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PART 1 

ECOLOGY OF THE NORTH CASPIAN SEA 

1. Ecology of the North Caspian Sea

The northern shore of the Caspian Sea accommodates 5 districts of the Atyrau 
Oblast. The regional features are that the base industry is oil and gas production, oil 
processing, mechanical engineering and petrochemical, that there are many large and 
medium size industrial enterprises; and that the population is mainly concentrated in 
Atyrau and along Ural, Kigach and Sharonovka rivers, man-made channels and 
within the Caspian Sea coastline. The life in the region is closely linked with the 
Caspian Sea (sea level fluctuation and wind-induced tides). Moreover, the state of the 
environment in the region becomes more and more critical due to the increasing 
human pressure caused mainly by oil and gas extraction and production, the impact 
on the Caspian Sea and its pollution and radiation are related to the presence of Azgir 
nuclear site in Kurmangazy district. 

1.1. Environmental state in Atyrau city 

1.1.1. General information about Atyrau city 

Guryev Town emerged from a small fishing village Uishik; in 1992, the city 
was renamed as Atyrau where by the Tsar’s decree a basic wooden fortress was built 
in 1622. It was known as Fort Ust-Yaitsk. 

In 1645, an Astrakhan fish merchant was granted permission to build a domain. 
In return, the merchant constructed a stone fortress in the shape of a rectangle, 
stockaded by a 2 m high stone wall with bastions at each corner and a ravelling at the 
northern and southern sides. It had gates only at the eastern side with access to the 
river. Five versts down from the fortress on the bank of the Yaik River (now Ural) a 
guard ship was installed with a watch and lighthouse. 

After construction of this fortress Ust-Yaitsk town became known as Stone 
Yaik and later Guryev after the name of its founder, the merchant Gurya. Guryev had 
been guarded by Astrakhan Strelets employed by fish merchants. Yaitsk Cossacks 
were displeased by the construction of both the fortress and stockaded town 
damaging fishing in the upper and lower stream of the river. In 1667 the town was 
routed and robbed by Vassiliy Kassimov’s men. 

Later in 1668, under the consent of Yaitsk Cossacks the town was seized by 
Stepan Razin. 

A few years after the suppression of Cossacks uprising in 1720-1723 and 
divestiture to elect independently their ataman, the Tsar’s Government decided to 
charge the Yaitsk Cossack Army with the expenses for maintenance of the Guryev 
military corps. 

From 1743, the Army had taken over the responsibility of keeping 100 men of 
the corps. In exchange the Tsar obliged the owners of the Guryev stockaded town to 
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open the way up by 8 sazhen (18m) from both banks to allow fish movement for 
spawning. Having conceded to the persistence from the Cossacks Army, in 1752 the 
Tsar’s Government transferred the ownership of the Guryev fortress to the Army 
which made them the absolute proprietor of the rich fish resources of the Yaik (Ural) 
river. 

After the suppression of the Pugachev rebellion in 1772-1774 and consequent 
management reforms, the Yaitsk Cossack Army obtained governorship over Guryev 
town granted by a Resolution of the Military Administration. Since then, the Yaik 
River and Yaitsk Cossacks Army had been renamed the Ural river and Uralsk 
Cossack Army respectively. The Army was in charge of supporting 200 military men 
in Guryev. Later on, with the expansion of the Russian Empire to the south and east 
and with the colonisation of the region, the militarily strategic importance of the town 
had been lost, and Guryev became a trade hub between Central Asian and European 
parts of the Russian State. 

By the First World War in 1914, Guryev was the second biggest city in Uralsk 
County. 

The city was entirely dependent on the fishing industry. The main tradable 
goods were fish, livestock and some produce of husbandry (wool, skin etc). 

The development of heavy industry took place in areas adjacent to the city. 
Many foreign and Russian entrepreneurs established companies, opened offices for 
oil exploration and concession enterprises for salt production (evaporated sea water). 

Cargo and passenger steamship connection had been developed between 
Guryev and Astrakhan to increase trade flows. In 1884, a new railway from Ryazan 
to Uralsk was inaugurated. Regular communication by river between Guryev and 
Uralsk has been open since 1925 and in the 1930s; a railway connecting Guryev and 
Kandagach came into operation. In the 1960s and 1970s, Guryev-Astrakhan railway 
line was built, and a new railway via Makat linked Guryev with Shevchenko (now 
Aktau) which provided Guryev with direct access (through Beineu) to the States of 
Central Asia. 

Resources for the development of both oil industry and fishing are abundant 
which predetermined that these two sectors should become traditional for Guryev 
(Atyrau) oblast and have taken accordingly leading places in the regional economy. 

During the Great Patriotic War, many large industries were dislocated and 
newly built in Guryev such as Guryev Oil Refinery, enterprises of mechanical 
engineering, metal-working, light and food industries. The 1960 and 1970s witnessed 
the construction of a chemical plant for production of polyethylene and 
polypropylene, plant of metalware and a new railway station and airport. 

In the 1980s and 1990s new 12 enterprises came into operation such as a group 
of enterprises of prefabricated construction parts, a garment factory, wood-working 
factory (south-eastern industrial unit), road-building material (asphalt-concrete), local 
industrial material (northern industrial unit), mechanical workshops of the aviation 
industry, a city bakery etc. 

However, it was difficult to create a full-scale urban environment due to the 
harsh climatic and natural environment and the lack of technical knowledge. For 
example, the plan of Guryev fortress dating back to 1794 gives the following 
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description about the place: “Guryev town is located on the island in rather low-lying 
land by the Ural River, 10 versts away from the estuary where the river inflows the 
Caspian Sea...”. Analysis of historical, documentary and graphic material from this 
period provides the evidence of the fact that a maximum sea level rise historically 
recorded in that century occurred exactly at that time (Н = -25 m in relation to the 
level of open seas). 

“...This took its origin from its first settler, the fish merchant Guryev (Gurya 
Nazariev) who surrounded his stone house with towers by a wall. That castle has now 
become so decayed, that the walls are partially ruined... Because of wet saline soil, 
the air in spring and autumn time could be quite unhealthy”. It is understood that the 
area adjacent to the fortress is located in the central historical part of the modern city 
and was based on an island whereas the area around became seasonally flooded 
locked within wetland. 

The coastline of the Caspian Sea was right behind the current Balykchy village. 
The expansion of Atyrau has continued through history. The most ancient part 

of Guryev is on the right bank of the river which is home to the historical centre of 
the city comprising a former fortress, the square of Uspensky Cathedral, the market 
place and residential district. 

One of unique pieces of post-revolution architecture and urban building is a 
town of oilmen based on the left side of the river. It was built during the Great 
Patriotic War. Architects who created this residential block received a State Prize. 
The entire left-bank part of the city was erected in the post-War period and marked 
not only by the construction of the oilmen’s town but also by the building of S. Dativ 
Street, Azattyk Avenue, Satpaev Street and many others. 

In the following period, a master-plan for urban building and housing of 
Avantguard, Experimental, Station and Atyrau micro-districts was developed. Two 
phases of construction were complete together with water supply, utilities and heating 
infrastructure. Insufficient coherence between project parts, low requirements, 
ignorance about social and environmental considerations, and a compartmentalised 
approach created a number of problems still unresolved at this time. The current 
master-plan along with the city’s rehabilitation and further development projects 
envisage conservation and restoration of historically formed urban architectural 
zones, modern planning of the city and preservation of the main idea of city 
expansion along the natural axis of the Ural River. Implementation of such projects 
will be indeed problematic with the current political and economic background and 
will require generous investment input. 

Atyrau city accommodates 195,200 people including 144,400 in Atyrau itself, 
17,000 in Balykshy village and 28,100 of rural population, and it is an industrial 
centre of western Kazakhstan. 

The city's geographical coordinates are 51o54’ E and 47o05’ N which is along 
both sides of the Ural river in the south-western part of the Caspian lowland. The city 
is based on a plain which is entirely below the World Ocean level. The level of the 
city, being at – 26 m according to the Baltic Sea system (BS), poses threat of its water 
logging and flooding by Caspian waters whose level is now registered at -26.5 m. 
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The city area is 17,376.98 hа (173.77 km2) of which 11,306.24 ha lies on the 
left bank of the river and 6,310.58 ha on the right bank. The built-up area of Atyrau 
city comprises 7,290.63 hа (60.7% of the total city area) which gives 478.07 m2 per 
capita. The left back includes 4,154.47 ha of built-up area with 476.38 m2 per capita 
area whereas the right-bank has 3,136.16 hа and 480.34 m2 per capita. 

The rest of area within the city counts for 4,730.65 hа (39,3% of total) 
equivalent to 310.26 m2per capita, including 3,822.55 ha on the left bank and 903.1 
ha on the right (438.3 m2 and 139.1 m2 per capita respectively). 

The area of modern Atyrau is confined in the north by the railway line for 
Atyrau-Astrakhan, Atyrau-Kandagach, on the east by agricultural fields, on the south-
east by the settling tank called Tukhlaya Balka adjacent to the city, on the south by 
the villages Balykshy and Zhumysker and on the north-west by Atyrau airport and the 
beginning of the northern industrial site. 

The main sources of pollution of the city are industrial and transport industries, 
heat energy generation and private transport. Nowadays, the main industries include 
chemical, petrochemical, mechanical engineering, metal-working, power generation, 
building, light and food sectors. 

Industrial facilities are based mainly at four points; however some rather large 
ones such as the meat processing plant and the Petrovsky mechanical engineering 
plant can be found in immediate proximity to the residential area. 

The built-up area contains many transport enterprises, utilities and boilers. 
Due to the development of a market economy, the number of state enterprises 

has dramatically declined; on the contrary, many non-state structures such as share 
holdings, associations, private firms, cooperatives, commercial companies and such 
have emerged. 

The city can be clearly divided into several functional zones: the built-up zone, 
located on right and left banks of the Ural river; the industrial comprising a few 
industrial sites, transport areas (airport, railway lines and structures), and the zone of 
municipal utility structures and floodplains of the Ural river and Peretaska channel. 

The urban area is broken down into four planning units confined by both 
natural and man-made boundaries such as the Ural river and railways. The current 
city area includes two planning units:  Right-bank –A and Left-bank –B planning 
units. The potential sites also comprise 2 units similarly called Right-bank-A and 
Left-bank-B. Each of these two can be divided into 4 residential blocks which in turn 
are formed by several basic units. 

The left-bank planning unit-B of potential sites includes 3 residential blocks 
and Right-bank-A holds 2 blocks, each containing several basic units. 

The built-up part of the city, the largest by area, is adjacent to the southern 
industrial site south-eastward, to Atyrau-Astrakhan and Atyrau-Kandagach railway 
lines north-eastward, to municipal cemetery on westward and Blykshy and Zumysker 
villages south-westward, subsequent areas are neatly linked to the city structure. 

The left-bank and right-bank parts of the built-up area of the city contain sites 
of pre-revolutions, war-time and post-war historical and architectural heritage of the 
region. 
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For instance, the historical centre close to the Ural floodplain, which was 
formed at the place of Guryev fortress, the square of Uspensky cathedral and adjacent 
districts and structures on the quay of the river are all in the right-bank part. In the 
left-bank area the town of oilmen, buildings along Auezov, S. Datov (former 
Leningrdaskaya) streets, Azattyk avenue (former Lenin), Abai, Makhambet (former 
Chkalov) Telman, Lazo and Druzhba streets and adjacent residential blocks should be 
preserved and restored for their architectural importance. 

The built-up zone is not homogenous and is intersected with patches of 
industries that are often polluting the urban environment. These are, as mentioned 
above, mainly facilities of mechanical engineering, metal-working, food production 
(meat factory, diary and brewery), municipal trading depots, transport and 
construction. Normally, the production processes of these industries require a buffer 
zone, which is now instead occupied by housing, social, and educational 
establishments. Moreover, these facilities are often connected by a railway passing 
through residential blocks, which naturally exerts negative impact on environmental 
conditions and encumbers pedestrian and transport movement. The city master-plan 
intends to remove these sites from the built-up area. 

For the future, the master-plan provides options to develop the built-up in 
compliance with a clear zoning plan avoiding the location of harmful activities in this 
zone. It is planned to develop the built-up zone on free land available in residential 
districts of Atyrau. Construction of new housing districts 'Geologist' and 'Right-bank' 
is also projected. The district “Atyrau” will be a final point of the previously formed 
right-bank part of the city. New houses will be built on areas freed up after 
demolition of run-down low-value buildings. 

In the left-bank part, the built-up area will be developed using free spaces such 
as the district near the railway station, and again those cleared after demolition of 
dilapidated low-rise buildings. It is proposed to locate future districts on the left-bank 
site “Geologist” with phased process of joining of “Geologist” and ‘Pridorozhny’ to 
Atyrau. Tomarly village will be merged with the city too. The master-plans of these 
villages had been developed before the Atyrau master-plan which now necessitates 
their certain adjustment. 

“Geologist” will be completed during the first stage. Further construction will 
take place on the right bank following phased infrastructure development. The 
master-plan stipulates keeping a reserve area for future development of built-up zones 
both on the right and left banks. 

The industrial zone of the city is the second significant functional area. It is 
formed by three units respectively called south-eastern, “Zavokzalnaya” (behind-
railway station) and northern. South-eastern and “Zavokzalnaya” adjoin with the left-
bank built-up area. The two are divided by a deep railway insertion crossing the left-
bank part of the city and ending at “Balykshy”. In future, it is recommended to 
transfer this around to the southern industrial unit. The composition of the south-
eastern industrial unit is not uniform containing insertions of housing such as 
“Chemical Village” and “Aul-depot”, which will be removed according to the 
master-plan and their populations will be moved to the built-up zone. These 
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residences are in the area of hazardous industrial activity exacerbated by high 
nuisance coming from the nearby railway. 

The south-eastern industrial unit has land reserves for deployment of 
industries, warehouses and transport, as do the Zavokzalnaya and northern units. The 
master-plan proposes to locate new industries, utilities and storage facilities only in 
the industrial zone. 

The south-eastern unit is composed of oil refineries and chemical facilities, 
construction enterprises, light industry and food production and transport 
organisations. Most facilities are accessible by railway. 

The Zavokzalnaya unit is based in the north-eastern tip of the city and includes 
enterprises of construction, transport and haulage, motor-depot, expeditions, depots 
and warehouses. The northern unit is in the district of Guryev-3 railway station 
quartering again construction facilities, warehouses and others. In future, it is 
intended to put all new industries in these industrial units and in the zone near 
Karabotan railway station which is now being formed. In light of the changed 
situation, Atyrau Oil Refinery (AOR) will be reconstructed at its former location. 

The range of food producing facilities will be placed in the northern industrial 
unit at the border with the future residential district. The south-eastern and 
Zavokzalnaya units will undergo expansion and reconstruction of existing enterprises 
and construction of new facilities. The projects also provide building of service and 
public amenities centres in industrial units of the city. 

Utility facilities are now located on the left and right-bank parts of the city. It is 
planned to place the cemetery on the right-bank of the river, and cemeteries now 
based in the potential Geologist and current built-up zones of the left bank will be 
closed. It is also proposed to remove and then reclaim the area of settlement tanks for 
sewage water located now in the right- and left-bank parts (Tukhlaya Balka) and 
build a wastewater treatment plant and sewage pond of seasonal regulation. 

One feature of functional zoning of the city is the insignificant development of 
urban recreation zones and the presence of large areas of collective gardens and 
dachas scattered within the city, mainly within the Ural River floodplain, Peretaska 
channel and Chernoy River. Such location of gardens and dachas does not provide for 
the creation of a healthy urban environment where the Ural River is the sole vivifying 
element in this climatically harsh region. Besides, conservation of dachas in the Ural 
River floodplain 1-km long protected zone does not comply with protection 
requirements. 

Therefore, it is proposed to transfer dachas from the zone of future urban 
development in the Ural floodplain and to create instead green space for public and 
medical use. Dachas will be preserved along the railway line connecting Atyrau and 
Astrakhan and moreover expanded both along this railway and eastern tip of Novyi 
Sokol channel. 

According to the suggestion of the Institute of Zoology under the Kazakh 
National Academy of Science, a national park covering an area of approximately 50 
thousand hа should be created. Some parts of the park so-called 'areas permissible for 
limited recreation' will be open to visitors and will be provided with trails, some 
shelters and recreation sites for pedestrian tourists. As recommended by the 
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International Union for Nature Conservation (IUCN) the park should also have an 
administration zone with management and protection units and a department 
responsible for tourism, entertainment and public awareness (Myrzakov and baitanov, 
1996). 

In addition, in 10 years experts of the Chief Botanical Garden of Kazakhstan 
propose to establish Atyrau Botanical Garden in the Ural River floodplain covering 
an area of 40 hа which will be an essential area of green space with protected status. 

 
1.1.2. State of air basin 

 
Natural conditions of Atyrau Oblast and Atyrau city provide a relatively high 

recovery capacity for atmospheric air cleaning. According to the Republic zoning 
system the oblast is in a zone of low risk for potential air pollution from ground 
sources. 

Air masses above Atyrau are of high mobility, creating frequent winds, which 
in turn reduce the risk of air stagnation, a dangerous condition for the accumulation 
of pollutants from cold and ground emissions. 

Over several years, an average frequency of windless or weak wind conditions 
(of the speed 1 m/s) is 10-15 % probable. Ground temperature inversion, which 
impedes air exchange in the above-ground layer, is very rare in warm seasons. In 
winter, although the frequency is 40-70 %, it occurs mainly at night-time whereas air 
pollution intensity is minimal during the day. 

Wind distribution along altitudes is important for dispersion of emissions of 
high hot sources, which are mainly heat from power stations. In the layer of 
dispersion (200-500 m) western and south-western winds are the most frequent with 
the overall frequency reaching more than 40%. Wind speed increases smoothly 
reflecting the absence of persistent trapping layers (inversions).  

Factors negative for the dispersion of pollutants in the atmosphere include low 
precipitation (150-250 mm annually), natural high dust content in warm seasons and 
rather high fog occurrence in cold seasons. 

As seen, the climatic conditions in Atyrau are suitable for sufficiently clean air, 
provided pollution sources are properly installed and controlled. 

Nowadays, the main polluting facilities are oil processing and petrochemical, 
power stations and transport. 

Atyrau city is a base for a significant industrial complex including 43 
enterprises of chemical, petrochemical, mechanical engineering, metal processing, 
power generation, production of construction material, light and food industries 
except oil and gas extraction. Air emissions in 1994 accounted for around 40% of 
total Oblast emissions (Table 1.1.1). In Atyrau city, these enterprises and transport 
are the main polluters. 

The maximum level of air pollution observed over last five years is 138 MPC 
for solid emissions, 38.5 MPC for hydrocarbons, and up to 26 MPC for special 
emissions. Such a high level of pollution is explained by lack or insufficient 
provision of treatment facilities at the main sources of pollution. Data of Atyrau 
Oblast Administration of the Environment and Biodiversity reveal that only 10% of 
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polluters use dust and gas trapping filters. 
In Atyrau, more than 60 industrial enterprises and boilers emit hazardous 

substances into the atmosphere. Amongst municipal enterprises of I category of threat 
the following JSC Atyrau Oil Refinery, Chemical Plant Polypropylene Plc and 
Atyrau Heat and Power Central (AHPC) could be noted for having had developed 
standards of maximum permissible emissions (MPE). Enterprises of the second 
category of threat include JSC Zamanmash, Atyrau Zholdary producing road and 
construction material, AtyrauIngStroi plc and Atyrau Oil Pipeline Administration. 
Nine enterprises belong to the III category of threat. 27 enterprises are of IV category 
of threat. 

Based in Atyrau, a stationary monitoring station included into the Pan-State 
System of Observation and Monitoring carries out regular field monitoring of air. 
According to their data, from 1985 - 1995 air pollution remained more or less at the 
same level. Average annual concentrations of sulfurous anhydride, nitrogen oxide, 
and carbon oxide were within the limit. Dust concentration was 1.3-1.4 MPC, and 
total impact of nitrogen dioxide and sulfurous anhydride ranged at 1.19-1.33 MPC. 

 
Table 1.1.1 

 
Emissions of pollutants into atmosphere from fixed sources, 

by composition in 1994 (thousand tons) 
 

Territory 
 

Total annual 
emissions 

Including total emitted pollutants 

  Solid Gaseous 
and liquid 

Including: 

    Sulphuruou
s anhydride 

Hydrogen 
sulphide 
Carbon 

Carbon 
oxide 

Nitrogen 
oxides 

Ammonia 

Republic of 
Kazakhstan 3094.6 1028.8 2065.8 1134.6 2.9 468.3 240.5 1.6 

Atyrau Oblast 72 5 57.1 12 1.4 14.5 6.2 0 
%% of 
Pollutants in 
Kazakhstan 

2.33 0.49 3.24 1.06 48.28 3.07 2.54 0 

Including 
Atyrau city 26.8 0.4 26.4 9.2 - 1.2 0.6 0 

%% of 
pollutant in the 
Oblast 

37.2 9.36 39.3 76.67 - 8.33 9.84 0 

 
The data of Atyrau Oblast Administration of Statistics and the table above 

reveal information about emissions from fixed sources scattered amongst the 25 
largest enterprises in Atyrau over the period 1994 and 1995. 

Analysis of the table above shows that although total emissions from fixed 
sources in the oblast increased from 79.7 to 84.2 thousand tons (i.e. by 5.6%) in 1995 
in comparison with 1994, emissions in Atyrau city decreased from 33.4 to 25.0 
thousand tons (i.e. by 25.1%). If in 1994 the proportion of Atyrau city was 41.9% of 
total oblast emissions, in 1995 it lowered by 29.7%. This could be explained by 
slowing down of oil processing, petrochemical, metal-working and other industries 
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based in the city unlike oil and gas exploration and production that is mainly outside 
of the city. 

This tendency remained in the first six months of 1996, when 57.6 tons of 
pollutants were emitted in the oblast (at the same period in 1995 this was 31.9 
thousand tons), and in Atyrau city the figures were 11.1 thousand tons in first half of 
1995 and 11.97 thousand tons in 1996 respectively. 

The greatest emitters are Atyrau Oil Refinery, the municipal heat and power 
station, some workshops of mechanical engineering plant and producers of road and 
construction material. For example, AOR accounts for 60% of total registered 
emissions, which inter alia include 96.6 % of carbohydrates, 33% of sulphide dioxide 
and 100% of hydrogen sulphide. 

All industrial enterprises discharge into the air toxic substances of 1-4 category 
of threat including 40.4 (1992), 33.4 (1994) and 25 (1995) tons per year. These 
figures include emissions of toxic pollutants from private and public transport which 
totalled 28.4 thousand tons in 1992, 15.9 thousand tons in 1994, 6.4 thousand tons in 
1995 (Tables 1.1.3 and 1.1.4). 

In overall, hazardous emissions in Atyrau city accounted for 69.2 thousand 
tons in 1992 of which 40.8% was from transport, 49.3 thousand tons in 1994 with 
32.3% from transport and 31.4 thousand tons in 1995 with 20.4% fallen on transport 
respectively (Abdiev, 1996). 

It should be noted that a change of transport from carburettor to diesel engines 
for vehicles will provide a decrease of toxic emissions by 10 times and more (though 
soot discharges from diesel engines are 10-25 times higher), and change of car 
engines from benzene to gas fuel or LPG will decrease carbon monoxide by 40%, and 
nitrogen oxides by 20 % (Belov, Barbinov, 1991). In fact, in some countries like 
Brazil car engines are now using alcohol (ethanol and methanol) which reduces 
emission of carbon and nitrogen oxides. 

Since 1997 Western Europe, USA, Canada and Japan have produced cars only 
with catalyst converters to neutralise nitrogen oxides by 50% whereas exhausts of 
aldehyde and sulphide dioxide are reduced by nearly 100%. However, these catalysts 
can be used only with unleaded petrol (Belov, Barbinov et al, 1991; Aksenov et al, 
1986). 

Emissions from transport in 1995 by enterprises are given in the table 1.1.5. 
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Table 1.1.2 
 

Emissions in Atyrau city from fixed sources, 
thousand tons (by enterprises) in 1994 and 1995 years 

 
Sources of 
emissions 

Amount of 
pollutants 

from all fixed 
sources 

Amount of caught and 
treated pollutants 

Total 
emitted 

Including Limits of annual 
emissions 

  
 
 

Total of which 
processed 

 solid liquid 
and 

gaseous 
 
 

Maximum 
permissible 
emissions 

(MPE) 

Temporar
y agreed 

emissions 

1 2 3 4 5 6 7 8 9 
         
Total in oblast         
1994 79.7 7.6 0.7 72.1 5 67 34.5 87.56 
1995 84.2 3.1 0.4 81.1 3.6 77.5 28.08 28.82 
Atyrau city         
1994 33.4 6.5 0.5 26.8 0.5 26.4 3.1 29.5 
1995 25 2.8 0.2 22.1 0.4 21.7 1.99 14.8 
Regional State 
Enterprise 
Atyrau energy  

        

1994 6.66 - - 6.65 0.08 6.58 - 7.2 
1995 4.38 - - 4.38 - 4.38 5.9 - 
         
         
         
Petrovesky 
Plant  

        

1994 0.01 0.01 - 0.1 0.02 0.08 1.17 - 
1995 0.09 0.01 - 0.08 0.04 0.04 0.17 - 
AtyrauPivo SC          
1994 0.01 - - 0.01 - 0.01 - 0.04 
1995 0 - - 0 - 0 - 0.02 
SC 
Embaneftgeoph
yzika 

        

1994 0.01 - - 0.01 0 0.01 0.02 - 
1995 0.02 - - 0.02 - 0.02 0.02 - 
SC Propylen          
1994 2.99 2.85 0.02 0.14 - 0.14 0.2 - 
1995 2.56 2.42 0.03 0.13 0 0.14 0.27 - 
Railway branch          
1994 0.08 - - 0.08 0 0.08 0.45 - 
1995 0.07 - - 0.07 0 0.07 0.45 - 
Atyrau aircrew         
1994 0.12 - - 0.12 0 0.11 0.15 - 
1995 0.02 - - 0.02 - 0.02 0.15 - 
Akbidai SC          
1994 0.55 0.48 0.48 0.07 0.06 0.02 0.08 - 
1995 0.25 0.22 0.22 0.06 0.05 0.01 0.07 - 
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Table 1.1.2 continued 
 
1 2 3 4 5 6 7 8 9 
         
SC Atyraunan         

1994 0.13 - - 0.13 0 0.13 0.16 - 
1995 0.08 - - 0.08 0.01 0.08 0.1 - 

Balykshy Oil 
Pipeline 
Administration 

        

1994 1.49 - - 1.49 0.01 1.48 - 3.81 
1995 2.43 - - 2.43 0.02 2.41 - 2.03 

SC Tastemir          
1994 0.07 0.04 - 0.03 0.03 - 0.04 - 
1995 0.07 0.04 - 0.02 0.02 0 0.04 - 

SC Neftekhimstroy         
1994 3.08 3.03 - 0.05 0.01 0.04 0.1 - 
1995 0.08 0 - 0.07 0.06 0.01 0.18 - 

SC Atyrau et 
kombinat  

        

1994 0.1 - - 0.1 0.02 0.09 - 0.13 
1995 0.06 - - 0.06 0.01 0.04 - 0.1 

SC Atyrau Sut 
Kombinat 

        

1994 0.02 - - 0.02 - 0.02 - 0.04 
1995 0 - - 0 - 0 0.01 - 

SC AtyrauBalyk         
1994 0.58 0.23 0.23 0.35 0.03 0.32 - 0.38 

1995 0.4 0.14 0.14 0.26 0.02 0.25 
- 0.362 

 
Gorzhilkomkhoz          

1994 0.38 - - 0.38 0.02 0.36 - 0.07 
1995 0.06 - - 0.06 0.01 0.05 - 0.07 

SC “US-99”         
1994 0.13 - - 0.13 0.1 0.02 0.71 - 
1995 0.08 - - 0.08 0.07 0.01 0.08 - 

SC Sudoremontnik         
1994 0.07 0 - 0.06 0.01 0.05 - - 
1995 0.02 - - 0.02 0 0.02 0.08 - 

SC AtyrauZholdary         
1994 0.57 0.36 - 0.2 0.13 0.08 0.97 - 
1995 0.4 0.28 - 0.12 0.08 0.04 0.39 - 

SC Atyraukurulys         
1994 0.1 - - 0.1 0.03 0.07 0.09 - 
1995 0.04 - - 0.04 0 0.04 0.07 - 

Taszhol Plc         
1994 0 - - 0 - 0 0 - 
1995 0 - - 0 - 0 0.01 - 

SC 
Atyraumunayonimde
ri 

        

1994 0.09 - - 0.09 0 0.09 0.12 - 
1995 0.05 - - 0.05 - 0.05 0.06 - 

SC Aidyn          
1994 0.03 - - 0.03 0 0.02 0.09 - 
1995 0.01 - - 0.01 - 0.01 0.09 - 

SC Alaugas          
1994 0.01 - - 0.01 0 0.01 - 0.01 
1995 0 - - 0 - 0 1 - 
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Table 1.1.3 
 

Emissions from transport in 1994 
(Excluding private cars) 

(Data of the State Committee of Statistics) (thousand tons) 
 

Territory Total 
 

Including: 

  Carbon oxide Hydrocarbons  Nitrogen oxides  
     
Republic of Kazakhstan 
 1202.7 961.6 180.7 60.4 
Atyrau Oblast  
 31.5 25.1 4.8 1.6 
Its share of total emissions 
in Kazakhstan  (%%) 
 2.62 2.61 2.66 2.65 
Atyrau city 
 12.2 9.8 1.8 0.6 
Its share of total oblast 
emissions,%% 38.73 39.04 37.5 37.5 
     

 
 
 

Table 1.1.4 
 

Emissions from transport (including private cars) 
in Atyrau oblast and Atyrau city (thousand tons) 

 
 Total emissions Carbon oxide  Hydrocarbons Nitrogen oxide  
 1993 1994 1995 1993 1994 1995 1993 1994 1995 1993 1994 1995  
              
Total in 
Oblast  
 
 

47,7 35,9 27,5 39,0 31,5 21,2 6,5 10,9 4,7 2,2 2,3 1,6  

Including 
Atyrau city  

18,7 15,9 6,4 15,1 7,2 4,8 2,6 7,6 1,2 0,9 1,1 0,4  

              
Its shate in 
total oblast 
emissions, 
%% 

39,2 44,3 23,3 38,8 23,0 22,6 40,3 69,7 25,5 41,6 39,5 25,0  
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Table 1.1.5 
 

Emissions from transport in Atyrau city in 1995 by enterprises (tons) 
based on ata of Atyrau Oblast Administration of Ecology 

and Biological resources 
 
no Enterprise 

 
Carbon oxide Hydrocarbons Nitrogen 

oxides 
     
1. JSC ”Atyraunan 10,22 9,75 0,95 
2. Aviapredpriatie 32,52 6,24 2,5 
3. JSC “Karlygash” 65,6 14,53 3,82 
4. Brick plant of Dzhambul 59,4 12,21 2,65 
5. Taxi park 97,0 17,28 10,5 
6. Akim of Atyrau 168,88 28,17 11,53 
7.  “Atyraubalyk” 13,432 2,641 0,786 
8. Brick plant of Kyrmangazy 27,563 6,039 1,267 
9.  “Tengizchevroil” 838,57 192,11 82,70 
10. JSC “Akbidai” 55,72 10,49 2,75 
11. JSC”Embaneftgeophyzika” 196,34 42,8 10,16 
12.  “Taszhol plc” 180,04 38,27 10,5 
13. JSC “EMG” 1531,74 388,12 615,39 
14. JSC “EMG” 53,58 13,69 5,08 
15. JSC “Polypropylen” 26,68 5,69 3,795 
16. JSC “Atyraukolik” 116,1 37,0 14,9 
17. JC “Embavedoil” 88,8 1,24 0,73 
18. State transport enterprise  “Akbota” 317,0 62,0 20,0 
19. Atma- Atyrau airport and cargo 52,03 10,55 2,75 
20. JSC “Tulpar” 213,83 45,56 15,94 
21. Lenin Brick factory  55,23 11,21 2,47 
22. GAK “Hydrogeology” 39,5 9,3 1,7 
23. АК 3042 151,3 44,2 20,6 
24. JSC AvtoTEP 75,7 40,18 9,58 
25. Mostootryad 84 18,40 93,0 0,73 
26. JSC “Sudoremontnik” 5,3 0,92 0,25 
27. JSC“Munai” GKhK “Akbota” 34,21 55,61 14,94 
28. Firm “MiT” 100,3 23,8 6,9 
29. “Invest-express plc” 5,18 1,34 0,52 
30. JSC “Aidyn” 193,5 29,6 15,3 
31. JSC Drilling Crew “EMG” 20,78 4,37 28,32 

 
 Total: 4813,59 1161,91 420,0 
     

 
Therefore, the main air polluters of Atyrau are the oil refinery and chemical 

industry, the power station and transport (both municipal and transit). 
In recent years, the number of cars has dramatically increased, mainly with 

outdated models and worn motor resources. Moreover, many transit vehicles pass 
through the city whose emissions are not taken into account. According to the State 
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Road Inspection 26.7 thousand private vehicles are currently registered in Atyrau, 
including: 
 

- cargo  3.4 thousand;  
- passenger cars 21.6 thousand; 
- bus   0.7 thousand  

 
In addition, there are 5,06 thousand motorbikes and motorcycles. The number 

of private vehicles can be broken down as follows: 
 

- passenger cars 18.75 thousand; 
- motorbikes 4.9 thousand 
 
Car exhausts contain around 200 chemical compounds including carcinogenic 

polycyclic hydrocarbon. The primary cause of air pollution is incomplete fuel 
combustion of the engine. Composition of treated gases depends both on fuel type 
and engine system and to the greater extent on the way of organising roadways and 
traffic and cars circulation. Lack of standard environmental requirements for use of 
motor cars does not provide effective control and reduction of air and water pollution 
and soil contamination caused by transport exhausts. 

Ban on the use of cars not fitted with neutralisers and catalysts, and the 
simultaneous introduction of catalytic combustion for outdated models should 
decrease the concentration of hazardous substances in exhaust gas. 

The issue of location and operation of fuel stations should be immediately 
addressed. Currently in Atyrau there are 28 fuel stations with 60 pumps in total. 
According to the Norms of SNiP 2.07.01-89 this number exceeds the limit: 1 pump 
per 1,200 cars. Further growth of the fuel stations network will be controlled by 
market demand. 

Besides, in spite of decisions taken and measures applied to improve the 
quality of fuel and lubricant and rejection of the use of ethyl benzene, it is common in 
Atyrau city to sell bad quality fuel containing various compounds of lead. It is 
recommended to forbid the production and sale of ethyl benzene in the city and to 
switch a part of car pool to gaseous fuel (LPG) as a way to reduce toxic air emissions. 

Environmentally friendly type of fuel including gas and other new fuel used 
both in cars and heat and power facilities should clean car emissions of hazardous 
substances. The need to change outdated equipment at boilers is obvious.  

Amongst fixed sources of pollution, heat and power stations for both 
commercial and domestic purposes are the most notorious. Here is the list of the 
city’s primary heat suppliers: Atyrau Heat and Power Station with the capacity 526 
Gkal/h, Western district boiler (WDB) “Fimnskaya” of 100 Gkal/h, HPS NPZ of 130 
Gkal/h, District boiler (DB) «Balykshy» of 18 Gkal/h (main fuel gas and mazut), and 
a range of industrial and municipal boilers of the total capacity 262 Gkal/h (main fuel 
are mazut and coal). 

Insufficient database, outdated air monitoring system, diminution of state and 
budget monitoring stations and lack of automatic observation systems and mobile 
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monitoring technology have all led to inaccurate air control. In an industrial city such 
as Atyrau with a population of 196,2 thousand people it is impossible to follow and 
implement an agreed economic and environmental policy without reliable and 
updated information on environmental conditions, and it is of fundamental 
importance to improve existing monitoring systems. 
 

1.1.3. Surface and ground water 
 

1.1.3.1. Surface water 
 

Hydrology of the Ural river 
 

Atyrau city is located in the south of the Caspian lowland and northern coast of 
the Caspian Sea, on the both sides of the Ural river, 15-20 km from its mouth. The 
city stretches for 10 km along the River channel. The width of the city area is 4-8m. 
Its altitude is mainly at – 23.5-25.0 m. 

The river within the city is confined in the north by the railway bridge and in 
the south below the canning factory by a railway dead-end. At this point, the river 
does not have an outlet and its width is 150-250 m. 

The Ural delta starts below Atyrau city at the point of Peretaska outflow 
(Figure 1.1.1). Currently its riverbed is used a water supply source for the petroleum 
and chemical industry. The length of the channel is 32 km. Further at 50 km above 
the city (along the river), the old tributary, the Chernay, flows aside. Its length is 126 
km, its width varies from 15 to 90 m, and its depth reaches from 1 to 4 m. 

Another old tributary, the Novy Sokolok which length is 176 km, width 10-50 
m and depth 2-3 m flows out at the point of 41 km above the city. Now the banks of 
the rivers accommodate irrigational channels called Sokolok and Chernorechenskaya 
respectively. Water is normally pumped to the channel, but in 1990, during the great 
flood water overflowed freely. The river banks are not cemented, therefore dykes are 
occasionally breached and significant amount of water is lost through infiltration 
which in turn leads to 50-7 % overgrowth of adjacent valleys with hydrophyte. 

Seven kilometers northward from the city the 50 m wide Stary Sokolok river 
stretches for 18 km. Within the city, Erik Mostovoy is the channel that outflows to 
the right. It is filled with water only during seasonal floods. 

The area adjacent to the Ural River is a flat plain occupied by city districts. 
Slopes form the banks of the river. The channel is sandy and clay weakly deformed 
with the width of 170-260m. The banks are 3-5 m high, gently sloping and often used 
for gardens and horticultural activities. During water abundant years the left and right 
banks are being flooded but water does not overflow earthen wall 1.5-2 m high that 
goes along the riverbanks within the city. 
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Figure 1.1.1 Delta of the Ural river. Satellite image SPOT-2 (France) 

19 September 1992 (1:100000 
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From 1986 to the present, the Caspian Sea level rise has become evident. It 
level has increased at the Atyrau and Dzhambul stations at the similar rate of 15-20 
cm showing the overall accumulative rise of the river channel from the sea line to the 
top of the delta. 

Due to the effect of the rising sea, the situation in Atyrau city is difficult during 
the flow of spring thawed water through the river. As estimated, flooding of 5% 
water availability (its frequency is once every 20 years) would raise the water table in 
the river up to -24.5 as per BS. Over the period from 1977 to 1995, the level of the 
Caspian Sea rose from – 29 m to – 26.5 m with an average rise being 11 сm. Such a 
dynamic is only possible over a short time span, and in the future, the level will 
decrease. Many experts forecast that by 2010 the sea level will be at -25,0 m 
(Polonsky, Granich, 1991; Klige, 1995; Serebryakov, Kruglov, 1995; Chistyev, 
Shegolev, 1991; Malinin, 1995). In this case, districts adjacent to the city will form a 
peninsula 28-30 km wide penetrating into the sea for 14-15 km, the distance from the 
southern industrial unit to the seashore will be 5-6 km (Polonsky, Gorelits, 
Ostroumova, 1995). 

The last Late Novo-Caspian sea transgression occurred in two stages. The first 
one at -25.4 m is noticeable to the south from the city (approximately at the level of 
Taskala village and Big dyke). The next modern stage is at – 28m. The level -25.4 m 
may be taken as a forecast for the period of 2000-2020. This can be reached if the 
flow of  the  Volga and Ural basins increases significantly. 

As in spring and autumn strong winds of meridianal course are normal for the 
North Caspian, some protection measures from water surges reaching up to 2 m (e.g. 
1% possibility at the Peshnoy observation station) should be considered. According 
to the calculations of KazNIGMI experts (Polonsky, Gorelits and Ostroumova, 1995), 
if the water level at Atyrau city is 1.2 and 4% of water abundance depending on the 
forecasted level of the Caspian Sea and different water availability of the Ural river 
and height of water surges during the period of 2000-2010, the sea level will reach -
26.5 m (50% of water availability). The combination of floods on the Ural and sea 
surges of 1% abundance gives the level of 24.87 m at Atyrau city. While developing 
structures for flood protection, the probable sea level rise should be taken as being 
higher than predicted as further increase may occur beyond the forecast date (2010) 
and the end of the construction. 

The Ural River, the biggest navigational river in Kazakhstan, is 2,428 km long 
compared to Europe’s Volga (3,531 km) and Danube (2,857 km) rivers. However, the 
area of Ural (237 km2) is much smaller than those of the Volga (3,531 km2) and 
Danube (2857 km2), therefore, the Ural containing less water (Terekhov and Kolosov 
1989). 

The formation of water flow occurs in the upper and middle streams. The lower 
stream of the Ural does not have any inflows. There, floods take place in April and 
June when from 55 to 80 % of annual flow enter the sea. Rain induced flooding 
(October and November) is relatively weak. Downstream, the Ural loses nearly 30 % 
of its flow because of water withdrawal, filtration and evaporation. Under influence 
of climatic factors, the flow greatly fluctuates between 2.1 km3 (1910) and 24.5 km3 
(1914). Currently, water flow in the river is increasing. From 1960-1990, the average 
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annual water flow was 7.55 km3 while an average long-term (1881-1990) rate is 8.9 
km3 (Voskresenskiy, 1962) (See Table 1.1.6). 

During 1960-1990, water low years occurred 9 times when the annual flow was 
less than 6 km3, 10 years were of a medium water availability (flow from 6 to 9 km3), 
and 12 years of abundant water when the flow was 9 km3 and more (in 1990 the flow 
was 12.7 km3, and in 1994 – 15.4 km3). 

Duration of flood saturation is 39 days; overall, the time length of flood 
averages at 95 days, and peak flooding lasts from 4.05 to 5.06. Summer low water 
period is 190 days whereas the winter one is 130-150 days. 

The river in Atyrau is frozen from November and ice cover lasts 130-150 days. 
It normally frees up from ice in the second half of March, however ice can begin to 
thaw at the beginning of March or April. The ice cover varies between 20-70 cm. 
Obstructions are not observed. 

On average the climax of flooding falls on 20 May. Over recent years, this has 
shifted to later days, for instance from 1960 to 1990 the flood surge shifted by one 
month. During flooding of 1960-1990s, the maximal level of water rise varied from 
1.0 (1984) to 4.0 m (1970) in comparison with the winter low-water season. Water 
use at floods ranges from 426 m3/day in 1984 to 1850 m3/day in 1970. The maximum 
stream speed of floods varies between 0.61 m/day to 2.0 m/day. Average long-term 
stream is 1.02 m/day. During the low-water period, the minimal water use rate is 6.5 
m3/day (5.02.78), the slowest speed is 0.02 m/day. 

The depth at shoals is 2-6 m but can be also 8-12 m. On the slopes, the depth is 
1-2 m on average and lowers somewhere to 0.4-0.8 m. 

Average water turbidity is 300 g/ m3 with a maximum reaching 1,000 g/ m3. 
More than 96% of annual solid flow of the rivers occurs in the flood season. Water 
transparency changes from 0.05m at floods and to 0.3-0.4 at low-water season 
measured with the Secchi Disk. 

As mentioned, the Ural River is the largest navigational river in the country. 
The depth at shoals is 19 m; the stream speed is 0.14-0.25 m/sec. In the north, the 
river plain is as wide as 10-15 km while the channel is 170-260 m wide. The lower 
stream spreads into a large delta. The Ural River has a floodplain and two above-
plain terraces stretched along the river. The Ural experiences significant meandering. 

Since the river is the only one in the Caspian basin free of dams and channels 
not in middle and lower streams, it plays an important role for the fishing industry in 
the region. The population of threatened sturgeon species that migrate up along the 
river for spawning maintains its genetic homeostasis and manages to avoid a decline 
in population. Therefore, the Ural-Caspian fishing area, which includes the Ural 
River and eastern delta of the Volga River, is the most important ground for fishing 
on the Caspian Sea. 

In order to protect fish stock and secure a healthy habitat for breeding and 
reproduction of sturgeon and other commercially valuable fish species, Decree no 
252 dated 30 April 1974 of the Ministerial Council of Kazakh Soviet Socialist 
Republic, declared the North Caspian Sea a protected area. The status of Nature 
Reserve has been given to the Eastern water area of the North Caspian Sea including 
both deltas of the Volga within the Kazakh territory and Ural and coastal strip 
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protected up to the level -28 m. It is allowed however to carry out commercial 
activities of fishing and navigation in the Nature Reserve. 

Four years later, Decree no 284 of 30.06.1978 of the Ministerial Council of 
Kazakhstan added water area and floodplain of the Ural River from the border of the 
Nature Reserve up to the mouth of the Barbastau river to the area of the existing 
Nature Reserve, thus extending the protection status of the North Caspian to the 
water area and floodplains of Ural and Barbastau rivers established by the first 
Decree no 252 of 30.04.1974. 

In 1993 Decree no 336 of Cabinet of Ministers of the RK dated 23.09.1993 
supplemented the Decree on the protected area of the North Caspian Sea as 
established in 1974 by a clause which allows seismic survey, exploration and 
production of hydrocarbon reserves in the area provided that its special 
environmental value is properly taken into account. The protected status has this been 
thus significantly limited. 

On 27 January 1995, the Cabinet of Ministers issued Decree no 102 approving 
the Resolution about water protection zones and strips, which declares sites adjacent 
to rivers, lakes etc as areas of water resources protection and requiring special 
conditions for their use. In this case, the Resolution covers area adjacent to the 
protected area of the North Caspian and the Ural River floodplain. The water 
protected areas coming under this Resolution include water protected strips that are 
areas of limited commercial use and important as buffer zones. The width of such 
zones and strips is not stipulated. 

The annual water flow of the Ural is variable. Over the last 100 years it 
fluctuated from 24.5 km3 in 1914 to 1.9 km3 in 1910. In 60-90s the amplitude of 
fluctuations was lower from – 15.4 km3 in 1994 to 2.54 km3 in 1977. Average 
perennial flow was 8.9 km3 for the period 1880-1990. 

During 1936-1988, average annual water intensity at Makhambet water station 
(Topoly) (105 km above Atyrau) where the sea level change and wind-induced surges 
are not noticeable, ranged from 90.6 m3/s in 1937 to 65 m3/s in 1948. Maximal water 
intensity varied from 460 m3/s in 1937 to 5,100 m3/s in 1957. The average maximal 
intensity was 1,430 m3/s. The minimal intensity at the river station of Topoly village 
changed between 11.5 m3/s in 1937 and 952 m3/s in1970, its average rate was 40.1 
m3/s. The flow loss along the stretch from Topoly village to Atyrau accounted for 10-
15 %. 
Over the last 16 years (1980-1995) the maximal water intensity per year averaged at 
488 m3/s in 1994 while the minimum being 122 m3/s registered in 1984. The average 
annual rate was 286.55 m3/s at that time whereas in preceding half century this was 
253 m3/s. 

The average monthly minimum of water intensity in the river occurred in 
January 1980 at 22 m3/s, and the maximum - in May 1994 at 1,549 m3/s (see Table 
1.1.7). 

It is normal for the Ural River flow regime to have 75-80% of its annual flow 
occurring over four months of flooding (April-June). The river floods occur as single-
vertex.The flood surge falls usually on 20 May, however over the last decade the day 
has shifted to a later date. In 1993, the flood climax was on 13-14 June. The lowest 
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level of water is observed in summer and autumn (August-September) and winter 
(January-February) low-water season. The span of extreme levels in Atyrau city was 
5.67 m in 1992-1993. The highest level of spring flood was recorded in 1922 at -
23.81m abs at climax. The lowest level of summer-autumn low-water season is dated 
back to 1976 at -29.48 m аbs. During the last 30 years, the average water level at 
flood surge was -25,84 m аbs in Atyrau city. Long-term water level observations 
indicate that the highest rate is 366 cm above ordinary, average at 204 cm and the 
lowest at - 17 cm. In 1995, the level of the Ural River at floods (near Atyrau) was 250 
cm (Hyrdo-meteorological bulletin no 98, 1996). The fluctuations difference at 
Atyrau has ranged at around 3 m over the last ten years. Up along the flow it intends 
to intensify. 

The stream speed at lower reaches of the river does not exceed 1.5 m/s. Near 
Makahmbet village it may be over 2 m/s. 

Solid flow (dredge and silt) and water turbidity in the river are of a significant 
value. Maximal turbidity occurs at the beginning of flood season (April-May). During 
floods of waterless years, turbidity is obviously higher than in water abundant years. 
For example, in 1977, an extremely water insufficient year, dredge concentration was 
up to1.4 kg/m3. 

Turbidity during flooding at downstream may vary between 0.19-0.89 kg/m3. 
Minimal turbidity value occurs in on January ranging from 0.019 to 0.12 kg/m3. At 
this time, dredge dispersion is minimal. 

Amongst plain rivers inflowing the Caspian Sea, the Ural River waters bring 
most dredge, salt and organic matter. Whilst comparing the rate of suspense flow, i.e. 
mln tons of dredge per 1 km3 of river water entering the sea, this is 0.554 for Ural and 
0.038 for Volga. Thus, each cubic km of Ural water inputs 14.6 times more sediment 
than 1 km3 of Volga river. This is explained by the numerous dams partitioning the 
Volga flow when most suspended sediments settles in man-made reservoirs whereas 
the Ural’s flow, as noted earlier is not regulated in middle and down streams below 
Iriklinskoe water reservoir. 

Salt flow (mln ton/km3 of water) in the Ural is 1.38 times higher than in the 
Volga while organic matter flow is similar; its value for the Ural exceeds that of the 
Volga 1.08 times. 

In wintertime, the Ural is locked in ice. Ice formation begins at the end of 
November and the beginning of December. Over last 20 years the longest delay from 
these dates happened in the winter of 1993-1994 (10-11 November) and 1980-1981 
(10 January). Ice break-up takes place first in downstream in the second half of 
March. In some years, ice thawing may occur in the last days of March or in the first 
five days of April. 
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Table 1.1.7 
 

Water intensity in the Ural river (cubic m/sec) from 1980 to 1995 
 
Year I II III IV V VI VII VIII IX X XI XII Annual 
1980 22 33 41 262 937 482 142 67 66 78 89 60 190 
1981 60 58 78 428 926 1022 351 175 127 108 100 67 292 
1982 63 70 86 367 844 367 131 101 73 67 93 82 196 
1983 71 83 108 316 982 922 321 175 112 119 131 108 290 
1984 101 87 86 201 351 208 105 56 66 75 73 56 122 min 
1985 56 50 45 274 1030 853 250 112 108 101 170 90 262 
1986 101 95 119 529 1060 594 250 149 116 127 147 112 284 
1987 101 95 146 359 1012 1262 414 194 158 187 197 101 353 
1988 108 120 161 505 1120 810 220 119 89 123 112 86 300 
1989 82 91 97 220 597 579 258 131 116 123 120 116 212 
1990 86 99 131 540 885 1273 534 261 224 228 324 243 403 
1991 246 273 261 610 1251 598 187 131 112 131 123 108 336 
1992 86 87 116 158 523 305 235 179 158 198 212 97 190 
1993    521 1254 1516 694 399 228    476 
1994 127 128 157 579 1549 1470 553 418 258 194 224 187 488 max 
1995             191 
 
 

At the end of winter, the ice thickness is normally 0.45 m (0.30-0.60 m). 
Enhanced by favourable temperatures, warming water and the presence of ideal 
spawning grounds, the hydro-biological and hydro-chemical regime of the Ural 
lower reaches provide high fish productivity in the Ural-Caspian fishing area. The 
fish stock rates at 1.0 – 8.0 thousand tons of commercially valuable fish per 1 km3 
which is indeed the highest rate for rivers of all the CIS countries and many others 
around the world (Peseridi, Piskunova 1972) (Table 1.1.8). 
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As can be seen in the Table, most of the authorised water intake is carried from 
the Ural River, accounting for nearly 60%, 18% from the Iul, 12% from the Volga 
delta, 9% from the Emba and 0.9% from the Sagyz. 

In the Oblast, more intensive use of other internally drained rivers is 
constrained by high water salinity in the post-flood season and irregular annual flows. 
This predetermines the importance of the Ural River as a main source of water supply 
for both the city and oblast. 
 

Hydrochemistry of the Ural River water 
 

The hydro-chemical regime of the Ural lower reaches is well studied. Water 
here belongs to the hydrocarbonate and sodium type. In some seasons its 
hydrochemistry may change and turn into chloride-sodium water. The composition of 
basic ions during main hydrological seasons is given in the Table 1.1.9. The data is 
provided by Atyrau Department of the Institute of Fishery. Currently, with an 
increase of water availability, its salinity has decreased by 30 % in comparison with 
the 70 s. 

Active water reaction (рН) changes from 7.6 in winter to 8.6 in summer. 
Water analysis is carried out using the methods described by Reznikov et al. 

(1970) and Shuvalov et al. (1990) and Alekin (1954 and 1970). 
 

Table 1.1.9 
 

Changes in primary ions concentration (mg/l) 
in Ural delta (1975-1990) 

 
 

Ions Winter low-
water 

Flood Flood 
abatement 

Summer low-
water 

Autumn low-
water 

Chloride 100-366 75-191 28-90 64-270 270-320 
Sulphide 100-175 70-123 43-85 9-140 135-155 
Hydrocarbonate 146-295 155-265 110-171 146-290 205-235 
Calcium  60-172 50-100 30-58 35-75 65-90 
Magnesium  8-60 7-40 9-25 9-35 20-25 
Sodium and 
potassium 

61-235 7-135 84-160 45-658 145-175 

Salinity 625-1221 400-700 321-570 575-1072 840-1000 
 

Ural water is characterised by high concentration of biogenes, non-organic 
elements that determine the hydro-chemical base for biological productivity of the 
river. The average annual concentration of phosphorus in the lower stream is 506 
mkg/l, including dissolved (orthophosphoric) 25 mkg/l. Water contains 332 mkg/l of 
mineral nitrogen, 1.9 mkg/l of silicon. Permanganate water oxidisability is 5.3 mg 
О2/l. 

Among biogenes, the concentration of dissolved oxygen is the most important. 
MPC of oxygen concentration in water used for fishery needs to be not lower than 6 
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mg/l. If its concentration falls below 4 mg/l, fish growth is inhibited, while under 2-3 
mg/l the fish stock dies. Therefore, oxygen regime is a primary factor determining the 
intensity of self-recovery process and maintenance of biological productivity. 

The disturbance of oxygen regime in the Ural River may occur in polluted 
water under ice cover in low-water years or harsh winters (Dziro, Bolshakov, 
Sagulenko et al, 1975). From the1950s   up to the present, fish mortality has been 
observed in wintertime in the Urals lower reaches. For instance, over the last four 
decades high fish mortality has been observed 20 times. The most critical incidents of 
fish mortality occurred in 1967, 1968, 1973, 1984, and 1987 leading to high rate of 
mortality and the decline of reproductive age at winter grounds. There are methods to 
forecast the occurrence of winter fish mortality in the lower stream and delta of the 
Ural river (Drizo, Bolshov and Kim 1979; Drizo, Bolshov and Shashina, 1981; Drizo, 
Bolshakov and Tarabrina, 1984; Drizo, Bolshakov, Akhmedzyanov et al, 1986), and 
measures have been developed to deal with fish mortality occurrence including 
organised aeration of water locked under ice cover (Bolshov and Drizo, 1986; 
Auninsh et al, 1972; Litvinchuk, 1979). 
 

Pollution of Ural waters 
 

The Ural River is a primary watercourse in Atyrau Oblast and a source of water 
supply for domestic, industrial, and commercial use, which makes the issue of water 
quality of fundamental concern for both biodiversity and humankind. 

Pollution of the Ural downstream that stretches from Uralsk city to the seaside 
of the Ural river is caused chiefly by inflow from upper lying river sites in the middle 
stream from Iraklinskoe reservoir down to Uralsk. 

However, Ural is considered as being cleaner than other river of the Caspian 
basin. The polluting sources based in the upper and middle streams of the river 
include Magnitogorsk metallurgical plant, Orsk industrial unit (petrochemistry, 
production of non-ferrous metal and mechanical), Orsk-Khalilov metallurgical plant 
(Novotroitsk), copper production in Mednogorsk plus industries and effluents from 
large cities based along the Ural’s main tributary Sakmar such as Orenbourg city, 
Aktubinsk plant for chrome compounds and the chemical plant in Alga of Aktubinsk 
Oblast. Western Kazakhstan and Atyrau Oblasts do not have any uncontrolled 
discharges of wastewater into the river but Western Kazakhstan along with Orenburg 
and Aktubinsk oblast, provide sources of agricultural pollutants such as biogene 
substances and pesticides (Schtenberg, 1973; Melnikov, Vaskovskaya 1969 and 
Chigarev, 1968). 

Excess of biogene elements (water soluble compounds mainly of phosphorus 
and nitrogen) exacerbated by small flowing and high temperatures lead to a so-called 
‘bloom’ of the water, i.e. eutrophication of the lower stream. Eutrophication is caused 
by growth of microscopic algae phytoplankton represented mainly by blue-green 
algae whose number of cells can increase 30-100 times over the norm. While dying, 
algae release toxic matters into water (Gorunov, Rzhanova et al, 1969; Gprunov and 
Demina, 1974). Moreover dead cells use up all oxygen dissolved in the water which 
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results in oxygen insufficiency and the death of fish (Buyanvskaya, 1985; Alekin, 
Drabkov et al, 1985; Telitchenko and Ostroumov, 1990). Development of hypoxia 
(oxygen insufficiency) may cause the formation of hydrogen sulphide and poisoning 
of all hydrobionts (Fashuk, 1995; Sirenko, 1985; and Kushtalova, 1947). 

The analysis of long-term data shows that at the approaches to the sea the Ural 
River waters display a decrease of pollutant concentration starting from inflow of Ilek 
which is on the border between Kazakhstan and Russia. Heavy metals settle, perhaps, 
down at the bottom being adsorbed with mineral substances and forming compounds 
with water organic matter (humic acids) (Kailin, Fesenko, 1967; Semenov, 1967 and 
Zavodnov et al, 1965). 

Within Atyrau Oblast the concentration does not normally exceed the MPC. 
While flowing, the river self-cleans from hydrocarbons and carbonic acid (Iziurov, 
1950; Mironov, 1969; Mikryakova and Klain, 1975; Kalabina and Rogovskaya, 1934; 
Kailin and Fesenko, 1961; Kailin, Panchenko, et al, 1965 and Kostyaev, 1975). In the 
lower reaches, their concentration is much lower than at the border between 
Kazakhstan and Russia. 

In recent years, the use of pesticides in agriculture has been reduced which has 
resulted in the reduction of their inflow into the Ural. However, 
dichlorodiphenyltrichloroethane (DDT), hexachlorocyclohexane (HCCH) and 
isomers are still found in the lower stream of the Ural despite water self-cleaning 
process. 

Composition of certain pollutants found in the lower part of the river is 
provided in the Table 1.1.10 which shows that some pollutants such as mineral oil, 
heavy metals (copper and manganese) go beyond the established MPC 
(Bespamaytnov, Krotov, 1985; Sanitary norms of maximum permissible 
concentrations of harmful substances in water..., 1986). Although the concentration 
of oil is much lower (1.2-1.6 MPC), the lead concentration reaches 2 MPC. In 1991, 
the level of fluorine in river exceeded 6.4-7.0 times its MPC. 

The accumulation of heavy metals in fish tissue and organs has been also 
recorded (Ergaliev, 1996), for example, muscles of ordinary fish and Russian 
sturgeon and soft tissues of molluscs contained 2-4 MPC of lead (Ergaliev, 1996 b; 
Lukyanenko, 1967). 

It should be noted that water in the downstream constantly displays the 
presence of chlorine organic pesticides, for example, isomers HCCH and DDT which 
is not permissible in water used for drinking and fishery (Lvovich, 1969, 1970, 1973, 
1977; Braginsky, 1972; Bozakhaev, Kenzhibaev et al, 1996). Presence of persistent 
chorine organic compounds has been registered in the tissue of sturgeon species 
(Semenov, Skachedub et al, 1989). 
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Table 1.1.10 
 

Water pollution at the lower reaches of Ural 
 

Component Concentration, mg/l MPC, mg/l Excess of MPC, 
times 

    
Hydrocarbons 0,43 0,05 8,6 
Carbolic acid  0,001 0,001 1,0 
Synthetic surface-
active substance 

0,03 0,1 0,33 

Copper 0,0053 0,001 5,3 
Manganese  0,019 0,01 1,9 
Iron 0.056 0,5 0,112 
Lead 0,02 0,03 0,67 
Nickel 0,006 0,01 0,6 
Molybdenum  0,003 0,25 0,012 
α hexachlorocyclo-
hexane (mkg/l) 

0,009 Not present  

γ hexachlorocyclo-
hexane (mkg/l) 

0,005 Not present  

n,n’-DDT (mkg/l) 0,001 Not present  
    

 
The highest discharge of carbolic acid occurred in 1982. That year, the 

maximum amount of phenols and other pollutants entered the sea during the flood 
season. The highest level of pollution by hydrocarbons was observed in 1979. In 
1991-1992, the average annual flow of hydrocarbons was 405 tons, which was 6 
times lower than in 1979. The most intensive inflow of synthetic surface-active 
substances (SSAS) into the Caspian Sea was in 1987. This shift of SSAS pollution 
surge to a later period in comparison with other pollutants is probably related to the 
growth of its production and use. Due to the remoteness of pollution sources heavy 
metals reach the lower stream of the Ural River in concentration nearly at zero or 
rarely exceeding MPC. Amongst metals, iron occurs in significant amount. Its highest 
input in the Caspian Sea was recorded in 1983 and 1987, which may be explained by 
relatively water abundant year after a preceding low-water period. 

