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Wastes from former mining and milling  

activities in Tajikistan. 

 
Currently, the serious radiological and ecological problems in Tajikistan are uranium mining and 

milling activities consequences overcoming which intensively developed during the soviet period. After 

the collapse of USSR, the uranic ores extraction in Tajikistan stopped due to deposit’s output completion 

on the territory of the republic. Remediation of mining and milling activities’ sites became the most 

urgent once all mines were closed.  

 The history of uranium legacy sites in Tajikistan starts from 1944., once the uranium concentrate 

production was initiated in pilot plant of Gafurov city. 6 small plants on uranium oxide production were 

constructed in the north of the republic in 1945 from which only one big plant operated at the end of 

1960th in Chkalovsk city. After reconstruction in 1980th this plant reprocessed up to 1 million tons of ores 

per year and sulfuric solution containing uranium up to 200 g/l годах. Plant produced approximately 2000 

tons of uranium oxide per year.  

During the second half of XXth century Tajikistan was one of the uranium raw materials suppliers 

in USSR: more than 20 % of produced uranium in USSR was delivered from Tajikistan.  

In USSR, radiation safety requirements were in compliance with Europe and USA standards for 

1960–1970th years. Nevertheless, considerable attention was paid to extraction volume increase tasks 

rather than to environmental protection. Productive indicators of extraction, in every possible way, were 

encouraged by bonus system while achievements in the sphere of ecological protection were not 

encouraged. There were no requirements to assess the initial condition of environment during 

establishment of new enterprises for extraction and reprocessing of uranium ores and that’s why no data 

exists allowing to compare the initial and current ecological condition in places where uranium sites were 

located.   

Remediation activities were carried out only in small parts of sites which were located in places 

which were close to residential areas. Thus, uranium ores reprocessing dumps were covered by solid layer 

of soil with thickness of 1 m in densely-populated district of Gafurov city which considerably reduced 

radon exhalation and gamma-emission dose rates on the surface of the dump. Nevertheless, dumps here 

continuing to remain the risk factor since located only in 50 m distance from neighboring residential 

houses. For example, Degmay tailing dump, which is located in 2 km distance from the nearest residential 

settlement, is not covered at all and there is a free access to public and cattle pasture  on the surface of the 

tailing dump, where vegetation has been grown up.         



Another essential limitation for carrying out the remediation measures is lack of relevant 

infrastructure. In this regard the regulatory authority of Tajikistan should solve many problems among 

which: 

 Development of legislative basis; 

 Assessment of radiological consequences on uranium industry sites;  

 Assessment of remediation measures conditions; 

 Analysis of compliances with international standards and recommendations;  

 Action plan development on minimization of uranium industry sites’ impact on public and 

environment;   

 Purchase of analytical equipment for monitoring 

 

It is evident that solution of problem on remediation of former uranium industries in Tajikistan is of 

great importance since significant number of sites and uranium ores reprocessing are located in the basin 

of Syrdarya River which flows through densely-populated Fergana valley with population more than 20 

million people (see. Figure below).  

 
Fig. Impact of former mining and milling activities on ecological condition in Fergana valley.  

 Altogether, 10 uranium tailing dumps which occupying 170 hectares where more than 55 million 

tons of waste are accumulated with summary activity of more than 6,5 thousands Curie were formed from 

the beginning of uranium industry in Tajikistan on the territory of six districts of Sogd region  

 Tajikistan applied and joined several international projects including IAEA projects during the last 

years in order to carry out condition assessment of uranium tailings and their impact on environment and 

public as well as for rendering assistance in solution of region’s ecological problems. One of the effective 

IAEA regional projects was RER/9/086 «Safe Management of Residence from Uranium Mines and 

Milling Activities in Central Asia Region». Initially within the project activities a number of fellowships 

and scientific visits were conducted for improving the qualification of management and technical staff in 

the field of uranium tailings remediation. Further a great assistance was provided in equipping the 

analytical laboratory, development of means and methods for monitoring supervision, varying out the 



field works, staff training. Several employees’ of SE “Vostokredmet” undertook trainings and 

fellowships. They had an opportunity to visit uranium sites of Ukraine, Germany, Kazakhstan and 

Kyrgyzstan and familiarize with their experience on problem solution on RW liquidation of uranium 

industry in these countries.  National project implementation TAD/9/002 “Application of International 

Safety Standards on the Management of Uranium Milling Residues” played also an important role which 

provided additional support to the regional one. 

 Currently there is a good equipped analytical laboratory operating in SE “Vostokredmet” and 

trained personnel who carried out several field works on control sampling of environment (soil, air, 

water) and still continuing under supervision of IAEA experts on the territory of uranium tailings. 

Obtained data were analyzed in Ukraine laboratories on hydrometeorology and SE “Vostokredmet” with 

IAEA experts participation. Supervision over the radiation contamination’ condition of environment is the 

initial stage of the program on uranium industry wastes decontamination.            

 Obtained experience allows implementing the radiation control over the extremely dangerous 

uranium sites. Degmay tailing and uranium sites in Taboshar settlement (namely so called “Factory of 

Barren Ores”) belongs to those sites in the first place.       

 Degamy tailing (operated from 1963 till 1993) located in the territory of Gafurov district, Soghd 

region. This is the biggest wastes storage of uranic ores extraction in Central Asia: it contains 

approximately 20 million tons residues of enriched ores, approximately 500 thousands balanced-off 

uranium ores as well as 5,7 million tons of reprocessing wastes of vanadium-bearing raw material with 

total activity approximately 16000 Gbq. This tailing doesn’t have coverage. The basic components of 

radiation and ecological risk are materials dusting (226Ra, 230Th, 232Th, 210Po, 210Pb). This site is a source 

of high radon activity and its decay products at the distance of up to 1 km. Undertook monitoring of 

underground waters revealed that uranium content in underground waters beyond the Degmay tailing’s 

territory is within the maximum permissible levels for irrigation. However, the ion-sulphate content and 

general mineralization are very high, which is evidence of fact on tailing’s material impact on 

contamination of underground waters of nearby regions. It is recommended to continue monitoring for 

which it is necessary to drill two new monitoring wells. In general the Degmay tailing is one of the 

important sites for RW decontamination. 

IAEA experts made a conclusion that former uranium sites located in Istiklol city (former Taboshar) are 

currently the source of considerable contamination of nearby waters by sulphate salts as well as flow with 

high uranium content and decay products of uranium-thorium chain. Currently, technical possibilities of 

contaminated flow purification from tailings are studied taking into account the economical and 

radiological assessment of effective measures. It is necessary to undertake measures which allow limiting 

public access and cattle watering from water resources contaminated by these flows. Impact of open 

tailing «Factory of barren ore» on environment is evident. Stockpiled wastes of «Factory» are already 

during the 40 years undergoing windy and water erosion.   

 Thus, priority sites for remediation should be Degmay (with the purpose of dusting prevention and 

radon exhalation from its surface) and former uranium industry sites in Istiklol (water purification and 



determination of controlling zones). In accordance with preliminary calculation of SE “Vostokredmet” 

specialists the reference costs for remediation of these sites including pre-design, exploratory and design 

and of course physical works is around 200 million US dollars. Currently economics of Tajikistan doesn’t 

possess such means and here international organizations and funds are necessary.  

 In conclusion it is necessary to mention that implementation of international projects with IAEA 

active participation facilitated to expanding cooperation and mutual understanding among Central Asian 

countries in issues of environmental protection. Re-establishment of radiation control system on former 

sites of uranium industry of the Republic of Tajikistan is the first step to their full remediation.      
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Radiation monitoring on shores of Kayrakum water reservoirs  

 

Complex investigation results of radiological situation of Kayrakum water reservoir’s fauna and 

flora are provided in this article.    

The field radiometric and dosimetric measurements, sampling for analysis by sampler from bottom 

sedimentation and water are carried out. It is determined that total hardness of water in Kayrakum water 

reservoir in the course of season (from April till December) fluctuated from 5,78 till 9,6 mg-eq/l. The 

maximum indicators were during the spring period. Ion sums in average per year was          791,2 mg-eq/l.       

Considerable content of magnesium, chlorine, and sulphate are observed in samples taken from 

very close distance to weir of Kayrakum water reservoir. From our point of view, considerable amount of 

chlorine in samples may be due to stagnant process which is typical for water reservoirs i.e., lowering 

water level during the irrigation season, flora growth and it’s rotting during filling up the reservoir in 

winter period. Sharp increase of sulphate content in water may be due to migration process of 

underground waters and importing the bottom contaminant from the territory of agricultural of Ferghana 

and Soghd regions. Dry residuum is within maximum permissible concentration. The total water hardness 

is for 37% more than maximum permissible concentration (table 1).           

Table 1 

Physical and chemical content of water in very close distance to weir of Kayrakum water reservoir.  

№ Name of definition Definition results Maximum permissible 

concentration mg-eq/l mg/l 

1 Total hardness 9,6 – No more than 7,0 mg-eq/l 

2 Carbonate hardness 2,7 –  

3 Non-carbonate hardness 6,9 –  

4 Odor organics No more than 2 points 

5 рН 7,0 6,0–9,0 

6 Chlorides 2,34 82,78 No more than 350 mg/l 

7 Sulphates 8,25 396,0 No more than 500 mg/l 

8 Calcium 5,2 104,0  

9 Magnesium 4,44 54,0  

10 Oxidability – 0,48  

11 Nitrites – Traces  



12 Nitrates – 10,0 No more than 45,0 mg/l 

13 Ammonia – Traces  

14 Iron – 0,04 No more than 0,3 mg/l 

15 Dry residuum – 1005,0 No more than 1000 mg/l 

16 СО3
2– 0,1 3,0  

17 НСО3
– 2,7 164,7  

18 Lead – Not defined No more than 0,03 mg/l 

19 Zinc – Not defined No more than 5,0 mg/l 

20 Copper – 0,001 No more than 1,0 mg/l 

21 Arsenic – Not defined No more than 0,05 mg/l 

22 Manganese – 0,005 No more than 0,1 mg/l 

23 Potassium 0,14 5,6  

24 Sodium 3,08 71,0  

25 Uranium – 0,082  

26 Nickel – 0,01  

27 Strontium – 1,0 No more than 7,0 mg/l 

28 Chrome – 0,01  

29 Molybdenum – 0,003 No more than 0,25 mg/l 

30 Beryllium – Not defined No more than 0,0002 mg/l 

 

 

Iron, manganese, nickel, chrome and molybdenum are present among heavy elements in Syr-Darya 

River. Their presences in samples are due to migration through underground streams as a result of 

leaching from rock and ore-appearance as well as import of these elements from industrial sites. There is 

no radioactive elements content exceeding against sanitary norms within the scope of measurements 

uncertainty [1].  



Granulometric composition and uranium content in bottom sedimentation samples taken from right 

shore of Kayrakum water reservoir also studied. Investigation results are summarized               in table 2. 

 

Table 2 

Uranium content and granulometric composition 

of samples 

 

 
Sampling place  Uranium content, 

% 

Granulometric composition of samples, % 

+10mm +5mm +3mm +2mm +1mm –1mm 

HPS «Kayrakum» 0,001 8,1 22,3 11,5 6,4 9,5 42,2 

s.Kayrakum 0,002 15,0 26,2 14,0 7,5 9,3 28 
v.Makhram 0,007 17,2 50,0 16,4 6,6 3,2 6,6 

 

 

Presence of uranium, thorium radionuclides (table 3) is observed in bottom sedimentation which is 

possible due to their migration from deposits and dumps of mining and milling enterprises [2]. 

Table 3 

Results of X-ray spectral analysis of sludge taken from Kayrakum water reservoir and measured in 

spectrometer «SPECTROSCANMAKS–GF2E» 
№ Determinate element, % 
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One of our basic tasks was also investigation of general radiation background and volume activity 

of radon within the territory of health resorts «Shifo» and «Bahoriston». Measuring of radiation 

background were carried out by instruments DKS-1126, DKS-96, Inspector-1000 and radon radiometer 

RRА-01. Results are summarized in table 4. 

 

 



Table 4 

General radiation background and volume activity of radon within the territory of health resorts 

«Shifo» and «Bahoriston» 

 

№  

Sampling place 

Radiation 

background, 

microSv/hour 

Volume activity of radon 

(Rn), Bq/m3 

Health resort «Shifo» 

1 Main premises, basement 0.23 – 0.28 25 

2 Main premises, first floor 0.23 – 0.28 20 

3 Main premises, second floor 0.24 – 0.27 20 

4 Main premises, third floor 0.23 – 0.26 18 

5 Beach 0.13 – 0.16 20 

Health resort «Bahoriston» 

6 Reception near the main entrance 0.13 – 0.16 28 

7 Main premises, first floor 0.17 – 0.18 28 

8 Main premises, second floor 0.16 – 0.17 22 

9 Main premises, third floor 0.17 – 0.18 22 

10 Main premises, forth floor 0.17 – 0.18 19 

11 Treatment premises, first floor 0.13 – 0.18 25 

12 Treatment premises, second floor 0.13 – 0.17 18 

13 Summer period premises №1 0.15 – 0.16 24 

14 Summer period premises №2 0.13 – 0.14 23 

15 Building №1 0.13 – 0.18 18 

16 Building №2 0.13 – 0.19 20 

17 Beach 0.13 – 0.20 20 

18 Conference hall 0.13 – 0.17 18 

19 Tea-house 0.15 – 0.16 30 

 

Based on obtained results and their analysis we can make the following conclusions:  

 Radiation background in observed territories within the sanitary permissible concentration and 

there is no danger for public; 

 The volume activity of radon within the territory of health resort is three-five times lower than 

permissible norms; 

 No traces of radionuclide content is observed; 

  pH of drinking water which is consumed in health resorts  «Shifo» and «Bahoriston» within 

the permissible norms and in compliance with State standards on «Drinking water» [3]. 



More than ten types of fish were analyzed for presence of radionuclide content from fauna of water 

reservoir (table.5).  

Table 5 

Results of fish measuring on presence  

of radionuclide content 

 

№ Name of fish Uranium content, % 

1. Mudfish 0,012 

2. Sabrefish 0,0007 

3. Asp 0,0027 

4. Sheatfish 0,002 

5. Zander 0,0014 

6. Silver carp 0,001 

7. Carp 0,0002 

8. Blyashka Not defined 

9. Crucian carp Not defined 

10. Caspian roach Not defined 

 

It is determined that in some types of fish the content of uranium reaches till 0.01 percentages (by 

mass). This content considerably lower than annual limit of uranium intake with water and foodstuff 

determined by NRS-06 elaborated by NRSA RT. 

Thus, study of radiation condition in the territory of health resorts institutions showed that all 

investigates sites are corresponding to the norms of radiation safety (NRS-06) of the Republic of 

Tajikistan.  
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The first results of environmental impact study of the production complex Ak-Tyuz according to 

the Protocol of the 3rd Meeting of Kyrgyzstan-Kazakhstan Intergovernmental Council. 

 

It is known [1] that as the result of the Soviet Union collapse 55 tailing pools and 85 mountain 

dumps containing natural radionuclides (NR), heavy metals (HM) and other hazardous process waste 

became ownerless in Kyrgyzstan. Many of them are located in the active seismic areas, mudflows areas 

and near the rivers, which form the basis of an extensive water basin of the Central Asian region. One of 

these high-risk facilities is Ak-Tyuz polymetal deposits (including the rare earth elements and thorium), 

located near the border with Kazakhstan in the upper part (more than 2000 m above sea level) of the 

valley near Kichi-Kemin basin of the “Chu” River. The territory of this deposit contains 4 tailing pools, 

which store 3.9 million m3 of ores processing waste. These wastes occupy the area of 117 thousand m2, 

the average rate of exposure dose is in the range of (60-100) µR/h and up to 1000 µR/h in the abnormal 

areas. In December 1964, the seismic-synchronous dam destruction of tailing pool No. 2 took place in this 

mine. As a result of this accident, about 600 thousand m3 of wastes containing high concentrations of 

thorium and HM came into the Kichi-Kemin River. This flow, in the form of radioactive mud flow, 

spread along the course and the Valley of Kichi-Kemin River to 40 km distance, up to its inflow to the 

Chu River in Kazakhstan. The consequences of this disaster have been eliminated for many years; 

however, today they continue to have a negative impact on the environment and health of the population 

in this area [2]. Currently, the remains of the "tails" kept on both banks of the river are the main threat to 

the environment in the floodplain of Kichi-Kemin River. In the case of these tailing pools destruction the 

carry-over of radioactive and toxic wastes to the basin of Chu river and pollution of transboundary scale 

is possible [1,2]. 

