74 at critical CRs position of 260 mm 

• C-core 1.72 at critical CRs position of 254 mm

1.43 1.29 1.35 1.45 1.57 1.69 1.79 1.87 1.95 2.00 2.04 2.05 2.04 2.03 2.04 1.92 1.77 1.67 1.56 1.44 1.34 1.28 1.42

1.29 1.07 1.08 1.16 1.25 1.34 1.43 1.49 1.55 1.59 1.62 1.63 1.63 1.62 1.60 1.59 1.50 1.41 1.33 1.24 1.15 1.07 1.07 1.29

1.34 1.09 1.09 1.18 1.25 1.34 1.42 1.49 1.55 1.59 1.61 1.63 1.62 1.61 1.58 1.54 1.47 1.40 1.33 1.24 1.15 1.07 1.07 1.34

1.46 1.16 1.18 1.35 1.43 1.51 1.59 1.65 1.69 1.72 1.74 1.74 1.72 1.68 1.64 1.57 1.51 1.42 1.32 1.22 1.14 1.15 1.45

1.58 1.25 1.26 1.36 1.45 1.54 1.63 1.71 1.78 1.83 1.86 1.88 1.87 1.86 1.82 1.78 1.70 1.63 1.53 1.43 1.31 1.24 1.24 1.56

1.69 1.34 1.34 1.42 1.54 1.65 1.75 1.85 1.90 1.96 1.99 2.02 2.02 1.99 1.95 1.90 1.83 1.75 1.65 1.54 1.42 1.32 1.33 1.66

1.79 1.43 1.42 1.51 1.63 1.75 1.86 1.95 2.02 2.08 2.11 2.14 2.15 2.11 2.08 2.01 1.95 1.85 1.75 1.63 1.50 1.40 1.42 1.78

1.88 1.50 1.48 1.59 1.72 1.83 1.95 2.05 2.12 2.18 2.22 2.25 2.24 2.22 2.19 2.13 2.04 1.95 1.84 1.70 1.58 1.48 1.50 1.92

1.95 1.55 1.54 1.65 1.78 1.91 2.03 2.12 2.20 2.26 2.30 2.34 2.33 2.31 2.26 2.21 2.13 2.03 1.91 1.77 1.64 1.53 1.59

1.99 1.59 1.58 1.69 1.82 1.96 2.08 2.18 2.26 2.33 2.38 2.40 2.40 2.37 2.34 2.26 2.18 2.08 1.96 1.82 1.68 1.58 1.60 2.05

2.03 1.62 1.61 1.71 1.86 2.00 2.13 2.23 2.30 2.37 2.41 2.43 2.44 2.41 2.37 2.30 2.23 2.12 1.99 1.85 1.72 1.61 1.61 2.02

2.04 1.63 1.62 1.72 1.88 2.01 2.13 2.24 2.33 2.39 2.44 2.45 2.46 2.43 2.40 2.33 2.24 2.14 2.02 1.88 1.74 1.62 1.63 2.04

2.04 1.63 1.63 1.74 1.87 2.01 2.14 2.24 2.32 2.39 2.43 2.45 2.46 2.44 2.39 2.34 2.25 2.15 2.02 1.89 1.74 1.62 1.62 2.04

2.03 1.61 1.60 1.71 1.86 1.99 2.12 2.22 2.30 2.36 2.41 2.43 2.44 2.42 2.38 2.30 2.23 2.13 2.00 1.86 1.72 1.61 1.62 2.04

2.04 1.61 1.58 1.68 1.83 1.95 2.07 2.18 2.27 2.32 2.37 2.39 2.39 2.37 2.33 2.27 2.18 2.07 1.96 1.82 1.69 1.59 1.59 1.99

1.59 1.53 1.64 1.77 1.91 2.02 2.13 2.21 2.27 2.31 2.33 2.34 2.31 2.27 2.20 2.13 2.02 1.91 1.78 1.65 1.54 1.55 1.94

