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 Issues on tritium control

· Most fusion blanket has a high tritium partial pressure.

· The temperature of the blanket is high for high thermal converting efficiency.

· The surface area of HT is large, and the wall is thin.

· Those are some of the perfect conditions for tritium permeation down stream.

· The allowable tritium leakage rate is 1 Ci/FPD.

  Tritium partial pressure

· The tritium partial pressures over most of the breeding materials are very high.

· Assuming perfect tritium recovery system, the tritium partial pressures per coolant path are

                 LiPb = 0.014 Pa

                    Flibe = 380 Pa

· Assuming tritium concentration of 1 appm, the tritium partial pressure over Li is 2.6X10-8 Pa.

· Assuming a purge gas flow rate of 104 l/s, the tritium partial pressure in the He purge gas for solid breeder is 0.6 Pa.

· Only self-cooled Li blanket has low tritium partial pressure. All other blankets have high tritium partial pressure.

   Permeation Considerations

Typical parameters for HX are:

Temperature              500C

Surface Area              2.5X104 m2
Wall thickness           1 mm

Allowable T leakage  1 Ci/d

Tritium Permeability  

    0.46 (mol T2-mm/D-M2-atm0.5)

If the allowable tritium leakage rate is 1 Ci/d, the allowable tritium partial pressure before the HX has to be 2.1X10-13 Pa!!!

If the allowable tritium leakage is 100 Ci/d, the allowable tritium partial pressure would be 2.1X10-9 Pa. Li is getting close.

If the allowable tritium leakage rate is 100 Ci/d, and we will have a diffusion coating with an effectiveness of 100, the allowable tritium partial pressure would be 2.1X10-5 Pa, which is still too high for LiPb, flibe and solid breeder.

We will need the combination of efficient tritium recovery, development of diffusion coating, and also secondary recovery from secondary coolants, water or He.

· EC developed a water-cooled LiPb blanket.

· It was assumed that a diffusion coating can be developed with a reduction factor 0f 100.

· Efficient tritium recovery from LiPb was assumed.

· The tritium permeation to water was calculated to be ~ 1 g/d.

· Secondary tritium recovery from water was required to clean up the water.

                                 Conclusion

· Tritium control in a fusion blanket is difficult.

· The large tritium throughput, the high operating temperature, the large heat transport system, and the form of tritium (in elementary form) all compound the problem.

· This problem was identified as a common problem for IEA liquid breeder task.

* Many steps will be required to limit the tritium loss rate to be within acceptable level.

