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Effect of expansion/shrinkage of crystal lattice 
on stability of hydrogen isotopes in bcc metals 

Daisuke Yamauchi1, Takuji Oda1, Yasuhisa Oya2, Satoru Tanaka1

1Department of Nuclear Engineering and Management: 

 The University of Tokyo, Tokyo, Japan 
2Radioscience Research Laboratory, Faculty of Science: 

 Shizuoka University, Shizuoka, Japan

A part of bred tritium stays in the blanket of fusion reactor, and causes decrease of fuel recovery 
and embrittlement of materials. In addition, permeability and leakage of tritium from constructual 
materials have a risk that radioactive products diffuse out of the reactor. In order to evaluate and reduce 
the amounts of tritium inventory and leakage, it is inevitable to understand how hydrogen isotopes stay 
and diffuse in materials under the reactor conditions. In the reactor conditions, it is anticipated that 
defects generated in the materials induces local expansion or shrinkage of crystal lattice. Therefore, we 
analyze the influence of expansion/shrinkage of materials on diffusion of hydrogen isotopes using 
quantum mechanical calculations, in order to obtain fundamental knowledge with respect to modeling 
of the diffusion behavior of hydrogen isotopes in metal materials. 

Quantum mechanical calculations were performed by VASP code based on density functional 
theory (GGA-PBE functional). Body-centered cubic metals (Fe, Cr, Mo, W, etc) were modeled with 
three-dimension periodic boundary condition. Total energies were evaluated on structures whose lattice 
constants were isotropically expanded or shrunk by -2%, -1%, 1% or 2% from those of the optimized 
structure. The stability of hydrogen isotopes around metal atoms was investigated. 

It is known that the most stable site for hydrogen atom is the tetrahedral site of four coordinates in 
body-centered cubic metals. This fact was reproduced properly in the calculations. The trigonal site of 
three coordinates was evaluated as the transitional state of hydrogen atom migrating between two 
neighboring tetrahedral sites. The total energies of structures increased when the crystal lattices were 
expanded or shrunk. This tendency was observed whether hydrogen atom exists at the tetrahedral site or 
at the trigonal site. However, the increment in the trigonal site was larger when the crystal lattices were 
expanded, and smaller when they were shrunk, than that in the tetrahedral site. Diffusion barriers of 
hydrogen decreased by lattice expansion and increased by lattice shrinkage. We discussed the 
mechanism in the decrease of diffusion barriers by separating the stability of hydrogen into two parts: 
the solution energy of hydrogen in the relaxed lattice and the elastic energy of the surrounding lattice. 
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17. Hydrogen permeation through F82H tube under pressurized water 

H. Tanigawa, A. Yoshikawa and M. Enoeda 
Japan Atomic Energy Agency, Blanket Technology Group 

In the design of a test blanket module (TBM) being developed by JAEA, cooling tubes 
made of F82H steel pass through pebble beds of Li2TiO3 and Be, and pressurized water of 
15 MPa at a temperature of about 573 K is fed as coolant. In the breeder bed side, the 
partial pressure of tritium is controlled to be about 1 Pa using helium purge gas. The tritium 
diffusion coefficient in F82H steel is an important parameter for the permeation calculation. 
However, reported values are limited only for the samples with the clean surface. In the 
operating condition, the coolant side of the tube is subjected to the water of 15 MPa at 
about 573 K, and the surface will be oxidized. In the present study, deuterium gas 
behaviour passing through the F82H tube under the pressurized water is observed using an 
autoclave. 
A F82H tube 2.5 mm thick is inserted into the autoclave, and heated to 573 K in the 
pressurized water. The tube is connected to a vacuum pumping system with a quadrupole 
mass spectrometer and a deuterium gas container. In the tube, 100 Pa of deuterium gas is 
filled and the partial pressure of deuterium is observed. For the sample with the polished 
surface, deuterium permeation was observed and hydrogen permeation in the different 
direction from the deuterium was simultaneously observed. The hydrogen is considered to 
be attributed to the oxidative reaction at the coolant side. In process of time, both 
deuterium and hydrogen permeation rates decreased. For the deuterium permeation, the rate 
decreasing results from the growth of the oxide layer that acts as a permeation barrier. For 
the hydrogen, the rate decreasing is considered to correspond with the decreasing of the 
oxidation rate.  
The permeation behaviour of deuterium affected by the oxide layer was observed by the 
in-situ experiment. In addition, it was found that hydrogen caused by the oxidative reaction 
can permeate through the tube. Using the apparent diffusion coefficient obtained in the 
study, tritium permeation in the TBM is estimated.
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18. Tritium Permeation Behavior in the Breeder part of Ceramic Breeder Blanket.
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19. Tritium Balance in Blanket System of Fusion Reactor 