Considering the above circumstances the Kyrgyzstan-Kazakhstan Intergovernmental Council held 

the 3rd Meeting on July 2, 2012 in Astana and agreed the need to establish the interagency working groups 

(from Kazakhstan and from Kyrgyzstan) and to hold their meetings in Bishkek with departures to the 

tailing pools of radioactive waste in the settlements Ak-Tyuz and Orlovka to survey their technical and 

environmental conditions. The meeting of the Working Groups was held on 25-27 of July, 2012. The first 

day of the meeting included the discussion of the situation at these sites and planning the inspection 

schedule. The Kyrgyzstan side suggested that currently the Ak-Tyuz mine has no impact on the 

environment, and the presence of high concentrations of NR and HM in Kichi-Kemin River is associated 

with the geochemical characteristics of the region. In order to clarify this issue we have selected samples 

of water and bottom sediment from this river at two checkpoints located, respectively, above and below 

the industrial area of this mine. 



The investigations of radionuclide and elemental composition of the selected samples of the 

environment items was made in INP NNC RK. 

The method of instrumental gamma-ray spectrometry (IGS) was used to determine the 

concentrations of individual radionuclides (234Th, 226Ra, 214Pb, 214Bi, 210Pb, 228Ac, 224Ra, 212Pb, 212Bi, 208Tl, 
235U, 227Th, 40K, 137Cs) in two samples of bottom sediments. It was found that the content of all NR 

families of 238U and 235U in the sediments of Kichi-Kemin River, selected below the Ak-Tyuz industrial 

area, is approximately 5 times more than in the river sediments, selected above the industrial area 

(background area). The content of all NR families of 232Th at the lower check point (CP) exceeds their 

background values in 10 times. The concentrations of 40K and 137Cs in bottom sediments remain 

unchanged within this interval of Kichi-Kemin River. 

The method of X-ray fluorescence analysis (XRF) was used to study the elemental composition of 

the same samples of bottom sediments. It was found that the concentrations of many elements (Zn, As, Y, 

Zr, Nb, Mo, La, Ce, Nd, Pb, Th, U) in bottom sediments, selected below the industrial zone, significantly 

exceed (in 2-15 times) the corresponding background values and their clark values for the soil (by 

Vinogradov A.P.). 

The method of inductively coupled plasma mass spectrometry (ICP-MS) was used to determine the 

elemental composition of the selected samples of water from Kichi-Kemin River. It was found that the 

concentrations of individual elements (Zn, Cd, Sb, Pb) in water at the lower check point are significantly 

(in 4-15 times) greater than the corresponding background values. 

Using the obtained values of concentrations for the 2nd hazard class elements (Li, B, Al, Sr, Mo, 

Cd, Sb, Ba, Pb) the values of the limiting hazard indicator КLHI were estimated for water samples taken in 

background area and at the lower checkpoint of Kichi-Kemin River. It was found that this value equals 

0.62 for the background area. The КLHI values for the lower check point significantly (in 2.7 times) higher 

and is characterized by 1.70 values, which exceeds the sanitary standard (1.0) for potable water. This 

water can not be used for drinking. 

All results of research activities clearly show the negative impact of the industrial zone Ak-Tyuz on 

radionuclide and elemental composition of water in Kichi-Kemin River. To identify the specific sources 

and the mechanisms of this river contamination it is necessary to conduct more detailed investigations at 

the territory of this mine. 
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Protection coverage parameters identification for uranium tailing dumps. 

 

Many tailing dumps do not correspond to modern requirements of territories remediation published 

by IAEA and current norms of the Republic of Tajikistan. The most dangerous is radionuclide migration 

i.e., distribution of radioactive substances beyond the uranium tailing dumps territories. One of the basic 

distribution ways is atmospheric migration. At the same time potentially dangerous factors are: 

 Dust rising from open surfaces which is the source for contamination distribution to 

neighboring territories; 

 Direct external exposure of public located in close distance to the sites; 

 Radioactive gas radon exhalation originating a threat if radionuclides penetration to the human 

body through breathing passages. 

In present day world there are different methods of tailing’s negative impact minimization. One of 

the most popular is tailing’s coverage with neutral soil layer. Important tasks during its realization are 

composition determination and coverage thickness which is optimal from ecological and economical 

effectiveness point of view. Present task is solved, as a rule, with help of radiation factors impact 

processes modeling depending on coverage properties and sources of radiation danger.  

It is evident that minimum thickness layer is enough for dusting suppression and at the same time 

the granulometric composition does not have a considerable meaning. Gamma-emission rate depends on 

both layer thickness and granulometric composition. Absorbing capability is increasing with decrease of 

fraction size [1]. Taking this factor into account we propose to use fine-grinded worked-out bentonitic 

clay after water softening as a neutral soil for tailing’s coverage. 

Gamma-emission rate on the surface of neutral soil layer covering the emission layer is described 

by equation [2]:   Pγ = Pγ0 E2 (μ∙d), where: Pγ – gamma emission rate on the surface of covering layer; Pγ0 – 

gamma emission rate on the surface of active layer; E2(х) – King function; μ – linear effective coefficient 

of gamma emission attenuation; d – thickness of coverage layer. 

King function – tabulated integral and indication function – defined by argument value (х). 

Attenuation coefficient μ is determined by model data:              E2(х) = Pγ / Pγ0;         μ = x/d. 

The natural background which is in our case 0,15-0,18 microSv/h  is taken into account while 

making calculations. Dependence of gamma emission rate from layer thickness (calculated values of 

gamma-emission rate) is given in figure 1.  

Minimum thickness of preserving layer d = x/μ, is defined by initial gamma-emission rate and 

standardized rate after disposal.  



Initial rate Pγ0, in accordance with preliminary results may be 4,5 microSv/h. Rate after disposal Pγ, 

in accordance with SP LKP-91 [3], should not exceed 0,2 microSv/h over the natural background. 

Calculations results of coverage layer thickness which is necessary for absorbing gamma-emission 

are provided in table.1. 

 

 
 

Fig.1. Dependence of gamma-emission rate from thickness layer. 

 

Table 1 

Calculation of layer thickness taking into account parameters 

 of gamma-emission rates. 

 

Parameter Class < 0,075 

mm 

Value of King function  E2(х) = Pγ / Pγ0 0,005 

Value of argument  х = μd 3,6 

Minimum thickness of preserving layer, m 0,2 

 

It is noted that 0,25 m coverage thickness is enough for reducing gamma-emission rate till the level 

close to the background values for all tailings.  

Situation with surface density of radon flux (DRF) requires additional analysis. It is known that 

DRF depends on thickness of coverage layer. Radon belongs to the noble gas class. It doesn’t go to any 

considerable chemical reactions with coverage layer elements. Thus, reduction of its activity can be 

presented as radioactive decay during migration process. In accordance with the radioactive decay law, 

the activity A after certain time t determines by equation: A = A0 ∙ е – t/T,  where: A0 – initial activity;  T – 



half life of radioactive element (for 226Rn T=3,8235 days). Hence, time (t) and migration speed (υ) can be 

calculated: t = - T ln (A/A0)/ln2,  υ = d/t, where: d – layer thickness; υ – effective migration speed. 

DRF values are shown in figure 2, obtained by                  calculation ways. 

 
Fig.2. DRF values depending on covering layer thickness. 

 

For calculation of preserving layer’s thickness it is necessary to determine the minimum time 

required for radon decay till concentrations ensuring SP LKP-91 norms compliance. The average flux 

density equal to 1,38 Bq/m2∙s is taken as initial DRF, obtained as result of wastes sampling. The final flux 

density is regulated by SP LKP-91 and should be no more than 0,1 Bq/m2∙s. On the basis of this 

conditions, the minimum time is tmin=31,5 days. Minimum thickness of layer is determined as:  d = υ tmin. 

Calculation results of minimum thickness layer necessary for preserving depending on DRF are 

provided in table 2.  

 

Table 2 

Minimum thickness of preserving layer by radon 

exhalation parameter.   

 

Parameter Class<0,075 mm 

Model migration time  

(Thickness М=0.1 m),  days 
24,5 

Effective migration speed, m/days. 0,01 

Minimum thickness of preserving layer, m 0,25 

 

Comparing the results of table 1 and 2 we can make a conclusion that the basic factor which 

determines thickness of preserving layer is DRF. In these conditions, average DRF not the only 

interesting parameter but data about DRF distribution along the tailings square are interesting as well. It is 

possible that in some parts the protection layer will not be enough effective while in other parts its 



thickness is redundant. This issue is especially urgent for big area tailings with considerable diapason of 

DRF changes.  

Obtained calculations can be used at initial designing stage of remediation works on tailings. 

Immediately before tailings’ preservation, using present method, such parameters as gamma-emission 

rate, DRF, fraction composition and absorbing capacity of coverage soil is determined. It is also 

necessary to carry out regular monitoring of radiation parameters during preservation. This will allow 

optimizing expenditures for remediation works.  

The work is carried out by financial support of ISTC project Т-1508 «Development of 

technological basis for reprocessing of Tajikistan’s uranium industry wastes (2009-2012 years)». 
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Radon migration in neutral mediums of different granulometric composition. 
     

One of the sources emitting radioactivity and forming additional exposure to public is radon and its 

decay products. Especially the urgent radon problem exists in residential areas located very close to 

uranium tailings. Air sampling revealed that radon content and its decay products in air samples taken 

within the Gozien settlement are above the background values typical for present settlement. It brings in 

additional contribution to radiation exposure from radioactive emission for public living close to the 

tailings. It is known that the basic role of radioactivity formation in waste belongs to radium-226, a decay 

product of which is radon-222. One of the directions which reduce public exposure against radon is 

preserving or disposal of uranium tailings by their coverage with different thickness layer of neutral soil. 

With the purpose of determination of granulometric composition layer of neutral soil impact on radon 

migration process we carried out investigations on three models and in each of them the emanation layer 

was covered by neural soil containing different size class fractions.   

Degmay tailing’s radioactive wastes were used as emanating layer. Investigations on radon 

exhalation from tailing’s surface are assessed as 4200-6500 Curie per year. From rocks available in 

tailings’ area the most appropriate by availability as well as cost, preserving constancy of physical 

properties against time (decades) and value of radon diffusion coefficient proved to be loamy soil with 

inclusion of fine gravel and pebbles till 20-25% from total mass.    

 Air intakes tubes for radon concentration measuring in different depth were installed on emanating 

layer of model surface through 0,2 m in neutral soil. Total thickness of neutral soil layer of each three 

models was 0,6 m. Layerwise radiation characteristics of models with class indication of neutral layer 

materials size is provided in table 1.      

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. 

Layerwise radiation characteristics of models 
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Note: DRF – density of radon-222 flux on the surface of investigating layer, VRA-volume radon-222 

activity 

        

It is evident from provided data that mostly radon migrates in soil, presented by big fractions 

(Model-I). The VRA decreases with decrease of fraction size class (Модель-II). The lowest radon 

migration intensity is registered in soils presented by small fractions. (Model III). It is necessary to 

mention that terms of equilibrium radon concentration are determined by granulometric composition of 

covering layer.  

 It is necessary to note that DRF and gamma-background on investigating layer surface were 

measured in the process of model production during layerwise filling of neutral soil and upon two weeks 

expiration after layer’s filling. The latter is necessary for determination of equilibrium concentration in 

investigating layer of neutral soil. Analysis of table data shows that after determination of equilibrium 

radon concentration (upon 3 month expiration from model production’s date) DRF on the surface of 

neutral soil was 1,8; 1,3 and 0,1 Bq/m2*s for the first, second and third models accordingly.  

In accordance with SP LKP-91 PPR requirements on the surface of neutral layer of preserving 

uranium tailing shouldn’t exceed   1,0 Bq/m2*s. Results are fully in compliance with these requirements 

obtained during investigation on model.  Mathematic modeling of layerwise radon concentration 

distribution with use of «Ecolego» software was carried out in parallel with experimental investigations. 



Satisfied convergence of experimental data and mathematic modeling results are observed. We also 

investigated kinetics of radon-22 exhalation on fractions (-50+25mm) at different te,peratures (283-3030 

К). 

On the basis of obtained data we can conclude that radon migrations along with other factors are 

determined by granulometric composition of neutral soil layer. From our point of view, Degmay valley 

soil can be used for preserving or disposal of Degmay tailing after fractionation and preparation of 

relevant design documents.   
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Nanostructured radioprotectors to treat cancer rates in the extraction of uranium by in-

situ leaching and storage of uranium waste dumps 

 
In areas of uranium situ leaching method in hot workshops, which stores basic solutions, as well as 

near the uranium waste dumps main health risks associated with the isotopes of radon and its decay 

daughter products (DDR). Isotopes of radon are the only gas decay product of uranium and thorium. 

Isotopes of radon (Rn-119, Rn-120, and Rn-122) are in the middle of the three natural radioactive series, 

and are always present in uranium ores and tailings storage facilities. The highest activity (up to 10 000 

Bq/m3) generate drums with an alkaline solution in the workshops of storage and processing, and also in 

mines of mountain penetration [1, 2]. 

 

 

This work presents the results of research of nuclear-physical mechanisms by which α-radiation of 

radon isotopes and their DDP on the cells of the lungs and bronchi. The main result of the research is the 

discovery of the effect of nanostructured membrane damage biological cells (fig. 1). Method of research 

was to irradiate biological models of cell membranes - 

spherosome and liposomes with α-radiation of 238Pu, which has 

α-spectrum similar to the spectrum of the isotope 222Rn. 

Visualization performed. 

Picture1 using the method of optical microscopy, and the 

digitized images are processed by a specially developed computer 

program. Have been measured function of the "dose-effect" in the 

range of 0 to 3 Gy. It was found that the component of the dose-effect relationship for spherosome as 

models of biological membranes is linear. Method of osmotic resistance was confirmed that the main 

effect of irradiation is just damage to cell membranes 

For the development of cell nanostructured radioprotectors we calculated the diameters of radiation 

"tunnels", which formed in model membranes of cells with radiation α-particles with energy of 5.5 MeV. 

For the formation of radiation "tunnels" have been taken into account two mechanisms of interaction: 1) 

elastic nuclear scattering and ejection of atoms of the primary, 2) ionization of atoms and breaks the 



molecular bonds. Also were calculated diameter distribution spherosome for "clogging" radiation "tunnel" 

that is, the restoration of the membrane resistance to foreign objects of the external environment. 
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About necessity of remediation and recultivation of Taboshar districts’ tailings. 
 

Taboshar uranium deposit is one of the oldest sites of uranium industry and reprocessing in former 

USSR. During geological survey in 1926 close to Istiklol city (former Taboshar), relatively high 

radioactivity was revealed on present territory and in 1927 the physical exploration of uranium-containing 

zones was completed. 

Active extraction of ore was carried out here from 1945 till 1965 yy. Nowadays it is a huge 

territory with total area of more than 400 hectares covered by surface wastes tailings of 

hydrometallurgical reprocessing of uranium ores. Disposal complex consists from non-preserved open pit 

(«Factory of barren ores» (FBO)), destroyed industrial buildings and four tailings (Tailing I-II, Tailing III, 

Tailing IV and tailing of industrial workshop №3), containing approximately 55 million tons of wastes, 

from which approximately 12 million tons are uranium ore’s wastes. Total area of four tailing and 

«Factory of barren ores» is 63 hectares. Besides, balanced-off ores and overburden rocks i.e. ores and 

rocks unprofitable for reprocessing should be included here as well.  

Sarim-Sakhli-Say creek, mine, technical and open pits also belong to contaminated territories.  

During many years, wastes materials are distributed along the whole site and square of 

contaminated territories around these sites are expanding step by step due to atmospheric precipitation, 

windy and water erosion [1-5]. 

Istiklol city with population about 12 thousands inhabitants located only in 0.5-4.0 kilometers from 

tailings’ locations places.  

Carried out measurements are indicating that average background value of exposure dose rate 

(EDR) in Istiklol city is about 33 - 35 microR/h, and limits of background fluctuations doesn’t exceeds 

±0.042 microSv/h (±4.2 microR/h). Drainages of residual acid solutions which fraying out as springs 

from under disposal sites are representing special problem of disposal complex in Istiklol city. 

Particularly, springs with extremely high content of ion-sulphates 9200-9600 mg/l and carbonate base 

(НСО3 - 1800 mg/l) as well as dissolved uranium and other radionuclides of uranium-thorium chain were 

revealed under tailing I-II. 

