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ABSTRACT 
The Production Association “Mayak” is one of the largest production union of Nuclear Fuel Cycle (NFC) in Russia. 

In 1988 the last military reactor, which worked for making military plutonium was stopped. From this time civic history 
of “Mayak” was began. Today “Mayak” is the complex production union of NFC, which utilizes the Radiated Nuclear 
Fuel (RNF). The combine is dynamically develops, new technologies are domesticate and intrude, large works for 
liquidation of accidents and mistakes of lapsed years are in progress. The short review of radioactive waste utilization 
methods is present in this account. 

INTRODUCTION 

One of the implex ecological problems of modern 
Russia is the radioactive waste utilization problem, which 
was congested both from nuclear arsenal manufacturing 
and as a result of civic using of nuclear energy and also 
due to reducing of nuclear weapons. 

Today’s topicality of this problem is determined by 
follow points: 

• large waste amount, which arouses serious 
disturbance of public and state in relation with potential 
danger of radioactive waste storages for human health and 
environment; 

• necessity of rising of the existing practice of 
RW-utilization and conducing it to modern ecological 
requirements; 

• active and increasing public influence to 
questions dealing with ecological aspects of nuclear 
productions activity. 

It is apprehensible today that must not expect 
reinforcement of using nuclear energy without taking steps 
for providing ecological safety of RW processing and 
buring because it will not taken by public. The situation 
with RW in Russia is monitored now and is not 
catastrophic but demand immediate steps for its solution. 
Procrastination in taking practical action for stabilization 
and gradual betterment this situation may resulting in 
serious ecological consequences in some regions of a 
country. 

PA “Mayak” (also known as Chemical Plant “Mayak” 
in early days) is one of the main production of radioactive 
waste utilization in Russia. It was established 40 years ago 
for its work on military plutonium. Later “Mayak” 
established a Nuclear Fuel Cycle (NFC) for civic 
production, including manufacture and preparation of 
nuclear emitters. In 1955, the Nuclear Isotopes Plant went 
into production, and in 1976, the Conversion Plant came 

into existence to process nuclear fuel from atomic 
stations, research reactors, and propulsion reactors. 

For solving a problems on RW-utilization and 
environment restoring the complex program was developed at 
“Mayak”. This program combine whole specter of problems, 
arising as a result of previous and current activity. 

LIQUID RADIOACTIVE WASTE 
HANDLING CONCEPT 

The concept of ecological safety of Liquid 
Radioactive Waste (LRW) handling is operated at the PA 
“Mayak”. This concept envisages insertion of 
radionuclides into solid inert matrices, applicable for final 
inearth. This permit either to reuse a cleaned water or 
discharge into open hydrological system. 

According to this concept the Principal Technological 
Scheme for Handling of Radioactive Waste of Any 
Activity Level was developed. This scheme consist of 
three technological strategies that are applicable to 
solutions of high-, medium-, and low-level activity. 

Liquid High Active Waste (HAW) 

All HAW is divided into two groups: current and 
accumulated. This separation is determined first of all by 
physical-chemical form of waste. The accumulated waste 
is characterized by big concentration of dredges and 
sediments that are complicate its utilization. The current 
HAW, nascent from Irradiated Nuclear Fuel (INF) is 
concentrated by evaporation and fluxed by phosphoric 
acid and natrium. The resulting substance is glassed in 
electric furnace (model EF-500). The nascent condensates 
are than combined with Medium Activity Waste (MAW). 
Nascent phosphate glass blocks with including 
radionuclides are routed into temporary storage. Today all 
of HAW is processed according to this technology. 



 

 

The accumulated waste utilization can be executed 
only after special processing because of its complex 
chemical composition. This special processing may be 

either fractionation or used an alternative glassing 
apparatus, such as Inductive Melter with Cold Crucible 
(IMCC) for example. Accumulated high-active 

FIGURE 1. The complex scheme of INF utilization. Operations which are continuing to construct or develop  
are marked by dotted line 



 

 

nitrogenous solutions are stored in special cylindrical 
tanks made of rust-proof steel (stamp C18N9T). Each tank 
is put into concrete canyon. All tanks have an autonomous 
cooling system and they are continually monitored for the 
accumulation of content-generated methane and hydrogen 
gases. Records are kept on accumulation of nuclear 
materials. 