Masabumi Nishikawa
Graduate School of Engineering Science, Kyushu University 

6-10-1 Hakozaki Higashi-ku, Fukuoka 812-8681, Japan 

Abstract

The amount of tritium bred in the breeding part of blanket system of a fusion reactor must exceeds 

the amount of tritium consumed in the reactor and the remainder is stored for the initial inventory of 

the next reactor to be constructed. It is found recently that not a little amount of tritium is trapped to 

the re-deposition layer of the first wall material of the plasma vessel. It is also anticipated that some 

amount of tritium is lost from the plasma driven permeation through the first wall material of the 

plasma vessel when the wall temperature becomes higher. 

  The tritium mass balance in a fusion reactor is discussed in this presentation considering tritium 

burning efficiency in plasma, tritium loss ratio in the fueling system, tritium loss due to � decay of 

tritium inventory and recovery efficiency in tritium production in the blanket system. The allowable 

range of tritium recovery efficiency in the blanket system obtained from this estimation is compared 

with the estimated permeation loss at the breeding part of the JAEA type test blanket module for ITER 

where the tritium concentration profile is calculated using the tritium release model from ceramic 

breeder materials composed by the present authors. 
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20. In-situ observation of hydrogen isotopes interacting  
with radiation defects in LiTaO3

 Kenichiro Ikuno 1, Takuji Oda1, Kisaburo Azuma1, Satoru Tanaka1

1Department of Nuclear Engineering and Management: The University of Tokyo,  
Tokyo, Japan 

Understanding the mechanism of tritium desorption from breeding materials (ternary lithium oxide 
such as Li2TiO3) is an important research subject for enhancing the reliability of fuel cycle in nuclear 
fusion reactors. Previous studies have frequently indicated that radiation defects affect tritium diffusion 
and desorption behaviors. However, there are few studies observing behaviors of hydrogen isotopes and 
radiation defects at the same time. In the present study, therefore, we simultaneously performed thermal 
desorption spectroscopy (TDS), UV-VIS spectroscopy and IR spectroscopy (FT-IR), with the aim of 
identifying factors that determine behavior of hydrogen isotopes interacting with radiation defects in 
ternary lithium oxides. As a ternary lithium oxide, LiTaO3 was chosen, because single crystals of 
LiTaO3 can be used and thus precise spectroscopy experiments are feasible.

Specimens of LiTaO3 <001> single crystals (10×10×1 mm3) were irradiated by deuterium ion (D+)
of 300 keV in order to load hydrogen isotopes and radiation defects closely. Then, irradiated specimens 
were heated in a vacuum. In heating, we analyzed desorbed gases by TDS, amounts of defects by 
UV-VIS, and chemical forms of hydrogen isotopes by FT-IR 

In TDS, deuterium was mainly released as hydrogen molecules (HD, D2) in the temperature range 
of 350 to 500 °C. 