FBO storage represents a two-million cone-shaped tailing, - waste bank with 40 m with open 

surface till present and already during 45 years being a subject for windy and water erosion. Dusty 

overrunning by winds and water carrying-out (by mud streams) of radioactive materials is revealed in 20 

km distance downwards by relief of location. Gamma-background dose rate on the surface of FBO tailing 

is fluctuating from 0.8-1.0 microSv/h on periphery and till 2,2 -3,7 microSv/h in central part. 



Tailings 1, 2, 3 and 4 were operated from 1945 till 1965 years and were preserved in 1969. Tailing 

of workshop №3 operated from 1949 till 1965 years and was preserved in 1975. Dumps of «Factory of 

barren ores» were operated from 1950 till 1965 years and till the present moment are not preserved.  

Staff of NRSA AS RT, SE “Vostokredmet” and IAEA experts carried out radiation monitoring of 

soil, air, mine and drainage waters of Istiklol city for determination of negative effect of all tailings and 

dumps on environment and public health. Particularly, samples were taken from three water reservoirs 

located in industrial site district and from spring located at entrance to the cit and which is used for 

household water supply. Inside the industrial site, samples were taken from open-pits, drainage waters 

from gallery №1 and creeks, flowing out under dam of tailing I and II. 

Multiple increases over maximum permissible concentration (MPC) is registered practically in all 

basic parameters of creek’s waters coming out to the surface downstream of tailing I-II dam. Besides, 

these waters are used by local population for household use. Waters of the source used for household use 

increases MPC by total hardness for 17%, by manganese in 6.6 times. Increase by these indicators 

connected to chemical and mineralogical composition of rocks drainable by spring till going out to the 

surface. Manganese as polianite (МnO2) is a good oxidant which facilitates in uranium oxidation till 

hexavalent condition. In such condition uranium possesses with high migration properties and for this 

reason is migrated together with drainage waters, it more intensively contaminates the environment [6-7]. 

Drainage of acid solutions residues which are fraying out as springs from under the disposal sites is 

urgent specific problem of disposal complex in Istiklol city. 

Data analysis shows that waters in Istiklol city district are differ with high content 234U, 238U and 
226Ra. Additionally, open pit waters, gallery drainage and tailings I-II contains uranium isotopes in the 

amounts considerably increasing interference levels which excludes their use for drinking water supply. 

It was measured that summary annual radon release is assessed as 24,72x1012 Bq which is 

considerable value. Ideally it is necessary to stud the impact of radiation doses to public which is 

unfortunately currently is not done. Currently staff of SE «Vostokredmet» by financial support of the 

Government of the Republic of Tajikistan and IAEa technical assistance installed 140 track detectors of 

RadoSys company in residential houses and separate radiation dangerous sites of Istiklol. The purpose of 

this project is determination of radon isotopes and their decay products impact on public health. 

Radon migration with air flow and its radioactive decay inevitably brings to contamination of sites 

near to tailings by long-life decay products – 210Ро and 210Рb. These territories are used by local 

population for cattle pasture and carrying out the lawn-and-garden sector and by this through the 

foodstuff chain it brings to additional exposure doses. For reduction of negative factors it is necessary to 

undertake additional preservation of radiation dangerous sites and remediation of contamination 

territories. 

The results of field and laboratory measurements received during the last years during 

implementation of international projects (NATO, IAEA, ISTC) with application of modern equipment is 

evident of the factor that uranium concentration (U) in tailings materials is fluctuating on different depth 

from 0,01 till 0,03 %. Since tailings were formed by phased placing of spent products of reprocessed ores, 



and also due to the primitive technology of uranium reprocessing on initial phase, variations of uranium 

concentrations are possible depending on rocks bedding depth in tailings. 

Radium concentrations (Ra226) is fluctuates from 1.4 till 27.5 Bq/g, and average alpha activity - 

1,4x102 Bq/g. Total alpha activity of  «residues», placed in tailings in Istiklol city is assessed as 1.67x1015 

Bq. 

Potential radiological risks can become stronger due to possible mud stream on the territory of 

tailings location. Thus in period from 1998 till 2000 in result of high rains and formation of mud stream, 

considerable part of materials for HMP tailing № 3 disposal were washed out to the valley of Sarim-

Sakhli-Sai creek.  

The consequences of material wash out from places of their initial localization in tailings are 

observed on shores and riverbed of Sarim-Sakhli-Sai creek. Tailings’ material is differentiates by specific 

relatively homogeneous fraction size of reddish color and places of present material accumulation has 

increased levels of gamma-emission dose rates. In dry riverbed and on re-deposition flood parts of creek, 

gamma dose rate is till 2.5 microSv/h. Re-deposition are distributed within the whole riverbed of Archi-

Sai creek and till mouth and by its inflow to Utken-Suu river. 

Condition of other tailings’ coverage also causes specific concern. Thus, in accordance with 

passport data of workshop №3 tailing, located in 1 km distance from residential sector, has a coverage of 

0.7-1,0 m of neutral soil. 

Factor analysis of radiation danger carried out by IAEA expert mission [1] in Istiklol city revealed 

that radon content in air and aerosol contamination is not a factor of considerable radiation risk for city 

residents, besides cases of their visit to tailings and living of people directly within zones of their location 

since territory is well aired out. However, due to bad coverage of tailing, drainage waters draining from 

zones of their location are highly contaminated by radionuclides and contain high concentrations of 

manganese, sodium, lead and iron. Drainage waters of former flooded uranium mines and open pits are 

also considerably contaminated. Such contaminated waters are used all over by local population for cattle 

watering, watering of garden territories and even for drinking. 

Thus, the use of drainage and mine waters with high contamination level for drinking and 

household needs in Istiklol city by local population in general with high radionuclide contamination 

content on the surface of uranium tailings, in zones of dumps location and former uranium open pits 

where local population has a free access for cattle pasture and other needs can lead to increase of limit 

dose for public which is 1 mSv/year [1]. 

That’s why, an approach is necessary for finding sustainable solution of Taboshar district’s tailings 

remediation and its water resources which involves tailings remediation taking into account social and 

medical aspects of public life who are living in these territories. For this purpose during almost 2 years 

the UNDP project “Strengthening of coordination on projects development and resources mobilization for 

sustainable management of radioactive wastes in Central Asia” carries out work on ordering ideas and 

resources, using program approach for problem assessment and elaboration of necessary solutions. 

Currently the current project seeks donors for feasibility study funding on carrying out the remediation 



and recultivation works on complex restoration of Taboshar district. Feasibility study will allow assessing 

the problem scale in Istiklol city including determination of zones which are subject to contamination, 

restoration criteria establishment on the basis of dose rates and determination of their impact on public 

health, equals to, either to ecology or economics of district as well as degree establishment of 

contaminated substances distribution by means of such critical conductors such as water and wind.                   
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Remediation of spent block in Uvanas deposit 

 
In 2007 by NAK “Kazatomprom” and TOO “Mining company” board decision, the branch of TOO 

“Mining company (MC)” «Steppe ore management body» is reorganized in structure subdivision, the 

basic activity of which is organization and carrying out remediation works on spent blocks of PSV 

uranium deposit.  

In 2002 works are completed on OVOS for operating deposits Uvanas, Kanjugan, Northern 

Karamurun and Eastern Minkuduk. The results of present work were reported in IAEA conference.  

The working project “Remediation of spent blocks of PSV uranium deposit PV-17 polygon of 

Steppe ore management body” approved in 2005 was developed for carrying out the remediation works. 

Works funding were carried out from liquidation fund of the current deposit established in accordance 

with the RK law “About interior and interior use”. Deposits remediation is the part of deposit operation 

lifecycle which obliges to operate deposits with minimum expenditures for remediation.    

In 2008, the direct technical supervisor of remediation works, chief engineer of TOO “MC” Steppe 

ore management body undertook training within the project RER/9/086 in Hungary.   

Remediation works in 2007 at “Eastern” site with 261 hectares area of uranium deposit “Uvanas” 

were fully completed. 2205 technical wells and 6 sand sedimentation basins were liquidated in result of 

measures implementation. 11857,5 м3 of solid radioactive wastes are collected and disposed in 

radioactive wastes disposal inter-site. Remediation projects of spent blocks of “Kanjugan” and “Northern 

Karamurun” PSV uranium deposits are developed. Currently the projects are passing through the 

ecological expertise in MOOS RK. 

RW storage formed during remediation is carried out in radioactive wastes disposal site. Current 

RWDS is constructed in accordance with approved project and commissioned in 2007. Currently, 11385 

tons are disposed from spent blocks in RWDS. Besides these wastes, RWs of other uranium production 

enterprises of YKO in the amount of 193 tons are accepted in RWDS.  

There is a decontamination site for special transport within the branch office. Group A personnel 

consisting of 12 persons are enabled for carrying out remediation and decontamination works. All 

personnel are provided with individual dosimeters. Radiation and hygienic control of remediated sites is 

carried out by radiation protection service forces of the branch office and radiological laboratory ТОО 

«Steppe-RU». Contract organization which possesses state license of CAE RK was involved for carrying 

out the remediation works. In 2009 it was planned to transmit remediation territories with total area of 

392 hectares to local authorities.  

Residue economy program of hydrometallurgical plant for 2007-2041 is developed and 

implemented in SGKHK tailing. Technical justification for design elaboration of evaporating tailing’s 



map remediation is developed. Molybdenum extraction from tailing’s dam water is taking place by 

sorption concentration method on anionite, soda-chloride solution desorption, purification and desorption 

by ammonia solution. 71,1 tons of molybdenum tri-oxide is extracted for 2008.       

In 2006, network of monitoring wells are re-established sufficient for carrying out monitoring of 

underground waters. In 2007, program on tailing’s reconstruction which includes operation and further 

remediation was developed. 

The experience of Navoi enterprise is used for elaboration of tailing’s remediation project and 

«UzGeoTekhLITI» is involved, which was the result of cooperation within RER/9/086 project. 

Program of non-utilized wastes reduction of AO UMZ industrial activity for 2008-2015 is 

developed for residue economy of АО UMZ within which: 

- reconstruction of map №1 of “Residue economy” is carried out;  

- covering of gypsum fluoric dumps (map №1 preservation) is carried out;  

- Project on contamination level assessment of OS part of “Residue economy” AO UMZ is 

developed which gained positive conclusion of state ecological expertise.  
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Safe management of wastes from former mining and milling activities in Kyrgyzstan 
 

254, 4 million cubic meters of mining activity’s wastes are accumulated in 92 sites on the territory 

of Kyrgyz Republic. 36 tailings and 25dumps with total volume of 15,7 million of cubic meters were to 

responsibility of Ministry of Emergency Situations (MES) of KR by Governmental Decree of KR after 

collapse of Soviet Union including:  

 31 tailings with radioactive wastes and volume of 7,2 million. Cubic meters 

  5 tailings with toxic wastes and volume of 5,2 million cubic meters  

 25 mountain dumps of non-conditioned ores and volume of 3,3 million cubic meters 

Long-term measures on protection against natural process effects (landslides, flood and mud 

stream) were not taken into account during designing and deposition of tailings. Many tailings were 

formed within the residential sites: Mailisu, Minkush, Shekaftarр, Sumsar, Kajisay, Aktyuz and Kan. All 

tailings and mountain dumps excluding tailings in Kajisay settlement are located in river basins of Narin, 

Mailusu, Sumsar, and Chu and have trans-boundary character. 

In accordance with specialist’s data currently there is a high risk of radiation and dangerous 

ecological catastrophe occurrence and territories of Kyrgyz Republic, Kazakh Republic, Tajik Republic 

and Republic of Uzbekistan are falling under contamination impact where approximately 5 million people 

are living.  

Tailing on the territory of Mailusu city. 

Uranium deposit of Mailuu-Suu operated from 1946 till 1967. Currently 23 tailings and 13 

mountain dumps are located on the territory of former enterprises including those close to residential 

territories. 

Total volume of uranium industry wastes deposited in tailings is approximately 1,99 million м3, 

wastes volume of non-conditioned ores is 940,5 thousands м3. 

Tailing of Min-Kush settlement 

Uranium deposit located in districts of Minkush settlement operated from 1958 till 1969. 

Industrial complex consisted of the premises of basic and secondary industry and residential 

settlement. 

Ore extraction carried out by underground and mountain operations. Ore-reprocessing industry 

included enriching plant, residue sector, and ore storages.  

4 tailings (“Tyuk-Suu”, “Taldi-Bulak”, “Kak” and “Dalnee”) with total volume of materials wastes 

1,15 million m3 and 2 ore storages remained after decommissioning of enterprise’s activity in districts of 

Minkush settlement. 



Tailings are located in high-seismic and mud stream dangerous zone. 

 

Tailing in AK-TYUZ settlement. 

4 tailings with residue materials of semi-metal ores enrichment are located in district of AK-TYUZ 

settlement, where 5,7 million м3 of residue material containing thorium are accumulated.  

Average gamma-background on the tailing’s surface is 60-100 microR/hour, on anomalous parts 

till 1500 microR/hour. 

 

П. Orlovka, Chuysk oblast, Buurdinskiy tailing 

• Extraction and enrichment of semi-metal ores; 

• One tailing with volume of 3.20 million м3.  

• Basic contaminated substances: zinc, lead, cadmium, thorium.  

 

Tailing of Kaji-Say settlement. 

Tailing in Kaji Say settlement with total volume of radioactive residue materials 150 thousands м3 

is located in 1,5 km distance to the south from unique Issik-Kul lake. 

Radiation background on the surface of tailing is 30–60 microR/hour, locally up to 1500 

microR/hour. 

Shekaftar settlement. 

8 dumps of non-conditioned uranium ores with volume of 700 thousands м3 are located in the 

territory of Shekaftar settlement. 

Gamma-emission dose rate:  60-150 microR/h. 

Radionuclides contamination is taking place not only in Shekaftar settlement but on the territory of 

Ferghana valley as well. 

 

Sumsar settlement.  

• Period of operation: 1950-1978 yy. 

• 3 tailings with volume of 2.65 million м3. 

• Contaminated substances: salts of heavy metals. 

• Tailing № 2. Gully in dam of tailing reaches the depth of 5m. 

 

Tailing in Sovetskiy settlement (Kan) 

Kanskiy ore management worked with lead-zinc ores from 1930 till 1971. 

2,5 million м3 of residue materials containing salts of heavy metals were accumulated in 2 tailings 

during operation which are located in very close distance to Sovetskiy settlement. 

 

Tailings are not closed. Wind erosion, washout of residue materials by surface waters and 

contamination by heavy metals salts is taking place not only on the territory of Kyrgyz Republic but 



territory of Uzbekistan Republic. Local residents spontaneously are making use of residue materials as 

construction materials. 

The cost (orientation) for carrying out remediation and recultivation works only on tailings will be 

approximately 50 million USD dollars, namely:  

1. Mailuu-Suu tailing, mud-stream   -16,8 million USD dollars 

2. Min-Kush tailing                           -16,9 million USD dollars 

3. Ak-Tyuz tailing                              - 1,6 million USD dollars 

4. Orlovka settlement (Buurdinskiy tailing) - 3,0 million USD 

5. Kaji-Say tailing                   - 3,7 million USD dollars 

6. Mountain dumps of Shekaftar settle-t     -  1,5 million USD  

7. Sumsar tailing                               - 5,0 million USD dollars 

8. Sovetskiy tailing                   -2,0 million USD dollars 

Measures undertaken by MES on ensuring safe management of tailings: 

MES developed complex program on top-priority activities with priority indication of remediation 

and recultivation works on tailings with the purpose of ecological safety ensuring in Central and Asian 

region against radioactive contamination by Governmental Decree of KR. 

 MES undertake active cooperation with international organizations with the purpose of investments 

and grants attraction for carrying out remediation and recultivation of preserved tailings, cooperation is 

carried out with neighboring republics and Russia. 

Project proposal are submitted to donor countries and international organizations for consideration 

of possible technical assistance and grant means issuance for carrying out remediation works of tailings. 

