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STATUS OF THE 

FACILITY 

In operation 

Start of operation (date) 2015 

 

MAIN RESEARCH 

FIELD(S) 

□ Zero power facility for V&V and licensing purposes  

☒ Design Basis Accidents (DBA) and Design Extended  

Conditions (DEC) 

□ Thermal-hydraulics  

☒ Coolant chemistry 

□ Materials  

☒ System and components  

☒ Instrumentation & ISI&R 

 

TECHNICAL DESCRIPTION 

Description of the facility 

The SERF was built to perform a variety of experiments with sodium to advance the sodium 

handling technology and to develop the maintenance technology for sodium fast reactors (SFRs). This 

facility consists of four major experimental equipment, a sodium circulation loop system (test section; 

TS #1), multipurpose test cells (TS #2), glovebox test benches (TS #3), and a miniature sodium 

circulation loop system (TS #4). 

 The sodium circulation loop system (TS #1) has the capability to circulate 5.5 t of sodium 



at a temperature of up to max. 550°C. The loop system includes two test tanks  with different shapes 

and a test segment of the 80A-diameter pipe. These tanks, which are a 7-m deep long tank and a 1.5-

m diameter shallow tank, are equipped with test openings  to access the inside of the tanks. The 

maximum flow velocity of 5 m/s in the test segment can be achieved by an electromagnetic pump. 

The impurities in sodium are monitored by a plug meter and controlled by a cold trap connected to the 

loop system. 

 The multipurpose test cells (TS #2) consist of a controlled atmosphere cell and a 

hermetically sealed vessel. The controlled atmosphere cell a stainless steel-lined compartment, which 

is 2.4 m in height, 3 m in length, and 3 m in width (approximately 20 m3). The atmosphere in the cell 

can be replaced with nitrogen gas and heated up to max. 240°C. The hermetic vessel is a cylindrical 

pressure container, which is 1.3 m in inner diameter and 2.9 m in height (approximately 4 m3). The 

atmosphere in the vessel can be replace with multiple gases, such as nitrogen, oxygen, and argon. The 

heated sodium (max. 650°C) can be supplied to the vessel from an adjacent sodium supply tank. Both 

the cell and the vessel are connected to a filtration system which captures and remove sodium aerosol 

produced in sodium combustion experiments . 

The glovebox test benches (TS #3) consist of a main chamber for maintenance technology 

tests and a sub-chamber for general purpose tests. Both chambers are connected to a sodium circulation 

and purification system, which is capable of purifying up to max. 50 kg of sodium to an oxygen 

concentration of 5 ppm or less. The main chamber includes a sodium vessel (30 L) for storing liquid 

sodium which has been purified for various experiments , and have two motorized stage for remotely 

controlling experimental apparatus.  

The miniature sodium circulation loop system (TS #4) simulates the primary heat transfer 

system (PHTS), secondary heat transfer system (SHTS), and water-steam system, which are the main 

systems of SFRs. Each heat transfer system is composed of a vessel including a heat transfer tube and 

a drain tank for filling the vessel with sodium of about 5 kg, and the entire system is stored in a globe 

box. The heat exchange between the PHTS and the SHTS is performed with a heat transfer tube (IHX) 

in the primary vessel at a sodium flow rate of about 1 L/min, whereas  the heat exchange between the 

SHTS and the water-steam system is performed with a heat transfer tube (SG) in the secondary vessel 

at a steam flow rate of 5 m/s or less. In the water-steam system, the steam is cooled to form condensed 

water, and then the water is supplied to the SG again after heating up to max. 150°C. 

 

Acceptance of radioactive material 

No 

 



Scheme/diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Scheme of the sodium circulation loop system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Scheme of the multipurpose test cells  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Scheme of the glovebox test benches 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Scheme of the miniature sodium circulation loop system



3D drawing/photo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Photo of the sodium circulation loop system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Photo of the multipurpose test cells  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Photo of the glovebox test benches  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Photo of the miniature sodium circulation loop system 



Parameters table 

Coolant inventory TS#1: Approx. 5.5 ton of sodium 

TS#2: Maximum 50 kg of sodium 

TS#3: 30 L of sodium (Capacity of the charge drain tank: Maximum 50 kg) 

TS#4: 5 kg or less of sodium for each vessel  

Power TS#1: 200 kW 

TS#2: 80 kW for the controlled atmosphere cell, 4.2 kW for the sodium tank 

TS#3: approx. 1.5 kW for the sodium vessel 

TS#4: approx. 2.5 kW for each vessel 

Test sections  

TS #1 

(sodium 

circulation 

loop system) 

Characteristic dimensions 

Long tank: inner diameter 0.8 m, height 7.0 m 

Shallow tank: inner diameter 1.5 m, height 2.5 m 

Static/dynamic experiment 

Mainly static experiment 

Temperature range in the test section (Delta T)  

Maximum temperature: 550°C 

(Cold trap temperature: 120°C) 

Operating pressure and design pressure 

Maximum pressure: 0.5 MPa 

Flow range (max, velocity, etc.)  