In UV-VIS, a broad peak in wavelength range of 300 to 800 nm appeared and increased in 
proportion to the irradiation fluence during D+ irradiation. This peak decreased in the temperature range 
of 300 to 400 °C during heating after the irradiation. These phenomena are considered to be derived 
from generation of radiation defects by D+ irradiation and recovery of radiation defects by heating. 

In FT-IR, two sharp O-D vibration peaks were observed at 2560 cm-1 and 2620 cm-1. The peak at 
2620 cm-1 has not been observed by experiments in that deuterium was thermally loaded into LiTaO3.
By heating, the intensity of this peak increased in the temperature range of 350 ºC to 430 ºC together 
with increase of D2 desorption in TDS, and then decreased. These results indicate correlation between 
release behavior of hydrogen isotopes and their chemical forms in the material. The factors that 
determine behavior of hydrogen isotopes interacting with radiation defects were discussed. 
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21. Fabrication Routes of Sub-Components 
for Water Cooled Solid Breeder Blanket Module 

T. Hirose1, H. Tanigawa1, H. Serizawa2, Y. Kawahito2, S. Katayama2 and M. Enoeda1

1  Japan Atomic Energy Agency, 801-1 Mukoyama, Naka, Ibaraki, 311-0193 Japan 
hirose.takanori@jaea.go.jp 

2 Osaka University, 1-1 Yamadaoka, Suita, Osaka, 565-0871 Japan 

This paper describes recent achievements in R&D on the fabrication routes of sub-components 
for Water Cooled Solid Breeder (WCSB) ITER-Test Blanket Module (TBM). Mock-ups of 
sub-components have been successfully developed in industrial scale using a reduced activation 
ferritic/martensitic steel, F82H. The structural for the sub-components must be thin and gas-tight from 
an tritium management point of view. Moreover the structure is required to have the capability of 
cooling for heat injection from plasma and volume heat generation. 

Full scale container for breeder pebbles were successfully developed with the fiber laser 
welding technique for its high focusing capability. Butt welding between 1.5 x 4 x 990 mm3 plates and  
�11 x 1 x 990 mm3 tubes were successfully bonded without penetration of weld bead through the tubes. 
It means the cooling channels are free from heat-affected-zone, which degrades mechanical strength and 
compatibility with the coolant. A couple of membrane panels, tube plates and side walls were also 
joined by the techniques to form the container, and its dimensions are 74 x 112 x 990 mm3. It was 
confirmed to be gastight under pressurized helium up to 0.5 MPa. 

As for fabrication method for the side wall structures, gun-drill method was applied to form 
the built-in cooling channels. The cooling channels with 10 mm of diameter and 1450 mm of depth were 
successfully formed in F82H side wall with 30 mm thickness. Veer in the channel was measured to be 
within 0.5 mm over the 1450 mm, and this is small enough for the components. The side wall was to be 
fabricated with hot isostatic pressing in the conventional fabrication route. However, the drilling method 
could be the attractive alternative from the view point of quality assurance. The manifold structures for 
these sub-components are to be discussed. 
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23. On monitoring the tritium breeder in ITER Test Blanket Module 

V.Kapyshev, I. Kartashov, V.Kovalenko, V.Poliksha, Yu.Strebkov, N.Yukhnov. 

Open Joint-Stock Company “Dollezhal Research and Development Institute of Power Engineering”. 

P.O.Box 788, Moscow 101000, Russian Federation, e-mail: nikiet@nikiet.ru 

  Tritium breeder is a most process among controlled fusion reactor engineer problems. Tritium 

Breeding Ratio (TBR) is a main parameter characterizing of the process. TBR can be submitted as a 

ratio of the amount tritium produced in the fusion reactor to the amount of tritium that burned up in 

the reactor plasma. A concept and block-schema of tritium breeding monitoring and experimental 

estimation of the tritium-breeding ratio in DEMO and ITER are discussed. Systems for experimental 

estimation of the TBR and the tritium-breeding dynamic parameters in a Tritium Breeding Modules 

(TBM) of the ITER are proposed. 

