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Conventional technique
FFDL: Tagging, Selector valve, Sipping (wet, dry)
Sodium leak detection: Sodium Ionization Detector (SID), 

Radiation Ionization Detector(RID), Contact Leak Detector (CLD)

Ultra high sensitive (~ppt), Highly reliable (prevent from false signal)

- FFDL by measuring Xe, Kr gas
-Sodium leak detection by measuring sodium aerosol

Applied to

Introduction
Failed Fuel Detection and Location (FFDL) and 
sodium leak detection are essential for SFR safety.

more sensitive, simple, robust, reliable, ・・・・・・・・・・・・
more sensitive, simple, robust, reliable, ・・・・・・・・・・・・

RIMS: Laser Resonance Ionization Mass Spectrometry
Ultra high sensitive (~ppt), Highly reliable (prevent from false signal)
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High sensitivity
< ppb, ~ ppt

High S/N
by selective ionization 

Isotopic ratio measurement
by mass spectrometry
(Time-of-flight)

CharacteristicsSystem
Digital signal processor

Time-of-flight mass spectrometer (TOFMS)

Sample
gas

Tunable OPO laser system

Laser resonance ionization
Ionization 
potential
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level

Ground level
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λλλλ=256.02nm

λλλλ=256.02nm

Mass spectrometry

MC
P 

ou
tpu

t [m
V]

200
180
160
140
120
100
80 109 110 111 112

Flight time [μμμμs]

1ppb
0.1ppb

128Xe

129Xe

130Xe

131Xe

132Xe

134Xe
136Xe124Xe

126Xe

(Natural Xe in Ar gas)

What is RIMS ?

Xenon

Laser device for resonance ionization
(Optical Parametric Oscillator: OPO)
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Topics 1
Failed fuel detection and 

location by RIMS
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Reactor vesselCoolant
sodium

Defect hole

Fuel pin

RIMS can measure tag gas isotopic ratios 
directly with no concentration process

Tag gas capsule
(Xe: 1cc, Kr: 1cc)

Procedure

using magnetic sector 
mass spectrometer

Gas release

Cover gas volume:
70 m3

5 % released
from failed fuel

> 7 ppt

1. Concentration
~ ppm

2. Measurement

FFDL using tag gas (Monju)

Fission-product gas
Tag gas

Charcoal filter No. 1
①①①① Cooling: collect Xe, Kr, Ar
②②②② Heating: send Xe, Kr, Ar

to charcoal filter No. 2

Isotopic ratios

Mass
spectrometer

Cover gas

Waste gas line

Charcoal filter No. 2
①①①① Cooling: collect Xe, Kr, Ar
②②②② Heating(1): waste Ar
③③③③ Heating(2): send Xe, Kr

to Mass spectrometer
Heater

L.N2

Charcoal column

A

B

Tag gas concentration requires 
very elaborate operation
(from experience of Joyo CGCS). 
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Released 
gas from
capsule

Procedure
1. Detect tag gas release

- Activated tag gas nuclides by OLGM
2. Identify ruptured capsule

- Isotopic ratios of tag gas by RIMSOn-line γγγγ-ray
Monitor (OLGM)

Core

Cover 
gas

Gas sampling

Reactor vessel

φφφφ 6.9 mm

42
 m

m

Tag gas 
capsule

Capsule: Cylindrical tube 
(with no fuel)

Temp. : 750 ˚̊̊̊C (max.)
Inner pressure (helium) : 

< 22 MPa
Tag gas isotopic ratio (6 kinds):

126Xe / 129Xe,
131Xe / 129Xe,
132Xe / 129Xe

Tag gas release experiments (Joyo)
RIMS
(Off-line)
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Tag gas radioactivity in primary cover gas 

101

102

103

Jun.12 Jun.13 Jun.14 Jun.15'06

127Xe

135Xe

OLGM signal increased 
at ‘06 Jun. 12  22:08

Cover gas sampling 
at ‘06 Jun. 13  9:36



8

0

50

100

150

200

108 109 110 111 112

Natural 
xenon

Mass spectrum by RIMS

MC
P o

utp
ut 

(m
V)

124Xe

126Xe
128Xe

129Xe

130Xe

131Xe
132Xe

134Xe
136Xe

Flight time (µs)

Measured 
gas

Xenon isotopic ratios

Result of RIMS measurement

Tag gas was successfly identified by measuring 
xenon isotopic ratios.