Among other chemical elements, boron and fluorine are the most persistent in 
the waters of the Ural River. Boron enters into the lower reaches from Orenburg and 
above located oblasts, Algin chemical plant based at the waters of Ilek tributary and 
partially from the Inder area. Maximal inflow of boron into the Caspian Sea was in 
1978, 1983 and 1987. 

Fluorine concentration overpassing its MPC is often observed in the waters of 
the lower Ural; its origin is difficult to determine. Perhaps it is related to special 
geological and chemical features of the Ural Basin. Considering that fluorine is 
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capable of long migration, it could be assumed that its source is a thousand 
kilometres away from the Ural’s estuary. The highest concentration of fluorine in the 
Caspian Sea was registered in 1976, 1985 and 1987. 

To summarise, it may be noted that pollution is heaviest (1976-1978) during 
low-water years and water-abundant years (1983, 1985, and 1987) precedent to low-
water periods. During low-water years, the main sources of pollution were discharges 
from industrial, utilities and agricultural activities. Self-recovery capacity was not 
sufficient at that time which provided the entrance of a significant part of pollutants 
into the sea. In water-abundant years succeeding a low-water period, pollutants are 
carried away from the basin more intensively. Their sediments which the river flow 
of previous low-water years could not eliminate are also washed off. 
 

1.1.3.2. Characteristics and state of ground water 
 

Atyrau oblast and Atyrau city are in the region of a constrained water balance 
where good quality water from both surface and ground sources is very scarce. The 
specific share of ground water in the total water supply is very insignificant. In these 
conditions, the issues of resources depletion and pollution are vital. 

Due to the development of oil processing, petrochemical and other industries in 
the city as well as the growth of agricultural production in rural areas, use of the 
natural water has sharply increased which   may possibly raise the risk of pollution. 

Many existing and potential sources of ground water pollution are concentrated 
in Atyrau city and its surroundings. These are enterprises of agriculture, chemical, 
oil, energy, and food industries. Pollution of ground water may occur because of 
harmful emissions into the air, direct leakage of waste and sewage water from 
industries, human settlements, and agricultural facilities into aquifers. Moreover, all 
sources of pollution are based at sites where ground water is poorly protected. 

Water in Atyrau is polluted by the oil refinery, chemical plant, tank farm, oil 
transfer stations and, obviously, storage ponds, which cause leakage of many 
pollutants such as phenol, hydrocarbons, copper, manganese, chromium, and zinc 
into ground water. Often, their concentration exceeds several times MPC. Wastewater 
discharged to the evaporation fields gets polluted and percolates through the soil into 
aquifers. This explains pollution of ground water near the oil refinery, chemical plant, 
oil tank farm and oil pumping stations, where the level of ground water pollution and 
water in the zone of aeration shows high hydrocarbons concentration. 

Ground water becomes polluted by sources located up and downstream of the 
Ural River. For example, a poultry production factory is located on the left bank of 
Ural 3 km to the north of Tendyk village while Algabas livestock farm is at the 
outflow of Peretaska. Wastewater is discharged directly to evaporation fields located 
in immediate proximity .The proximity of such fields to the river channel and the 
sloping hydraulics of the river, lack of protection shields and other means to prevent 
ammonia, acids, and nitrate ingress into ground water result in the risk of pollution of 
ground water by such chemicals. Due to high salinity, (40-70 g/l) ground water 
cannot be used for spate irrigation or other technical use. The quality of ground water 
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may change dependent on activities at those agricultural facilities. 
Analysis of ground water quality carried out at the beginning of the 1990s 

(Groshev, Moldabekov, 1991; Groshev, 1991; Zotov and Davidovich, 1996; 
Davidovich, 1994) near the industrial sites showed that its state was satisfying with 
exception of some localised pollution near Atyrau oil tank farm and heat and power 
station In the following years, this worsened due to increased level of pollution by 
hydrocarbons. 

From time to time, the water quality of the Ural river deteriorates because of 
pollution with hydrocarbons, phenols, copper, manganese, chromium and zinc and up 
down along the stream to the Caspian Sea. 

Such conditions in the Caspian Sea ecosystems including also Atyrau, causes 
the mass death of waterfowl, morbidity of seals, sturgeon and other fish species 
related to the greater scale of human pressure. The situation with water availability in 
the Ural basin has become strained when the flow reduction caused disruption at 600 
hа of hatcheries for semi-anadromous fishes. Growth of toxic pollutants in water and 
soil leads to mass fish death. 

The creation of a drainage system is considered as one of the radical measures 
to reduce the ground water table. In order to select and develop measures for 
enhancement of the urban ecological state, the exact cause of ground water table 
increase and expansion of saline soil needs be established. Decoding of aerial 
photography images from 1949 and comparing them with the aerial surveys from 
1973, 1978, 1983, 1989 and later years revealed that the area around AOR, heat and 
power station and chemical plant displayed the growth of salination as well as the 
expansion and merging of small-localised saline and waterlogged land spots with the 
built-up urban areas. Such a rate of waterlogging and rise of the ground water table is 
related to the reduction of evaporation rate due to hampered solar radiation by 
buildings that shield soils and protect them from desiccation. However, the main 
reason for waterlogging taking place in the city is excess of water induced by burst 
and leakage from utilities and water pipelines, outflow of technical water and 
precipitation. 

The forecast for ecological status in the city is lamentable unless urgent 
measures are not applied. Nonetheless, it is hoped that many problems are reversible 
which gives time to begin immediate implementation of municipal environmental 
programme “Ecology”. 

 
Aquifers, water composition, and pollution 

 
The area of Atyrau city distinguishes a range of aquifers either close to the 

surface or water formation at both marine Novo-Caspian and Khvalynian, and 
continental-sor, alluvial and lacustrine-alluvial and lacustrine-alluvial-deltaic 
deposits. Recharge of aquifers comes mainly from precipitation and to a lesser extent 
from floodwater and infiltration from other horizons. 

In the city the first below the surface horizon occurs in modern alluvial, Novo-
Caspian Marine and marine Khvalynian deposits. Ground water is formed in typical 
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arid zone through the infiltration of precipitation and drainage of regional ground 
water from Ural-Mugodzhar fold mountains. Water supply in the region is sourced 
primarily from surface freshwater such the Ural river and its tributaries and slightly 
saline water from the first underground aquifer attributed to modern alluvial deposits. 
In the floodplains of the Ural`s tributaries, the depth of aquifers occurrence does not 
exceed 4 m. 

As specified by the rules of water supply from ground water, the area adjacent 
to the city belongs to not watered and is characterised by the lack of resources fit for 
drinking. There is no potential for the use of groundwater for economic and drinking 
purposes. 

Below is a brief description of aquifers available in the city. These are modern 
alluvial deposits (аQ

IV
), Novo-Caspian Marine deposits (QIVnk) and Khvalynian 

Marine deposits (QIIIhv). 
 

Groundwater in Modern Alluvial deposits (aQIV) 
 

The valley of the Ural River is attributed to deposits of upper and lower 
floodplains. They occur as a strip along the river 3-4 km wide. Water bearing rocks 
are fine-grained sand, clay sand, sandy clay with thickness from 3 to 9 m and 
aquifuge is in loamy horizon of Khvalynian Khazarian and Bakinian deposits. 
Modern alluvial and low-lying deposits are linked hydraulically. 

The thickness of the aquifers is 6-8 m. The flow rate is 0.12-0.4 l/sec. The 
depth of occurrence is at 2.3-6 m. The level of water is 2.3-5.0 m (during summer-
winter low-water seasons the level lowers due to drainage of the Ural River horizon). 
Water salinity is various from fresh to saline. The chemical content is mainly sodium 
chloride with рН- 7.4-8. The aquifer recharges primarily from spring and autumn 
floods of the river and atmospheric precipitation. Ground water is almost everywhere 
of free surface with the exception of upper part of alluvium which is composed of 
loamy clay and the pressure rate reaches 1-3 m. In the area of Atyrau city, there is no 
operable well enclosed in alluvium deposits because the main water supply takes 
place along the Ural River by pumping water directly from the river. 

In the floodplain of the Ural, water current brings soil moving towards the sea 
along the slope of hydraulic gradient from 0.001 to 0.0015. The stream width changes 
from 7 km in the north to 4m in the south. Fine and medium-grained sand, which 
becomes more loamy southwards at the estuary, is water bearing. The water table is 
found at the depth of 3.3 to 6 m. The aquifer's thickness varies from 4 to18 m. The 
water flow rate ranges from hundredth to 1 l/s while moving down to the level 3.5 m, 
water is fresh and brackish. 

The thickness of freshwater column in lenses ranges from 1 to 11 m and only at 
the river channel do lenses contain fully fresh water. The chemical composition of 
this water reveals hydrocarbonate and chloride content (freshwater lenses near the 
Ural River). The salinity level is diverse between 10-16 g/l. 

The central part of the area within the Ural delta is largely composed of 
aquifers of modern alluvium-lacustrine lake deposits. Water bearing rocks are 
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represented by fine and medium-grained sand. The thickness of aquifers ranges from 
1 to 7 m. Water tables occurs at 0.5-5 m. Aquifuge is composed of clay often of 
Khvalynian and seldom of Khazarian age. Water is not pressurised. Water is of 
hydrocarbonate-chloride-calcium and sodium type and is recharged from both 
floodwater and atmospheric fall. 
 

Groundwater of New Caspian Marine Deposit (QIVnk) 
 

Aquifer of Novo-Caspian Marine deposits occupies the largest area occurring 
in central and southern part of the city. Therefore, it is mostly subjected to pollution. 

The water bearing horizon is composed of brown pack of alternating layers of 
loamy sand, clay sand and thin sand bands (0,25-0,35 m) and colourful clay (reddish-
brown with blue and green patches). The pack thickness varies from 2 to 10 m. 

Aquifuge contains brightly coloured greyish-yellow-brown clays attributed to 
Upper Khvalynian deposits from 2-6 m thick. Towards the bottom, these clays obtain 
a dull colour and get sandy. 

Occasionally layers of water containing clays serve as aquifuge. Water depth 
does not exceed 0.6-1.2 m and the aquifers have an open surface. 

From the point of view of chemistry, water is chloride-sodium-magnesium and 
chloride-sulphate-sodium with salinity fluctuating from 16 to 73 g/l. Water hardness 
varies 400-600 mg-eq/l and the flow rate is 0.02-0.03 l/sec. The aquifer is  recharged 
from atmospheric precipitation, air vapour condensation, and infiltration of surface 
water during flooding. As evaporation fields and sewage channels are not protected 
with shields from ingress of harmful elements such ammonia, acids, nitrate, 
hydrocarbons and others into ground water, such leakage may unfortunately occur 
which is demonstrated by the presence of hydrocarbons and phenols in groundwater. 
Fast discharge and the vicinity of the Ural and its channels pose a risk of pollution of 
surface water as well. 

 
Groundwater of Marine Khvalynian deposits (QIIIhv) 

 
The first underground aquifer of Eolith Marine Khvalynian deposits is bedded 

in the north of the area and submerged under Novo-Caspian Marine deposits 
southward. Fine and medium-grained sand sometimes with clay loam and clay are 
water bearing. The thickness of water-containing rocks may range from 3,5 to 8 
attaining sometimes even 15 m. Khzarian clay is at the aquifuge. Sometimes 
hydraulic link with below-laying horizon occurs. Depth of bedding depends on the 
relief of the area varying from 3m down to 8.5 m. At the point of the overlaying 
horizon, the pressure is 3-4m. Aquifer is 4.3-8.2 m thick. The bottom of the aquifer 
lies at the depth of 6.4 reaching also 14 m. The water table level is at 3-4.5 m, the 
flow rate is 0.06-0.2 l/sec decreasing from 1.2-3.0 occasionally up to 7 m. Due to the 
presence of loamy layers in the cross-section, the Khvalynian deposits is marked by 
poor water content. The horizon is recharged from infiltration of precipitation, 
partially from floodwater and discharge of Novo-Caspian aquifer. The horizon is 
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poorly drained which means high salinity of over 50 g/l. The chemical composition 
of water is chloride-magnesium-sodium and sulphate-chloride. The concentration of 
chloride ion accounts for 83 %. 

Fresh or brackish water are not found in the Khvalynian deposits of the region. 
Water percolates to the Ural River and Khazarian aquifer. 

Some summary and conclusions can be made from the above noted 
information. The special feature of aquifers found first from the surface Novo-
Caspian and Khvalynian is the presence of clay and clay loam layers at small depth, 
which reduces the probability of water seepage deep down. For instance, in spring 
and autumn during the heavy rains the water table goes up to 0.2-0.5 m from the 
surface and then slowly lowers which provide ingress for harmful substances in sites 
of high contamination such as one site located along Satpaev and Abai streets and 
others in proximity to oil base and heat and power station. 

The boundary of groundwater pollution with hydrocarbons is shown on the 
hydro-geological map. Abnormal concentrations of harmful substances in soil are 
also marked on the map. These sites are potential sources of groundwater pollution. 
Some single analysis of water composition carried out in different years demonstrated 
the increase of their concentration, e.g. content of Br in the well no 207 has gone up 
from 18 to 28.2 mg/dm3 over the recent years. Again, as main discharge path is to the 
Ural River, this may cause pollution and poisoning of Atyrau surface water. 

It is clear that the only stable source of water supply for Atyrau city is the river, 
which is used by everybody living on its banks and industries based nearby. Only a 
small part of the water supply comes from afore-mentioned freshwater lenses in 
sandy complexes and river floodplain. Therefore, it is fundamental to control the 
quality of surface water and ground lenses in the floodplain as water of lake and delta 
deposits is drained to the river. 

The level of protection of ground water through the aeration zone is assessed 
by two indicators:  the thickness of the aeration zone and its lithogical composition. 

Only one tenth of aquifers are relatively protected. The least protected 
groundwater occurs in the right bank of the city. The left side of the Ural and 
adjoining territories are much better in this respect. The main sources of pollutions 
are enterprises and facilities of oil-processing and its sewage ponds, large petrol 
stations, several units of chemical, energy and agricultural sectors. A number of oil 
and gas pipelines, railways, roads and a network of dirt roads run through the city, all 
of which place heavy pressure on the aeration zone and aquifers laying close to the 
surface (Volchegursky et al, 1992). 

Primary polluters of ground water in Atyrau city are the oil tank farm, settling 
pond, evaporation fields, poultry factory, heat and power station, petrol stations, 
chemical plant, oil refinery, meat-processing factory and so on and so forth. A 
network of wells that monitor depletion and pollution of ground and subsurface water 
is available throughout the city. 

 
 

 
37 

 



Hydro-chemical characteristics of ground water 
 

The hydrochemical characteristics of Atyrau city depend on the natural state of 
the Ural river water, groundwater and wastewater which is in turn exacerbated by the 
presence of many polluting industries such as oil-processing, petrochemical, oil tank 
farm, canning and meat-processing factories, heat and power stations, oil 
transportation etc. Most facilities are based at the river pose a potential threat of 
pollution. Other probable sources of pollution are evaporation fields dislocated in 
1945 on the left side of Atyrau, which are constantly overcharged during autumn and 
winter. They occupy an area of 25 km2 and may accommodate 24 thousand m3/day of 
wastewater. However as the statistics reveals this facility daily accepts more than 60 
thousand m3/day of wastewater from AOR and other sources based on the left bank 
of the Ural river. Main polluting components of  an industrial flow are phenols, 
hydrocarbons, copper, and zinc. The latter is the element of first (the highest) class of 
threat. The state of Ural waters and wastewater discharged to the treatment facilities 
is closely related to the hydrochemical composition of groundwater. The network of 
monitoring wells covering the city is responsible for control over the quality of 
ground water occurring near the potential polluters. 

The table of hydrochemcial characteristics of groundwater in Atyrau area is 
given below (Table. 1.1.11). 

The extent of ground water pollution with hydrocarbons within the Atyrau city 
is described by the results of samples taken at monitoring wells, which are found at 
Atyrau chemical plant, Atyrau oil camp, AOR, BRNU, Atyrau heat and power station 
and municipal gas stations. Water samples taken at the sites of Atyrau 
Hydrogeological Expedition Since 1988 were used in this summary. In 340 samples 
were analysed. 
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The results of the analysis have shown that the high concentration of 
hydrocarbons at chemical plant, oil tank farm, storage pond and BRNU. The threat 
ratio of ground water pollution (К

0
) equal to the ratio of actual content of 

hydrocarbons in water (С) to the MPC equal to 0.3, i.e. 

MPC
C=0K  

totalled to 1.3-2.6 and higher at the above named sites. 
 

Another indicator of ground water pollution is phenol. Its concentration was 
checked in 88 samples taken at monitoring wells near the area adjacent to Atyrau 
chemical plant. Based on the samples of 1988-1990s in most wells it was either 
undetectable or its proportions were below to MPC (0.001) except for Kanal 2 where 
the excess of phenol presence was 20 times higher then MPC. 
 

1.1.4. State of the soil cover 
 

Soil composition contains chiefly brown and slight solonetz types together with 
solonetz. This is explained by the fact that in the recent geological past Atyrau was at 
the bottom of the Sea (Doskach, 1979; Pan-Union Classification of Soils, 1986; 
Environmental and economic zoning..., 1983; Faizov, 1970; Agro-climatic resources 
of Guryev Oblast of the Kazakh SSR, 1978). 

Overall, the soil of Atyrau city is contaminated to a variable degree. In many 
cases, the contamination is caused by activities undertaken in petrochemical, oil-
processing and other industrial organisations and by transport (Tleubergenov, 1989). 
Main sources of contamination include oil and gas waste, wastewater and incidental 
water, hydrocarbons, sulphide oxides, nitrogen etc. Breakdown of vehicles, bursts of 
oil, gas and product pipelines, disruptions of plant facilities isolation and tanks for oil 
and gas storage are amongst the primary causes. At the sites of AOR and many 
others, mazut is often spilled over the ground. 

The process of salinisation is a primary factor of natural environmental 
development in the city. This is related both to the presence of highly saline water in 
aquifers bedded close to the surface (not deeper than 4m) and to scarce water 
resources in this dry climate. Moreover, the process is enhanced by a rather loose 
geological structure. The map of environmental assessment show in the first instance 
sites of various levels of humidity and vegetation. In some cases, these sites are of 
regular background moisture widely available in northern, southern, and western 
parts of the area adjacent to the city, i.e. areas of normal for this climate state located 
beyond urban anthropogenic pressure. Sites that are diverged from the moisture 
background, having either increased, or decreased moisture content, covered partially 
or fully with vegetation and displaying various degrees of salinity, may be found 
outside and around the city. Within the city, especially at industrial units, soils 
degraded as a result of human impact are more common. The degradation of soil is 
noted through the following symptoms: accelerated development of solonchaks 
(saltpans) void of vegetation, presence of sites contaminated with hydrocarbons, and 
waterlogging of small depressions, fractures and other earth breakages. 
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It is important to mention sites of secondary salinisation because of ground 
water table rise, heavy over-moistening by close location of aquifers, which are 
subject to waterlogging. Such areas are normally found where intensive earth works 
take place for house building and industrial or road construction and quarry 
development. It is also common here that wastewater along the riverbed is spilled 
over soil thus exerting impact of different degrees from intensive to temperate on a 
surrounding area. This happens mainly in the southeastern suburb of the city. 

In this respect, areas of irrigated agriculture should be mentioned. The state of 
such sites depends on adherence to the requirement of spate irrigation operation. The 
cases of excessive irrigation are frequent leading to a full or partial secondary 
salinisation of land that otherwise could have still been used for agricultural purposes. 

As said earlier, there are other sources of impact on the environment. First, 
these are unregulated development of quarries. It seems that quarries are used by 
whomever and wherever. Their number in the city and surrounding areas is ever 
growing. As a rule after development, no reclamation activities are undertaken, and 
natural factors complete the process of land deterioration started by man. Those 
quarries examined for this study are all completely degraded which is proven by 
formation of saltpans at many locations, for instance near the grain elevator. This 
happens because soil excavation operations digging as deep as 2-3m expose or 
advance the closest aquifers of high sanity to the surface. Under static conditions, 
direct or capillary inflow of water produces steady salinisation of soil and formation 
of solonchak, which is observed in many parts of the city. In some quarries, these 
water pools are used as dumping grounds causing focal sources of pollution by oil 
waste. 

Waterlogging and soil salinity may be induced by improper construction of 
roads particularly those with embankments. As a rule, earth for embankment is 
brought from nearby to the road areas. Unless preliminary drainage work is 
undertaken, such procedure provides capillary inflow of saline water and salinisation 
of soil. The municipal quarter met first to the south from the motorway and 
residential blocks adjoining the Makhambet street in the east are severely damaged in 
this respect as a first occurring aquifer lays at a depth of only 2-3m, and excess of 
moisture provokes waterlogging on a large scale. Any development should be 
undertaken after a thorough feasibility study and engineering preparations. 

Overall, negligence of environmental conditions is omnipresent. For example, 
coal piles at the premises of the municipal boiler are uncovered, and dust is carried 
long distances, polluting land and soil. In the same location at the railway line, some 
stains of bitumen can be found on the surface and in pits. It should be noted that area 
occupied by a motor depot looks relatively clean according to aerial survey images 
and does not display symptoms of pollution. The site of AOR containing oil tanks is 
one of the biggest polluters. Emergency discharges exacerbate the environmental 
situation even further. 

The new residential microdistrict Privokzalny had been also examined. The 
following preliminary information has been gathered: a site of heavy contamination 
with many waterlogged land patches is found between buildings at the railroad fork 
and Privokzalny microdistrict. It has been known that aquifer is close lying to the 
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surface, and therefore any construction activities needed a preliminary study. The 
situation within the Privokzalny residential block is similar. Atmospheric 
precipitation is not absorbed by over saturated aquifers and often rainwater remains 
on the surface forming marshy puddles. As a remedy, it is perhaps necessary to plant 
water-demanding trees in this area. Moreover, the building structures are installed on 
piles. 

The quarter adjacent to the meat-processing factory is heavily polluted; a large 
amount of wastewater is not trapped by the pipeline and remains near the factory. 

Soil that accumulates a significant proportion of pollutants is a habitat of living 
organisms and mineral particles forming together an organic complex of a humus 
horizon. Incoming pollutants settle, transform, and migrate in this top horizon, and 
depending on the level of toxicity may cause deterioration or total destruction of the 
ecosystem. Meantime, increase of chemical content in the upper horizon gives boost 
for chemicals concentration in dust that emanates from soil, particularly in this arid 
(sub-arid) zone. In overall, these factors precondition the environmental situation in 
the city. 

The type and regime of urban vegetation depends on the presence of 
contaminants in soil, which controls biochemical functions, resistance to disease and 
genetic evolution of plants. Degradation and death of plants is often caused by 
abnormally high (or low) concentrations of chemical particles in soil (Kiseleva, 1976; 
Collection of interim guidelines for land assessment in KazSSR, 1979; Systematic 
list, 1961). Therefore, condition of the soil, cover which is a long-term accumulator 
of man-made substances is the foremost indicator used for environmental appraisal 
(Kovalskaya 1974; Classification and diagnosis of soil in USSR, 1977). 

Unlike air and water, soil is not prone to self-cleaning, or its speed is very low, 
leading to accumulation of contaminants in the zone of hypergenesis. This in turn 
provokes changes of soil chemical composition, disruption of geochemical and biotic 
integrity. Atyrau is notorious for many sites contaminated with hydrocarbons like 
mazut. 

Nowadays, many biotechnical methods of soil reclamation exist to clean soils 
contaminated with mineral oil using microorganisms, and this has proved to be very 
successful (Telitchenko, Ostroumov, 1990; Sainov et al, 1995; Belov, Barbinov et al, 
1991; Valdimirov, Lyakhin et al, 1991; Belov, Golubev et al, 1991; and Alieva, 
1992). 

Contamination of soil with car exhausts occurs near motorways and in areas 
with large at places of big concentration of transport such as urban conglomerations 
like Atyrau. Lead is the most polluting element from exhausts (Belov, Barbonov et al, 
1991). 

Until recently, it was a common practice to fertilise arable land with 2.3 center 
per 1 ha of chemical fertilisers of which 40% wave on nitrates. Soil contamination 
induced by nitrates occurs as a result of non-absorption caused by disruption of water 
regime. Some cases of vegetable and fruit poisoning with harmful chemicals are 
known. Each year, 60 tons of pesticides are used in Atyrau oblast. Contamination 
with chemicals and pesticides does not occur only because of use but also during 
their transportation and storage. The soil of Atyrau city is heavily polluted with 
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nitrogen, potassium, phosphorus, magnesium, and pesticides. Excess of nitric 
fertilisers reacts with aromatic hydrocarbons absorbed by soil, thus creating 
hazardous compounds (Goncharuk et al, 1988). 

Now, no common approach has been developed to assess maximum 
permissible concentrations of chemicals in soil. Established MPCs often differ from 
country to country making environmental appraisal a difficult task (Table 1.1.12) 
(Bespamyatnov, Krotov, 1985; Vladimirov, Lyakhin et al, 1991; Perelman, 1989). 
While compiling a summary of soil appraisal in Atyrau city, 6 harmful substances 
were taken into account. MPCs accepted in CIS countries are used for most 
chemicals, and only molybdenum and boron were assessed based on MPCs of the 
United Kingdom (see Table 1.1.13). British MPCs for zinc and nickel are provided 
both for carbonate soils (a lesser indicator) and non-carbonate soils (greater). 

At the beginning of 90s, Atyrau soils were carefully examined for detection of 
heavy elements and certain ions. For example, the team of the Space and Air 
Geological Survey no 1 ‘Air-geology’ (Volchegursky, Babanova et al, 1990) took 
228 soil samples in Atyrau city and adjoining territories used for economic activities. 
The quantitative spectral analysis was applied to determine the concentration of 39 
chemicals. The results showed that 37 of them were present in proportions exceeding 
the threshold of sensitivity established for the method. Besides, using the nuclear-
absorption method, the concentration of mercury was traced whereas fluorine was 
detected by the quantitative spectral analysis. Overall, 42 chemicals, 7 cations and 
anions were subject of the analysis as well as their acidity (pH) and oxidation-
reduction potential (EH) and electro-conductivity. 

The Chemical element most harmful to human health are arsenic, cadmium, 
mercury, nickel, molybdenum, copper, stibium, chromium, barium, vanadium, 
tungsten, and strontium. The chemical elements of the 1 category of threat include 
arsenic, cadmium, mercury, lead, selenium, zinc and fluorine are dangerous to human 
health (Murzakaev, 1977; Nikitin, and Novikov, 1980). 

Negative impact on Atyrau soil is exerted by mechanical touches present in 
construction materials (KDCM), hydrocarbons (AOR and BRNU), chemical waste 
(chemical plant), lubricants (fuel stations, motor depots and railway) and solid 
domestic waste (Murzakaev, 1981; Sidorenko, 1978, 1985; Alibaev, 1977; Bakach, 
1980; Stadnikov, 1988; Urban ecology, 1990; Owen, 1977). 

Chemical and mechanical soil contamination of the given area is also subject to 
disruption of the soil cover during the laying of engineering infrastructures, 
unauthorized waste dumping, and development of quarries. 
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Table 1.1.13 
 

Harmful substances used for a summary soil appraisal in Atyrau city 
 

№№ Elements Category Of 
Threat 

MPC 

   Commonwealth Of 
Independent States 

Great Britain 

     
1. Plumbum I 20.0 550.0 
2. Zinc I 15.0 280.0-560.0 
3. Phosphorus I 200.0 - 
4. Nickel II 4.5 35.0-70.0 
5. Molybdenum II - 4.0 
6. Boron II - 3.25 
7. Chromium II 0.05 600.0 
8. Iron III 450.0 500.0 
9. Nitrate III 130.0 - 
     

 
The occurrence of disturbed lands around the city is related to production of 

construction materials such as sand, clay and gypsum. The total area of developed 
quarries accounts for nearly 800 hа, and its volume is almost 16 mln. m3. 

Significant areas both within and outside the city are occupied by either ruins 
of obsolete structures or sites of uncontrolled industrial, construction and utility waste 
dumping. The volume of such waste is 400 thousand m3. 

As a result of change of moisture regime during flooding, the background soil 
cover occasionally transforms into intrazonal formations. Linked to the high 
concentration of harmful substances in soil of the city, its morphogenetic 
characteristics also change. Processes of ion exchange in the humus horizon are 
disrupted which causes morbidity and mortality of some floristic species or their 
growth inhibition. After the secondary salinisation, soil cover gets loose; in the 
future, this may become a source of wind erosions (Troyan, 1988; Aguess, 1982). 

Soil contamination provokes pollution of ground water (Shandala et al, 1982; 
Shitskova et al, 1984; Guidelines for research..., 1987). Concentration of 
contaminants of I-st category of threat such as arsenic, cadmium, mercury in soils of 
Atyrau do not exceed the MPCs (Volchegursky et al, 1990; 1992). However, the 
presence of some elements is on average several times higher than their MPCs 
permit, i.e. nickel 114.5; zinc – 4.4; phosphorus – 3.6; lead – 2.2; and nitrate – 1.5. 
Soil cover northward and northeastward from AOR and the chemical plant is 
characterised by a high concentration of hazardous organic elements. For instance, 
the presence of benzene, toluene, isopropyl-benzene, xylene, styrene, and α-methyl-
styrene is detected at the levels higher then their established MPCs. The range of 
MPC excesses of some substances varies between 0.4-9.0 (Galiev and Suleimenov, 
1993). 

The 3-km long land strip northward and northeastward from AOR and the 
chemical plant is considered to be the most contaminated. Moving away from these 
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enterprises, the level of harmful substances in soil decreases, and the range of 
reduction of some elements concentration varies from 1.4-4 times. It is probable that 
soil contamination at these sites may spread further in the environment. 

Numerous scientific data accumulated to date testifies to the fact that people 
living near petrochemical and oil-processing units are often exposed to harmful 
impact from high background concentration of hazardous compounds exacerbated by 
low recovery capacity of the environment (Kopanev and Kornilov, 1977; Sakhipov 
and Kalzhigitov, 1994; Sakhipov, 1994). Often the feedback reaction of organisms is 
shown only over many years. Increase of human morbidity, spread of acute 
respiratory infections, abnormal chronic respiratory diseases, allergies, diseases of 
cardiovascular, nervous, and endocrine systems, cancer, and birth defects are among 
the consequences (Kopanev, 1975). 

Soil in the Ural delta is represented mainly by liquid silt and loam containing 
on average 113 mg/kg of zinc, 2,638 mg/kg of manganese, 70.1 mg/kg of copper, 
44,461 mg/kg of iron, 19.3 mg/kg of cobalt, 18.5 mg/kg of lead (Andreev, Grigoriev 
et al, 1989). During dredging works in the area of 1 km along the stream, the 
concentration of heavy metals in water increases 1.6-2.0 times due to disturbed 
bottom sediments and dissolution of mobile metal forms. 

Hence, the environmental situation in Atyrau and adjacent area is extremely 
unfavourable with the respect to chemical composition of the soil. The most 
contaminated part of the city is the centre where the MPC excesses of boron, 
phosphorus, chromium, zinc, stibium, iron and scandium, and the maximal rate of 
molybdenum, barium, manganese and vanadium are registered in soils. This also 
includes a large area notable for the highest level of water-soluble nitrates and 
bromine that is based at chemical and oil refinery plants in the south of the city and at 
the site crossing the city from the east to the west in its northern part. The entire study 
zone has displayed the presence of chemical elements overpassing the MPCs, i.e. zinc 
– from 1 to 27 MPC, nickel - 7-22 MPC, chromium – 2,000-24,000 MPC, 
phosphorus - 1-6 MPC, boron - 7,5-98 MPC, iron – 40,000-100,000 MPC, scandium 
– up to 2-5 MPC. It is evident that accumulation of contaminants harmful to human 
health has occurred and is occurring primarily due to human interference. Monitoring 
of soil and groundwater geochemical state should be regularly carried out. 
 

1.1.5. State of subsurface and protection of geological environment 
 

The area of Atyrau is in the southern part of the Pre-Caspian depression and 
located at negative altitudes. It is characterised by overall surface uniformity 
disrupted by the Ural River floodplain at lower levels and a slight 2-4 m raise 
westward from the city. Erosive and accumulative Ural floodplain contains high and 
low terraces with its riverbed traversing the city in sub-meridianal direction and 
cutting in for 4-7 m through the floodplain. Denudation-tectonic relief is confined 
within the salt-dome structure of Chernaya Rechka. The slightly elevated surface is 
poorly intersected into small hills and ridges where cones and depressions of karstic 
origin are formed. These hills and ridges are composed of sandstone, claystone and 
limestone whereas cones and depressions are developed on gypsum, plastered clay 
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and gypseous shale. 
Accumulative type of landscape is present on most of the territory. This 

alluvial and deltaic floodplain was formed in Quaternary period. The current delta is 
prominent in the south of the region and is of asymmetric structure. Riverbeds 
penetrate into the floodplain for 2-4 m. 

During environmental surveys, geological methods play an important role as 
all exogenous processes are overwhelmingly reflected on the surface. The scale and 
impact of these processes on the environment depends on the geological structures, 
which includes lithologic composition, structural forms and mineral resources content 
in the lithosphere. Natural and man-made processes on the surface influence the 
upper layer of lithosphere including its lowest stratum. Based on this, below is the 
brief structural description of the area where Atyrau city is founded. 

The given area is located in the south of the Pre-Caspian depression, which is 
an edge of the largest tectonic structure of Eastern European plate. Like the entire 
plate, the Pre-Caspian depression has undergone an early stage of earth crust 
consolidation and has a double-deck structure. The lowest level is a crystallised base 
while the upper one is a platform mantle. Both by size and thickness of the 
sedimentary cover (up to 22km), the Pre-Caspian depression is a unique tectonic 
depression which is remarkable for a thick salt-bearing section of Lower Permian 
period. 

The Pre-Caspian depression has a long and complex history of geological 
development (Nikiforov, 1977; Alekseenko, 1990; Volchegursky, 1990 and 1992) 
which is also attributed to the Atyrau city area. 

The territory of Atyrau city belongs to the ancient Pre-Riphean plate with a 
crystal base of Archaean-Lower Proterozoic age. Thus, it is commonly accepted 
based on seismic surveys that the formation of continental crust in this region and in 
the Pre-Caspian depression took place at the border of Lower and Upper Proterozoic 
periods, i.e. around 1.5 bln years ago. The solid continental crust formed by deeply 
metamorphosed crystal shale and granitoids went through some considerable change. 
At the level of the crystal base, the city area is found within Guryev prominence 
forming Astrakhan and Aktubinsk elevated systems, which frames the internal central 
depression of the Pre-Caspian depression in a shape of a horseshoe and stretches for 
more than 1,000 km. The absolute levels of the structural prominences are registered 
at -7.0 to -8.5 km. The central part of the depression and deeply sunken reef systems 
are covered with the earth crust of oceanic type emerged lately as a result of 
destruction of primary continental crust. 

Down in the crystal base, a platform mantle is composed of two structural 
mega-complexes: subsalt Riphean-Paleozoic and sub salt-dome Khungurian-
Quartenary period. The subsalt mega-complex is formed of pre-plate Riphean-Lower 
Paleozoic and Plate Middle-Upper Paleozoic rocks. Pre-plate terrigeneous rocks and 
carbonate are detected thanks to their geophysical characteristics and attributed to 
reef structures. They occur directly in the basalt crust of the oceanic type. This proves 
that crust destructive processes took place at the beginning of Riphean age and went 
on throughout Paleozoic. 

It should be noted that around Atyrau, continental crust destruction processes 
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became apparent in formation of large zones of deformations though the continental 
crust has survived. Moreover, it is probable that in the pre-plate stage of the 
depression development, Guryev prominence and other Astrakhan-Aktubinsk 
elevated zones continued to rise; therefore, sediments of this age are absent. Middle 
and Upper Palaeozoic terrigenous and carbonate formations are found right in the 
crystal base of this region. Their occurrence in Palaeozoic within a passive edge of 
deep Palaeozoic basin gives evidence to a calm and relatively stable tectonic 
situation. These conclusions are based on deep-hole drilling at Biikzhal well which 
discovered Upper Devonian deposits of a typical platform type at a depth greater than 
6 km. The well is drilled within the contour line of structural surface at -7.5 km. The 
depth interval of 1.5 km is filled with Devonian rocks. The correlation between 
sedimentary mantle and crystal base here is similar to the one within the southern 
stable edge of Volga-Ural (Essenov, Kunaev and Mukhamedzhanov, 1968). 

An upper laying salt-dome mega-complex marks the new stage of regional 
development. Towards the beginning of Khungurian age of the Lower Permian 
period, the Pre-Caspian sea basin has become isolated. The age of internal sea 
development had started, and its first stage was the Khungurian halogen basin. 

Over 10.3 mln years, a layer of halogen formations up to 6.5 km thick has been 
accumulated in this basin as a consequence of avalanched sedimentation, and it is a 
source for formation of salt-dome tectonics. Pushed by gravitational and tectonic 
forces, these halogen formations created vast salt bodies and depressions between 
them, which have determined the further tectonic style of the region. Development of 
salt domes provided for deformation of below-lying deposits; and closer to dome 
structures, the stronger was the process. The weakest rock deformation occurs in 
intradome depressions, i.e. greater stability of the region. The territory of Atyrau city 
is based in the depression zone between domes of Chernaya Rechka and Railway 
Station no 2. Within the dome, salt cores are found at a depth of 100 m; 
southwestward the domes of Chernaya Rechka reach a gypsum-anhydrite pack at the 
depth of 20 m. 

Due to salt tectonics, Palaeozoic rocks crop out immediately in the west of the 
city exposing formations of chemogenic sediments of Khungurian layer of Permian 
age. These are presented by gypsum, crystal halite, limestone, sandstone, plastered 
clay, and gypsum shale. The upper part of the salt dome is composed of sulphate 
whereas the lower one is of halogen. According to the results of seismic surveys, the 
height of salt dome is 5 km. “Per-salt hat” is a product of weathering taking place in 
bearing rocks and salt layers composed of gypsum, anhydride with clay, shale and 
limestone bands. 

Mezozoic deposits cover unevenly deposits of Khungurian layer and contain 
terrigene and sedimentary complex 1,700 m thick. The Jurassic deposits (Batsk and 
Bajocian strata) hold carboniferous deposits, which are 100-150 m thick. 

Neozoic section starts at marine green clay and palaeogene marl layers, which 
are 200 wide. Up along the section, marine clay, marl, siltstone, sandstone, and 
limestone – shell rocks of Neogene age are bedded. The thickness of deposits is 250-
260 m. 

The top part of the section belongs to the Quaternary system. It contains marine 
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and continental sand, clay, clay sand and clay loam partially with gypsum bands; the 
total thickness of Quaternary deposits attains 125 m. 

The Latest Neogene-Quaternary history of the regional development is 
different from the previous age. Salt-dome tectonics in the deposits of this age is not 
prominent. Underlying Mesozoic deposits at the dome of Chernaya Rechka are very 
deformed with angles of sinking at 30-400, while Quaternary rocks occur 
horizontally. This demonstrates the sharp decline of tectonic activity and all 
phenomena of Quaternary age are largely linked with climatic factors that explain the 
Caspian Sea level transgressions rather than with tectonic activity in the region. 

Based on seismic survey, the dome of Chernaya Rechka sinks northward and 
lifts again up to the depth of 100-200m in the region of Kondaurovo.The salt core is 
shaped as triangular and its edges are directed west, northeast and southward. Pre-salt 
bearing rocks are broken by fissures. The northeastern wing of bearing rocks is the 
most elevated, and in the top part, its rocks occur at 30-400. In the western and 
southern wings, rocks near the core sink at the angle of 70-800. The northern block 
should be regarded as a linking bridge between the domes of Chernaya Rechka and 
Kondaurovo-Redut. 

The outlying part of the southwestern wing of salt-dome structure at Railway 
Station no 2 adjoins the eastern border of the given region. 

In Quaternary age, at the study area four considerable transgressions of the 
Caspian Basin took place accompanied by a series of coastline oscillations at 
regression stages. The latest, Late New Caspian transgression went through two stage 
of recession. The first one was fixed southward of the city approximately at the 
border between Taskala and Big Damba villages. This coastline is correspondent to 
the average long-term level of the Caspian Sea, which is -25.4 m BS. The floodplain 
of the Ural River leaned at this coastline and formed a range of outflows, which 
sediments form the modern surface of the city and its surroundings. Regular 
fluctuation of the sea line and flooding of riverbeds have produced deltaic sediments 
which are dominated by sand and clay loam. The Ural River floodplain has got 
developed terraces composed of alluvial sandy formations. Further regression of the 
Caspian Sea (second stage of Late Caspian recession) led to the creation of the 
modern aquatic basin at the level of around -28.0 m BS (as in 40 s). 

Deltaic and alluvial deposits of Late New Caspian age laying the ancient 
surface of the city are formed of loose clay loam, clay sand and sand that in turn 
contain gravel and pebble at beach ridges. Their thickness is not great, around 5-7 m. 
They contain the first laying aquifer, which is followed by a stratum of Early New 
Caspian, Khvalynian, Khazarian, and Bakian deposits packed with relatively compact 
clay loam, clay and sand bands 60-70 m thick in total. These deposits are sufficiently 
solid and are able to support high pressures, in addition to containing sand-clay 
layers, which are used for brick production. 

In light of Pre-Quaternary intensive growth of salt domes, the Quaternary 
stratum is occasionally thin, and some horizons overlay on more ancient Pre-
Quaternary formations. This is observed in the northwestern and southeastern suburbs 
of the city. In the former case, thin Quaternary layer (up to 10 m) leans directly over 
gypsum-anhydrite rocks of Upper layer of Khungurian Lower Permian system, which 
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is at the area of the old airport. Gypsum and anhydrite are easily leached and form 
karst. Occurring in the area of aeration, these rocks form subsided cones that are 
found westward from the Atyrau-Uralsk motorway at the entrance into the city. 

In the southeast of the city, Quaternary deposits overlay the Jurassic system. 
The latter one holds secondary deposits of hydrocarbons. This is observed 
southeastward from Tukhlaya Balka within fields of estuary irrigation. 

As noted earlier, New-Caspian deposits contain the first surface water-bearing 
horizon. It occurs at depths varying from few centimetres to 4 m but normally at 1.5-
2.5 m. The thickness of sand horizon bearing water is not more than 1.0 m. Such 
highly saline sulphate-magnesium-chloride water has the salinity level reaching up to 
80 g/l. It is hydraulically connected with low lying Khvalynian aquifer and is not 
protected at the surface. These conditions require application of precaution measures 
during landfilling of industrial and domestic waste. Pollution of ground water directly 
related to the quality of drinking water supply from the Ural River will cause high-
level salinity of aquifers. 

Lack of rock deformation at intradome area demonstrates the stability of the 
area where a major part of the city is based. 

Horizontal bedding of Quaternary deposits reveals the decline of tectonic 
activity in this area occurred at Quaternary age, thus the Caspian Sea level fluctuation 
is explained primarily by climatic factors. 

At recent tectonic stage, provoked by a relative raise of the Pre-Caspian 
depression and lifting of salt domes at a speed of 1 mm/year some differentiated 
tectonic movements are observed. As a consequence, around 90% of all known salt-
domes are established in the modern relief. 

Physical-geographical and geological features of the given area, economic 
status of Atyrau city as a industrial centre of oil exploration and oil-processing 
industries in Emba and Tengiz oil regions and infrastructure (pipelines, railway and 
motorways and other services) created for these purposes are all putting much 
pressure on the very vulnerable ecological conditions in the region. 

Based on such regional particularities, especially its landscape, i.e. a flat 
floodplain closely related to the Caspian Sea, it is necessary to carry out regular 
monitoring of environmental conditions. 

 
Geochemical characteristics of rocks bedded at the bottom 

 
In 1990-1992, the Space and Air Geological Survey no 1 of the Ministry of 

Geology of USSR (Volchegursky et al, 1990 and 1992) analysed core samples using 
the spectral method for detection of polluted rocks. They were taken mainly at the 
depth from 2-4 m to 20-40 m, and sometimes 50-90 m. The concentration of the 
flowing elements was traced (Eremenko, 1969): copper, lead, cobalt, nickel, zinc, 
molybdenum, chromium, vanadium, titanium, stannum, magnesium, manganese, 
barium, beryllium, niobium, zirconium, tantalum, lanthanum, yttrium, argentum, 
tungsten, bismuth, germanium, scandium, strontium, lithium, phosphorus, boron, 
aluminium, iron, calcium, silicon, sodium and mercury. Such elements as gold, 
tantalum, hafnium, uranium, indium, cadmium, thorium, cerium, tungsten, stibium, 
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thallium and arsenic are not found. 
The data of spectral analysis was converted from a percentage value into mass 

for each element (g/t). As a result, it turned out that concentration of arsenic, 
cadmium, mercury, lead, molybdenum, vanadium, tungsten, manganese and 
strontium did not exceed their MPC rates except strontium, which was present in 
some wells in significant concentrations. However, due to the lack of MPC for this 
element, it was difficult to determine the level of its threat. The concentration of other 
elements depended on the depth and lithology; however, it is impossible to trace a 
pattern as in some cases the concentration of some elements increased with depth and 
of others declined whereas the third ones were completely absent. This irregularity 
was confirmed by testing carried out in 1994-1995 (Davidovich, 1994; Zotov and 
Davidovich, 1996). Methodology of that study is described in the literature (Saet, 
Revich et al, 1990; Perelman, 1975 and 1989; Zhovinsky, 1991; Geochemical 
research...., 1991 а, b). 
 

Mineral resources 
 

The raw material base of the city contains six fields of construction material 
(adobe, gypsum, and sand). Most of them congregate in the east 12-15 km away from 
the city. Atyrau adobe field is located in the immediate vicinity to Atyrau. Four of the 
fields are under development, and two are kept in reserve (Table 1.1.14). Here is a 
brief description of the fields. 

Chernorechenskoe field of gypsum is 1.5 km northwestward from the city and 
belongs to Chernaya Renchka salt dome. Usable layer is composed of gypsum of 
Khungurian stratum of Lower Permian period. Based on the laboratory research, 
gypsum is suitable for production of construction plaster of 1 and 2 class through 
firing. Mining and technical conditions are favourable. Potential for further reserve 
formation is not limited both westward and southwards from the field and down to 
the depth. Plaster is used for wall and alabaster production. 

Atyrau adobe field no I is located northwestward from the city. Its layer 
belongs to the deltaic formation of New Caspian stage. It lays horizontally with the 
thickness changing from 2.29 to 2.36 m. On the surface, it is completely covered with 
vegetation. The underlying stratum is composed of sand. The usable part is mainly of 
montmorillonite and suitable for production of brick type “75” and 15 known for its 
frost-resistance. 

Atyrau II field of adobe clay is 10 km northeastward from the city. In its 
geological formation, rocks of Khvalynian and Post-Khvalynian age are prominent. 
The productive layer is composed of coloured clays thinly banded with clay sand and 
sand. Its thickness reaches up to 10 m whereas top layers are from 0.10 to 0.25 m 
wide. Ground water is found at 3.90-5.70 m with poor water infiltration. The results 
of laboratory and semi-commercial tests show that this clay may be used for 
production of non-conditioned full-body and porous brick using moulding in a 
stratified state while vapour heating. The clay reserves may grow if to develop in the 
north and east from the developed area. 

Pridorojnoe sand field is based in the eastern suburb of Atyrau 0.5-1 km 
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northeastward from Pridorozhny village. The field has two sites: northern and 
southern. The geology of the field is formed by deposits of Lower New Caspian 
stage. Its productive layer contains sand of alluvial-deltaic deposits, which may be 
0.2 to 37 m thick. The field is developed down to 4.0 m reaching the table of ground 
water. According to technological tests, adobe of this field could be used for 
production of porous calcium silicate. 

Sokolok-I is the raw brickfield located 13 km northeastward from Atyrau city. 
Its geological structure is composed of marine deposits. Modern Quaternary 
formations contain mainly clay loam 0.5 m wide. The productive part is attributed to 
Khvalynian deposits and formed with brown and brownish clay loam and pack of 
green-brown clays. Clay is compact, viscous, and sometimes sandy with fine and rare 
insertions of fine shell. The thickness averages at 3.45 m, and the average tapping 
thickness is 0.26 m. The productive layer is underlain with fine-grained carbonate 
sand. Sand is suitable for production of bricks “100” and “125”. 

Sokolok-II field is found immediately near Sokolok-I field, and their total 
productive stratum is attributed to mature homogenous clay deposits of Khvalynian 
stage. Favourable mining and hydro-geological conditions permit development of the 
field as an open quarry. Proven reserves may provide 42 years operation of a brick 
plant with a capacity 40 mln units per year. 

In addition to the quarries that develop fields with proven reserves, there are 
many cases of unauthorised quarry development in the given area, i.e. without a 
special license. Upon depletion of the site, no reclamation activities are undertaken, 
and natural factors complete the process of land deterioration started by man. All 
described fields display degraded ecological conditions. Often, the quarries are also 
used as a dumping ground for all sorts of waste, which create local sources of 
pollution. 

Mineral water and therapeutic mud are regarded as mineral resources too. 
Mineral water of nitrogen, nitrogen-methane, and methane types is found in Pre-
Caspian artesian basin. Chloride-sodium waters are widely spread in deposits of 
Neogene, Cretaceous, Jurassic, and Permian-Triassic ages (Groshev, Moldabekov, 
1991; Groshev, 1991; Sadykov, Chakabaev et al, 1977; Sadykov. Kan et al, 1986). 
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In Atyrau city, during drilling works at the depth of 202-287, a potential 
aquifer was open which contains salt water of chloride and sodium type and bromine 
concentration of 89-113 mg/l. The salinity value is 216-234 g/l, and the flow rate is 2-
3.5 l/s. Water is pressurised and occurs at the depth of 1.7-7 m. 

As concluded by the Central Institute of Balneology and Physiotherapy brine 
chloride-sodium water discovered in Atyrau is good for therapeutic purposes if 
dissolved up to the salinity of 20-60 g/l. It could be used for treatment of chronic 
diseases of musculoskeletal system, peripheral nervous system, gynaecological and 
other illnesses of the cardio-vascular system (Dzhanguiriants, Diarov, Karamurziev, 
Drizo and Sakhipov, 1993). 

Until now, Guryev Hydro-geologic Survey (Groshev, 1991) has run tests at 6 
institutions of preventive medicine for the use of local mineral water. Thorough 
drilling works were undertaken in the area of Atyrausky health centre. Two wells 
were dug with an approximate reserve of 84 m3/day. Decision on the balneologic 
quality of water and its potential for further use has already been passed on to the 
Institute. 

Besides mineral water, mud from Karabotan Lake is used for its therapeutic 
quality. Its reserve counts 25,000 m3. Four health centres specialising in preventive 
medicine based in Atyrau including Atyrausky apply this mud for treatment of 
diseases of the nervous and musculoskeletal systems (Diarov, Dzhanguiriants, Drizo 
and Sakhipov, 1993). 

Analysis of available information about mineral water and therapeutic mud in 
the entire Atyrau oblast leads to the conclusion of great potential balneologic reserves 
in the region. 
 

1.1.6. Flora and fauna 
 

1.1.6.1. Status of flora 
 

The importance of studying species of flora and fauna, and to develop 
measures for their conservation has been increasingly recognised in light of the 
ratification of International Conventions such as the Convention for Conservation of 
Biodiversity (CBD) and the Convention to Combat Desertification (CCD).The 
floristic composition of the North Caspian Sea was formed in the relatively recent 
time from historical suites of desert-steppe, meadow-tugai (riparian woodland) 
halophyte vegetations. Higher plants of the North Caspian region count 945 species 
from 88 familia and 371 genera. 

Chenopodiaceous, composite, fabaceous and cruciferous species are most 
widespread. Amongst them, 31 species are vital for ecosystems including trees, 
shrubs, dwarf-shrubs, sub-shrubs, biennial and annual grasses. 

According to ecological types, local flora contains xerophyte, mesophyte, 
hygrophyte, and hydrophyte families. Diversity of ecologic and biological 
morphology determines the desert type of vegetation. 
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Salsolaceae vegetation is the most common in the area. This is related to both 
natural factors and human impact. Halophytes grow in floodplains and depressions on 
coastal meadow-marshy dry, coastal meadow basic dry, coastal sod, sod stratified 
saline and slightly saline soils of different texture. Amongst annual Salsola spp., 
Petrosimonia triandra, Atriplex tatarica L., Suaeda altissima (L) Pall, S. acuminates, 
Ceratocarpus arenarius, Salsola australis. Salsolaceae create mono-dominated 
communities mainly of Suaeda spp. and Petrosimonia spp. Often ephemerous species 
get developed in Salsolaceae vegetation (Eremopyrum triticeum, Lepidium 
perfoliatum L, Descurainia Sofia (L)), forming Salsola-ephemerous, ephemerous-
Salsola and Descurainia spp. and Salsola spp. communities. Some shrubs such as 
Nitraria schoberi L and Tamarix floribunda are uncommon among Salsola. 

Shrubby vegetation is met in floodplains and depressions on basic meadow-
dry, sod, sod-stratified basic saline and slightly saline soils of various textures. 
Nitraria schoberi L, Tamarix floribunda and Calligonum L are dominant. Together 
with Salsola and Artemesia spp., shrubs form Nitraria-Salsola communities with 
ephemerous and shrubby-sagebrush. Among Salsola vegetation, Atriplex tatarica L., 
Petrosimonia  triandra. Springtime brings ephemerous such as Eremopyrum triticeum 
(Gaertn), Lepidium perfoliatum L, Alyssum desertorum Stapf. Sometimes, shrub 
communities contain Artemisia arenaria and Artemisia monogina. 

Halocnemum and Kalidium vegetations are spread in lake-shaped depressions 
and large floodplain depression. Halocnemum forms mono-dominated communities 
with rare annual Salsola spp. such as Petrosimonia triandra, Suaeda altissima (L.) and 
Salsola australis. In springtime, on the Kalidium spp., ephemerous species often grow 
such as Eremopyrum triticeum, Lepidium perfoliatum L. Halocnemum with them 
create Halocnemum and ephemerous communities. 

Kalidium communities occupy similar habitats with Halocnemum. Their 
vegetation is remarkable for a poor floristic composition. Together with Kalidium 
foliatum, many Salsola spp are normally met such as Petrosimonia triandra, Suaeda 
altissima (L) forming Kalidium and Salsola communities. 

Artemesia vegetation is common on coastal sod and sod-stratified basic shat-
marsh and salt-marshy sandy soils. Artemisia monogyna forms mono-dominated 
communities or in complex of grass canopy Salsola ssp. come in, e.g Petrosimonia 
triandra, Atriplex tatarica L., Ceratocarpus arenarius and shrubs such as Nitraria 
schoberi L and Tamarix floribunda, making up Artemesia monogina -Salsola and 
Artemesia monogina- shrubs communities. 

Overall, the diversity of natural conditions in the oblast makes vegetation very 
varied. Each part: coastal, river delta, steppe and desert, has its own floristic 
communities. Natural vegetative expansion occurs in two directions: pre-deltaic 
where meadows prevail and central dominated by desert vegetation. 

The baseline study of vegetation cover shows that its greater part has become 
degraded as a result of desertification processes triggered mainly by economic 
activities (Volchegursky et al, 1992). The vegetation cover becomes thin, species 
number diminishes, and some become extinct whereas weed spreads on (Kurochkina, 
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Shabanova, 1994 and 1995). Every 25-30 years, at least on 25-30% of the area the 
composition of dominant species alters. 

Thick reedbeds grow in southern suburbs of Atyrau, which is in Ural delta and 
stretches for 100 km along the Caspian coastline. Reed is often incorrectly taken for 
rush (Drizo, 1961; Klimnetova, Fedoseev, 1995). The perennial plant of grass family 
reed is a large hydrophilic grass with a pyramidal panicle. In CIS, three species of 
reed are known of which common reed is the most readily available. This rhizome 
plant growing mainly in shallow waters (lakes, rivers etc.), may rise up to 9 m high. 
Reed is found also in marshes, meadow, sands, and salty marshes though in a 
suppressed state. However, it may sustain significant levels of salinity. In arid zones, 
reed may occur only if groundwater is close to the surface. Common reed being 2 m 
high may give 10-12 tones of dry solid matter per hectare and if higher – up to 40 
tons per for each hectare. At its young stage, reed contains a lot of sugar and serves as 
fodder for horse and livestock, but with ejection of the panicle, it hardens and is thus 
not so eagerly consumed by livestock. If reed is mowed during the development stage 
of 8-10 reed leaves, it may supply good hay; and if before the florification period, 
than it is a good source of silage. Reed may be used as valuable construction material 
(wall, roof, and fence) and for production of reed-fibre mat. In overall, in the Ural 
delta reedbeds occupy an area of 85 thousand ha (Russanov, 1995). 

Reedbeds play an important role in the reduction of coastal abrasion, i.e. in 
alleviation of wave strength, transformation of chemical composition of river inflow 
into the sea, development of production-destruction processes, slurry settlement, 
sorption, and settling of organic matter and pollutants (Metreveli, 1995). In spite of 
its positive quality as a biological filter, reedbeds impede migration of fish for 
spawning (Belyaeva, Korotenko, 1985) and causes eutrophication (Sirenko, 1985). 
 

State of plant communities and their role as indicators of human impact 
on the environment 

 
Phytometry is a form of biological indication whose methods are based on the 

establishment of a correspondence between vegetative types and ecological 
conditions. The methodology of geobotanic survey and phytometry was developed by 
Russian scientists Vikotorov S.V. (up to 1961) and. Vostokova Е.А and others (1962-
1980). This primarily includes matching of aerial survey images with geobotanic 
types of vegetation and boundaries between botanical associations. It is important to 
determine an indicative value of vegetation for an ecological factor such as level of 
salinity, waterlogging, extent of grazing, proximity of ground water, pollution, 
texture of soil, geological structure etc. Interchangeability of external factors with 
plants ecology allows looking at vegetative communities as at a result of total effect 
of biosphere on combination of different conditions of physical environment. 

Therefore, the idea of indication of vegetative communities by different 
parameters of physical environment is natural and effective. It is important to pay 
attention to those plant features that may disguise and distort ecological information. 
The most important requirement of environmental survey is to establish an indicative 
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value for a type of vegetation spread in a specific region. The appearance of some un-
inherited changes in the same species may explain the background of an urgent 
environmental issue. Inborn and un-inherited variety of the same species should be 
detected within the polytypic concept. For example, the red and orange colour of 
saltwort is not quite related to its indicative value. It is just a background or in other 
words, a feature determined by 1-2 gene that codes some carotinoid in 
photosynthesis. Indicative geobotany is therefore at the border between the phenetics 
and genetics of a population. 

Based on this, methods were developed for environmental phytometric survey 
of grass cover in Atyrau and assessment of its tree-shrub vegetation (Volchegursky et 
al, 1990). In addition, during microscopic research, the indicative value was 
established for dinoflagellates, which causes reddening of salt marshes and water 
polluted with hydrocarbons. 

Having applied geobotanic methods, some rules were brought to light, which 
helped to explain the key to the indicative-ecological geobotanic map and detect 
vegetative associations that characterise the environmental state. It has been 
established through observations, comparison and literature search that native 
vegetative associations, more or less resistant to human-pressure, are composed of 
Salsola type with some participation of ephemerous in system with Halocnemum. 
Such vegetation is notable for solonetz and slightly solonetz soils developed in 
deltaic sediments, slight or medium salinisation and poorly defined sor formation.  

Thousands of years ago this association occupied a large area of the modern 
Atyrau city. Nowadays, it is present only outside of the city, and its composition has 
greatly changed. Vegetation conserved in its original state may be found in some 
small areas of 1-2 m2 and more within the city and outside. Salsola association 
possesses relatively high tolerance to anthropogenic pressure, soil compaction, and 
pollution. Such resistance is related to pre-adaptation, result of evolutionary 
development in deltaic deposits. These deposits are extremely diverse in terms of 
ecological conditions: interlaying of soils of different texture, various levels of 
salinity and waterlogging and mainly random emergence of new and diverse factors 
of natural selection. Despite of resistance of Salsola association in question to human 
impact, yet many cases of the environmental disturbance are known. The most 
environmentally stable occurrences of this vegetative association are registered on the 
right bank of the Ural River westward from Zhumusker and Erkinkala villages. 
However, 2-3 km to the east of Tendyk village near the railway station “Orbita”, an 
area of mass propagation of loopers, and caterpillars is found, and this inhibits the 
biological productivity of the vegetative community and consequently their resistance 
to anthropogenic pressure. 