  The systems are based on tritium and neutron flux measurements under ITER plasma experiments 

and use lithium ortho-silicate and lithium carbonate as tritium detectors and the neutron detectors. 

Beryllium and differences isotopes lithum-6 and lithium-7 are applied. The detectors are delivered to 

tritium breeding zone (TBZ) of the TBM on channels connected the TBM and an operating zone of 

ITER. Pneumatic and mechanic methods are applied to deliver the samples to the TBZ of the TBM 

and to extract the samples using monitor channels during plasma operational pauses. 

  Results of the channel parameter calculations and comparison of the pneumatic and mechanic 

systems are presented in the paper. 

Corresponding Author: Vicor K. Kapyshev 

kapyshev@nikiet.ru 

Open Joint-Stock Company “Dollezhal Research and Development Institute of Power Engineering”, 

P.O.Box 788, Moscow 101000, Russian Federation,  e-mail: kapyshev@nikiet.ru  
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Introduction 

     ITER has to demonstrate the possibility of controlled fusion for power generating. New 

technologies are applied in the reactor and must be tested under ITER operation [1].        

     At final stage of ITER operation D-T plasma will be and tritium processes for chemical 

purification and isotope separation of plasma gas and technology of tritium breeder in Test Blanket 

Modules (TBM) will be tested [2,3,4].  

     The most important parameter characterizing the tritium cycle of the reactors is tritium breeding 

ratio (TBR). 

     In general TBR is defined as: 

��R = Qreactor / Qplasma          (1) 

      where: Qreactor – tritium amount bred in plasma and in reactor blanket and Qplasma - tritium 

amount burned-up in plasma. 

     TBR for Russian DEMO with ceramic blanket has to be no less than 1.05 [5]. Experimental 

demonstration of TBR definition with necessary accuracy is clear taking into account the importance of 

the value for normal reactor operation and exceeding of this value over a one. Operation for 

experimental definition of TBR was begun else in SU in 80-th [6] and followed in frame development 

of Russian ceramic TBM for ITER [7]. 

     To investigate a numerator of the formula (1) a tritium production in tritium breeding zone (TBZ) 

of the TBM has to be measured under ITER plasma experiments. 

 Tritium and neutron monitoring system with some lithium and neutron sensors are proposed 

 Conceptual of tritium breeding monitoring in ITER is discussed.       

2. Conception of tritium breeding monitoring and material irradiation using Test Breeding 

Modules of ITER 

         Conception of TBR monitoring for reactor includes measurement of numerator and 

denominator in formula (1) and calculation analysis for both of them. Experimental definition of tritium 

amount burned in plasma (denominator in formula (1)) is proposed to realize by measurement of 

neutron quantity arisen in result of D+T nuclear fusion reaction. Numerator demonstrates tritium 

breeder in a reactor blanket under neutron interaction with lithium and beryllium isotopes but neutrons 

from D-D reaction and possibly (�,n) acceleration processes have to be accounted not only from D-T 

reaction.  

     Simultaneously ITER will be the power neutron source and also the material researches can be 

carried out. 

The conceptual diagram of TBR monitoring in Fusion Reactor and irradiation material system is 

presented on Fig. 1. 
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Fig. 1. Conceptual diagram of TBR monitoring in Fusion Reactor and irradiation of material 

Complex of tritium breeding ratio monitoring and fusion structural material irradiation systems 

(TMMC) contains three components. 

     1. System of tritium breeder monitoring and material samples irradiation (TBMS) including: 

- channel for irradiation of samples (TMC),  

- tritium gas system providing tritium operation, 

- transport system for samples delivering to TBM and take out after irradiation    

and transportation to tritium and material laboratory. 

             2. System of neutron measurement arising in plasma on (D+T) � (D+D) fusion reactions. 

3. Computer-information and analyzing facility (CIAF) includes: 

                 - tritium and structural material laboratories for investigation of tritium and 

material samples after irradiation in TMC,  

                 - information center for analyses of data from TBM’s tritium system and 

calculation of neutron fluxes in ITER.        