Projects funded by international organizations and donor countries were implemented and in the 

process of implementation in result of carried out works during the recent years on investments attraction 

for tailings: 

 Project “Prevention of emergency situations” funded by the World Bank is implements 

starting from 2004 MES of Kyrgyz Republic for the purpose of problem solution related to 

uranium tailings in Mailuu-Suu; 

 Project of International Science and Technology Center (ISTC) is implemented from 2004 till 

2005 in Kaji-Say: works on initial stage of tailing remediation are fulfilled (systems on surface 

waters diversion are restored, cascade dampers are constructed, works on sheltering of 

abnormal areas are carried out, areas with high activity on Kajisay settlement territories are 

decontaminated; 

 Project “Geo-ecological survey and assessment of ecological loadings and risks in 

surroundings of mining and milling complexes” funded by the Government of Czech Republic 

is implemented from 2004 till 2006; 

 Works on assessment of radiation situation in Minkush and Shekaftar settlements are carried 

out within the regional project «Radioactive wastes management», funded by NATO from 

2006-2007; 



 Design and exploratory works on remediation (recultivation) of “Tuyuk-Suu” tailing in Min-

Kush settlement are initiated in may 2009 by Federal Agency of Russian Federation, within 

the decision realization of EurAzES member-states,    

 International forum on high official levels on assessment of Kyrgyz Republic possibilities in 

radioactive waste management in trans-boundary context and mobilization of donor assistance 

in solution of problems on safe management of radioactive wastes took place in Geneva from 

29th till 30th of June 2009.  
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About possibility of uranium industry wastes reprocessing in Tajikistan.  
 

 One of the main basic fields of economy in Tajikistan is mining industry. Its development in the 

past lead to accumulation of huge amount of wastes basically from uranium reprocessing enterprises, 

containing radionuclides in anthropogenic highly concentrations (basically uranium-thorium chain) and 

other harmful substances. They are located in zones very close to residential as well as in upper course of 

water inflow of such main rivers of the region as Amudarya and Syrdarya.       

  Sulphates, heavy metals, cyanides and others (basically with water flow) released to the 

environment besides uranium reprocessing wastes and other mining enterprises. This makes it necessary 

to restore in the region the complex coordinated monitoring programs with the purpose of their actual 

assessment and potential impact on environment as well as priority justification of possible remediation 

measures. One of the important are balance assessment and trans-boundary radionuclide re-deposition of 

uranium-thorium chain and other toxic elements in Syrdarya and Amudarya rivers with the purpose of 

regional formation character revealing of radiation and other ecological risks for saving the normal vital 

activity in the region.  

 Former operating uranium deposits are located in Tajikistan as well as a number of mining 

enterprises which reprocessed ores. Own uranium ores of the country as well as delivered raw materials 

were reprocessed in former Leninabad mining enterprise (currently SE “Vostokredmet”) as well as in 

other hydromettalurgical plants, which earlier were located in very close distance to uranium ores 

extraction (Adrasman, Istiklol (former Taboshar) and others.) Currently, the only active enterprise in 

Tajikistan which saved its potential infrastructure for reprocessing of uranium ore by acid solution of 

uranium concentrate after chemical leaching is SE «Vostokredmet».     

 Adrasman enterprise was re-organized for production of lead concentrate. Currently, all mines and 

open pits of old radium and uranium products are practically closed, however most part from them are not 

preserved.   

 Total amount of wastes in tailings of former uranium industry in Republic of Tajikistan is 

approximately 55 million tons. Summary activity of wastes according to different assessments is from 6.5 

till 7.7 thousands Curie (see table). Dump fields basically are not arranged, their amount and area are not 

exactly determined. Practically all tailings and dump fields are subject for erosion processes and drained 

by underground waters to adjoining creeks (temporary creeks) and river network.   

Information about tailings of former uranium industry in accordance with data of SE “Vostokredmet”. 
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1.Tailing  Degmay pit,  

1.5 km – 

Goziyon 

from 

1963 

 

400  

90.0  

19.4*106  

82.0  

Open 650-

2000  

20.8*106  

4218  

2.Tailing  Gafuirov city,  

0.5 km  

1945-

1950  

-  

4.0  

2.4*105  

100  

Soil,  

2.5 m  

20-60  0.4*106  

159.4  

3.Tailing  Map 1-9,  

2 km  

Chkalovsk 

1949-

1967  

50.0  

18.0  

2.6*106  

100  

Soil,  

0.5 m  

20-60  3.034*10

6  

779  

4. Tailing I-II  Taboshar city, 

2 km  

1945-

1959  

50.0  

24.7  

9.88*105  

100  

Soil,  

0.7-1 m 

40-60  1.688*10

6  

218  

5. Tailing III  Taboshar city, 

0.5 km  

1947-

1963  

50.0  

11.06  

1.06*106  

100  

Soil,  

0.7-1 m 

40-60  1.8*106  

232  

6. Tailing IV  Taboshar city, 

1.0 km  

1949-

1965  

50.0  

18.76  

2.43*106  

100  

Soil,  

0.7-1 m  

40-60  4.13*106  

510  

7. Tailing of 

workshop N3  

Taboshar city, 

3.0 km  

1949-

1965  

50.0  

2.86  

6.9*104  

100  

Soil,  

0.7-1 m  

40-60  1.169*10

6  

15.2  

8. Tailing 

factory of 

barren ore 

(FBO)  

Taboshar city, 

4.0 km  

1950-

1965  

-  

3.35  

1.195*106  

100  

Open 40-100  2.03*106  

253  

9. TailingN2  1 km from 

Adrasman 

settlement  

с 

1991г.  

-  

2.5  

2.4*105  

100  

No  50-60  0.4*106  

160  

10.Mine-3  (4 

body)  

2 km from 

Khujand 

1976-

1985  

-  

5.9  

2.066*105  

100  

Soil,  

0.5 м  

60-80  3.5*106  

11.0  

 



 In unsatisfied condition are three districts of tailings and dumps location, namely in Iyshit, 

Adrasman district, and also operating Degmay tailing located close to Chkalovsk city. The surface of 

tailings, especially those which doesn’t have protective coverage or subject to destructive effect of natural 

factors or digging animals are presenting threat for considerable dispersion of contaminated substances 

and tailings’ residues beyond of their initial localization.  

 During the soviet period, uranium ores which were reprocessed on hydrometallurgical plant of 

Chkalovsk city were also delivered from Kazakhstan and Uzbekistan. The ores from Kazakhstan to 

Chkalovsk were delivered as acid extract produced by heap and underground leaching in liquid state (till 

200 g/l) during the recent years of uranium industry operation of enterprise.     

Industry residues after acid extraction of uranium from grinded ore mass as coarse-grained sandy 

fraction or in slurred state after neutralization were disposed in neighboring tails. Pumping-over took 

place by slurry pipeline. Three sites are located in surroundings of Chkalovsk city where tails were 

accumulated (Gafurovo, Map 1-9, Degmay). 

Uranium ores reprocessing methods are known which allows extracting of uranium oxide from 

barren ores. However, these methods require preliminary preparation of the ore, grinding and in addition 

are contaminating the environment.    

It is necessary to oxidize ore by mixture of nitric and sulfuric acids and uranium conversion to 

UO3(NO3)2, further pulp reprocessing by calcined soda at 80-90оС with production of Na4[UO2(CO3)3] 

solution. Further after filtration, uranylcarbonate sodium is converted to diuranate sodium Na2U2O7. 

Further diuranate sodium purification is taking place against admixtures of liquid ammonia with 

production of ammonium diuranate (NH4)2U2O7.    

 Ammonium diuranate is converted to ammoniauranylcarbonate – Na4[UO2(CO3)3] and by burning 

at 750оС and uranium oxide U3O8 is produced.  

 Acid-soda diagram of uranium ores reprocessing is complicated and effortful process.  

 We propose the following diagram if uranium ores reprocessing with the purpose of raw material 

base extension, production of uranium oxide from uranium industry wastes with uranium content from 

0,03 till 0,3 mass %. 



 
Basic process flow diagram of uranium industry wastes reprocessing. 

 

Slurry is filtrated, sediment of ammonia diuranate is dried at temperature 80-100оС. Produced 

ammonia diuranate is subject to tempering at temperature 600-900оС and final product uranium oxide is 

produced - U3O8. Product output is 90÷99%. 
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DISTRIBUTION OF ELEMENTS ALONG THE SHORE  

OF THE KAYRAKUM WATER RESERVOIR  
 

Abstract 

Soil and sediment samples, selected along the shore of the Kayrakum water reservoir in the Sir-

Darya River system, have been analyzed using X-Ray Fluorescence (XRF). The results obtained show 

spatial variations in the concentrations of both selected major rock-forming elements as well as of trace 

elements. 

Keywords: X-Ray Fluorescence, XRF, major elements, trace elements. 

 

Within the scope of ISTC project T-1163, investigations into the current state of the Kayrakum 

water reservoir on the Sir-Darya River have been conducted. Depth profiles along three transits in this 

reservoir have been produced. This profiling showed that, near the inlet of the reservoir, the depth does 

not exceed 1 meter at the lowest water level. The reservoir has experienced extensive sedimentation with 

an estimated mass of sediment exceeding 700 million tons. Sedimentation rates were especially high 

during the period between 1950 for 1973. Sedimentation rates in the Kayrakum reservoir declined sharply 

after 1973 when the Toktogul and Andizhan reservoirs were put into service upstream from the 

Kayrakum reservoir. 

Along the shores of the Kayrakum reservoir, 21 soil samples and 42 sediment samples were 

collected and analyzed using X-Ray Fluorescence (XRF). This analyzer allows concentration of elements 

from potassium to uranium to be determined with sensitivity in 10-5 g/g, or 10 ppm.  

Research has been conducted into the spatial distribution of selected major and trace elements 

along the shores of the Kayrakum reservoir. Uranium and thorium were included in this study because of 

the proximity of uranium mining and processing activity near Chkalovsk, ~5 km from the reservoir. 

Although this facility is downstream from the reservoir, particulate matter from the plant can conceivably 

be carried by wind towards the reservoir. The uranium mining and processing facilities in Kyrgyzstan, 

upstream from the Kayrakum reservoir, present a more serious source of uranium and thorium 

contamination. One of these facilities, located on the Mayluu-Suu River, a tributary of the Sir-Darya 

River, contains extensive mine tailings. In 1958, failure of a retaining barrier at that site led to the release 

of an estimated 100,000 cubic meters of mine tailings to the Mayluu-Suu River. Some of these tailing 

were then swept downstream towards the Kayrakum reservoir.  



In the immediate proximity of Chkalovsk, elevated uranium, selenium and arsenic concentrations 

were observed in one location. This would confirm reports that, during the second half of the previous 

century, dump trucks were washed after transporting uranium ore concentrates at the uranium processing 

facility leading to local pollution of the shore of the Kayrakum reservoir. 

Until 1973, prior to the operation of the Toktogul and Andizhan water reservoirs, the headwaters of 

Naryn and Karadarya Rivers contributed more than 75 % of the sediments to the Kayrakum reservoir. The 

situation changed sharply after 1973 when sediments from these rivers were deposited into the Toktogul 

and Andizhan water conservation reservoirs. Lateral inflows from tributaries of Sir-Darya, including the 

Isfajramsay, Soh, Isfara, Akbura and Shahimardan Rivers produced the bulk of the sediments. During the 

growing season, the flow from many of these rivers is diverted for irrigation. However in the spring and 

in the early summer, there is sufficient flow into the Sir-Darya. By comparing elemental concentrations in 

soil and sediment samples from close to the same location, information can be obtained on the input of 

sediments into the reservoir. 

Results show that zirconium, molybdenum, arsenic, and strontium are enriched in the sediments by 

factors more than three.  Niobium copper, nickel, gallium, uranium, and zinc were enriched by a factor of 

1-2. These observations suggest that these elements may have their source in molybdenum and strontium 

ore deposits along the Isfara River, the tributary closest to the Kayrakum reservoir, and to the failure of 

mine tailings along the Mayluu-Suu River in 1958. 

A comparison between the concentration of elements in soil samples from the northern and 

southern shores of the reservoir showed higher values for germanium, selenium, bromine, rubidium, 

yttrium and thorium along the northern shore. Along the southern shore, relative higher concentrations of 

arsenic, strontium, cerium, molybdenum and uranium were found. These results suggest slightly different 

geologies although it is recognized that a mineralogical analysis of the soil and sediment samples was 

beyond the scope of this study. 

Compared to average crustal element abundance, average concentrations of scandium and bromine 

in soil samples were more than two orders of magnitude higher. Average concentrations of cobalt and 

molybdenum also exceeded crustal abundance, cobalt by a factor of 23 and molybdenum by a factor of 

64. On the other hand, average concentrations of manganese, iron, nickel, copper, cerium and thorium 

were lower than crustal abundance. In sediment samples, the molybdenum concentration was more than 

two orders of magnitude greater than the crustal abundance and that of bromine by a factor of 24. The 

uranium concentration in the sediments was close to crustal abundance but that of thorium was only 46% 

of crustal abundance. 

Proposed research will focus on a more extensive analysis of soil and sediment samples to 

determine the behaviors of sediments in the Kayrakum reservoir. If it can be shown that the reservoir 

contains sufficiently high amounts of toxic elements that can impact negatively on the environment, 

remedial action may be warranted. As sedimentation continues, the role of the Kayrakum reservoir in 

regulating the flow downstream may become compromised and dredging may be needed. If the dredged 

sediments present an environmental hazard, some type of geological isolation may be needed. 



Geochemical investigations into the reservoir and adjoining bodies of water are important in 

monitoring sedimentation process. The determination of elemental concentrations profiles as a function of 

depth should provide information on the impact of ecological accidents on Majluu-Suu and anthropogenic 

activities, including the tailings at Vostokredmet in the Sir-Darya watershed including the effect of the 

uranium processing activities near Chkalovsk. These investigations would also be expected to provide 

information on the separation of the sediments as a result of differences in density of the particles. 

This research was performed with financial support from ISTC (Moscow) as project № Т-1163 

with assistance of Sandia National Laboratories in the USA.  The authors are grateful to the management 

of ISTC and, personally, to the curator of the project, Dr. V. Y. Rudneva.  

This project was the final research project of the talented physicist and experimenter, manager Dr. 

Akram Djuraev, who was born on 28.05.1942 and died on 23.03.2010 at the age of 67. 
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Assessment of former uranium sites and their ongoing remediation activities.  
 

There are former operating uranium deposits as well as a number of ore reprocessing mining 

enterprises located in Tajikistan. Own uranium ores of the country as well as delivered raw materials were 

basically reprocessed in former Leninanbad mining enterprise (currently SE “Vostokredmet”) and other 

hydrometallurgical plants which previously were located in close distance to places of uranium ores 

extraction (Adrasman, Istiklol (former Taboshar), Isfara and others). Currently the single operating 

enterprise in the Republic of Tajikistan which saved potential possibilities for uranium ores reprocessing 

by acid solution of uranium concentrate after chemical leaching is State Enterprise “Vostokredmet”.        

There are also 10 sites where uranium residues and waste rock piles are disposed which belongs to 

the current enterprise. Plants in Taboshar city were closed out and progressively came to downfall 

condition, “Vostokredmet” enterprise in Chkalovsk (former LHCP) gradually changing the line of 

business and here also uranium production is stopped.  

Adrasman enterprise changed its line of business to lead concentrate production. Currently, all 

mines and open-pits of old radium and uranium developments are practically closed, however most of 

them are not preserved.  

 



Three regions where uranium tailings and rock piles located are in unsatisfied conditions, namely 

Istiklol, Adrasman and currently operating tailing – Degmay located in neighborhood to Chkalovsk. 

Tailing’s surfaces, especially those,  not covered by protection layer or subjected to destruction due to 

natural factors or burrowers are representing threat by significant dispersion of contaminated substances 

or residue materials out of their initial localization.    

During the soviet times, uranium ores reprocessed in Chkalovsk hydrometallurgical plant were 

delivered from Tajikistan, Kazakhstan and Uzbekistan. During the last years of uranium production 

operation, ore from Kazakhstan was delivered to Chkalovsk as acid extract, produced by heap and 

underground leaching methods in liquid form (till 200 g/l). Concentrates reprocessed to uranium oxide 

and were transported back to Kazakhstan.       

Production residues after acid uranium extraction from grinded ore mass as coarse-grained sandy 

fractions or in slurred form after neutralization were disposed in nearby tailings. Transfer was carried out 

by slurry pipe-line. Three sites are located in suburbs of Chkalovsk city where residues were accumulated 

(Gafurov, Map 1-9, Degmay). 

 

 

 

 
 

 



 
 

Gafurov tailing. 

«Gafurov» tailing is located in 0,5 km distance to the west from Gafurov city. It was operated 

during 1945-1950 years, in parallel with operation during those years so called, «Pilot hydrometallurgical 

plant». Enterprise is located in 10 km distance from Degmay village and in 2000 m from crusher. 

Tailing’s territory is covering approximately 5 hectares, with height of 13 m and contains approximately 

400.000 tons of waste, including spent rock, broken down metallic constructions and techniques. Rock 

waste piles contains till 800 tons of U3O8.  

 



 
 

Degmay tailing.   