Next, native association though very modified, is represented by bruntz-grass-
motley grass vegetation with rare trees, remains of forest and thickets of tamarisks. It 
originates from ancient floodplain vegetation of tugai type, floodplain forests, and 
areas of sparsely tree growth having a savanna appearance and containing a rich 
diversity of species including tens of fabaceous and gramineous, motley grass species 
on fertile soils slightly or poorly saline. As a result of over grazing and deforestation 
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it has obtained its modern form: small patches of forest composed of tamarisks, 
willows and oleasters, venomous and inedible plants on highly saline soils. Bruntz-
grass-motley grass association is capable of self-restoration particularly in the areas 
popular for recreational activities along the Ural river where this vegetation develops 
on expanding shoals or sites flooded with water settling ponds, water infiltrated from 
channels and reclamation facilities installed in south-east of the city. 

The other vegetative associations possessing indicative ecological value are of 
secondary emergence. It is mainly Suaeda and Artemesia group with participation of 
Chenopodium association with participation of Salsola spp., Peganum harmala L and 
Anabasis aphylla on the areas of desolate horticultural gardens and old reclaimed 
lands which display medium water salinity, have disturbed soil structure and ground 
water table at 2 m and deeper. Grass-motley grass association is similar to the 
previous one only occurring on rich hydromorphic soils of slight or medium salinity 
and grown on natural elevations of industrial wastewater tanks where native 
Kalidium and Salsola vegetation normally occurs. 

Suaeda-forbs and grass communities growing within the wastewater settlement 
tanks are peculiar and interesting owing to mass malformations and chlorosis of 
Suaeda at land spots badly polluted with heavy metals and hydrocarbon pollutants. 
This phenomenon takes place on carbonate soils (broken shell) and may be indicated 
by Zygophyllum fabago. Vegetation of degraded and much degraded sites covered 
with Kalidium and Salsola vegetation is destroyed or replaced with weeds. Within the 
city Salicornia, Halocnemum and Phragmites represent secondary associations. 
Outside of urban buildings, waterlogged areas of estuary irrigation and along the 
channels are overgrown with reed which has an indicative value different from the 
one occurring within the city in gardens and dachas. There reed growth indicates the 
close location of groundwater table at the depth of 2 m from the surface, soil 
gleiedness, loss of filtration capacity at the depth of 1.5 m. 

Reed development is an indicator of existing and possible salinisation of water 
lenses. Comparison of aerial survey images taken around AOR site in 40 years after 
those of the 50s showed expansion of reeds, which means increasing salinity and 
raise of ground water table. Dangerous levels of salinity and waterlogging caused by 
excessive irrigation and lack of drainage induce the growth of reed near the 
greenhouses of BOEA at the oil booster station. Another indicating feature of reed is 
its intolerance to thermal pollution. This is evident if one looks at the plant air images 
or in nature: its growth is suppressed by wastewater from the heat-power station with 
a temperature around 35-37oС. However, reed is able to sustain extreme pollution by 
wastewater free of any hydrofauna and may die only from the direct contact with 
floating bitumen and hydrocarbons. 

Association of Salicornia possess the following indicative functions: heavy 
salinity of soil with water table down at 1 m. Salicornia is a great indicator for 
pipeline leakage and often grow at the bottom of shallow pits left after house 
constructions. The plant is reliable in case of humid soil and vicinity of capillary zone 
border, only 0.5 m away. Heavy contamination with bitumen and possibly with heavy 
metals could be easily predicted by the presence of Salicornia, which in such location 
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displays mass deformation, and necrosis of shouts. Nonetheless, malformations or 
chlorosis of Salicornia is not registered in the city. According to some observations 
still to be proven, Salicornia accelerates phenol-stages of development under 
hydrocarbon pollution. Halocnemum indicates strong salinity if it occupies large 
saltpans like in the southeastern part of the city and outside between steeling ponds 
and discharge conduits. Saltpan formation is caused by the filtration and rise of 
groundwater. This was established while comparing aerial images taken 40 years ago 
and other surveys. 

Other grass communities in Atyrau are dominated by weeds and include 
Atriplex spp, Chenopodium spp., Suaeda spp, Xanthium spp, gramineous plants and 
others. Except Suaeda, they are not of indicative value. Suaeda may just accelerate 
phenol-stages of development along the motorways caused by ethylene and its 
derivatives emitted from car exhausts and indirectly indicate the accumulation of lead 
along the roads. Propagation of other grasses may occur by incidental invasion or 
simply by their attraction to human settlements. The fact that Thypa spp. may 
indicate a recent burst in a water pipeline has not been widely recognized due to its 
rare occurrence and narrow environmental niche. 

If they begin to populate bitumen and bacterial holes decomposing and pierced 
with blue and green and green algae, these pioneering groups of filamentary green 
algae are indictors of the beginning of the self-purification process. The next stage of 
this process is the emergence of microscopic populations of volvox algae, Pinnularia 
and Closterium, which bring over zooplankton, daphnia etc. For example, water 
purity in the southeastern section of settling ponds suffices for existence of diverse 
aquatic fauna that provide breeding for sandpipers, ducks, and other birds. 
Monitoring and water sampling is still needed to detect changes in self-purification 
processes between areas occupied with reed and populated by filamentary algae. The 
mystery of the white foamy substance that develops during primary self-cleaning of 
wastewater has yet to be resolved. Microscopic analysis revealed that it is not crystal 
but an amorphous substance pierced with tiny black drops of bitumen (Volchegursky 
et al, 1990 and 1992). 

As proven, another pattern of self-purification may take place if local 
hydrocarbon pollution occurs first, the appearance of oil consuming bacteria, 
followed by occurrence of red and/or green-coloured dinoflagellates that feed on 
bacteria and finally the growth of small red ciliated worms (Katsnelson, 1967; 
Mironov, 1971, 1977; Patin, 1976, 1977, 1979, 1994; Nelson-Smith, 1973, 1974; 
Nesterova, 1985) and (Labunskaya, 1994). If one looks at aerial images, 
(Volchegursky et al, 1992) water seepage from bitumen-polluted saltpans to adjacent 
saltpans, gives a red or pink colour formed on the surface by organisms feeding on 
oil-consuming bacteria. Within the city, there are pits and puddles that are polluted 
with hydrocarbons. Most are located in the premises of AOR near the mazut tanks 
wash facility, at the border between AOR discharge pipes and chemical plant, to the 
south from the railway, 1.5-2.5 km eastward of the residential town, in north-western 
suburb of Parovoznik village and near the oil pumping station of BRNU. Red 
coloured population of ciliated worms is found in the small pit 250m eastward from 
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the railway line serving the chemical plant between the northwestern angle of the 
settling pond and the motorway. It is still necessary to find out whether the external 
self-purification process of water-bodies polluted with bitumen is accompanied by a 
release of toxic substances, which is common for many microbiological processes. 

The state of tree cover in the city is important for the health of the city, and it is 
an indicator of fluctuations of ground water level, soil salinity and fertility and the 
degree of care given to green spaces. Based on the afore-mentioned methods, a map 
of green spaces was compiled which shows that green plantations are mainly spread 
along the Ural river and its outflows, besides some sites effected by loopers in the 
residential block and in Pobeda park. In most cases, the green spaces are well looked 
after. 

Areas of arboreal-and-shrubby vegetation (ASV) in good or bad state are often 
found southward from meat-processing factory and northward from the Baimukhanov 
Street to the Church. The extinction of 70% of elm trees near the forestry service 
building may be explained by insufficient watering and an outbreak of loopers, 
increase of soil salinity and sharp groundwater fluctuation. Assessment of ASV state 
based on calculation of dried branches showed the same results as with other 
indicators, which are as follow: 

1. Insufficient watering is indicated by relative reduction of leaves and by 
leaves prolongation (in many parts of the city). 

2. Uneven watering is shown through elm and other species of ASV and 
alternation of large, slightly rounded, and small leaves on the young shoots 
(residential town and city centre). 

3. Emergence of awkward necrosis in small leaves of elm tree predicts its 
forthcoming death from poor watering and salinisation (near the railway station and 
Tendyk village). 

Symptoms that still require some research based on long and regular 
monitoring are the following: 

1. Emergence of umbellate-paniculate shoots on an elm tree that has leaves 
only on the edge of fine and leafless shoots around 40-60 cm long indicates high 
concentration of gas and dust in air and thermal pollution (the area of the large 
bakery). 

2. Early growth of yellow lower leaves of Amorpha, ash-tree and elm-tree 
indicates the beginning of lens waterlogging grading into salinisation (near chemical 
plant and westward from Pobeda Park). 

3. Edge necrosis of elm-tree leaves means gas pollution of air, beginning of 
soil salinisation or intermittent natural conditions not related to the watering regime 
(Chapaev Str and others). 

4. White perforated necrosis of ash-tree leaves indicates hydrocarbon gas and 
benzene pollution. This is common at fuel stations. 

Fruit-trees of private gardens and dachas are in a relatively good state. 
However, uneven watering of trees in Pobeda park caused secondary waterlogging 
that has developed into lens salinisation destroying a large part of the apple orchard. 
Waterlogging and salinisation is often indicated by growth of reedbed. Death of fruit-
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trees from under-watering may also occur in private gardens, e.g. small land plots on 
the right bank of Peretaska river, left bank of the Ural river and at the Bukharka 
estuary. In this case, development of reedbeds forebodes the near death of fruit trees. 
As already observed in many irrigated dachas, dead trees or those in bad condition 
are often surrounded by reed. 

Meantime, the area around the State Fishery where an orchard was destroyed 
because of lack of care did not have any growth of reed observed. The combination 
of salinity increase and insufficient management of gardens may explain the death of 
apple-trees in many land plots located 1.5 km southward from the AOR and 
northward from the railway station. Accelerated ripening of apricot, apple, and 
particularly cherry-trees has been registered in the area from Bukharka channel to 
river port on the left bank of Ural. Moreover, this trend becomes evident towards the 
oil tank farm. 

In July, at a distance of 300 m south of the tank farm, a cherry tree was seen 
with fruits half-dried while only early species of cherry trees growing in the Tendyk 
village had just started to ripen. This could be explained by hydrocarbon gas 
pollution and fermental impact of small concentration of ethylene and its derivatives 
on accelerated development of plants, which is indicated by reddening of Salsola spp. 
and Suaeda spp. growing along the roads and at sites polluted with hydrocarbons. 

Indicative capacity of ASV is determined by both natural favourable and 
unfavourable conditions for growth and management of trees. For example, 
northward and northwestward from Parovoznik village and in the northwestern sector 
of the junction of Taimanov and Satpaev streets to the Church are the areas with 
registered raise of ground water and salinity whereas the state of trees and shrubs 
here is much below satisfactory. At the same time, a small desolate garden near the 
State Fishery is extinct obviously due to lack of care in spite of healthy natural 
conditions. Some lesion by elm and willow loopers is observed. The boundary is 
established due to lack of leaves, are not the presence of either caterpillars or their 
droppings on the ground. Several elm-trees infected by wet rot were met in the 
residential town and the garden of a kindergarten on the north of Baimukhanov street. 
 

1.1.6.2. State of fauna 
 

The Pre-Caspian area is home to fauna of all adjacent regions. Mammals and 
birds are the most common animal species are represented by Table 1.1.15. 

Amongst mammals, 14 species are of commercial value. These are Tolai hare, 
Red fox, Corsac, Badger, Wild boar, antelope, Caspian Seal, Musk-rat, Raccoon dog, 
Water vole, Small ground squirrel, Yellow ground squirrel and Steppe polecat which 
can be met in Atyrau city area and its surroundings. 

The seal is the only mammal in the Caspian Sea and is an endemic relic 
species, which has occurred in the Caspian Sea since the Ice Age (Khuraksin, 
Rumantsev et al, 1982). During autumn and winter, seals congregate on the ice of the 
North Caspian for mating, pupping and moulting (Badamshin, 1966; Krylov, 1976). 
Fattening takes place in spring and autumn in the Southern and Middle part of the 
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Sea. Mainly ill or weak seals remain in the north. In autumn with the beginning of 
icing of the sea, seals concentrate on eastern shoals and Seal islands forming huge 
colonies of 10 thousand individuals (Badamshin, 1968, 1969; Krylov, 1984). 
 

Table 1.1.15 
Terrestrial animals of the region 

 
Class Quantity 

 Order Family Genus Species 
     
Mammal 7 14 30 39 
Birds 24 40 122 230 
Reptiles 1 6 10 12 
Amphibian 1 2 2 2 

 
Currently with the help of aerial survey (Krylov and Zorin, 1986), a sharp 

decline of summer females in breeding grounds from 100 to 50-60 cows has been 
established precedent to a miscarriage increase and other pathologic deformations in 
seals. The main obvious culprit is sea pollution. During post-mortem examination 
carried out on the islands of North Caspian, pathologies of heart (16 %), liver (56 %), 
lungs (24 %), stomach (52 %), intestines (32 %), spleen (16 %) and womb (4 %) 
were revealed. Diseases propagation in the North Caspian makes seals congregate in 
the estuaries of Volga and Ural rivers (Krylov, 1986). 

Since ancient times, the northern coast of the Caspian Sea is an attractive 
stopover ground for migratory birds. During spring and autumn migrations, the 
number of waterbirds and waterfowls exceeds a million. 

Ornithologists divide the North Caspian into five regions (Russanov, 1995). 
Two in the northwestern coast and Volga delta are on the Russian territory. In 
reedbeds (240 thousand ha) of the North Caspian coast stretching from the Volga 
delta to the Emba estuary the conditions for nesting have improved which increased 
the number of nestling and moulting birds. During summer, their number was 177 
thousand birds composed mainly of immature swans, diving ducks and bald-coot 
whereas during autumn migration, this reaches 1.4 million. 

The delta of the Ural (86 thousand ha) serves as a nesting and moulting ground 
for swans and bald-coot. The number of migratory water birds ranges from several 
tens to hundred of thousands. Since the 80s, unlike the Volga delta the Ural’s water 
has come beyond the reed belt and flooded large land areas including reclaimed 
agricultural lands. 

The fifth region is the northeastern coast (320 thousand ha) starting from the 
Emba estuary to the Komsomolets Bay. Flamingo spends the entire warm season here 
and their number during the moulting period reach 70 thousand while in autumn it 
may be 70-300 thousand (according to the aerial survey). 

As seen from satellite images, higher aerial-aquatic vegetation of coastal 
shallow waters and the North Caspian sea coast occupies an area of 786.6 thousand 
ha (Russanov, 1995). Reed and cattail belt in the river deltas and on the coastline 
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provides the basis for a diversity of birds, and has biocenotic links with its habitat 
that are an indispensable condition, for its biological capacity. 

20 bird species belong to the commercially valuable category used for game. 
This includes Common duck, White-foreheaded brant, Gray duck, Bald-coot, 
Common shelduck, Common teal etc. 

Besides, the Atyrau city area shelters 46 bird species from Pre-Caspian 
Karakum which include 30 species of salt deserts such as Gray lark, Desert wheatear, 
Great Gary shrike etc. 

The coast of the Caspian Sea has always been a natural stopover place for 
migratory birds. Below is the information on their number and nature of stay: 

1. Migratory in winter and autumn - 274 species; 
2. Nestling – 125 species; 
3. Visiting - 18 species; 
4. Wintering - 28 species. 
Amongst them, 23 species considered as rare and threatened are listed in the 

Global Red List of IUCN and the Red Book of Kazakhstan. 
In order to maintain the viability of the Caspian coast as a habitat for migratory 

and wintering birds, it is important to keep the sea basin clean. However, oil and gas 
exploration and production taking place in the shallow waters of the North Caspian 
Sea is a source of irreversible impact (Diarov, Drizo, Blshakov, Kamelov et al, 1995; 
Drizo, 1996). The sea level rise that floods new areas and intakes pollutants from the 
flooded land poses increasing pressure on wildlife (Drizo, 1996; Drizo, Diarov, 
Bolshov, 1994, 1996; Drizo, Diarov, Bolshov and Abdiev 1996). All known cases of 
mass bird’mortality occurred in the shallow waters of the Caspian Sea. According to 
the specialists (Kushtalov, 1947; Egorov and Bukharitsyn, 1994), this is explained by 
hydrogen sulphide pollution of water and bottom sediments in the areas of reed 
growth. The species included into the incidents of mortality are all river and sea 
ducks and bald-coot, many species of sandpipers, seagulls while swans, pelicans, and 
flamingos are affected to a lesser extent. 

27 species of reptile are found in the Pre-Caspian depression and 12 of them 
are the most characteristic of the region. These include Toad-headed Agama, Steppe 
runner, Dice snake, Dione ratsnake, Arrow snake, Copperhead snake, Steppe agama, 
Steppe viper, Sand lizard and others. Amphibians include Green toad and Lake frog. 
 

1.1.6.3. State of fish 
 

The eastern part of the North Caspian Sea is home to 53 marine species and 
sub-species, 18 transitory, 9 semi-migratory fish species that totals to 80 species of 
100 living in the Caspian Sea. Another 42 species populate waters of the Ural River 
and its delta (Beliaeva et al, 1989; Kazancheev, 1981). This includes beluga, 
sturgeon, sevryuga sturgeon, vobla, bream, pikeperch, zherekh, sazan, rudd, common 
sprat, big-eyed shad and goby species. (Mitrofanov, Dukravets et al, 1986). Each of 
the fish species sheltered in the North Caspian and the Ural river has its own 
migratory cycle and habitat. 
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Beluga, pike perch, zherekh, sheefish  are predatory; sturgeon, sevryuga 
sturgeon, vobla, bream and shanny feed on benthos; and sprat and herring live on 
plankton. 

Amongst the family of sturgeon, sevryuga sturgeon is the most common in the 
Ural River. Belluga is the biggest fish in terms of the size and mass both in the Ural 
and in the entire Caspian Basin. V.V. Petrov (1927) described a case when a beluga 
weighing 1,000 kg, that was caught in the upper delta of the Ural River produced 180 
kg of caviar. Over 25 years, the biggest beluga registered was 867 kg, which gave 
156 kg of caviar (Mitdrofanov, Dukravets, Peseridi et al, 1986). 

Increasing pollution poses a threat to the fish population in the sea. Long-term 
pollution with even small amount of hydrocarbons, heavy metals (Kenzhegaliev, 
Bokhazaeva and Khobdabergenova, 1996), pesticides, phenols and other pollutants is 
dangerous as fish can assimilate these and in time die (Patin, 1989 and 1994). Relic 
species of ichthyofauna suffer the most. For example, over the last century intensive 
catch and destruction of sturgeon habitats have lad almost the complete extinction of 
20 of 26 existing species of this valuable fish (Lukyanov, 1967 and 1989; Levast and 
Khel, 1974). Ural-Caspian fishery has particularly experienced negative 
consequences. In the 80s, resident fish of this area, especially sturgeon acquired 
pathological malformations caused by the persistent impact of pollution (cumulative 
polytoxicosis) which was manifested in the reproductive organs, and then in the 
entire fish organism causing even myopathy (muscle lamination) (Altufiev, 
Romanov, 1994). 

In the Ural-Caspian fishing region, this is not the only consequence and 
sturgeon species suffer from weakening of caviar membrane, pathology 
hematogenesis, fat dystrophy of liver etc. High concentration of tin, mercury, lead, 
cadmium, and other metals was detected in the internal organs of total fish (Ergaliev, 
1996a). In recent time, ship, pikeperch, bream, catfish and sazan have acquired new 
formations (dermatofibrosis) of head, fins and abdominal sides (Valedskaya, 
Zubkova, Lartseva, 1989). 10-20% of commercially caught fish has been affected by 
this disease. Preventives measures have not been applied. It is still unknown what 
occurs in fish organisms at the cell level. 

Pollution of Ural waters and sea with toxic substances provokes various 
disruptions of the gonads and hematogenesis in sturgeon species as a consequence of 
metabolic pathology (Project “Seas”, 1996). The increase of androgynous fish, 
ovotestis, and tumours in gonads, transversal striated muscle fibre, and connective 
tissue has been registered. Such abnormalities cause serious alterations of the 
reproductive potential. Individuals with ovotestis and androgynes are often unable to 
participate in spawning. With the appearance of new deformations in ovary and milt, 
sex cells become degraded and mutate. The male of the species may develop severe 
inflammations in milt exacerbated by growth of new formations that replace 
generative tissue leading to complete sterility. The similar processes in the female of 
the species cause the decrease of fecundity as some parts of ovary lose their 
functions. This kind of fish accounts for 2-4 % on average. 
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An important symptom indicating weakening of surgeon reproduction capacity 
is the disruption of sexual metabolism and oogenesis. In 1986, 35 % of beluga, 15 % 
of sturgeon, and 11 of sevryuga sturgeon had such pathology. Before that time, only a 
few fish had been affected with the disease. Suppression of sex cells growth is 
observed in individuals detected with a high concentration of DDT, and in the case of 
100 % lesion, oogenesis does not occur. Deflection of oocytes development manifests 
more obviously at the late stage of gonad maturity. Overall, oocytes pathology is 
observed in the following percentage: 22 % of sevryuga sturgeon, 21% of beluga and 
17% of sturgeon - caught in the sea or the rivers of the area. Based on data of 1981-
1986, the population of spawning age, 20% of Volga and Ural sevryuga sturgeon and 
18% of Russian sturgeon had hematogenesis pathology. At the end of the 80s, a sharp 
rise of hematogenesis pathology was recorded, e.g. 51% of sevryuga sturgeon female 
was affected in 1989 whereas 44% of sturgeon female in 1987. Therefore, 25-30% of 
reproductive-age fish that migrates into the river from the sea displays such 
abnormality, thus making the participation of these fish in spawning ineffective. 

Man-induced impact on the Caspian environment is ever-increasing. It is a 
challenging task to eliminate sources of pollution. Meanwhile, fish that seek to 
migrate into areas of lesser pollution manifest regeneration of liver parenchyma, 
recuperation of mitotic activity of hepatocytes and an increasing return to normal 
metabolism. This offers hope for the recovery of normal functions of organs and 
tissue. 

At the end of the 70s, this region contributed annually 8-10 thousand tons of 
fish catch (in 1974 this was 10.4 thousand tons). Over the last 20 years, the catch has 
declined by 17 times: for example in 1995, it was 560 tons (Kamelov, 1996). 
Obviously, poaching is another factor contributing to the decline as this takes place 
on a large scale. 

In 1996, the situation worsened. The catch of sturgeon dropped by 1.64 times 
(344 tons) in 1995, the total haul of commercial fish in the Ural-Caspian basin 
decreased from 8,039 tons to 4,140 tons, i.e. it almost halved. 

The details of catch by fish species populating the Ural River and its estuary 
are given in the table 1.1.16. The haul of 1995 contained sick pikeperch (502 tons) 
which constituted 16 % of the total pikeperch catch. It is noteworthy that during that 
year, the catch of all commercial fish species, excluding vobla, decreased 16 times 
(pikeperch), 3.6 times (asp), 2.1 times (bream) whereas the vobla catch was 2.5 times 
bigger in 1996 than in 1995. In fact, pikeperch is more affected by diseases than other 
larger or small ordinary species while vobla is the most resistant. To compare, it is 
useful to consider the indicators of the fish haul in 1991 (thousand tons): total - 7.9 
including sturgeon 1.77, vobla 0.63, large ordinary fish 5.11, and small ordinary fish 
0.08. Therefore, the overall value of the fish haul was preserved only thanks to an 
increased number of vobla. 
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Table 1.1.16 
 

Commercial fish catch in the Ural river, including its estuary, in 1995 
and first half of 1996 (data of Atyrau RybakKholkhozSouz) 

 
Species Haul (tons) Correlation of haul  

1995/1996, times  
 (+ increase, 
 - decrease) 

 1995 1996  
    
Sturgeon  560 344 - 61.4   - 1.64 
Vobla  741 1,860 +251   + 2.51 
Sazan  150 70 -46.7   - 2.79 
Large ordinary fish  6,213 1,600 - 3.88 
Limited including:    
Pike perch  3,138 196 - 16.01 
Bream  2,748 1,320 - 2.08 
Asp 327 90 - 3.63 
Ordinary fish unlimited  369 260 - 1.42 
Including     
Cat-fish 152 140 - 1.09 
Pike 61 40 - 1.52 
Small ordinary fish 
(crucian and others) 

156 80 - 1.95 

Total: 8,033 4,140 - 1.94 
 

The Ural River is in the second place after the Volga in terms of scale of 
reproduction, which is explained by the influence of the water regime on sturgeon 
breeding. A significant area of spawning has been well conserved here, and is used 
mainly by satellite sturgeon. On the background of annual flow drop from 10 to 3 
km3 its efficiency for spawning has declined by 5-6 times, which is indicated by the 
number of larva. Wind induced water surges have a negative impact too. In addition, 
breeding of sturgeon in this area is constrained by reduction of fish migration due to 
breach of fishing regulations and large scale poaching. The pass of sevryuga sturgeon 
decreased 2 times in the 80s in comparison with the 70s from 308 to 163 thousand 
individuals. This was accompanied with decline of a larva number and young 
hatchings from 256 to 69 million, which corresponded to the reduction of the fish 
catch from 6 to 2 thousand tons (Bolshov, Akhmedzyanov, Bokova et al, 1989). 

Calculations made by Drizo (1993) demonstrated that, just to ensure normal 
reproduction of, for instance, sevryuga sturgeon in the Volga and Ural, it is necessary 
to make pass through not less than 42-44% of the total of fish entering the river for 
spawning. 

Currently the net ratio (Derzhavin, 1947) is far below 1; in the Volga and Ural 
rivers it is smaller than 0.10. Taking into account poaching it becomes by 20-25% 
still less. During the 90s, the movement of beluga into the spawning ground reduced 
from 123 to 19.4 thousand in 1994, of sturgeon from 24.8 to 7.5 thousand and of 
beluga 7.6 to 1.4 thousand individuals (Kamelov, 1996). 
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The population of the spawning school composed of sevryuga sturgeon, main 
sturgeon species in the Ural River (Mitrofanov, Dukravets, Peseridi et al, 1986) has 
been steadily declining since its last growth in 1977. This is notable both for the Ural 
and Volga rivers (Table 1.1.17). 
 

Table1.1.17 
 

Population (thousand individuals) of spawning school 
of sevryuga sturgeon in the North Caspian (Project “Seas”, 1996) 

 
Year  Sevryuga sturgeon 

 Volga Ural Total  
1965 441 494 935 
1966 560 503 1,063 
1967 655 635 1,290 
1968 637 822 1,459 
1969 708 859 1,367 
1970 510 1,002 1,512 
1971 401 887 1,348 
1972 490 1,059 1,549 
1973 552 1,064 1,616 
1974 449 1,144 1,593 
1975 531 1,347 1,878 
1976 667 1,374 2,038 
1977 550 1,441 1,991 
1978 565 1,307 1,872 
1979 621 1,232 1,853 
1980 578 1,120 1,698 
1981 601 947 1,548 
1982 534 1,177 1,711 
1983 640 639 1,279 
1984 587 816 1,403 
1985 698 639 1,337 
1986 884 816 1,700 
1987 656 461 1,117 
1988 677 378 1,055 
1989 590 299 889 
1990 609 306 915 

 
This is explained both by overfishing and primarily by changing ecological 

conditions of the river and seawaters and consequential morbidity of fish (Kashintsev 
and Ratkov, 1989). 

As stipulated by the International Convention of the Pre-Caspian states 
(Russia, Kazakhstan, Azerbaijan, Turkmenistan and Iran), which was ratified by 
RoK, only countries with a developed hatching industry are eligible for a quota of the 
sturgeon catch in the Caspian Basin. 

Due to the Caspian Sea level rise, the state of marine spawning grounds has 
degraded (Pirogovsky, 1981). Silting in the estuaries of the Ural River and tributaries 
inhibits the migratory routes for ichtyofauna. 

Despite unfavourable circumstances, the Ural river has remained up to now a 
leader in specific fish productivity, i.e. volume of catch per 1 km3 of river flow, 
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which in the 70 s for certain species of ordinary fish such as pike perch, bream etc 
excluding sturgeon exceeded 8-10 times the same index of such fish rivers as the 
Volga (Peseridi, Piskunova, 1972; Marti, 1972). 

Due to the transgression of the sea and associated recent decrease of pollution 
in the North Caspian Sea, reduction of salinity level and the creation of favourable 
conditions for phytoplankton, benthos and component of food chain (Smirnova, 
1989; Ardabiev et al, 1994; Ivanov, Beliayeva, Vetlugin et al, 1994) the number of 
commercial fish has risen. 

The reduction of semi-migratory fish and herring went on until the 80s, and 
since then their number had been growing; by 1992 their catch was double that of the 
1980s unlike sturgeon, whose haul ahs been declining since 1980 (Rass, 1994). 

The same picture can be seen with other sturgeon species (Korobochkina, 
1964). For example, the haul of sturgeon in the Caspian Sea dropped from 13.5 
thousand tons in 1981 to 7.8 thousand tons in 1990, the catch of beluga was reduced 
from 7-10 thousand tons registered prior to the First World War to 2.5 thousand tons 
(1968), while in 1990 this was 1.0 thousand tons (not taking into account the catch in 
Iran). 

The development of oil and gas deposits in the North-Eastern shelf of the 
Caspian Sea alarms many ichthyologists, environmentalists and Civil Society 
concerned with the state of the Caspian environment (Urgintsev, 1994; Bukanov, 
1994; Bolsho, 1994; Drizo, Diarov, Bolshov, 1994; Drizo, 1996). 
 

1.1.7. Protection of population and industrial facilities 
from natural destructive phenomena 

 
1.1.7.1. Protection of Atyrau territory from floods of 

wind-induced surges 
 

In light of the sea level rise of the Caspian sea, it is possible according to 
extrapolation of the century’s developed trend that its level will be at –25.2 m in 2010 
(Kliguet, 1995) and the sea will be on the doorstep of Atyrau city. The city located at 
-24 and -23 m will not be flooded, only that wind-induced sea surge up to 2 m may 
inundate the area. Normally this occurs in springtime when the Ural river starts its 
seasonal flood. Strong southern winds bring waves from the sea to the coast causing 
diversion of the Ural River flow, i.e. the river goes backward. Above Atyrau city, a 
significant rise of the river level may be observed which resumes straight after the 
surge. Water accumulated during wind-induced surges goes towards the lower 
reaches of the river flooding the city for the second time, now from the northern 
direction. 

Therefore, protection of the city area from flooding is not necessitated by the 
sea level rise but rather by associated wind-induced surges. The height of surged 
water of 1% abundance may be 2.5m, thus flooding up to the level of –23.5 m. 

To prevent the impact of wind-induced surges on the city, special protection 
facilities need to be installed. Based on the analysis of topographic and hydro-
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geologic conditions in Atyrau city carried out for this work by the Institute of 
Kazgiprovodkhoz, it is thought that the most feasible protection might be check dams 
(Nysynbaeva, Samoilenko et al, 1992). These could be ring-shaped joined by a by-
pass road (Zolotov, Uspensky et al, 1989). The dam will be of trapezoidal cross-
section from 1.5-2.5 m high and 15 m wide subject to the type of road on the surface. 
The dam will be at the level of – 21.9 m. Top water slope will be made at 3.0, and the 
bottom one at 2.5. For its construction, local material will be used, and water slope 
will be consolidated by crushed rock with a layer 1.4m thick (Nysynbaeva, 
Samoilenko et al, 1992). 

However, the construction of a dam will not address the issue of the city’s 
protection from flooding as surges of Caspian water may easily penetrate into the city 
along the Ural riverbed, overflowing the banks and submerging the entire city under 
water. Installation of special culverts on the Ural River may withstand this 
phenomenon. 

Therefore, measures to protect the city include setting ring-shaped dams 
around the city and low-pressure culverts on the river from the north and south sides. 
Construction of low-pressure dams should allow the passing of an admissible water 
flow for an existing level. Excess of water flow over the riverbed capacity is 
discharged into the sea, bypassing the city through channels and old riverbeds such as 
Stary Sokol and Chernaya Rechka. The riverbeds were cleaned and straightened in 
order to secure water diversion during the Ural River floods. 

Considering the unique fishery value of the Ural River, such culvert dams 
should be provided with gates allowing free fish passage for spawning in both 
directions during shutting of the culverts and also for water traffic passage. 

According to the decision of the municipal authorities, its is planned to dredge 
the channel of the Mostovoy collector and to build a site for joining the collector with 
the Ural river as a first stage of the construction while calculations and feasibility 
studies are under way. In this case, the channel of the collector will be used for the 
dispersion of wind-surged water, which should decrease the risk of the city flooding. 
It is recommended to reconstruct the Peretaska riverbed with a similar purpose. 

The approximate scope of work for the construction of protective facilities and 
the budget (Nysynbaeva, Samoilenko et al, 1992) are shown in the Table 1.1.18. 
Overall, the budget required for 1995-2010 was 83,125 thousand roubles based on the 
rate of 1992 which was 16-17 million USD, according to the authors. 

 
1.1.8. Radiation 

 
The impact of ionized radiation on living organisms has been of interest for the 

scientists and all humanity since the discovery of radioactivity and the first use of 
radiation. Since the beginning of the nuclear era, scientists have come across with is 
negatives effects. For example, already in 1895 Grubbe, an assistant to Roentgen, got 
a burn on his arm from the work with X-ray, and the French scientist Becquerel who 
discovered radioactivity developed a severe burn from the radiation. 

Amongst issues that are of scientific interest, few have attracted such persistent 
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attention of the public and have evoked debate on the impact of radiation on human 
beings and the environment (Sivintsev, 1987; Kozlov, 1991). 

After the Chernobyl nuclear station accident, the phenomenon of radiophobia 
has emerged. In many countries, the public required the shutdown of existing nuclear 
stations and a ban on future nuclear energy development, and continue to do so. 

Unfortunately, reliable scientific information on radioactive danger does not 
often reach the public whose opinion is often based on rumours. The rationale of 
opponents to the use of nuclear energy achievements stands entirely on sentiments 
and emotions, whereas its advocates make do with poorly substantiated reassurances 
(Babaev, Demin et al, 1984). As a vivid example, the Armenian nuclear power station 
was shut down amid a tide of radiophobia; few years later, in spite of huge expenses 
drawn from run-down economy the station was reopen because of an energy crisis in 
the country. 

Radiation may indeed be fatal. In large concentration, it severely affects the 
skin, while in small dose it induces cancer and genetic defects, which may reappear 
in the following generations of a person exposed to radiation and even in remote 
offsprings (Bazhenov, Buldakov et al, 1990; Alexakhin et al, 1991). 

To explain radiation and its impact on a living organism, a brief summary is 
provided below (UNEP, 1990; Kozlov, 1991). 

The whole process of spontaneous disintegration of an atomic nucleus 
(nuclide) is called nuclear fission, and the nuclide is known as a radionuclide. 
Although all radionuclides are unstable, some are more unstable than others. For 
example, half of all atoms of protactinium-234 from a radioactive source decay over 
more than a minute, while half of uranium-238 atoms converts into thorium-234 for 
four and half billions years. The time which takes on average half of radionuclides of 
such type from a radioactive source to fission is called a period of half-decay of an 
isotope. This process goes on uninterruptedly. During a period of half-decay, each 50 
of 100 atoms remain unchanged; during the next similar period, 25 of them will 
decay and so on and so forth according to the exponential law. The number of 
fissions per second in a radioactive unit is known as its activity. A measurement unit 
of radioactivity according to SI is the Becquerel (Bq) after its discoverer. One 
Becquerel is equal to a fission per second. 

Different types of radiation are accompanied by the release of various amounts 
of energy and have various penetration capacities; therefore, impact may be different 
on the tissue of a living organism. Alpha-radiation, the flow of solid particles 
composed of neutrons and protons may be prevented by, for instance, a piece of sheet 
and so the flow is unable to affect an external skin layer formed with dead cells. 
Therefore, this does not pose any risk until a radioactive substance emanating α-
particles enters through an open wound or in food or inhaled air; then it becomes 
extremely harmful. Beta-radiation possesses a higher penetration capacity, which 
enters into the tissue to the depth of 1-2 cm. Penetrability of gamma-radiation that 
spreads at the speed of light is very high, and can be withstood only by a thick lead or 
concrete plate. 

Damage caused by radiation, in a living organism is as great as the amount of 
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energy transferred to the tissue. This amount is called a dose. Radiation dose is 
received by an organism from any radionuclide or its mixture independent of whether 
it is within or outside of the body (through food, water or air). A dose may be 
calculated differently, based on the size of the affected area, its location, the number 
of people affected and time of exposure. 

The amount of radiated energy absorbed by a unit of exposed body mass 
(tissue) is called an absorbed dose and is measured in SI Gray (Gy). 1 Gy = 1 J/K. 

Therefore, the absorbed dose is the energy of ionized radiation absorbed by an 
exposed body (tissue) per mass unit. However, this unit does not take into account 
that with a similar absorbed dose, alpha-radiation is much more harmful than beta- 
and gamma-radiation. 

Considering the fact that a dose needs to be multiplied by a coefficient 
reflecting the capacity of a radiation to damage tissue of organisms: alpha-radiation is 
regarded as 20 times more dangerous than the other two. A dose re-calculated in this 
way is known as an equivalent dose, it is measured by Sivert Sv of SI. It is a unit of 
absorbed dose multiplied by a ratio of the different threat of ionized radiation on an 
organism. One Sv is equal to an absorbed dose of 1 J/kg (for X-ray, γ- and β-
radiation). 

It is important to bear in mind that some parts of the body (organs and tissues) 
are more susceptible than the others. For example, under a similar equivalent dose of 
radiation, development of lung cancer is more probable than that of thyroid cancer. 
The radiation of sex glands is particularly harmful for the risk of genetic 
deformations. Therefore, the radiation dose of organs and tissues should be 
considered with different ratios. 

The ratio of radiation risk for different tissue (organs) of a human-being under 
even exposure is 0.12 for red bone marrow and lungs; 0.03 for bone tissue and 
thyroid; 0.15 for mammary glands; 0.25 for ovaries and testicles and 0.30 other soft 
tissue as recommended by the International Commission of Radioactive Protection 
for calculation of an efficient equivalent dose (UNEP, 1990; Norms of Radioactive 
Safety (NRB), 1990; NRB-96). 

Having multiplied equivalent doses by a corresponding ratio and summed them 
up for all organs and tissues, an efficient equivalent dose will be obtained which 
reflects the overall radiation effect on the organism. This is also measured in Sivert. 
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These three terms describe only individual doses. To sum up an individual 
effective equivalent dose received by a group of people, a collective effective 
equivalent dose will be obtained which is measured in man- Sivert. 

Here, another definition should be introduced as many radionuclides fission 
very slowly and will remain radioactive for long time. A collective effective 
equivalent dose, which will be received by many generations affected by a radiation 
source during the period of its existence, is known as expected (full) collective 
effective equivalent dose. 

Such an array of terms seemingly complicated, is nevertheless a logical and 
coherent system and helps to calculate corresponding and comparable radiation 
doses. In many science-fiction articles and books, authors try to avoid the use of these 
terms; however, it is sometimes worthwhile in order to achieve a required clarity and 
precision (Babaev et al, 1984; Annenkov et al, 1991). 

It is important to provide some common off-system units with their equivalent 
of SI: Curie (Cu), unit of isotope activity; 1 Cu = 3.700 х 1010 Bq; Rad ( rad), unit of 
absorbed radiation dose; 1 rad = 0.01 Gy; Rem (rem), unit of equivalent dose 1 Rem 
= 0.01 Sc. 

Radiation affects not only humans but also everything living. Earth, air, and 
surface water are the sources of radiation because of fall-out from tests of hydrogen 
and nuclear bombs. The environment is still being polluted by nuclear power stations 
breakdowns and ships with powerful nuclear missiles, and the combustion of mineral 
resources containing natural radionuclides (Global fall-outs..., 1980; Alexakhin et al, 
1991; Kulikov, Molchanova et al, 1990; Annenkov et al, 1991; Air and soil 
radioactivity..., 1970; Carol, 1972). 

In the territory of Kazakhstan, besides 470 experimental tests of nuclear 
missiles on the Semipalatinsk site (SS) (Dubassov, Matushenko et al, 1993), 38 
nuclear tests took place at different time (Stefashin, 1992), or 42 according to other 
sources (Smirnova, 1993), including 17 tests in Atyrau oblast (Azgir site), 7 tests in 
the Pre-Ural area, 12 tests in Aktubinsk and 1-3 tests in Akmola, Mangystau and 
South-Kazakhstan oblasts. 

If one adds the consequences of the 10 known tests in Astrakhan oblast at the 
border with Kazakhstan, then Atyrau oblast is the most affected by radiation in 
Kazakhstan after Semipalatinsk. Radiation risk at Azgir former nuclear testing site is 
still present. There, in 1990-92 on the area of former military sites А-II and А-V, a 
radioactive contamination of soil was detected in the region 3,000 mkroentgen/hour 
(Makarenko, Orazov et al, 1996; Zhukovsky et al, 1992; Krivotkhatsky et al, 1992), 
whereas the sanitary norm was 15 3,000 mkroentgen/hours (Norm of Radioactive 
Safety NRB-78/86 and NRB-96). 

This predetermined the particular radiological state of Atyrau oblast, and 
radiophobia developed among the population. People living in Atyrau are afraid of 
the export of food from Chernobyl. Thus, several times the mass media of the city 
have warned against the purchase of concentrated milk from Rogachev (Belarussia), 
and then denied referring to the analysis of Oblast Sanitary Epidemiologic Station. 
Radiophobia among Atyrau people is well grounded.  

According to the cost estimates of health, economic and environmental damage 
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from Azgir nuclear testing ground is around 500 mln roubles at values for 1 January 
1992 (Zhukovsky et al, 1993). As established by the Chief Sanitary Doctor of the 
Republic of Kazakhstan, the maximum permissible level of cesium-137 concentration 
in Kazakhstan is 3.7 Bq/kg for bread and 7.4 for meat. According to the data 
submitted in the article of I.Chastnikov, National Academy of Science of the 
Republic of Kazakhstan (Chastnikov, 1993) with reference to the monograph “Global 
nuclear testing fall-outs” (1980), in 1964, the year after the highest radioactive fall-
outs from nuclear tests, average concentration of caesium 137 in former Soviet Union 
was 8.1 for wheat bread; 14.4 for rye bread; 36.6 for lamb; and 12.9 for beef. 

This way, it looks that in 1964 the population consumed food products that 
were generally poisoned and unfit, which has been reported by Ivan Chastnikov 
several times since 1988. He claims in his article that the concentration of strontium-
90 was similar in many food products, thus making him think that the main cause of 
the increase of human mortality registered in 1960-70s was related to the 
consequences of nuclear testing at sites around the world, including Kazakhstan. 
Besides, Chastnikov provided estimates in his other article (1993а) that maximum 
fall-outs of radio-strontium at latitudes between 40-500 were correspondent with a 
sharp drop in people’s average life-span. These are latitudes where a vast part of 
Kazakhstan is located, including Atyrau oblast. 

It has been known for a long time that radionuclides accumulate in plant and 
animal tissue (Alexakhin et al, 1991; Annenkov et al, 1991; Kulikov et al, 1990). 
Radioactive water pollution and soil contamination are particularly harmful. In order 
to accumulate radioactive strontium-90 and radio-cesiun-137, calcium and potassium, 
which are chemical analogues of radionuclides and present in water, soil, and wildlife 
cells including hydrobionts, are being replaced. 

With the salinity reduction of natural water bodies, in fish and other aquatic 
organisms the ratio of ceasium-137 accumulation normally increases, a fact that was 
tested in both experimental and field observations (Bakunov et al, 1974). A similar 
correlation exists for strontium-90. This explains the detection of high levels (up to 
100-1,000 pCu/kg) and ratio of accumulation (hundreds and thousands) of strontium-
90 and cesium-137 in freshwater species (Patin, 1979; 1994). 

Pressured  by popular in Atyrau city, a network of radiation monitoring stations 
has been put in place Incidental tracing of the high radioactivity of macadam, used 
for production of construction concrete and asphalt concrete, pipes containing 
radioactive dirt and even some food products from the Chernobyl zone could happen 
only because of lack of control over goods and construction material entering into the 
city or being produced within, thus breaching the Resolution of the Kazakhstan 
Government “About establishment of radioactive control”. The clause is not 
implemented by enterprises of Ministry of Transport, Internal Affairs and 
Communication. A network of radiometric control stations at construction enterprises 
is not yet in place. 

Due to the lack of authorised grounds for collection and disposal of radioactive 
waste, users of gauges emanating ionising radiation keep them at their premises often 
neglecting rules of radioactive safety. According to data of Atyrau oblast sanitary and 
Epidemiological Station (Akuov, 1996) a significant amount of radioactive sources of 
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an expired term of operation and their disposal at special sites is delayed in 10 
organisations of the oblast. The management of JSC “Geo-Igilik-Service” (54 
sources), JSC “Polypropilen” (18 sources) and Atyrau heat and power station (58 
sources) have not still attended to this issue. 

In 1990, an overall regular gamma-survey of three media- air (1-5 km above 
ground), soil and water took place in July-November of 1990 organised and carried 
out by Space and Air Geological Expedition no 1 “Aerogeology” (Volchegursky, 
Babanova et al, 1990). A radiometer SRP-68-01 was used for the survey at 14 sites in 
the city. Observation sites were selected so as to cover industrial and residential 
zones. Observations were run once a week. This was an example of a proper 
radiometric monitoring of the urban agglomeration. 

Monitoring based on such a scheme is also needed for other environmental 
parameters of the city. Natural radiometric background of the area (Guryev at that 
time) was 10-12 mcr/hour. The results of radiometric observations are shown in the 
Table 1.1.23. As can be seen from the table, the radiation situation within the city is 
normal. A value higher than the background level was registered on some days 
around the chemical plant. At other sites, the rate did not exceed the MPC. Often it 
was much lower. 

In following years, environmental and hydrometeorological services of the city 
and oblast took over the responsibility for such monitoring. 

It was found out that the power of the exposure dose at industrial units of Galyt 
(Azgyr) former nuclear testing ground was lower than established NRB-72/87, i.e. 
smaller than 60 mcr/hour (Information bulletin of the RK for 1995). According to the 
new norms developed in line with recommendations of International Organisations 
such as the International Nuclear Energy Agency, the International Labour 
Organisation, and the World Health Organisation, which were ratified in the Russian 
Federation (NRB-96), this rate has been diminished by five, down to 1 mSv instead 
of the previous 5 miliSv. 

Commissioned by the Ministry of Biological Resources, a similar document is 
under development in Kazakhstan (Saibekov, Braguin, Shevtsov, 1996; Informational 
environmental bulletin, RK, second quarter of 1996). 

In the similar edition for the year 1995, it was noted that the concentration of 
caesium-137 at Azgyr В fluctuated within a broad band both in different sites and 
around them, and was 22-18798 mCu/km2. The industrial unit A-II was detected as 
the most polluted. Therefore, the threat of radiation exists not only for people living 
around but for people, cattle, water sources, soil, and vegetation far beyond the 
nuclear site. 

For example, in August, September and November of 1995 (Informational 
environmental bulletin of the Republic of Kazakhstan for 1996), Atyrau oblast was 
ahead of other regions for the results of gammas-spectrometric analysis of samples of 
caesium-137 fall-out as well as rdium-226 (2-160 times), and in September 1995 the 
concentration of thorium-232 was 2.9 Bq/m2 per month while in other 13 oblasts it 
varied from 0 to 1, in two – 1.15-1.20 and in other – 2.1-2.4. 
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The summary for the IV quarter of 1995 (Informational Environmental 
Bulletin, RoK, first quarter of 1996) Atyrau oblast occupied  first place among 18 
oblasts of Kazakhstan for fall-out of caesium-137 in November of 1995 and the fifth 
place for fall-out of thorium -232. In November and December 1995, Atyrau oblast 
was in third place rating for fall-out of berrulium-7 gamma-radionuclides. Based on 
the results of radiometric samples analysis for total beta-activity, in the oblast its 
value was 0.6 Bq/m2 per month which was the average for Kazakhstan. 

In the environmental bulletins regularly published by the Administration of the 
Environment and Biological Resources of Atyrau Oblast, in 1995-1996 the level of 
radiation did not exceed 10-12 mP/hour, i.e it was below the sanitary norm. 

The primary problem for the region is a lack of disposal grounds for 
radioactive and toxic waste, which is being accumulated at premises of enterprises; 
this situation is critical, not only for Atyrau oblast but also the entire country. 

Currently commissioned by the Ministry of Biological Resources, 
environmental requirements for sites of radioactive storage and disposal were 
developed (Informational environmental bulletin, RoK, second quarter of 1996). The 
need for such standards had arisen because of the forthcoming establishment of a 
State system of radioactive waste management and disposal. The current 
requirements of normative documents (NRB-76/87, OSP-92/87, SPORO-85) are 
outdated and not in line with current radioactive protections recommendations. 
Planning of the system’s development should take into account international 
experience and possible further improvement of normative standards. 

Besides, it is necessary to carry out an environmental appraisal of existing 
disposal sites and measures to regulate their impact on the environmental and human 
health. 

Development of new requirements has become evident as, firstly, old general 
standards for management of radioactive and toxic waste did not consider the local 
environmental and economic conditions; secondly, recommendations of international 
organisation mentioned earlier were not legally binding in Kazakhstan and were 
regarded rather as mere recommendations rather than requirements, thus not taken 
into consideration during planning, development and operation of disposal sites. 

The given document accepts international requirement for: 
- Degree of removal of radioactive substances (MPD), (MPC); 
- Dose limit for population from impact of anthropogenic sources (up to 1 mSv 
instead of previous 5 mSv). 

Russia has approved similar norms of radioactive safety (NRB-96). 
Requirements for cost benefit analysis, estimates of forecasted scenarios of 
radionuclide migration and the impact of storage and disposal sites on the 
environment as well as development of necessary monitoring system are now 
compulsory. 

Upon approval of Regulations on environmental requirements for radioactive 
disposal sites, all existing grounds for such purposes in Kazakhstan will thus be 
assessed for compliance with the requirements by international standards. 

In order to organise measures for improvement of the radiation situation in the 
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country, including the proper use of radiation sources, collection, transportation, 
disposal and treatment, the Cabinet of Ministers of RK approved Regulations № 1103 
dated 31.12.92 and № 363 dated 30.03.95. However, chiefly due to lack of funding 
this has not been fully implemented. 

In the first half of 1996 alone, 631 cases of infringement of radioactive safety 
were registered by the Oblast Administration of the Environment and Bioresources 
with a different degree of impact on the environment (Informational Environmental 
Bulletin. II quarter of 1996). 

The results of the first stage of radioactivity environmental zoning of the 
country were open to the public (Saibekov, Braguin et al, 1996; Informational 
Environmental Bulletin. II quarter of 1996) based on integral indicators calculated as 
an effective equivalent dose (EED) received by people from all sources, both natural 
and anthropogenic, of ionising radiation. 

The specialists of the Ministry of Biological Resources of Kazakhstan propose 
an assessment based on a five-degree system: 

1) Areas where an individual EED from natural sources is 3 mSv/year, and 
other man-induced radiation does not exist. 

2) Areas where under normal radioactive background people receive an EED 
more than 1 mSv/year. 

3) Areas where people may receive an additional radiation dose (above normal 
background radiation) from1 to 3 mSv/year. This is a dose of occupational radiation 
(based on recommendations of International Committee of Radioactive Pollution. 

4) Areas where population may receive an additional radiation dose from 5 to 
50 mSv per year – a zone of limited population. 

5) Areas where the population may receive an additional dose of radiation 
more than 50 mSv per year. If it is impossible to localise the sources, the area should 
be a zone of compulsory depopulation. 

Landscape-geochemical zones determined on the area of Kazakhstan will be 
considered and appraised according to these assessment marks. If one zone is 
assessed by several marks, its average value will be worked out. 

Appropriate measures of economic limitation, health protection, prevention of 
radiation excess and compensation for damage will be established for degraded areas. 
Also, the project determined study methods of radioactive situation in the country 
which will obtain a forecasted effective equivalent dose both individual and 
collective. 

Amongst the zones mapped during zoning process, half of them are detected 
for necessary study of its radiation impact. First, there are the impact areas of 
Semipalatinsk former nuclear testing sites and others. Most of Atyrau oblast and 
Atyrau city fall under the zone of first two degrees (excellent and good). Kurmangazy 
region is entirely in the zone of 3 and 4 degrees (i.e. satisfactory and negative 
radiation). The areas adjacent to Azgyr and Balkuduk should be attributed to the 5th 
degree where the population needs to be moved away. 
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1.1.9. Problems of industrial and domestic waste management, 
treatment, and disposal 

 
Environmentalists, hygienists, public activists, mass media, and public are very 

concerned and alarmed by the fact that all the cities of Kazakhstan are overpolluted 
with waste. According to the estimates, in the country the amount of waste per capita 
is more than 1,000 tons (Essekin, 1996). Atyrau is not an exception. 

In Atyrau, there are many oil and gas processing plants, industrial, agricultural, 
energy, transport and utility enterprises and organisations whose activity results in the 
generation and accumulation of different liquid, solid, semi-solid and gaseous waste. 
Management of urban waste exists, but in a very poor and random way. Control over 
its type and amount is not in place, and there are no disposal sites for some particular 
types. The number of waste treatment facilities does not suffice. Many types of waste 
are generated during transportation, treatment and storage of hydrocarbon waste. 
Water polluted with industrial and domestic flows is partially discharged into 
evaporation fields, which now results in vast amount of sewage water containing 
hydrocarbons, phenols, different salts, and heavy metals. 

In Atyrau, the main sources of environmental pressure are large industrial 
enterprises with their production waste, especially wastewater. The settling pond 
Tukhlaya Balka located in southeast, adjoining the left part of the city was put into 
operation in 1945 under JSC Atyrau Oil Refinery. At the beginning, it was able to 
collect and treat through evaporation 24 thousand cubic meters per day; however 
according to statistics of AOR daily more than 60 thousand cubic meters are 
discharged to the field from all left-bank facilities. To date, a huge amount of 
wastewater heavily polluted with hydrocarbons up to 200 MPC, phenol 20-80 MPC, 
chloride, ammonium salts, sulphate and heavy metals such as copper, zinc, chrome 
and others liquid waste (approximately 50-70 mln. m3) has been accumulated. 

From 1949 to 1973, the area of the pond had been expanded 5 times and then 
from 1973 up to the present it has grown another 3-3.5 times. The main extension 
moves north, south and westwards. Its current area is more than 50 km2. 

The surface of the settling pond is not equal. Its main part is covered with thick 
reedbed which functions as a filter in the southern side. Some parts are open water. 
Northward from the main channel coming from AOR, the water has a sharp, 
intolerable smell with white foam of chemical surface-active compounds developed 
on some areas and thin bitumen film. To the south from the channel, a large area is 
layered with unbroken film of bitumen up to 0.3 m thick. There are islands void of 
vegetation. In the southern part of the settling pond, obvious traces of embankment 
burst along gullies and ravines and water has a stagnant marshy smell. 

As stated earlier, seepage of wastewater is harmful too. Along the entire 
perimeter of the pond, a filtration zone of different intensity may be clearly traced. At 
the southern and south-western parts of the embankment, the area impacted by 
wastewater infiltration may be seen at a distance of up to 3km including the sewage 
water facilities area that forms a channel system 'Kotlovan' with further flow of water 
into the Caspian Sea through Gogolsky channel. Intensity and consequences of 
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filtration are various. In many cases, these are sites of high moisture content 
sometimes free of vegetation and turning into dump salt marshes. Straight along the 
embankment of settling pond channels, zones of intensive, significant, and seldom 
moderate intensity are observed disguised as reedbeds, tamarisk, and saltwort 
vegetation. South and northward from the pond, areas relatively wet, though with 
degraded vegetation can be seen. Such degraded lands may be traced between two 
channels dug from the heat pipeline directed to the Peretaska River. This zone is 
heavily waterlogged and salinised. In the west, towards Taskala village, one may 
observe areas degraded to various extents, i.e. waterlogged, saline or void of 
vegetation; and only within arable lands, sites of normal soil-vegetation cover may be 
found. On large areas of reclaimed land, some level of either partial or full 
degradations, which is indicated by intensive salinity, may be observed. Between the 
floodplains of the Ural and Peretaska rivers, sites of various moisture content and 
partial degradation are found. Areas with convenient living conditions also exist. 

Since 1993, contracted by AOR, Atyrau Hydrogeological Station carried out 
research on the impact of sewage water on ground water. Observations were mainly 
aimed at the detection of pollutant concentration in ground water: hydrocarbons, 
phenol and hydrogen sulphide. Results showed that high level of hydrocarbons 0.24 
mg/dm3 was in the well adjacent to the southwestern part of a discharge pipe 
embankment. Groundwater samples also displayed high concentration of hydrogen 
sulphide 4.08 mg/dm3 at points of the most severe seepage from the northwestern side 
of the embankment. 

From the northwestern border of Atyrau, northward from the airport, another 
large settling pond for the evaporation of sewage water is located for the use of the 
right-bank part of the city. Its area is around 4.5 sq. km. It contains a huge amount of 
wastewater, from 5 to 8 mln cubic meters. Daily, 12 thousand m3 of sewage water is 
discharged from right-bank facilities while the actual capacity is 30.9 thousand m3. 
The output of mechanical treatment attains 60%, which complies with the planned 
one. A laboratory is in charge of water quality monitoring. Results of sewage water 
research conducted in 1993 revealed the excess of MPC for chloride, sulphate, 
phosphorus and hydrocarbons from airline companies, TB hospital and transport 
enterprises. The settling pond accepts annually 4 mln m3 of treated water while its 
full capacity is 16.5 mln m3. 

The embankment of the pond is made of ground dam with a shield cover on the 
sides. The settling pond is not connected to surface waters and is 16 km away from 
the city. Research carried out by a Hydrogeological survey established that sewage 
water does not pose a negative impact on ground water. 

The evaporation fields of the Atyrau poultry factory are based 2.5 km away 
from the Ural River and protected from floodwater by the Atyrau-Inder motorway 
which was not inundated during the flooding of 1993. The area of fields is 100 х 100 
m2. The contours of the evaporation field are embanked with a dam 0.8-1 m high. 
Volume of wastewater is 90 thousand/m3 per year and does not pose a threat to the 
Ural River. 
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Fields of evaporation BRNU are based on the Chernaya River at a distance of 1 
km. Industrial flow is drained water incoming for mechanical treatment. A total area 
of 4 maps is 360 х 250 m2. The settling pond is surrounded with an earth dam 3m 
wide and 0.8 m high. 

The volume of flow is 89 thousand/m3 per year while the actual capacity is 98 
thousand/m3 per year. The treatment efficiency of oil removal is 50 %. The 
concentration of hydrocarbons in the settling pond is 7.7 mg/l whereas originally 
before discharge it was 14.4 mg/l. There is no direct discharge into the pond. 

Despite long negotiations and consensus-reaching, disposal of solid domestic 
and industrial waste is still going on. Today, besides a main landfill placed at an 
unsuitable, plastered site in the northwestern part of the city, spontaneous dumping 
grounds are omnipresent. The city is ringed with waste disposal sites and industrial 
and domestic waste, car and mechanical wrecks; construction waste can be seen also 
in the city centre, for example, behind the Drama Theatre at the brewery, near the 
meat-processing plant, at all microdistricts under construction,  the big municipal 
bakery, near the old airport, Balykshynsky Oil Administration (BAO) and others. It is 
noteworthy that at BRNU there are sites covered with bitumen and westwards a huge 
ground with all kinds of waste. 

Thus, the whole city including its suburbs, is one great, entire spontaneous and 
unauthorised waste disposal ground. It is important to put a proper waste 
management system in place, starting with immediate removal of all the cited 
unauthorised disposal sites and the strict control over waste disposal at selected 
landfills. Disposal of highly degradable waste in an aggressive environment may lead 
to unpredictable consequences. Therefore, landfills need to be properly prepared and 
selected on the basis of the geological structure of the region (Nikitin, Novikov, 
1980). 

The area of random dumping grounds covered with waste by 30% is around 
400 ha. According to estimates, a waste volume of 400,0 thousand cubic meters 
which accounts also for 10% of scrap metal is accumulated here. Such a volume of 
waste is of great concern, as even bacteriological process cannot cope with it (Dret, 
1976). 

Encumbering the premises of construction enterprises with defaulted concrete 
and other structures, and the huge amounts of slag at boilers represent a serious 
problem. This waste, belonging to the secondary resources, should be recycled 
through crushing of concrete structures for gravel and use of slag for mineral filling 
of concrete, asphalt concrete, and bitumen mixtures. 

As of 1 January 1996, 60 enterprises and organisations of various sectors were 
registered in Atyrau city as waste generating. Total amount of waste may be broken 
down as follows: 

1. Cars’ tyres – 260.3 t
2. Scrap metal –11,773.4 t
3. Wood waste – 4,881.0 m3

4. Processed technical oil – 703.7 t
5. Non-ferrous metal – 607.8 t
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6. Cullet – 183.7 t
7. Mercury bulbs –1,400 units.
8. Ash and slag – 174.7 t
9. Hydrocarbons – 100.0 t
Enterprises of heat and power, chemical and petrochemical, mechanical 

engineering and metal processing, industrial construction material and transport 
technical are the main polluters. By the toxicity degree, waste generated here may be 
classified as being from slightly to extremely harmful. The extremely harmful type (I 
group of threat) contains galvanic and lead sludge, solid residue of liquefied gas; the 
highly harmful (II group of threat) – used electrolyte, oil waste, used oil; and 
moderately harmful (III group of threat) – oil sludge, varnish, paints waste and 
industrial cloth. 