Proposed TBMS is useful to test using TBM of reactor ITER. Tritium breeder and material 

samples can be located for single/several plasma pulse periods. 

The diagram of the proposed TBMS in ITER is shown on Fig. 2. 
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Fig. 2. The diagram of TBMS in ITER 
1- TBZ of TBM, 2- channel  (TMC) for irradiated samples, 3- channel  (TMC) for tritium 
detectors, 4- casks with samples under irradiation, 5-load-in chamber, 6- transporter room, 7- 
tritium laboratory, 8- material laboratory, 9- tritium building  
                   delivery of casks with samples; 
                   extraction of irradiated casks 

     A target of present research stage is development of TMC. 

In order to estimate tritium breeding amount in TBZ of TBM (numerator in formula (2)) 

detectors of neutron irradiation and samples of tritium breeding materials are proposed. 

Fission chamber and metal foil for further activation analysis and dielectrics for the fluencies 

determination via the structure analysis (diamond, special glasses) can be applied as these detectors. 

Lithium Orthosilicate (Li4SiO4) and lithium carbonate Li2CO3 are proposed as tritium breeding 

materials. Orthosilicate has same composition as breeder material of TBM TBZ but different amount 

of isotope lithium-6. Taking into account tritium breeding both on isotope mixture (6Li + 7Li) takes 

place for all neutron energies (from 14MeV to thermal) there are six samples with different lithium 

isotope content developed with availability /absence of thermal neutrons absorption (Table 1. in [8]) . 

In this case the channel is used for TBR monitoring only.    

    Transportation of the casks to the Module and back is proposed to realize by two methods: 

pneumatic with gas cooling and mechanical one.    

3. Pneumatic conceptual method of sample convey to TBM 

The canal (TMC) for irradiation materials is thought as two coaxial pipes (Ø 14�1 mm and Ø 

20�1 mm). Coolant movement through the canal is possibly both straight and reveres. This depends on a 

mode of a TBMS operation. 

The canal surrounded by TBZ beryllium contains three parts (Fig.3) [8]: 

-  “operation” part with length ~ 0.55 m locating in TBM; 

- part between TBM back plate and operation room; 

- “leader” part with length ~ 0.5m for loading and unloading containers.   
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Fig. 3. Cross-section of MTBSM canal 
1- beryllium plug, 2- container, 3- beryllium multiplyer, 4- separation elements, 5- of TBM shell, 
6- back plate of TBM shell, 7- out side of canal pipe, 8- bellow, 9- frame, 10- inner pipe of canal, 
11- shield plug, 12- armored bellows,  13- heat shield, 14- biological shield, 15- fastening unit 
ofcanal,16- union, 17- adapter, 18- load chamber, 19- fingered bushing, 20- bolt, 21- transporter.     

-

Coaxial placement of the canal “operation” part in a rigid rib and fixing of an inner pipe to an outside 

pipe are provided by separating elements located along the canal with equal distance. 

Monitoring and irradiated system contains the canal with samples, ancillary units and utility systems 

providing necessary modes of operations: cooling, sample transportation and blow- through of the canal. 

The blow-through is needed after load of containers with samples to remove air and before unload of the 

containers to remove a coolant which may contain tritium. These operations are carried-out during 

reactor pause between plasma pulses. 

The diagram of the ancillary systems is shown in Fig. 4. 

   �       �
Fig. 4. Conceptual diagram of TBMS system: with gas circulator (a) and more simple (b). 

1- TMC of TMMS, 3- cask with tritiumbreeding samples, 3- gas cylinders, 4- pressure 
regulator, 5- circulator pumps, 6-heat exchanger, 7- safety valve, 8- tank, 9- purification 
system, 10- way to ventilation; a-h – close and control devices, 11- vacuum pump 

There are two gas loops: 

-open loop for operations with the containers to deliver and remove the samples by gas pulse using 

the tank (3), 
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- closed loop to cool the canal. 