1.92 1.50 1.48 1.58 1.71 1.85 1.95 2.04 2.12 2.18 2.23 2.25 2.25 2.22 2.19 2.12 2.05 1.95 1.84 1.71 1.58 1.48 1.49 1.87

1.78 1.42 1.40 1.50 1.63 1.75 1.86 1.94 2.02 2.07 2.12 2.14 2.14 2.11 2.08 2.03 1.96 1.86 1.76 1.64 1.51 1.42 1.42 1.79

1.68 1.34 1.33 1.42 1.54 1.65 1.75 1.84 1.90 1.95 2.00 2.02 2.01 2.00 1.96 1.91 1.84 1.75 1.65 1.54 1.43 1.34 1.35 1.69

1.56 1.25 1.24 1.33 1.42 1.54 1.62 1.70 1.78 1.82 1.85 1.87 1.88 1.85 1.82 1.78 1.71 1.63 1.54 1.45 1.36 1.26 1.25 1.57

1.45 1.16 1.15 1.22 1.32 1.42 1.50 1.58 1.64 1.68 1.71 1.73 1.73 1.72 1.68 1.65 1.59 1.51 1.43 1.36 1.18 1.16 1.45

1.35 1.08 1.08 1.15 1.24 1.32 1.40 1.48 1.54 1.58 1.61 1.63 1.62 1.62 1.59 1.55 1.49 1.42 1.34 1.25 1.18 1.09 1.08 1.34

1.29 1.06 1.08 1.15 1.24 1.34 1.42 1.50 1.59 1.60 1.62 1.64 1.63 1.62 1.59 1.56 1.49 1.43 1.34 1.26 1.16 1.08 1.07 1.30

1.42 1.29 1.34 1.45 1.56 1.66 1.78 1.92 2.05 2.02 2.04 2.04 2.03 2.00 1.95 1.87 1.79 1.69 1.57 1.44 1.34 1.29 1.43

단위 : x10-2 W

1.96 1.80 1.79 1.81 1.82 1.82 1.81 1.79 1.81 1.95

1.96 1.67 1.49 1.44 1.45 1.47 1.49 1.48 1.46 1.47 1.51 1.65 1.95

1.89 1.53 1.43 1.40 1.42 1.45 1.48 1.49 1.48 1.47 1.45 1.45 1.41 1.41 1.53 1.90

1.96 1.53 1.42 1.43 1.47 1.53 1.57 1.60 1.61 1.61 1.60 1.57 1.51 1.47 1.42 1.42 1.53 1.93

1.95 1.47 1.46 1.53 1.60 1.66 1.71 1.74 1.77 1.77 1.75 1.71 1.65 1.59 1.52 1.47 1.45 1.55 1.93

1.90 1.53 1.47 1.48 1.55 1.64 1.73 1.81 1.86 1.90 1.92 1.90 1.89 1.86 1.79 1.72 1.64 1.56 1.48 1.45 1.54 1.91

1.97 1.51 1.42 1.46 1.55 1.66 1.76 1.84 1.94 2.00 2.03 2.06 2.05 2.03 1.99 1.93 1.85 1.75 1.66 1.55 1.47 1.42 1.52 1.96

1.66 1.41 1.42 1.52 1.64 1.76 1.87 1.97 2.05 2.12 2.16 2.18 2.18 2.15 2.11 2.05 1.97 1.88 1.77 1.64 1.52 1.42 1.41 1.66

1.96 1.48 1.40 1.48 1.60 1.73 1.86 1.97 2.08 2.15 2.21 2.26 2.29 2.28 2.25 2.21 2.15 2.08 1.97 1.86 1.72 1.59 1.47 1.41 1.50 1.95

1.80 1.44 1.43 1.52 1.66 1.80 1.94 2.05 2.16 2.24 2.30 2.35 2.37 2.37 2.35 2.31 2.25 2.15 2.05 1.94 1.80 1.66 1.51 1.45 1.81