Incidental overload of soil with industrial waste disturbs the natural cycle of 
particles and energy in the biosphere and creates a risk of disruption and destruction 
of soil cover on a large scale, which in turn may lead to deep and often irreversible 
changes of biosphere function. 

In view of the generation of industrial waste belonging to an elevated level of 
threat, the components of the natural environment have negative processes as a result 
of which waste goes through reaction of neutralisation, hydrolyse, hydrolysis, 
coprecipitation, ion exchange and microbiological processes, which create more 
soluble substances with easy ingress to water bodies, plants and animals. 

For example, galvanic sludge and ash-and-slag, heavy metals of high toxicity 
may enter the environment. Ions of heavy metals are regarded as the primary stress 
factors for the human body leaving behind noise, pesticides, carbon monoxide, and 
acid rain. Enterprises of transport technical service make a significant contribution to 
environmental pollution. Dumping of mercury containing bulbs together with 
domestic and industrial waste may lead to pollution of natural component with 
mercury, which is one of the most hazardous toxicants. Absorbed through soil, 
mercury vapour is the sources of secondary environmental pollution. The potential 
threat of mercury vapour may increase through uncontrolled disposal of broken 
luminescent bulbs. Utilised mercury-containing bulbs are subject to compulsory 
demercurisation. 

1.1.10 Historical and cultural monuments 

The Ural-Caspian region, which includes also modern Atyrau Oblast, has been 
present in literary sources since Herodotus time. The history and culture of the region 
is spanned through many centuries starting from Dai time and is represented now by 
a large number of preserved artecraft, which is a combination of unique origin and 
familiar trends of the ancient and medieval art of the Caspian countries. 

Study of the regional heritage has just begun; however, the role it plays in the 
formation of national traditions, spiritual life, and culture of Kazakhstan’s people is 
very important. 

Mausoleums are built of sandy limestone, sometimes of adobe bricks and have 
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a rectangular shape with a helmet-shaped dome based on a round drum. 
Saganatams are rectangular with a dome built of limestone and sandstone and 

sometimes of adobe bricks. 
Kulpytas belongs to the monumental art and is remarkable for a diversity of 

shapes and ornamental crafting. 
Amongst archaeological monuments, 20 dune structures and more than 20 

kurgans attract special attention for being of Sarmatian age and used as a site of the 
Early Iron Age and from Neolithic to Middle Age. 

In Atyrau city, there are many historical monuments of cultural and 
architectural importance. The city has lived for 355 years, and for 350 years it was 
known as Guryev after the name of its founder Guryi Nazariev, a fish merchant. The 
merchant stockaded his stone house with a wall higher than 2 sazhens (5 m) with 
towers at the angles and ravels at the northern and southern sides (1645). 

Before that at a small fishing village Uishik by the Tsar’s Decree a basic 
wooden fortress was built in 1622, known as Ust-Yaitsk stockaded town. After 
construction of this fortress Ust-Yaitsk town became known as Stone Yaik and then 
Guryev. 

Ancient Guryev has a troubled history. In 1667, the town was routed and 
robbed by Yaistsk Cossacks led by Vassily Kassimov, displeased with the 
construction of the fortress and uchug, a construction across the river leaving a small 
gap for fish passage. 

The following year, Guryev was seized by rebellious Cossacks headed by 
Stepan Razin. 

Since 1752, the Tsar had given the Guryev Uchug to the Cossack Army thus 
granting a total control over rich fish resources of the Ural River. 

A few years after the oppression of the Pugachev uprising in 1772-1774 and 
consequent management reforms, the Yaitsk Cossack Army obtained governorship 
over Guryev and renamed the army as Uralsk Cossacks Army as the river also was 
renamed by a Decree of Catherine the Great. This historical recourse was based on 
the materials of Institute of “Kazprojectrestavratsya” and other archive documents. 

Towards the First World War in 1914, Guryev was the second largest city in 
Uralsk County. At the beginning of the 20s, Guryev had become a centre of not only 
of fishery and salt extraction but also of oil exploration. In the 30s, a big fish canning 
factory was built here, and in the 40s - an enormous oil refinery and mechanical 
engineering works. The 50-60s witnessed the construction of a chemical plant for the 
production of polyethylene and polypropylene, a metalware plant and also a new 
railway station and airport. 

In the city there are many highly artistic monuments, for example a monument 
to Kairgaly Ismagulov, a hero of the Great Patriotic War, a monument to Kanysh 
Satpaev on Satpaev street respectively, Dina Nurpeissova, a composer and a 
monument to Kurmanzgay Sagyrbaev on the Azattyk avenue. 

Because of the sea level rise, many historical and cultural monuments of 
history and culture are in the potential flood zone. 
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1.2. Environmental situation in Zhylyoskiy district 
 

1.2.1. Brief description 
 

Zhylyoskyi district is located in the southeastern part of Atyrau Oblast. In the 
north, it borders with Kzylkoginskyi district, in the north-west with Makatskyi district 
in the west with the Caspian Sea and in the south with Aktubinsk oblast. The area 
occupied by the district is 29,352.2 km2, the total population is 63 thousand people, 
and population density is 2.2 persons per 1 km2. Kylsary village is the administrative 
centre. Roads and railways provide all transportation links in the district. The length 
of motor roads within the district totals 687 km. 

The main industries in the district are the oil-producing industry represented by 
Oil and Gas Production Administration Kulsarneft, “Prorvaheft” and JC 
Tenghizchevroil, the large Tenghiz oil field, and other associated industries and 
services. 

Agricultural production is run mainly by JSC Embinksy, Zhana-Tas plc, and 58 
farms. The agriculture is led by husbandry, while plant cultivation is of insignificant 
proportion and aimed primarily at potato, vegetable, melon and gourd cultivation. 

The district is located in the Eurasian continent, which explains the feature of 
extreme continental climate with high continentality: short, little snow, relatively cold 
winter, and hot long summer. The district is in an arid hot agroclimatic region with 
low moisture content, i.e. precipitation averages at 150-180 mm annually. 

The district has a monotonous relief. It is based in two geomorphologic regions 
of the Pre-Caspian depression and Pre-Ural lime plateau. Most of the district is within 
the first region while most of the floodplain is below sea level. Gypso-metric levels 
of the plateau vary from -28-28.5 m at the coastline and to 0-25m at the other edge. 
The area is marked by very few seaward slopes (< 0.00010). It is almost drainless and 
characterised by halogeochemical accumulation. The Emba River does not provide 
draining influence on the nature of out-of-floodplain areas. 

The Caspian coastline at Zhylyoliskyi district is rather diverse in morphology, 
genesis and degrees of changes induced by marine processes. On shoal with sloping 
sea bottom, the coast is formed by wind-induced surges up to 2-m high and off 
surges, which accommodates strips of loose materials accumulation creating beaches. 
On the deltaic coast of the Emba River, alluvial deposits are found. 

In terms of hydrogeology, most of the district is within the Pre-Caspian system 
of artesian basin. 

Intermittent flows appear only in spring at a broad gully and dry up in summer 
time (Kainar, Kurzhem and others). 

Soils of solonetz desert type dominate in the district covering nearly 41% of 
the area and brown slight solonetz with solonetz (from 10 to 50%) is on 36%. Soils of 
the desert zone are of poor humus content and thickness, low concentration of 
nutrients, small absorption capacity and high carbonate and saline levels. The 
mechanical content is dominated by soils of heavy texture (moderately loamy and 
heavily loamy, whereas soil of light texture is represented by clay sand and sandy 
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types. In large areas, soils experience secondary salinisation and alkalinisation. Saline 
soils need to be washed followed by irrigation of washed-through type with a 
drainage system in place, solonetz requires application of anti-solonetz agricultural 
technology. Soils of high detritus content occupy 126.8 thousand ha or 5.7% of the 
area, while arable land is on 98,0 thousand ha or 4.4%. The proliferation of other 
types covers 7.9 thousand ha or 0.4%. 

The Zhylyoskyi district is dominated by Salsola vegetation, primarily Anabasis 
salsa and Hallocnemum strobilaceum, which cedes a little to Artemisia on the topside 
of the Pre-Caspian depression in the west and north-west of the area. From the point 
of view of commercial use, the presence of ephemerous amongst Salsola and 
Artemisia vegetation is a positive factor. Eremopyrum and Bromus tectorum grow on 
the large areas whereas on light soils Carex pachystilis can be met and in the north 
and north-west regions Poa bulbosa L. subsp. Bulbosa is found. On the entire area of 
the district Anabasis aphylla is common, which is not grazed by livestock. 

In desert conditions of the district, spring time (April-May) is the most 
favourable for plant development, when all floristic species, especially ephemerous, 
actively grow. In some years, under normal temperatures the high humidity provides 
for sharp growth of pasture plants while dwarf-shrubs manage to bloom and develop 
fruits. In dry years, the picture is completely different. Ephermerous are very rare, 
short and rapidly dry out. The desert vegetations are very vulnerable. After 
destruction, the root vegetation is not capable of self-restorations or it does so very 
slowly. 

The number of terrestrial vertebrates is not high and averages 3-4 reptiles, at up 
to 17 birds and 9 mammals per km2 in the district. The poorly represented species 
composition, low number, and density of reptiles and amphibians in terrestrial 
cenosis of the Pre-Caspian region are predetermined by natural conditions such as the 
scarcity of surface freshwater and the extreme continental climate, which makes 
wintering very difficult. 

The composition of terrestrial vertebrates in the zone flooded by the sea and its 
adjacent areas is rich and diverse including 2 species of amphibians, 16 species of 
reptiles, 258 species of bird and nearly 40 species of mammals. The most represented 
and frequent wildlife species are bird and fish. 33 rare and extinct species of animals 
occurring in the region are listed in the Red Book of Kazakhstan. 

Over the last decade, flyways ecological conditions of the northeastern Caspian 
Sea shore have become degraded due by man-made impact from oil and gas 
developments. This results in a yearly reduction of the capacity of migratory routes. 

Marine shallow waters play a primordial role in the life of waterfowl and 
mammals. The Caspian shelf creates environmentally optimal conditions for 
flamingos, pelicans and other species, thus making the impact on ecological 
conditions both from economic development of the region and natural fluctuation of 
the sea directly responsible for the survival of these creatures. 

Zhylyoskyi district possesses precious natural resources, chiefly hydrocarbons. 
A number of oil fields of both presalt and subsalt domes and associated gas 
(Cherdabaev, 1991) including the giant Tenghiz oil field are being intensively 
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developed. Moreover, potential oil and gas deposits in the subsoil of the Northeastern 
Caspian Sea where many seismic works have recently taken place, poses another 
threat. 

The region is rich in ground mineral waters, deposits of kirs and construction 
materials (clay, sand and limestone and shall rocks). 
 

1.2.2. Air 
 

Thanks to the proximity of the Caspian Sea, the atmosphere of Zhylyoskyi 
district and other adjacent area is influenced by the interaction of cold and warm 
subtropical air masses. The weather and climate is determined by synoptic processes 
(Terziev, 1992) such as the impact of the Azores, Scandinavian, and Kara 
anticyclones, influence of south-western anticyclone edges and anticyclone activity. 

In winter, the circulation above the Caspian Sea and its western coast is 
primarily determined by a wedge of Asian anticyclone, which provides for the 
dominance of easterly winds. This is also created by a monsoon effect as the sea 
cools down more slowly than the land. In spring, eastern and southeastern winds 
prevail over the entire North Caspian Sea and its coast. Later, during the warm 
season, the wind character sharply changes. As a result of the dominating role of the 
Azores anticyclone and carry away of air mass from polar latitudes into the internal 
regions of Eurasian continent, winds over the Caspian are directed primarily to the 
northern quarter of the horizon. In autumn, the wind regime is close to winter with an 
increasing role of southeastern winds. 

Breeze winds are common in summer on the Caspian and spread into the water 
for 15 - 20 km. Annual wind speed in the North Caspian and its eastern coast has a 
winter maximum, which means winds on average do not exceed 7 m/sec and 
minimum in summer. 

Storm winds with speed over 10 m/s and occurring during a period of more 
than 12 hours are frequent and powerful in winter months. In the eastern sector of the 
North Caspian Sea, the month of January is the stormiest. Storm winds are normally 
of easterly direction though westerly storms are also frequent. Storms rarely last than 
two days, and if this happens, the winds are easterly direction. 

The occurrence of strong winds in the Northeastern Caspian Sea and eastern 
coast is commonly related to moving atmospheric kers, separated from Azores and 
Polar anticyclones. Storms of cyclonic origin are relatively rare (29%) and induce 
significant water surges but on a small scale. 

Average wind direction (“wind rose”) is represented in Figure 1.2.1, broken 
down by seasons at 4 meteorological stations of the Zhylyoskyi district which are 
Kulsary, Koschagyl, Karaton and Sarykamys villages, and the wind speed courses are 
is given in the Table 1.2.1 (Data of Central Scientific Research Laboratory, JSC 
TMG, 1995). 

Based on these data (Bakhitzhanov et al, 1996), the maximum average wind 
speed in 1995 was 12 m/s from SW at Kulsary village in May, and 8 m/s from W and 
NW in September-October; 7 m/s from W and SW at Koschagyl in March and April; 
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12 m/s from W at Karaton in March, and 8 m/s from E in April; 9 m/s from SE at 
Sarykamys – April, and 7 m/s from E in March-April. 

In Zhylyoskyi district, the wind is a constant phenomenon, and the number of 
windless days does not exceed 3-5%. In most cases (nearly 70%), the wind speed is 
not stronger than 5-6 m/sec. Stronger winds of a speed greater than 12 m/s occur 
rarely only in 6.5-7.5% of cases. 

The area of the district is located in desert zone, IV G climatic sub-region 
notable for extreme continental climate and short cold and almost snowless winters. 
Absolute maximum temperature and climate of the region are formed under the 
prevalence of arctic, Iranian and Turanian air masses. In the cold season, air masses 
incoming from the western edge of the Siberian anticyclone are dominant whereas in 
the warm period these are replaced by overheated tropical masses from the deserts of 
Central Asia and Iran. Under the influence of the latter, the climate here is extreme 
continental and arid. 
 

Table 1.2.1 
 

Average wind speeds courses (m/s) at four meteorological stations of 
Zhylyosky District (Bakhitzhanov et al, 1996) 

 
Cours

e 
Place and period 

 Kulsary Koschagy
l 

Karaton Sarykamys 

 Winter Spring Summe
r 

Autum
n 

Year Year Year Year 

         
N 1 1 4.7 3.7 4.1 - 2 3.0 

NE - 1 2.3 1.3 3.2 2.3 1 3.0 
E 1 4 3.0 4.3 3.2 4.2 1 4.4 

SE 3 7 3.0 3.7 4.6 3.7 2 5.5 
S - 2 - 1.3 2.5 4.0 1 2.7 
W 1 1 3.3 3.0 3.7 2.5 1 3.0 

NW 1 2 1 6.0 4.0 3.2 1 4.5 
         

 
Maximum temperature fluctuations happen in summer, reaching 42-440С, and 

in winter -38-40 0С. For example, in winter 1953-1954 the temperature did not 
exceed – 10 0С over a hundred days, including 49 days with a temperature below 20 
0С. 

The specific feature of the climate is a sharp temperature fluctuation. For 
example, over one day (13-14 January) in 1972 it dropped by 20.8 0С, and on 22-24 
January 1957 it increased by 21.4 0С. In this sense, Atyrau oblast has a leading role 
amongst all Caspian regions (Terziev, 1992). 
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Air temperature at four meteorological stations Kulsary, Koschagyl, Karaton 
and Sarykamys broken down by seasons is given in the Table 1.2.2. 

The data demonstrates the extreme continental climate of Zhylyoskyi district. 
The span of average seasonal temperatures in Kulsary varies from -5 0C in winter to 
26.9 0C summer which equals to 31.9 0C. If average seasonal indicators are used, then 
the value will be greater; the average temperature in December is -7.8 0C, in July 29.2 
0C, which the makes the temperature range equal to 37 0C. In 1995 the same value for 
Koschagyl village ranges from -6,7 0C in January to 36.6 0C in July, i.e. the span 43.3 
0C; in Karataon – from -6.2 0C in December to 36.3 0C in July which makes the range 
within 42.5 0C; in Sarykamys – from -5.6 0C in January to 32.5 0C in July, i.e. the 
range 38.1 0C. 

To demonstrate the degree of continental climate in the district, an average 
index of continentality may be calculated using the equation of S.P. Khromov (1948) 
(Terziev et al, 1992), which is: 
 

К = (А – 5.4 sin φ) / А, 
 
where А – an annual swing of air temperature; φ - latitude of the area. 
 

Substituting A with the value of annual average temperatures swing in the 
Zhylyoskyi district in 1995 at Koschagyl 43.3 0С, at Karaton 42.5 0С and sine of the 
latitude (460 N), sin 460=0.72, the average index of continentality is obtained as equal 
to 0.90-0.91 for the district. This value is far greater among coastal lands of the 
Caspian Sea: from 0.81-0.83 in the south to 0.86-0.87 in the Middle Caspian (Terziev 
et al, 1992). This means that at this place the share of annual changes of temperature 
is influenced by land. 

The climate in northern and eastern parts is more continental than in west and 
south of Caspian Sea, where a marine climate prevails. Even offshore and in open 
sea, this value is smaller totalling to 0.87-0.88 (Terziev et al, 1992). 

Air temperature is a common indicator for the date of season commencement. 
It is accepted that the beginning of summer and autumn happens when the 
temperature exceeds 20 0С. Winter starts when the temperature is below 10 0С, while 
the start and end of winter is when the temperature crosses the range 0-5 0С. 

Based on seasonal temperature fluctuations, the aquatic area of the Caspian Sea 
and Kazakhstan part of the coast is divided into three areas: North-Eastern, 
Mangyshlak and Eastern (from the Tub-Karagan cape to Kara-Bogaz-gol) (Table 
1.2.3). 

These parts particularly differ in the duration of winters: if in the north, winter 
lasts 4-5 months, in the south it may be half as long. 

Most of Zhylyoskyi district is located in a dry and hot agroclimatic region 
covering most of the oblast area. The sum of temperatures is higher than 10 0С 
reaching 3,400-3,800 0С. The duration of the frost-free period is 165-200 days. 
Summers are hot and dry. In July, the average temperature is 25-26 0С. Winter are 
short with the average temperature in January being -8-12 0С. 
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Very dry temperate region occupies the northeastern part of the oblast and 
includes most of Kzylgokynskyi and extreme northeast of Zhylyoskyi district. The 
sum of temperature in the region is higher than +10 0С totalling to 3,200-3,400 0С. 
Average temperature in July is +24.5-25.5 0С, in January - 12-13 0С. 

 
 

Figure 1.2.1 Annual average wind roses at four meteorological stations of 
Zhylyoskyi district 

 
1 – Koschagyl; 2 – Kulsary; 3 – Sarykamys; 4 – Karaton 
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Table 1.2.2 
 

Air temperature (0С) at four meteorological stations  
Of Zhylyoskyi district in 1995 (Bakhitzhanov, 1996) 

 
Kulsary 

 
Value Winter Spring Summer Autumn Year 

      
Value -5 13,96 26,9 9,7 11,2 

Maximal -15,4 23,96 37,06 23,9 16,4 
Minimal 1,1 4,2 18,9 2,7 6,7 

      
 

Koschagyl 
 

Value Winter Spring Summer Autumn Year 
      

Value -5 13,1 30,7 15,8 10,8 
Maximal -9,1 19,4 32,4 22,2 13,0 
Minimal -1,5 14,7 29,5 9,96 10,4 

      
 

Karaton 
 

Value Winter Spring Summer Autumn Year 
      

Value -3,9 11,3 30,7 16,1 13,7 
Maximal -7,0 11,5 31,8 22,3 14,2 
Minimal -0,8 11,1 29,7 9,97 12,6 

      
 

Sarykamys 
 

Value Winter Spring Summer Autumn Year 
      

Value -4 13,5 26,7 16,4 13,0 
Maximal -6,4 21,6 32,4 23,8 16,9 
Minimal -1,6 7,6 21,6 12,9 10,1 

      

91 
 



The area of Zhylyoskyi district is extremely arid with an average precipitation 
ranging from 100 to 170 mm. This is common for the entire region though some 
changes exist: in the south and middle parts, the average annual amount of 
precipitation does not exceed 150-170mm (in some years this value drops to 100 
mm), whereas in the north-east of the area the annual rate is greater but still does not 
overpass 200 mm. 

The precipitation regime in the district, as well as on the Caspian shore, is 
dependent on correlation between air masses of various origins and coastal landscape. 
Thermic conversion occurs only in summer and in a very thin coastal strip. 

The eastern coast of the sea is very dry, which is explained by its difficult 
access for direct Atlantic air masses, the main source of humidity for western regions 
(Tergiziev, 1992). 

In cold seasons in the east, arctic masses of cold and relatively low moisture 
content and air mass of temperate latitudes of continental origin invade the eastern 
part. In warm seasons, a high influx of solar radiation transforms continental air into 
tropical air and dries it up. 

On the eastern coast, the highest deficit of precipitation is observed in summer 
and autumn. Rare heavy showers do not play any role. More precipitation falls in 
summer time at the northern part of the coastal area. 
 

Table 1.2.3 
 
Average date of season beginning in Kazakhstan part of the Caspian Sea and its 

coast (Tergiziev et al, 1992; AGPA, 1996) 
 
Auqatic and 

terrietsial 
areas  

spring summer Autumn Forewinter  winter 

      
North-east  
North Caspian  

15-25 
March 

15-20 May 20-30 
September  

25 October-
5 
November 

30 November -
10 December 

Mangyshlak  1-10 March  20-25 May 30 
September-
5 October  

10-15 
November 

10 NOvember-
2 December 

Eastern  20 
February-1 
March 

20-25 May 30 
September -
10 October 

15-25 
November  

10 December-
1 January 

      
 

In cold periods, related to the development of intensive cyclone activity in the 
south of the sea and prevalence of anticyclone weather in the north, especially in the 
second half of winter, the amount of precipitation is similar everywhere. The 
difference is that in the north, which is known for cold winters and low temperatures, 
precipitation falls mainly as snow whereas in the south it is mixed with rain. Most of 

92 
 



the precipitation occurs as rain while mixed precipitation contributes 12% of total and 
solid 20%. 

The northern part of the Caspian shore has an annual precipitation normal for 
the continental climate, which is dominated by summer convective falls related to the 
invasion of cold air. In this part of the sea, maximum of precipitation occurs in June-
September (15-17mm per month). Minimum precipitation falls in January and 
February (nearly 10 mm per month) during the period of active Asian anticyclone in 
the Northern part of Kazakhstan. 

In the eastern coastline of the Caspian Sea, fluctuation of precipitation from 
year to year is significant. During very rainy years, precipitation may be 1.5 times 
more than an average of many other years. In dry years, the precipitation lowers by 
50 %, and somewhere by 20 % of average annual rate. The variability of precipitation 
is great during dry warm seasons especially when after an uninterrupted drought 
some heavy showers may fall. 

The highest average duration of precipitation is registered in autumn-winter 
season (5-10 h), when continuous long widespread precipitation falls. In summer, 
despite the fact that most of the precipitation occurs in this season, the duration is 
much shorter, around 2-3hours. The total annual maximal duration of precipitation 
fall ranges within 400-450 hours in low-laying floodplains of the coastline. 

The highest monthly average of precipitation, i.e. 42-47 hours occurs in 
summer and winter in the northeastern part of the coastline. In summer, in the 
northeast the average monthly duration of precipitation is smaller than in the cold 
season, totalling 4-10 hours, though it is a normal period for the maximal amount of 
precipitation. This is explained by the high moisture content of atmosphere in the 
warm period and the prevalence of shower rains. In the autumn-winter period, long 
widespread precipitation is common. The maximal period of continuous rain is 
registered in the area of Zhylyoskyi district, which may last 120-170 hours in winter 
and 30-45 hours in summer. 

In this region, the continuous rain may fall for 12-14 hours per day whereas in 
the central districts the rain happens to go on for 6-7 hours. The total duration of all 
precipitation per year averages 300 hours. The maximal intensity of precipitation 
does not change. The highest amount of precipitation falls during thunderstorms 
developed in cold frontal sections if the vertical gradient of air temperature is 
available. 

On the coast of the Caspian Sea, rain and drizzle are common, solid 
precipitation such as snow, sleet, and snowy grain occur annually from November-
October to March-April. In the northern regions and on the coastline, the frequency 
of solid precipitation in October and November is 14-20%. There, in March, solid 
precipitation falls in 40-50% of all cases. 

Snow falls in case of cold air mass intrusion. Under cold frontal conditions, 
land may be covered with snow. However, as a rule, the first snow does not stay and 
thaws rapidly. 

The area of Zhylyoskyi district gets snow cover at the beginning of December 
(the average date is 7 December). Unstable snow cover is characteristic for coastal 
areas of the Caspian Sea. It goes off at the beginning of March, approximately 4-12th 
of March. Between these periods, snow cover may be formed and disappear several 
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times. During the years of early winters, snow cover may appear 1-1.5 month earlier 
than the average long-term date. 

In the study region, the number of days with snow cover may be up to 30 days 
per year. However, stable snow cover, which lasts not less than a month (with breaks 
of no more than three days) is possible mainly in the north of the Caspian coastline 
where winters with stable snow cover occurs in 30-40 % of the time. In the rest of 
Caspian shore such winters are rare. For example, in Tengiz area they occurs 17% of 
the time. 

The height of snow cover on the Caspian Coastline is insignificant. The 
average height per quarter of the year is 1-5 cm whereas in the north it is 8-12 cm. 
However, in cold winters the height of snow cover may attain 20-30 cm in the 
northern part of the region. The winters 1941-42, 1948-49, 1949-50, 1953-54 and 
1968-69 exemplify this. 

In this area, only 10% of winters may have snow cover of 20 cm; in 90% of 
cases it does not exceed 10 cm. 

Moving away from the sea, the relative air humidity decreases. In winter, this 
is of maximal value: 80% of total on the shore and 75% deep inland. Although air 
humidity is the most stable in winter, in some years its fluctuations may be 
significant. 

Related to spring increase of solar radiation, the drop of relative air humidity is 
observed from March to April, and an especially intensive reduction occurs in the 
northeast of the coast. In the first half of spring, it is related to intensive warming up 
of ground layers and in the second, the air humidity drop happens due to decreased 
precipitation. In April, on the coastline this feature is equal to 60%, and far inland it 
is 55%. In summer, the swing of air humidity fluctuations depends on geographical 
conditions. 
The proximity of desert to the eastern coast of the Caspian Sea dries air up. In 
summer here, the relative air humidity ranges within 55-60 %. 

On the coastline belonging to Zhylyoskyi district, relative air humidity is 50%, 
and in summer time, it is 45% inland. Towards autumn, this increases, and in 
October, it reaches 70% on the shore whereas in Kulsary it is 65%. In November, the 
horizontal gradient of relative air humidity smoothes while in December its normal 
winter distribution installs on the study area. 

The annual swing of relative humidity is reversible to the annual range of air 
temperature and partial pressure of vapour. One of the climatic features to 
characterise a relative humidity regime is the frequency of days with very low 
humidity (30% any time), i.e. dry days and days of significant humidity, (80% and 
greater per 13 hours), i.e. wet days. Annually the average number of dry days with 
relative humidity of 30% changes on a large scale. Significant air dryness is observed 
on the eastern cost where in total 40-90 dry days per year occur. Moving off the sea, 
the number of dry days increases. Along the shore, dry days happen mainly in the 
warm season, from April to October. In Zhylyoskyi district, the highest occurrence of 
wet days falls in winter. 

To understand the reasons for climate aridity in the Zhylyoskyi district, water 
evaporation should be considered. At the coastline, the annual water evaporation rate 
is 850-950mm (mm per one square meter of water-free surface) whereas inland it is 
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1,000-1,100 mm. Considering that the sum of atmospheric precipitations does not 
exceed 170-200 mm per year, and sometimes less than 100 mm, the moistening 
deficit ranges from 800 to 1,000 mm per year. 

In analysing the data of atmospheric pressure in meteorological stations of 
Zhylyoskyi districts of Kulsary, Koschagyl, Karaton and Sarykamys, the highest 
value of this indicator falls on winter and the minimum is in summer time. The swing 
of these values per year is from 753 (July) to 785 (January) at Kulsary, from 747 
(July) to 775 (January) at Koschagyl, from 747 (July) to 786 (January) at Karaton, 
from 754 (July) to 777 (December) at Sarykamys. Therefore, the closer to the shore, 
the greater is the annual fluctuation of atmospheric pressure: at Karaton – the 
difference is 39 mm, at Sarykamys - 23 mm). 
 

Community air conditions 
(Kulsary, Karaton, Sarkamys, and Koschagyl) 

 
Environmental conditions of Zhylyoiskiy rayon and the surrounding territories 

could provide sufficient cleanness of air when pollution sources are rationally located 
and regulatory actions are taken towards the waste. 

Presently the active sources of man-made pollution of Zhylyoiskiy rayon area 
air are the objects of the oil and gas industry, manufacturing enterprises, 
thermoelectric power stations, transport, “TengizChevroil” Ltd., «TengizMunaiGaz” 
JSC, CJSC “Intergaz – Central Asia”, Medical and Preventive Treatment Facility 
“Kulsary”, Kulsary Water Production and Sewerage Administration, Kulsary Pipe-
line Administration etc. 

Within the scale of this area the centers of air pollution are localized and 
related mostly to the Kulsary, Karaton, Tengiz villages and other communities, and 
also to the places of oil and gas deposits development. 

Systematic field observations of the community air state of Zhylyoiskiy rayon 
and adjacent territories are conducted at stationary posts of the National Observation 
and Control Service (NSOCE) system and departmental monitoring posts of 
«TengizMunaiGaz” JSC and JV “TengizChevroil” Ltd. 

Based on statistical reports there were 1223 sources of contaminants (CN) 
emissions on Zhylyoiskiy rayon territory in 1996. Moreover, 120 of these 1223 were 
units of organized sources. Respective indexes for the preceding year 1994 are 1328 
and 121 units. 

Statistical reports indexes 1993-1997 of general emissions from all sources 
(separate from organized sources) and in the context of main ingredients of gaseous 
discharges CN emissions are shown in the table 1.2.4. For the past two years (1995 
and 1996) we can see a fast growth of emissions amount. The level of all amount of 
emissions was 17,4-17,5 thousands of tons in 1993 –1994, and it increased to  28,8 
thousands of tons  in 1995. «TengizMunaiGaz” JSC spent 79,2 millions of Tenge on 
reducing CN emissions measures in 1996 and decreased the emissions by 2390 tons. 
However, the level of emissions in 1996 remained more than 9 thousands tons higher 
than in 1993-1994 due to the growth of the most toxic ingredients. 
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Indeed after the 1993, the record year for sulfur, nitrogen and carbon oxides 
emissions, in 1994 there was a decrease of these emissions: on sulphur dioxide by 
37,5 and nitrogen oxide by 3,7. 

However, in 1995, in comparison to the preceding year, the emissions of SO2 
(sulfurous anhydride) has increased by 1,65, СО (nitrogen oxide) – by 3,9, H2S 
(hydrogen sulphide) – by 3. In 1996 these emissions slightly decreased. To observe 
the emission of H2S was not possible in 1996, i.e. in 1996 statistical reports hydrogen 
sulphide was not listed. 

The oil and gas of «TengizMunaiGaz” JSC consist of hydrogen sulphide (up to 
18-25% in gas) and mercaptans (from 18 to 53 g in 100 m3 of gas), and there are 
sulphur dioxide (SO2) (synonyms – sulfur dioxide, sulfurous anhydride), carbon 
monoxide - СО (carbon oxide), nitrogen dioxide NO2, soot (elementary carbon) in 
combustion products and exhausts of internal-combustion engines, except carbon 
dioxide (СО2) and water vapor.   

According to safety measures norms, when spontaneous ignition of elemental 
or artificial emission of oil and carbureted hydrogen gas does not occur, it should be 
set on the fire (Safety regulations..., 1974). 

Since hydrogen sulphide and mercaptans are hazardous substances for all 
living organisms of II danger class, and products of their oxidation (burning) – sulfur 
dioxide (sulphur dioxide) – classifies as hazardous substance of III danger class, and 
carbonic acid (carbon dioxide) as IV danger class (Bespamyatnov et al., 1975), 
according to the safety measures norms, the streams of these gases should be 
immediately set on the fire. This rule should be enacted when there is an emission of 
carburated hydrogen gas and oil stream even if it doesn’t consist of hydrogen 
sulphide and mercaptans, i.e. the free discharge of gases can produce ignition on huge 
area. 

Maximum Permissible Concentration (MPC) of substances contained in the oil 
gases is the following: hydrogen sulphide – MPCm.s. (i.e. maximum singe) is equal to 
0.08 mg in the cubic meter of air, MPCa.d. (average daily) is equal to 0.008 mg/m3, 
MPCm.s. of methylmercaptan - 9  10-6 mg/m3 etc. At the same time MPC of the main 
combustion product of sulfur-containing oil gases compounds – sulfur dioxide 
(sulphur dioxide) is considerably greater – MPCm.s. is equal to 0.5 mg/m3, MPCa.d. is 
0.05 mg/m3. 

Here is a description of some contaminants of Zhylyoiskiy rayon community 
air. 

Hydrogen sulphide – strong neuroparalytic poison. Limiting concentration in 
the air of working facilities is 10 mg/m3, and average daily concentration in the 
inhabited locality is 0,008 mg/m3. Odor threshold of hydrogen sulphide for the 
human being corresponds to  1-3  10-2 mg/m3. In the presence of 4 mg/m3 one can 
detect a significant smell, under the concentration of 6 mg/m3 and period of inhaling 
of 4 hours the headache and eye ache evolves. When inhaling the hydrogen sulphide 
under the concentration of 1000 mg/m3, poisoning develops almost immediately: 
cramps and loss of consciousness lead to death because of respiratory failure. Eyes 
are indicators of concentration increase (burning pain, reddening, intumescence of 
eyelids). Moreover, hydrogen sulphide has high corrosion activity. 
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Hydrogen sulphide oxidizes (burns) very easily, and when there is a scarcity of 
air it transforms to the sulphur dioxide and educes free sulfur: 
 
 2Н2S + 3O2 = 2H2O +2SO2 2Н2S + O2 = 2H2O + 2S 
 

Hydrogen sulphide dissolves in the water fairly well (4,12 g/l and 20 0С), it 
gives to the water acid reaction. Water that consists of hydrogen sulphide dims very 
fast due to its oxidation and educing of free sulfur. 

Due to the hydrogen sulphide emissions and elemental sulfur of Astrahansky 
and Tengiz deposit, the North Caspian water polluted by sulfur in the amount of 3,5-
5,0 thousand tons annually (Chernomashencev, 1989). Along with that the 
concentration of fallout sulfur can exceed 1g per square meter of surface annually, 
and the content in water suspension state is possible for concentration close to MPC - 
10 mg/l of water. 

Usually the free sulfur doesn’t negatively effect most of the water ecosystem 
components. However, observations show that bottom organisms biomass in places 
polluted by sulfur in comparison with background decreases up to 270 times 
(Chernomashencev, 1989). 

The sulfur in water except for sulfate compounds that does not directly harm 
biot, in some conditions form highly toxic compounds - to sulfides and sulfanyls. 

Over a hydrogen sulphide in water, metal ions as well as ammonium form with 
sulfur sulfides. These unstable compounds form as well as a result of reactions of 
heavy metals carbonates and ammonium with hydrogen sulphide, sulfur and sulfur 
acids that appear in the process of thiobakteria vital functions (sulfurbakteria). 

In interaction of heavy metal ions, evolved hydrogen sulphide with sulphury 
anhydride, sparingly soluble sulfates form. With presence of phenols and 
sulfurbakteria in water, as well as photosynthesis processes, the formation of strong 
organic acids-sulphanyls is possible.  Their MPC for fish economy reservoirs is equal 
to 0,1-0,2 mg/l. Sulfanyls are easily dissolve in water and with heavy metals form 
steady complexes. Sulphides can harm humans, animals and fish when they enter the 
body in food or water. Tests show that fish experience reduction of haemoglobin 
content in blood and develop cirrhosis. 

The information mentioned demand careful implementation of nature-
conservative measures while developing oil-gas condensate fields. 

Sulfur dioxide. The main gas combustion product that contains hydrogen 
sulphide and other sulphides is sulfur dioxide (SO2). This substance harms human 
health, flora and fauna, and also distracts different materials including metals. Sulfur 
dioxide has high dissolubility in water – 115 g/l under 20 0С. 

Sulfur dioxide harms plants by ingressing leaves while inhaling; SO2 depresses 
the cells vital functions. Initially leaves start covering with brown spots, then dry up. 

Sulfur dioxide and its other compounds irritate the eye’s mucous membrane 
and respiratory tracts of humans and animals.  

Long influences small concentrations of SO2 on humans lead to chronic 
gastritis, bronchitis, laryngitis and other illnesses. There are facts on the connection 
between SO2 air content and death rate and lung cancer (Stadnitsky, Rodionov, 
1988). 
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Since (by analogy with open fountain in Tengiz well #37) the concentration of 
SO2 in the air even at a distance of 200-250 km from the torch has exceeded 10 MPC, 
then in case of repetition of such accident the whole Zhylyoiskiy rayon would be 
poisoned by SO2 in concentration exceeding 10-15 MPC. 

In the air SO2 oxidizes to SO3. Oxidization takes place catalytically under the 
influence of metal traces and photo-chemically. Moreover, gaseous and attenuated in 
water SO2 can be oxidized by ozone or hydrogen peroxide. SO3 forms sulphuric acid 
in combination with water. Afterwards SO3 with metals consisting in the air and 
water form sulphates. Acid sulphate in comparison to SO2 has more pronounced 
biological effect under concentration equality. 

Sulphur dioxide stays in the air from several hours to several days depending 
on moisture and other conditions. The amount of SO2 and SO4

2 at different heights is 
not the same. At minor heights SO2 prevail over SO4

2-. Ratio SO2/SO4
2- decreases 

with height. (Stadnitsky, Rodionov, 1988). 
According to calculation from every ton of sulphur dioxide (SO2) formed of the 

burning ejected hydrogen sulphide in the torch, SO2 in the air for 2-3 days would be 
transformed to more than 1.2 tons of sulfuric anhydride (SO3): 

2 SO2 + O2 = 2SO3 
The high temperature of a burning torch contributes to the SO2 transfer for long 

distances and its dispersion in the high troposphere. As a result of this transfer, the 
evolved sulphuric anhydride transforms under the action of air moisture to sulphuric 
acid: 
 

SO3 + Н2О = Н2 SO4 

 
Calculations show that almost 1,5 tons of sulphuic acid (1,47 tons) would be 

generated out of 1,2 tons of sulphuric anhydrid (SO3). 
Along with the nitrogen oxides that generate nitrous acid and hydrogen nitrate 

with water, sulphuric acid becomes the reason for acid rain fall-out. The acid rains 
significantly increase the acidity of soil and water, destructively effect constructional 
materials, can negatively affect the yield of crops and human health. 

The reason for soil and superficial waters impairment consists not only in the 
emissions to the reservoirs and places of domestic and factory wastes but also the 
acid atmospheric fallouts. For the past 35 years the acidity of rainwater has increased 
by 40 times (i.e. рН has decreased from 5,6 to 4,1). The cases of precipitation events 
from рН have been observed to be lower than 2,1 which corresponds to the increase 
of acidity in comparison to the norm of 4000 times. This rainwater is able to react 
with materials such as marble and harms urban constructions. 

Compounds containing sulfur not only bleed from atmosphere during the 
precipitation events but also leave it under the action of gravitational force in a dry 
form. The average annual amount of sulfur-containing compounds falling from the 
atmosphere onto the territory of Europe is equal to 1,1 g/m2 and amounts to ~ 12 –· 
105 t/year (Stadnitsky, Rodionov, 1988). 

The forming of acid rain depends on the speed of pollution absorption by 
aerosol particles. 
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Formed acids fall out with precipitations on the surface and lead to forest 
mortality: the rootage mass reduces, the speed of browses growth decreases, the 
general marcescence of fir tree nurseling is observed, and cell damages (needles, 
leafs) is observed in the majority of softwood and foliferous woods under рН 2,6. 

Precipitation of acid rains lead to the increase of soil acidity and as a result to 
the decrease of activeness of soil microorganisms that are involved in the 
reproduction of plant ground litter, improvement of soil structure, conversion of 
organic compounds to the available forms. 

Acid rains can negatively affect crop yield, and during the period of their initial 
growth in particular. Under the рН 2,6 the reduction of lucerne, barley, cabbage, 
corn, cucumber, soy yield could be observed. 

Acid precipitations negatively affect water ecosystems. In the regions that have 
constant acid precipitation events, most species of fish perish and other aquatic 
organisms are oppressed in lakes.  It causes considerable economic harm. The 
influence of acid atmosphere precipitations on flora and human health is 
insufficiently studied. 
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Carbon dioxide that forms through the fuel combustion is assimilated and 
transformed by plants during the photosynthesis process. However, the increase of 
carbon dioxide content in the air is very noticeable. According to forecast it will 
achieve 0,04% (vol.) by 2000. The increase of carbon dioxide content in the air can 
lead to the so-called greenhouse effect, i.e. to the rise of the average temperature of 
the Earth. 

Excessive content of carbon dioxide in the atmosphere can lead to the 
occurrence of asthnia, giddiness, headache, increased pressure, respiratory distress, 
rapid pulse; in large concentrations – narcotic, irritant action, general depression, and 
asthma. 

Supplementary satiation of water by CO2 intensifies the eutrophication of 
reservoir and facilitates the occurrence of oxygen deficit and formation of 
sulphurated hydrogen areas. 

Carbon oxide СО. In the burning torch of oil and gas emissions, oil and gas 
don’t burn out absolutely. Lots of CO-carbon monoxide with a gas density of 28 
g/mole slightly differs from air density of 29 g/mole. Therefore carbon monoxide gas 
exfoliates in an atmosphere. 

Carbon monoxide gas (СО) is colorless and doesn’t have a smell. It effects the 
nervous and cardiovascular systems, asphyxiates. Human beings develop initial 
symptoms of poisoning by carbon oxide (headache) after 2-3 hours of staying in an 
atmosphere that consists of 200 mg of CO per cubic meter of air. In higher 
concentrations humans start feeling a pulse in the temples and giddiness. Toxicity of 
CO increases approximately by 1,5 times when air contains nitrous oxides. 

Carbon oxide is a poison compound of IV danger class. Its concentration in the 
air exceeding 3 mg/m3 creates danger situation, more than 5 mg/m3 - dangerous 
situation and exceeding 25 mg is extremely dangerous. Average daily MPC of CO is 
equal to 1,0 mg/m3, and maximum singe is 3 mg/m3 (Bespamyatnov, Bogushevskaya 
et al., 1975). 

Nitric oxide NОx (NO, NO2, N2O3, N2O5, N2O4). Mostly nitrogen dioxide is 
emitted into the atmosphere NO2 – a colorless poison gas without smell that irritates 
the respiratory apparatus. Especially dangerous are nitrogen oxides in cities where 
they interact with hydrocarbons of exhausts and form photochemical fog or smog. 
Poisoning by nitrogen oxide starts with a light cough. With the strengthening of the 
NОx concentration strong cough, vomiting, and sometimes headaches result. In the 
contact with the humid surface of mucous membrane, the nitrogen oxides form acids 
HNO3 and HNО2 that lead to pulmonary edema. 

Nitrogen oxide is a toxic compound of II danger class, its MPCс.с. is equal to 
0,085 mg/m3, i.e. concentration that cause alarm. Consistency of NO2 in the air that 
equals to 0,255 mg/m3 is dangerous, and to 0,765 mg/m3 is extremely dangerous 
(Belov, Barbinov et al., 1991). 

Unburned oil ectoplasms of fountain that fall on surfaces, mainly light low-
molecular hydrocarbons (pentane, hexane, gasoline fractions etc.) poison the air and 
can be transferred by the wind for long distances. These hydrocarbons have a narcotic 
action and in small concentrations lead to headaches, giddiness etc. 
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When inhaling during the 8 hours of gasoline vapor in concentration of ~ 600 
mg/m3, nervous system and respiratory tracts disorders occur. 

Hydrocarbons that pollute the air relate to IV danger class: when concentration 
of these substances exceed 1,5 mg/m3 a danger situation emerges, when 7,5 mg/m3 – 
it is dangerous, and when higher than 7,5 mg/m3 – the situation is extremely 
dangerous (Belov, Barbinov et al., 1991). 

Soot. The burning torch of a gas and oil gusher releases huge amounts of one 
of the main air pollutants – soot. Gas soot is a hazardous substance of III danger class 
(i.e. more poisonous than even carbon monoxide gas and hydrocarbons). The 
maximum single gas soot MPC in the air equals to 0,15 mg/m3, and MPCс.с. total is 
0,05 mg/m3 (Bespamyatnov, Bogushevskaya, 1973). 

The soot is superfine (at the moment of formation: the particles with radius 
equal to 0,003-0,005 micron) nontoxic particulate matter consisting of 90-95% of 
elemental carbon. 

Due to highly developed surface the soot has considerable adsorption capacity 
and to heavy hydrocarbons in particular including carcinogenic heterocyclic 
compounds that make the soot highly dangerous to the human being. 

When soot concentration in the air exceeds 0,05 mg/m3- a danger situation 
emerges, when exceeds 0,25 mg/m3 – the situation is dangerous, and 0,125 mg/m3 is 
extremely dangerous for the human being and farm animals (Belov, Barbinov et al., 
1991). 

Due to their fine dispersibility, all particulate matters (dust, soot) with the 
particles size equal to 0,5-10 micron, are extremely hazardous for the human being  
because of their enormous penetration power to a human being’s organism and the 
respiratory apparatus in particular. 

Black cloud above the burning torch while moving away from the emission 
point becomes lighter, whiter and finally off-white, i.e. it transforms to the “smog”. It 
occurs due to strong irrigation of the soot particles that have significant 
hygroscopicity and because of particle enlargement (with diameter larger than 10 
microns). 

Soot falling down on ice or snow significantly reduces their reflecting capacity 
(reflectance) and leads to thawing intensification. Soot’s role in the atmosphere is 
defined not only by its hazardous effect on humans and on respiratory apparatus 
primarily, but also by the fact that out of all composed stack ashes the soot is the 
most powerful absorbent of solar and earth radiation in a wide range of long waves 
(from 0,25 to 13 microns). Therefore soot can greatly influence thermal regime of the 
atmosphere, sea and earth surfaces. 

Air pollution abatement from dangerous to acceptable reduces the number of  
influenza and upper air passages catarrhs illnesses by almost 300 times, pneumonia 
and bronchitis by 12-14 times, and tuberculosis, hypertension and heart-disease by 
2,4-3,2 times (Belov, Barbinov et al., 1991). 

According to the data of «TengizMunaiGaz” JSC CSRL that carries out with 
regular observations on air pollution control at stationary points in Kulsary and 
Sarykamys villages and movable (route) points in the Koschagyl, Karaton villages 
and at Kara-Arna, Aktube, Dosmuhambetovsky, West and Central Prorva fields 

102 
 



(Bahitzhanov, 1996), the average annual concentration of the main toxic components 
of atmospheric emissions in the four villages on the territory of «TengizMunaiGaz” 
JSC is shown in the Table 1.2.5. Average daily Maximum Permissible Concentration 
(MPCс.с.) in this table is determined based on directories (Bespamyatnov et al., 1975; 
the list of MPC and acting Preliminary Safe Levels of Impact…, 1992). 

As shown in Table 1.2.5, annual average concentration in the air of the most 
hazardous admixtures at stationary points never exceeded MPC. 

However, for example, in the monthly context the most polluted air is in 
Kulsary by H2S and SO2  in September and November, by NO2 – in October; in 
Koschagyl village - by H2S – in January and October, by SO2 and NO2 – in August; 
in Karaton – by H2S – in April and August, by NO2 – in June and November, by SO2 
– in August and December; in Sarykamys - by H2S – in August, by SO2 – in October, 
by NO2 – in September and November. 
 

Table 1.2.5 
 

Annual average concentration of toxic admixtures in the air of the 
«TengizMunaiGaz” JSC zone (mg/m3) 

 
Prills selection 

point 
H2S SO2 NO2 

    
Kulsary 0,004 0,04 0,02 

Koschagyl 0,004 0,04 0,02 
Karaton 0,006 0,03 0,01 

Sarykamys 0,006 0,045 0,01 
MPCс.с. 

admixtures 
0,008 0,05 0,085 

 
There were cases in spring and in August in Karaton village when the content 

of H2S in the air has exceeded MPC by 1,25 times. Karaton village is the outermost 
(in comparison with other observation points) from deposits. This fact proves that in 
this region there are significant natural sources of H2S. Since H2S has a mostly 
biogenic origin, natural sources can play an important role in this compound entry to 
the air. Registration of H2S emissions from natural sources to the air is a complex 
task since the speed of this substance entry depends on the character of underlying 
surface and solar radiation activity. 

Perhaps the mass of shore carrion reed (cane) that is under the water due to 
geocratic movement can be considered as H2S pollution of air in Karaton (Egorov, 
Buharitsyn, 1994; Buharitsyn, 1991; Kushtalova, 1947). 

Along with anaerobic oxidation of flora remains in water, firstly, water oxygen 
is spent. Then the processes of mud line (with black silt formation) and water 
contamination by H2S develop, i.e. sulfur contains in the proteins of aquatic 
vegetation. 
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It can be noticed that during the calm weather, air pollution increases in 
Kulsary on H2S (up to 1-1,2 MPC) and SO2 (up to 1,6 MPC), i.e. this fact shows that 
the pollution source is located there. 

H2S enters the atmosphere of Zhylyoiskiy rayon from natural as well as from 
(mainly) antropogenic sources. 

The maximum monthly average concentration of H2S in the air was in August, 
and minimum in January during 1995. Generally the H2S content at inhabited 
localities increases during warm seasons. Perhaps the reason lies in the relevance of 
variation between natural and antropogenic sources of H2S ingress to the air. Within 
the wide range, the emission of H2S from natural sources during the summer is more 
intensive than during the winter.  Indexes of H2S concentrations depend on wind 
direction. At the same time the annual average of H2S concentrations are distributed 
relatively equal in the time of the south and west winds. 

Average monthly sulfur dioxide concentration of mentioned inhabited localities 
was not exceeding MPCс.с. in 1995. But on some days during the summer and in 
September, the SO2 concentration at stationary points exceeded the MPC by 1,2-1,6. 
Moreover, the excess of sulfurous anhydride in the air by more than 2,5 times MPC 
(0,126 mg/m3) was observed on the 22nd September, 1995 in Kulsary. 

The sulfurous anhydride enters the atmosphere from natural as well as from 
anthropogenic (the products of firing) sources. The main natural sources are 
processes of sulfur-containing compounds oxidation, and H2S in particular. Since 
there are natural and quite powerful anthropogenic sources of H2S, it quite rapidly 
oxidizes in the atmosphere with formation of sulphur dioxide. Not only could the air 
oxygen be serving as oxidizing agent but also hydroxyl ions, ozone molecules and 
nitrogen oxides. 

The highest concentration of sulfur dioxide for the studied period on the 
territory of Zhylyoskiy rayon are observed in August and the minimal in January and 
November. Usually maximum concentration of sulfur dioxide in the air was 
registered in industrial centers during the cold seasons, and minimum – in summer. 
Significant change of summer sulfur dioxide concentration shows instability of the 
sources during the period of observations in the studied rayon. The results of sulfur 
dioxide concentration in the air  determination that are received at stationary points in 
inhabited localities under the different wind directions show that maximum sulfur 
dioxide concentration in the air was registered during west, north-east, north-west, 
and minimum during south-east winds.  The difference of content admixtures during 
the studied period could be provoked by the different power of anthropogenic sources 
of sulfur dioxide ingress to the atmosphere in the region of the monitoring stations 
location. 

A limited number of studies concern the changes of background nitrogen 
dioxide content in the bottom layer of the astrosphere. Measurements made by the 
monitoring service of «TengizMunaiGaz” JSC (Bahytzhanov, 1996) in this rayon in 
the course of year show a gradual increase of nitrogen dioxide content in the 
atmosphere’s bottom layer that perhaps relates to the constant increase of its 
concentration in villages under different technological operations and the growth of a 
number of enterprises. Seasonal changes of nitrogen dioxide concentrations in bottom 
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layers of atmosphere are mostly determined by different activities of its emission 
sources in different seasons. Under the influence of anthropogenic sources of 
nitrogen dioxide ingress to the atmosphere in midlatitudes of continental areas of the 
northern hemisphere the increase of nitrogen dioxide concentrations observed during 
the heating season that is connected to the increase of fuel consumption at this time. 
There are higher concentrations of nitrogen dioxide in the air during the summer in 
cases when the level of nitrogen dioxide in the air is affected only by natural factors. 
The reason lies in the fact that the speed of biogenic processes during this season 
increases. The difference in space distribution of nitrogen dioxide in the observation 
area perhaps can be explained by the significant role of its wash-out processes by 
atmospheric precipitates (formation of acid rains) and oxidation of nitric oxide by 
ozone for the period of air pollution transfer to the closest station of background 
monitoring. While moving away from the air pollution source, the nitrogen dioxide 
concentration decreases due to precipitation processes on the underlying surface. 
Relatively equal distribution of nitrogen dioxide in the air at four observation points 
is perhaps determined by the action of distributed local sources of natural as well as 
anthropogenic origin. Distribution of average annual nitrogen dioxide concentrations 
received at stationary points showed that the content of this pollution never exceeded 
MPCс.с. (0,08 mg/m3) in the villages. The nitrogen dioxide concentration in the air 
was fluctuating from trace quantities to 0,07 mg/m3 (in June in the Kulsary and 
January 1995 in the West Prorva), i.e. totally 0,8 MPC. 

The dependence of NO2 concentrations on wind direction is very similar to that 
of sulfur dioxide (SO2). For instance, the increase of NO2 content in the air has been 
registered under the north-east and north-west winds; in Koschagyl village also under 
the north-east wind and less under the south-west wind; in Karaton village under the 
south-west wind. In the Sarykamys the wind direction almost doesn’t change the NO2 
content in the air that fluctuates from 0,01 to 0,05 mg/m3. Moreover, in the 
Sarykamys village the highest concentration of NO2 could be noticed under the 
southeast wind direction. 

Under the air pollution by fuel combustion products, the concentration type of 
variation of sulfur and nitrogen dioxides is the same since these compounds are 
present in organic fuel combustion products. Some observed differences in the sulfur 
and nitrogen dioxides concentrations could be explained by their formation processes 
due to the different (biogenic and man-caused) sources. 

The existing positive dependence between the air traffic flow and measured 
ingredients concentrations and presence of seasonal diurnal variance proved that 
regional background pollution in the area of measurement is common for background 
concentration of sulfur and nitrogen oxides in the ground layer of the astrosphere. 

The main air polluters in this area are production and oil refining facilities of 
the Joint Kazakhstan-American Venture “TengizShevrOil” (JV TSO). Comparing 
indexes of contaminants emissions of «TengizMunaiGaz” JSC and JV TSO (Table 
1.2.4) and corresponding statistics of JV TSO (Table 1.2.6.), it could be seen that JV 
TSO emitted sulphur dioxide almost 150 times H2S sulphuretted hydrogen 3-4 times, 
nitrogen oxide 8.6 times greater than «TengizMunaiGaz” JSC in 1996. However, 
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«TengizMunaiGaz” JSC has emitted in the air 2.66 times more of carbon monoxide 
and almost 1.28 times more hydrocarbon than JV TSO in 1996. 

It makes the task of Zhylyoiskiy regional air quality enhancement more 
complex. 

It should also be mentioned that almost half (48,3%) of total hydrocarbon air 
emissions in Kazakhstan are produced in Atyrau oblast. This is a consequence of 
Tengiz and its gas refinery plant. 

However, the level of air pollutants emissions increased again in Atyrau oblast 
in 1995: their amount in 1994 was equal to 77.2 thousand tons, and in 1995 the figure 
increased to 81.1 thousand tons (Information Bulletin of the Republic of Kazakhstan, 
1995 and 1996). Mainly JV TSO and JSC TMG are the guilty parties in this situation. 
In comparison to 1993 the JSC TMG total emissions have increased from 17.5 
thousand tons to 28,8 thousand tons in 1995, i.e. by 1.65 times (however, they have 
reduced by 2.4 thousand tons). JV TSO has more impressive figures: it has emitted 
totally 2.385 thousand tons of air pollutants in 1993, and 28.1 thousand tons, i.e. 
more than 11.8 times greater in 1996, including sulfur dioxide from 1485 tons (1993) 
to 15,245 thousand tons, i.e. 10.3 times greater. The same significant growth over 
three years of other pollutants: nitrogen dioxide 6.1 times greater, sulphur dioxide 
15.5 times greater, on hydrocarbon the emission has grown to an almost impossible 
figure - from 61 tons to 3412 tons, i.e. 56.9 times greater. JV TSO has extracted 
2538.9 thousand tons in 1995, 4965.4 t.t. in 1996 and 6948.7 t.t. in 1997 of oil. The 
poison substances air emissions of this company were the following: 10287 tons in 
1995, 28222 tons in 1996, and 72602 tons in 1997. For one ton of extracted oil 4.05 
kg of hazardous substances were emitted in the air in 1995, 5.68 kg in 1996, and 
10.45 kg in 1997. Air emissions have grown 2.5 times from 1995 to 1997. Along with 
that from air emitted amounts of sulfuric anhydride 10348 tons of sulphuric acid 
could be formed in 1995, 18671 tons in 1996, and 44131 tons in 1997. Caspian Sea 
water acidulation goes on. Moreover, acid rains are expected very soon. 

At oil and gas fields of past salts deposits that locate in Zhylyoiskiy rayon, the 
maximum level of hydrocarbon pollution is equal to 4-5 MPC and oxide and sulfur 
pollution with combined action is equal to 2 MPC during the extraction and 
preparation of oil for transportation. The pollution concentration on the boundary of 
the standard buffer zone (1km) should be equal to 0,5 MPC. 

During exploration and production drilling, hazardous substances emissions 
rise sharply, the air becomes polluted by sulfur, nitrogen, carbon, hydrocarbon, soot, 
acrolein oxides. The maximum concentrations of sulfur and nitrogen oxides 
summation group reach 287 MPC near to drilling rigs, other ingredients reach 5-10 
MPC. Standard indexes of MPC are reached at a distance of 1.5-3 km. 

During the subsalt deposits development located in Zhylyoiskiy region, in 
addition to pollutants mentioned above, hydrocarbons and mercaptans are emitted 
into the air. 

During well testing at subsalt deposits, the level of H2S pollution that along 
with sulfur oxides form the summation group, reach 50 MPC near to the borehole. 
The standard pollution can be noticed at a distance of 9 km. 
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Under emergency conditions (oil spill at central assembly points, flowing 
during the well building, flowing during the pipeline breaks) the maximum 
hydrocarbon concentrations can reach 70 MPC, and in some cases (as in the event at 
a well #37) – 10 thousand MPC (close to plum) and 1000 MPC (on the buffer zone 
boundary). 

According to sanitary standards developed for emergency situations, MPC is 
achieved at a distance of 10 km from the emission source if the situation is ordinary. 
However, there have been catastrophic emergencies. The opene oil-gusher at 37 well 
(Tengiz) that was burned for more than 13 months, until the end of July, 1986. The 
torch was 200-300 meters in height and up to 50 meters in diameter. 

Since the gas of № 37 well contained H2S (about 20%) and other sulphides 
(including mercaptans) the burning gusher became not only the source of 
hydrocarbon combustion products (soot, carbonic acid), but also the poisonous heavy 
sulphur dioxide. 

With heroic effort, and loss of life, the burning well was extinguished and 
stopped. During the emergency at the well № 37 (Tengiz), around 1.7 billion m3 of 
gas was burned away and 3.4 million tons of oil with a volume of 4.25 million m3. 

According to calculations (Aitaliev, Diarov, Kudaykulov et al., 1996) 
approximately 340 million m3 or more than 516 thousand tons of H2S were emitted 
from the well. In the burning torch this sulphuretted hydrogen transformed to the 
same volume of sulphur dioxide (SO2) with a weight of almost a million tons. 
Moreover, more than a million tons of unburned oil hydrocarbons and around 900 
thousand tons of soot were emitted in to the air (with 70% completeness of 
combustion). 

One million tons of formed sulphur dioxide (SO2) during 2-3 days in the air 
have transformed into 1.25 million tons of sulfurous anhydride (SO3). This sulfurous 
anhydride in interaction with the air moisture has also transformed into 1.47 million 
tons of sulfur acid (Н2SO4) (Odum, 1986; Belov, Barbinov et al., 1991). 

