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During operational process of the radiochemical production it’s impossible to avoid 
formation of the considerable amount of liquid low-level solutions, activity of which is 
basically caused by 137Cs. At “Mayak” PA water of the wet storage for the spent fuel 
assemblies can be referred to solutions of the given type. 
Wet storage for the spent fuel assemblies of RT-1 plant is an artificial reservoir with 
capacity 25000 m3 filled with desalted water. Cs-137 content in the pond water was 
(1.14-5.33)·104 Bq/l, that made ~ 90 % of the total beta-activity. 
It is known that one of the most efficient methods of the low-level waste purification 
from 137Cs is a sorption method with the use of inorganic sorbents.  
For determination of the most perspective sorbent type cesium-137 mass distribution 
factors were estimated with some artificial and natural materials. The obtained results 
are given in the table. 
 
Table − 137Cs distribution factors in relation to the initial solution composition 

 

Cesium distribution factor (ml/g) at sorption from 
solutions 

Sorbent 

Water 0.1 М NaNO3 1 М NaNO3 0.05 М 
Ca(NO3)2 

Vermiculite (Kovdor) 4900±1600 770±180 80±16 2500±800 
Clinoptilolite (Dzegvy) 5900±400 9700±600 200±10 8600±1600 
Nickel ferrocyanide (NZhA)1) 4000±900 3300±300 2800±600 5200±2100 
Nickel ferrocyanide (Selex-
CFN)1) 

2800±400 7400±500 26000±2400 24200±5200 

Nickel ferrocyanide (T-35)2) 5700±1300 8200±1400 15700±3000 8600±2000 
Titanium ferrocyanide 
(KNTZh)2) 

2500±900 5500±1400 4400±1100 16300±4800 

Copper ferrocyanide (FS-10)2) 890±160 2200±300 10700±600 4000±400 
Zr phosphate(Т-3А) 3900±400 1900±300 460±30 4400±1600 
CFB-103) 3600±1000 450±20 82±46 4600±300 
CMP3) 2200±500 440±30 70±12 1700±300 
Sulfonic cation-exchange 
resin KU-2×8 

8100±800 180±20 18±5 16±3 

1) Thin-layer ferrocyanides. 2)Composite ferrocyanides. 3) Zeolites. 
 
For selection of the optimum sorbent type from the most perspective samples – 
ferrocyanides, phosphates, zeolites – full-scale dynamic laboratory tests were carried 
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out with real water of the wet storage for spent fuel assemblies. Filtration rate in 
downward direction was maintained at about 20 column volumes per hour. 

Effective filter cycle with purification factor from cesium-137 ≥10 was 30,000 column 
volumes for zeolite CFB-10, and about 60,000 column volumes – for zirconium 
phosphate. Effective filter cycle with nickel ferrocyanides (NZhA and Т-35) was about 
90,000 column volumes. However moisture stability of the composite sorbent was 
lower than that of the thin-layer one. 
Taking all the aforesaid into account at “Mayal PA” a facility for synthesis of “Selex-
CFN” sorbent (analog of the commercial sorbent NZhA) with capacity up to 12 ton 
per year was developed. 
Effective рН range for sorbent Selex-CFN is from 2 to 12, cesium total static 
exchange capacity is up to 30 mg/g, exchange half-time is 2.1 min, calculated 
admissible low-level waste filtration rate at standard column capacity is up to 200 
column volumes per hour. The sorbent is radiationally stable. Cesium distribution 
factors at accumulated dose increase up to 500 kGy, and then begin to drop down. 
As a result of samples exposure up to 10 MGy cesium distribution factors on them 
are 5 times less than on control samples. 
The results of laboratory tests allowed to develop a prototype of industrial purification 
facility. Traditionally, it represented two concatenated columns placed in a special 
room subdivided in different zones. However implementation of this project was 
rather expensive. In this connection an alternative option of facility mounting was 
developed. According to this method a sorption column is placed directly into the 
water to be purified which simultaneously serves as a biological shielding. The main 
units of the facility are a stationary housing and replaceable capsule with sorbent. 
The purified water returns to the wet storage. 
During numerous bench tests directly at the wet storage it was stated that optimal 
ratio between the sorbent layer height and its diameter is equal to 2. In this case 
water filtration rate in upward direction depends on the flow-capacity of the pipeline 
and makes from 80 to 100 column volumes per hour. Column dimensions 
(operational capacity 65 l) were defined taking into account opportunities of the 
existing transport system, allowing to transfer the spent capsules to the durable burial 
with the help of the remote control method. 
During experimental-industrial tests it was stated that in the specified operational 
conditions the effective filter cycle on the sorbent NZhA achieves 100,000 column 
volumes that corresponds to the experimental data. The effective filter cycle with the 
Selex-CFN sorbent, manufactured at «Mayak» PA, makes not less than 350,000 
column volumes of water. During 9 months of continuous work of the column about 
50 Ci of Cs-137 was deposited in 65 l of sorbent, and radionuclide activity 
concentration in the wet storage water reduced 5 times that corresponds well to the 
calculated data.  
 