Degmay tailing was operated from 1963 till 1993. It is located within the territory of Gafurov 

region on Degmay upland of Soghd oblast of the Republic of Tajikistan, in 1,5 km  distance from nearby 

residential site – (Goziyon village) and approximately in 10 km distance from Khujand city. This is one 

of the biggest uranium tailings in Central Asia.  

 



 
 

 

 

 

 
 

 

 



Taboshar tailing 

Waste rock piles containing above-standard amounts of radionuclides are centralized on the 

territory of industrial site nearby to Istiklol and radioactive waste of uranium ores initial 

hydrometallurgical repartition are located in tailings.      

Within the site territory, 4 maps of tailings, workshop №3 tailing, factory of barren ores, open bit 

and balanced-off piles are located. 

During 1973-1975., 4 maps were preserved – surface and slopes of maps were filled up with soil 

layer till 1 m. 

Special hazard is represented by non-recultivated waste bank type rocks belonging to uranium 

tailing of workshop №3 and heap-leaching with height till 70 meters and square of 3 hectares. The 

volume of accumulated materials is 690 thousands m3. 

Surface and slopes of tailings are not protected against windy and water erosion, which results to 

mechanical migration of contaminated fine-dispersed tailing’s material. 

Besides, earth roads are laid illegally through the tailing’s territory, cattle is pastured and private 

dwelling construction is adjoined to the northern-western part of tailing IV. 

There are dilapidated buildings and constructions of basic and auxiliary production in Istiklol 

industrial sites. Heap leaching workshop was located in close proximity to tailing, and currently only 

dilapidated reinforced concrete structures are remained from it. 

According to the last monitoring (April 2007), maximum gamma-dose rate on the territory close to 

dumps was 1, 81 microSv/hour (natural background 0,2-0,3 microSv/hour). Gamma-dose rate directly on 

dumps reaches about 3, 25 microSv/hour. Previously carried out investigations (2011 y., Environmental 

protection department, SE «Vostokredmet») registered gamma-dose rate till 10 microSv/hour. 

Radiation anomaly having uranium nature were revealed in residential area of Istiklol city during 

gamma-survey by SE «Vostokredmet» in 2001. Sites with gamma dose-rate levels till 1,44 microSv/hour 

were revealed at average values 0,48 microSv/hour. It is evident that revealed anomaly were basically due 

to use of dump (partially ore) material during construction, filling and planning of city’s streets.      

Works analysis carried out on recultivation and conservation shows that their safety should be 

ensured, basically, by engineer barriers. Levee, protecting covering, water drainage systems and etc., 

belongs to such engineer barriers.   

Currently, all constructions of Istiklol tailings require one or another extent of repair and 

establishment of new barriers.   

Barrier breach due to natural consequences (mud stream, landslides, erosion) as well as non-

authorized impact and interference of public is of high concern. 

Carried out analysis on tailing’s buildings operation shows that period for engineer barrier service, 

taking into account any catastrophic natural impacts, is too little in comparison with life-time of long-live 

radionuclides. Priorities should be defined by danger degree and isolation costs (protection optimization), 

therefore uncommon, non-traditional methods, developed taking into account natural factors for long-live 

waste (radionuclides) isolation are necessary.    



That’s why, it is necessary to carry out specialized research and development, design and 

exploratory and other works on monitoring of social-ecological condition of these sites, as well as on 

demographic public diseases, living in these regions.  

 



1Khojiyon М.К., 2Akhmedov М., 2Barotov B.B., 2Adkhamov А. 

 

1 – State enterprise «Vostokredmet»; 

2 – NRSA AS RT. 

 

National contribution to organization and carrying out monitoring activities on assessment of 

radiation and ecological situation in uranium tailings of SE «Vostokredmet» 

 

According to the Law of the Republic of Tajikistan «About radiation safety», №42 from 1 August 

2003, Nuclear and Radiation Safety Agency under Academy of Science of the Republic of Tajikistan 

(NRSA AS RT) is state regulatory authority on ensuring nuclear and radiation safety. State enterprise 

“Vostokredmet”, as producer, is operator for carrying out monitoring activities on uranium legacy sites 

of Northern Tajikistan.    

These organizations are the basic parties in implementation of national and regional programs and 

projects for measures preparation for remediation of uranium production’s legacy. 

Theoretical and practical training was provided to laboratory personnel on operation of delivered 

equipment under IAEA and NATO projects during works implementation:   

 X-ray spectrometer «Spectroscan makc-GF2E» 

 Spectrometry for gamma and beta energies emissions SEG-B-01 «AKP»-63(G)-70(B) 

 Portable digital spectrometer «InSpector 1000» (CANBERRA) 

 Radon radiometer RRA-01М-03 with sampler G10U-01 

 Radiometers MKS-07. 

 Radiometer-dosimeter DKS-96АМ 

 Computers 

 Alfa-radiometers «ISAA-97» 

 Radon radiometer RGA-09m 

 рН-meters 

 Electric generator 

 Bottom sampler with sludger 

 Sinking pump 

 Muffle furnace 

 Air-filtering units. 

 

Equipments and apparatus are operating in SE “Vostokredmet” laboratory for monitoring 

activities provided by IAEA technical support as well as number donor countries. Through national and 

regional projects, it is necessary to solve the following problems for development of monitoring 

program: 



- spectrum analyzing equipment of wide range and gamma spectrometers for better monitoring 

quality; 

- the vehicle is required for carrying out field monitoring works. 

Inter-agency council is established by RT Governmental Decree №471 dated 2 December 2005 

with the purpose of projects and coordination works management on radiation safety issues. 

NRSA AS RT as regulatory authority coordinates national and regional projects, and operator is 

responsible for project implementation. 

NRSA AS RT and SE “Vostokredmet” actively cooperates with local government bodies, NGO 

and other organizations on public information about measures and radiation safety and necessity to carry 

out remediation activities.  

Mass Media – television, radio and press is actively used for these purposes. Basically, public is 

concerned with high radiation levels and it is necessary to conduct seminars and training locally. 

Issues of uranium production’s legacy are publicly discussed for the first time after post-Soviet 

time. Programs and projects on uranium tailings’ remediation are established on the territory of Northern 

Tajikistan. Necessary laboratory basis to carry out monitoring activities is established.   

In order to improve significantly the radio-ecological situation in Central Asian countries and to 

bring it in compliance with IAEA and other international organizations’ objectives and 

recommendations, it is proposed:     

− To establish works coordination Committee on uranium legacy management in CA countries;  

− To develop and implement projects on safe management of uranium legacy in Northern 

Tajikistan;  

− Gafurov tailing – to remediate and hand over to national economy; 

− Degmay tailing – to close tailing’s beach by local soil from adjoining hills;   

− Taboshar tailing – to facilitate in implementing the EurAsEC project on remediation; 

− Adrasman tailing – redeploy residues to safe place; 

− Khujand tailing – to apply advanced technology for purification of mine uranium waters. 

SE «Vostokredmet» has an experience on remediation of radiation-dangerous sites. In due time, 

some works were carried out on remediation of uranium tailings: Gafurov, Adrasman, and “Maps 1-9” in 

Chkalovsk. At the present point in time developed project by SE “Vostokredmet” is funded by RT 

Government for criteria system development allowing determination danger degree of radiation sites and 

their remediation chain depending on danger level,    including: 

 

- 2009 year – 200 000 somoni, equivalent to  

                                                              47,5 thousands $ USA 

- 2010 year – 164 000 somoni equivalent to 

                                                                45,7 thousands  $ USA 

- 2011 year – 250 000 somoni equivalent to  

                                                                56,8 thousands  $ USA 



- 2012 year – 400 000 somoni equivalent to  

                                                                85,1 thousands  $ USA 

Study of tailings’ radiation and ecological condition and adjoining to them territories.   

Basically: 

− analysis and summarizing results of previously implemented works; 

− pedestrian gamma-survey; 

− investigations on radionuclide composition of extracted waste, uranium ore reprocessing and soil 

contaminants; 

− geochemical and biochemical investigations; 

− atmochemical investigations including study of issues on dusty removal of radioactive material, 

radon isotopes extraction and their decay products from tailing’s surface and contaminated 

territories. 

− hydrochemical wells sampling and water-points close to sites; 

− discovered and contoured sites of contaminated territories by radionuclides; 

− integrated characteristics of radon content in atmospheric air close to uranium tailings are produced 

by means of track detectors; 

− monitoring survey over radiation situation and engineer-geological condition of tailings and other 

radiation-danger sites allowed identification of Taboshar as priority №1 site for remediation works.  

Council on cooperation in the field of atomic energy use in peaceful purposes under Integrated 

Committee of EurAsEC during its 9th meeting (17.11. 2011., Chkalovsk, Tajikistan) considered and 

approved project of Inter-state targeted program “Recultivation of EurAsEC member-states territories 

subjected to impact of uranium mining and milling industries”.    

Sites in Min-Kush and Kaji-Say villages (Kyrgyz Republic) and in Istiklol city (former Taboshar 

city) (Republic of Tajikistan) were selected as priority sites.   

The total cost for Program is 1 billion 155 million 971 thousands of Russian rubles and its 

implementation is divided into two stages: 

I Stage  (2013-2016 years) 

II Stage (2017-2018 years) 

This allows decreasing risks of emergency situation occurrence with radiological consequences on 

the territory of EurAsEC member-states, work out means and remediation activities technology as well as 

to ensure safe conditions for living and social remediation of public in these regions.    

Methodological approaches and experience of project measures funding is extremely useful during 

practical implementation of national project, funded from the budget of the Republic of Tajikistan. 

Practical example can be works implementation on limiting unauthorized public and domestic animals 

access to the territory of Degmay tailing: 

- barrier installation from the closest residential area is started; 

- gates are restored twenty-four-hour guarding station is organized. 



The Government of the Republic of Tajikistan pays great attention to radiation safety ensuring, 

public health protection issues and IAEA standards introduction in this field. Legislative documents in 

the field of industrial waste management are the following:    

- RT Law "On nature protection" dated 27 December 1993 with amendments in 2004. 

- RT Law "On production and consumption waste" №44 dated 10 May 2002 (with amendments in 

2005). 

- RT Law "On public health protection" dated 15 May 1997 (with amendments in 2005). 

Laws drafts were developed and important ones were approved once Nuclear and Radiation Safety 

Agency under Academy of Sciences of the RT as regulatory authority was established in 2003:   

- "About radiation safety" (Law № 42 dated 01.08.2003). 

- "On use of atomic energy" (Law № 69 dated 09.12.2004). 

- "About licensing of separate kinds of activities" (Law № 37 dated 17.05.2004 with amendments 

№ 277 dated 13.06.2007). 

- Regulation “On state control in the field of ensuring radiation safety", approved by RT 

Governmental Decree № 482 dated 03.12.2004. 

- Regulation "About licensing specifics of separate kinds of activities", approved by RT 

Governmental Decree №377 dated 01.09.2005.  

Regulation “On Inter-agency-council on ensuring radiation safety” by RT Governmental Decree №471 

was approved in 2005. Regulation “On inspector of NRSA AS RT” was elaborated and approved the 

same year. Currently in the RT other documents are elaborated as well related to the sphere of radiation 

safety control which recently were approved or in the process of agreement and approval, particularly:     

Criteria and norms are developed:  

- Sanitary rules "Norms of radiation safety" (SP-2.6.1.-001-06). 

- Basic sanitary rules on ensuring radiation safety (OSPORB). 

- Sanitary rules on radioactive waste management (SPORO). 

- Order of state accounting for and control of radioactive substances and radioactive waste. 

- Requirements for ensuring of radiation safety during stocking and sale of scrap metal. 

- Mineral raw materials and materials with high content of natural radionuclides management.  

- Regulation on order for carrying out documents review, justifying ensuring nuclear and radiation 

safety, nuclear installations, radioactive sources and quality of declared activity. 

- Order for organization an carrying out inspections by Nuclear and Radiation Safety Agency on 

sites activity of which relates to radioactive substances and sources of ionizing radiation 

management. 

- Rules on radiation safety during transportation of radioactive substances and radioactive waste". 

Under IAEA project, organizational and practical instruments preconditions for safety assessment 

were established. Particularly, with IAEA participation national experts on analysis and safety assessment 

on uranium legacy sites are prepared. Example can be permanent cooperation of operator and Agency on 

sites of “Wismut” company and other sites. Gained skills and practical experience of national experts 



were applied during compiling national reports on safety assessment of former uranium industries, which 

gave possibility to establish licensing department under Agency. 

In view of raising learning curve of national experts and their compliance with IAEA standards, it is 

proposed to organize detailed fellowships, scientific visits and additional trainings to those countries 

where positive experience on topical problems of monitoring and remediation works is available.     

 Radio-ecological monitoring issues are responsibility of ecological laboratory under SE 

“Vostokredmet”. 

 Environmental monitoring and technical surveillance programs over sites of former uranium industry 

were developed together with staff of NRSA. Practical monitoring implementation is carried out by 

means of sampling (water, air and soil) and their analysis. 

 Radiation situation parameters are measured by equipment and apparatus delivered by IAEA.  

 

 



Anarkul Aytaliev 

 

Agency on tailings management under MES of KR, Bishkek, Kyrgyz Republic  

Uranium industry legacy. Problems and ways forward 
 

 33 tailings and 25 rock piles belonging to KR Ministry of Emergency Situations are legacies 

located on 6 sites in Kyrgyzstan. 

 
Management scheme for uranium waste legacy in KR Government. 

 
 



KR MES. Remediation works on tailings. 

2000 - 2010. -11,8 million som - 10 years – weak attention.  

In 2011 - 8,5 million som,  

In 2012 - 21 million som – positive factor ■ establishment of Agency on tailings management – there is a 

necessity to strengthen potential. 

 

 
World Bank grant (donors IDA, PHRD, GEF), cost 12 million.$, including 110 for component А- 

8,4 million $ for remediation of uranium tailing in Mailuu-Suu. Unique, pilot Project in CA. 

Implementation period 2004-2012 .  

Implemented: 

- Protective constructions are restored, Tektonik landslide unloading is completed, and laboratories 

are equipped.  

- Re-orientation and transfer of 2 rock piles and 2 tailings – 4 sites liquidated, clean territories 

became available.  

- Advanced international experience is gained for national structures. 

Project is completing during initial stage of ecological stability ensuring in the region. 

Ecological instability is still present in Mailuu-Suu, rock piles and tailings are remained 

negatively impacting on environment and population.  

 KR Government in the beginning of 2012 appealed to World Bank about necessity to continue 

remediation of uranium tailings in Mailuu-Suu on risks reduction against radioactive contamination of 

Fergana valley (2nd phase for 13,5 million.$). GKR expects and hopes for positive decision of WB, in 

case if not – search of new donors.     

 Inter-state targeted program «Recultivation of states territories – EurAsEC memebers, subjected to 

impact of uranium mining and milling industries» is approved by decision of EurAsEC Inter-state 

Council (on Heads of Governments level) dated 05.04.2012, №602. 



 Program’s cost – 1 billion 156 million Russian rubles – 38,5 million dollars. For Kyrgyz Republic 

– 500 million rubles – 16 million dollars, including, 

- for Min-Kush tailing - 422 million rubles; 

- for Kaji-Say - 78 million rubles. Implementation period 2013 – 2018yy. 

 States contributions:  

 Russian Federation - 75%. 
 Kazakhstan - 15% 
 Kyrgyzstan - 5% 
 Tajikistan - 5% 

 Objective of ISTP: prevention of ecological catastrophes on the territory of Kyrgyz Republic of 

Republic of Tajikistan. ISTP project tasks:  

- Remediation of more radiation dangerous sites, located on the territory of two republics for 

further application of gained experience on sites located in other member-states of EurAsEC. 

- Expenditures reduction for carrying out remediation works due to combination of labor, 

intellectual, financial, production resources as well as available legislative, scientific and 

methodological basis, national and international experience on current problem.     

Regional project of European Commission. 

 In December 2011 Government of Kyrgyz Republic and European Commission approved Financial 

Agreement of Annual Action Program on Nuclear Safety 2010 - part II, REG4.01/10 «Establishment of 

legislative and regulatory framework for remediation of uranium tailings in Central Asia».  

 

1. Establishment of legislative and regulatory basis. 

 

2. Monitoring. 

3. Risks assessment. 

4. Specialists training and exchange of information.  

 

 

ЕС and IAEA Project KG4.01/11 prepares «Complex Environmental Impact Assessment (EIA) 

and Feasibility Study (FS) on management and restoration of uranium tailings in v.Min-Kush». 

