
5-④ Development and verification of high-performance multi-nuclide removal equipment (high-performance ALPS)

Project objectives
The conventional Advanced Liquid Processing System (ALPS, reducing the 62 types of nuclides from the contaminated water to less than or 
equal to the regulatory concentration), in which radioactive materials are removed from the contaminated water in the tank, generated a large 
amount of slurry waste due to the pre-processing (iron coprecipitation processing and carbonate sedimentation processing) by the injection 
of liquid reagent. However, development and demonstration was performed for high-performance equipment (high-performance ALPS) that 
reduces more than 80% of the waste by adsorbing radioactive materials effectively to filters and adsorbents.

Project details and progress
(1) Laboratory test to verify the performance of removal 

• With a test tube-scale laboratory test using the actual contaminated water, a filter technology and high-performance adsorbent with longer life 
were carried out. The results of the laboratory test showed higher removal performance in most parts compared to other existing nuclide removal 
equipment.
In addition, the policy of adsorption tower configuration after the verification test was decided based on the test results. 

• With the actual liquid test and a laboratory test, the characteristics of crevice corrosion resistance were assessed for the materials for practical 
application and several candidate materials. In immersion tests with the actual liquid of about two months, no corrosion was found in the two-
phase stainless steel welded specimen.
In the assessment of the corrosion initiation life of the two-phase stainless steel welded part through an accelerated test, it was estimated that 
even with the water containing 6,000 ppm of chloride ion, if it is neutral, corrosion resistance can be performed 76 years or longer. 

(2) Verification of the performance of removal using a test equipment close to the actual device, etc.

• Using a 1/10 scale test equipment of the demonstration plant (Fig.1), the removal performance of the adsorbent, the validity of the removal 
process, the amount of waste to be generated, and the properties of waste were verified. As a result, issues including the following were found: 
(1) the performance cannot be sustained for long in the Cs and Sr adsorbent, and (2) the decontamination factor (DF*) of Cs and Sr adsorbent 
(after the second tower) was low. It was decided that the factors causing these issues would be analyzed  using the demonstration plant because 
there was no impact of the scale.
*) DF: Decontamination Factor

(3) Confirmation of removal performance with the improved ALPS developed, etc. 

• A demonstration plant (500 m3/day: Fig.2) was designed, manufactured, and installed, and the performance of the removal of nuclides was 
examined. It is a system consisting of a total of four filters in total (of which three are chloride filters) and 20 adsorption towers, including seven to 
eight towers of developed Cs and Sr adsorbent materials.

• The following new issues were found in addition to the issues obtained from the verification test: (1) as above, in the Cs and Sr adsorbent, the 
performance cannot be sustained for long; (2) the Decontamination Factors of the second through fifth towers of the Cs and Sr adsorbent are 
low; and (3) the Decontamination Factors of the sixth through eighth towers of the Cs and Sr adsorbent are low. In response to this, the analysis 
of factors through laboratory-scale basic testing, the planning of measures and the verification of measures by a demonstration plant was 
conducted repeatedly. 

• It was revealed that it was possible to sustain the performance in the adsorbent for longer by adjusting the condition of feed liquid (pH) to Cs and 
SR adsorbent as an appropriate alkali condition. Therefore, for Issue (1), measures were taken by adding alkali after the carbonate ion removal 
with the addition of acid in the supply tank and before the liquid supplied to the adsorption towers of Cs and Sr adsorbent in the initial stage of the 
system.

• Actual contaminated water contains a chelate component, forming the complex with a part of Sr, which was considered to be the cause of the low 
decontamination factor of Sr at the mid-stage adsorption tower in Issue (2). In response to this, countermeasures were taken with the 
dissociation of the complex by making it acid at the mid-stage of the system. 

• The processed water that had once been converted into acid by the countermeasure for Issue (2) is readjusted to alkali or neutral at the latter 
stage of the system. This was taken as the countermeasure for the declining decontamination factors in Issue (3). 

• With the abovementioned measures, within the period of project, the Sr concentration at the exit of the system was less than or equal to the 
regulatory concentration, and a total of more than 34,000 tons of contaminated water was processed. 
In addition, it was confirmed based on the life of adsorption tower that more than 80% (at that time) of the amount of waste 
to be generated could be reduced. 
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Fig. 2: Demonstration plant
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