1.79 1.45 1.46 1.56 1.71 1.85 2.00 2.11 2.20 2.30 2.35 2.42 2.44 2.43 2.41 2.37 2.31 2.22 2.10 2.00 1.85 1.71 1.57 1.46 1.47 1.79

1.82 1.47 1.48 1.60 1.75 1.89 2.03 2.15 2.26 2.35 2.41 2.45 2.48 2.48 2.46 2.40 2.34 2.27 2.16 2.03 1.89 1.74 1.59 1.48 1.47 1.81

1.82 1.48 1.49 1.61 1.76 1.91 2.06 2.18 2.29 2.37 2.43 2.48 2.49 2.50 2.49 2.44 2.38 2.28 2.18 2.06 1.92 1.77 1.61 1.50 1.49 1.83

1.82 1.48 1.48 1.62 1.76 1.91 2.05 2.18 2.28 2.37 2.43 2.48 2.50 2.51 2.48 2.44 2.38 2.28 2.18 2.06 1.92 1.76 1.62 1.49 1.48 1.83

1.80 1.47 1.47 1.59 1.74 1.90 2.04 2.16 2.26 2.35 2.42 2.46 2.48 2.48 2.46 2.41 2.35 2.26 2.16 2.04 1.90 1.75 1.60 1.48 1.47 1.82

1.79 1.47 1.45 1.55 1.71 1.85 1.99 2.11 2.22 2.31 2.36 2.42 2.43 2.44 2.41 2.36 2.31 2.21 2.12 2.00 1.87 1.71 1.57 1.46 1.45 1.80

1.81 1.44 1.51 1.65 1.81 1.93 2.06 2.15 2.23 2.30 2.35 2.38 2.37 2.35 2.30 2.24 2.15 2.05 1.93 1.81 1.66 1.53 1.43 1.44 1.80

1.95 1.50 1.40 1.46 1.59 1.73 1.86 1.97 2.08 2.16 2.22 2.26 2.29 2.29 2.26 2.23 2.16 2.08 1.98 1.86 1.73 1.60 1.47 1.41 1.48 1.96

1.66 1.41 1.43 1.53 1.65 1.76 1.88 1.97 2.06 2.12 2.16 2.18 2.18 2.16 2.11 2.04 1.98 1.88 1.77 1.64 1.52 1.42 1.42 1.67

1.95 1.52 1.42 1.47 1.55 1.66 1.76 1.85 1.93 1.99 2.03 2.06 2.06 2.04 1.99 1.93 1.86 1.76 1.65 1.55 1.46 1.42 1.52 1.96

1.90 1.53 1.44 1.47 1.55 1.63 1.72 1.79 1.86 1.90 1.92 1.92 1.90 1.85 1.80 1.73 1.64 1.55 1.48 1.47 1.54 1.90

1.93 1.54 1.45 1.47 1.52 1.59 1.65 1.71 1.75 1.76 1.77 1.74 1.71 1.66 1.59 1.52 1.46 1.47 1.95

1.92 1.54 1.43 1.43 1.46 1.53 1.57 1.60 1.61 1.62 1.60 1.57 1.53 1.47 1.43 1.42 1.53 1.95

1.90 1.51 1.41 1.40 1.45 1.46 1.47 1.49 1.50 1.48 1.45 1.42 1.40 1.42 1.52 1.90

1.95 1.65 1.50 1.47 1.46 1.47 1.48 1.48 1.45 1.43 1.48 1.66 1.95

1.94 1.81 1.79 1.80 1.83 1.83 1.82 1.79 1.79 1.96 단위 : x10-2 W

Power distribution of S-core Power distribution of C-core
Axial power distribution of power peaking rod



Neutronic Characteristics

Control rods worth

Temperature reactivity coefficients

• Fuel temperature coefficient(FTC), negative for 15~400℃

• Temp. coefficient of Coolant(CTC) & Isothermal(ITC), negative for 15~90℃

Parameter S-core (570 fuel rods) C-core (550 fuel rods)