 

International Forum (Geneva 2009) by initiative of Governments of CA countries on tailings 

management and UNDP support is conducted. Joint declaration is accepted – CA countries, UN, IAEA, 

OSCE, EC, EBRD and EurAsEC.    

 

Importance of regional cooperation is emphasized on improving legislative and regulatory basis, 

tailings remediation, programs and projects development and implementation on improving ecological 

safety and public life standards.   

 



Project “Strengthening coordination on projects development and resources mobilization for 

sustainable radioactive waste management in Central Asia” is implemented from 2010 till 2012, within 

the framework of ENVSEC Program. Project proposals portfolio is formed and submitted for review of 

international community in terms of support for long-term decisions.   

 

Project proposals: 

 

1. Project continuation «Uranium tailings remediation in Mayluu-Suu» city, 2nd phase. 

2. Carrying out environmental impact assessment and feasibility study on remediation of rock piles 

of uranium deposits in v.Shekaftar. 

3. Inventory and development of monitoring program of uranium tailings in Kyrgyz Republic with 

the purpose of effective management. 

4. Strengthening potential of national operator (establishment and equipment deployment for service 

operation). 

5. Assessment of geo-ecological risks coming out of tailings in regions of v.v. Sumsar and Orlovka. 

6. Regional Conference. Informing partners on carried out works, discussion of future plans for 

projects advancement. 

 



Tolongutov B. 

 

Center of State control in the field of environmental protection and ecological safety, Kyrgyz Republic. 

 

Situation analysis in the field of control and management of uranium tailings in Kyrgyz Republic.  

 

 The basic sites for control in Kyrgyz Republic are:  

 HMP PC «KGRK», specialized on uranium oxide production (status operating) RSH; 

 Storage for low-activity waste (tailings and rock piles) former uranium industry; 

 Site for disposal of ionizing radiation sources and radioactive waste (WDS) Bishkek city; 

 Ionizing radiation sources; 

 Medical institutions (X-rays diagnostics, radiotherapy); 

 Natural anomaly (local sites with high radiation background); 

In Kyrgyz Republic there are 6 basic sites for waste location: 

 Maylu-Suu site – 2,845 million m3 
 Kajisay site – 0,4 million m3 
 Min-Kush site – 1,961 million m3 
 Ak-Tyuz site – 3,35 million m3 
 Orlovka site – 3.55 million m3 
 Shekaftar site - 0,7 million m3 

 In total there are 48,31 million m3 (in 35 tailings) and 83,582 million m3 (in 37 rock piles) are 

accumulated in the republic together with «KGRK» site and other non-big sites. 

Kyrgyz Republic became full International Atomic Energy Agency (IAEA) member from 

September 2003. From March 2006 State agency on environmental protection and forestry under the KR 

Government is executive body on technical cooperation of Kyrgyz Republic with IAEA and in parallel 

regulator in the field of radiation safety, which stipulates for works necessity  on ensuring adequate 

legislative basis since many documents related to recultivation and remediation of tailings are not fully 

elaborated.  

Basic principles of radiation safety are laid in Constitution of Kyrgyz Republic, according to which 

republic’s citizens have the right for favorable environment for their life and health and compensation of 

damages caused to their life or property by activities in the field of nature management (article 35). This 

constitutional provision is fully described by technical regulation on «Ecological safety», KR Law on 

«Environmental protection», KR Law on «Radiation safety of Kyrgyz Republic’s population», according 

to which Kyrgyz Republic’s citizens have the right for ecological, including, radiation safety. This right 

should be ensured by carrying out complex of measures on impact prevention of harmful factor on human 

body (including ionizing radiation). 

KR Laws on: «Uranium tailings and rock piles», «Sanitary epidemiological wellbeing of 

population», «Environmental protection» - are establishing legislative basis for control and in the field 

of tailings and rock piles management consolidating state guarantee in implementing constitutional rights 



of citizens for health protection and favorable environment, makes a demand for compliance with 

established norms and rules during radioactive and toxic materials management.   

By KR Governmental Decree from 20 February 2012 №123 «About State Agency on 

environmental protection and forestry under KR Governemnt»: 

is state body of executive authority on policy implementation and relations control in the field of 

environmental protection, ensuring ecological safety and nature management. 

 Control fucntions: 

 Carries out state control in the field of environmental protection, nature management and 

ecological safety, including: chemical and radiation safety; 

In accordance with KR Governmental Decree dated 23 March 1999 №161 tailings and rock piles 

of former mining enterprises belongs to Ministry of Emergency Situations and Civil Defense of 

KR. Ministry of Emergency Situations is assigned as state body responsible for maintenance, 

control and remediation of tailings and rock piles of former mining enterprises.  

 

 In the framework of cooperation with Norwegian radiation protection authority (NRPA) the 

following were considered and defined:  

 Threat assessment which allowed compiling investigations of national infrastructure and legislative 

basis against existing condition of radioactive waste storage sites and thus revealing basic 

problems in the system. 

 Basic gaps in regulatory scheme in the field of safe management of radioactive waste: leading 

documents – inadequate and not always correct legislative basis. 

 Regulating system non-harmonized in compliance with IAEA safety requirements.  

 

 Conclusions: 

 In existing legislative basis there is a necessity to amend requirements for accepting regulatory 

provisions on radiation safety; 

 It is necessary to continue working on combination of country’s policy and strategy with 

Fundamental Safety Principles and with International instruments, agreements, codes which were 

ratified by State; 

 Legislative basis documental hierarchy on radiation safety issues is not a complete system, 

significant number of gaps are defined (more than 60 % from the whole system), basically, related 

to low stages of hierarchical structure (rules, norms, regulations, instructions and etc.). 

 It is necessary to review existing leading documents with the purpose of inaccuracy correcting, 

especially in the field of safety statements (especially, it relates to new basic regulation on 

radiation safety, where contradicting to each other criteria are available, mixing to one «pile» the 

concepts of «dose threshold» and «dose limits», incomplete and scrappy RW classification, 

absence of instructions on ionizing radiation sources (IRS) categorization and etc.  

 



Priority fields for regulations development. 

 Regulatory authority strengthening (rights actualization, responsibilities and duties of regulator). 

 Waste management methods improvement (inspection control, rights actualization, responsibilities 

and duties of operator, monitoring). 

 Improvement of legislative and regulatory basis for control of sites and activities.  

 Carrying out remediation works on sites. 

 Regulating system of radiation safety is complex multistage system which includes different 

directions requiring attention to each regulatory instrument and adequate funding. 

 Considering existing system of regulations in KR, it is possible to state, that there are enough big 

areas for improvement and strengthening in the system. 

 

Complex approach is required on waste management strategy development and strengthening 

issues, and for which it is necessary, in the first place, to implement coordinated activities of different 

bodies on occupational, public and environmental nuclear and radiation safety issues, as well as to 

elaborate and approve a national program on Governmental level. 

 



Rakhmatov N., Khakimov N., Nazarov Kh.M., Barotov A.M. 
 

Branch of Nuclear and Radiation Safety Agency AS Republic of Tajikistan, Chkalovsk city.  
 

Residues leaching from «Factory of barren ores» 
 

Taboshar uranium deposit is one of the oldest on the territory of former USSR. It was opened in 

1936., active ore extraction was carried out here from 1945 till 1965. Nowadays, it is a huge territory with 

area more than 400 hectares acting as predisposal storage for waste from uranium ore reprocessing plant 

and mine extractions as well as waste storage of such called “Factory of barren ores” (“FBO”). 

Istiklol city (Taboshar) with population of approximately 12 thousands citizens is located just in 

several kilometers from waste storage locations. Waste complex consists of non-preserved open mine, 

disassembled industrial premises and three tailings where 10 million tons of uranium ore waste after acid 

extraction are accumulated. 

HMP tailing is located in 3 km above river stream and in 3 km distance from Istiklol city center, 

where 1,17 million tons of waste are disposed. Dumps of barren rock and off-balanced ores are focused in 

the neighborhood of open pit. Gamma dose rate around dumps is measured starting from 0,4-0,7 mcSv·h-1 

(40-70 mcR·h-1) and reached 3,0-4,0 mcSv·h-1 (300-400 mcR·h-1) in those places where off-balanced ores 

dumps are located. 

“FBO” waste is located in the neighborhood of Istiklol city besides pits and open-pits which is 

currently flooded by water with depth till 50 m. “FBO” storage is like a hill from grinded pale yellow 

material after uranium extraction, which was carried out in concrete tubs by means of heap leaching at the 

same area.      

“FBO” wastes are open and already during 50 years are subject for windy and water erosion. 

Mentioned dangerous natural processes and phenomenon in combination with non-authorized access of 

local population to these radioactive waste storages permanently worsen ecological condition in areas of 

waste accumulation. Tailings materials were registered in several kilometer distances along creek 

(temporary watercourse) which starts from below the “FBO” dump. Materials carrying out consequences 

from places of their initial localization in tailing are observed on shores and stream of Sarim-Sakhli-Say 

canal. Residue materials are differing by their specific relatively homogenous fraction size, of reddish 

color, and places for accumulation of present material have high gamma-dose rates. In dry bed and on re-

deposited floodplains of river sites gamma dose rate reaches 250 mcR·h-1 (2,5 mcSv·h-1). Re-depositions 

are distributed along the whole Archi-Say riverbed till mouth and at its inflow to Utken-Suu River. 

Formed beach depositions from Istiklol city tailing’ material can be used by local citizens of nearby 

village. This area requires remediation.      

The objective of the present work is safe management of residues from “FBO”, their reprocessing, 

expenditures reduction for remediation of Istiklol city former uranium tailings.    

 For this purpose, some experiences were adopted – “FBO” tailing use for filling up the open pit 

where water with uranium content 3-5 mg/l is located.  



“FBO” waste are passed through heap leaching and have some amount of uranium salts dissolved 

in water. Thus, we propose to dissolve uranium from “FBO” wastes with uranium bearing water flowing 

out from gallery and filling up the open-pit by radioactive wastes. In so doing, uranium content flowing 

out from gallery will increase twice, and further, passing them through apricot’s shell, as a sorbent, we 

will clean the water against radionuclides [1]. 

Residue samples with uranium content 0,015% from «FBO» and uranium bearing waters from 

gallery №1 with uranium content 0,0025 g/l were used for laboratory tests.    

After which, a slurry was prepared by means of residue mixing with water in ratio of solid and 

liquid phases (S:L) – 1:2 and 9,7 ml of sulfuric acid (ρ=1,82) was added which corresponds consumption 

by Н2SO4  176,54 kg/t. 

For the first test, leaching was carried out during 4 hours at рН=1,6, at room temperature.  

For the second test, leaching was carried out at 60оС and рН=1,6 during 4 hours. Slurry heating and 
mixing was carried out by means of magnetic mixer. The basic residue leaching indicators are provided in 
table 1.  

Table 1 
 
 

Results of residues leaching from «FBO» tailing. 
 

Sample, g S:L t, С Consumption Н2SO4, 
kg/t 

Filtrate 
V, ml рН U, g/l 

100 1:2 20 176,54 200 1,6 0,0053 

100 1:2 60 176,54 200 1,6 0,0045 

 
 
 

Reference: 
 
 

1. Barotov B.B., Nazarov Kh.М., Khakimov N., Mirsaidov I.U. Uranium extraction from mine and 
technical waters of uranium industry wastes. // Doklady AS Republic of Tajikistan. 2007. V.50. №8. - 
P.703-706. 

 



Usmanova U.Kh., Mamatov E.D., Mirsaidov U.M. 

 

V.I.Nikitin Institute of Chemistry under AS Republic of Tajikistan, Dushanbe  

 

Boric acid production – materials for protection against neutrons from danburite deposit 

in Ak-Arkhar, Tajikistan 

 

Chemical composition of danburite deposit in Ak-Arkhar in presented in table. 

Hydrochloric acid for decomposition was dosed taking into account calcium, aluminum, iron and 

boron chloride formation. Danburite’s sample was grinded till particles sizes of 0.1 mm, and 

decomposition was carried out in temperature-stabilized reactor with mixer. Slurry was filtrated and 

washed out by distilled water. Boron, iron, aluminum, calcium content in solution was determined by 

means of known method.  

Table  

Chemical composition of initial danburite in Ak-Arkhar deposit    

 Components 

Content, 
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10.4 59.8 1.27 2.2 1.39 19.6 0.75 0.15 0.29 0.1 0.03 0.11 3.91 

 
Temperature inflence. Danburite’s decomposition with hydrochloric acid is studied in 

temperature intervals +20…+100°С at HCl concentration 20 mass%. Danburite was processed by 
stoichiometric amount of HCl  during 60 min. Aluminum, calcium, boron oxides extraction to solution 
with temperature increase from 30 till 100°С practically didn’t change (fig.а). At 30°С oxide extraction 
degree was: B2O3 - 19,6%; Fe2O3 - 34,6%; Al2O3 – 9%; CaO – 5.61%, accordingly. At temperature 
increase till 95°С, oxides extraction degree is, in %: B2O3 – 23.9; Fe2O3 – 53.4; Al2O3 - 16.1; CaO – 6.53. 



 
Fig. Oxides extraction degree dependence from composition of burnt initial danburite on: a) temperature; 

b) process duration; c) HCl concentration (particles size <0.1 mm; temperature – 95°С; process duration – 

60 min; С HCl  - 20 mass%).   1 - B2O3; 2 - Fe2O3; 3 - Al2O3; 4 - CaO. 

Process duration. Process duration impact on oxides extraction degree B2O3, CaO, Al2O3 and 

Fe2O3 which are danburite’s part is studied in the following tests. Tests results are provided in fig b. CaO 

decomposition degree practically does not depend on time. HCl concentration – 20mass % and 95°С 

temperature. At process duration of 90 min, extraction in % was: B2O3 – 26.5; Fe2O3 – 44.5; Al2O3 - 16.5; 

CaO – 7.94. Further increase of process duration didn’t lead to significant changes in oxides 

decomposition degree.   

HCl concentration impact. Oxides decomposition degree dependence on hydrochloric acid 

concentration (Fig. c) is studied with the purpose of reaching the most complete decomposition of oxides 

from danburite’s composition. Hydrochloric acid concentration changed from 5 to 30%. Apparently from 

fig 1c, danburite is easily decomposed at 20 mass% concentrations. In so doing, oxides decomposition 

maximum values were in%:   B2O3 – 42.4; Fe2O3 – 53.4; Al2O3 – 32.1; CaO – 8.57. Evidently, attendant 

minerals in these conditions are disposed more slowly. 

Danburite’s decomposition degree is decreased at further increase of hydrochloric acid. (fig.c). 

Thus, taking into account the carried out tests results, the following conditions for hydrochloric 
acid decomposition of burnt danburite can be recommended: temperature – 90-95°С, duration– 60 min, 
HCl concentration - 20 mass%. 
 



Khakimov N., Nazarov Kh.M., Mirsaidov I.U., Nazarov K.М., Barotov B.B., Khojiyon M. 

 

Nuclear and Radiation Safety Agency, Tajikistan Academy of Sciences, Dushanbe, Republic of 

Tajikistan 

 

Physico-chemical basics for production of uranium concentrate from wastes of 

hydrometallurgical plants and technical waters 
 

 Physico-chemical and technological basics for reprocessing of uranium industry wastes of Northern 

Tajikistan shows that the most perspective for reprocessing is Chkalovkst tailing’s wastes.   

 Engineer and geological condition and content of radionuclides in wastes are investigated.  

 It is determined that considered wastes by radioactivity are low-active and they can be reprocessed 

with the purpose of U3О8 production.  

 Grinding, crumbling, thickening and etc operations are decreased during the wastes reprocessing 

process. Uranium output is more than 90%. Optimal parameters of products extraction from uranium 

mining industry wastes are found.       

 Characteristics of mine and technical waters of uranium industry wastes are studied. Characteristics 
of mine and technical waters of Kiik-Tal and Istiklol city (former Taboshar) showed the expediency of 
uranium oxide extraction from them.  
 The reasons for non-additional recovery extraction from dumps of SE “Vostokredmet” by classical 
methods of uranium leaching are studied. 
 Kinetics of sulfuric leaching of residues from anthropogenic deposit of Map 1-9 (Chkalovsk city) is 

investigated.       

  Carried out investigations are revealing the flow mechanism process of residues’ sulfuric leaching 

and enable selection of radiation regime of U3О8 production.  

 Kinetics of sorption process of uranium extraction from mine and technical waters of uranium 

industry wastes is studied. High sorption properties of apricot’s shell comparing to other sorbents are 

revealed.  