Maximum flow rate: 1550 L/min 

(5 m/sec at the test segment of 80A-diameter pipe) 

TS #2 

(Multipurpose and 

hermetic cells) 

Characteristic dimensions 

Controlled atmosphere cell: height 2.4 m, length 3 m, width 3 m 

Hermetic vessel: inner diameter 1.3 m, height 2.9 m 

Static/dynamic experiment 

Both conditions  

Temperature range in the test section (Delta T)  

Maximum temperature:  

240°C for the controlled atmosphere cell, 260°C for the hermetic vessel, 

650°C for the sodium tank 

Operating pressure and design pressure 

Maximum pressure: 

+/- 1 kPa for the controlled atmosphere cell 

0.3 MPa for the hermetic vessel, 0.5 MPa for the sodium tank 

Flow range (max, velocity, etc.)  

Maximum flow rate: 5 m3/min with a blower 

TS #3 

(Glovebox test 

bench) 

Characteristic dimensions 

Main chamber: height 1.0, length 1.0 m, width 2.75 m 

Sodium vessel: inner diameter approx. 0.3 m, height approx. 0.4 m 

Sub chamber: height 1.0 m, length 1.0 m, width 1.2 m 

Static/dynamic experiment 

Static condition 

Temperature range in the test section (Delta T)  

Maximum temperature: 40°C, 400°C for the sodium vessel 



Operating pressure and design pressure 

Maximum pressure: +/- 1 kPa 

Flow range (max, velocity, etc.)  

none 

TS #4 

(Miniature sodium 

circulation loop 

system) 

Characteristic dimensions 

Primary vessel: inner diameter approx. 0.2 m, height 0.25 m 

IHX: outer diameter 19 mm, length 0.61 m, thickness 2 mm 

Secondary vessel: inner diameter approx. 0.2 m, height 0.32 m 

SG: outer diameter 19 mm, length 0.71 m, thickness 2 mm 

Static/dynamic experiment 

Both conditions  

Temperature range in the test section (Delta T) 

Maximum temperature: 550°C 

(Operation temperature: 530°C) 

Operating pressure and design pressure 

Maximum pressure: 0.2 MPa 

Flow range (max, velocity, etc.)  

Maximum flow rate: approx. 1 L/min 

Coolant chemistry 

measurement and 

control 

(active or not, 

measured 

parameters) 

TS#1: purification system (plugging indicator, cold trap) 

TS#2: none 

TS#3: purification system (cold trap) 

TS#4: none 

Instrumentation TS#1: Thermocouples, pressure transducers, electromagnetic flow meter, 

level gauge 

TS#2: Thermocouples, pressure transducers, flow meter 

TS#3: Pressure transducers, dew point meter, oxygen meter 

TS#4: Thermocouples, pressure transducers, electromagnetic flow meter, 

level gauge 

 

 

COMPLETED EXPERIMENTAL CAMPAIGNS: MAIN RESULTS AND 

ACHIEVEMENTS 

 

1. Measurement of liquid sodium level by laser telemeter 

Inductive type level meters, using electro-conductivity of sodium, have been used for fast 

reactors. A laser telemeter could measure distance to the sodium surface by a time of flight method. 

High accuracy and portability of a laser telemeter is suitable for in situ calibration of the level meters 

or alternative means under emergency conditions, on the other hand the laser light might be attenuated 

or scattered by vapor/mist of sodium generated at a high temperature condition. An experiment using 

the sodium circulation loop under various sodium level and temperature was conducted.  

 



2. Remote monitoring by heat resistant Fiber Bragg Grating (FBG) sensor 

 FBG sensors fabricated by direct laser processing was considered to be the best candidate 

for strain gauge for industrial high temperature plants. A heat resistant FBG sensor in metal mold was 

embed to an elbow of a pipeline in the sodium circulation loop system. The sensor remotely detected 

strain and deformation of pipeline and practically demonstrated monitoring of the sodium cooling 

pipeline practically. 

 

3. Combustion experiment on hydrogen jets containing sodium vapor/mist (s odium-hydrogen jet) 

 In severe accidents of SFRs, non-premixed combustion of sodium-hydrogen jets is expected 

to be an effective means to consume hydrogen without posting a challenge to containment integrity.  

The detailed observation of the ignition process by high-speed imaging resulted in identifying the 

ignition source for hydrogen ignition and revealed the ignition mechanism depending on the 

combinations of hydrogen and oxygen concentration. 

 

4. Under sodium visualization by ultrasonic technique  

 Ultrasonic visualization has been required to inspect equipment and structures in sodium. 

Basic experiments have been conducted to detect the shape of an object under sodium based on the 

detection time and intensity of the reflected waves from the object surface when  ultrasonic waves are 

transmitted into sodium. 

 

5. Development of a recover device for loose parts in liquid sodium  

 When some parts of equipment dropped into sodium, it is difficult to search and recover 

them because the liquid sodium is optically opaque. A device with a large number of rods was 

manufactured to recover dropped parts (loose parts) of various shapes. The device succeeded in 

efficiently pulling up different shaped parts, which simulated loose parts, from a sodium container 

while visualizing them with an ultrasonic device. 

 

 

PLANNED EXPERIMENTS (including time schedule)  

Experiments on several themes using sodium are planned as shown below. 

1. Maintenance technologies for sodium-cooled fast reactors  

2. Measurement instruments for a sodium coolant 

3. Quality control of a sodium coolant 

4. Safety and reliability of fast reactors in a severe accident  

5. Technological development for decommissioning of Monju  

 



 

TRAINING ACTIVITIES  

Training activities have been carried out before the operation of experimental campaign based on a 

quality management system of JAEA. 
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