Liquid suspensions are stored in 20 tanks that have 
gauges to monitor solution levels, pressure, temperature 
and gas emission, including air ventilation system to dilute 
and remove accumulated radiolithic methane and 
hydrogen gases. 

Liquid Medium Active Waste (MAW) 

The medium-level activity liquid waste are removed 
into opened ponds #9 and #17. 

Since 1951, there was about 2.5 million cubic meters 
of waste that was routed to Karachay (pond #9). 
Historically there are about 120 millions Curies was 
accumulated in Karachay. In the last years Karachay has 
received approximately 20,000 cubic meters of waste each 
year with amount activity about 400÷700 thousands Ci per 
year. After its creation in 1970, an evaporation line in 
pond #17 has accepted tritium condensate. The total 
volume of this condensate is about 800,000 cubic meters 
with specific activity of 1 microCi/l for tritium. 

Presently, medium-activity liquid waste is typically 
composed of drainage-desorption solutions, solutions 
from disassembled equipment, solutions after 
extractions, finally solutions after deactivation of special 
containers and condensates from cleaning of special 
gases. The total annual volume of nascent MAW is 
about 18÷20 thousands cubic meters per year (it is less 
than 1 million Curies). The specific activity of MAW is 
about 0.2 Ci/l, and the average salt concentration is 
approximately 12÷15 g/l. 

Liquid Low Active Waste (LAW) 

The Mayak’s special drainage water belong to LAW. 
This waste with amount volume of 0.7÷1.0 million cubic 
meters per year and average salt concentration up to 1 g/l 
are cleaned of salts and radionuclides on ionite filters. 
Cleaned water with activity about 0.2 microCi/l is 
dropped in circulating water-supply #2 (Table 1). 
Reagents are routed into the cascade of technical 
accumulating ponds. 

Today this cascade receive about 2500 Curie per 
year. Since Mayak foundation in technical cascade was 
routed approximately 3 millions Curie of radionuclides. 
The most portion of this substances is concentrated in the 
pond #10. 

Solving of LAW problem in many ways depends of 
applying effective methods of primary waste constriction. 
It is plane to put the Multiple Evaporation Method to the 
proof and than improving it to the industrial use. 

TABLE 1. .The short characteristic of os the technical 
ponds used at PA “Mayak” [4] 

 
Pond 

Pond’s 
square,  
square 

kilometers 

Ponds volume, 
million cubic 

meters 

Accumulated 
activity, 

thousands Ci 

#3 0.5 0.75 44 

#4 1.3 4.1 7.3 

#10 19 76 230 

#11 44 230 26 

#2 19 83 22 

#6 3.6 17.5 0.3 

#9 0.16 0.3 120000 

#17 0.17 0.3 2000 

The developing and mastering the glassing 
technology 

The current and accumulated waste formidable 
volumes with complex chemical and radionuclide 
composition and also continual enhancing of requests to 
waste keeping safety demand radical solving of utilization 
problem. 

Because of it PA “Mayak” conjoined with research 
institutes according to accepted concept of RW harding in 
1967 began to realize of complex program for creation of 
HAW glassing production. 

Execution of this program is defined by 
follow points: 

• 1969-1971 – a creation of laboratory devices on 
solutions glassing in electrical furnace; 

• 1973-1977 – a proofing of trial devices on model 
radioactive solutions; 

• 1987-2000 – an industry exploitation of glassing 
devices with project duty of 500 liters per hour on primary 
solution. 

The glass method is established on the process of 
manufacture of phosphate glass in a glass-furnace that is 
electrically operated. The principal technological scheme of 
this process is presented on Figure 2. This process 
materialize as described below. A primary solution of HAW 
to be processed is held in an intermediate apparatus and a 
specific quantity of phosphoric acid is injected (the flux 
process). The resulting solution is then concentrating by an 
evaporating apparatus, which results in salt concentration of 
approximately 350÷370 g/l. This product is then injected in 
an electrical furnace. Concurrently with process above the 
deoxidize solution is injected in a furnace to do dawn a 
ruthenium volatility and to create an protective spume 
coating on the flux surface. Under contact the flux surface 
with deoxidize solution the following processes are 
coherent befell: solutions evaporation, desiccation, salts 



 

 

denitrifying and oxides fusing. Nascent gases are cleaned 
and outbreak into the atmosphere. 