 Basic process flow diagram for reprocessing of uranium tailing wastes is developed as well as 

diagram for uranium extraction from mine and technical waters from uranium industry wastes which 

consists of the following stages: acidification, sorption, burning, leaching, sedimentation, filtration, 

drying.    

 Uranium wastes reprocessing diagram is differ from classical one by part neutralization of redundant 

acid (from pH=0 till pH=1,5; 2,0) during the process of ammonia diuranate sedimentation from strippant 

by chalkstone. After neutralization parts of redundant acid, stripping solution are filtrated on filter-press, 

later filtrate is subject to further neutralization by ammonia water till pH=3,0 – 3, 5. Iron hydrates 

sedimentation is taking place during this process. Further, solution goes to filtration again. Solution 

enhanced till pH=4,0–5,0 and kept for 30 minutes with formation purpose of large crystals’ nucleus of 



ammonia diuranate for ammonia diuranate sedimentation and sedimentation for production of manifold 

solutions release is carried out at pH=8,0-8,5 by ammonia water with 30 minutes isolation.  

 Application of such basic process flow diagram of uranium ores reprocessing allows saving 

expenditure of ammonia water two times. Uranium extraction on sedimentation stage is 99%.  

 The possibility of uranium extraction from natural uranic waters of complicated salt composition is 

considered. Investigations revealed that uranium extraction from brines containing ion-chlorine is 

possible.      

 Developed uranium extraction diagram from Sasik-Kul lake’s brine consist from the following main 

stages: evaporation, leaching, ion-chlorine deletion, sorption, desorption, sedimentation, drying, 

tempering.      

 Thus, technological basics of uranium industry wastes reprocessing in Tajikistan are presented. 

Information about tailings of former uranium industry in the North of Tajikistan in provided. Issues of 

waste safe management of mining and reprocessing, uranium ores are considered. Types of uranium 

revealing in wastes and drainage waters are described.  

 Besides, possibility of local material use – apricot’s shell as sorbent for uranium extraction from run-

off mine and technical waters of mining and milling enterprises is shown.  

 Current works are fulfilled with financial support of ISTC project – T-1508. Authors are very grateful 

to ISTC and personally to senior project manager – Ms. Rudneva V.Y.   

 



Shandala N.K., Titov A.V., Kiselev S.M., Isaev D.V.,  

Aladova R.A.,  

Moscow, Russia 

 

State Research Centre Federal State Budget Institution “Burnasyan Federal Medical Biophysical 

Centre” 

 

Independent regulatory control and monitoring of the environment at the uranium legacy 

sites under reclamation 

 

Radiation safety at areas affected by the natural uranium mining and milling facilities is very 

important for the environment protection and human health. For this purpose the close operator-regulator 

contact is required during remedial operations. One of the key mechanisms of the operating regulatory 

supervision of radiation safety at uranium legacy sites is organization of independent radiation control 

and monitoring in the course of reclamation and after its completion. 

The main stages of this strategy include: 

1. Detailed radiation survey at the area and in the vicinity of the former uranium mining sites. 

2. Threat assessment in order to identify the regulatory priorities. 

3. Environmental radiation control and monitoring. 

Tailings and shallow disposal sites of the uranium mining wastes are the most critical areas in terms of 

potential hazard for the environment. Tailings are the source of contamination of the near-land air due to 

the radionuclide dust resuspension from the tailing surface; surface and ground water due to washing out 

from by precipitation and surface streams of toxic and radioactive elements. Frequently, contamination of 

surface and ground waters results in some problems, especially when using the leaching fluids for the 

solution mining and draining hydraulic fluids. Radiation risk for the residents of areas near not operating 

uranium mining and milling facilities depends on the following factors: 

- Radon exhalation from the surface of dumps and tailing; 

- Radioactive dust transfer;  

- Using radioactive material in building; 

- Contamination of surface water streams and aquifers used for dinking water supply; 

- Contamination of open ponds used for fish breeding and catching; 

- Contamination of foodstuffs grown in the nuclear legacy areas.  

Radiation monitoring is necessary for the up-to-date response to changing radiation situation during 

reclamation and arrangement of adequate countermeasures. We mean here comprehensive dynamic 

surveillance including long-tern continuous monitoring of radiation parameters and public doses in the 



vicinity of radiation hazardous facilities. Arrangement of monitoring should be prescribed at the early 

stage of reclamation and continued after reclamation completing taking into account special features of 

the legacy site allocation and contamination nature. Radiation monitoring is based on experimental 

studies of physical and chemical properties of radionuclides controlled, which promote prediction of their 

sorption and migration activities within ecosystems. 

The extent of control and monitoring should be sufficient to solve the following tasks: 

- determine the extent of compliance with the principles of radiation safety; 

- obtain the necessary information about the dynamics of the impact of contamination sources on the 

environment; 

- calculate annual effective dose to the public on the basis of radiation monitoring data of the 

environmental media, foodstuffs and drinking water, taking into account local features of nutrition, water 

supplying and dietary habits of the public. 

Development of some quantitative radiation and ecological criteria and regulations for 

remediation/reclamation of areas affected by the uranium mining is necessary for proper regulatory 

supervision of the uranium legacy sites. 
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Assessment of the public health in the course of the EurAsEC programme “Reclamation of 

areas of the EurAsEC member-states affected by the uranium mines” 
 

 The inter-state target programme of the Eurasian Economic Community “Reclamation of areas of 

the EurAsEC member-states affected by the uranium mines” includes assessment of impact of these 

facilities on the public health at the adjacent areas and estimation of potential risk of radiation induced 

diseases. 

This work will be carried out as follows: 

1. Collection of indicators of the State medical statistic reporting by areas of natural uranium mining and 

milling waste storage to be reclaimed.  

2. Data input to the database, data verification, calculation of relative indexes and estimation of potential 

risk of radiation induced diseases. 

3. Comparative analysis of the public health at inspected and reference areas, estimation of potential risk 

of radiation induced diseases. 

4. Development of recommendations on enhancing medical service of the population. 

 Burnasyan FMBC developed the method of data collection in order to assess and to perform the 

comparative analysis of the public health.  

At the early stage of the programme, for the purpose of the comparative analysis of the public 

health at the contaminated areas, we are going to identify areas affected by uranium plants and some 

reference areas with approximately same quality of health-care service. 

When collecting medical data of the public, the special attention will be paid to malignant 

neoplasm incidence, including trachea, bronchus, lung cancer and psycho-somatic diseases (hypertension, 

coronary heart disease, peptic ulcer and duodenal ulcers, and others). 

This kind of data will be collected as the number of registered patients by sex and age groups in 

the report of the state medical statistics "Information on malignant neoplasm incidence over 1990 - 2014" 

(according to the reporting form “Information on the number of diseases registered at the area under the 

clinic service”). 

The statistical bodies of the EurAsEC member-states will organize the collection of the required 
copies of the state statistical reports and demographic information over 1990 - 2014 and then pass these 
data to FMBC for the purpose of data treatment and comparative analysis.  
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Lung Cancer of the Uranium Miners 
 

“The Priargun Production Mining and Chemical Association” (hereinafter referred to as PPMCA) 

is the only world diversified mining company, which, in addition to underground mining of uranium ore, 

carries out refining of such ores in hydrometallurgical process to produce natural uranium oxide.. 

The paper deals with the evaluation of the occupational morbidity of the PPMCA’s miners 

depending on their work conditions. 

In order to evaluate radiological risks of the malignant neoplasm incidence, we used the available 

medical-dosimetry data being received over the Association life.  

Our study covers information of 584 miners. The main part of this group includes men (87%), 

involved in uranium mining (sinkers, timber-men, etc.). Women accounted 13%, being involved in 

subsidiary works. 

The highest mean external doses (20 - 40 mSv/year) got those, who worked in the mines over 

1980-1983, but the number of this subgroup is small – 18 persons. Generally, mean doses over next years 

were about 5 mSv/year. However, almost each year, maximum doses above 20 mSv/year can be 

observed. 

 Internal doses to men were 42.9 mSv on average, while those to women were 23.9 mSv. 

When generating the medical database, we collected data of 130 mail mines, employed to the 

PPMCA mines. 

Among all cases of the malignant neoplasm incidence of miners, the highest contribution is made 

by the lung cancer (46%); this is well above the national data (23.3 %).  

The second part is digestive tract cancer (the stomach, the lower lip, and pancreas), contributing 

29 % in total, and the stomach cancer contributes 16 %. Depositions of these malignancies do not exceed 

the national data.  

The problem of the further work improvement of the miners to eliminate occupational lung 

disease in the uranium mining operations remains important to the present. Epidemiological and radio-

ecological studies    will help both regulators and operators to make more objective assessment of each 

specific situation and to determine some more informed approaches to development and implementation 

of health and preventive activities. 
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National Legislation and Regulations in the Uranium Legacy Radiation Safety of the 

Former USSR 
 

 There are many uranium legacy sites in Russia and ex-Soviet republics in the Central Asia, which 

are decommissed now. In Russia, there is a number of operating uranium mines and ore milling facilities 

to be decommissed after termination of their life cycle. Today, the list of Russian subsoil areas of the 

federal significance includes 135 uranium deposits.  

 The uranium legacy management is accompanied with the environmental impact. The intensity of 

such impact depends on the amount of generated waste, degree of its confining and dispersion in the 

environment. The whole question reduces itself to the following: to what extent this impact is harmful to 

the environment and human health. The proper regulation of this problem is a criterion for the safe work. 

 In the ex-Soviet republics up to 1990 and in Russia up to 2009 the following regulations were and 

are in place: 

− Health rules for design of nuclear sites and facilities SNP-77 (parts V and VI), 1977. 

− Health rules for uranium mines operation # 86 – 118, 1986.  

− Health rules for arrangement and operation of underground and heap leaching # 38-83, 1983. 

− Health rules for closure, conservation and change of functions of facilities for radioactive ore mining 

and milling SP LKP-91, 1991. 

 These documents are clearly to be revised in compliance with the up-to-date radiation safety 

principles as set out in the ICRP and IAEA Publications. 

Today, the advanced guidance document is under development “Health-care requirements for 

design and operation of facilities for uranium ore mining and milling (SP UR-08)”, which will substitute 

the majority of these documents. 

In order to enhance the regulatory framework, the following tasks are urgent: 

- Introduction of the existing exposure situation in the national laws and regulations in compliance with 

the ICRP statutory system. 

- Development criteria for remediation of sites and their gradual return to uncontrolled use. The similar 

criteria have been developed within the Russian-Norwegian cooperation for the purpose of remediation of 

the sites for temporary SNF and RW storage. 

- Review of possibilities and methods for optimization of the remediation strategies under development. 

- Identification of the special category – RW originated from the uranium ore mining and milling.  



 Some regulatory problems assume to be solved under the EurAsEC inter-state target programme 
“Reclamation of areas of the EurAsEC member-states affected by the uranium mines”. Within this 
programme, by examples of the uranium legacy facilities in Kyrgyzstan and in Tajikistan, posed to trans-
border disasters and required urgent remediation, the experience will be gained to be applied in other 
EurAsEC member states. Harmonization of national legislation and regulations in radiation safety is 
provided for. 
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Radio-ecological situation in the area of the Priargun Production Mining and Chemical 

Association in Russian Zabaikalye Territory 

 

“The Priargun Production Mining and Chemical Association” (hereinafter referred to as PPMCA) 

is a diversified mining company, which, in addition to underground mining of uranium ore, carries out 

refining of such ores in hydrometallurgical process to produce natural uranium oxide. The PPMCA 

facilities are sources of radiation and chemical contamination of the environment in the areas of their 

location. 

Contamination of local parts of the health protection zone (HPZ) results from discharges and 

releases, dust transport of radionuclides from the mine rock dumps containing uranium, radium, radon 

and its decay products, spillage of ore along highways, straits uraniferous pulp and mine water from the 

pool pump shaft station. The radionuclide migration results in groundwater contamination.   

In order to establish the strategy and develop criteria for the site remediation, independent 

radiation hygienic monitoring is being carried out over some years. The subjects of research include: soil, 

grass and media of open ponds (water, bottom sediments, water vegetation). We also measured the radon 

activity concentration inside surface workshops and axillaries. We determined the specific activity of 

natural radionuclides.   

The researches performed showed that in soil, vegetation, groundwater and local foods sampled 

in the vicinity of the uranium mines, there is a significant excess of 226Ra and 232Th content compared to 

areas outside the zone of influence of uranium mining. 

 

The ecological and hygienic situation is as follows: 

 

1. Gamma dose rate outdoors varies within:  

- at HPZ: 0.11 to 5.4 μSv/h; 

- beyond HPZ the elevated dose rate, 0.32 μSv/h, has been registered near Lantsovo Lake, due to 

increased 40К and 226Ra concentrations in soil; 

 

2. The mean value in the reference (background) settlement (Soktui-Molozan village) is 0.14 μSv/h.  

 

3. Gamma dose rate in workshops within HPZ varies over the range 0.14 - 4.3 μSv/h. 

4. The specific activity of natural radionuclides in soil: 

- at HPZ reaches 12800 Bq/kg and  510 Bq/kg for 226Ra and 232Th, respectively. 



- beyond HPZ the elevated values for 226Ra have been registered near Lantsovo Lake – 430 

Bq/kg; 

 

5. The radon activity concentration in workshops within HPZ varies over the range 22 - 10800 

Bq/m3. The seasonal dependence of radon activity concentration is observed in the air of 

workshops. 

 

6. In drinking water, intervention levels by gross alpha activity and by some radionuclides, in 

particular by 222Rn, are in excess.  

 
 

7. In bottom sediments of Umykei Lakes in the discharge area of industrial and domestic 

wastewater, the specific activity of natural radionuclides is several times higher than at remote 

distance. 

 

On the basis of 226Ra and 232Th activity ratios some parts of areas with manmade contamination 

by natural radionuclides have been identified.  
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Regulatory Supervision of the Uranium Mine and Milling Legacy Sites in Russian 

Federation 

 

 Management of the uranium legacy is accompanied with environmental impact intensity of 

which depends on the amount of the waste generated, the extent of that waste localization and 

environmental spreading. The question is: how hazardous is such impact on the environment and human 

health? The criterion for safety assurance is adequate regulation of the uranium legacy. Since the 

establishment of the uranium industry, the well done regulatory system operates in the FMBA of Russia. 

Such system covers inter alia, the uranium legacy. This system includes the extent laboratory network of 

independent control and supervision, scientific researches, regulative practices. 

 The current situation. There are many uranium legacy sites currently decomissed in Russia. 

These are: Lermontov PA "Almaz"; Novotroitsk ore management involved in the thorium ore mining in 

Balej city of Chita region; Stepnoye ore management in Kalmykia; many places where the geological 

parties carry out their the pilot industrial operations, the largest of which is Aldan deposition in Sakha 

(Yakutia) Respublik. There are also many operational uranium mines and uranium milling facilities. After 

termination of the operational life of some mines, cyclic decommissioning of the spent facilities is to be 

carried out. Today, the listing of the federal significant entrails sites includes 135 uranium depositions 

over the Russian territory. The large operational enterprises are: Priargun Mountain Chemical 

Association, Krasnokamensk, Chita region, Malyshevskoye ore management, Malyshevo village, 

Sverdlovsk region, Machinery plant in Electrostal city, Chepetsk mechanical plant in Glazov city. Since 

2013, development of the new Elkon deposition in Yakutia is in plans. 

 The public exposure in case of the uranium legacy originates from the radon presence in 

common air mainly because of allocation of the uranium mines at certainly radon hazardous uranium 

bearing areas. Unsatisfactory situation exists in Octyabrsky village and in Lermontov city. In Octyabrsky 

village located on the territory of the largest Russian Priargun uranium combine, the elevated radon 

values in comparison with the established one have been registered (200 Bq/m3) in 39 % of the residential 

area. The situation in Lermontov city is connected with the operation of the ore milling facility “Almaz”. 

The aggravator in this case is the fact that: the rock dumps and ore waste were used for the purpose of the 

city roads bedding and of the baseline and coverage construction. On the base of research findings and 

directions of the FMBA of Russia, the decision was made on re-settlement of the residents in 

Krasnokamensk city. In Lermontov, where about 1000 rooms are radon-unhealthy, this problem is still to 

be solved. 



 The occupational exposure. The uranium mining and milling are the most dose resulting 

operations. So, at the Priargun Facility, of the annual dose limits for the underground workers are 

systematically exceeded, mainly due to the elevated concentration of radon and its progeny in the air of 

mines. According to our assessments (monography), the lung cancer of miners of the uranium mines is 4 

times more frequent in comparison with the average population data. Thus, when solving the uranium 

legacy problem with radiation protection of the environment and population, the problem of protection of 

workers cannot be avoided. 

