
A.A.Djuraev1, D.A.Abdushukurov1, H.Passell2 

 

1) Physical Technical Institute named after S. U. Umarov, 

Academy of Sciences of Republic of Tajikistan 

E-mail: abdush@tajik.net 
2)   Sandia National Laboratories, E-mail: HDPasse@sandia.gov 

 

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. 
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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. 
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