Nascent glass-heaps are periodically ladled into 
container cans. This cans is packed into special cases that 
are then hermetically welded and after impermeability 
checking are convey in a storage. The storage in the 
glassing department is designed for keeping a glassed 
waste with maximal specific warm emitting of 5 kilowatt 
per square meter. Whole storage is separated to 7 cells, 
each have autonomous ventilation. Each cell have 338 
sockets. Each socket is designed for 2 cases, with 
allocation of 3 cans in each case. This cans have volume 
of 200 liters and filled by glass-heap. There are 13 test 
sockets in the first cell. This sockets are needed for 
impermeability checking. 

It should be noted that HAW glassing is temporary 
stopped now because of stopping glass furnace. The 
furnace has worked for 6 years instead of 3 years rated. 
The building of second furnace is being completed in this 
time. Furnace coming into existence is plane on 2000 
year. The third furnace is being built. 

A glass specific activity rising under utilizing the 
current and accumulated HAW can be materialize only 
after its special handling. This handling may be either 
fractionation by functioning electrical furnace or using an 
alternative devices, such as electrical furnace with isolated 
electrodes and ground discharge or IMCC-device. The 
works of this direction are in progress. 

To improve an RW utilization the fractionating 
technology is carried out. This technology is a 
separation of radioactive materials to a single 
components. From august 1996 at the PA “Mayak” the 
trial fractionation device (model DE-35) is being used. 
This device is designed for strontium and cesium 
separation and also for recovering an alpha emitters 
from HAW. It is established on the extraction system 
based on chloride decorbollide of cobalt (CDC). This 
technology is continuing to improve. 

The future steps on HAW handling dealing with 
developing like-mineral matrices, that are applicable for 
continuous keeping and inearthing into geological formations. 

THE HARD RADIOACTIVE WASTE 
(HRW) 

Historically about 400 thousands tons of HRW has 
been generated by the PA “Mayak” Yearly then 1981 the 
accumulation HRW tempo was approximately 10,000 tons 
per year, but since 1981 it was stable decreased. On a 
formation places HRW are accumulated in a one-time 
using tare and than are sorted for activity groups. Before 
conveyance, tare are placed into special digest-
accumulators. A conveyance to a sepulchral place 
materializes in special transports. Low- and medium 
active HRW are inearthed into the bottom sepulchral 
place; high active HRW are inearthed into special 
armored-concrete structures with sandwich isolation. The 
characteristics of sepulchral places using at the PA 
“Mayak” are adduced in Table 2. 

There is no devices for HRW utilizing and 
contracting at the PA. 

TABLE 2. The characteristic of a sepulchral types using 
at the PA and a quantity of accumulated HRW [4] 

 
Sepulchral 

types 

 
Status 

 
Sum 

HRW mass, 
thousands 

tons 

HRW 
activity, 
kiloCi 

 
Capital 

Preserved 13 3.2 2500 

 Acting 11 56.3 9500 

 
Ground 

Preserved 156 285 38 

 Acting 53 18.1 5 

Total: 233 362.6 12000 

 

FIGURE 2. The scheme of electrical glass furnace EF-500 



 

 

Over HRW utilization technology it is plane to 
phased develop the production from creation of trial-
industrial stand on waste pressing to complex scheme on 
utilizing the waste of all types. A same touch is used by 
transition to a modern keeping methods. 

CONCLUSIONS 

The existing utilization methods are more effective 
then previous same, but some problems at first dealing 
with the Karachay are stay still. The Mayak's specialises 
researching for new utilization methods, that are more 
effective and safe. It may enumerate the preliminary waste 
fractionation and concurrent HAW evaporation and 
fluxing by electrical glass furnace as such methods. 

ACKNOWLEDGMENTS 

The Provost on Research Works of OTI MPEI, 
Medvedev V.P. 

The Mayak’s Public Relation Service Chief, Ryzhkov 
E.G. 

REFERENCES 

[1] Egorov, N.N. “The Russian’s radioactive waste and 
used nuclear fuel problem status”, The Questions of 
Radiation Safety Journal, 4 (1997). 

[2] Glagolenko, U.V., Dzekun, E.K., Rovny, S.I. et al. 
“The used nuclear fuel utilization at RT-1 complex: 
history, problems, perspectives”, The Questions of 
Radiation Safety Journal, 2 (1997). 

 