This amount of sulfur acid exceeds the average annual index of sulfur-
containing compounds that precipitate on the Europe territory (1.2 million tons/year), 
i.e. acid rains by 1.23 times (Lvovitch, 1977; Dre, 1976; Stadnitsky, Rodionov, 
1988). 

Torch combustion products (sulphuretted hydrogen, sulphur dioxide, soot, 
unburned hydrocarbons etc.)  have polluted the air, soil and surface water within a 
radius of more than 100-250 km from the well. The flora was either suppressed or 
died, people and cattle have developed respiratory diseases in this area. 

The open gusher of #37 well was not the largest in this area. At the initial stage 
of oil and gas complex development of Atyrau oblast in spring of 1962, an open 
gusher emerged at the № 2 well, on Prorva production. A gas column that rapidly 
ignited from the spark from cut of pebbles hitting hardware formed a gigantic 
“candle” with a height of 300 m. A crater formed around the burning well. The 40-
meter oil-derrick with all its equipment fell into this crater (Yesenov, Kunayev, 
Mukhamedzhanov, 1968). 

Over decades the torches that burn out hydrocarbon gases have been burning 
on the described area as well as in the whole oblast and in the oblast center. These 
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torches are not the only evidence of waste and mismanagement, but also powerful 
sources of environment pollution. According to existing data more than 350 million 
m3 of accompanying gas are burned by torches annually. 

From every ton of uselessly burned gas, up to 600 kg of plastics could be 
made, and from every ton of plastics, goods worth several million Tenge could be 
manufactured. 

Around 200 million cubic meters of accompanying gas are burned at JSC 
“EmbaMunaiGaz” and «TengizMunaiGaz” JSC annually. In the past three years oil-
and-gas production department “Prorvaneft” has burned in flares 6 billions cubic 
meters. This is equal to a medium-size gas deposit storage (Vikulov, 1996). 

JV TSO works unevenly. It annually burns in flares more than 30 thousand 
tons of accompanying gas including 15% of toxic gases (Vikulov, 1996). 

During well testing in inhabited localities that are near to the wells (Karaton, 
Munaily, Koschagyl, Prorva, Sarykamys etc.) the concentration of sulfur oxides and 
H2S reached 10 MPC (in total). 

Under the normal deposit production the level of pollution within the limits of 
the production area is equal to 3-4 MPC. Along with that the MPC is achieved at a 
distance of 3-5 km from the central oil collection point (COCP). 

The total amount of emissions in Atyrau oblast has been reduced in recent 
years. In the near future at past salt deposits the gross emissions will sharply reduce 
(by half on average) due to reductions in oil extraction and testing works 
(Kenzhegaliyev A., Bazarbayev et al., 1996). 

On the contrary, in Zhylyoiskiy region as a result of subsalt deposits 
development expansion (even with the use of modern technology), the pollution 
emissions of oil and gas system (OGS) will approximately double by 2000. 
 

1.2.3. Surface and ground water 
 

1.2.3.1. Hydrology and hydrochemistry of rivers 
 

According to water regime conditions Zhylyoiskiy region rivers stand out as 
one group and relate to Kazakhstan rivers type with full-blown prevalence of flowing 
during the spring season. 

The Emba is the second significant river in Atyrau oblast after the Ural. It 
starts from the west mountainside of Mugozhdar mountains, at a height of 
approximately 350 m, but it doesn’t reach Caspian Sea. Around 20 km from the 
Caspian Sea, the Emba forms delta with several arms. Through these arms the water 
reaches the sea and connects to it for 2-3 weeks only during the most abundant water 
years. The area of the river columbine is equal to 38400 km2, its length is 166 km. 
The Emba recharges almost solely from the thawing of a snow. During the spring it is 
full - 1150 m3/sec, and during the summer at its lowest 100-kilometer section 
represents a range of disconnected stretches with ditch-water. Average annual flow 
rate is 11,9 m3/sec. Columbine locates at a weak-wave plain transforming to Pre-
Caspian lowland. In the lower part of the basin there are spacious sora, waterlogged 
grounds and numerous depressions that are filled with water during the spring. In the 
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undercurrent of the river there are pre-bed estuaries. Drainage network at the 
columbine is very rare and is represented as short small sais. Internal-drainage 
depressions occupy around 8% of the basin area. 

In spite of unfavorable hydrogeological conditions, the Emba River is of high 
significance to the irrigation and water supply of adjacent forage facilities 
development. The estuary irrigation exists on the basis of floodwater. 
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The Sagyz River lies between the Uil and Emba. The columbine area within 
the limits of the oblast is 8600 km2, its length is 200 km, the area of the 500-meter 
zone is 20 thousand hectares and the 100-meter riverside zone is 4 thousand hectares. 
The main difference is that the river doesn’t have a constant mouth and loses its water 
in sand for filtration and evaporation. Internal-drainage depressions occupy up to 
12% of the columbine area. Drainage network is represented by numerous tributaries 
that refer to small rivers of second and third grade. There are no spring overflows of 
flood-lands for the Sagyz River. High level of water may last only 1-4 days.  The 
group of Tentyak-Sor salt lakes that are filled with water during the most abundant 
water years lie in the low reaches of the river. The riverbed is very meandering. All 
tributaries, lakes and main inflows of the basin dry up during the summer. The water 
remains only in separate disconnected river reaches with a length of 0.1-0.5 km and a 
depth of 1.5-3 meters. 

The Sagyz River doesn’t have constant drainage from 11 months and along the 
whole length of the territory (around 30 km). A flood begins in April and continues 
for 22-25 days. During this period of time almost all the annual flood (95-99%) flows 
and consists of approximately 95 million m3. 

Flood water as well as after floodwater in particular of the Sagyz River are 
highly mineralized (sodium chloride pickling). Therefore almost all-annual water 
flow is not suitable for agricultural production, but due to water deficit it is often is 
used for pasture irrigation. 

Temporary currents are formed only during the spring in broad gullies and dry 
up during the summer. Currents of second, third and higher channel orders refer to 
small rivers with an average length of 100 km. Let’s consider the largest of the small 
rivers category. 

Zhaksy-Karasai River completely relates to the drainless area of North Pre-
Caspian region. The area is 937 km2, its length is 84 km, area of the exposed 500-
meter area is 4 thousand hectare, the 50-meter riverside area is 0.4 thousands hectare. 
The columbine relief is hilly; at the higher part between mountain range of Zhiltau, 
Kuliunkul and Karashoky (north-west margin of Ustiurt plateau) the large sora 
depression is located, and the river valley of this current is formed. Average width of 
the river valley is 0.5-1.5 km which leads to recommendations for a 50-meter 
riverside exposition. 

The Kainar River, like the Zhaksy-Karasai River also refers to the drainless 
area and flows within the boundaries of the oblast. The columbine area is 3160 km2, 
its length is 144 km, the 500-meter zone is 7,4 thousand hectare, the 50-meter 
riverside area is 0,74 thousand hectare. The columbine relief is hilly, flood bed is 
noncontinuous, its width is 200 meters. Shallow estuaries and lakes with average 
width of 0.15-0.8 km lie on the 30-meter wellhead region. All of them dry up to the 
bed except Kamyskol lake. Above the wellhead region the river also dries up and 
divides into separate reaches and former river-beds. 

The drainage network of the Sagyz River is represented by the Mukyr, 
Burmasai, Tolyrokshashty, Nogaity tributaries. It would be rational to mark out 50-
meter water protection riversides for these tributaries. 
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Overflows in the Emba and Sagyz Rivers lower courses relate to their basins 
with common area of more than 300 km2 of water level. Majority of reservoirs 
contain bitter-salty water and occupy natural relief depressions in south part of the 
Pre-Caspian lowland. Numerous lakes concentrate here in separate drainless 
depressions. The largest of these lakes are the following: the Yaman-Sor lakes group 
located 70 km north-east to Atyrau city and which fills up during wet years by the Uil 
River drainage, and the Tentyak-Sor salt lakes group that locates in the Sagyz River 
lower course. During the spring filling period the lakes significantly change their 
shape and size. 

The lakes of the Emba River basin within Atyrau oblast have a common area of 
water level around 135 km2. Almost all of them are salty, drainless and filled up with 
water at the expense of local drainage and partly due to spring Emba River overflows. 
Among these are lakes of 1-3 km2 area, such as Kamyskol, Shuyanykol, Kuanyshkol 
etc. These lakes significantly change their shapes, sizes and saltiness depending on 
the dryness of the year. Taking into account the peculiarities of Ural-Emba basin and 
the general deficit of North Pre-Caspian area watering, it would be sensible to create 
water protection regions only for the large lakes of the left-bank (relative to the Ural) 
Pre-Caspian desert zone. Although here the water mineralization is very high (80-100 
g/l) lakes play an important role in formation of microclimatic conditions of flora and 
fauna existence. 
 

River water pollution 
 

The Emba River main pollution substances (according to the “Year-book on 
surface water quality”) are nitrites, mineral oil, organic substances, ammonium 
nitrogen, and phenols incoming with surface drainage. 

High concentrations were observed for nitrites and phenols - 1.2-3.2 MPC, for 
ammonium nitrogen and mineral oil – 1.3-16 MPC out of average annual indexes. In 
water samples taken from the Emba River for analysis by the Ecological Monitoring 
Department of Zoology Institute specialists in 1993, the isomers of 
hexachlorocyclohexane (HCCH), phenyl polychloride (PPC) (in form of 
chlorophenols A-30), heavy metals and mineral oil were discovered.  The HCCH 
concentration reached 0.06 mkg in a litre of Emba river water. Also there were 
26.5mkg/l of PPC and 94.3 mkg/l of zinc. 

Waters of the Sagyz Rivers and other small rivers of Zhylyoiskiy region are 
also polluted. Studies conducted by Saint-Petersburg University in 1992 have also 
shown significant pollution of Sagyz River water by zinc and thallium in particular 
(Zhukovsky et al., 1993). The pollution level of Zhylyoiskiy region water practically 
remains unchanged.  Received results should be considered as preliminary. However 
they show the necessity to conduct periodical observations. 
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North-East Caspian basin 
 

The Caspian Sea is one of the important natural and economic complexes of 
the Republic of Kazakhstan. The Caspian Sea has unique fish resources including 
ancient species - sturgeons that are highly valued on the world market. The North 
Caspian’s resources consist of huge oil and gas reserves that still remain 
undeveloped. However, any offshore economic activity more of less harms the area’s 
ecology. Taking into account the great importance of the North Caspian to 
Kazakhstan’s fishing industry, it has been declared a preserved zone by the decree of 
the Council of Ministers of Kazakhstan in 1974. In 1978 this zone was extended to 
the flood plane of the Ural River. 

In light of the opening of structures in the North Caspian in recent years that 
are highly important with regard to the oil and gas industry (Caspian Sea. Geology 
and oil-and-gas content, 1987: Popkov et al., 1991), their development could become 
an important step in the establishment of fuel independence of Kazakhstan also a 
great source of income. Therefore, it is important to consider the issue of measures 
that can minimize the harm created to the ecological conditions of the region. It could 
be achieved if a set of measures is maintained. One of these measures is the selective 
development of the offshore water. That is why it is very important to distinguish the 
main ecologically vulnerable regions in the North Caspian, where oil development 
should be limited by supplementary requirements as well as being absolutely 
prohibited in some places. There is a need to select concrete criteria that would 
determine the ecological status of the area, possibilities to conduct there geophysical 
investigations, drilling, oil and gas extraction, and supplementary requirements for 
the cleanness of works taking into account the preserve zone’s peculiarities. 

One of the authors of the present book has participated in three expeditionary 
trips to the east shoals of the North Caspian in 1995 (Figure 1.2.2). 
 

1.2.3.2. Region subsoil waters characteristics and quality 
 

The area of underground high-pressure water is established in the east part of 
Atyrau oblast, in Zhylyoiskiy region between the Emba River and the north 
precipices of the Usturt plateau (Figure 1.2.3). It is significant not only as a water 
supply source but as a table and medicinal water supply source (Dzhangiriyants, 
Diarov, Drizo et al., 1993). This area occupies an area of more then 1.5 mln. hectares. 
From east to west it extends to the Zhanasu tract at the border with Actubinskaya 
oblast and to Munaily and Tulus oil fields. The mineral water region is located to the 
east of Kulsary, Prorva and Tengiz oil fields. Medicinal water fields are embedded at 
the top of salt-dome structures, such as Sarybulak, Tulus, Karachungul, Biikzhal, 
Ushkan, Kumshete etc., and also to anticlinal raises of subsalt palaeozoic, such as 
Tugarakchan, Turesai, Zhanasu. Mineral waters are uncovered by artesian wells at a 
depth of 30 to 750 meters. They are covered by loose sand of high albian and 
cenomanian with a common thickness up to 300 m. Mineral waters have minor 
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salinity (2-12.5 g/l) and contain chlorides, sulphates, biocarbonates, and also separate 
micro components (iodine, bromine, strontium, etc.). 

They relate to chloride-natrium and chloride-sulphate-natrium types in 
chemical composition. The waters taste is alkalescent and brackish. The mineral 
waters temperature at wellheads varies from 15 (Sarybulak) to 32 0С (Turesai). 

According to conclusions made by the Russian Central Institute of Balneology 
and oblast sanitary-and-epidemiologic station, they could be recommended for 
treatment of patients with gastrointestinal tract sicknesses and dysbolism. Mineral 
waters from well K-2 Sarybulak (Ulkentobe) attract significant practical interest. This 
spring is located 15 km from the Oil and Gas Management Department “Kulsaryneft” 
oil-field. The water from the spring arrives from a depth of approximately 250 m. 
Output of the well under the well spring is equal to more then 5 l/s. This water is 
beneficial to patients with stomach, kidney, liver sicknesses and cholecystitises. 

In the east part of the region mineral waters are found in the Dongustau and 
Chushkakul tracts, in the central part within the limits of oil-fields and Emba 
exploration surveys. The Tugarakchan-Karachungul-Meibulak-Isekdjal line is the 
west border of this mineral waters zone. Discovered by exploration drilling in the 
cretaceous system deposits, the so called South-Emba artesian basin is particularly 
perspective. High-pressure mineral waters in the santonian, cenomanian, high albian 
and neocomian sand deposits were opened here by wells. Mineral waters of the high 
albian are the most interesting of these. They were opened by artesian wells in the 
south part of Zhylyoiskiy rayon within the limits of Munaily, Biikzhal, Sarybulak, 
Kumshete salt-dome structures and Toresai, Zhanasu anticlinal raises. Ascending 
springs are found along the Karachungul, Ushkan, Sarkaska etc. tectonic 
deformations. 

Mineral waters in deposits of cretaceous system refer to the sheet-like type and 
are characterized by high pressures (0.5-40.0 m above curb) and high flow rates (80-
2100 and more m3/day). 

Stratal water located in the north part of the region is cold (well head 10-20 
0С), and in the south is warm (20-32 0С). Also, the water temperature depends on the 
depth of adjoining rock deposition and increases by 100С under the depth of 100-140 
m to 32 0С at a depth equal to 650-750 m. The most important mineral water deposits 
parameters of the South-Emba artesian basin are shown in the Table 1.2.11. Chemical 
composition of these brackish (salinity 2.9-4.5 g/l), alkalescent (рН 7.3-7.7) water (in 
mg equivalent): chloride-ion - 64-72; sulphate-ion - 17-24; biocarbonate-ion - 9-12; 
natrium-ion - 95-97, and also contain in small amounts of separate micro components 
(iodine, bromine, iron, strontium etc.). 

This water has highly effective medicinal and table features. Once the water 
from artesian well К-2 of Sarybulak deposit (Ulkentobe) was transported to Kulsary 
and Atyrau city where it was aerated with carbonic acid under the 2 atmospheric 
pressures and bottled. This high quality water had a taste similar to narzan and was 
very popular. 

Undoubtedly, this and other deposits that are located close to railway on the 
area from Kulsary – Opornaya station (Tulus, Maikumgan, area of Opornaya station) 
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in particular, could and should be explored further and exploited as sources of 
medicinal and table water. Since they will be transported to Atyrau city and Kulsary, 
after the aeration and bottling they will replace more expensive, but not superior 
imported mineral water in the West Kazakhstan market. The high profitability and 
huge popularity of local bottling water is guaranteed. 

Table 1.2.11 
 

South-Emba deposits parameters and mineral water properties 
 

Deposit Depth of 
occurrence, 

m 

Layer 
thickness, 

m 

Deposit 
area, 
km2 

Mineable 
reserves, 
m3/day 

Flow 
rate, 

m3/day 

Salinity, 
g/l 

Water 
temperature at 
well head, 0С 

        
Sarybulak 200-250 320 2,0 120 432 2,9 15,4 
        
Biikzhal 200 300 5,0 250-300 340 3,0 16,5 
        
Uskhan 150 220 5,0 300 250-860 4,6 19,0 
        
Kumshete 300  5,0 130 6480 4,2 19,4 
        
Tulus 250 300 0,05 3,0 430 2,8-3,9 17-22 
        
Opornaya st. 300 300 0,05 3,0 400 3,1 30,0 
        
Maikumgan 300 300 0,05 3,0 450 4,1-4,5 25-30 
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1.-artesian well; numerator - №; mineralization, g/l 

2.-isolines of mineralization, g/l 
3.-hydrological isotherms, °С 

4.-mineral water zone 
 
Water reserves: I Karachungul; II Tyulyus; III Munayjli; IV Biykzhal; V Sarybulak; 
VI Ushkan; VII Kumshete; VIII Ushmola; IX Turesay; X Zhanasu; XI Tugarakchan; 

XII Maykuzhen; XIII Opornaya. 
 

Figure 1.2.3 Mineral water sources map 
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Characteristics of mineral water separate deposits is given below. 
1. Sarybulak deposit (Ulkentobe) is located 15 km from Munaily and is 

confined to the top part of a similar-named salt-dome structure with an area of 20 
km2. The structure is broken by tectonic deformations on graben (central part) and 
wings. Geological section is represented by precipitations of quaternary with 
thickness around 20 m, mostly carbonate-terrigene sediments of cenomanian-turonian 
are lower and under them water-bearing complex of cenomanian and high albanian 
with thickness of 300 m. Water-bearing rocks are loose and high-permeable sands. 
Artesian wells were drilled within the limits of the 2 km2 area. Mineable exploiting 
reserves of mineral water on this area are 120 mln. m3, reserves equal to 120 mln. m3. 
Along with that it should be taken into consideration that natural reserves of water are 
replenished due to atmospheric precipitation at places of water-bearing rocks 
abruption on daylight. Stratal waters are highly-pressurized in deposits. The opening 
depth of water bearing well at limb parts of the salt dome is 250 m. Water salinity is 
2.0 g/l, water temperature at well head is 15.4 0С, source flow rate is 1200 m3/day. 
The water composition in mg-equivalents: chloride-ion - 69; sulphate-ion - 17; 
bicarbonates - 9; natrium - 97; рН of aqueous medium – 7.6. Water can be consumed 
without gas as well as aerated with carbonic acid under the 2 atmospheric pressures. 
Mineral water is beneficial for the treatment of gastrointestinal tract sicknesses and 
dysbolism. 

2. Biikzhal deposit is located 13 km from Munaily and is also confined to the 
top part of a similar-named salt-dome structure with an area of 20 km2. The roofing 
of the mineral spring is located at a depth of 200 m. The structure is broken by faults 
on two limbs and a graben. Geological section is similar to Sarybulak. Here, from top 
to bottom lie terrigene rocks of quaternary, then carbonate-terrigene sediments of c-
turonian and under them water-bearing sands of cenomanian and high albanian that 
serve as collectors of mineral medicinal waters. The area of drilled wells net is 5 km2. 
Mineral water reserves according to preliminary calculations is 300 mln. m3 with 300 
m thickness of water-bearing system and 0.2 filtration coefficient. More than 10 
artesian wells were drilled at a deposit, majority of them during the past 2 decades 
were preserved. Salinity of water is 3.0 g/l, temperature of water at well heads is 16,5 
0С, source flow-rate is around 340 m3/day. The water composition in mg-equivalents: 
chloride-ion - 64; sulfate-ion - 24; bicarbonate - 12; natrium - 97; рН of aqueous 
medium – 7.3. Water can be referred to as table water. It needs to be aerated with 
carbonic acid. 

3. Ushkan deposit is located 18 km far from Munaily. Within its borders (area 
5 km2) more than 20 artesian wells were drilled that have given mineral medicinal 
waters with large outlet discharges (3-10 l/sec). The structure of the salt dome is 
almost similar to the one described above. The roofing of salt lies at a depth of 
approximately 150 m. Wells are penetrated in different geological conditions: some 
are laid on the dome limbs, others within the limits of graben. Presently one well is 
functioning (G-7) that open water-bearing system at a depth of 30-250 m. Reserves 
are equal to approximately 300 mln. m3. the water salinity in the well G-7 is 4.6 g/l, 
water temperature at the well head is 15.3 0С, source flow-rate is 571 m3/day. The 
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water composition in mg-equivalent: chloride-ion - 72; sulphate-ion - 18; bicarbonate 
- 10; natrium - 97; рН of aqueous medium – 7.5. Water needs to be aerated with CO2. 

4. Kumshete deposit is located at a distance of 12 km from Ushkan. The area 
is 5 km2. Reserves equal around 130 mln. m3. The opening depth of water-pressure 
system is around 300 m. In the functioning well the water salinity is 4.2 g/l, water 
temperature at well head is 19.4 0С, spring flow-rate is 6480 m3/day. The water 
composition in mg-equivalents: chloride-ion - 70; sulphate-ion - 17; bicarbonate - 10; 
natrium - 95; рН of aqueous medium – 7.7. It is recommended that the water should 
be aerated with CO2. 

All mineral medicinal waters of described deposits contain small amounts of 
iodine, bromine, strontium and other microelements. 

The areas of Tulus, Maikumgen and Opornaya station region could be related 
to very perspective for new mineral water deposits exploration. All of them are 
located close to the railway of Kulsary - Opornaya stations. For instance, two artesian 
wells function in Tulus tract. It is located in barchans, and the water is used for cattle 
pond. The well flow-rate is more than 5 l/sec, water salinity is 2.8-3.9 g/l, water 
temperature at well head 17-22 0С. The well #150 functions in the region of 
Opornaya station. Its water is brackish (3.1 g/l) and water temperature is around 
300С. Two wells function in the Maikumgen tract. They give water of 4.1-4.5 g/l 
salinity. The well productivity exceeds 5 l/sec. It is recommended to place two 
exploratory wells with depth 300 m at top part of salt-dome within the limits of any 
limb. It would give the possibility to open water-bearing sands of high albanian- 
cenomanian. According to preliminary calculation, the estimated budget of drilling 
and installation of valve at wellhead is equal to 4.5 thousand US dollars. It could be 
recommended to “TengizMunaiGaz” JSC to conduct supplementary research 
including study of waters chemical composition and determine their balneal 
properties. The economic expediency of mineral water exploratory works on the area 
along the railway Kulsary – Opornaya stations is undoubted. Moreover, these areas 
are close to Tulus, Borankol, Ravninnoe etc. oil fields. Therefore these areas have 
developed infrastructures. The useful mineral water resources at any mentioned 
above tract would consist of approximately 3 mln. m3 on the typical area of 50 
thousand m3 under the average thickness of water-bearing system equal to 300 m and 
0.2 filtration coefficient. Natural and sufficiently high pressure of waters remains for 
many years. For instance, it is possible to bring water wells drilled-in in 1948-1950 
that presently gush with almost the same productivity for rural water supply of 
Atyrau oblast farms. It is guaranteed that any drilled water well will be functioning 
for more than 100 years and provide a sustainable flow rate. 
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1.2.4. Subsurface and geological environment state 
 

Mostly monotonous relief characterizes Zhylyoiskiy region. It is located 
between two geomorphologic regions: Pre-Caspian lowland and Sub-Ural Cretaceous 
plateau. The major part of the region’s territory is located within the borders of Pre-
Caspian lowland. 

Significant plain area is situated lower than ocean level. Hypsometric marks of 
the plateau vary from -28-28.5 m at sea shore to 0- +25 m at the periphery. The 
territory differs by exceptionally small inclinations towards the sea (< 0,00010). It is 
practically drainless and represents halogeochemical accumulation area. Rivers 
(Emba River) don’t impose drainage influence on the nature of outside valley space. 

In the Pre-Caspian lowland two parts vividly stand out: the youngest – lower 
part and oldest – relatively high. The first part stretches along the sea in a narrow line 
with a width of 30 km. On relief character it has the form of lowland that gradually 
lowers to the sea. Numerous depressions and channels of small depth break the 
seeming monotony of relief. This part of lowland is often under water during the 
surges winds blowing from water. 

Gradually ascending modern seaside line is changing by more ancient. It has a 
width up to 100 km and is occupied mostly by different-sized areas of loamy and clay 
sand plains and massifs of hilly sand. The height of hillocks can be up to 6 m. The 
distinctive feature of this line is strongly pronounced thinly-hilly-ridgy surface 
character with numerous depressions occupied by sors and takyrs. As moving away 
from the sea ridges and hillocks have more indented character due to numerous 
gullies and hollows. 

Cavities occupied by sors or salty lakes refer to negative relief forms. 
Extensive sor system divided by ridges (ridge sor relief) represents the area of accrete 
ancient deltas of the Emba, Sagyz and Kainar Rivers. Small hollows of sors are 
spread everywhere. 

Rather shallow (1.5-2.0 m) relief depressions – estuaries that are periodically 
flooded with flood water or water from melted snow - are quite often seen in the 
region of the ancient delta of the Emba River. 

Sor Dead Kultuk has an original appearance and is located in south-west of a 
region that recently was a gulf of Caspian Sea. It is continuous impassable wet salt-
marsh. It is similar to middle terrace by age. It is sor - salt-marsh huge valley that is 
significantly overgrown with saltwort along the edges. 

The Pre-Caspian low land of geological composition is a cavity – sea 
accumulative plain that has experienced several sea transgressions. These 
transgression and regression phases with changes of sea and continental climatic 
regimes have played a significant role in the formation of the newest deposits 
influencing soil development, flora and subsoil waters. 

Pre-Caspian low land is composed by intense columns of sandy-argillaceous 
sea deposits of quaternary, mainly of knvalyniyan stage. They lie on ancient 
sedimentary rocks that are very deeply lowered (2000-4000 m). Ancient sedimentary 
rocks in many suites consist of sodium chloride layers, gypsum and other salts that 
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under the pressure of covering rocks and as a result of salt-dome tectonics are 
squeezed on surface in the form of sole-dome elevation – insular mountains. 

The Sub-Ural plateau extends to the region’s territory only at its west edge. 
The Southwest part of the plateau called the Emba elevation, separated from the low 
land by a clearly distinguished border, and ends in a short slope that here and there 
has a ledge character. Ledges consist of limestones of Cretaceous. The ledges height 
reaches 120-150 m above the sea level. 

In the southeast part the Usturt plateau enters by a narrow line surrounded 
sometimes by plumb precipices. At the most elevated sections, the plateau reaches 
more than 300 m of absolute height. Low ridges and slanting surfaces alternate with 
narrows and cavities often covered by salt-marsh. 

General features of geomorphologic composition of the Caspian Sea shore 
directly reflect geology-structural elements of West Kazakhstan. Accumulative plains 
and corresponding coasts’ types formed by wind-induced surges are on the seacoasts. 

Sea accumulative plain including late period – New-Caspian and more ancient 
– late-khvalyniyan is the most prevailing on the whole shore. 

Flat abrasive ledges with height of 1-2 m alternated with sand swells of 0.5-1.5 
m, sors and estuary depressions are typical for the New-Caspian plain. The more 
ancient part of New-Caspian plains is located at the level from -25 m to -22 m and 
has general lowering towards the seaside. 

Late khvalyniyan plain by height extends to the 0 level. The higher part of 
section mostly composed of brown and gray sands and sandy clays. Within the limits 
of late khvalyniyan plain, two implicit coastal lines that show stages of sea reliction 
are visible at the levels of –12 m and –16 m. 

Alluvial-deltoid plains with Baer hillocks that are composed with fine-grained 
sands, aleurites and clays with different splits and cross cleavage are formed in the 
Elba River mouth. Hillocks have a length ranging from several dozens of meters to 
several kilometers with average width of foundation 150-300 m and height 6-10 m 
(less often 15-25 m). Distance between hillocks is up to 2 km. Delta plain has densely 
and sparsely partitioned channels and beams, and slightly inclined towards the sea by 
semi-strengthened sands of height up to 5 and rarely to 10-12 m. There is no clear 
submission to any direction of modern wind. 

The shores type of the Kazakhstan part of the Caspian Sea is quite diverse by 
morphology, genesis and degree of change by sea processes. On shoals with a very 
flat seabed, the shores are formed by wind-induced surges with a height up to 2 m 
and sleeves within the limits of which the lines of loose materials accumulations form 
a beach.  Alluvial deposits are developed on the delta shore of the Emba River. 

Zhylyoiskiy region’s deposits are intensively developed. The extraction of kirs 
(Imankara, Karamurat), medicinal mud and mineral waters (Sarybulak, Ushkan) is 
taking place. Large oil and gas deposits are functioning. Oil-trunk pipelines are laid. 
Intensive minerals deposits explorations with the use of large number of transport and 
well drilling of different functions (structure, core, exploration, production) are going 
on. Draw-wells are built for cattle-breeders needs. All of them influence interior 
conditions and the geological environment (Figure 1.2.3). 
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During the minerals exploratory works (oil and gas in particular), the earth 
surface at the places of drilling activities becomes pitted by transport means, the soil 
is mazuted, mineral oils poison the soil (Kenzhegaliyev A., Akasova, 1996). Along 
with that the flora is destroyed which leads to desertification. 

Hydrogeologic wells mouths that open subsoil waters that come out to the 
daylight under the pressure are not equipped adequately. 

Anthropogenic and man-caused influence on the natural environment 
(geological) in the region is carried out as follows: а) dynamic load on highways in 
connection to the infrastructure development in oil producing zones (Tengiz-Karaton, 
Prorva, Koschagyl etc. Fields; village producing companies, different product 
pipelines LEP, farming facilities); b) chemical pollution in the industrial zones of 
settlements and their surroundings; c) oil pollution at oil-fields; d) natural 
environment changes caused by reclamation facilities on areas under the agricultural 
turnover; e) salinity, which is expanding here very extensively. It is provoked by the 
industrial and agricultural development of the region. 

Man-caused influence lead to the changes in some relief (landscape) elements, 
such as salinity and absolute disappearance of gullies, transformation of lakes into 
solonchaks, accretion and formation of takyrs, and sometimes energization and 
increase of ravine channel due to the artificial underflooding. 

Within the borders of areas and regions under the intensive industrial and 
economic development (oil fields, settlements, village buildings, KNS, VNS), the 
artificial underflooding of the area cased by human operations was under the close 
consideration: 

Unregulated burial of industrial wastes in the large volumes in oil fields due to 
the high watering of oil layers; 

Burial of sewage waters on evaporation fields, into precipitation tanks without 
adequate screening; 

Water leakages from defective engineering systems in inhabited localities. 
These negative activities lead to the great rise of the subsoil waters level. 

Artificial under flooding occurs as a result. Afterwards areas are swamped. 
The whole geomorphologic area of the region is under similar technogenic 

pressure. 
A high deficit of air moisture and high evaporation cause the accumulation of 

large amounts of salt in the surface layer of soils, and within the limits of local relief 
depressions occupied by takyrs and soras, and in the places of shallow bedding of 
subsoil waters in particular. 
 

1.2.5. Soil continuum conditions 
 

According to natural-farming subdivision into districts and use of available 
land, the Zhylyoiskiy region refers to desert zone of Aral-Caspian province where 
brown soil is the main type (Figure 1.2.4). 

“Characteristics of land by land quality of Emba rayon” serve as a base for 
brief characteristics of soil continuum composition that was developed by Integrated 
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Surveying Department “Kazgiprozem” in 1995. Soil continuum of the rayon is 
represented by following groups of the soil (Table 1.2.12). 

It could be seen from the list that desert sodic soil – 41% and brown desert 
solonetzic complete with sodic soil (from 10 to 50%) – 36% prevail in the region. 

Desert zone soil could be characterized by small humusness, minor depth of 
humus horizon, and low content of nutrients, little exchange capacity and high 
carbonaceousness and salinity. 

Characteristics of morphological and chemical soil properties are given in 
Table 1.2.13. 

Heavy soils predominate by soil texture (moderately loamy, heavily loamy), 
and sabulous and sandy soils prevail from the light soil texture (Table 1.2.14). 

Soils are exposed to secondary salination or alkalination over large areas. 
Saline soils need preliminary ablution with subsequent irrigation of washing type 
against a background of drainage; solonetz soils need the use of anti-solonetz 
agrotechnics. 
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Figure 1.2.4 Sketch-map of the technological situation of Zhylyoiskiy 
region. Scale1:1000000 
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Table 1.2.12 
 

The list of soil on cultivated lands 
 
№
№ 

Soil groups Total  Including  

   Arable 
land  

Fallow 
land 

Hayfields  Pastures  

       
1. Brown desert with 

solonetz 10% 
338,0 0,1 0,1 - 337,8 

2. Brown desert alkaline 
and their groups with 
solonetz 10-30% 

228,0 - - - 228,0 

3. Brown desert alkaline 
and their groups with 
solonetz 30-50% 

222,2 - - - 222,2 

4. Desert takyr-like 
saline 

20,3 - - - 20,3 

5. Desert solonchak 49,1 - - 0,1 49,0 
6. Desert solonetz 911,2 - 0,5 - 910,7 
7. North takyrs - - - - - 
8. North meadow-desert  1,9 0,1 0,5 - 1,3 
9. North meadow-desert 

saline 
4,1 0,2 - - 3,9 

10. Meadow of north 
deserts 

0,5 - 0,1 - 0,4 

11. Meadow saline of 
north deserts 

12,7 - 0,4 2,1 10,2 

12. Inundable meadow 
saline zones of north 
deserts 

122,1 0,1 0,4 9,4 112,2 

13. Inundable meadow of 
north deserts 

3,5 0,1 - 0,1 3,3 

14. Meadow-marsh zones 
of north deserts 

122,9 - - 5,3 117,6 

15. Marsh muddy zones 
of north deserts 

0,2 - - 0,1 0,1 

16. Sands  164,8 - - - 164,8 
17. Torrential muds, clay 

abruptions, coquinas  
7.5 - - - 7,5 

 Total  2209,0 0,6 2,0 17,1 2189,3 
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Figure 1.2.5 The soil map of Zhylyoiskiy region 
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Table 1.2.13 
 

Morphological and chemical soil parameters  
 

 
Soil name 

Humus 
horizon 

thickness, 
sm 

Water-
soluble 

salts depth 
of 

occurrence
, sm 

 
 

рН 

Base 
exchang

e 
capacity 
(mg/equ
iv. for 

100 g of 
soil) 

 
 

Total content, % 

     Humus  Nitrogen  
       

Brown 30-35 60-80 7,5-
8,0 

13-8 1,3-0,6 0,1-0,003 

Brown 
solonetzic 

30-32 60-65 8,1-
8,8 

12-7 1,2-0,6 0,07-0,02 

Meadow-
brown 
saline 

32-45 - 8,2-
8,6 

18-10 1,2-1,1 0,09 

Solonchaks  0-10 From 
surface 

8,3-
8,6 

- 0,5 0,03-0,01 

Solonetz  10-40 -”- 8,3-
9,4 

13-5 1,2-0,3 0,08-0,02 

Sands - - 8,0 - 0,3-0,2 - 
Takyrs  20-30 -”- 8,0-

8,7 
10-6 0,9-0,6 0,05-0,03 
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Table 1.2.15 
 

Soil specification by reclamative condition (thousand hectares) 
 
 
№
№ 

Reclamative groups Total Including 

   Arable 
land  

Fallow 
land 

Hayfiel
ds  

Pastures  

       
1. Absolutely usable 98,0 0,1 0,1 - 97,8 
2. Crashed-stoned      
 Poor 45,1 0,1 - - 45,0 
 Moderately 7,8 - - - 7,8 
 Very much 73,9 - - - 73,9 
 Total  126,8 0,1 - - 126,7 

3. Saline       
 Poor  133,0 - - 0,8 132,8 
 Moderately  44,8 0,2 0,5 0 44,1 
 Heavily   279,5 0,1 0,8 16,1 262,2 
 Solonchaks  49,1 - - - 49,1 
 Total  506,4 0,3 1,3 16,9 487,9 

4. Solonetz       
 Poor  163,6 0,1 - 0,1 163,4 
 Moderately  131,4 - - - 131,4 
 Heavily 897,0 - 0,5 - 896,5 
 Total  1192,0 0,1 0,5 0,1 1191,3 

5. Wind-eroded      
 Poor  - - - - - 
 Moderately  112,8 - - - 112,8 
 Heavily   164,7 - - - 164,7 
 Total  277,5 - - - 277,5 

6. Water-logged      
 Inundable  0,1 - - 0,1 - 
 Out-inundable 0,3 - 0,1 - 0,2 
 Total  0,4 - 0,1 0,1 0,2 
       
 TOTAL 2209,0 0,6 2,0 17,1 2189,3 

 
 

Table 1.2.15 shows that more than half of the region’s soils are solonetz type 
1192,0 thousand hectares or 54%, 506,4 thousand hectares or 22,9% of soils are 
saline, 277,6 thousand hectares or 12,6% of soils are wind-eroded. 

129 
 



Crashed-stoned soils extend to 126,8 thousand hectare or 5,7% and 
undoubtedly usable are 98,0 thousand hectare or 4.4%. Other soils extend to only 7,9 
thousand hectare or 0,4%. 
 

1.2.5.1. Soil pollution 
 

In the regions of oil and gas deposits, even minor soil pollution by 
hydrocarbons leads to the reduction of microorganisms content that play the main 
role in the process of self-cleaning of soil from pollution. Large sulphuretted 
hydrogen entry into the soil leads to drastic increase of the number of aerobian and 
spore-forming microorganisms. It adversely affects the growth. The soil analysis 
conducted by Kazgydromet several years ago showed that soil has neutral or close to 
medium content in the Tengiz deposit region and its adjacent areas.  The content of 
carbonates, bicarbonates and sulphates is insignificant. The content of ion chlorine is 
uneven. In the region of Karaton and Kulsary it reaches 0.83 and 1.55 mg/kg 
correspondingly. Average annual contents don’t exceed MPC. 

In the east zone of JSC “TengizMunaiGas” activity the soils are brown 
solonetz-like, solonetzs and soras. On the east shore of Caspian the soils are marsh 
saline and marsh solonchaks. In the west part of this zone the soils characterize by 
more granulometric composition (solonchaks and solonetzs). There are hilly sands 
with solonchak depressions to the south. In the north-east border there are brown 
soils and solonetz of high plain. 

The soil-plant surface damage of the territory takes place in result of 
environmental pollution. The processes of desertification are aggravated. According 
to data of the Botanical Institute of NAS of the Republic of Kazakhstan, strong 
desertification takes place on 31.1 % of the Tengiz field area. The flora is represented 
by degraded Halocnemum strobilaceums and Salsola annua coenosis on raw or 
brown, or solonchak soils. Moderate desertification is seen in the south-west regions 
of the field, on 18.4% of the area. Weak desertification is observed on 5.4% of the 
Tengiz field area.  Absolute distruption of ecosystems due to roads, line structures, 
open-cast mines and dumps has occurred on 21.7% of the field area. 

Based on 1991 inventory materials in Atyrau oblast, there were 1327.4 hectares 
of damaged lands. 70% of these lands are in Zhylyoiskiy rayon (former Embinsky 
rayon). These are mostly open-cast mines and foundation pits (50%), dumps (32.2%), 
boreholes (12.8%) by type of disturbance. The proportion of developed lands in 
relation to disturbed areas is quite high – 90.8%. 

In the studied area of Zhylyoiskiy region, the lead content (Volchegurskiy et 
al., 1990) exceeds MPC by 10-20 times at the single points of observation, and in the 
regions of acting fields by 9.81% g/t on average. The zinc-important bioelement in 
the soils varies from 20 to 400 g/t, which exceeds MPC (equal to 15 g/t) by 1.3 – 26 
times in the «TengizMunaiGaz” JSC zone. Taking into account the fact that 
organisms are getting sick and people develop anemia through excess zinc in the 
soils, the whole studied territory could be considered as infected by this element. 
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Cobalt content in the soils varies from 6 to 25 g/t in the Zhylyoiskiy rayon. It 
corresponds to the most favorable conditions for human and animal life (7-30 g/t). 
MPC of cobalt for soils is not set. 

MPC for nickel contents in soils is set and equal to 4.5 g/t. It’s content on 
studied area of «TengizMunaiGaz” JSC and its surroundings varies from 32 g/t to 
100 g/t, which exceeds MPC by 7-22 times. 

The molybdenum content in the soils varies from 0.8 to 2.5 g/t on the area of 
«TengizMunaiGaz” JSC and its surroundings that corresponds to the optimal 
conditions of human and animal life. MPC for molybdenum is not set, in Great 
Britain it is equal to 4 g/t. Under the molybdenum concentration in the soil exceeding 
4 g/t, people develop podagra and animals develop molybdenic toxicosis. 

The copper content in the soils of «TengizMunaiGaz” JSC varies from 2 to 40 
g/t when MPC is equal to 40 g/t. Copper is an important bioelement. When its content 
is lower than 4-15 g/t, anemia, allotriophagy and osseous system diseases develop. 
When contents exceed MPC, anemia, hemolytic jaundice develop. The observed 
content of copper in soils of the Zhylyoiskiy rayon complies with the optimal 
conditions of people and animals life. 

Antimony content in the region soils is lower than the sensitivity of semi-
quantitative spectral analysis. The last element of second danger grade is chromium. 
Its content in the soils varies from 50-200 g/t that by 1000-4000 times exceeds MPC. 
Large differences in MPC indexes accepted in the CIS (0.03 g/t) and other countries 
(Great Britain – 600 g/t, France – 150 g/t, Germany – 100 g/t) don’t allow proper 
interpretation of data. Under any circumstances, the conditions are not favorable for 
people to work or normal functioning of biocenosis due to the chromium content in 
the soils of the rayon area in the “TengizMunaiGaz” JSC zone. 

Barium, vanadium, tungsten, manganese and strontium refer to the third danger 
grade. 

Barium content in soils of the Zhylyoiskiy region varies up to 1500 g/t in the 
regions of oil deposits and from 60 to 2000 g/t in the remaining areas. The MPC for 
barium is not set. 

MPC of vanadium is equal to 150 g/t. Within the limits of studied area of 
Zhylyoiskiy rayon, its content varies from 4 to 120 g/t, which is much lower than 
MPC. 

The MPC for tungsten content in soils is not set. On the studied area its content 
in soils is lower than sensitiveness of semi-quantitative spectral analysis. Its content 
varies from 0.4 to 0.032 g/t at some points of Zhylyoiskiy region. 

Manganese content in the soils of Zhylyoiskiy region’s area varies from 200 to 
1200 g/t where accepted MPC is equal to 1500 g/t. 

MPC for strontium is not set. However, it is known that under its content in the 
soil exceeding 100 g/t, people develop chondro- and osteodystrophy, "urov" sickness, 
rachitis; animals have higher bone fragility. There are areas with five times over 
excess of mentioned limit on the studied area in the “TengizMunaiGaz” JSC zone. 
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Except for mentioned chemical elements of higher danger, there is a need to 
describe the characteristics of elements distribution for which MPCs in soils are set 
internationally. 

MPC for phosphorus is set to be equal to 200 g/t. Its content in the soils varies 
from 320 to 800 g/t in Zhylyoiskiy rayon that exceeds MPC by 1.5 – 12.5 times. 

MPC for iron in the CIS countries is not set. For noncarbonate soils of Great 
Britain it is equal to 500 g/t. On the area of «TengizMunaiGaz” JSC zone, the iron 
content exceeds given MPC by 40-100 times and is equal to 20-50 kg/t. 

MPC for scandium in noncarbonate soils of Great Britain is equal to 3 g/t. In 
the soils of Zhylyoiskiy rayon its content varies from 8-15 g/t that exceeds given 
index by 2.5-5 times. 

MPC of nitrates in soil is equal to 130 g/t. Ion nitrates content in the soils of 
Zhylyoiskiy rayon varies from 5.3 to 1180 g/t that exceeds MPC by 19 times. 

The Ministry of Ecology and Bioresources of the Republic of Kazakhstan has 
recently published the “Temporary methodology of damage calculation in conditions 
of air, soil and water resources pollution by hydrocarbons…” (1996). In this 
publication the MPC are slightly different from those used previously. For instance, 
MPC for chromium (trivalent) in gross modes has been determined as 90 mg/kg of 
soil, the new index was introduced as the sum of manganese and vanadium 
(1000÷100 mg/kg). Moreover, MPC for sulphuretted hydrogen is determined as 0.4 
mg/kg and MPC for slip forms of lead is equal to 6.0 mg/l etc.

A cumulative index of pollution is calculated taking into account different 
toxicity of separate components. Moreover, the zones of different ecological danger 
degree by separate components of pollution, of second and third grade, are 
distinguished (Table 1.2.16). 

In some cases, for instance, the content of zinc (I danger class) exceeding MPC 
(zinc MPC is equal to 23 mg/kg) by 5.4 times, i.e. catastrophic condition, the content 
of copper (II danger class) exceeding MPC by 12.3 times (the same condition), the 
content of nickel by 4.7 times (hazardous condition), and the content of boron by 1.4 
and of bromine by 2.2 times exceeding MPC, have been discovered in the soils of the 
surface layer (0-10 cm) of Kara-Arna field in 1995 (Podolsky, Lyashenko, 1996). 
Taking into account the cumulative pollution index only on these several elements, 
the condition of surface layer of the Kara-Arna field should be considered as 
hazardous. 
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Table 1.2.16 
 

The danger gradations of cumulative pollution index (CPI) of environment 
 

Parameter items Ecological condition of environment 
 Acceptable  

(relatively 
satisfactory) 

Hazardous Critical 
(extreme) 

Catastrophic  
(disastrous) 

     
Excess of contaminant MPC      
- first danger class Up to 1 1-2 2-3 More than 3  
     
- second danger class Up to 1 1-5 5-10 More than 10 
     
- third danger class Up to 1 1-10 10-20 More than 20 
     
Cumulative pollution index Below 16 16-32 32-128 More than 128 
     

 
According to the data of L.F. Volchegurskiy et al. (1993), and V.A. Zotov and 

G.T. Davidovitch (1996), the results of spectral analysis of soil samples are given in 
the Table 1.2.17. The symbol * in the table refers to the moving forms of element 
compounds; symbol ** - gross modes of element compounds; index “l” with number 
of samples refers to a lithologic (soil) sample; index “lb” refers to a sample of bottom 
soil. 

Oil is the main component of soil pollution over the whole area of oil industry 
location: from Makat in the north up to the border with Mangistau oblast in the south, 
from the Caspian Sea shores in the west up to the meridian Munaily in the east. The 
oil content in soil at the oil industry areas and nearby is usually equal to 1-6 and 
rarely to 10 g/kg, and in some samples up to 13-18-30 g/kg. Moreover, it should be 
noted that samples were chosen from “clean areas” by sight.  In surface waters that 
are also “clean” by sight, the oil content is equal up to 0.6-4.6 mg/l, including in the 
reaches of the Emba River – 0.8-1.2 mg/l. In the Emba River valley the soil pollution 
by oil is equal to 1-7 g/kg. 

The results of soil sample analysis of JSC “TengizMunaiGas” zone for oil 
content are shown in the Table 1.2.18. 

Considering the analysis results of soil samples for hydrocarbons contents, it is 
seen that the soil is polluted by this contaminant everywhere in the 
“TengizMunaiGas” JSC fields. However, this pollution is not so heavy as the old 
fields of “EmbaMunaiGas” JSC mazut pollution. According to the data of Atyrau 
oblast Ecology and Bioresources Administration (Vikulov, 1996), Dossor field mazut 
pollution reaches 9-10 m of depth into the soil. 
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Table 1.2.18 
 

Hydrocarbons content in soil samples (g/kg) 
 

## Numbers of 
sampling 

points 

Hydrocarbo
ns in soil  

## Numbers of 
sampling 

points 

Hydrocarbons in soil 

      
1. 1185/1 3 10. 1195/2 18 
      

2. 1186/1 2,5 11. 1195/3 30 
      

3. 1187/1 2 12. 1196/D 30 
      

4. 1187/2 3 13. 1197/1 3 
      

5. 1189/1 2 14. 1198 3 
      

6. 1189/2 2 15. 1215/1 8 
      

7. 1190 2 16. 1216/1 1 
      

8. 1190/1 2 17. 1216/2 7 
      

9. 1196/1 2 18. 1216/3 8 
      

 
However, despite the fact that “TengizMunaiGas” JSC fields are half a century 

younger, it has same oil pollution scenario. As was shown in the Table 1.2.18., 
around the oil exploration wells on the sea shore, at a distance of 30 km to the west-
south-west from Karaton (sampling point 1195) an oil film has been formed in the 
soil layer. This oil film contains 2 g/kg of oil at a depth of 0.2 cm, 18 g/kg of oil at a 
depth of 6 cm, and 30 g/kg at a depth of 12 cm. It is already dangerous, i.e. this 
pollution is very difficult to deactivate. Moreover, it is almost impossible to reclaim 
the soil. The sea at this place is also covered by oil film. 

The same pollution is in the Teren-Uzek field at the soil sampling point #1196 
at a distance of 22 km to the north-west of Karaton village. The field is bordered by 
dam of around 8 m height. There are oil paddles on the coastline near the dam. The 
water is clean by sight from the seaside, but on the seabed, under the silt layer and 
eolian sand, there are areas of black, oil-stained seabed soil. The seabed soil sample, 
taken near to the dam from the seaside (1196a) contains 30 g/kg of hydrocarbons. 
The pollution line extends from the dam to the coast side for 8-12 km. 

At the point of soil sampling #1216 at a distance of 40 km north-west of the 
Kulsary village at a trigometric point with absolute mark of 15 m on a hillock the soil 
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contents 1g/kg of hydrocarbons, on takyr from the surface – 7g/kg, in the sample 
taken at a depth of 10 cm – 8g/kg. This pollution is already an absolute soil ecocide. 
For instance, in the Tulus oil field, on the Munaily workshop area and in many other 
places of JSC “TengizMunaiGas” functioning zone (Figures 1.2.5, 1.2.6, 1.2.7). 
These oil-polluted soils could be revived only with the help of oil oxidizing bacteria. 

Biotechnical methods that use microorganisms were recently developed in the 
world for soil polluted by hydrocarbons revegetation. Huge progress was made in this 
sphere (Telitchenko, Ostroumov, 1990; Sainov et al., 1995; Belov, Barbinov et al., 
1991; Vladimirov, Lyahin et al., 1991; Belov, Golubeva et al., 1991; Alieva, 1992). 

According to the new “Temporary methodology of damage calculation…” 
(1996) approved by Minister of Ecobioresources of the Republic of Kazakhstan as of 
13th of May, it was calculated that annual economic damage to the atmosphere from 1 
ton of oil combustion is equal to 1273.5 Tenge, from 1 ton of oil storage in a sump is 
1040 Tenge, and soil damage from oil storage at a depth of filling of 0.5 m in sump 
of 5 х 5 m is equal to 35600 Tenge. Many oil sumps on the JSC “TengizMunaiGas” 
territory occupy areas of hundreds and thousands of square meters. For instance, the 
oil sump in Central Prorva field (the picture in Figure 1.2.7.) occupies an area at least 
600-700 m2 and consists of 400-500 tons of oil. When nature damage is calculated 
using this method the following numbers are produced: on atmosphere pollution the 
annual damage is 416.0 – 520.0 thousand Tenge, on soil pollution (calculating the 
damage from one square meter of a sump, filled with oil up to 0.5 m is 1425 
Tenge/year) from 1425 х 600 m2 = 854.4 thousand Tenge to 1425 х 700 m2 = 996.8 
thousand Tenge annually. So, according to the legislation, for one oil sump of this 
kind, the fine for the environment damage could be imposed in the amount of 1270 to 
1517 thousand Tenge annually. There is also a calculation of damage from oil spill 
and discharge of reservoir water etc. Thus, the field area and oil pipeline trunk 
pollution and also the gas and oil combustion in torches become economically 
unfavorable. 

Soil pollution by transport emissions takes place at waysides and in the places 
of their large concentration: in inhabited localities, and along the Kulsary-Tengiz way 
in particular. The main pollutant of auto transport emissions is a lead (Belov, 
Barbinov et al., 1991). Wayside Kulsary-Karaton routes are mostly polluted by the 
lead. 

Zhylyoiskiy rayon soils are also negatively affected by mechanical admixtures 
or building materials, hydrocarbons, chemical wastes, combustive-lubricating 
materials (filling stations, motor depot, railway station) and by solid domestic wastes 
(Murzakayev, 1981; Sidorenko, 1978, 1985; Alibayev, 1977; Owen, 1977). 

Soils destruction during the engineering of communication laying, 
unauthorized dumps and soil open pits also takes place besides the chemical and 
mechanical soil pollution on the territory in question. 

Destructed lands formation in the fields area and surroundings is also 
connected to construction materials extraction (soil, sand, clay). 

Significant areas inside of Kulsary boundaries as well as outside are occupied 
by ruins, unorganized dumps of industrial, constructional and domestic wastes. The 
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volume of different wastes in unauthorized dumps amounts to many thousands of 
cubic meters. 

As a result of conditional change of humidity during underflooding of open-
cast mines, the background surface here and there is regenerated into the intra-zonal 
formations. 

In light of the mostly hazardous chemical elements significant content in the 
Zhylyoiskiy rayon soils, a change in their morphogenetic characteristics takes place. 
The ion-exchange processes of the humus horizon are distracted that are directly 
connected to plant disease and destruction of some species, and growth deterioration. 

As result of secondary salinity, decompression of the soil layer takes place, 
later this leads to the center of wind erosion. (Troyan, 1988; Agess, 1982) and new 
solonchaks. 

Therefore, the ecological condition of the studied territory of the oblast is quite 
unsatisfactory, and within the Tengiz area in particular. Moreover, it should be 
considered as inadequate for human vital activity. In the course of geological 
development, in the soils of practically the whole territory of the Tengiz deposit, 
levels of highly toxic chemical elements exceeding the MPCs have been 
accumulating. For instance, zinc exceeds up to 6 MPC, fluorine at least up to 5-6 
MPC, boron up to 1-20 MPC, nickel up to 2.5-13 MPC, chromium up to 1200 MPC, 
phosphorus up to 4 MPC, iron up to 8 MPC, scandium up to 4 MPC, nitrate-ion up to 
20 MPC. Moreover, other toxic elements are also contained in the soils. MPCs still 
aren’t set for them. There are also indirect indications of H2S content in the soils. It is 
beyond doubt that works on search, exploration and exploitation of Tengiz field due 
to the cover units decompression have provoked natural geochemical processes 
acceleration, and through that stimulated ecological condition deterioration on this 
area. Furthermore, it is obvious that as the field develops, the man-caused factor will 
play an increasingly significant role in the worsening of the ecological condition of 
the Tengiz area. 
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Figure 1.2.6 Absolute soil ecocide. Tulus field 
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Figure 1.2.7 Absolute ecocide. Munaily department area. Oil and Gas 
Department Administration “Kulsaryneft” 
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Figure 1.2.8 Oil warehouse at Central Prorva field 
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1.2.5.2. Radioactive soil pollution 
 

There is a radioactive man-caused pollution of soils besides the soil 
contamination by oil and gas evaporations. Radioactive pollution is a supplementary 
hazard for industrial employees’ health as well as for the population of neighboring 
villages. The environmental and technological equipment pollution takes place during 
the production process of working with natural radionuclids, such as uranium, 
radium, thorium in concentrations by ten and hundred times exceeding natural 
ionizing radiation background. 

Environmental pollution by hazardous wastes emissions of oil extraction 
intensifies with radiation. Moreover, the complex impact of these unfavorable factors, 
so called “synergism” strengthens their negative influence on human health. This 
phenomenon’s peculiarity lies in the fact that even slight radiation doses provoke and 
worsen illnesses of general pathology. The Carcinogenic character of oil evaporations 
with supplementary radioactive irradiation can produce a very wide spectrum of 
human diseases. 

There are 317 radioactive anomalies registered on the West Kazakhstan oil 
extraction companies’ areas. Out of these anomalies, 267 are classified as areas of 
man-caused radioactive pollution (RPA). 

Majority of RPA by MED (minimum effective dose) levels are gamma-
radiation type, by SRRWM – 85 (Sanitary rules of radioactive waste management) 
classification and Radioactive waste management concept in the Republic of 
Kazakhstan, they refer to the low-levels waste forms of 1st category (MED from 100 
to 30000 mSv/h). The RPA classification by MED and their distribution by work 
projects (“TengizMunaiGas” JSC) are shown in the Table 1.2.19. (Bayev N.E., 
Saibetov T.S. et al.).  The projects from MED from 60 to 100 mSv/h are placed into 
the anomaly category. This group of production wastes could be related to 
conditionally active and exempt to deactivation. 

The real source of radioactive pollution of all RPA are stratal waters of the 
water-oil contacts zone; the primary source of natural radionuclids entering stratal 
waters are bearing strata. The source of radionuclids in the region of Pre-Caspian 
region oil fields could be, first of all, phosphorite deposits in the Turonian layer of 
Cretaceous deposits. 

Radionuclids come out of layers to the strata waters under the desorption 
process and calcium-chloride type of waters that are typical to the underground water 
of oil-bearing horizons and whole layers of Permo-Mesozoic deposits in particular. 

The supplementary source of radionuclids entry, and Rа226 primarily, could be 
strata waters of deeper horizons that enter by tectonic deformations and margin snaps 
of the salt-dome structure to overlying deposits. The stratal waters of oil fields 
contain the largest amount of radium (10-8-10-11 %) in comparison with all known 
strata waters except for uranium deposits. 

Gamma spectrometer studies (1991) of the radionuclid composition of oil 
samples and strata waters from the Tengiz, Emba, Zhetybai and Uzen wells, and also 
gas condensate of Karachaganak fields conducted by SES of the Republic of 
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Kazakhstan determined that Rа226 concentration in industrial water exceeds 
acceptable dose for water (DL = 4,5 Bq/kg) established by RS-96 by 4 - 15 times.  
Moreover, the thorium concentration exceeds (DL = 5,4 Bq/kg) by 2-3 times. 
Emissions with content of radionuclids exceeding permissible levels for drinking 
water on the strata water relief are prohibited. (CNR-96). 

Anomalies and RPA are caused mainly by concentrations of natural 
radionuclids: uranium, radium, thorium that enter with the strata water of oil fields. 
They are deposited on hydrocarbon geochemical blocks of partitions and drops of oil 
waters, and also on the surfaces of technological equipment and pipelines. All 
radioactive anomalies discovered in the field and radioactive pollution areas could be 
categorized by formation character into five main types. 

First type of RPA. Oil water emissions onto the “evaporation fields”, oil 
sumps. Literally this type of RPA is represented by areas of mazuted soil with oil, 
oil-slime and radioactive solutions of strata water formed as a result of their 
emissions during the well drilling, planned-prophylactic equipment repair, emergency 
breaks of technological pipelines systems including oil pipelines and water pump 
collectors. 

Taking into account soil penetrability represented by sand fractions, its 
impregnation by water-oil emulsion is observed up to a depth of 0.5-1 m where the 
MED reaches 200-300 mSv/h. 

Anomalous sections of mazuted soil have areas up to tens of thousands of 
square meters with MED from 30 to 100 mSv/h under the natural background of 8-11 
mSv/h. The soil is brown and often covered with dry oil films. 

At the areas of volumetric or multiple emissions the average level of 
radioactive pollution by gamma-radiation is equal to 250-600 mSv/h on areas of tens 
and hundreds of square meters with local maximum indexes up to 1000-2800 mSv/h. 

Radioactive pollutions of this type with significant soil pollution by area could 
be primarily met at deposits of end and medium development stages where multiple 
discharges of strata water have taken place. 

Second type of RPA. Accumulation of oil-slime, rust, salts; used filter 
loadings of reverse pumping of strata water. Oil-slime accumulates on the internal 
walls of pumping-compressor pipes, bottoms and walls of collecting tanks, reservoirs, 
measurement equipment, oil pipelines, pumping collectors, oil hitting kilns and other 
equipments. Salts, rust and slag also accumulate there. Salts are represented by 
mixture of calcium-barium-radium-thorium-potassium sulfate. 

RPA with oil-slime on the  soil surface are mostly local accumulations of areas 
equal to units to first tens of square meters with MED varying from 300 to 5000-6000 
mSv/h. 

Radioactive accumulations of oil-slime and other sorbents such as salts, rusts, 
slags are formed during the cleaning, repairing and dismantling of production 
equipment. Accumulations of used filters of strata water reverse pumping are 
represented by material of sand-rubbly fraction that are sintered by oil-slime with 
radioactivity up to 5000 mSv/h. These accumulations localize on drilling areas and 
have a size of 10х20 m. 
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Third type of RPA. Metal discard. Industrial metal scrap relates to this 
group. For instance, pipe scraps, sheet metal, partitions of oil hitting kilns, drilling 
and pumping-compressor pipes, tanks, plants of dosing precipitation tanks and other 
equipment contacted with oil and strata water. 