Excess reactivity [pcm] 440 440

Shutdown margin [pcm] 1320 1210

Integral worth of one CR [pcm] 340 ~ 350 330 ~ 340



Reactor Structure & CRDM

<Reactor structure

And platform>

<Interface between the reactor

structure and surrounding equipment>

Fluid 

System

CRDM

CRDM 

Support 

Structure

Platform

Step Motor

Electromagnet 

Module

Extension Shaft

Linear 

Stage

Guide Rail

<Control Rod Drive

Mechanism>



I&C System Concept

• I&C system consists of

- Reactor Protection System (RPS)

- Data Acquisition & Control System (DACS)

- Information Processing System (IPS)

- Operator Workstation System (OWS)

- Neutron Measurement System (NMS)

• RPS performs the automatic or manual 

reactor shutdown function using two 

independent channels.

• DA performs the reactivity regulating 

function by receiving neutron 

measurement signals and controlling 

the control rods.

• NMS consists of 2 channels for 

protection and 1 channel for regulation.
<I&C System>



Design Basis Event

• Establishment of  design basis event considering on IAEA safety standards, 
US SAR on non-power reactors and KINS safety assessment guidelines.

Event Design Basis Event Reason of Selection

Power Loss • Normal power loss  • Control and monitor the reactor with power 

supplied from an external source

Excess Reactivity 

Insertion

• Excess reactivity insertion 

during full power or start-

up operation 

• Mechanical failures of CRDM and failures 

of control instrumentation or improper 

operation of the software

Loss of Coolant 

Flow

• Partial blockage of the 

coolant channel due to 

foreign material

• Foreign materials may fall onto the upper 

part of the fuel and partially block the fuel 

coolant channel

Loss of Coolant • Loss of coolant due to 

vessel  boundary damage 

• Loss of coolant may occur due to damage 

to the vessel tank or piping break

Incorrect Handling 

and Failure of 

Equipment  

• Carelessness in fuel 

handling

• Fuel cladding damage

• Loss of shielding

• Drop caused by carelessness in fuel 

handling

• Cladding damage not detected during 

manufacturing or due to aging

• Loss of shielding performance due to 

inappropriate opening of drain valve



CA for 

Education

CA for 

Research

Critical Assembly Bldg.

Education & Reseach Bldg.



Subway Connecting Passage

Education & Reseach Bldg.Critical Assembly Bldg.

Lobby

Seminar Rm.

Lecture Rm.

Office

Corridor

CA for 

Education



CA for 

Education

CA for 

Research

MCR-1 MCR-2

HP Office
Doorway

HVAC

General Area

Controlled Area



CA for 

Education

CA for 

Research

HVAC

General Area

HVAC

Controlled 

Area

DAW 

Storage

CraneCrane

Rx 

Assembly

TBD



Year 2021 2022 2023 2024 2025 2026 2027 2028

MARINS

- Pre Construction

- Fast-track Facility(1st Bldg.)

- R&D Blds. & Facility

- Radwaste Blds.

ACE

- Basic Design

- PSAR & Detailed Design

- Licensing

- Construction

- Commissioning

Present

CP

Submission

CP

Acquisition

OP Acquisition

& Fuel Loading

AE

Contract



Experiment Measured value Experimental method

Approach to criticality

Number of fuel rods Loading of fuel rods (1/M method)

Control rods position Movement of control rods (1/M method)

Flux measurement

Flux distribution

Irradiation of activation detectors

Neutron activation analysis
Neutron spectrum unfolding

Geometric buckling

Reactivity coefficient

Void coefficient Insertion of void simulator

Isothermal temperature coefficient Control of pool temperature

Reactivity worth

Control rod worth

Doubling time, rod swap, rod drop

Excess reactivity

Neutron noise analysis Kinetic parameter Rossi-alpha, VTMR, PSD

Reflector effect Infinite reflector length Control of water level
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