Gas is directed to the tank (8) under modes of transportation and blow- through of the canal and then 

passes through the purification unit (9) to the ventilation system (10). Using vacuum pump (10) is 

used for decontamination process and can provide necessary sample temperature.    Safe valve (7) 

is in the tank (8) to prevent from gas pressure excess. The gas circulator (5) and the heat exchanger 

(6) are in the system to maintain of a canal temperature mode. Vacuum pump (11) can provide 

decontamination process and controlled temperature of a cask.     

The capsule set is located in the cask to be delivered to the TMC and removed from it after 

plasma pulse.  

Fig. 5. Location of capsules with material samples in cask  
1- container, 2- capsule, 3- material sample 

Tritium breeder detector is initial main item under development of canal design. This is a capsule 

presenting hermetic cylinder cask closed by plugs to each end (Fig. 5). Sample for material 

irradiation is in the cask in contrast to initial variant. The sample (3) has 10 mm length.  

Results of singl-dimension thermohydraulic calculation of the canal operation part are shown in 

Table 1. 

Table 1.Thermohydraulic parameters of canal cooling system 

                                Parameters value 
Power of heat sources  removed from canal parts by  
cooler (Wt) 

605

Maximum temperature of capsule shell  (�C)   128,3
Cooler temperature on out-let of operation canal part (�C)   132,4
Cooler velocity on cask part of canal (m/�) 24,7 

      Calculation temperature in tritiumbreeding detector core is in limits 116,4 -152,4 �C under 

cooler temperature 87,3 - 97,3 �C on capsule places. More detail calculations are shown in [7]. 

4. Mechanical conceptual method of sample convey to TBM 

     Pneumatic method demands cooling system to provide necessary temperature for samples. This 

makes the system more complex and possibility of accidents more height. To simply system mechanical 
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method of sample convey to TBM is proposed.    

     The method is based on using of transport metal rods connected in consecutive order during 

delivery of container with samples to TBM.  They are moved toward Module TBZ in  pipe O18x1 

mm (Fig.6). 

Fig. 6. Conception block-diagram of mechanical method of sample convey to TBM 

1-��� ���, 2- container with samples, 3-“operation” part of TBMS, 4- rod, 5- leader part of 
TBMS, 6-material sample 

The canal contains three parts:  

- “operation” part with length ~ 0.55 m locating in TBM; 

- part between TBM back plate and operation room; 

- “leader” part with length ~ 0.5m for loading and unloading containers.   

Fig. 7. Cross section of “operation” part of TBMS with lithium ceramic and/or material sample 
1- cask with capsules, 2- graphite, 3- stainless steal shell, 4- inner pipe of CMMS, 5- Be inset  

     Material of the first rod (diameter 10 mm) with samples belonging “operation” part is graphite. 

Outside of shell is zirconium. Material of other rods (second part of system) can serve as shield on 

neutron and   �-irradiations. 

     “Operating” part contains lithium ceramic and/or material samples (Fig. 7). Material capsules for 
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samples are quartz glass.  

     The canal system contains only one gas system for tritium monitoring in the canal. 

     Neutron calculation was carried-out to estimate of heat distribution in the rod materials under 

reactor irradiation. The canal is in beryllium cylinder irradiated to face (Fig. 8) 

Neutron source has reactor energy spectrum and isotropic distribution. Power of the source provides 

neutron load is equal the load for first wall of ITER – 0.8 Mwt/sm2 at total fusion power – 500 Mwt. 

Total density of heat generation in beryllium first wall is 5.36 Wt/sm3 

     Density of stainless steal is 7.39 g/sm3, graphite – 2.25 g/sm3, porous beryllium – 1.48 g/sm3.