Internal walls of equipment and reservoirs bottoms keep the oil-slime sediment 
and salts with high content of radionuclids. Radioactivity of scrap metal on external 
surfaces varies from 400 to 10000 mSv/h. 

Industrial metal scrap can usually be found in unofficial metal dumps. 
Fourth type of RPA. Uncontrollable sources of ionizing radiation. Data on 

RPA is connected with production losses of standard (ampullaceous) sources with 
MED equal to 7.7 S/h, 29 S/h, 30 and 50 S/h. These sources are used in blocks of 
gamma-radiation of radioisotope plant (RIP) as water-level meter on surge capacities.  

Fifth type of RPA. Operating technological equipment of oil fields, 
pipelines. Operating technological equipment and pipelines are polluted by natural 
radionuclids at all oil extraction areas, mainly of medium and end development 
stages. The pollution character is the same as in the third type of RPA where the 
source is strata water circulating with the oil. 

According to the results of radioecological studies and some publications in the 
literature and periodicals, the oil-field regions of Zhylyoiskiy rayon are zones of 
crisis ecological situations. This is a result of man-caused factors including pollution 
and oiling of soil, gas and oil evaporations, radioactive pollutions. Repercussions are 
the following: land degradation, soil distraction, desertification and ecobiocenosis 
disturbance. These lead to population health quality worsening with possible long-
term mutation-genetic consequences. 

The main mass of radioactive pollution in oil extraction areas is related to RPA 
of first type – oil-water discharge on the vapor fields and oil sumps that occupy 98.3 
% of the polluted area according to the calculated data on the territory of 
“TengizMunaiGas” JSC. 
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As a result, the environment pollution assessment of “TengizMunaiGas” JSC 
oil fields areas with the use of criteria parameters was conducted (Table 1.2.20) in 
accordance to the regulating document on industrial wastes and consumption 
(Almaty, Ministry of Public Health of the Republic of Kazakhstan, 1995). 
 

Table 1.2.20 
 

Criterion of environment pollution assessment parameters 
 

Parameters items Chemical 
elements 

Environment ecological state  

  Permissible 
(relatively 

satisfactory) 

Dangerous  Critical 
(extremely 
dangerous) 

Catastrophic 
(disastrous) 

MPC excess,  
MPL (Maximum 
Permissible Limit) of 
pollutants in soil, I 
danger grade 
 

 
 
 

Rа, Рb, Zn, 
Аs, Р 

 
 
 

to 1 

 
 
 

1-2 

 
 
 

2-3 

 
 
 

More than 3 

II danger grade U, Th, Co, 
Ni, Mo, 
Cu, Cr 

to 1 1-5 5-10 More than 10 

III danger grade V, Sr, Ba, 
Mn 

to 1 1-10 10-20 More than 20 

      
 

It was discovered that radionuclid activity by alfa- and gamma-radiation 
exceeds background indexes by hundreds and thousands times and could be 
compared with classes of low- and medium-active wastes. 

The most dangerous industrial wastes are accumulations of oil-slime, rust, salts 
and their deposits on internal surfaces of production equipment (Table 1.2.21). 

According to the results of radioactive pollution study, the population of 
Zhylyoiskiy region villages is the most exposed to the dangerous conditions group. 

The description and analysis of radiation hazard on every inhabited location 
with additional presentation of schematic map material that show radioactive-polluted 
areas locations relative to settlements and their degree of danger are given below. The 
radioactive pollution areas with MED exceeding 100 mSv/h are marked by red color 
circles (Pictures1.2.8-1.2.11), areas of higher gamma-radioactivity (exceeding 40 
mSv/h) are marked by pink color. Within the limits of higher gamma-radioactivity 
areas a human being gets higher or supplementary dose of external gamma-radiation 
that accumulate depending on time spent in these areas. Areas of higher man-caused 
background with MED below 40 mSv/h don’t represent direct threat of external 
radiation. These areas are considered as zones of top-soil ecosystem distraction. 
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One of the dangerous factors of radioactive impact on the population of 
mentioned settlements is the formation of dust on areas of radioactive pollution and 
its transfer to the villages by winds of corresponding directions. 

The radionuclid pollution danger with surface and subsoil waters depends on a 
drainage direction in each specific case. 
 

Table 1.2.21 
 

Parameters of environment pollution by radionuclids at 
“TengizMunaiGas” JSC fields 

 
Pollution 

type 
Material composition and 

sampling depth 
# of 

samples 
Samples activity in Bq/kg 

   Alpha rays Ra-226 Th-232 
 Average natural 

radioactivity Bq/kg 
    

      
 Kulsary OGD     
I Mazuted soil on vapor 

fields including by depth 
    

 0-10 sm 204,207 37000-
53280 

6105-52910 392-2464 

 10-25 sm 205 Undefined 11700 120 
 25-50 sm 206 Undefined 6140 35 

II Oil-slime, salts, calx 201 87000 13800 1980 
III Used filters  202 672000 131000 9900 
III Metal discard (slime) 203 758000 138000 113000 
      
 OGD Seaside elevation 

“Prorva” 
    

I Vapor fields, soil including 
by depth 

    

 0-10 sm 301,302 22500-
62400 

2540-14700 670-4800 

 10-25 sm 303 Undefined 105 34 
 25-50 sm 304 Undefined 450 70 
 
External gamma-radiation also relates to radiation-dangerous factors when 

humans are on polluted areas and/or use radioactively polluted industrial metal waste 
in the households. (pipes, tanks etc.). 

Kulsary village (Figure 1.2.8.) is the Zhylyoiskiy rayon center, oil extraction 
center and transport nodal point. Radioactive pollution has been discovered in the oil 
extraction area at a distance of 3-4 km to the south of the village. 

Some areas of mazuted and oil- and rust-stained soil between vertical steel 
reservoirs of oil preparation and swap, and also in the old drains for strata water 
discharge are of higher radioactivity. MED on these areas is 130-320 mSv/h. 
Radioactive pollution of some areas of operating and oil equipment, such as 
pipelines, tanks and reservoirs, bolts and valves, was fixed by gamma-photography. 

147 
 



MED on their surfaces is up to 800-1700 mSv/h. Maximum value of MED is 5400 
mSv/h that was discovered on the foundation and bend of the pipeline of the former 
gas separator located 70 m to the south-east of PL-4 (pipeline). Among other 
radiation factors (dust formation, metal waste etc.), wash-out of oil fields and 
radioactive pollution areas by flood water with possible expansion of pollution on 
wider areas, are a potential danger to the village population. 

Koschagyl (Figure 1.2.9) is a basic village of oil fields works. Oil wells are 
located at a distance of 0.5-1 km to south of village. 16 radioactive pollution regions 
with a total area of 12 hectares and MED maximum values up to 6700 mSv/h were 
discovered in oil development fields by gamma-photography, when the background 
indexes of MED are equal to 10-12 mSv/h. Radioactive pollution areas are 
represented by filter loadings, mazuted, oil- and rust-stained soil spots, oil equipment, 
such as reservoirs with oil-slime remains and  scrap metal dumps. Aerial radioactivity 
increases exceeding natural radiation background by 2-4 times are fixed by a line 
elongated from south to west of oil wells over the depressed part of relief extended to 
2-2.5 km with a width of 0.5-1 km.  Their formation is connected with discharges and 
vapor fields of strata water. Main radiation-dangerous factors are external gamma-
radiation when employees of oil-extracting companies are in the radioactive pollution 
areas, use of radioactive polluted equipment (mainly pipes) in households by the 
population, and dust formation on radioactive polluted areas when the wind blows 
from the south-west. 

Karaton (Figure 1.2.10) is a basic village of oil fields works. Radioactive 
pollution areas have been discovered to the east and south-east of village and 
represented by overflows of strata water and oil that closely locate with operating and 
former oil collection points. MED values on radioactive pollution areas vary from 
130 to 500 mSv/h, and their areas are up to 60 hectares. The dust-radiation factor can 
have a significant impact due to the large radioactive pollution area under the wind 
blowing from east to south-east. 

Sarykamys (Figure 1.2.11) is a basis village of oil field workers. Radioactive 
pollutions have been discovered along the drainage from oil collection point, at a 
distance of 800m to south-west of village. Radioactive pollution extend to 4 km 
towards the north. Main areas of radioactive pollutions are located 1-3 km north-west 
of the village, the MED level is from 100 to 900 mSv/h. The dust-radiation factor has 
significance when winds blow from the north and north-east. 

Radiation safety services of Oil and Gas Extraction Administrations (OGEA), 
ecological and prophylactic-epidemiological organizations should assess radiation 
conditions with soil analysis, water supply sources and control for scrap metal use in 
households (well tubes primarily). The assessment should result in development of 
health and sanitation recommendations that would be propagated among the 
population. 
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Figure 1.2.9 Scheme–map of Kulsary village radioactive contamination areas 
location (Based on the data of Saybekov T.S., Dausheva D.K. et al., 1997) 
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Figure 1.2.10 Scheme-map of radioactive pollution of Koschagyl 
settlement (Saybekova T.S., Dausheva D.K and others, 1997) 
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Figure 1.2.11 Scheme-map of radioactive pollution of Karaton settlement 

(Saybekova T.S., Dausheva D.K and others, 1997) 
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Figure 1.2.12 Scheme-map of radioactive pollution of Sarykamys 
settlement (Saybekova T.S., Dausheva D.K and others, 1997) 
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1.2.6. Flora and Fauna 
 

1.2.6.1. State of flora 
 

Zhylyoskyi district is located in the Pre-Caspian depression in the north desert 
zone, which is notable for extreme continental arid climate, low humidity in 
combination with saline soil and poor humus horizon. Apart from these normal desert 
conditions, the vegetation growth and the whole landscape is influenced by the 
relative youth of the Pre-Caspian depression and different ages of some parts. The 
district is characterised by so-called stripped vegetation development from the 
coastline to the edge (from the east to northeast) related to a similar age of the land 
that is from time to time freed off the sea (Figure 1.2.13). 

On the shore of the Caspian Sea, the youngest are is occupied by a wide band 
(to 30-40 km) of Halocnemum and annual Salsola vegetation on solonchak soil 
forming bare sometimes very large saltpans. In the north, this strip reaches Mertvy 
Kultuk sor, which used to be a bay of the Caspian Sea. This sor occupies one third 
part of the reserve land. A plant that forms the landscape of the sea coastline is 
Halocnemum strobilaceum. Limited use of Halocnemum strobilaceum, low harvest, 
monotony of feed, convenience of the plant only for camel grazing in late autumn and 
winter, and many sor salt marshes do not make this strip valuable in terms of 
agricultural arable lands. 

East of the strip of Halochemum vegetation, another vast strip stretches 
covered mainly with Salsola communities dominated by Anabasis salsa. Here are 
many sor salt marshes, with the biggest ones located in the Maigul, Koyanzhol, 
Maibulak, Zhalpak, Chagyl and Berli. In overall, this land strip has both complicated 
soil and vegetation covers. 

Anabasis salsa is normally common on brown slight solonetz soils and 
solonetz occurring in vast areas intermingled sometimes with Artemisia species: 
Artemisia terrae albae on brown soils, A. monogina and rare A. vulgaris, especially 
on the right bank on the Emba river. Besides Anabasis salsa, some other Salsola 
communities are found such as Artiplex alba, Halocnemum strobilaceum, Salsola 
annui on solonchaks and Eurotia spp. on brown soils. 

Both land strips are occasionally covered with sor solonchaks first by 
Salicornia spp. and Hallocnemum spp. and secondly at further stages with other 
halophytes such as Suaeda spp., Limonium gmelini and Anabasis salsa. 

Such monotony of the strip vegetation dominated only by Anabasis salsa is 
broken by a sand massif of Pre-Caspian Karakum in the northwestern part that enters 
into the northern edges, and by the Emba river plain in the central part with meadow 
and sand vegetation. On sandy soils of the ancient delta, sandy Pre-Karakum plains 
and to lesser extent on hilly soils, Euagropyrum-Artemisia terrae albae and Artemisia 
terrae albae vegetations are still conserved on large areas. In the first two habitats, 
the state of Euagropyrum is satisfactory. These areas have a relatively big number of 
sor salt-pants, which as a rule have a stretched long shape. The vegetation on 
Karakum sands and adjacent sand plains is represented by Ceratocarpus arenarius 
growing on overgrazed Artemisia and Euagropyrum -Artemisia pastures. 
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Figure 1.2.13 Map of ecosystem groups of Zhylyoi region 
Scale 1:1300000 
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The color matches with ecosystem’s class. Numbers in the contour lines means the 
prevailing groups. Symbols show the ecosystems. 
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At early stages of pasture degradation, Ceratocarpus arenarius occurs amongst 
Artemisia and Euagropyrum with the numbers of latter reducing while Ceratocarpus 
arenarius presence is increasing. The severe degradation of native vegetation is 
manifested in pure Ceratocarpus arenarius thickets formation. 

Along the Emba River plain, especially in its ancient delta, Aeluropus spp., 
Scirpus tuberosis and Puccinellia spp. and small patches of Agropyrum and 
Phragmite meadows are preserved on large areas. All species excluding Scirpus 
tuberosis form one of the most commercially valuable fodder pastures which are 
moreover of haymaking importance. 

Small areas of hilly alluvium sand are overgrown with Artemisia arenarius 
(shagyr). 

The third land strip that follows Anabasis salsa encompassing the northeastern 
corner of the region and narrowing down northward along the district border with 
escarpments is covered with Artemisia L. dominated by zone brown soils. Artemisia 
L. prevails in the vegetative cover though the role of Salsola communities is 
important too. There are no sor saltpans in this region but large areas of takyrs. 

In the extreme north of the region, some fragments of semi-desert vegetation 
are met represented mainly by Stripa sareptana-Artemisia lerchiana communities. 

Hence, the region is in overall dominated by Salsola L primarily by Anabasis 
salsa and Halocnemum spp. vegetation, which cedes a little to Artemisia in the upper 
part of the Pre-Caspian depression in the east and northeast of the area. 

From the commercial point of view, the presence of Salsola and Artemisia 
communities with spring cycle of development i.e. ephemerous is a positive factor. 
Propagation of Eremopyrum spp. and Bromus tectorum are observed on vast areas, 
and Carex pachystilis is spread on light soils while Poa is met in north and 
northeastern parts. 

Anabasis aphylla (itsigek), a plant inedible for cattle, is ubiquitous in this 
region. Under natural conditions, Anabasis aphylla occurs in a dispersed way. 
However, due to overgrazing of pastures, valuable fodder species such as Gramineae 
or Artemisiaceae are suppressed and eventually fall out of the vegetation regime; 
their place is taken by easy-growing Anabasis aphylla. It often develops in the sites 
undergoing pasture depression which is occasionally mixed with Peganum harmala, 
invaluable and even harmful for pastures plant. Peganum harmala is eaten only by 
camels in autumn and winter seasons. While green, especially with green fruits, this 
plant is venomous. 

Under desert conditions of this region, springtime from April-May is most 
favourable for plant development. During this season all plants particularly 
ephemeras actively grow. In some years, high water availability and normal 
temperatures provide for a sharp yield of pasture plants when dwarf-shrubs bloom 
and bring fruits. In dry years, the picture is completely different as all ephemeras are 
scanty and short and dry out quickly. 

The vegetation of desert zone is vulnerable and requires a careful attitude. 
Once destroyed, the native vegetative cover may not be restored or only very slowly 
restored. 
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1.2.6.2. State of fauna 

The Pre-Caspian area unites animals of all adjacent areas, which makes its 
composition very diverse. The study of this fauna is of great interest not only for 
zoologists but also for zoogeologists and ecologists (Gladkov, Rustamov, 1975). The 
Pre-Caspian area including Zhylyoskyi district shelters such original and wonderful 
mammal species as Lesser Fat-tailed Jerboa (Pygerethmus platyurus), Northern 
Three-toed Jerboa (Dipus sagitta), Caspian seal (Phoca caspica), and Marbled Polecat 
(Vormela peregusna). Birds species are also very interesting: Black lark 
(Melanocorypha yeltoniensis), Large Sand-Plover (Charadrius leschenaulti) or Hazel 
grouse (Pterocles). Many amphibians and reptiles species contribute to the diversity 
of local fauna. 

The regional fauna includes rare and threatened species listed in the Red Books 
(Red Book of KazSSR, 1978; Red Book of USSR, 1984; Darevskyi and Orlov, 
1988). It is home to a great number of endemic Caspian Seals (Phoca caspica) 
(Kryllov, 1984). 

If to classify all mammals, bird and reptile species, a lower range of animals 
living in certain habitats is distinguished comprising Rodentia, Alaudidae and sub-
group of Serpentes. The living conditions in open plains and sand massifs are 
favourable for many rodents such as sandpiper and jerboa and terrestrial open-nesting 
birds (Zaletaev, 1976; Larina, Shlyakhtin et al, 1980). 

In some periods (spring-autumn) the regional fauna is enriched by migratory 
birds. The coast of the Caspian Sea, both coastline and shelf, is an important resting, 
wintering and moulting ground for migratory birds coming from almost the entire 
territory of the former Soviet Union and some adjoining parts. Around 10-12 million 
waterfowls find here a temporary shelter during their annual migrations (Russanov, 
1995; Gistov, 1996). For the viability of the Caspian Sea as a habitat for migratory 
and wintering birds, it is important to maintain the quality of the basin (AGPA, 
1996). Many fauna species of Zhylyoskyi district are of great commercial value. 

The fauna composition is formed under conditions of the Caspian Sea 
regressions and transgressions. This dynamic process is taking place now, and 
therefore the animal population is unstable. 

Referring to the systematic list given below in this section, the most numerous 
animals populating Zhylyoskyi district are mammals and birds (Table. 1.2.22) 
(Diarov, Drizo, Kurochkina, Shabanov et al., 1994). The species composition is the 
most diverse in the bird group. The 278 bird species include not only nestling and 
wintering individuals but migratory and flying-over. Sparrow order and waterfowls 
are the most frequent and numerous. Amongst mammals, rodents are common, 
dominated by sandpipers and jerboa. 
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Table 1.2.22 
 

Diversity of terrestrial fauna in Zhylyoskyi district and adjacent regions 
 

Classis Number of taxa 
 order familia genus species 
     

Mammals 7 14 30 39 
Birds 24 40 122 278 
Reptile 1 6 10 12 
Amphibian 1 2 2 2 

 
 

The Classis Insecta comprises approximately 500 species. 
 

All coastal waters of the North-Eastern Caspian Sea are a habitat for migratory 
waterfowls (Neruchev, 1965 а, b; 1968, 1969, 1972; Gavrilov, 1979). The rare 
species listed in the Red Book include some species of swans, White and Dalmatian 
pelicans, Scops owl, purple swamphen, white heron, and flamingos (Poslavskyi, 
1963, 1965; Posklavskyi, Postnikov et al., 1964; Poslavskyi, Sabinevskyi et al., 
1977). Disruptions of their habitats and incidental oil spills pose a threat to their lives. 

The formation of winter ornithological fauna starts with arrival of tits and nuns. 
The end of October is the time for flying in of the last birds such as Rock pigeon, 
Common Kestrel, Goshawk and others staying over winter. In November redpoll and 
goldfinch arrive for wintering. At the end of the month, partridge, Short-eared Owl 
and Long-eared Owl,  Hooded Crow, Rook, Jackdow, Magpie, Twit, Chaffinch, 
fieldfare, Sky lark, White-winged Lark and Crested Lark start further migration 

Birds staying until winter approaches fly off towards the beginning of 
December, as their wintering grounds are further in the north. These are Ruddy 
shelduck, Snipe, Sanderling, Common duck, Common Starling, Black-bellied 
sandgrouse, Richard's Pipit, Greater White-fronted Goose, Common Teal, Greylag 
Goose, Plover, Whooping swan, Tufted duck, Pallas sand grouse, Common gull, 
Mallard, Magpie diver, Common Merganser, Bullhead and others. 

With the current sea level rise and flooding of coastal area, existing oil fields 
such as Teren-Uzek, Tazhygaly and others become constantly flooded over the years 
and wind-induced surges reach even the Tenghiz field. Some drilling rigs have been 
surrounded by water already for some years. Despite a great deal of earth works 
undertaken to prevent oil fields flooding, it is impossible to avoid the spread of oil 
pollutants into the sea under its continuing rise. 

The pollution of the sea has a direct impact on waterfowls. Since 1981, 
annually the death of birds has occurred along the coastline east of the Ural River 
estuary. Bird bodies were found in the east from the lower stream of the Ural River to 
Komsomolets Bay, i.e. stretching for 300-350 km. In May of 1988, western winds 
brought onshore 250-300 thousand bodies of 27 species, if those carried away into 
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the open sea and drifted to reedbeds are taken into account, this figure would have 
been around a million. These included many sea and river ducks, bald coots, 
sandpipers and seagulls. Such incidents still take place. The Institute of Epidemiology 
and Virology established poisoning with toxicants as the cause of death. The tissues 
of birds contained chlorine-organic compounds exceeding MPCs by 7-1,200 times. 
Besides, a boost to this mass death may have been caused by an anaerobic bacteria 
and botulism readily developing in a medium polluted with oil and accumulating oil 
in sediments or sulphide dioxide poisoning because of oxygen free decomposition of 
dead reed (Egorov, Bukharystyn, 1994; Bukharystyn, 1991; Kushtalova, 1947). 

The offshore oil pollution spreads further on birds. These cases were observed 
during summer expeditions to the northeastern coast since 1981. Guryev and Atyrau 
State Game Inspections have legal proceedings with petroleum companies accused of 
mass killing of birds and other animals by oil pollution. 

The following 14 mammals belong to the category of commercially valuable 
species: 

1. Tolai hare 8. Fox 
2. Brown hare 9. Corsac 
3. Otter 10. Russian polecat  
4. Bank vole 11. Badger 
5. Little souslik 12. Caspian Seal 
6. Yellow souslik 13. Wild boar 
7. Racoon dog 14. Saiga antelope 

 
These constitute a basis for the fur trade, which is one of most important and 

commercially profitable sources of obtaining “soft gold” (Kolossov, 1935; Denissova 
et al., 1986). Besides fur, this trade also gives meat and fat rich with vitamins used by 
the local population for treatment of TB, silicosis and other diseases. However, the 
overwhelming number of the fore-mentioned species is randomly hunted. These 
include such species as hare, Russian polecat, Badger, Racoon dog. Trade in otter and 
bank vole fur is not developed as these animals occupy narrow local sites in the plain 
and delta of the Emba River and reedbeds of self-springing wells. Small and yellow 
sousliks are common throughout the entire region, their numbers do not reach a 
tradable rate. Fox and corsac are hunted on a permit basis whereas wild boar may be 
traded only with a very few licences. As the number of saiga is low, organised trade 
(hunting and trapping) is rarely allowed (Zhirnov, 1977). Only Caspian Seal is traded 
on an industrial basis. Some occasional hunting on wolves takes place (Fedossenko, 
Fadeev et al., 1985). 

20 avian species are included into the category of commercially valuable 
species, which are only used for game (Neruchev, 1965 а, b; 1968, 1969, 1972, 1974; 
Neruchev, Varshavskyi, 1967; Gistov, 1996; Diarov, Drizo, Kurochkina et al., 1994): 

1. Greylag Goose 11. Pintail 
2. White-fronted goose 12. .European wigeon 
3. Bean Goose 13. Red-crested Pochard 
4. Common shelduck 4. Ferruginous Pochard 
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5. Ruddy Shelduck 15. Common pochard 
6. Ferruginous Pochard 16. Tufted duck 
7. Garganey 17. Greater Scaup 
8. Northern Shoveler 18. Golden-eye 
9. Mallard 19. Bold coot 
10. Common duck 20. Pallas sand grouse 

 
Based on data of Guryev State Game Inspection of 1987, when the first 

production of waterfowl meat took place, 30 thousand duck and 1.5 thousand of 
goose were hunted for game purpose. 

The northeastern part of the Caspian Sea is a habitat for tradable fish species of 
various ecological groups (diadromous, semiadromous and sea belonging to seven 
familia, 12 species and sub-species. The following species are commonly found in 
catch nets: sturgeon species include beluga (64%), sturgeon (14%), sevryuga 
sturgeon (22%), carp species include vobla (53,6%), bream (31,5%), zherekh 
(9,25%), and herring comprises herring (100%), perch species include only pike-
perch. Bastard sturgeon, catfish and white-eyed bream are only occasionally found in 
drag-net catches. However, in trawl catches a great amount of diverse goby, which 
does not have a commercial value, may be seen (Diarov, Drizo, Bolshov, Aminova et 
al., 1995). 

This diversity of fish populating the waterline near the eastern coast is provided 
by good conditions for fattening of commercial fish and its hatchings and small 
benthic fish. Shallow waters, well warmed, produce an abundance of food for fish 
and serve as fattening and wintering habitats for all ages. Under the influence of 
wind-induced surges, remains of hydrocarbon are washed into water polluting certain 
coastal sites of the sea, which may affect the state of aquatic biota, including 
ichthyofauna. Its composition in the Caspian Sea comprises sea and river fishes to a 
greater extent, and dandronomous and semiandronomous to a lesser extent. The sea is 
a spawning ground primarily for herring and goby, silverside and pikeperch. The area 
of fattening is large involving the entire shelf of the northeastern part of the Caspian 
Sea. The composition of fish reproducing in rivers and delta channels is more diverse. 
The representatives of sturgeon, carp, and perch familia are amongst them. After 
spawning, individuals of these species and their hatchings undertake long migrations 
from rivers to the sea accommodating shallow water areas for fattening, where 
youngsters remain until maturity. The data analysis of sturgeon catch gives the 
opportunity to track down the distribution and change of adult fish concentration in 
shallow waters at the eastern coast of the Caspian Sea. Beluga has a larger area of 
spawning than sturgeon and sevryuga sturgeon. In spring from April-May when the 
waters begin to warm up, the area of beluga occurrence is along the eastern shoreline 
of the shelf when its number is not significant reaching only 3 individual/hour (square 
78). The number of fish in catches from the square 105 and 106 is even smaller with 
3-1 individuals/hour. 

It should be noted that in April-May the squares of the eastern shallow waters 
near the shoreline (sq. 34, 55, 79, 106, 136) net catches were less than in deeper parts 
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(sq. 78, 105). This may be explained by intensive wind-surge impact. 
Observations and calculations made by experts about storm flooding of the 

eastern coast of the sea indicate to its dangerous potential for the industrial regions of 
the coastline especially in spring and autumn. In May1989 with the average level of 
the sea being at -27.49 m, the surge at the dam of Tengiz State Production Zone was 
2.38 m, and obviously, the height of the surge will increase with continuing sea level 
transgression. 

Expansion of the beluga fattening ground was observed in September. Stable 
congregation of fish up to 9 individuals/hour occurred in the 79 and 106 squares near 
the north-eastern coast of shallow water. In October, the fattening area reduces 
parallel to the water cooling process and exhaustion of the food chain, thus some 
occasional fish were met in catches at northwestern part of the study area. Perhaps, 
by this time, tradable species had left the shelf zone, migrating to deeper southern 
parts of the sea. The number of sturgeon in catches was insignificant in comparison 
with beluga. The highest concentration of sturgeon from 4 to 2 individuals/hour is 
formed in September within the 78 and 79 squares. The rest of the study area has not 
been populated and serves as migratory routes. Distribution of sevryuga sturgeon in 
shallow waters is similar to sturgeon. In spring, both adult sevryuga and sturgeon 
were met in single numbers. In all seasons, their catch totals 4 individuals/hour 
(square 34). 

The distribution of semianadromous fish was also of a temporary character. In 
April-May, the concentration of pikeperch, bream, and vobla was noted in the whole 
water zone of the sea whereas the principal mass of fish was in the northeastern part 
of the sea where catches averaged at 31 individuals/hour (square 34). Further, with 
water warming, these congregations were dispersed and adult fish were scattered 
throughout the water area. Towards autumn, the number of semi-anadroumous fish 
decreased everywhere along the coastline. At the depth of 2-3 m, catches were from 2 
individuals/hour in the square 78 to 4-9 individuals/hour in the square 105. 

The catches of zherekh and herring in this region were insignificant compared 
to other species. In September-October, the quantity of vobla, pikeperch and bream 
drastically dropped except in north-eastern and eastern shallow waters in the 54 and 
78 squares, where insignificant concentrations of species was registered. 

Such uneven distribution of commercial fish species is determined by the state 
of tradable reserves of population and availability of food. Gobies, bottom species 
living in the entire zone of study particularly in eastern shallow waters constitute the 
main feeding component for many higher fish species. Based on trawl catches, goby 
occurs in large schools in symbiosis with tradable species. The population is high 
making 100 individuals per 20 minutes of beam trawling recalculated per hour. The 
similar concentration of benthic fish was recorded at places of high occurrence of 
tradable fish. However, if the number of commercial species reduces in catches, the 
share of goby decreases too. 

There is no evident interdependence of oil development with ichthyofauna of 
the eastern coast. 

With respect to the environmental assessment, the entire North-Caspian area of 
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Kazakhstan is regarded as lightly polluted and moderately polluted at some parts, 
which creates favourable conditions for marine biota including ichthyofauna. 

The rise of the Caspian Sea level adds many problems on due to flooding of the 
coastal zone but improves food potential for fish populations of the Caspian Sea 
especially in its eastern part. Over last 20 years since the outset of current sea level 
rise water has become fresher and production of primary phytoplankton and 
expansion of fattening grounds take place which consequently significantly increases 
of the population of semi-anadromous fish in Ural and Caspian fishing regions. 

If this area, the most biologically productive in the world, is polluted because 
of poorly developed protection measures and contingencies of petroleum exploration 
and development in the North Caspian subsurface, the fishery of the Caspian Sea will 
be greatly damaged and its ichthyofauna will not recover (Drizo, Diarov and 
Bolshov, 1994 and 1996). No concession should be made to polluters of the Caspian 
environment in order to secure both quality of the Sea life and proper economic 
development of the area. This requires a rational and diligent approach from all those 
working on the sea and its shores. 
 

1.2.7. Emergency response measures for protection of population, 
industrial and commercial facilities from the Caspian Sea level rise 

and its consequences 
 

The sites of oil fields in the northeastern coast are subjected to the highest risk 
of flooding in Zhylyoskyi district. People of some settlements were forced to leave 
their homes. Numerous shalygi (coquina islands) were submerged under water of 
Northeastern Caspian. 

Unless special engineering measures are applied, such as dykes, elevation of 
communication and industrial facilities on piles etc are not applied, oil developments 
of Tengizchevroil, Kulsaryneft, Prorvaneft, Tengizmunaigas and others are either 
already or will be flooded. 

In this relation, a further increase of anthropogenic impact on oil fields may 
lead to loss of the sea fishery. The continuing sea level rise of the Caspian Sea 
induces elevation of the groundwater table in the coastline strip, posing a negative 
impact on both ecology and industrial activity. 

The measures applied for sea protection from hydrocarbon pollution include 
shut in storage of wells and construction of protective structures at some operational 
fields, mainly local ring-shaped dykes. For example, according to the engineering 
protection plan of Tengiz oil field a set of structures are being built such as a dyke, 
drainage system, water collecting channels, evaporation ponds and other facilities. 
The length of the frontal dyke is 118 km. The given structure is now under 
construction. It should be noted that the chosen scheme of engineering protection as a 
frontal dyke disturbs the environmental integrity of the coastline, disrupts and 
deprives wildlife of habitats and destabilises the natural functioning of flora and 
fauna in the region. The regression of seawater surge also has a negative impact as it 
is of favourable, desalinising, and irrigational influence on this arid zone. 
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Wind-induced surges in the northwestern Caspian Sea 
and its consequences 

 
The annual average value of normal surges on the coastline near the Tengiz 

field is 0.9 m. Under strong (24 m/s and more) and long-lasting (2-4 days) western 
and southwestern winds, surges of maximal height 1.2-2.3 m are observed. On the 
Tengiz coast, stable wind with the speed 10 m/s and greater occur 25 times per year. 

The list of biggest surges registered on the eastern coastline in 1989-1991 is 
given in Table 1.2.23. 

On the shore near Tengiz GPP in 1991 surges reaching 1.51 m (June), 1.8 m 
(May), 2.14 m (December) were recorded. For instance, the surge of December 1991 
was the biggest over the last 45 years; the sea flooded attaining -26.05 m BS (the sea 
level in August 1991 was 26.92 m). 

For instance, in May 1988 wind surges partially inundated Teren-Uzek, Tengiz 
and Prorva fields. 800 well remained under water. The economic damage was 
assessed at many millions and the sea became polluted with hydrocarbons. 
 

Table 1.2.23 
 
The strongest surges occurred in eastern coast of the Caspian Sea in 1989-1991 

 
Date Coastline site Surge height, m 

   
8-9 May 1989 
 
3-9 May 1990 
 
9-12 May 1991 
3-6 June 1991 
15-17 December 1991 

 

Karaton 
Prorva 

Кaraton 
Prorva 

Tengiz GPP 
Tengiz GPP 
Tengiz GPP 

Prorva 

2.16 
1.81 
2.06 
2.20 
1.80 
1.55 
2.14 
2.07 

 
At other places on the Caspian eastern coast, the insurge height was 158-246 

cm, offsurge was 2.5-3.0m. The strong coastal winds may decrease the level of the 
sea by 1.5 m as in 1952 the drop was by 2.5-3 m associated with drying up of the 
seabed over the distanceof 10-15 km from the constant waterline. At deeper places, 
due to influence of wind surges, the sea level fluctuation is much smaller: 1.3 m in 
the shelf zone and 0.8 m in the Ural furrow. The average length of surges is around 5 
days. The surges in eastern areas of the North Caspian are more frequent in July and 
October and the strongest in April and May. 

Hence, induced by water surges, the sea level may raise by more than 2 m at 
eastern coast. In this case, the area of TengizMunaiGas and Tengizchevroil is in the 
zone of flooding with the level at below 24.5 m. 
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Possible hydrocarbon pollution of the sea caused by 
wind-induced surges in the Northeastern Caspian Sea 

 
Different sources on the level of the North Caspian Sea give contradicting data. 

Bukharytsin (1991) assesses the overall water quality as “moderately 
polluted”whereas the Ural furrow is regarded as “very polluted” (ADL, 1994) 
primarily with hydrocarbons and phenols. However, according to the recent 
researches by Western Department of the Kazakh Academy of Science the 
hydrocarbon pollution is insignificant in the northern and eastern coastal areas where 
the background concentration does not exceed maximum permissible concentrations, 
main indicators of the environmental state (Drizo, Diarov, Bolshov al., 1995). 

Drizo E.A., Diarov M.D.and Bolshov A.A. relate such improvement of the 
water quality to a slow down of industrial activity along the upper stream of the rivers 
and a consequent drop of hydrocarbons inflow. Nonetheless, in the same report it is 
stated that an increase of hydrocarbon concentration up to 30 MPC occurs after 
moderate strong surges in the northern part of the sea and up to 3.6 MPC in the 
eastern. Similarly, the pollution of the North Caspian depends very much on the 
choice of sampling sites and external conditions. 

The below Table 1.2.24 summarises data on absolute and relative concentration 
(against MPC) of principal pollutants in the Caspian Sea (ADL, 1994). The data on 
water area pollution near the area of TengizMunaiGaz, shalygi and areas of water 
across some oil fields are shown in the Table 1.2.25 (ADL, 1994). At eastern shore of 
the Caspian Sea, the following oil fields are found: Teren-Uzek, Tazhigali 
(Southwestern and southeastern), Pustynnoe, Morskoe, Tengiz, Pribrezhnoe, Kara-
Arna, Prorva and others. They are all surrounded by dykes but the sea level goes up, 
and the protection degree of existing dams lowers instead. The flooding of the coastal 
area covered with many closed and functioning wells reflects directly on the pollution 
of water and seabed deposits. However, it is very difficult to stop ingress of 
hydrocarbons into the sea because of their fast and heavy solution, recovery process, 
and unpredictability of surges. 

In 1995, one of authors of the work took part in three expedition surveys of the 
water zone adjacent to the TengizMunaiGas site. The authors noticed a weak flow of 
hydrocarbons from the Teren-Uzek field during offsurge induced by a wind of speed 
14 m/sec. Hydrocarbon concentration in water at square 79 and 109 slightly exceeded 
MPC, being at 0.06 mg/l (MPC = 0.05 mg/l), while the concentration of 
hydrocarbons in seabed deposits was 4 times higher than its background level. In 
September, hydrocarbons were distributed in the seabed and water relatively evenly 
(Table 1.2.8). Their concentration was at low level. In November, the proportion of 
hydrocarbons in the water and soil grew, caused perhaps by a temperature drop and 
slow down of recovery due to low speed of chemical and mircobiological oxidation. 
However, if the maximal concentration in water was at squares 55 and 79, located in 
the eastern profile near the shore across Teren-Uzek oil field, the pollutants 
concentration in soils are the highest in squares 33, 78 and 105 in the western profile. 
During the survey, the weather was calm. While an excess of hydrocarbons MPC by 
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1.3 times in water at squares 55 and 79 may be explained by oil development, soil 
pollution from the sea is abnormal. 

Qualitative consequences of surges were registered in July 1995 at the square 
80 located opposite Karaton. There, the depth of the sea was 1.2 m. Over 5 days from 
22 to 26 July, a wind-induced surge took place here rising the sea level by 0.6-0.7 m 
at the field. Then the wave backed off, sampling metal rods inserted vertically into 
the seabed had hydrocarbons stains. In eight days upon the end of the surge from 27 
July to 3 August, some constant and small hydrocarbon concentrations were observed 
in the water square. The hydrocarbons share in water at that time and at the same 
place went beyond the MPC, i.e 0.05 mg/l, with the exception of one sample that 
showed the excess of 1.6 MPC. It is probable that the barometer took a sample with a 
small hydrocarbon clot. 

These observations are characteristic only for small insurges and offsurges. 
Under big (1.0-1.5 m), or even catastrophic surges (1.6-2.0 m and greater) the picture 
changes drastically, washing off million tons of polluted water. 

The consequences of surges in the square 107 opposite Tengiz GPP were 
registered earlier in 1991(“Ecoresources”, 1991). After western winds of the force 3-
4 having occurred in 14-15 September 1991 and degraded into weak northwestern 
and then northeastern on 17 September, the following dynamics of hydrocarbon 
concentration in water was registered: 

14 September - 0,13 mg/l (2,6 MPC) 
16 September - 0,15 mg/l (3 MPC) 
17 September - 0,21 mg/l (4,2 MPC) 
20 September - 0,09 mg/l (1,8 MPC). 
 
These data are obtained by averaging results of 2-3 samples analysis taken in 

various spots of square 107, based at the distance of 5-10 km from each other thus 
confirming the reliability of the observations’ outcomes. Occurred in 1991, a small 
surge caused the 4.2 MPC increase of hydrocarbon concentration that later on, over 3 
days, dropped to the level of background concentration (1.8 MPC). 

From the impact of wind-induced surges, natural characteristics may be of 
great variability especially at shallow water. Thus, in July 1995 at square 107, 
hydrocarbons concentrations differing from each by 2-4 times were registered; (on 
the same day, samples were taken at a distance approximately 100 m from each 
other). Concentrations in water varied from 0.4 mg/l (0,8 MPC) to 0.18 mg/l (3.6 
MPC) during one-two days. 

It is interesting that the area of hydrocarbon concentrations in water at square 
107 over 5 days was relatively wide despite the quiet and windless weather. At the 
same time, at the square 80 after the surge of 22-23 July when the sea level raised by 
0.7 m, the hydrocarbons concentrations swing was less than the background of surge 
of 27 July-3 August. 
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Table 1.2.24 
Water quality in the North Caspian, 1989-91 

 
Component, 

mg/l 
Parameter 1989 1989 1990 1990 1991 1991 

  Conc-n 
mg/l 

Excess of 
MPC 

Conc-n 
mg/l 

Excess of 
MPC 

Conc-n 
mg/l 

Excess of  
MPC 

        
Oil average 0,14 3 0,20 4 0,14 3 
 maximum 1,24 25 1,62 32 1,14 23 
        
Phenol average 0,003 3 0,003 3 0,003 3 
 maximum 0,030 30 0,025 25 0,360 35 
        
Synthetic 
surfactants 

average 0,013 < 1 0,025 < 1 0,050 < 1 

 maximum 0,120 1 0,140 1 0,47 5 
        
Ammonia average 0,020 < 1 0,08 < 1 0 < 1 
 maximum 0,204 < 1 0,420 1 0,389 1 
        
DDT average 0,028 < 1 0,013 < 1 0 < 1 
 maximum 0,181 < 1 0,117 < 1 0 < 1 
Hexachlorcycloge
xan  

average 0 < 1 0 < 1 0,002 < 1 

 maximum 0 < 1 0 < 1 0,085 < 1 
Hexachlorcycloge
xan  

average 0 < 1 0 < 1 0,002 < 1 

(seabed) maximum 0 < 1 0 < 1 0,092 < 1 
        
Oxygen average 7,70 < 1 9,72 < 1 9,13 < 1 
 maximum 4,30 < 1 8,72 < 1 4,30 < 1 

 
Table 1.2.25 

 
Pollution of sea water in the Eastern part of Caspian Sea in 1993, in MPC 

relation 
 

Area Hydrocarbons Synthetic 
surfactants 

Chromium Copper 

     
Prorva 1,5 MPC < 1MPC 1 MPC 3 MPC 
     
Tengiz > 7 MPC - > 1 MPC > 1 MPC 
     
Teren-Uzek 2 MPC < 1MPC < 1MPC > 1 MPC 
     
Egorychevy 
Shalygy  

> 30 MPC - - > 3 MPC 

     
Zuidvestovaya 
shalyga 

> 3 MPC - > 1 MPC > 3 MPC 
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While the average value of hydrocarbons concentration in water was 0.034 
mg/l, the average square decline from the average was +0.016 mg/l, and the 
confidence interval at the rate of 0.05 is equal +0,031 mg/l. Only, one value of 0,08 
mg/l dated 29 July was beyond this interval, though statistically the water pollution 
was evident. 

Therefore, the coastal water is slightly polluted with hydrocarbons. At both 
northern and eastern coasts, the background concentration of hydrocarbons does not 
normally exceed the MPC. However, after surges of average force, the level of 
pollution is not more than 3.6 MPC in the area of Teren-Uzek and Tengiz. During 
stronger surges (more than 1.0-1.2 m) this value may increase. 

1.2.8. Management, treatment and disposal of industrial 
and domestic waste 

In the Zhylyosky district, there are many geological, oil and gas, industrial, 
agricultural, construction, energy, transport, utility enterprises and organisations. 
Their activity results in the generation of liquid, solid, semi-solid, and gaseous waste. 
Waste management related work is not systematic Waste treatment facilities are not 
sufficient in number; in fact, only one has recently been built by Tengizchevroil. 
Many types of waste are associated with exploration, production, preparation, 
storage, and transportation of hydrocarbons. During oil and gas extraction process, all 
associated water is normally partially pumped back to maintain pressure in the 
hydrocarbon bearing stratum and the rest is discharged to the evaporation field. 

As of 1 January 1998, there are 44 fixed sources of harmful emissions. Theses 
sources of different economic sectors generate 118,615.8 tons of hazardous polluting 
emissions containing nitrogen oxide, carbon oxide, sulfurous anhydride, unsaturated 
hydrocarbon, solid particles (dust), carbon bisulphide and others. 

According the Decision № 330 dated 30.12.96 of Atyrau Oblast Akim, Annex 
1, 3а, in 1997, the limit for disposal (storage and landfilling) of industrial waste was 
the following: 

Drilling cuttings - 777 t 
Reservoir water - 111 t 
Worn out tyres - 0.45 t 
Paper waste - 0.2 t 
Domestic waste - 20,505 t 
Cullet - 0.15 t 

Each year, 2,634,764 thousand m3 of industrial waste and domestic wastewater 
is discharged into the evaporation fields and groundwater aquifers by enterprises of 
Zhylyoskyi district. The main components of this wastewater are hydrocarbons, 
chloride, sulphate, ammonia, COD, Synthetic surfactants, nitrite, nitrate, iron, 
phosphate and other mineral substances. 

Enterprises of heat and power, chemical and petrochemical sectors, machine 
engineering and metal ware, industrial construction material production and transport 
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technical service constitute primary polluters in the region. The level of toxicity of 
waste generated here is classified from low risk to extremely high risk. The extremely 
high risk (I category) include galvanic mud, lead and heavy residue of liquefied gas, 
the high-risk group (II) includes used electrolyte, oil waste, used lubricants; moderate 
risk involves oil mud, varnish and paint waste and oiled cloth. 

Emergency overload of soils with industrial waste disrupts the natural cycle of 
matters and energy in the biosphere and creates the threat of destruction of soil cover 
over large areas, which may cause irreversible damage to the overall functioning of 
the biosphere, creating catastrophic consequences. 

Related to the accumulation of industrial high-risk waste, negative processes 
take place in nature, waste undergoes reactions of neutralisation, hydrolysis, 
coprecipitation, ion exchange and microbic processes resulting in the formation of 
more soluble substances that ingress into water bodies, plants and animals. 

For example, galvanic sludge and ash-and-slag, heavy metals of high toxicity 
may enter the environment. Ions of heavy metals are regarded as the primary stress 
factors for humans not to mention noise, pesticides, carbon monoxide, and acid rain. 
Enterprises of transport technical service make a significant input to environmental 
pollution. Dumping of mercury containing bulbs together with domestic and 
industrial waste may lead to pollution of natural components with mercury, which is 
one of the most hazardous toxicants. 
 

1.2.9. Monuments of historical and cultural importance 
 

The area of Zhylyoskyi district is rich in historical and cultural monuments 
thanks to its geographical location and, to history, which swept across the region. In 
ancient times, caravan routes traversed the area connecting Central Asia and Europe. 
This and other historical circumstances left a trace on this land. 

To date, many original pieces of funeral and cult architecture, represented 
mainly in necropolis and cemeteries. These are stone crafted structures: mausoleums, 
saganatams, sarcophagus - sandyktas, stellas - kulpytas, tombs such as koitas and 
others. These are all monuments of traditional Kazakh culture and of great 
importance for the history of Kazakhstan as the only witnesses to an ancient past and 
in accordance with existing legislation are subject to state protection. 

Materials of Western Kazakhstan Archaeological Expedition (ZKAE) of 1989-
1991, Institute of Archaeology of the Russian Federation headed by L.Galkina 
counted 56 mausoleums, 250 saganatams, 137 koitas, 1,442 kulpytas and more than 
3,360 burial grounds on the territory of Zhylyoskyi district. 

At the moment, based on the list of archaeological monuments of Atyrau 
oblast, below is those located in Zhylyoskyi district (Afanassiev V. “History of the 
Northeastern Pre-Caspian region”. List of oblast archaeological monuments. 
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Late Stone Age 

1. 8-8 Zhylankabak, location 82 km northeastward of Kulsary village, Emba
district, 38.5 km northeast of Zhanterek railway station (Taimagambetov Zh., ZKAE- 
89). 

2. 9-9 Kainar I, site 26 km north of Imankar mountain, 82 km northeast of
Kulsary, 38 km northeast of Zhanterek railway station (Taimagambetov Zh., ZKAE- 
89). 

3. 10-10 Koikara, location 56 km northeast of Kulsary village, 3 km northwest-
west of Imankar mountain (ZKAE- 89). 

4. 11-11 Kulsary I, site 5 km north of Kulsary village along the motorway
Kulsary- Dossor at the road sign - 136/110 (Taimagambetov Zh., ZKAE- 89). 

5. 12-12 Kulsary II, site 3 km north-northeast of Kulsary village
(Taimagambetov Zh., ZKAE- 89). 

6. 13-13 Kulsary III, site 3.6 km north-northeast of Kulsary village
(Taimagambetov Zh.,ZKAE- 89). 

7. 14-14 Kulsary IV, site 4 km northeast of Kulsary village (Taimagambetov
Zh.,ZKAE- 89). 

8. 15-15 Kulsary V, location 1.5 km from Kulsary village and 700 m north of
the local airport (Taimagambetov Zh., ZKAE- 89). 

9. 16-16 Kyzymshek, location 81 km northeast of Kulsary village, 26 km north
of Imankar mountain, 37 km south-southeast of Zhanterek railway station 
(Taimagambetov Zh., ZKAE- 89). 

10. 17-17 Shatpakol, location 31 km along the motorway Kulsary-Dossor, 12
km north of  Shokpartogai village (Taimagambetov Zh., ZKAE- 89). 

11. 18-18 Shayndy, location 5.3 km southeast of Sarykamys village
(Taimagambetov Zh., ZKAE- 89). 

12. 19-19 Shandyaul, location 9 km southwest of  Akkyztogai village, 22 km
northeast of  Kulsary village  (Taimagambetov Zh., ZKAE- 89). 

Eneolith 

1. 25-0-1 Sarykamys, site, Emba district, 3 km south of Sarykamys village
(Taimagambetov Zh., ZKAE- 89). 

2. 18-18-2 Shayndy, site, 5.5 km southeast of  Sarykamys village, in the south
of the modern cemetery Shayndy (Taimagambetov Zh., ZKAE- 89). 

Iron 

Early Iron Age 

1. 44-0-0-0-8 Araltube, burial ground, 56 km northeast of Kulsary village 25
km east of Akkyztogai, 2.2 km southeast of  Araltube village (Z. Samashev, ZKAE- 
89). 
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2. 45-0-0-0-9 Zhylankabak I, a group of kurgans 82 km northeast of Kulsary, 
38.5 km southeast of  Zhanterek railway station (Samashev Z., ZKAE- 89). 

3. 46-0-0-0-10 Zhylankabak II, 83 km northeast of Kulsary, 37.5 km southeast 
of Zhanterek railway station 28 km north of Imankara mountain (Samashev 
Z.,ZKAE-89). 

4. 47-0-0-0-11 Zhylankabak III, 84 km northeast of Kulsary, 36 km southeast 
of Zhanterek railway station, 29 km north of Imankara mountain (Samashev 
Z.,ZKAE-89). 

5. 48-0-0-0-12 Imankara I, burial ground, 583 km northeast of Kulsary on the 
summit of Imankara mountain (Samashev Z., ZKAE- 89). 

6. 49-0-0-0-13 Imankara II, 59.3 km northeast of Kulsary, on the summit of 
Imankara mountain (Samashev Z., ZKAE- 89). 

7. 50-0-0-0-14 Imankara III, 59.5 km northeast of Kulsary, on the summit of 
Imankara mountain (Samashev Z., ZKAE- 89). 

8. 51-0-0-0-15 Imankara IV, 60 km northeast of Kulsary, on the summit of 
Imankara mountain (Samashev Z., ZKAE- 89). 

9. 52-0-0-0-16 Imankara V, 60.3 km northeast of Kulsary, on the summit 
Imankara mountain (Samashev Z., ZKAE- 89). 

10. 53-0-0-0-17 Imankara VI, 60.3 km northeast of Kulsary, on the summit of 
Imankara mountain (Samashev Z., ZKAE-89). 

11. 54-0-0-0-18 Imankara VII 69,7 km northeast of Kulsary, on the summit of  
Imankara mountain (Samashev Z., ZKAE- 89). 

12. 56-0-0-0-20 Imankara IX, a complex of kurgans with “moustache”, 59.1 
km from Kulsary, on the summit Imankara mountain (Samashev Z., ZKAZ- 89). 

13. 57-0-0-0-21 Kainar I, burial ground, 81 km northeast of  Kulsary, 25 km 
south of Imankara mountain, on the right bank of the Kainar river (Samashev Z., 
ZKAE- 89). 

14. 9-9-0-0-22 Kainar II. burial ground, 82 km northeast of  Kulsary, 38 km 
southeast of  Zhanterek railway station, on the right bank of the Kainar river 
(Samashev Z., ZKAE- 89). 

15. 58-0-0-0-23 Karaarna, settlement, 22 km south of Karaton field, 2.5 km 
east of Karaarna field (Taimagambetov Zh., ZKAE-89). 

16. 59-0-0-0-24 Kaskyrlykarasai I, burial ground, 22 km northeast of Kulsary 
village, 39 km southeast of Zhanterek railway station, 30 km north of the Kainar river 
(Samashev Z., ZKAE- 89). 

17. 60-0-0-0-25 Kaskyrlykarasai II, burial ground, 93 km northeast of Kulsary, 
4 km north of р.Kainar (Samashev Z., ZKAE- 89). 

18. 61-0-0-0-26 Kaskyrlykarasai III, a group of kurgans, 91 km northeast of 
Kulsary, 38 km southeast of Zhanterek railway station, 2.2 km north of the Kainar 
river (Samashev Z., ZKAE-89). 

19. 10-10-0-0-27 Koikara, a burial ground, 56 km northeast of Kulsary, on the 
summit of Koikara moutain (Samashev Z., ZKAE- 89). 

20. 62-0-0-0-28 Kolkanata, a burial ground, 58 km north-northeast of Kulsary, 
3.8 km southwest of Araltube (Samashev Z., ZKAE- 89). 
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21. 63-0-0-0-29 Karabeldeu, burial ground, 60 km northeast of Kulsary, 19 km 
from Araltube railway station (Samashev Z., ZKAE- 89). 

22. 64-0-0-0-30 Kyzemshek, a group of kurgans, 81 km northeast of Kulsary, 
37 km southeast of Zhanterek railway station, on the summit of Kyzemshek mountain 
(Samashev Z., ZKAE- 91). 

23. 65-0-0-0-31 Kyrykmyltyk I, a group of kurgans, 74 km northeast of 
Imankara mountain (Samashev Z., ZKAZ- 89). 

24. 66-0-0-0-32 Kyrykmyltyk II, 73 km northeast of Kulsary, 13.5 km  
northeast of  Imankara mountain (Samashev Z., ZKAE- 89). 

25. 67-0-0-0-33 Sarykamys I, dune burrial ground, 3 km south of Sarykamys 
village (Taimagambetov Zh., ZKAE- 89). 

26. 63-0-0-0-34 Sarykamys II, 5 km southeast of Sarykamys village, 1 km 
northwest of Shayndy cemetery (Taimagambetov Zh., ZKAE- 89). 

27. 69-0-0-0-35 Teriskaragan I, a group of kurgans, 58 km east of Kulsary, 8.7 
km north of Araltube railway station (Samashev Z., ZKAE- 89). 

28. 70-0-0-0-36 Teriskaragan II, burial ground, 58.5 km northeast of Kulsary, 
12.5 km northeast of Araltube railway station (Samashev Z., ZKAE- 89). 

29. 71-0-0-0-37 Shayndy I, settlement, 5.5 km southeast of Sarykamys village, 
in the western edge of the modern cemetery Shayndy (Taimagambetov Zh., ZKAZ- 
89). 

30. 72-0-0-0-38 Shayndy II, settlement, 5.5 km from Sarykamys village, in the 
western edge of the modern cemetery Shayndy (Taimagambetov Zh., ZKAE-89). 

31.73-0-0-0-39 Sholtakai, burial ground 70.5 km northeast of Kulsary, 12 km 
north of Imankara mountain (Samashev Z., ZKAE-89). 

32. 74-0-0-0-40 Shoptikol, burial ground 73.5 km northeast of Kulsary, 14.5 
km  north-northeast of Imankara mountain (Samashev Z., ZKAE- 89). 

33. 132-0-0-0-100 Nurmola, a group of kurgans in Emba district, 80 km north-
northeast of Kulsary village, 40 km southeast of Zhanterek railway station (ZKAE-
91). 

34. 133-0-0-0-100 Oshak I, kurgan in Emba district 87 km north-northeast of  
Kulsary village, 40 km southeast of  Zhanterek railway station (ZKAE-91). 

35. 134-0-0-0-101 Oshak II, kurgan 86.5 km north-northeast of Kulsary, 41 km 
southeast of Zhanterek railway station (ZKAE-91). 

36. 135-0-0-0-102 Oshak III, kurgan 87.5 km north-northeast of Kulsary, 42 
km southeast of  Zhanterek railway station (ZKAE-91). 

37. 136-0-0-0-103 Oshak IV, a group of kurgans 88 km north-northeast of 
Kulsary, 43 km southeast of Zhanterek railway station (ZKAE-91). 

38. 137-0-0-0-104 Oshak V, kurgan 90 km north-northeast of Kulsary, 42.5 km 
southeast of Zhanterek railway station (ZKAE-91). 

39. 138-0-0-0-105 Oshak VI, kurgan and ring-shaped wall 93 km north-
northeast of  Kulsary, 43.5 km southeast of Zhanterek railway station (ZKAE-91). 

40. 139-0-0-0-106 Oshak VII, two kurgans 915 km northeast of Kulsary, 44.5 
km southeast of Zhanterek railway station (ZKAE-91). 

41. 140-0-0-0-107 Oshak VIII, a group of kurgans 91 km northeast of Kulsary, 
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44.5 km southeast of Zhanterek railway station (ZKAE-91). 
42. 141-0-0-0-108 Bozdyk, a group of kurgans Emba district, 90 km northeast 

of Kulsary, 13 km south-southeast of  Bozdyk mountain (ZKAE-91). 
43. 142-0-0-0-109 Kamyskol I, kurgan Emba district, 91 km northeast of 

Kulsary (ZKAE-91). 
44. 143-0-0-0-110 Kamyskol II, two kurgans and fence 90,5 km northeast of 

Kulsary (ZKAE-91). 
45. 144-0-0-0-111 Kamyskol III, kurgan 90 km northeast of Kulsary (ZKAE-

91). 
46. 145-0-0-0-112 Kamyskol IV, kurgan 90 km northeast of Kulsary (ZKAE-

91). 
47. 146-0-0-0-113 Kamyskol V, kurgan 84.5 km northeast of Kulsary (ZKAE-

91). 
48. 147-0-0-0-114 Molazhuban, kurgan Emba district, 77.5 km northeast of 

Kulsary, 24.5 km east of Imankara mountain (ZKAE-91). 
49. 148-0-0-0-115 Daulet, kurgan Emba district, 74.5 km northeast of Kulsary, 

19.5 km east of Imankara mountain (ZKAE-91). 
50. 149-0-0-0-116 Daulettau I, kurgan 51.5 km northeast of Kulsary, 15.5 km 

south-southwest of Imankara mountain (ZKAE-91). 
51. 150-0-0-0-117 Daulettau II, kurgan 50.5 km northeast of Kulsary, 16 km 

south-southeast of Imankara mountain (ZKAE-91). 
52. 151-0-0-0-118 Daulettau III, kurgan 50 km northeast of Kulsary, 16.5 km 

south-southeast of Imankara mountain (ZKAE-91). 
53. 152-0-0-0-119 Daulettau IV, kurgan 70 km northeast of Kulsary, 18.5 km 

east of Imankara mountain (ZKAE-91). 
54. 153-0-0-0-120 A site dated the beginning of II century BC 144 km from 

Guryevа (М. Shaikhaev). 
55. 154-0-0-0-121 Sazdy, sarmat earth kurgans, 57 km northeast of 

Gunuskhino, IV-II century BC. (Melentiev А.Н.) 
56. 155-0-0-0-122 Karaton I, settlement 1.5 km south of Karaton village 

(Taimagambetov Zh., ZKAE-89). 
57. 156-0-0-0-123 Karaton II, sarmat settlement 3 km south of Karaton village, 

700 m southwards from the motorway Kulsary-Sarykamys (Taimagambetov Zh., 
ZKAE-89). 

58. 157-0-0-0-124 Sarykamys I, sarmat settlement 3.5 km south-southeast of   
Sarykamys village (Taimagambetov Zh., ZKAE-89). 

59. 158-0-0-0-125 Sarykamys II, settlement 3.5 km southeast of Sarykamys 
village, 1.5 km northwest-west of Shayndy village (Taimagambetov Zh., ZKAE-89). 

60. 159-0-0-0-126 Sarykamys III, 4.5 km southeast of Sarykamys village, 300 
m east of Sarykamys II (Taimagambetov Zh., ZKAE-89). 

61. 160-0-0-0-127 Sarykamys IV, settlement 5 km southeast of Sarykamys, 1 
km northwest of Shayndy cemetery (Z. Samashev, ZKAE-89). 

62. 161-0-0-0-128 Zhumai, sarmat settlement 1.5 km north of Karabau village 
(based on Guryev Museum materials). 
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63. 162-0-0-0-129 Kenbai I, sarmat settlement 19 km north of Karabau village, 
4 km northwest of Matkol lake (based on Guryev Museum materials). 

64. 163-0-0-0-130 Kenbai II, sarmat 19 km north of Karabau, 4 km northwest 
of  Matkol (based on Guryev Museum materials). 

65. 164-0-0-0-131 Kyzybola, sarmat wintering site, located 1 km from south 
from Kyzyloba railway station (L. Galkin, Pan-Union Archaeological Expedition). 
 

Golden Horde 
 

1.165-0-0-0-0-1 Nurmukan I, single kurgan, Kyzylkoginskyi district, 20.5 km 
south of Sagyz railway, 25.5 km east of Mukur. 

The study of this rich regional heritage has just begun, but already its important 
role in the cultural and historical background of both the region and the country has 
been established. 