Tag gas No. 126Xe
/129Xe

131Xe
/129Xe

132Xe
/129Xe

１ 0.632 0.896 0.891
２ 0.069 0.101 0.298
３ 0.209 0.890 0.101
４ 0.630 0.301 0.101
５ 0.629 0.102 0.892
６ 0.071 0.888 0.889

by RIMS 0.065 0.099 0.295

Tag gas No. 126Xe
/129Xe

131Xe
/129Xe

132Xe
/129Xe

１ 0.632 0.896 0.891
２ 0.069 0.101 0.298
３ 0.209 0.890 0.101
４ 0.630 0.301 0.101
５ 0.629 0.102 0.892
６ 0.071 0.888 0.889

by RIMS 0.065 0.099 0.295
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Ar供給系

ベーパ

トラップ

ポンプ

流量計

γ線検出器

ベーパ

トラップ

Ar Gas
γγγγ-ray Detector 

Flow Meter
Pump

Sodium sipping
Procedure

Sipping
Port

S/A

NaNaNaNa

ArArArAr

GasGasGasGas

＋＋＋＋NaNaNaNa

Loop B

DN Detector (A)DN Detector (A)DN Detector (A)DN Detector (A)

Core

FP

Coolant
(Sodium)

DN Detector (B)DN Detector (B)DN Detector (B)DN Detector (B)

Failed Fuel

Loop A

Coolant
Flow

Coolant
Flow

FP

Cesium Trap

(0.1mm××××1mm)

Spacer wire

Gas plenum 
Axial reflector
Fuel pellet
Cladding

Slit(pre-defected)

Test Pin

Ar＋＋＋＋FP

Bubbling

FP
＋＋＋＋Na

Fuel failure simulation test in Joyo
(pre-defected at gas plenum)
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“133Xe” was detected

RIMS was able to assume the burn-up of the 
failed fuel subassembly; even should be 
applicable to selector valve (for JSFR).
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Topics 2
Detection of small amount of 

sodium leak by measuring 
sodium aerosol
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Laser for ablation

Tunable 
OPO laser 
device

Digital signal processor
TOF mass spectrometer

Sodium leak detection process
YAG laser 
device

⑤⑤⑤⑤ Ion detection by mass 
spectrometer

②②②② Sodium aerosol sampling②②②② Sodium aerosol sampling

Aerodynamic
lens

③③③③ Atomization of 
sodium aerosols

TOF mass spectrometer

①①①① Sodium aerosols leaked from 
the primary cooling system
①①①① Sodium aerosols leaked from 
the primary cooling system

④④④④ Laser resonance 
ionization

③③③③ Atomization of 
sodium aerosols

④④④④ Laser resonance 
ionization
Laser for resonance 

ionization

⑤⑤⑤⑤ Ion detection by mass 
spectrometer
⑤⑤⑤⑤ Ion detection by mass 
spectrometer
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Sodium Aerosol Sampling
Aerodynamic lens was applied.

Advantage
- Concentration of sodium aerosol (~ 107)
- More simple, robust than filter method

Vacuum pumps

Lens (Disk with hole)

Atmospheric 
pressure
（～（～（～（～105Pa））））

Aerosol

～～～～10-3Pa

This has been measuring air pollution particles.
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V(－) V(＋)

Temperature
・・・・ Electric Heater (furnace):  ～～～～103ＫＫＫＫ
・・・・ Induced Coupled Plasma: ～～～～7××××103ＫＫＫＫ
・・・・ Laser Ablation:              ～～～～104ＫＫＫＫ

Laser ablation has advantage 
for atomization of various 
compounds: Na2O，，，，Na2O2 ，，，，NaO2 ，，，，NaOH，，，， Na2CO3 etc.

Sodium aerosol accumulated 
on the plate (titanium)

Sodium aerosol
(Na2O etc.)

Plate (Ti)

Na
O
H

Ground 
level 

Ionization potential

λλλλ2

～～～～244nm

Electric field
~ 5kV/cmRydberg level

Ionization schemeLaser ablationAtomizationExcited by laserElectric fieldIonization

Atomization by laser ablation

e-Na+

1 photon excitation
+ electric field
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Leakage point

Prototype sodium aerosol 
detection system

Time-of-flightmass spectrometer

Ionization Chamber

OPO

Pulsed Nd:YAG laser
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Sensitivity:
400 times higher than the design target （（（（1 ppb））））

23Na concentration : 12 ppt

Mass spectrum
m/z
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Sodium aerosol detection
experiments

・・・・ Peak of 23Na was 
measured in high 
resolution.

・・・・ Linearity even in the row 
23Na concentration.

・・・・ Lower detection limit is 
2.7ppt .
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The high sensitive FFD and sodium leak detection
technique for fast reactors has been developed 
using RIMS.

FFDL
- Tag gas was identified with no concentration process. 
- Burn-up of the failed fuel subassembly can be assumed.

Sodium leak detection
- Lower detection limit of 23Na was achieved 400 

times high sensitivity ( 2.7 ppt ) higher than the 
design target  (1 ppb).

Summary
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JSFR
Gen-IV

RIMS researchers in Joyo

Monju

This study includes the research entrusted by the MEXT of Japan.

The RIMS system is expected to be a promising 
innovative instrumentation system for future SFRs.

RINE
Prof. Takeda
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“The time will come, 
when our posterity will 
wonder that we have 
only now just realized 
such a 

.”

The mark from the poem
by Lucius Annaeus Seneca drawn
on the operation floor of containment vessel

RIMS
self-evident

truth