  A gas gape between rod and beryllium takes into account. 

Fig. 8 Calculation model for R-Z space  
1 –first wall, 2 – beryllium, 3 – steel/graphite rod, 4 – points to measure of heat generation 

     Results of heat and neutron calculations are in Table 2. Generate heat (qv ),  

 porous beryllium temperature(  Tbe ) and graphite temperature( TGr ) on lengths of the hall. Coordinate 

(Z) is from back of Module. 

Table 2. Temperature and heat generation on model height  
Z, � qv, ��/�3 Tbe, �� TGr, ��

0.000 6.29�04 500.0 500.3 
0.024 8.97�04 502.9 503.5 
0.047 11.9�04 505.9 506.6 
0.071 15.7�04 508.8 509.8 
0.094 20.5�04 511.8 513.2 
0.118 26.6�04 514.7 516.7 
0.141 34.2�04 517.7 520.0 
0.165 44.8�04 520.0 522.3 

      Fig .9 demonstrates change of porous beryllium (1) and graphite temperature (2) as a function of 

distance from module back.   
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Fig. 9. Temperature of porous beryllium and graphite rod in core as function of distance from 
module back (m).    

                   1 – temperature of porous beryllium; 
                   2 – temperature in graphite rod.  

     Results of the calculations demonstrate temperature in a graphite core is equal porous beryllium 

temperature (maximum a difference is less 2.5oC). Maximum temperature is 522.3 oC and doesn’t 

exceed the limit for graphite operation (~1000 oC) and for stainless steal (~600 oC) too.           

Conclusion
1. Conception of tritium breeding ratio measurement and irradiation of material samples has been 

proposed to irradiate of the samples and to estimate tritium breeder rate in ceramic ITER TBM by 

experimental method under ITER normal operation. 

2. Canal design is developed for irradiation of ceramic lithium, neutron detector, material samples 

during plasma pulse in ITER and for fast its transportation to analytical laboratory. 

4. Carried-out calculations demonstrated cooling system for pneumatic method provides necessary 

temperature mode of canal operations and transport system provides fast extraction and deliver of 

tritium detectors.        

5. Calculation investigation for mechanical variant of TBMS has demonstrated that the system meets 

the requirements of the canal temperature modes. Structural materials of TMC can operate under 

reactor irradiation. 
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On monitoring the tritium breeder in ITER Test Blanket Module 

V.Kapyshev, V.Kovalenko, V.Poliksha, Yu.Strebkov, N.Yukhnov

              Federal State Unitary Enterprise “Dollezhal Research and Development Institute 

of Power Engineering”,  

PO Box 788, Moscow 101000, Russian Federation 

  Tritium breeder is a most process among controlled fusion reactor engineer problems. 

Tritium Breeding Ratio (TBR) is a main parameter characterizing of the process. TBR can 

be submitted as a ratio of the amount tritium produced in the fusion reactor to the amount 

of tritium that burned up in the reactor plasma. A concept and block-schema of tritium 

breeding monitoring and experimental estimation of the tritium-breeding ratio in DEMO 

and ITER are discussed. Systems for experimental estimation of the TBR and the 

tritium-breeding dynamic parameters in a Tritium Breeding Modules (TBM) of the ITER 

are proposed. 

  The systems are based on tritium and neutron flux measurements under ITER plasma 

experiments and use lithium ortho-silicate and lithium carbonate as tritium detectors and 

the neutron detectors. Beryllium and differences isotopes lithum-6 and lithium-7 are 

applied. The detectors are delivered to tritium breeding zone (TBZ) of the TBM on 

channels connected the TBM and an operating zone of ITER. Pneumatic and mechanic 

methods are applied to deliver the samples to the TBZ of the TBM and to extract the 

samples using monitor channels during plasma operational pauses. 

  Results of the channel parameter calculations and comparison of the pneumatic and 

mechanic systems are presented in the paper. 
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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