In accordance with classification and documentation of monuments and based 
on the Decision of the Atyrau Oblast Administration “About registering monuments 
of regional history and culture for the state protection as of local and republican 
importance” three types of protected zones are proposed. 

I zone is the specially protected group of monuments. This includes necropolis 
of large size, cultural and civil buildings, and structures of historical and cultural 
value. Monuments of this zone should be taken under protection status and in case of 
any development in the adjacent areas; their architectural state should be preserved. 

II zone – medium protected group of monuments. This involves a range of 
necropolis, mausoleums, saganatamys, koitas, burial grounds and civil, industrial and 
cult structures of pre-revolutionary and Soviet period and representing historical and 
artistic value. Monuments of this zone should be taken under local protection. If the 
adjacent area is subjected to any development, the architectural integrity should be 
possibly preserved. If necessary, function of civil, industrial and in some cases cult 
structures may be changed. 

III zone – less protected group of monuments. This group includes numerous 
necropolis, mausoleums, saganatams, kulpytas and burials. Less important civil, 
industrial, cult structures are also listed in this zone and it is allowed if necessary to 
change their functional purposes. 

Zhylyoskiy district has a significant number of monuments attributed to I and 
II zones. These are mainly locally based within the modern human settlements of 
Shubartpaly, Koschagyl, Karaton, and Sarykamys. 
 

1.3 Ecological situation in Makat District 
 

1.3.1 Brief characteristic 
 

Makat District is situated in the southeast part of Atyrau Oblast; it runs for 58 
km from north to south and 124 km from west to east. It is contiguous with 
Kyzylkokskiy district in the north, with Zhylyoyskiy district in the southeast, with 
Atyrau’s suburbs in the southwest and with Makhambetskiy district in the west. The 
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district’s administrative area is 487.8 thousand hectares, or 4.2% of all Atyrau Oblast 
territory. 

The administrative center of this district is the urban village Makat which is 
located 130 km from the Oblast center Atyrau. Makat is connected to Atyrau by the 
Atyrau-Dossor-Sagiz motorway and also by the Atyrau-Kandagach railway. Seven 
settlements are located in the district territory (Makat, Dossor, Komsomolsk, 
Koshkar, Iskine, Sagiz), which consist of a community of oil industry workers. 

According to the data for 1.01.1998 the population of the district was 25.8 
thousand people and the population density was equal to 5.2 people per 1 km2. 

The district’s economy is based on the oil and gas industries, which are 
represented by NGDU “Makatneft”, NGDU “Dossorneft”, LPU 
“MakatZhaiktransgaz”; there also the Dossor car repair works. 

Makat district is an industrial area. The development of its economy is based 
on oil fields exploitation and exploration. 28.8 thousand hectares of the district’s 
territory is used for agricultural purposes. These lands are represented as cattle-
droving routes – 28.0 thousand hectares; the Makat petroleum storage depot’s area 
occupies 0.8 thousand hectares. 

In addition five farms of local industrial plants pursue agricultural activities. 
Lands for agricultural purposes occupy just 5.9% of the district’s land. 

Makat district’s territory in geomorphologic terms relates to Near Caspian 
accumulative upper-quaternary marine and some alluvial lowering of border caving 
of the plain with save marine salty formations and partial Aeolian modeling. It 
appears as a floor plain according to the relief character, which consists of sandy and 
loamy upper-khvalynskiy sedimentations. The territory’s uniformly is broken only by 
shallow lowering places full of alkali soils, sor and takyrs. Spot altitudes vary 
between 0-28 meters below sea level. 

The territory is rugged, with a net of ravines and gullies, occupying 0.01 
km/km2. Local erosion basis depths are 10 m and the average inclination of water 
collectors is less than 10. 

Due to its location in the middle of the Eurasian continent the weather of the 
district is a wholly continental climate with high continentality; short winters with 
little snow and long hot summers. 

A few sediments fall during the vegetation period, totaling about 70-115 mm. 
The annual norm does not exceed 150-180 mm. 

In hydro geologic terms the region is wholly located with in the near-Caspian 
borders of an artesian water system. 

Underground waters with high concentrations of minerals form in this area and 
mineralization approaches 10 g/l. This water is not suitable for pasture watering. 
Theoretically, it might be used in agriculture after desalination, but this is bound to be 
an expensive process. 

The region’s hydrographic net is represented by the Sagiz River, which has an 
unstable flow for 11 months per year along its whole length (approximately 30 km). 
The water flood starts in April and continues for 22-25 days. During this period 
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almost the whole annual amount of water passes through (95-99%), which is an 
average of about 95 million m3. 

Makat district is located in a desert zone and a fulvous soils sub-zone. The soil 
is of various kinds, with inter-zonal soils predominantly over zonal ones. All the soils 
here are salty and solonetzic. Soils with heavy mechanical composition predominate 
here (loamy, heavy-clay and medium-clay); light-loamy soils dominate among soils 
with light mechanical composition. 

For the growth of Makat district the domination of xerophytic shrubs is 
characteristic that forms homogenous, thinned growth cover due to man-made 
influences. 

The most wholly distributed pastures in the district are biyurguns. They form 
on the plain on solontz. Usually biyurguns appear as large bodies. Bulbous fowl-
grass, eastern mortuk, saltwort, climacoptera and petrosimonia sub-dominate here. 

A few areas of the territory are occupied by annual-saltwort pastures. They 
form along the plain, in near-sor lowering places on solontz and alkali soils. The 
dominant plants are accumbent-leaf climacoptera and mono-stamen petrosimonia. 

Sarsazan pastures form on alkali soils in sor-by lowlands. Sometimes one may 
encounter single seablites and biyurgun. 

Biyurguns, annual saltworts and sarsazan pastures are recommended for use in 
autumn as sheep, horse, and camel pasture. 

According to zoogeographical zoning Makat district enters the north Aral-
Caspian deserts of Turan region of Iran-Turanian province of Mediterranean sub-
oblast. Fauna representatives, which are characteristic of the desert, are distributed 
here: hare, gopher, jerboa, tarbagan, emuran, polecat, corsac and wolf. In reed areas it 
is possible to see wild boar. Saiga lives alone and does not form huge herds. The 
following representatives of the fauna of Makat district are registered in the Red 
Books at different levels: mammals – piebald putorak, polecat-bandage; birds – 
bustard, little bustard. 

Makat district has a wide range of unique minerals and mainly hydrocarbon 
raw materials. 
 

1.3.2 Air environment state 
 

Makat district and its administrative center nature conditions, and also 
settlements (Dossor and others) determine the relatively high ability of atmospheric 
air to purify itself. 

The main sources of man-made pollution are oil industry works and oil and gas 
preparation plants, industrial works, heat and energy sources and transport. 

The main industrial potential of the district besides oil industry is located in 
settlements of Makat and Dossor; there are 14 different factories of the following 
branches of industry branches: oil industry, mechanical engineering, metal 
processing, electric energy, building materials industry, light and food industries. 

In Table 1.3.1 we give the data of statistical reports from 1995-1997 on 
common pollutant emissions from all sources (separate from organized sources) and 
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from the point of view of emissions of the main ingredients of gaseous pollutants. It 
should be noted that during the last two years (1996 and 1997) pollutants emissions 
increased notably. 

The total amount of emissions in 1996 was about 14.8 thousand tones and in 
1996 this increased to 74.5 thousands. In 1997 this level of pollution from toxic 
materials totaled 76 thousand tons per year. As can be seen in the Table, the main 
polluters in Makat district are “Zhyiktransgaz”, “Makat” LLP, NGDU “Dossorneft”, 
NGDU “Makatneft”, MPS railway st. Makat. 

In Makat district, air pollution by industrial factories is a significant problem 
that is exacerbated by the atmospheric dust content. The average daily concentration 
of dust, measured over several years, is not less than 0.2 mg/m3, which exceeds the 
MPC for dust by 1.3 times. 

In the documentation represented by the international conference at ministerial 
level in Lucerne (Switzerland) in April 1993, named “Environment for Europe” it 
was written: “It is considered that the most important component is the damage to 
human health caused by air pollution and the particularly influence of high solid 
matter concentrations”, i.e. dust. 

The maximal level of pollution by hydrocarbons on oil and gas fields in Makat 
District is 4-5 MPC; sulfur and nitrogen oxides total 2 MPC. On the edge of the 
normative sanitary-protective zone (1 km) the pollution concentration is 0.5 MPC. 

During exploration and exploitation drilling, harmful matter emissions increase 
rapidly, air is polluted with sulfur, nitrogen, carbon oxides, hydrocarbons, soot and 
acrolein. Maximal concentrations of sulfur and nitrogen oxides near drilling 
equipment approach 287 MPC, other ingredients approach about 5-10 MPC. 
Normative values of Maximal Permissible Concentration (MPC) are achieved over a 
distance of about 1.5-3 km. 

When exploitation oil fields are sited in Makat district, the atmosphere is also 
polluted with mercaptans and hydrogen sulfide. 
 

1.3.3 Surface and ground waters 
 

Makat district’s hydro-geologic characteristics are based on “General Scheme 
of Kazakh SSR complex pasture development up to 1990. Guryev Oblast” (Vol. IX 
“Hydro Economic Measures”, “Kazgiprovodkhoz…”). 

In hydro geologic terms, most of the territory is located within the near- 
Caspian boundaries of an artesian water system. Surface water sources are 
represented by the Sagiz River flow, coming from Aktobe Oblast, and the local flow 
of tiny temporary water-flows. 
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Underground waters with high concentrations of minerals form in the district 
territory with concentration of minerals about 10 g/l. These waters are not suitable for 
pasture watering. 

Their application in agriculture production is possible theoretically but only 
after desalination. Unfortunately, desalination technology is currently very expensive. 

Sagiz River. Water collection area in the area of the oblast is about 8600 km2. 
Length – 200 km, area of the 500-meter zone is 20 thousand hectares, the area of the 
coastal 100-meter belt is 4 thousand hectares. The main difference is that the river has 
not got a constant mouth releasing water into sands for filtration and evaporation. 
Drainless lowlands occupy 12 % of water collection area. The hydrographic net is 
represented by numerous confluents concerning small rivers of the second and third 
orders. Spring floods for Sagiz River are not characteristic. The high level of the 
water occurs for only three to four days. Downstream there is a group of salty lakes 
(Tentyak-Sor) that are filled in years of plentiful water supply. The river channel 
meanders greatly. In the summer all confluents, lakes and the channel mouth dry up. 
Water remains only in separated stretches of the river with a length of about 0.1-0.5 
km and a depth of 1.5-3 m. 

The Sagiz River along its whole length on district territory (about 30 km) for 
11 months of the year has not constant drainage. Its inundation starts in April and 
continues for 22-25 days. During this period almost the whole annual water volume 
passes through (95-99%), which is on average 95 million m3. 

Both flood and after-food waters of the Sagiz River have high concentrations 
of minerals (chlorine-sodium salinity), because of this almost the whole annual water 
amount is unsuitable for agricultural purposes, though sometimes it is used for 
pasture watering during water shortages. 

Temporary water-flows are formed only in spring in ravines and dry up in 
summer. 

The investigations of St. Petersburg University in 1992 showed that Sagiz 
River water is polluted with lead and thallium (Zhukovskiy, et al, 1993). 

Makat district territory is located as a wide plain in Near Caspian lowland of 
Aral-Caspian region. 

Underground waters are enclosed in an enormous mass of sediments that form 
platform mantle in the plain area of the Aral-Caspian region. They lie in different 
depths and differ in a wide range of hydrodynamic, hydro-chemical and hydro-
geothermal factors, and productivity and formation conditions. This is explained by 
the differing structural and hypsometric positions of water bearing formations, 
lithofacies composition and the different degree of hydrogeological enclosure. 

Taking into consideration the geo-structural peculiarities of different parts of 
the territory, the variety of types of hydro-geological cut, the regional direction of 
underground flow and coming out from principals of structural-hydrogeological 
zoning developed earlier (Sadykov, 1966, 1971, 1972) three hydrogeological regions 
can be distinguished (Figure 1.3.1): 

I. Near Caspian zone with sub-regions of essential Near Caspian lowland, 
Aktobe periclinal sagging and western region of Mugadzhar mountains. 

II. North-Near-Aral (Western part). 
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III. Mangyshlak-Usturt with sub-regions of Central (mountain) Mangyshlak, 
Buzachinskiy-North-Usturtskiy and South-Mangyshlak-Usturt sagging 
(Near Kazakhstan Parts). 

All of these regions are characterized by the completeness of hydro-geological 
cut and represent by themselves a multilayered water pressing system with numerous 
water pumping series and complexes. Some of them are bounded by the contour of 
one region or even by its separate part, and others are located in larger stratigraphic 
intervals (water bearing series and water bearing floors) wholly within the boundaries 
of all the considered territory or on the most part of it. Five water-bearing floors were 
observed here with consideration of noted types and completeness of hydrogeological 
cut. 

The first lower floor includes the watered part of the hydrogeological 
foundation – rocks of strongly dislocated folded base have interstitial type and bear 
underground waters. The stratigraphic age of the floor in different regions and sub-
regions differs only in one Near Caspian region doe its age change, from lower 
carbon (Aktobe Ural-side) and upper-Devonian (Western Near Mugadjarian) to 
Precambrian (Near Caspian lowland). The youngest one is the Mangyshlak-Usturt 
region (Before Lower Permian and, possibly, Lower Permian). Scientists have 
insufficient information on underground waters due to their great depth (In Near 
Caspian region the apparent depth is about 14-16 km). 

Underground water description starts from water-bearing rocks of the second 
floor. These are dislocated folded formations of transitional or early-platform 
complex completed by dense sedimentary rocks. Underground water collectors relate 
to interstitial and interstitial-seam types. The stratigraphic interval of the floor is 
different in different regions and waters are not open everywhere. 

The third floor is weakly dislocated unmetamorphosed sintered sediments with 
interstitial-seam waters. These water-bearing formations are upper Paleozoic. 

The fourth floor – not dislocated beds of weakly sintered sediments with 
porous-bedded and sintered-porous-bedded waters. These water-bearing formations 
age includes the stratigraphic interval from upper Trias to Miocene and lower 
Pliocene and distributed almost everywhere on the region’s territory. They represent 
quite powerful water-bearing formations with quite-often high productive pressure 
waters. 

The fifth floor – not sintered sandy-loamy cover with porous-bedded ground 
and sub-artesian waters. 

Neighboring water-bearing floors are separated from each other by means of 
notable angular discords or huge stratigraphic breaks, making limits between separate 
great steps of the territory’s geotectonic development. Water bearing floors are 
divided into water bearing series by staunch water resistant sediments (like loam or 
salty soils); these series perform role of second order water bearing spaces. Spaces 
and water bearing floors in many cases are separated into water bearing complexes 
that are limited by water resistant rocks. The first water bearing floor underground 
waters (hydrogeological foundation) of Makat district (Figure 1.3.2) are very deep. 
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Figure 1.3.1 Aral-Caspian region structure-geological zoning schematic map 
(by Sydykov Zh.S., 1971) 

 
 

Near Caspian region. Sub-regions: 1 – Near Caspian Lowland; 2 – Aktubinsk 
periclinal sagging; 3 – Western Near Mugadjar Area; 4 – Northern Near Aral Sea 

Area. Mangyshlak-Usturt district; 5 – Central-Mahgyshlak-Usturt; 6 – Buzachinsk-
Northern-Usturt; 7 – Southern-Mangyshlak-Usturt; 8 – Isolines of folded foundation 

occur depths (in Near Caspian Lowland of subsalt sedimentation); 9 – Regions 
boards; 10 – Sub-regions boards. 
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They are not open and tested almost everywhere here. Water surfaces or 
approaches the surface of only in the Near Caspian lowland in mountain bodies 
Mugodjar and Karatau (Mangyshlak), but in the foundation of powerful sedimentary 
structure of platform mantle they form in quite different conditions mountain bodies. 

Water bearing structures of the second floor in different regions have a 
different stratigraphic interval: from Cambrian-lower-medium Carbon in Near 
Caspian lowland to upper Devon-lower Carbon in Northern Near Aral area and Perm-
lower Trias on Mangyshlak and Usturt. 

Water bearing series of upper Devon-lower Carbon is open in separate areas of 
the Near Caspian hydrogeological region and tested only in border areas of the Near 
Caspian Lowland and Western Mugodjar mountains. Underground waters of more 
ancient sediments (Ordovician system – medium Devon) that are supposed to be in 
the area of the Near Caspian Lowland, appear in great depths (more than 10-12 km) 
and not investigated hydro-geologically. 

In the Near Caspian Lowland water bearing series is open only in the north, 
southeast and east border parts. In the northern border part of the lowland reservoir 
sediments of the series are open by means of holes in Shuhkinskiy, Karpovskiy and 
Chinarevskiy structures in the depth of about 3500-4300 m and over. They are mainly 
represented by limestone and dolomites with high electric resistances: from 30-40 to 
300 Ohm*m. 

Underground waters are open in the Shuchkinskiy area in depth intervals from 
3565 to 4035 m in sediments of the lower carbon and 4060 to 4318 m of upper 
Devon, on Chinarayevskiy area at the depth 3875-3977 m and at Karpovskiy from 
3683 to 4112 in sediments of lower Carbon (Bochkareva, et al, 1973). They have 
high pressure (the height I 3750-3920 m), are maximally gas-saturated and their static 
levels establish at 70-225 m lower than the hole-mouth. 

Waters temperature varies between 78.50 (3554 m deep) and 900 (4066 m). 
Judging by the speed of drifting and drilling fluid absorption velocity the water 
reservoirs have high collector properties. But as a result of strong loaming at drifting 
the near-hole zone we obtained low debits (lower than 0.24 l/s) at great stratum 
waters level decrease that relate to the category of solid salt-mixtures with 
mineralization of about 252-386 g/l and high concentration of different 
microelements. 

On the territory of Makat district a water bearing series of sediments of lower 
Trias upper Perm has developed. 

Water bearing series of speckled lagoon-continental sediments of lower Trias 
upper Perm has maximal power (more than 3-4 km) in intradome depressions on the 
west and in many areas on east. On lowland edges it decreases to several hundreds 
meters and in places is exposed to daylight. In the east, where the water-bearing 
series is well known a set of water bearing complexes and horizons stands out. Some 
of them are located in upper Perm, in lower and upper parts of lower trias. 

The Upper Perm water-bearing complex in the eastern border area of the 
lowland is open, with deep holes in close-to-arc and wing parts of salty-dome rise and 
in intradome zones. The main oil-gas-water bearing collectors are enclosed in sandy-
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gravelite and sandy-siltstone packs of Tatar and rarely Kazak tiers with an effective 
porosity from 5 to 17 % and penetration from 50-100 to 300-56 mD; their total 
porosity changes from 15 to 25 % and over. Sandy layers make not less than 10-25 
%. Underground waters are open at 250-760 m depth in close-to-arc parts of domes; 
830-2000 m and more on far wings and intradome zones. They are high-pressure, 
with a depth of static levels from 23-35 m to 160-197 m lower than the hole-mouth. 
When testing low qualities of water bearing horizons, which have good collector 
properties, quite low debits were obtained (up to 1.5-2 l/s) at serious decrease of 
water level. Water temperature varies between 180 (961 m) and 54-71.50 (1400-2000 
m). Its mineralization changes from 25-54 g/l in upper horizons to 100-180 g/l in 
lower ones on the east. 

Lower lower-trias water bearing complex is bound to sandy-conglomerate 
thickness that is represented by series of conglomerates, gravelites, sand with various 
fracture, sandy bodies, siltstones and loams with total power from 5-10 to 70-80 m. 
underground waters appear at 150-350 m depth on domes and 700-800 m in 
intradome zones in the east, 1400-1600 m in the south-east and 2430-3960 m in the 
west and north-west. At the opening they establish at a depth about 25-120 m lower 
than the hole-mouth. 

Collector properties of water reserving rocks decrease from east and northeast 
to west. In the same direction total and open porosity also change on average from 20 
and 18 to 18 and 15 %. Absorption properties change from 250-300 to 25-30 mD. 
Correspondingly hole debits also vary (not with the common level of testing) – from 
0.1-1 to 2.5 l/s in sandy-silt-stone part and in the range 2.5-6 l/s in sandy-
conglomerate part of water bearing complex. Water temperature depending on 
complex opening depth varies from 13 to 820, and mineralization is different in 
different places (east and west) and depths and varies between 7.5-10 to 180-283 g/l. 

Upper lower-Trias complex is open in periclinal frames of alkali-dome 
structures. Water bearing horizons are enclosed in pack of sandy rocks and sands 
with power from 8-10 to 20-25 m that can be followed up everywhere in the base and 
roofing of the water bearing complex. The effective porosity of sands and sandstones 
changes from 14-21 to 27-31 %, absorption - from 80 to 543 mD. Underground 
waters are found at a depth of 260-425 m to 560-680 m on domes and up to 700-900 
m in intradome spaces. After opening they establish at a depth of 21 to 65 m lower 
than the hole level. Water temperature is 19-25 0C. As a result of weak argilization of 
hole during testing they did not yield high debits – at water level lowering per 100 m 
varies from 0.3 to 5 l/s. Water mineralization changes from 23-34 g/l in the east and 
domes till 100-182 g/l in the west and on their far wings. 

On the south Emba Trias sediments are exposed by holes at many domes and 
also in Dossor-Makat intradome zones and to the west from Kulsary. Here the main 
water bearing horizons are sand-stone-conglomerate thickness and a sandy-pebbled 
mass of upper Trias that have total power equal to 70-100 m. Total porosity reaches 
24-35% at absorption level from 100 to 400-600 mD. Hole debits are equal to 1-2 l/s 
and in places might approach 5 l/s. Underground waters occur at 150-750 m depth on 
domes to 1150-2735 m and more in intradome zones. Waters are pressured and 
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piezo-level varies between 50 and 150 lower than the hole-mouth. In the southeast 
they flood very often. Water mineralization increases from southeast and south to the 
north and northwest at the depth about 1210-2765 m from 165-230 to 240-330 g/l. 

In the western part of the lowland ater bearing sediments of perm-trias are also 
widely developed but their water bearing properties have been investigated only in 
the areas of Port-Artur, Bolganmola, Akmay-Ushkultas, Severniy Eshansor, 
Zapadniy Baksay domes, in Shungayskiy intradome pdepression, etc. 
Hydrogeological data in this area relates to lower Trias horizons that are confined to 
layers and packs of siltstones, sands, sandstones and limestone. The open porosity of 
the first ones varies between 7 and 10-11% and their penetration is 40-50 mD. 
Limestone porosity does not exceed 2-5%. Waters appearance depth in domes and 
intradome zones varies between 390-935 and 1600-3200 m and more. They have high 
pressure, static levels establish at depths ranging from 27-30 meters at domes to 80-
100 meters at intradome spaces. Waters specific levels decrease close to the center of 
the lowland. Their debit in holes varies between 0.01 to 0.2-0.5 l/s and temperature 
depending on their occurrence depth changes from 26 to 102o. Water mineralization 
changes from 10-180 g/l on the west and southwest to 10-50 g/l on the north part of 
the lowland. Its value at the center of the lowland approaches 240-320 g/l and over. 
 

1.3.4. Bowels and geological environment state 
 

Makat district territory, in geo-morphological terms, represents an 
accumulative plain that was formed during the Khvalynskiy period and processed 
later by erosive processes. Most of this territory is marine Khvalynskiy plain that, 
according to relief character, might be divided into two parts. To the south from 
Dossor settlement there is an almost flat and slightly wavy plain that displays a sea-
bottom relief with low eminences (2-5 m). Relief is more partitioned near Dossor. 
There one can observe a slightly ridged plain with many sors. The territory’s surface 
lies below sea level (-26.0-10.9 m) and is weakly inclined to the south (1.9-3.0%). 
There are no constant water flows on the area under study. Spring flooding passes 
through multiple small channels most of which ends in sors. Sors have various sizes 
and orientation. The biggest one extends through the whole central part of the 
settlement and is 3.5 km long and 1 km wide. The shore line in the central sor has an 
approximate point –26.0 m. 

Makat district belongs to Near Caspian Lowland, and has a surface formed by 
sandy-loamy sediments of quaternary Caspian Sea transgressions. They stretch under 
different rock complexes, starting with quaternary and ending with Perm-Trias 
formations. Multiple salty domes complicate their common structural location. 
Quaternary sediments of khvalynskiy tier deposit on territory surface are represented 
by two complexes: upper and lower. Upper – loamy – complex of sediments is 
formed by loams with clays and has a depth up to 5 m. Clays and loams are grayish-
brown, dense, viscose and sometimes contain sand. There are patterns of iron 
hydroxides, charred pants, fauna remains, shells, sometimes amorphous and 
crystallite gypsum. The Lower – sandy – complex is formed by grayish-yellow pure 
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sand. Along all the layers there are thin layers of clay. Sandy sediments depth 
approaches 9 m and their sands are water-saturated. 

Sediments of khvalynskiy tier occur on Neogene loams of the Apsherone tier. 
Loams are black and dense, containing thin layers of sandstones and argyllites, also 
there are insignificant inclusions of gypsum. Clay’s depth is 4.5 m. Sediments are 
exposed by means of holes at the depths 4.5-10.5 m. 

Makat district geothermal conditions are quite complex. The district is included 
within Aral-Caspian region. Various directions and the unequal intensity of natural 
factors influence produce this complexity. Geo-structural, lithofacies and 
hydrodynamic factors dominate and they have different conditions in different parts 
on this territory. 

According to the data of main geothermal parameter changes (stratum 
temperature, thermal gradients (or steps) and thermal flow density with a 
consideration of geo-structural and hydrogeological conditions), one can note the 
following geothermal regions on its plain part: Aktobe Near Ural area, Sub-Ural 
tableland and South Emba, north board, northwest and southwest parts of Near 
Caspian Lowland, northern Near Aral area, north Usturt group of lowlands, 
Aktumsuk and Central Usturt rising zones, Zhetybai-Uzen zone, south-Mangyshlak  
and south-Usturt groups of sagging with all corresponding sub-regions. These regions 
are bound together as three great hydrogeothermal zones: 

Low temperature depths (Aktobe Near Ural area, Sub-Ural, north and 
northwest board of Near Caspian Lowland and north of northern Near Aral area); 

Average temperature depths (Central part of Near Caspian lowland, northwest 
and northeast frames of Northern Usturt, Northern west Near Aral area, Central-
Mangyshlak rising zones and also southern frame of South-Mangyshlak-Usturt zone 
of sagging); 

High temperature depths (southwest part of Near Caspian lowland, north-
Usturt, Barsakelmess, south-Buzachinsk sagging and south-Mangyshlak-Usturt zone 
of sagging). 

Geothermal zones of South Emba and Sub-Ural plateau pass through Near 
Caspian Lowland, where Makat district is situated. 

Different sandy (sands, sandstones, loamy in different degree), loamy (clays 
and loams), carbonate (chalks, limestone, dolomite, marl) and geothermal sediments 
with differentdepths act in formation of this territory. Sandy and partially carbonate 
rocks contain pressure waters with weak mineralization on the east and strong brines 
on west. 

The depths of this zone are cooler than those ones in the mountain-fold area of 
Ural-Mugodjar Mountains. Because of that the stratum temperature increases slowly 
especially in the upper part of cut. The temperature at a 500 m depth changes from 
15-170 (Aktobe Near Ural area, western Near Mugodjar Mountains area and northern 
Near Aral area) to 21-270 (on the north an northwest boards of Near-Caspian 
lowlandand in west part of Sub-Ural Plateau). At 4000 m depth the temperature is 
correspondingly 70-75 and 80-950. Average values of geothermal gradient in depths 
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interval 0.5-4 km in boarding parts does not exceed 1.5 0C/100m and in inner ones – 
2 0C/100 m. 

According to approximate data underground heat flow density (heat flow) in 
zone boards is (3.4-3.8)∙10-2 kcal/m²∙hour or (0.95-1.96) ∙10-6 kcal/m²∙second in the 
interval of depths till 4 km in western part of Sub-Ural plateau, on north and 
northwest boards of Near Caspian Lowland. Heat flow density in this zone increases 
with depth. So, in Aktobe Near Ural area its density is (2-2.2) ∙10-2 kcal/m²∙hour in 
depths interval 0.5-1 km, (3.4-3.6) ∙10-2 kcal/m²∙hour in the interval of depths 3-4 
km. For the average interval about 0.5-4 km its value equals to 3.4∙10-2 kcal/m²∙hour. 
In western regions of Sub0Ural plateau and on the north part of Near Caspian 
Lowland in depths interval 0.5-1 and 3.4 km heat flow temperature values make 
correspondingly (2.5-28) ∙10-2 kcal/m²∙hour and (3.7-3.8) ∙10-2 kcal/m²∙hour. Even 
in the northwest part of Near Caspian Lowland, where the depths of the surface layer 
cool slower than eastern regions’, heat flow density in the interval of depths about 
0.5-1 km (averagely 3.1∙10-2 kcal/m²∙hour) is 1.3 times weaker than heat flow 
density at 3-4 km depth (about 4.1∙10-2 kcal/m²∙hour).   

Comparably low temperature and geothermal gradient and density of 
underground heat flow in the described area are caused by notably fast cooling by 
means of infiltration (atmospheric and surface) waters and cold water flow coming 
from powerful nutrition region – Ural-Mugodjarian folded system. The existence of 
powerful water bearing horizons in the thickness of Paleogene, Chalky, Jurassic, and 
partially low-lying sediments helps that cooling process. 

In the low temperatures zone in Near Caspian Lowland the are Terrigenous and 
Carbonate sediments and huge lenses of hydro-chemical precipitations (in salty 
domes) and in other regions – mainly terrigenous and carbonate rocks. Underground 
waters have high concentration of minerals at high and very high temperatures. 

The seam temperature increases with the depth more intensively than in the 
zone of low temperatures. The seam temperature in the interval from 0.5-1 to 3.4 km 
changes from 25-450 to 78-1150 correspondingly in the east and southeast of the Near 
Caspian lowland central part. 

The hydro-geothermal regions groups’ difference in heat flow density and 
change of direction is caused, seemingly, by the geological-hydrogeological 
peculiarities of the territory. The first group of regions, where heat flow density 
increases with depth, is mainly formed of loams. Loams have poor heat transfer 
properties and because of that retain inner flow temperature, collecting heat in lower 
layers and help decreasing heat flow density in upper layers. In salty domes, the high 
heat transfer properties of hydro-chemical sediments that form them assist heat 
transfer from mid-layers, heat flow density may increase the in near surface layers. 

In the second region heat flow density has ascending direction of growth 
because of active participation of fragmental and porous carbonate rocks in their 
depths; water from these depths is the main heat transporter to the upper layers and 
partially to close territories of risings. 
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The high temperatures zone includes the southwest part of the Near Caspian 
Lowland. Hydro-chemical sediments beds, marine and continental terrigenous and 
carbonate sediments take place in the geological structure of Near Caspian area’s 
southwest part. These sediments contain only high-concentrated bed waters with 
mineralization up to 50-75 and 300-320 g/l and over. Bed water temperature 
increases rapidly and approaches 30-33 o at a depth about 500 m. Geothermal 
gradient average values in the depths interval of 0.5-1 km are (oC/100 m): 3.2, on the 
eastern part of the lowland 3.4, they achieve to 3.8-4. Average values of thermo-
gradient for depths 3-4 km are 2.7-2.7 0C/100 m (minimum) and 3.5-3.6 0C/100 m 
(maximum). 

As a whole, the average value of geothermal gradient in this area varies 
between 2.87 and 2.9 0C /100 m for intervals 0.5-4 km in southwest Near Caspian 
area. 

In the process of exploitation and exploration of oil and gas fields the results of 
geothermal and hydrogeological investigations show the character of changes in seam 
properties depending on the location of hydrocarbon beds in specific places. These 
data complete and specify noted above regional hydro-geothermal regulations of 
perspectives of oil and gas bearing separate structure zones of the region. Because of 
that we offer a characteristic of hydro-geothermal conditions and take as an example 
Makat district’s oil and gas field. 

Koshkar deposit. The Center of the Koshkar salty dome is located in the 
southeast, 17 km from Sagiz oil field and 20 km from Bek-Beke oil field. 

From Atyrau to Koshkar is 125 km. 
In 1943-1944 on the south Koshkar seismic works were carried out using the 

reflection method. As a result of those investigations it was found out that there are 
six independent risings. One of them was on the southwest wing of South Koshkar, 
two more on the northwest wing and three on the region of Northern and Southern 
Koshkars junction region, i.e. on northern part of South Koshkar. These risings 
became objects of peculiar and deep explorative drilling. 

In 1943 scientists started drilling the dome on South Koshkar. As a result of 
those works industrial oil bearing capacity was established. 

Oil field development has been carried out since 1944. Koshkar region is 
formed by a characteristic South Emba sediments complex, starting as salt of lower 
Permian (Kungurskiy tier) and ending with sediments of last Caspian transgression of 
quaternary period. 

In south Koshkar industrial oil capacity has been determined in sediments of 
Albsenomanian, Neocomian and Middle Jurassic period (I, II, III horizons) on the 
southwest wing. The horizons have been joined into three development objects. 

1st development object – I, II, III mid-Jurassic horizons of southwest wing. 
2nd development object – Albsenimanian horizons of the northwest wing of 

south and north fields. 
3rd development object – Mid-Jurassic and Neocomian horizons of northwest 

wing and northern filed. 
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Salty dome of South Koshkar has rounded cone-shaped outline. Beds are seam, 
roof, lithologically and tectonically screened. 

1st object horizons are lithologicaly represented by sandy thickness 
dominantly. Sands have structure made of silt and loams. 

2nd object horizons are lithologicaly represented by dark-gray small-grained 
sands with layers of low power loams. 

3rd object horizons are represented by alternation of sandy layers and clays. 
The total number of holes on the field is 128 including 66 active holes; the 

remaining holes were destroyed. There are 13 pressure holes: inactive – 9, destroyed 
– 4. 

Annual oil production is 6.8 thousand tones, the collected amount is 2123.0 
thousand, the annual liquid production amount is 1504.0 thousand tones. Watering 
makes 99.5%. 

Daily average debit of one acting hole is 0.28 tones of oil and 62.5 tons of 
liquid per 24 hours. 

In 1950 a recording amount of oil was produced by the first object (54.7 
thousand tons) at product watering value equal to 37%. On the 2nd object the 
recording amount was in 1955 (23.6 thousand tones) and watering amount was 94%. 
On the 3rd object 157.9 thousand tons of product was extracted in 1948 at watering 
value equal to 12%. 

The beds-working mode is pressured water. Horizons are developed separately. 
In order to support bed pressure on the 1st object the boundary water flooding was 
carried out but it did not give good results and so water flooding was stopped in 1985. 

The oil of Northwest wing is I sort greasy. One can produce aviation oils using 
this sort without dewaxing. 

Korsak oilfield. Seismic investigations were conducted in 1948 using the 
reflection method. As result a salty-dome structure of hidden-broken-through type 
with east and south wings was established. 

Korsak oil field is related to salty-dome structure of hidden-broken-through 
type. In the area of the dome the following tectonic elements are noted: eastern, south 
and west wings, and also three-beam graben separating them. The south and east 
sediments are not productive. 

The industrial oil capacity of chalky sediments is related to the western wing. 
Industrial-oil-bearing horizons are related to the sediments of Albsenoman (I, 

II, III main and I, II intermediate, middle alba (IV) and lower apta (VI), lower alba 
(V). 

The oil beds are roof type, seam, tectonically screened and water floating, they 
stretch under a mass of water bearing sands with a depth of 10-30m. 1st 
Albsenomanian horizon is lithologically represented by the alternation of gray sands, 
small-grained sands with gray sandstones and dark-gray clays dense and micaceous. 
Maximally effective oil saturated depth is 20 m. Horizon occurrence depth is minus 
186 m. 

Gray sands, small-grained gray sands, friable and sometimes micaceous, 
weakly loamy and dark-gray clays, gray clays, dense, often with layers of small-
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grained oil sand, form the 2nd Albsenomanian horizon. Maximally effective oil 
saturated power is 29 m. Horizon occurrence depth is minus 336 m. 

3rd Albsenomanian oil horizon is represented by the alternation of sands, 
sandstones and clays. Effective oil saturated depth approaches 13.5 m. Horizon 
occurrence depth is minus 396 m. 

4th middle Albian oil bearing horizon is represented by small-grained, so-so 
absorbing sands with sandy clays. Effective oil saturated depth varies between 2 and 
7.5 m. Horizon occurrence depth is minus 485 m. 

Seams of small-grained, friable and loose sands including separate weak clay 
lenses represent 5th lower-Albian horizon. Effective oil saturated depth is equal to 8 
m. Horizon occurrence depth is minus 616 m. 

Gray, small-grained sands, including sometimes phosphorite pebbles and dark 
clays, form 4th lower-Aptian horizon. Maximal effective oil saturated depth makes 8 
meters. Horizon occurrence depth is minus 686 m. 

Initial bed pressure on horizons varies from 18 atmospheres (1st 
Albsenomanian) to 72 atmospheres (6th Aptian horizon), recent pressure values 
change from 8 to 58 atmospheres (2nd Albsenomanian and 6th Aptian horizon 
correspondingly). 

The operating mode of the beds is classified as mixed pressure water and 
gravitational modes. Beds of 1st, 2nd, 3rd, 5th and 6th horizons are water floating 
and characterized by pressure water mode of aquifer and bottom water drive. 

4th middle Albian horizon’s operating mode is mixed and gravitational; mixed 
one is weakly water pressured in near contour and close to it zones of western field , 
gravitational one is in far zones of eastern field. 

With a purpose to support bed pressure on 3rd Albsenomanian and 4th middle 
Albian horizons an areal water flooding is organized. 

Oils of 1st, 2nd and 3rd Albsenomanian horizons have low concentrations of 
sulfur and paraffin and are highly resinous. Specific weights are about 0.9252-0.9370 
g/cm3. Viscosity is equal to 977-1324 centistokes. 

The oil of 2nd intermediate horizon also has a low concentration of sulfur and 
paraffin and moderately resinous. Specific weight is about 0.9134 g/ cm3. Viscosity is 
equal to 542 centistokes. 

Oils of 4th middle Albian horizon have two following separate quality 
standards: on the west field it is sweet crude, resinous and waxy. On the east field it is 
sweet crude, with low resin and high wax. 

Oil of 5th lower Albian horizon is sweet crude, resinous and waxy. 
Oil of 6th lower Aptian horizon is highly resinous, sweet crude and waxy. 
Oil specific weights make 0.9203-0.9254 g/ cm3. Viscosity varies between 

171.3 and 1039 centistokes. 
Kerosene and distillate fractions are evolved from Karsak oil. Diesel fuel and 

kerosene – gas-oil were composed from kerosene and distilled fractions. 
The recent oil field begun  industrial production in 1960. the number of 

exploited holes was equal to 183 units on 1.10.1993 and 166 of them were operating. 
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Total oil production was 3024 thousand tones, liquid production – 55537 
thousands. In 1968 a record amount of oil was extracted – 1.821 thousand tons. The 
recent total oil production is 53.191 thousand tones. 

Komsomolskoe oilfield. The nearest settlement is the oil field village of 
Kashkat, which 55 km to the southeast. 

This oil field has been developed since 1942. An integrate cut of sediments was 
opened by means of structure-research and exploration holes on the Komsomolskoe 
structure. 

The Komsomolskoe salt dome relates to broken-through-type-domes. The salt 
occurrence minimal depth is 800 m. Structure of persalt sediments of the western 
field of the south wing. Oil capacity is related to the set of separate beds of sand, 
divided by clay packs with a depth about 5-10 m. 

Collectors are lithologically represented by small- and medium-grained loamy 
and weakly loamy friable sands. 

The total depth of the aptneocomian oil bed varies between 17.5 and 42.3 m, 
the effective depth is 14-25 m and the oil saturated depth is 4-18.5 m. The horizon 
roof appearance depth in the dome is – 370 m, in the contour – 397 m. The bed height 
is 34 m. The area in the boundaries of the oil bearing contour totaled 1012.79 
thousand m2. 

Porosity: 33.3-36.6%, absorption of oil containing collectors varies between 
0.1135 and 0.6 mkm2. 

From the very beginning of development, up to 1.10.1991, the total amount of 
extracted oil was 1233.688 thousand tons and the amount of water was 66649.927 
thousand tons. During 1990 3550 tons of oil and 755570 tons of water were 
extracted. 

In 1945, i.e. three years after starting development, the maximal amount of oil 
extracted annually was (73013 t) with a total of 35 holes. 

The bed temperature is 22o and the pressure is 2.1 mega Pascal. The oil 
viscosity in bed conditions is 180 mega Pascal’s. Oil density in surface conditions is 
0.892 g/cm3; the sulfur concentration in the oil is 0.36%. Wax concentration is 
0.51%. 

By 1.10.1991, there were 18 holes: 2 were not active and a further 66 of them 
had been destroyed. 

The bed operating mode is classified as a pressure water mode. 
Iskine oilfield. This is situated in the northwest part of South Emba industrial 

site to the northwest of Atyrau. It is related to a salt-dome structure with a minimal 
roof depth in the pool roof equal to 150-200 m. Persalt rocks are partitioned by 
grabens into four wings: southwest (south Iskine), northwest, northeast and east 
(north Iskine). The industrial oil capacity is bound to sediments of lower Chalk and 
Trias. The heaviest one is viscous with a high resin concentration and a specific 
weight equal to 0.92 g/ cm3 oil is concentrated in Neocomian sediments in the 
northwest wing of North Iskine (depth is 230-240 m, bed temperature is 19-19.40); 
the lightest oil (0.8-0.82 g/ cm3) is enclosed in Trias sediments of the northeast and 
east wings (occurrence depth is 765-847 m and temperature 30-320). 
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Underground waters of oil-bearing beds have high chlorine-calcium type 
minerals concentrations with dry residue of about 152-275 g/l. They contain low 
amounts of micro-compounds: Bromine – up to 125 mg/l, Iodine – 2 mg/l. 

The bed temperature in the interval of depth about 100-1100 m varies between 
13.6-19 0C and 46.6 0C. In the same intervals the value of geometric gradient is 2.15 
0C/100 m against 2.75 at 500 m, i.e. the gradient decreases with depth. In boundaries 
of separate stratigraphic departments it varies from 1.8 (alb) to 3.72 0C /100 m 
(Neocomian, upper Jura). The temperature zone in oil horizons equals to 19-33 0C, a 
little bit higher than temperatures out of oil-bearing contour. 

The main peculiarities of common geometrical conditions of the region are, on 
the one hand, the commonality of temperatures distribution in the boundaries of 
positive and negative structural elements of the Near Caspian Lowland and Turan 
plate and, on the other hand, a higher heat mode of oil and gas formation zones in the 
Mangyshlak, Usturt and Northwest Near Aral area. Because of the last circumstance, 
perhaps, the formation of condensates and waxy oils is characteristic for the Turan 
plate, as evidenced by the phase state of hydrocarbons in the beds of the Aral-Caspian 
region. 
 

1.3.4.1. Evaluation of regional beds oil-and-gas-capacity 
 

A complex analysis of hydrodynamic and geothermal conditions in 
combination with geo-structural and lithological-facial ones, and a consideration the 
hydrocarbons phase state in the seams of the Makat district (Figure 1.3.3) are 
characterized by the widest stratigraphic range of oil and gas capacity – from upper 
Paleozoic to Palaeocene inclusive. There are Subsalt and Persalt oil and gas bearing 
complexes divided by powerful the Kungur salt bearing isolating mass. The main 
perspectives of its seam oil and gas capacity are bound to the Subsalt sediments of the 
Paleozoic age. 

The hydrogeological and geothermal conditions of Subsalt complex are not 
well researched. However, some available information, which was obtained as a 
result of testing deep wells, allows us to relate local oil and gas bearing complexes to 
a perspective in the oil and gas industry. A cold infiltration flow of bed waters form a 
specific hydrodynamic and geothermal barrier highly concentrated and hot sediment 
waters that act as hydrocarbon transporters. 

Thus, on this territory, including the border (eastern and western) zones of 
Near Caspian Lowland and areas that ajoin the barriers from the side of lowland’s 
central part wide traps for hydrocarbon fluids are formed and there are good 
conditions for the formation of huge beds. 

Subsalt upper Paleozoic rocks of the eastern and northern border zones of the 
lowland, which strongly indicate the formation of hydrocarbon beds, are hydro-
geologically characterized by quite difficult water exchange processes and the 
development of salt water with high concentrations of minerals, chlorine and calcium 
(240-350 g/l) and more saturated by organic acids, ammonia, iodine and bromine. 
The bed waters maximal gas saturation mode is typically – 800-2940 n*cm3/l with 

193 
 



common dissolved gas pressure 100-460 kgs/ cm3 (Zorkin, et al., 1975). According to 
the composition, the dissolved gas is methane. 

Judging by the average geometrical gradient value at a depth 5-8 km one could 
expect temperatures to be 90-150 0C in the eastern and 100-170 0C in the northern 
parts of the lowland. Widely developed huge salty bodies provide notable corrections 
here. 
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Figure 1.3.3 Makat district man-caused situation scheme-map 

Scale 1:10000 
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They are located above Subsalt risings, structural terraces and juts, where 
Subsalt hydrocarbon beds form, and act as a natural refrigerator. They decrease the 
subsalt structures’ temperature constantly by approximately 10-15 0C in comparison 
with intradome zones. Nevertheless, even under such conditions in Subsalt oil and 
gas collectors a fairly high geothermal mode (80-150 0C) is formed that under high 
bed pressures aids the formation of hydrocarbon deposits with a wide range of phase 
states starting with oil and ending with oil-gas and gaseous condensates. 

The hydro-geothermal conditions of the oil and gas capacity of Persalt 
thickness are better researched than the Subsalt deposits. According to this data, the 
eastern and western parts of the lowland relate to regions that are not promising as oil 
ad gas source. 

A perspective zone for oil and, possibly, gas production in sediments of upper 
Perm and Trias, not very promising in Jurassic and not promising in lower Chalky 
sediments can be followed in a westerly direction from the eastern border area of the 
Near Caspian lowland. The low part of the cut that includes sediments of upper Perm 
and lower Trias is characterized by a slow and quite difficult water exchange. Water 
solutions with low concentration of sulfide and chlorine-calcium are developed here 
(100-330 g/l), they also contain nitrogen-methane and methane. Ammonia 
concentration varies between 27-75 and 150-250 mg/l; the gas saturation is 240-900 
n*cm3 /l. The amount of heavy hydrocarbons changes from 0.1-1 to 3.7-17 %. 
Geothermal zone temperature is 35-70 0C. Thermal gradient value increases with 
depth from 1.5-1.6 to 1.7-1.8 0C /100 m. 

Jurassic and especially middle Jurassic horizons have the best conditions for 
the water exchange process; waters with nitrogen and low concentration of ammonia 
(20-25 mg/l), chlorine-magnesium, and rarely chlorine-calcium salty waters are 
developed there; they have low gas saturation (up to 100n*cm3 /l) and common 
pressure of less than 5 atmospheres. The bed waters of lower Chlaky sediments are 
fresh and solonetzic, they are lightly gas-saturated (up to 25 n*cm3 /l) and have 
oxygen-nitrogen and nitrogen composition. There are no heavy hydrocarbons. Poor  
hydrogeological conditions predetermine that lower Chalky sediments are not 
promising, though there are some beds that were formed due to the vertical migration 
of hydrocarbons under potential promising sediments. 

Because the middle Jurassic and, especially, the lower Chalky horizons do not 
occupy deep spaces, their thermodynamic conditions are negative, not only for 
formation but also for the storage of oil fields. At low pressures the bed temperature 
in these horizons does not exceed 25-35 0C (rarely 40 0C) and values of 
thermogradient – 1.4-1.6 0C/100 m. 

A zone that is promising in upper Perm and possibly in lower Trais sediments, 
not very promising in middle Jurassic and not promising in lower Chalky sediments 
gravitates towards the southeast border structure zone of the Near Caspian lowland – 
South-Emba Rising. Here among Persalt sediments the most positive conditions for 
hydrocarbon deposits storage exist in the upper Perm sediments, which are 
characterized by the development of chlorine-calcium brines (150-240 g/l). Their gas 
saturation is 130-900n*cm3 /l. Heavy water exchange conditions aid the formation of 
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nitrogen-methane and methane gases that are evidence of deposit’s high 
hydrogeological closeness. In lower Trias sediments, sulfate waters with low 
concentration of ammonia (2-25 mg/l), methane and nitrogenous gas saturated 
chlorine-calcium brines are well distributed (50-100 g/l). In the middle-Jurassic 
sediments salty waters of notable water exchange zones with high concentrations of 
sulfate are developed. In the lower chalky sediments, in conditions of intensive water 
exchange fresh and salty nitrogen waters and oxygen-nitrogenous waters form with a 
high oxidizing potential, which indicates that this place is not promising. 

These noted circumstances are confirmed by geothermal data. The temperature 
zone in the area of development of Persalt upper Permian and lower Trias rocks has a 
bed temperature of about 50-90 0C at quite high values of average thermal gradient – 
2.5-2.7 0C /100 m. The upper (Jurassic and Lower Chalky) horizons are in the 
boundaries of temperature zones about 25-40, though here the average values of 
thermal gradient are quite high – 2.8-3.0 0C /100. 

The most positive hydro-geothermal conditions for oil and gas deposits 
formation and preservation in Persalt Age of Reptiles cut are in the south part of 
South-Emba region and the territory joining it from the north. Here the bed 
temperature in the area of hydrocarbon beds formation increases to 60-100 and over 
at high average values of thermal gradient – 2.5-3 0C /100 m. 

According to hydro-geothermal conditions the territories of the northwest Near 
Caspian lowland might be classified as promising oil and gas lands in sediments of 
upper Perm, Trias and Jura. Here at depths 1-4 meters, where the above noted 
sediments occur, the bed temperature varies from 35-40 to 100-115 0C, and the 
thermal gradient is 2-2.6 0C /100 m. Hydro-geochemically pre-chalky water bearing 
horizons are characterized by slow water exchange and contain not sulfate-free and 
low sulfate concentrated, nitrogen-methane and methane chlorine-calcium brines with 
mineralization up to 330 g/l. Waters gas saturation at some tested points was 200-814 
n*cm3 /l at a common pressure of 114-220 ata. The bed waters of lower chalky 
sediments are represented by low sulfate concentrated chlorine-calcium brines (50-
240 g/l) with low gas saturation (30-70 n*cm3 /l) and pressure (1-30 ata). Ammonium 
concentration is quite high (35-140 mg/l), though this is lower than the values for pre-
chalky sediments (100-200 mg/l). Heavy hydrocarbons are absent. 
 

1.3.5 Soil cover state 
 

1.3.5.1 Soils state 
 

According to the data on Atyrau oblast and Makat district land-quality 
characteristics, which were collected by the Complex-research department of 
Kazgiprozem Institute, the Makat district is in a desert zone and sub-zone of fulvous 
soils. 

Makat district’s soil cover consists wholly of intrazonal soils over zonal ones 
(Figure 1.3.4). 
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Figure 1.3.4 Makat district soil map 
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Makat district soil cover is represented by the following soil types: 
Meadow salty – 30.8 thousand hectares; 
meadow-marsh salty – 4.8 thousand hectares; 
Salty clay outcomes – 5.6 thousand hectares; 
Alkali soils – 53.3 thousand hectares; 
Solontz – 145.9 thousand hectares. 

 
From the land-quality data given above it can be seen that Makat districts soils 

are all salty and solontz. Makat district soil classification by reclamation groups is 
given in Table 1.3.2. 

The district’s territory can only be used for pasturing, because it is unsuitable 
for ploughing. 

Among the soils of Makat district the soils with heavy mechanical composition 
dominate (clay, heavy-loamy and medium-loamy). Among soils with light 
mechanical composition light-loamy soils dominate (Table 1.3.3). 
 

Table 1.3.2 
 

Makat district soil classification by Land-improvement groups 
(thousand hectares) 

 
Reclamation groups Total Including pastures 

Salty   
Total 88.9 88.9 
Weakly - - 
Medium 67.2 67.2 
Strongly 21.7 21.7 
   

Solontz   
Total 145.9 145.9 
Weakly - - 
Medium - - 
Strongly 145.9 145.9 

 
Table 1.3.3 

Soils mechanical composition, thousand hectares 
 

Agricultural lands Total Including 
  Clay, 

heavy 
loamy 

Medium 
loamy 

Light 
loamy 

Loamy 
sand 

Sand 

       
Pastures 240,4 77,2 45,1 98,0 1,0 19,1 
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1.3.5.2 Soil pollution 
 

Oil and gas processing plants cover Makat district’s territory. Their emissions 
into the atmosphere contain different toxic materials harmful to people and the 
environment (sulfurous anhydride, hydrocarbons, hydrogen sulfide and others). 

In Table 1.3.4 the results of spectral analysis are given. Tested objects: grounds 
from NGDU “Dossorneft” (according data of Nazarov Y.L., Krasnov G.I., 1995). 
Sign (*) in table index movable forms of element junctions; sign (**) – gross element 
junction forms; index (l) near samples number means Lithological (ground) sample; 
index (ld) – means that this is a sample of bottom ground. 

Initial and secondary diffuse halations of hydrocarbon beds in Makat district 
relate to natural sources and centers of pollution. Also pollution sources can be open 
rocks of chemical toxic elements (mainly heavy metals and arsenic and rarely other 
elements) and the appearance on the surface of mountain rocks that contain evident 
amounts of oil products. 

Man-made pollution takes place in emissions when extracting rocks such as oil 
and gas, emission of industrial wastes into the atmosphere and soil and also in places 
where waste is collected (Figures 1.3.5, 1.3.6). 

Oil is the main compound that pollutes all the areas near oil fields. 
Concentration of oil in soils near oil fields and on them usually amounts to 1-6 g/kg 
and sometimes 10 g/kg. In separate samples the oil concentration was 13-18-30 g/kg. 
One should note here that samples were taken from visually “clean areas”. In surface 
waters, also “visually clean”, oil products concentration approaches 0.6-4.6 mg/l. 

In Table 1.3.5 analysis results for determining the amount of oil in ground 
samples from some oil fields on NGDU “Dossorneft” territory can bee seen. 

Looking at the data analysis, one can see that the soil on Dossor oilfield is 
polluted everywhere. 

As can be seen from Table 1.3.5 on Baichunas oilfield, oil pollution (sampling 
point 1219) has been observed to a distance of about 10 km. Around sors oil lines 
have width 10-20 m, oil products concentration at 12 cm depth is 8 g/kg. The same 
pollution level (sampling point 1220) is observed 12 km from Baichunas by azimuth 
3570. A litho-sample taken from the hill (1220/1) contains 6 g/kg oil products and 4 
g/kg at 10 cm depth (1220/3). 

In Dossor all lakes are totally polluted with oil products; litho-samples from the 
hill and lake bottom (sampling points 1221/1 and 1221/2) contained 2 and 3 g/kg of 
oil products correspondingly. From Dossor settlement by azimuth 105 0 12 km the 
marine accumulative clay-sandy plain (sampling point 1222/1,2) contains 5 g/kg of 
oil products. 

The same pollution level can be found on Sagiz oilfield (sampling point 1223). 
The settlement is deserted. The oilfield is not operating. Deflation has developed. A 
large number of metal constructions remain in the oilfields. Plotted sands veil oil 
pollution; yellow clay-sand litho logical sampling contains 5 g/kg of oil products. Oil 
waters discharging contain 0.72 mg/dm3 oil products. Such pollution can be observed 
at all the oilfields of NGDU “Dossorneft’” operating. 
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Figure 1.3.5 Heat station in region of Old Makat 
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Figure 1.3.6 A characteristic soil cover disturbance in the region of oil base 
(Makat settlement) 
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Table 1.3.5 
Oil products concentration in soil samples (g/kg) in EMG SC* zone 

 
№№ Number of sampling point Oil products in soils Oil field of EMG SC 

1. 1219/2 8 Baichunas 
2. 1220/1 1 - 
3. 1220/2 6 - 
4. 1220/3 4 - 
5. 1221/1 2 Dossor 
6. 1221/2 3 - 
7. 1222/2 4 - 
8. 1222/3 5 - 
9. 1223/1 5 Sagiz 

 
* - EMG SC – from reports of Nazarov Y.L., Krasnov G.I. (Funds of 

“Embamunaygaz” SC, 1995). 
 

Other negative influences on Makat district soils include pollution by 
mechanical mixtures – building materials waste, oil products, chemical waste, 
combustive-lubricating materials (filling stations, automobile bases, railway station) 
and solid domestic wastes. Besides chemical and mechanical soil pollution, there is 
further contamination due to building engineering communications, unapproved 
scraps and ground opencast mines. 

Disturbed land formation on the territory of fields and close places is also 
occurs due to the extraction of building materials (ground, sand, clay). 

Some areas, such as those in the area of PGT Makat and Dossor and beyond, 
are covered in rubble from waste building materials, and industrial and domestic 
wastes. The volume of various forms of waste approaches thousands of cubic meters. 
As a result of moisture regime change when flooding open mines, the background 
cover sometimes regenerates as intrazonal formations. Due to high concentration of 
dangerous chemical elements in Makat district’s soils, their morphological properties 
change. The ion exchange processes of the humus horizon are disturbed, leading to 
plant disease and death or stunted growth. As a consequence of secondary salting the 
soil layer starts decompacting. In the future this place will be a source of wind 
erosion and new alkali soils. 

Thus the ecological situation of the resea 
rched territory is not satisfactory. Through essential geological development 

soils of NGDU “Dossorneft” oilfield territory have collected and, as one might 
imagine, are still collecting oil pollutants and other toxic chemical elements. Their 
concentrations exceed MPC values many times, for example zinc exceeds MPC by 6 
times, fluorine – not less than 5-6 times, boron – 1-20, nickel – 2.5-13, chrome – up 
to 1200, phosphorus – up to 4, iron – up to 8, scandium – up to 4 times, nitrate-ion – 
up to 20 times. In addition, that one can observe high concentrations of other toxic 
chemical elements for which MPC values are not get established and also indirect 
indicators of pollution with hydrogen sulfide. There is no doubt that work on oilfields 
discovery, exploration and exploitation accounts for the decomposition of the 
covering complex of rocks, has initiated the activation of essential geological-
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chemical processes and has thus worsened the ecological situation in this territory. It 
is clear that with oilfield exploitation man-made factors will play a key role in the 
ecological deterioration of on Makat district territory. 
 

1.3.5.3 Radioactive pollution 
 

There is also radioactive pollution in Makat district, with soil pollution from 
mazut, oil and gas evaporations. Radioactive pollution causes additional danger to 
human health, for people working on those plants and who live in the settlements. 
The environment and equipment are polluted with natural radionuclide including 
radium, uranium and thorium with concentration tens of thousands of times higher 
than the natural radioactive background. 

Environment pollution by poisonous waste disposal is redoubled by radiation, 
and the complex influence of these negative factors, so-called “synergism” redoubles 
their negative affects on humans. The particularity of this phenomenon is that even 
the smallest doses of radiation initiate and redouble the number of diseases of 
common pathology. The carcinogenic character of oil evaporations with additional 
radioactive emanation may cause quite a wide range of human diseases. 

Most of RPA (Radioactive Pollution Area) by gamma-radiation ER (exposure 
rates) relate to 1st category low-radioactive wastes (ER from 100 to 330000 
mcR/hour) (by classification SPORO-85 and Concept of radioactive wastes treatment 
in Republic of Kazakhstan). RPA classifications by exposure rates and their 
propagation on objects of NGDU “Dossorneft” working area are given in Table 1.3.6 
(Bayev N.I., Saybetov T.S., et al). Objects with ER from 60 to 100 mcR/hour related 
to category of anomaly. This group of wastes can be named as conventional active 
ones that are not for deactivation. 

One actual source of radioactive pollution is bed water in zones of oil and 
water contact; containing rocks are initial sources of radionuclids occurring in bed 
waters. In particular, in the region of the Near Caspian oilfields phosphorus rocks of 
turon tier of chalky sediments cut can be a source of radionuclids. 

Radionuclids come from rocks to bed waters at desorption process and 
particularly when water has chlorine-sodium-calcium type that is characteristic of 
underground waters of oil bearing horizons and for all Perm-Age of Reptiles rocks. 

Bed waters of deeper horizons can be additional radionuclid sources and in 
particular of Ra226. They come to upper deposits through tectonic disturbances and 
edge breaks of salty-dome structures. 

Bed waters of oilfields contain large quantities of Radium (10-8 – 10-11 %) in 
comparison with all bed waters except Uranium deposits. 

The most dangerous industrial wastes are oil-slime, rust and salts 
accumulations and their sediments on inner surfaces of industrial equipment (Table 
1.3.7). 