 The current regulation. Taking into account that medical support and regulation of the 

uranium mining facilities of the former USSR was the responsibility of the Third Chief Directorate of the 

Ministry of Health of the USSR (today FMBA of Russia), the accumulated potential and many results in 

radiation safety are already in use and will be used for the purpose of development of measures on the 

uranium legacy. In the ex-soviet republics in 1990 and following years and in Russia up to 2010, the 

regulatory rules were and are in use in the field of: design of the facilities; arrangement and operation of 

facilities for the uranium underground and heap leaching; operation of the uranium mines; closure, 

conservation and change of functions of the facilities for the radioactive ore mining and milling. Today, 

the next document is under development to substitute all above mentioned documents – The 

Rules/Requirements for design, operation and decommissioning of the uranium mining and milling 

facilities. 

 The FMBA of Russia recognizes the problems of radiation safety assurance related to the 

legacy of the former USSR in the uranium mining industry. Some part of the regulatory problems 

assumes to be solved within the EurAsEC inter-state target program «Reclamation of the territories of the 

EurAsEC member states affected by the uranium mining and milling facilities». Using the example of the 

uranium legacy sites in Kyrgyz and Tajikistan which could result in the tran-boundary disasters and 

require urgent reclamation, the experience will be gained to be used in other states as well. Harmonization 

of the national legislations and regulative documents on radiation safety assurance is envisaged. 

 We think that the Outlooks of the future regulation are firstly in the necessity of 

introduction the existing exposure situation concept in the national regulation and harmonization of that 

concept with the international radiation protection system Secondly, the criteria for the site remediation 

are also to be considered there and the return of such lands to the economic activity, for example, similar 

to the nuclear legacy sites in the northwest Russia. Thirdly, optimization of the “question costs” of the 

criteria for the area to be recognized as remedied and of the remediation strategies developed. The recent 

ICRP recommendations provide the flexible approaches for solving of such tasks. 

 Important regulatory tasks during the environmental remediation of the uranium legacy sites 

are: full account of the requirements of the actual radiation safety regulation; development of the 

supervision and control functions; development of the insufficient documentation; review of the projects 

on the uranium legacy and discussion with the stakeholders. 
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Investigations on isotopic composition of dusty    
mist of southern Tajikistan.  

 

Atmosphere physics laboratory under S.U.Umarov Ph.T.I. AS RT have carried out investigations 

on optical and microphysical properties of arid zone aerosols from 1982 [1]. Traces of man-made 

radioactive isotopes were revealed in sands and dust compositions taken in arid zone of Tajikistan during 

Soviet-American tests on investigation of arid aerosol [2-5]. Produced result was the basis for further 

investigation of element composition for dusty haze distributed from south till central part of the country. 

We investigated samples of soil collected by natural sedimentation along dusty haze distribution and 

samples of dusty aerosol (in total 80 samples). 

Aerosol particles samples collected during dusty haze by means of natural sedimentation on the 

surface of polyethylene film and in special trays are analyzed. Samples were cleaned against large-

fragmental impurities and roots in laboratory conditions. Remaining part riddled through 1 mm sieve and 

packed for storage and investigations. Gamma – radiometric analysis was carried out by means of 

spectrometer manufactured by «Canberra» company with high purity germanium detector with relevant 

effectiveness 10% [6-8]. 

Measurements were carried out in lead shielding with 5 cm wall thickness coated internally by 

cadmium layer with 2 mm thickness. Internal surface of the shielding was decontaminated each time 

before measurements. Samples were loaded into Marinelli vessel during measurements with total volume 

of 500 cm3. Time for samples and reference measurements was selected equal to 6 hours, and time for 

background measurement (at the initial and final stage of measurements) was 24 hours.  

High isotopic compositions is registered in all distributions for dusty haze samples in comparison 

with soil samples for regions located along dusty haze distribution, in some cases up to ten times. This 

excess means that dusty haze is reached by isotopes from neighboring states. Situation danger in such 

case is radioactive isotopes which can be inhaled by human body through rich grass of foothills. It is 

necessary to carry out investigations on radon distribution and to determine relevant service locally in 

residential mountainous and foothill regions. Measured content for samples with Cs-137 (34, 36, 38, 42, 

reference) is shown in figure 1a, in other samples Cs-137 is not revealed. It is necessary to mention that 

Be-7 isotope with 30.56 Bq/kg and 36.45 Bq/kg concentrations is revealed only in two samples namely in 

№43 and 44, 226-Ra isotope (77.333 Bq/kg) is revealed in sample №12 and Th-234 isotope (32.890 

Bq/kg) is revealed in sample №22. An explanation for revealing above-mentioned isotopes is very 

complicated question. There is an assumption that it may be due to dusty haze formation source (i.e. with 



geography generation and dusty haze particles sedimentation), as well as meteorological parameters of 

atmosphere. A question regarding sources appearance for above-mentioned isotopes is beyond the limits 

of present articles and requires more detailed discussion. Attentive consideration of elements content for 

uranium-thorium lines and relevant K-40 isotope concentrations allows noting correlation between them. 

Correlation coefficients between these isotopes and К-40 are the following: r= 0.55, 0.91, 0.79, 0.68, 0.80 

for Tl-208, Bi-214, Pb-214, Ac-228 and Pb-210, accordingly. In addition to that K-40 isotope 

concentration is exceeding average level content in those places where high levels for uranium and 

thorium are registered. This fact can be an evident of one and the same geochemical processes for 

uranium and potassium concentrations increase. Man-made K-40 isotope (fig.1 b) concentrations analysis 

shows that its content in investigated samples varies from several Becquerel per kilogram for soil samples 

and till thousands and more Becquerel per kilogram for dusty haze samples.      

  

 

 
Fig.1. а, b - Cs-137 and  K-40 isotopes content (Bq/kg) for some samples; c, d- change dynamics for 

uranium and cesium content (mln-1) in arid and semi-arid zones of Tajikistan.  

 

Samples analysis collected in regions located along dusty haze distribution is carried out for 

microelement composition by X-ray fluorescence analysis method and for radionuclide presence by 

alpha-, beta- and gamma- spectrometry method. As a rule, large-scale center for dusty removal are 

characterized by soils, specific for sandy and stony plains within the framework of combined (aeolian 

plus erosive) models of dusty particles formation. Element composition for dust must correspond to soil 

composition of dusty aerosol center on the one hand, and to soil composition in monitoring region on the 

other hand.  Air and soil samples element composition identification can be also information source for 

soil-erosion aerosol genesis. Significant differences are identified for several elements by their content in 

comparison with available data for similar regions. Thus,  investigated samples contains 10 times more 

lower content of copper and lead and 100 times lower content of zinc in comparison with arid aerosol 

samples in Repetek [9] and in Nigeria [10]. 
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Regulatory issues related to long-term storage and disposal of radioactive wastes in 

Kazakhstan 

 

Reported material is a result of activity accomplished in the framework of cooperation program between 

Kazakhstan and Norway within 2009-2012. This work was divided into three distinctive parts, as follows: 

1. Analysis of existing threats associated with radioactive wastes in the Republic of Kazakhstan. 

The objective of this part of the work was to reveal the most important threats in the sphere of radioactive 

waste management in the Republic of Kazakhstan, which require an increased regulatory attention. Threat 

assessment needed to identify: 

 Main radiological threats both for people who work with radioactive wastes and for population 

living near the radioactive waste storage places now and in the long term which require an 

increased regulatory attention; 

 

 Problems that need urgent and detailed analysis; and 

 Main problems in the realization of regulatory process in Kazakhstan including weakness in the 

regulatory and legal framework. 

Threat assessment analysis showed that in order to reduce the level of threats it was necessary to begin 

developing a national policy and strategy for radioactive waste management which need to be approved 

by the Government, to develop proposals for RW new classification, including identification of relevant 

categories of RW, as well as criteria for their disposal in accordance with IAEA recommendations and 

experience from other countries.  

2. Development of new classification system for radioactive wastes in Kazakhstan.  

Following the results of threat assessment performed within the first stage, the objective of the second 

part of work was to develop a proposal to adopt a new RW classification in Kazakhstan in accordance 

with the IAEA recommendations, including implementation of new categories, taking into account 

international experience and current situation in Kazakhstan. 



The result of this stage of work was a proposal for a new RW classification and corresponding concept of 

RW management strategy in the Republic of Kazakhstan. 

3. Development of a draft of the regulations on RW disposal in the Kazakhstan Republic.  

Based on the RW classification suggested within the second stage, as a result of the third part of work 

there were developed a draft of the regulations on disposal of radioactive wastes in Kazakhstan, as well as 

a draft of regulations on radiological protection and management of radioactive wastes in the extractive 

and processing industries in Kazakhstan. Within the last document the special emphasis is put on the 

specific requirements for uranium mining by underground leaching, since at present uranium in 

Kazakhstan is mined only by such a method. 

Taking into account that till recently the management of RW at the enterprises of the extractive and 

processing industries in Kazakhstan has been regulated inefficiently, the introduction of these regulations 

will allow to improve, to a considerable extent, the system of radioactive waste management at the active 

enterprises and to minimize a possibility of leaving the Government of Kazakhstan with non-rehabilitated 

and contaminated territories to be considered as new liability sites in the future.  
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“Experience in elimination of uranium mine dumps in Ukraine and decontamination / 

rehabilitation of contaminated territories” 
 

Due to operation of closed enterprises of the former USSR Ministry of Medium machine building 

that were engaged in extraction and processing of uranium-containing ores, there have been formed 

thousands of radioactive waste on the territory of Tajikistan.  More than 115 million tons of radioactive 

waste are contained in poor ore dumps and overburdens, and 55.0 million tons are contained in tailings of 

hydrometallurgical plants.  

The current situation regarding ensuring radiation safety requirements of areas adjacent to 
mentioned facilities,   which are located in Adrasman and Taboshar, is very unfavorable. This is due to 
the fact that many of them are open and are not protected from wind and water erosion. It results in the 
removal of radioactive elements that are present in the waste dumps and tailings beyond their placement. 
This is a direct threat to public health, since the permanent residence of citizens is located in the area of 
high radiation.  

According to ecologists, if no urgent measures for dumps and tailings rehabilitation are taken, a 

large-scale ecological catastrophe will be inevitable in Tajikistan and neighboring Central Asian countries 

in case of above mentioned natural disasters.  

It is necessary to consider the recommendations of IAEA regarding time-frame of securing safe 

storage of radioactive waste in storages of such type for 1000 years. 

Thus, as a result of Tajikistani uranium mining enterprises operation, there have been formed two 

types of waste. Namely, these are dumps of poor ores and overburdens, and tailings resulting from 

uranium extraction from conditioned ores at hydrometallurgical plants.   

Dumps of poor ores and overburdens, usually this is a hard and piece-forming material, are 

formed after preliminary radiometric sorting of mine ores where average uranium content is economically 

unprofitable for its extraction using existing technologies at hydrometallurgical plants.  

However, in their composition they contain a certain amount of ore material with a high content 

of uranium. It can be extracted by its additional separation that allows eliminating ore dumps which 

constitute a dangerous radiation object continuously releasing radioactive radon, dust, ablation of 

radioactive material by atmospheric condensation. 



The final product of radiometric separation of dumps is a conditioned ore, which can be used for 

the extraction of uranium by heap leaching method and building material of a 2 class for roads and 

industrial building construction. 

The small building faction is extracted during the processing of dumps and can be used instead of 

sand for recultivation of tailings dumps.  

Currently, using the above mentioned technology  of SE “VostGok”, Zhovti Vody, there has been 

implemented the next stage of transition to almost waste-free production of uranium ore. The Sorting 

complex “Altait” was put into operation at Smolinska mine.  It is a unique and world’s only complex. It 

was designed by Ukrainian scientists jointly with Institute of SE “NPK “AiM VostGok” and was put into 

operation in 2008.  

The first stage of “Ingul” complex was put into trial-industrial operation at Ingul mine in April 

2012. Since that time 71 thousand tons of dump ores have been processed. Operation of the above 

complexes will enable to process dumps at Ingul and Smolinska mines in total volume of 1.0 million tons 

per year. All dumps can be recultivated in 10-12 years. At the same time 110 tons of natural uranium 

concentrate, 363 thousand tons of crushed stones, 84 thousand tons of sand fraction will be received. 

The latest achievements in the sphere of separators development are an intellectual radiometric 

piecewise separator IRPS-01 designated for ore piecewise separation (size of ore pieces  -300 to +80 mm) 

and a combined separator IKPS with radiometric and x-ray fluorescent channels enabling separation of 

non-radioactive ores (size of ore pieces -300mm to +40mm). 

The performance of each of the above separators is at least 100 thousand tons; separation 

efficiency is 90% minimum; range of uranium content regulation in tailings from 0.0005% to 0.3%; basic 

relative error of uranium content measurements in tailings is 0.002%. 

Combined sorting method applied in IKPS-1 separator allows obtaining constructional material of 

the II class of radioactivity from tailing during one production cycle.  

The developer of the above separators is “KRIPTO”Engineering company ”, Zhovti Vody, who is 

also a general contractor of “ODESEM”, Kyiv.  

As for the choice of  dumps and tailings recultivation technologies at hydrometallurgical plants, 

the main purpose in their development is to eliminate penetration of precipitation into the body of a dam. 

On the basis of  experience of “ODESEM” in elimination of the consequences of Chernobyl 

disaster, the main protective layer in conservation of tailings dumps shall be made either of clay with 

permeability 10-6m/s or bentonite with permeability 10-11 -10-9 m/s and coating thickness of 50cm. 

Betonite deposits in Tajikistan are available in sufficient quantities. Protection shall be performed in a 

form of a so-called lock with drainage ways located on the periphery of the tailing dump.  

The next type of work to be (necessarily) held in the nearest future is recultivation of 

decontaminated territories and settlements.  



Main activities on decontamination shall be preceded by a thorough pedestrian radiological 

survey of settlement’s territories. Such survey should include a survey of facilities and buildings which 

results in identification of radiation-contaminated areas. Contaminated areas shall be removed using 

equipment (bulldozers) and manually. Further they shall be transported to a specially prepared subsurface 

repository which is called a storage of decontamination waste (SDW).   

In conclusion, it should be noted that all the above mentioned work on processing of radiation 

hazardous dumps, tailings and contaminated sites into environmentally safe condition, requires a lot of 

time, funding, equipment and involvement of relevant professional staff, design and construction 

companies. Individual projects have to be developed for each dump and tailing, in order to find an 

effective (reliable) solution by available means and which is sufficient to achieve the relevant licensing 

document. 
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Ionogenic adsorbents based on local raw materials for radiation protection 
 

The successful management of uranium wastes and creating the conditions for effective 

rehabilitation activities require special adsorbents capable of holding on the surface complexes, including 

radioactive elements. 

Currently tested and have shown promising synthetic adsorbents based pitted apricot fruits and 

other fruit plants. This report presents data for the establishment of ionic type available adsorbents based 

on Tajikistan coal. As the base for the creation of this type of adsorbent were taken the coal of the "Ziddi" 

deposits. As follows from our data on the chemical composition, the studied coals contain more than 20% 

of the ash. According to the available literature theses ashes contains various minerals compositions that 

can form the adsorbent’s active surface. Thus, the model for this type of activated carbon can serve as a 

mixture of zeolite, ion exchange resins and activated carbon itself. 

Activation of coal was carried out by anaerobic thermal decomposition in the temperature range 

up to 6000C in a specially constructed for this purpose reactor. 

 Adsorption capacity was determined in accordance with GOST 6217-74. For comparison, similar 

measurements were made for a series of different bentonite deposits in Tajikistan, which are used as wide 

spectrum adsorbents. The minimum value of the adsorption capacity corresponds to GOST 30% uptake of 

iodine from solution KJ. 

The determined values of the adsorption capacity in this case depends on the granule size range 

from 24.7% to 54% as shown in Table. 

Coal granule size 

(mm) 

Adsorption capacity (%), related to 1 

gram of activated carbon 

0.56 24.7 

0.25 26.1 

0.063 54.0 

In the same conditions the adsorption capacity the samples of bentonite deposit "Topkok", 

"Istentau" and "Sultanabad" were ranged from 0.07% to 4.02%. 

The adsorption capacity of activated carbon related to organic macromolecular motor and oils 

from the surface water showed their high efficiency. 

Currently the adsorption properties of coal related to heavy metals is under preliminary testing. 
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