According the results of works and analysis of obtained data about radioactive 
pollutions the settlements most at risk were in Makat district. 
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Table 1.3.7 
 

Environment pollution parameters with radionuclids on NGDU “Dossorneft” 
and “Embamunaygaz” SC oilfields 

 
Pollutio
n type 

Matter composition and sampling 
depth 

Sample 
No 

Samples activity, Becquerel/kg 

   Alpha-
radiation 

Ra-226 Th-232 

      
 Average natural radioactivity, 

Becquerel/kg 
 240 38 25 

I Ground polluted with mazut on 
evaporation fields, including 10-25 
cm depth 

    

 10-25 cm 31,34, 
36, 37, 
39, 41 

31820-
161320 

1665-
139601 

420-10388 

 25-50 cm 35,38, 
40, 42 

1406-4490 18,5-925 112 

II Oil-lime, salts, sinter 32 235925 10130 9199 
III Worked out filters of bed waters 

back pumping 
33 338873 41679 3017 

      
 

Further, we offer an analysis and description of the radioactive hazard to each 
settlement and oilfield, and provide schematic cartographic materials for some 
oilfields that indicate the location of radioactively polluted areas relative to 
settlements and their level of hazard. When making these schemes (Figures 1.3.7 – 
1.3.11) we marked radioactive pollution areas with ER more than 100 mcR/h as red 
circles, pink circles – aureole of higher gamma-radiation areas (more than 40 mcR/h); 
in boards of this area human gains additive or higher dose of gamma-radiation that 
accumulates depending on occurrence in those areas. Yellow circles indicate zones of 
higher man made quantities with ER up to 40 mcR/h that do not cause a direct danger 
of outer radiation. These lands are observed as zones of soil cover ecosystem 
disturbance zones. 

Dust formation on areas of radioactive pollution appears as one of the most 
dangerous factors affecting the inhabitants of settlements. Dust transfers occur by 
means of winds in certain directions. 

The danger of radionuclid pollution of surface and underground waters 
depends on water flow directions in each specific case.  

When people use industrial waste (tubes, tanks, and others) for their own 
economic purposes and when they live for a long time in areas of radioactive 
pollution they gain an additional dose of radiation and this fact is noted as a 
radioactive-dangerous factor. 

PGT Dossor (Figure 1.3.7). Dossor is a great center of the oil production 
industry and it also has a railway station. There are works for oil processing 
equipment repair, road building plants, oil storages and a brick works. 
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Figure 1.3.7 Cartographic scheme of location of radioactively polluted areas 

in Dossor (by Saybekov T.S., Daukeyev D.K., et al, 1997) 
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Figure 1.3.8 Cartographic scheme of location of radioactively polluted areas 

in Makat (by Saybekov T.S., Daukeyev D.K., et al, 1997) 
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Figure 1.3.9 Cartographic scheme of location of radioactively polluted areas 

in Baychunas (by Saybekov T.S., Daukeyev D.K., et al, 1997) 
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Figures 1.3.10 and 1.3.11 Cartographic scheme of location of radioactively 
polluted areas in Koshkar and Komsomolskiy 
(by Saybekov T.S., Daukeyev D.K., et al, 1997) 
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Graphical symbols for Figures 1.3.7 – 1.3.11 
 

In immediate proximity to the eastern edge of settlement in the region of oil 
wells two radioactive areas were determined with a common area of about 9 hectares 
and maximal ER 2650 mcR/h. Higher radioactivity is concentrated in oil-slime, 
wastes of filter fillers, ground on areas where bed waters are discharged, coastal area 
and parched parts of precipitation tank bottom. Low parts in the east of the settlement 
of relief might be polluted by water carrying radioactive particles and matter. There is 
no immediate danger for the settlement. The radioactive dust factor is also not very 
dangerous because of the relatively small areas of radioactive pollution. 

PGT Makat (Figure 1.3.8) – is the administrative center of Makat district. 
There is a union station and one of the centers of South-Emba of oil and gas bearing 
region. There is a also gas-compressing station in the settlement, an oil base and a 
railway depot. Two patterns of radioactive pollution were determined in immediate 
proximity to the residential zone. Patterns with sizes of about tens and hundreds of 
meters are represented by scraps of ground polluted with mazut with ER varying 
between 60-250 mcR/h. Small areas have relatively low radioactivity and do not 
represent serious danger of outer radiation, but the danger of radionuclids transfer 
from these areas by means of surface waters still exists. Because of this, the land 
needs revegetation work and radioactive decontamination. 

Baychunas settlement (Figure 1.3.9) – this is a basic settlement of oil field 
works. Radioactively polluted areas are located in 1-2 km to the east of the settlement 
and their total area is equal to 135 hectares with ER about 100 mcR/h. on average, the 
radioactive level is first hundreds mcR/h with exclusive patterns that have 
radioactivity of about 1700 mcR/h. All radioactive pollution areas are in low-lying 
areas, in discharge points and fields of bed-and-oil-water evaporation. Here one also 
finds waste from oil production – oil-slime and wide areas of ground polluted with 
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mazut. Dust formation and transfer on to settlement territory are possible when the 
wind is westerly. 

Koshkar settlement (Figure 1.3.10). It is situated in immediate proximity to 
the oil development area of Sagiz oil production field. Radioactive pollution in the 
area was determined by means of gamma monitoring 1-1.5 km to the southwest and 
north from settlement. The total polluted area is 89 hectares. Pollution in the area is 
represented by discharges and bed water evaporation fields in low-lying places. 
Gamma-radiation in averages 200-400 mcR/h. Local areas of radioactive pollution 
are caused by equipment pollution (tubes, tanks) and ground patterns in places of oil-
waste discharge. Maximal radioactive background is determined at separate points 
with a power of 2850 mcR/h. Dust radioactive danger is significant when the wind 
blows from the north and southwest. 

Komsomolskiy settlement (Figure 1.3.11) is situated in an oil production area. 
There are oil storages in the village and the Koschagyl-Makat pipeline passes close 
by. Radioactive pollutants are determined in immediate close territories to oil 
producing wells in 1.5 km to the east of the settlement. The total pollution area is 18 
hectares. Discharges and evaporation fields in low-lying places also caused their 
formation. ER level on polluted territories is 200-800 mcR/h; on the surface of 
polluted equipment – 3000 mcR/h. 

Sagiz area: average values of radioactive pollution are 8-10 mcR/h and in some 
specific places, such as oil producing wells, this value achieves tens and hundreds 
mcR/h. Great increases in gamma-radiation levels were registered in the belt of oil 
producing holes of UDN Sagiz northwest stretch, where on separate territories 
patterns with higher gamma-radioactivity were determined; their sizes are up to 0.5 
km and intensity is over 20 mcR/h. According to the results of ground testing in the 
epicenters of these anomalies and in local separate places, exposure rates of up to 
17000 mcR/h were determined. 

Iskine area: average value of gamma-radiation is 8-10 mcR/h with deviations 
from 2-4 mcR/h on enclosed areas of relief’s lowering places. The gamma-radiation 
values in anomaly zones situated close to oil wells equal tens and hundreds mcR/h. 
The most polluted place is determined in the region of “Baychunas” UDN in the belt 
of meridian stretch 1-1.5 km to the east of Baichunas settlement. Polluted areas here 
with radioactive background more than 20 mcR/h are followed in a southerly 
direction for 4 km, with floods in latitudinal direction along 3-4 km. Gamma-field 
intensity in separate points of epicenters approaches thousands (2200 mcR/h in 
anomaly 4) mcR/h. anomalies with lower intensity and smaller sizes were determined 
in the western part of the settlement (size: 0.5 km, intensity: first tens mcR/h) and in 
3 km to the north from settlement in the region of oil pumping (sizes: 0.5-1 km, 
intensity: from 16-20 to hundreds mcR/h). UDN “Tenteksor” also has radioactive 
pollutants, but intensity is not as much as on other oil fields. High level of radiation 
can be determined only very close to working areas of operating oil wells, where its 
value is 20 mcR/h (1 km far from oil well) and wit maximal radioactivity – 800 
mcR/h – that was obtained from ground test results. 
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“Iskininskiy” UDN region in the western part of area is polluted on a small site 
immediately on the oilfield and is represented as an isothermal anomaly about 0.5 km 
in cross direction with isolines more than 20mcR/h with maximums in separate points 
up to 600 mcR/h. One kilometer to the southwest of Iskininskiy village a local 
increase of gamma-field was registered (200 m) not far from oil pouring tanks with 
intensity up to 30 mcR/h. This data was obtained from air investigations. It has no 
significant radio-ecological influence on the environment. 

All the anomalies noted above are man-made ones and caused by Uranium 
sorption (radium) from bed waters on saturated by oil wastes and oil-slime grounds, 
filter materials of water back pumping and others. This is a uranium (radium) 
anomaly that contains uranium (radium) up to 80-100 g/t, when background 
concentrations are 2-3 g/t; a lower concentration of thorium is observed – 40-80 g/t, 
when background value makes about 4-6 g/t. Average values for potassium make 1.5-
2%. Cesium-137 concentration is 0.04 Ku/m2, which corresponds to its global 
background fall. 

Bek-Beke area: this area is characterized by average values of gamma-radiation 
about 8-10 mcR/h. A powerful anomaly zone is observed on their background in the 
center of this area to the north from Bek-Beke settlement. This anomaly zone crosses 
the area along its center from the eastern boundary to the western. It coincides with a 
great sor. The Central-Asia – Center arterial gas-line passes by its eastern edge. An 
anomaly zone in isolines more than 20 mcR/h is registered along 4 km at an average 
width of about 1 km. It continues in an easterly direction beyond the bounds of 
investigated area. In the central part and further to the west anomaly zone divides into 
two sub-parallel anomalies with width up to 200-300 m each. In the plan they repeat 
local relief. In the borders of recent zone anomalies were registered and the highest 
values of radioactivity were registered in the eastern parts, which approach first 
hundreds mcR/h and at some points as much as 2800 mcR/h. 1 km to the south of 
Bek-Beke village in the region of oil producing wells an areal anomaly is registered 
in the lower parts of the relief with sizes in isolines more than 20 mcR/h. 300-500 m 
on the sor of close latitudinal stretch and maximal activity in the anomaly epicenter to 
20 mcR/h (according to the data of terrestrial test). All anomalies are caused by 
multiple discharges and collection of bed waters and oil-clime in low parts of the 
relief (sor). Also uranium (radium) and thorium remainders caused pollution left from 
bed waters in ground saturated with oil wastes. According to air gamma-spectral data 
analysis on such anomaly areas uranium concentrations approach values about 60-70 
g/t, thorium – 20-30 g/t at background values 3 g/t and 4-6 g/t of uranium and 
thorium correspondingly. Potassium concentration variations on this territory make 
1.5-2% and that corresponds its natural concentration. Territory pollution with 
cesium-137 is caused by global falling and makes 0.02-0.06 Ku/km2. 

Oil and gas producing management (NGDU), ecological and sanitary-
epidemiological services should make all available analyses of soil and conduct 
independent radioactive monitoring on the territories noted above and inform the 
population in this area. 
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1.3.6. Flora and Fauna 
 

1.3.6.1. Flora state 
 

Makat district is situated in a desert region of Aral-Caspian province of Seaside 
lowland-plain okrug. 

Growth cover (Figure 1.3.12) in Makat district is characterized by the 
dominance of xerophytic shrubs, which form monotonous and anthropogenically 
thinned cover. 

The most distributed pastures in the district are biyurguns. They form on the 
plain on solontz. They grow usually in great bodies. Sub dominating plants are fowl-
grass, eastern mortuk, saltworts, climacoptera and petrosimonia. Annual saltwort 
grass pastures occupy a small part of this area. They form on plain, near sor lowlands 
on solontz and alkali soils. Climacoptera dominates there with petrosimonias. 

Sarsazan pastures form on near sor lowlands on alkali soils. There are single 
representatives of other grass types like seablite and biyurgun. 

Biyurgun, annual saltwort and sarsazan pastures are recommended for use in 
autumn for sheep, horse and camel pasture. 

Gray wormwood pastures are distributed on fulvous soils on plain. The recent 
group of pastures is suitable for use in the spring-summer-autumn period for sheep, 
horse and camel pasture. 

The most distributed pastures in the region are pastures used in autumn. 
Productivity is 0.9 centner/hectare of fodder units. A few parts of the total area in this 
district are lying under spring-summer-autumn pastures. Productivity is 1.1 
centner/hectare of fodder units (Table 1.3.8). Essential pastures remain in satisfactory 
condition. There are no trampled or weedy areas. Also, there are no hayfields. 

In Korsak district, to north-northwest, productive goosefoot pastures and 
perennial shrubby tamarisks undergo desertification processes. They have a 
landscape-stabilizing role. On a profile with a total area of 21.6 km x 3 km 80% of 
the territory is moderately desertified. However, one should note the high inner 
danger of desertification as a result of domination of alkali-soil landscapes and 
halophytic growth societies in Korsak district. 

Tenteksor district (Baichunas profile) represents a seaside fine-partitioned plain 
that has growth concentrated on island risings and makes simple ecological sets of 
two or three members. Quite stable sarsazan societies form on the space between sor 
and islands risings on sor alkali soils (along boards). A transfer chain on slopes forms 
different variants of annual-saltwort-biyurgun or biyurgun-annual-saltwort 
associations on fulvous solonetzic soils of level-headed mat like or bow-shaped 
risings. Biyurgun association is developed on solontz. 
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Table 1.3.8 
 

Makat district pastures fodder reserve by using seasons 
 

Pastures area 
according to 
land balance, 

thousand 
hectares 

Spring, summer, autumn pastures Autumn pastures 

 Area, thousand 
hectares 

Fodder reserve, 
thousands centner 
of unit of fodder 

Area, thousand 
hectares 

Fodder reserve, thousands 
centner of unit of fodder 

     
325,4 44,3 49,1 281,1 260,2 

     
 

In Tenteksor about 35-40% of the territory is natural inconvenient land (alkali 
soils without growth), 40 % of land is undergoing moderate desertification caused in 
as a result of indirect anthropogenic factors and 20-25 % of the territory relates to 
different kinds of lands inconvenient due to human activities with degraded soil and 
growth around fields and along linear constructions. 

Complexes of biyurguns, tasbiyurguns, white ground wormwoods and 
biyurgun-black-wormwoods are widely distributed on dispersion and rising plateau-
like plains on fulvous solonetzic soils in combination with sarsazans on boards of sor 
alkali soils. Growth cover of the recent territory undergoes human influences (lands 
alienation, growth degradation). In total in the district of “ancient” differentiation, the 
main factors of disturbances (“risk factors”) are: man caused influence and direct 
land alienation because of unsystematic exploitation of growth resources (distortion 
of baire hills, growth degradation). Spill ails are local and their influence on growth 
and soils requires additive investigations. 

Following valuable (precious) wild-growing plants grow on Makat district 
territory: 

Herbs – field horse-tail, sandy everlasting; 
Technical – usual reed, leafless anabazis; 
Chalky madder is a representative of flora that is registered in the Red Book. 

 
1.3.6.2. Fauna state 

 
A wide sector of the northern Near Caspian area that is occupied by oil and gas 

fields developments is situated in the zoogeographical area of northern Aral-Caspian 
deserts of Turanian okrug of Mediterrenian sub oblast Iran-Turanian province. The 
mammal fauna has a pronounced desert character. There are almost no steppe types. 
One can meet a few representatives of fauna such as the steppe polecat and on the 
northern part – the steppe lemming. Desert animals typify Makat district’s fauna, 
which is both various and rich. 

217 
 



Within the northern Aral-Caspian deserts one can count not less than 27 desert 
animals including 11 widely distributed species. Turanian fauna is represented by the 
piebald putorak; this is a rare animal included in the Red Book; thin-legged gopher, 
Leichschtein jerboa, tamarisk sand-rat, small jerboa and Severtsev jerboa. 

Kazakh desert fauna is very rich and typical. Five of six animal types live in 
the area (except emuranchick). Iran-Turanian fauna representatives are the red-tailed 
sand-rat and social vole. 

Two types of Mongolian desert fauna live here; they are jerboa-jumper and 
Eversman hamster. The sand rabbit is a common and even plentiful animal in the 
southern part. On the north part this is replaced by the brown-hare. 

Marten like animals are the badger and polecat. In recent time this type of 
animal has been included in different levels of the Red Book as a very rare type. 
Wolf, fox, jackal and korsak are commonly found here. There are no representatives 
of taiga, European-manchuria and mountain-forest types. As a representative of 
European fauna only the musk-rat can be seen. Forest types are not widely 
distributed. Ermine live among shrubs in sands and forests in lowlands. Field-vole 
live near rivers and water-vole live in rivers. The piebald putorak is an element of 
Turanian fauna. It is a rare representative of shrews; mesophilic southern types are 
small shrew, late kozhan, brown-hare, gray hamster, boar and chaus. On the northern 
Caspian Sea coast live boar and acclimatized raccoon-like dog. 

These characteristic desert fauna representatives are distributed across the 
Makat district: sand rabbit, sandy gopher, small gopher, fat-tile jerboa, emiranchick, 
sand-rats, steppe polecat, korsak, wolf. In reeds one can sometimes see boar. There 
are few saiga and they do not make big herds. 

The following animals are representatives of fauna included in the Red Book: 
Mammals – piebald putorak, polecat. 
Birds – bustard, little bustard. 

 
1.3.7 Utilization, neutralization and burial 

of industrial and domestic wastes 
 

There is almost no agricultural industry in Makat district and because the land 
has been disturbed by oil and gas industry plants and geology, i.e. open mines that 
were made during geological investigations, burrows, trenches, ditches, mounds and 
open mines placed along roads and other linear constructions. 

The district is occupied by oil, gas and oil and gas processing plants. The 
emissions into the atmosphere contain different toxic matters harmful to humans and 
the environment (sulfurous anhydride, hydrocarbons, hydrogen sulfide and others). 

Pollution occurs on the soil directly as dust, soot, suspended aerosols of 
chemical matters and also technical wastes (oakum, tatters), oil patterns and others. 

Oil and oil products find themselves in water reservoirs and form freely 
floating drops (in the water thick), oil films (on the surface), dissolved, emulsified 
and heavy fractions (the last ones settle on the bottom and collect by grounds). 
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All of these and a number of other factors of oil, gas and oil and gas processing 
plants cause negative influence on water, soil and the atmosphere. 

Different types of liquid, solid, semi-solid and gaseous wastes were formed as 
a result of geological investigation works, oil fields, industrial, building, energy 
producing, transport and municipal-economical organizations activities. The waste 
recycling process is not well organized in the district. There are no grounds and 
collectors for some types of waste. Many kinds of waste are bound to hydrocarbon 
rock exploration, extraction, storing and transportation. In order to keep bed pressure 
on the desired level part of the bed water is pumped back under ground and another 
part is poured into collectors – so-called evaporation fields for filtration. 

According to data for the 1st of January, 1998 there are 14 stationary sources 
of harmful pollutants in Makat district. Those sources (industrial organizations 
working in different branches) produce 76009.4 tons of harmful pollutants that 
contain nitrogen oxides, carbon oxide, sulfurous anhydride, unsaturated 
hydrocarbons, solid matters (dust), carbon bisulfide and others (by data of Atyrau 
Department of Environment Protection). 

A limit for storing or burial of industrial and domestic wastes in 1997 was 
equal to (Atyrau oblast Akim determination #330 dated 30.12.96, application 1, 3a): 

Drilling slime 55 tons 
Worn-out tire 3.3 tons 
Spoilage 3.0 tons 
Domestic wastes 49 tons 
Cullet  8.8 tons 
Used oil products 84 tons 
Cleaning materials 2 tons 
Building wastes 3 tons 
Scrap metal 8 tons 

 
Makat district industrial and economical plants and organizations discharge 

about 12247 thousand m3 of used water into open field and underground horizons 
yearly. The main ingredients of discharged waters are oil products, chlorides, 
sulfates, ammonia salts, nitrites, nitrates, iron, phosphates and other minerals. 

Significant pollutions on Makat district territory form in the result of activities 
of “Embamunaygaz” SC oil fields. According to data of investigations (Kozel V.P., 
Florov A.A., et al, 1996) on oil production areas in Makat district a scale of man-
made radioactive pollutions can be clearly seen, which relate to industrial wastes 
(Table 1.3.9). 
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1.3.8 History and culture monuments 
 

A number of different historical and cultural monuments are situated on Makat 
District territory that can be explained by geographical location and historical events, 
which took place here. A camelcade from Middle Asia to Europe run through this 
densely populated area in ancient times. This and other factors left multiple traces on 
this land. 

Nowadays numerous complexes of original constructions of funeral-religious 
architecture can be found here; they are mainly concentrated in necropolises and 
cemeteries. These constructions are stone-cut buildings: mausoleums, saganatams, 
sarcophaguses – sandyktas, steles – kulpytas, koytas-like headstones and others. All 
of them are monuments to the traditional culture of the Kazakh nation and have a 
significant value for Kazakh history because they are the sole remaining testament to 
those times. According to Government regulations they are under state protection and 
have the status of Monuments of History and Culture. 

As for civil and industrial buildings they are situated in modern supporting 
settlements – Makat, Dossor, (Figures 1.3.13 – 1.3.14). One should note that they are 
also protected and, where necessary, restored. Zones of particular town-building 
regime in these settlements must be determined when developing a general plan of 
the city and further followed religiously. 

Dossor village was founded in 1911. This was the first town for oil industry 
workers in Atyrau oblast. Dossor was the first oilfield in the Ural-Emba region and it 
was discovered in 1911 at a spot, where oil was bursting out from a hole 200 meters 
deep. Local oil relates to the precious greasy type, which is very rare both in the 
former USSR and everywhere else. This oil does not require particular processing 
and used as high quality raw material in industry. 

Makat village in Makat district of Guryev oblast was founded in 1915 in the 
light of the new oilfield discovery. The Tsar’s government sold this place to English 
oil producers and they exploited this oilfield till 1920. With the establishment of the 
Soviet Union in Kazakhstan in 1920 Makat was on the territory of Ural oblast and 
then in 1924, when Makat district was formed, Makat became a village of this 
district. 

Since those times the initial name of the settlement has not changed. The 
population increases yearly. 

According to Kazakh SSR Supreme Soviet Presidium Ukase dated 3rd of 
March, 1978, Makat workers town became the central town of this district. 
 

1.4. The ecological state of Kurmangazinskiy region 
 

1.4.1. A brief outline 
 

Kurmangazinskiy region is situated in the south-western part of Atyrau oblast. 
In the north it borders on Western Kazakhstan oblast, in the east on Isatai region of 
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Atyrau oblast, in the west on Astrakhan oblast of Russia, in the south it is washed by 
the Caspian Sea. 

The area of the region is 2079 km2, or 18,56 % of the oblast territory. The 
administrative centre of the region is the settlement of Ganyushkino. The distance to 
the oblast centre, the town of Atyrau is 260 km. It is connected to the oblast centre 
the Atyrau-Astrachan railway and the Atyrau-Astrakhan motorway, which connects 6 
central farmsteads and another 3 economic divisions with the town of Atyrau. The 
region has a network which provides connection between all the settlements and the 
oblast and regional centres. 

The population of the region in 1992-1996 was stable, rising slightly in some 
years up to 0,1-1,5 %. 

The village population comes to 90,5-92 %. The population of children up to 
the age from 15 years is 168000 (30%). 

The working population is about 55%, and people of pension age make up to 
12%. Male population is 1,6% less than female in the agricultural regions and 0,1% 
less in the rural regions. 

According to the data of Kurmangazinskiy regional statistic department, the 
population of the region on 1.10.1999 was 55,4 thousands (about 12,3% of the oblast 
population) with a density of 2,66 people per 1 km2 (the density of population is 4 
people per 1 km2 for the region as a whole).The people live in 56 settlements, 
comprising 16 village akimats). 

Kurmangazinskiy region has an agricultural specialization. The prevailing 
industry is cattle-breeding. Other industries supply the population with fish 
(“Shortabai” JSC), milk (“Sut” LLP); other enterprises include a polygraph industry 
(“Tipographia”), and logging enterprises stocking of firewood and production of 
wooden goods. The region has its own railway. There are no large production 
industries in the region. 

The main direction of agriculture is the region is grazing and cattle-breeding. 
The regional vegetation, that is the basis in the cattle diet, exists under severe natural 
conditions defined by the dry climate and large fluctuations of the temperature, lack 
of moisture, along with widely-spread saline soils. Hayfields have limited and natural 
grazing areas are not highly productive. Out of  the total area (20 860 km2) the 
agricultural lands occupy 18247 m2, including plough lands -10,6 km2, hayfields -278 
km2, pasture grounds -17912 km2, long-fallow lands – 43 km2 and long-term 
plantations -1,77 km2. 

After the privatization of the agricultural lands took place, the former collective 
farms (4) were abolished and 198 peasant production units were organized instead, 
but up to now they have not been developed for intensive farming methods. 
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Figure 1.3.13 General view of the administrative center (regional akimat) of the 
Makat settlement  
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Figure 1.3.14 Monument to commemorate the 79th year of the oil 
production in Dossor (settlement Dossor) 
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Total number of the livestock on 1.10.1999 was (data for 1992 are in brackets): 
the cattle – 15,7 (46,07) thousand, sheep – 143,9 (294,9), horses – 12,5 (21,1), 

camels 3,7 (6,2). Besides on 1.10.1999 there were pigs – 130, poultry – 3,7 
thoussands. In the past 5 years the numbers of the livestock have decreased by 1,5 -2 
times. The annual production of meat was 7653 centners, milk -375 centners, wool 
542 centners and eggs -99 thousand. 

Services for the population, trade, small scale construction works, automobile 
transportation are supplied by local associations and private enterprises. 

State enterprises perform irrigation work in the region (Kurmangazinskiy 
department of irrigation systems), telecommunication, postal connection, veterinary 
services and linear service. 

The territory of Kurmangazinskiy region in the geo-morphological respect 
belongs to the Near-Caspian accumulative higher-quartered marine, (in some places 
alluvial), lowlands with the borderland deflection of the platform and pressed sea-
salinity, and partially aolic simulation. By character the relief can be defined as a flat 
valley (table-land) with a general decline in its southern part formed mainly by sand 
and partially by higher-khvolynsk deposits. Most part of the region is occupied by the 
largest sand massif of Ryn-sands. Saline lands, sors and takyrs are widely spread. The 
coastal low-lands, 30 km in length, used to be the seabed with the absolute marks – 
20-28 meters; with south winds it is often inundated by sea-waves, which creates 
favorable conditions for reed growth, providingvaluable food for the cattle. The 
absolute high points on the large territory fluctuate within 0-28 meters bellow se-
level and only in the extreme north-western part do they rise to +50 meters. 

The intersection of the territory with the ravine net covers the territory of 0,01 
km/km2, the depth of the local basis of erosion 1s 13 km, the intermediate slopes of 
water-collectors are less that 1 degree. 

The situation of the territory of Kurmangazinskiy region inside the Eurasian 
continent determined the sharp continental climate with short, snow-freebut rather 
cold winters and short summers. 

During the vegetation period precipitation is low- 70-115 mm and during the 
whole year -150-180 mm. This results in a very low moisture supply in the region. 
Therefore, the hydrographic ratio is never more than 0,2-0,3. Possible waste of 
moisture through evaporation during the vegetation period is 1105-2285 mm. Thus, 
the moisture shortage comes to 6,1-8,2 mb. 

The hydrographic net of the region is represented by left-side branches of the 
delta of the river Volga, which come off from one of the tributaries of the Volga 
called the Busan. These branches have a constant water flow but some of them are 
shallow and lose connection with the river 

after the spring flooding subsides. Some of them separate themselves and form 
a net of lagoons (ilmens), divided by ranges of berr hillocks. 

Use of the waters of the river Volga in this region would be effective after the 
construction of some irrigation and water systems. The current Karakosk self-flow 
water-supplying system with the passing ability of 5 m3/sec. and intended for 53 
thousands of hectares of lands does not meet the region’s demands. 
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In the hydro-geological respect the region is situated on the whole within the 
boundaries of the near-Caspian system of artesian basins. 

The near-Caspian system of artesian basins in the geological-structural respect 
represents a vast, deep tectonic hollow slightly saline depressions where are formed 
5-10 g/l (in the central part of the region) and intensely-mineralized- more than 30 g/l 
(in the north-western part of the region). In accordance with existing norms, 
underground waters with such mineral contents are not good even for the irrigation of 
the pastures. But, taking into consideration the fact that the region has no 
underground waters of better quality, the waters with the mineral content to 7-8 g/l in 
some cases may be used as drinking water for the cattle. 

Kurmangazinskiy region is situated in the desert zone with brown soils. The 
peculiar feature of the soil surface of the region is in its extreme complexity with 
absolute predominance intrazonal  soils over zonal ones. The main components of the 
soil surface are various salty soils, saline lands, meadow-brown, and meadow-marsh 
soils. Large areas of the region are occupied by sands -606,8 thousand hectares and 
outcropping of saline clays -72,9 thousand hectares. 

As for the vegetation in Kurmangazinskiy region, wormwood (whiteland or 
grey, black, sandy), salyanka (izen, komphorosma, biurgun, kokpek, sveda, sarsazan) 
prevail. 

The variety of species in the grazing lands is presented by two life-forms: herbs 
and semi-bushes. 

In the north-western part of the region (Suyindyksky and Balkydyksky) there 
are valleys with brown soils of different mechanical content and degree of salinity, 
and on the saline lands of the desert-steppe character there are white-land-wormwood 
pastures. They may be considered as separate structures (formations), as well as in 
the complex with black wormwood-saline, kokpek-black wormwood and erkek-grey 
wormwood pastures. The group of white land wormwood, white land wormwood-
cereal, white land wormwood-saline types are also found. 

Besides the white land wormwood, the grass surface contains common cereals 
of long-term vegetation (tyrsa, kovylok, tonkonog, erkek, zhytnyak), solyankas (izen, 
campohorosma, climacoptera with opposite-situated leaves, ehinopsilon). In early 
spring a massive growth of meadow myatlik, koster krovelny, eastern mortuk and 
desert burachok may be observed. 

According to the zoo-graphical ratio the region is included in the northern 
part of the Aral-Caspian desert in the Turan region of Irani-Turan province in the 
Mediterranean subdivision. The most characteristic mammals of this region are saiga, 
wild boar, wolf, korsak, red fox, steppe polecat, grey hare, musk-rat, ground 
squirrels; fish – sheet-fish, pike, wild carp, pike-perch, carp, bream, yaz, lin, perch, 
crucian, roach and others; birds include goose, duck, snipe, lysuha, grey grouse and 
pigeon. 
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According to the results of seismology studies in the over-saline complex on 
the territory of Kurmangazinskiy region in karsko-chalk deposits have been found (14 
local structures), and 10 big structures the under-saline section. At present oil-
prospecting works are carried out on the territories of Kumisbek, Akzhunus, Eastern 
Akzhunus, Nortern Nazali, Sarlyk, Torgai. 

1.4.2. The state of the air basin 

The climatic characteristics, determined long-term observations conducted at 
the meteorological station in Ganyushkino, as well as SNiP (2.01.01-82) indicate that 
Kurmangazinskiy region is situated in the IVth climatic sub-division. 

The nature conditions of Kurmangazinskiy region define a comparatively high 
ability of the atmospheric air for self-purification. According to the regional division 
of the territory of the republic by meteorological potential of pollution of the 
atmosphere from low sources of emissions, the territory under study is situated in an 
area of moderate potential. 

For the entire region, high air mobility is typical; this creates the conditions for 
an intensive ventilation and decreases the possibility of air stagnation when pollutants 
are emitted by industry and motor traffic. 

Long-term repetition of weather conditions with calm or slight winds (to 1 m/c) 
comprises 10-15%. Near-land inversions of air temperatures, that hinder the air-
exchange in the near-land layers, are very rare in the warm period of the year, and in 
the winter period, despite their repetition, comprise 40-70%. They are noticed mainly 
at night when the intensity of pollution of the air basin is minimal. 

For dispersion of emissions from the high and hot sources to which refer the 
objects of thermal energetic productions, distribution of the winds according to height 
is important.  In the layer of depression (200-500 m) the most frequently of western 
and south-western winds are noted. Their total repetition comprises more than 40%. 
The rate of the wind gradually increases with height, without experiencing the sharp 
changes that prove the lack of constant inhibiting layers (inversions). 

To determine the factors that worsen the conditions of dispersion of 
contaminating substances in the atmosphere, it is necessary to refer the small amount 
of the atmospheric precipitation (150-180 mm a year), high natural dust pollution in 
the warm period of the year and rather the high frequency of fog in the cold period of 
the year. 

Thus, the climatic conditions of Kurmangazinskiy region can ensure the 
sufficient purity of the air basin, with rational placement of the sources of pollution 
and restrictions on emissions. 

Global sources of the pollution for the territory in Kurmangazinskiy region 
include the Russian military complex of experimental ranges “Kapustin Yar” under 
the symbolic name “Ashuluk”. The headquarters of these experimental ranges are 
situated near Tambovka (Astrakhan oblast, Russia). Flying test grounds are in the 
north part of Kurmangazinskiy region and partially in Isatai region. Since the 50-s on 
the grounds of “Kapustin Yar” have been held: 
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1) missile launching to the aquatoria of the Pacific Ocean and the 
Mediterranean Sea; 

2) works on destruction of sputniks, and missiles of short and medium range 
and also on the improvement of the anti-missile system. This territory serves as a 
centralized missile firing-range of the aircraft purpose. Here tests of self-guided 
missiles of the type “air-to-surface” and surface to surface are held. At present the 
testing grounds are on lease to the Russian Federation for ten years. 

As a result of the activity of the testing grounds “Kapustin Yar” extensive 
territories of Kazakhstan have suffered massive pollution from military waste; 
contamination of the territory by oil products, gentinol and other toxic substances is 
also possible. 

The most toxic substance is gentinol. This substance is considered to be 
carcinogenic, and its oxides have mutagenic characteristics of a high migration ability 
(in the air, soils, water) that can be stored inside plants, animals, people and can 
remain dangerous in soil, underground water, river and sea beds for 20-30 years. 

The products of agriculture, hunting and wild vegetation from the 
contaminated territories should be monitored for their consumption suitability. The 
research data are not available yet. 

The main industry of Kurmangazinskiy region is cattle breeding, there are also 
enterprises concerned with fish products (AO “Shortabai”), and milk products (“Sut” 
LLP), there are also a polygraph industry (“Tipographia”), and logging enterprises 
(stocking of firewood and production of wooden goods). The region fully utilizes its 
railway service. There are no large production industries in the region. 

At present the main sources of the anthropogenic pollution of the air basin are 
Akkolsky (Tables 1.4.1-1.4.4), gas condensation deposits of Aksarai, situated in 
Russia near the south-western boundary of Kurmangazinskiy region, and non-
stationary sources (Table 1.4.5). 

An instrumental study of the state of the atmosphere on the territory of 
Kurmangazinskiy region held in October-November in 1997 by AO “Geoteks” 
testifies that the present state of the atmosphere can be described as minimally 
polluted. Breaching the PKD norms according to all analyzing indicators and 
components in the atmospheric air on the territory was not observed. In the region of 
gas condensation deposits of Aksarai an increase of concentrations of hydrogen 
sulfide, nitrogen oxides, that do not exceed the sanitary regulations was also noted 
(Table 1.4.6). 
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Table 1.4.5 
 
Vehicles available in Kurmangazinskiy region on 25.05.1999 (according to the 

data of Kurmangazinskiy rayon administration) 
 

# Type of vehicles Quantity 
 

1. 
2. 
3. 
4. 
5. 

Automobiles 
Tractors 

Motorcycles 
Scooters 

Boats 

2759 
260 
1839 
959 
971 

 
 

Table 1.4.6 
 
Averaged results of measurements for the presence of harmful substances in 

the air (present state), mg/m3 (according to the data of the enterprise 
“Geoteks”, Almaty, 1998) 

 
Name PDK of the 

settlements Location of taking the air samples 

  
Near the 

settlement 
of Asan 

In the 
settlement 
Balkuduk 

In the 
settlement 
of Azgir 

Near 
Aksarai 

Near 
Aksarai 

Dust 
Sulphur 
anhydride 
Nitric oxides 
Hydrocarbons 
Hydrogen 
sulfide 

0,5 
0,5 

 
0,085 
1,2 

0,008 

0,0005 
0,002 

 
0,02 

absent 
absent 

0,0007 
0,005 

 
0,03 

absent 
absent 

0,001 
0,002 

 
0,02 

absent 
absent 

0,0004 
0,002 

 
0,06 

absent 
0,0025 

0,0005 
0,005 

 
0,01 

absent 
absent 

 
Nevertheless, the constant monitoring of the state of the air, performed by 

“Monitoring” LLP in the settlement Zhylandy in Kurmangazinskiy region, shows 
some rise in PDK of hydrogen sulfide in the settlement for 1-2 days every month 
(report of “Monitoring” LLP on the air analysis in the settlement Zhylandy from 
January to June 1999.) Thus, the main components of pollutants in the atmosphere 
of the region are hydrogen sulfide and mercaptans, and the products of combustion 
and exhaust fumes from vehicle engines in addition to carbon dioxide (CO2), they 
also contain sulphur gas (SO2), carbon monoxide CO (carbon oxide), nitrogen 
dioxide NO2 and soot (elementary carbon). 

Despite the considerable emissions, the general level of air pollution from 
the stationary sources in Kurmangazinskiy region is not more than that in Atyrau 
oblast (Table 1.4.7). 
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Table 1.4.7 
 
Level of emissions of pollutants into the atmosphere from the stationary sources 

of Kurmangazinskiy region in 1995-1997, 1999 (thousands of tons) 
 
 

Territory Total emissions per year 
1995 1996 1997 1999 

Atyrau oblast 
Kurmangazinskiy 
region 
% from emissions of 
pollutants in the oblast 

142,78 
1,3 

 
 
 

0,9 

145,7 
21,5 

 
 
 

14,7 

203,99 
21,4 

 
 
 

10,4 

235,0 
21,2 

 
 
 

9,2 
 

Thus, there is a problem of air pollution and contaminating influence of 
hydrogen sulfide on the people’s health in the region away from Aksaraisky gas - 
condensation plant and air pollution of Kurmangazinskiy region which spread from 
the missile experimental range in Ashuluk, these problems demand immediate 
settlement on the state level. 
 

1.4.3. Surface and underground waters 
 

1.4.3.1. Hydrography 
 

The hydrographic net of Kurmangazinskiy region is comprised of by the left-
side branches of the delta of the river Volga which come off from one of the main 
tributaries of the Volga called the Busan. 

These branches of the river have a constant flow of water but some of them are 
shallow and lose connection when the spring floods abate. Some of them are 
completely detached from the river and form a group of lagoons (ilmens) divided by 
a range of berr mounds. 

Utilization of water from of the river Volga in this region would be more 
effective after the construction of some irrigation and water-supplying systems. The 
current Karakolskoye self-flow water supplying system with a flow rate of 5 m3/s. 
and intended for 53 thousand of hectares does not meet all the regional demands. 

As the rivers Kigach and Sharovka belong to the eastern part of the delta of the 
river Volga, their characteristics and their conditions are connected by the conditions 
of the mouth part of the Volga. The mouth of the river Volga, that forms one of the 
biggest deltas in the world, as well as the mouth seashore, is a unique formation of 
nature and has enormous land, water, biological (fish, birds reed woods) and mineral 
(oil, gas) resources. 

The ecological value of the mouth is very significant. The delta of the river 
Volga is a large oasis among the dry and practically vegetation-free deserts and semi-
deserts. The mouth of the Volga contributes to the maintenance of the ecological 
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balance on the vast shifting expanses of the lands and the sea, being a place of 
spawning for numerous valuable species of fish and winter quarters for birds. 

In the interconnected hydrographic system of the river Volga–delta–seashore-
Northern Caspian region-the Caspian sea mouth area plays an important role. On the 
one hand, all natural and man-made changes of flow and  water quality in the Volga 
basin are integrated here, on the other, the changes of the regime (and first of all, the 
level) of the Caspian sea are visible here to the greatest extent. Through the mouth of 
the Volga comes the flow that defines the water and salt balance of the whole sea 
(about 85% of the surface flow into the sea). 

It is possible to conclude that the mentioned above processes in the mouth area 
of the Volga – in the delta and the mouth seashore – play a significant part not only in 
the formation of the natural character of mouth of the Volga itself but of the northern 
part of the Caspian sea as well. 

Among the natural processes that take place in the mouth area of the Volga, the 
most important are interconnected hydro-morphological processes (water dynamics, 
deposits and bottom relief) and the processes of transference and transformation of 
polluting substances. 

These processes, to the largest extent, influence the ecological state in the 
mouth area and the northern part of the Caspian Sea. 

The mouth area of the Volga has been studied more closely than the mouths of 
other rivers of the CIS and probably, of the whole world. Significant research work 
on the Volga mouth has been conducted by Valendinsky V.V. and Apolov B.A., 
Baidin S.S., Linberg F.N., Samoilov I.V. and Scriptunov N.A. In the past 20-30 years 
the scientific workers of the State ocean-geographic Institute, Moscow Geographic 
Institute of Moscow State University, the Institute of water problems RAS, the 
Astrakhan nature reserve and Astrakhan GMO have all taken an active part in studies 
of the Volga mouth. The water regime of the delta and the mouth seashore has been 
comprehensively studied. 

However, despite the numerous research works devoted to the Volga mouth, 
the hydro-morphological processes and the regime of the pollutants remain the least 
studied points. The alluvial regime, the riverbed processes and transformation of the 
morphologico-mertrical characteristics of the water flows of the Volga delta have 
received practically no attention. Also the regime of pollutants, and their 
transformation of the mouth seashore, remain almost completely unstudied. 

Unfortunately, in the past 10-15 years the amount of the research works in the 
Volga mouth has decreased dramatically, the studies of the pollution of the delta 
water flows and the mouth seashore were more or less stopped, and the studies in the 
Northern Caspian region were conducted sparadically. 

Previous studies of the water flow regime in the delta, redistribution of the 
water flow along the delta waterways, and the regime of the mouth flow way require 
serious verification due to economic activities, landslides, deepening of the river 
branches, construction of ship and fish canals on the seashore, the outcomes of the 
river flow redirections, etc.) and, mainly, the effects of the considerable and rapid 
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changes of the Caspian Sea level on the processes in the area of the mouth of the 
Volga. 
 

1.4.3.1.1. Size and boundaries of the mouth area of the Volga 
 

The mouth of the Volga (Figure 1.4.1) is one of the world’s largest, at present 
it occupies about 49000 square kilometers and consists of the delta (11000 km2) and 
the mouth seashore (38000 km2). 

Formerly, the delta of the Volga was divided into three big parts: the delta 
itself (with an area of 10400 km2), the eastern (2600 km2) and the western (6000 km2) 
regions of sub-steppe ilmens. Some verifications were carried out by Rybakov 
V.C.concerning the delta division and the estimates of the area of its parts with the 
accounts of occurrent natural processes. The area of sub-steppe ilmens has decreased 
considerably, their eastern region was excluded from the delta area and included into 
the part of sandbank zone of the mouth seashore. 

On the whole, according to Rybakov, the area of the delta itself is 8600 km2, 
and the area of the western sub-steppe ilmens is 2400 km2. 

The top of the modern delta of the Volga is considered to be the knot of the 
left-side big branches of the Busan, 50 km from the town of Astrakhan. The length of 
the delta along the shortest waterway from its top to the mouths of the Igolkin, 
Belinsky and Gandurin banks is correspondingly 125, 135 and 150 km; that is, it 
increases significantly from east to west. 

For the sea edge of the delta, the boundary between the above-water delta 
territory and the mouth seashore, regarding the average annual flow of the water in 
the top delta of 90% supply (about 6000 km2) is taken into account. The water 
expenditures close to this are noticed mostly in the iceless period. The length of the 
delta sea edge is about 175 km. 

The eastern boundary of the Volga delta stretches along the left-side branch of 
the Buzan and down along the riverbed branch Akhtuba; the flow from the Kigach 
and Sharonovka come to the sea edge of the delta. The western boundary of the delta 
itself (excluding the western sub-steppe ilmens) goes along the right bank of the 
Bakhtemir branch and up to the exit into the mouth of the seashore. 

For the eastern boundary of the mouth, the seashore is taken using the line 
from the Dzhanbaisk-Novinsky isles in the north up to the northern point of Kulaly 
isle in the south, with a length of about 150 km. This line serves as the boundary 
between the eastern and western parts of the Northern Caspian (the length of this line 
is about 225 km). For the southern (sea) boundary of the mouth seashore (as well as 
the whole mouth area) the intermediate location of the glade (isogale) of 11,6% 
(90%) of the average salinity of the Caspian sea waters) is taken. It is situated 15-30 
km to the north away of southern boundary of the Northern Caspian region, on the 
iso-gypsum about 42m below sea level. The width of the seashore along the sea edge 
of the delta is 175 km, and along its south (sea) boundary is about 215 km. 

In the mouth of the Volga there is a vast sandbank zone, with an area of about 
10000 km2, adjoining the sea edge of the delta. This zone is sometimes incorrectly 
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called avan-delta or the underwater part of the delta. The length of this zone from the 
sea edge of the delta of the sandbank zone (iso-gypsum -30 m BS) is 35-50 km. 

To the south of the sandbank zone is the near-depth zone of the seashore. 
The length of the boundaries between these zones of the seashore is about 180 

km. 
The area of the aquatoria of the near-depth zone is 27600 km2 and the total area 

of the whole Volga mouth seashore is about 37600 km2. It is necessary to point out 
that the influence of the Volga waters on the salinity and hydro chemical 
characteristics is spread far beyond the above mentioned southern and eastern 
boundaries of the mouth seashore, particularly, onto the eastern part of the Northern 
Caspian region and the coastal western region of the Middle Caspian. 
While calculating the water balance, weighed substances and pollutants for the 
southern boundary of the near-depth zone are taken symbolically to simplify the 
calculations, for the situation of the isobar 10 meters of the average sea level -28,0 
(iso-gypsum -38 m). The aquatoria area of this part of near-depth zone of the 
seashore, from the area of iso-gypsum at -30 m to the isogypsum at -38 m) is about 
18000 km2. 
 

1.4.3.1.2. Morphology and hydrography of the delta of the river Volga 
 

The modern delta of the Volga is an inclined to the sea valley with height 
marks of about - 20 m BS in the top part of the delta and about 26,5 m below sea 
level at its sea edge. The sea edge of the delta in the past decades up to 1991 (that is, 
with the sea level of below -27,3 m BS) was practically stable both in the plan and in 
the height marks). In 1991 the gradual submission of the delta and the movement of 
the sea edge in the direction of the shore with the lifting of its height marks began due 
to the continuous rise of the Caspian Sea. 

The morphology of the delta is closely connected with the structure of its 
hydrographic net, formed by a very complex system of water flows that comefrom 
the 5 biggest delta branches of the Busan, Boldy, Kamyzyak, Old Volga and 
Bakhtemir (from the east to the west) (Figure 1.4.2). 

Relief. According to the morphology the delta of the Volga can be divided into 
3 zones, working from its top to the sea edge. 

The highest zone of the delta (about 60 km long down the channel) with the 
lowest a little to the south of the line Astrakhan-Krasny Yar, the most ancient with 
average points of territory higher than -23,5 m BS. 
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Figure 1.4.1 The mouth region of the Volga delta 

Figure 1.4.2 The hydrographic net and division of the delta and sandbank 
zone of the Volga mouth seashore (according to Polonsky V.F.and others. The 

mouth region of the Volga, M., GEOS, 1998) 
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It is characterized by the relatively simple structure of the riverbed net. The 
middle zone, 40-60 km long, stretches to the south of the higher zone approximately 
to the line Olya-Karalat-Zelenga-Bolshoi Mogoi-Kotyaevka, near the location of the 
former collapse of the depths by the sea edge of the delta that was formed with the 
high sea level in the18th century (about -24+25 m BS). 

This zone is characterized by the fork net of large developed water flows 
connected with each other by a limited quantity of dying side branches. The lower or 
the near-sea zone of 20-40 km long stretches from the middle zone to the south up to 
the sea edge of the delta. This zone was formed mainly in the 19th and early 20th 
centuries, in the period of relatively stable sea level. This zone is characterized by 
extreme disunity of the riverbed net, interchange of the places of branching and 
confluence of the water flows and the active redistribution of flow among them. This 
zone is connected to the modern sea edge of the delta, where the processes of barro-
formations, disunity of water flows and the mouth region take place. 

Further to the dumping of the depths near the ancient sea edge of the delta (the 
modern sea mouth barr) with the marks of -28-30 m the semi-inundated and 
inundated parts of the cone of the Volga stretch out, where the ancient forms of the 
relief combine with the modern ones. At present this zone plays the role of the 
sandbank mouth seashore. 

In the delta there are lots of smaller lowlands, occupied by lakes, ilmens and 
staritsa. 

To the higher relief elements of the delta we refer the near bed banks along the 
water flows of 2-3 m high in the upper part of the delta and of 0,3-0,4 m in the lower 
alluvial beds (the former mouth spits of land) of 2 m high, sea beds (the former sea 
isles) and hillocks of Berr. The hillocks of Berr, as a rule, are oriented in the latitude 
direction from the east to the west and have a length of 0,5-3 m, a width of 100-500 
m and a relative height of 2-12 m. In the upper zones of the delta there are no hillocks 
of Berr, in the middle part there are more than 400 of them, and in the lower part 
there are just a few. In the Volga deltathere are a number of terraces, the tops of 
which are close to MKD that correspond to the periods of relatively stable sea level in 
the past. 

The hydrographic net of the Volga delta is formed by a very complicated 
system of water flows and water bodies (Figure 1.4.2). 

This complex hydrographic net and the rich vegetation characteristic of it make 
the landscape of the Volga delta a peculiarity, and, have turned it into an oasis with 
the background of adjoining similar flat saline semi-deserts and deserts, practically 
deprived of any water bodies and vegetation. 

There is no other delta on Earth with a more complicated hydrographic net than 
that of the Volga. The water flows of the delta are introduced by prominent branches, 
smaller branches, waterways and eriks, and banks. Spread among many of the water 
ways are near bed hillocks formed by sand and sub-sand soils and, as a rule, covered 
by woods. 

Some of the water flow of the delta is the mouth seashore spread of natural 
furrows or deep man-made ship and fish canals. 
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Among the delta water bodies there are lagoon ilmens of not more than 1-2 m 
in depth, situated between the hillocks of Berr in the eastern and western parts of the 
delta; kultuk ilmens with a depth of not more than 0,5-1,5 m, formed  out of the small 
bays (kultuks) in the sea edge of the delta. 

The riverbed net of the Volga delta is extremely dense. The density coefficient 
of the river net in the top part of the delta is 5-7 km/km2. The number of the delta’s 
water flows constantly changes. The number of water flows in the direction to the sea 
increases due to the cut done in the periods of relative stability of the sea level and 
noticeably decreases in the periods of its abrupt fall. 

The Busan system is the biggest of the individual riverbed systems of the 
Volga delta. This system coveres almost half of the delta area and half of its water 
flows. The Busan system is supplied by water through the branch of the Busan that 
starts at the top of the delta, as well as through Akhtuba and the temporary water 
flows of the Volga-Akhtubin river current.Within the Busan system the Volga water 
flows are distributed in the following direction: Busan-Kugach-Sumnitsa Broad-
Igolkin Bank; Basan-Shmagin-Shaga-Bushma-Belinsky Bank. 

The Buldy system by area, takes the second place in the Volga delta after the 
system of Busan. However, its hydrographic net, due to the cessation of many water 
flows, is more complicated. The main directions of the water flow in this system are 
Krivaya Bolda, Pramaya Bolda-Bolshaya Bolda-Trehizbenka with the outcome into 
the Tishakovsky canal; Bolshaya Bolda-Bolshaya Chernaya-Krylatsky Bank; 
Rychan-Sukhoi Rychan with the outcome into the Tishansky canal. 

The Kamyzyak system takes a narrow line in the western part of the delta. The 
main waterflow directions in the system: Kamyzyak-Rytyi Bank; Kamyzyak-
Nikitsky Bank. 

The system of the Old Volga includes the main water flows: the Old Volga-
Kanych-Ivanchug-Gandurino- Gandurinsky Bank; The Old Volga-Birul-Gandurino. 

The system of Bakhtemir occupies a comparatively small area but quite a large 
water volume. The branch of Bakhtemir starts below the fork of the Old Volga from 
the main riverbed of the Volga. The riverbed net of the system of Bakhtemir is rather 
sparse because of the collection of the flow in the main direction, the continuation of 
which on the mouth seashore is the Volga-Caspian region, the main navigable exit 
from Volga into the Caspian Sea. 

Morphology and hydrography of the mouth seashore of the Volga. The 
most characteristic features of the mouth seashore of the Volga are its huge size and 
extremely shallow waters. 

The shallow-watered near-delta part of the mouth seashore with the length of 
35-50 km from the north to the south and the depth of 1,5-2,5 m is a wide slightly 
inclined to the sea platform. It is the submerged part of the delta formed at the lower 
sea level. 

The flat relief of this part of the seashore is complicated by its numerous 
sandbanks and isles, natural furrows and artificial ship and fish canals, and also spits 
of soil along the canals. The total number of the canals through the seashore zone is 
28. Among them is the Ganushkin canal of 50 m long. From the side of the sea the 
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sandbank part of the seashore is outlined by an underwater see barr, formed by fine 
sand and split shells. 

Climate. The continental dry climate is characteristic for the mouth region of 
the Volga. The air temperature is very changeable. The warmest month in the mouth 
region of the Volga is July. Its average temperature is over + 25 0C. The maximum 
temperature of the air in July may reach +38 0C. The coldest month is January. Its 
average temperature is -6-7 0C. The minimum temperature of the air in January can 
go down to -28 0C. 

The amount of precipitation in the mouth of the Volga is not big. The biggest 
annual sums of precipitation (180-200 mm) are characteristic for the edges of the 
seashore part of the delta, the smallest (140-150) for its central part. The bulk of this 
precipitation falls as rainin the summer period (from May to September). Snow 
usually falls in December- February; the snow layer is no more than 20 centimeters. 

Excessive wind activity is characteristic of the mouth region of the Volga. The 
most frequent winds are easterly (58,4 %), westerly winds are much less common 
29,3%. 

The evaporation in the mouth of the Volga depends on the character of the 
overlying surface. The average annual amount of evaporation from the water surface 
is about 634 mm. The evaporation from the thick layers of the marsh vegetation 
reaches 1400 mm. From the wood grounds and dense bushes, as well as from the 
agricultural fields the evaporation is about 500 mm. The amount of evaporation is 
insignificant from the surface of the Northern Caspian region. The annual amount of 
evaporation is more than 900 mm; the greatest amount occurs during the period of 
June-September (from 130 to 150 mm a month). 

Due to the excess of evaporation over the precipitation, loss of water flows 
constantly occurs in the mouth of the Volga. 

Thermal and ice regimes. As characteristics of the modern thermal and ice 
regimes in the mouth region of the Volga the most prominent data are noticed in the 
following parts: Vernye Lebezhye, Satrakhan, Krasny Yar, Kamyzyak, Bolshoi 
Mogoi, Kotuevka, Olya, Karaulnoye, Zelenga, isles of Tuleny, Skatny and Kulaly. 
For the water temperature in the delta and the seashore the seasonable and location 
changeability are characteristic, besides, the water tempersature in the delta is 
influenced by the riverbed vegetation. 

The highest average monthly temperature of the water in the delta is noticed in 
July-August (over +25 0C). To the south this temperature increases to -24 0C. 
Maximum temperature occurs in July, when it is +28-29 0C. On the seashore the 
water temperature is noticeably higher than in the delta in every season of the year. 

The flow regulation caused in the delta the earlier dates of the water 
temperature changes through 0,2 0C in spring and the later dates of changes through 
0,2 0C in autumn. 

Ice formation starts in the delta of Volga under natural conditions in late 
November-early December. The clean-up of the water flows from the ice was noted 
in late March-early April. 
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The flow regulation led to the later dates of ice formation, the noticeable delay 
of the beginning of ice drifting and earlier dates of the spring drifting and ice clean-
up. 

On the seashore the ice events start in autumn earlier than in the delta. The ice 
thickness usually does not exceed 30-50 centimeters. 

Vegetation. Despite the dry climate, the water abundance defines the richness 
of the vegetative surface. For the higher zone of the delta predominance (up to 51% 
of the area) of meadow vegetation (sereal, feather and wide leaf grass) are 
characteristic; in the middle zone of the delta they are meadow and water-marsh (reed 
and rogoz) types of vegetation. 

The lower zone of the delta is occupied mainly by reed, rogoz, nimpheinik, 
hedgehog heads, susak and rdest. 
 

1.4.3.1.3. Regime and balance of the pollutants in the delta 
 

The river Volga is the main source of polluting substances into the mouth 
region. As a control folding point to calculate the amounts of pollutants, part of the 
river net OGSN at the top of the river (the settlement Verkhneye Lebyazhye) has 
been selected. 

The delta pollution level depends on the balance of pollutants from different 
sources, the degree of their assimilation in the delta and their distribution to the 
regions of sandbank and near-depth zones of the mouth seashore. 

The pollutants arriving in Verkhneye Lebyazhye are shown in the Table 1.4.8. 
Distribution of the throw of pollutants in the flow waters along the individual 

branches in the delta is uneven: their main part comes into the flows #2-4 in the delta; 
and in the branches # 4, 1 and 5 the throw of the flow waters does not influence the 
water pollution level (Tables 1.4.9, 1.4.10, 1.4.11). 

Generalization of the place data shows that the systems of water flows in the 
Volga delta differ according to the degree of turbidity. Maximum water turbidity (to 
150 g/m3) in the flooding period is characteristic for some branches in the systems of 
Bakhtermir, Boldy and Busan. The average monthly load of the Volga waters with 
weighed particles at the top of the delta is 60 g/m3. 

Maximum turbidity is noted along the Bakhtermir, the main riverbed at the 
Busan and its western branches. All the other branches have a turbidity practically 
coinciding with that at the top of the delta, namely of the rivers Kigach and Sharon 
(Figures 1.4.3, 1.4.4). 

On the whole, the increase of concentrations of oil by-products, phenols, SPAV 
in the western part of the delta is marked mainly in the branch of Bakhtermir, with 
the entrance of the industrial and waste waters of Astrakhan and dumping from ships. 

In nearly all the water flows, except for Bakhtemir, a decrease of the weighed 
substances is noted; this makes it possible to indicate the collection of pollutants in 
the water flows and a possible increase in pollution in the Northern Caspian region in 
extreme situations that cause the delta washing. 

The main pollutants thrown into the delta water flows are phenols, oil products, 
heavy metals (copper, zinc), SPAV and organic substances. 
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Table 1.4.8 

 
Distribution of the average throw (over many years) of dissolved pollutants from 

the settlement Verkhneye Lebyazhye along the individual flows in the Volga 
delta 

 
Substance Individual branches 

# 1 # 2 # 3 # 4 # 5 Total; 
HY, thous.  
Phenol, ton 
SPAV, 
thousand 
tons 
BB, thousand 
tons 
Cu, t 
Zn, t 
A-GXTSG,t 
G- GXTSG,t 
DDE, kg 
DDT, kg 

22,9 
251,6 
1,43 

 
 

3759,0 
 
 

721,9 
1789,9 
1308,0 
993,5 
247,1 
1172,6 

17,61 
194,7 
1,11 

 
 

3906,0 
 
 

551,2 
1383,6 
1005,8 
767,5 
191,2 
906,7 

 

5,21 
57,5 
0,33 

 
 

858,5 
 
 

162,8 
408,6 
297,3 
226,9 
56,3 
267,5 

 

17,9 
197,0 
1,13 

 
 

2948,0 
 
 

558,3 
1402,8 
1019,8 
779,4 
193,5 
918,4 

 

7,6 
83,8 
0,48 

 
 

1251,1 
237,4 
595,5 

 
 

433,3 
330,4 
81,8 
390,5 

71,22 
784,6 
4,47 

 
 

11722,6 
 
 

2222,6 
5580,4 
4057,0 
3097,7 
769,9 
3655,7 

 
 

Analysis of the data on the throw shows that along the with the waste waters, 
the dumping of the organic and weighed substances, including ammonium nitrate has 
increased, and that of phenol and sodium nitrate  has decreased: the change in the 
amounts of the dumping of by other ingredients cannot clearly be observed. 
The main water arteries of the flow in the western part of the Volga delta are Kigach, 
situated on the territory of Kurmangazinskiy region, and its branches, the second-rate 
branch, the river Sharonovka, situated to the north-east of the Kigach. The 
waterways, canals, eriks and other branches of the 3, 4, 5th rating of the flow are 
numerous. 

Such excessive water supply of the southern part of the region is connected 
with the general tendency of increase and redistribution of the flow of the river Volga 
to the left-side and intensive submergence of its delta from the sea side. These 
processes combined now pose a serious danger of the total submergence of the 
biggest part of Kurmangazinskiy region. 

As the maximum flow of the spring flooding on the rivers Kigach and 
Sharonovka and other waterways occurs at the same time, submergence takes place 
on the whole territory. The high water is noted for 30-40 days. Any trespasses in this 
period of time are not possible. Taking into concideration all these factors, we can 
make a general conclusion that there is no practical sense in subdividing the rivers 
and branches of Kurmangazinskiy region into water security zones and lanes; but, at 
the same time, it is necessary to study all the possible sources of pollution regarding 
the submerged areas in Kurmangazinskiy region and on the whole Caspian seashore. 
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1.4.3.2. The hydrogeological state of the territory of Kurmangazinskiy region 

 
1.4.3.2.1. Hydrogeological conditions of the regional territory 

 
The territory of Kurmangazinskiy region is situated in the near-Caspian 

artesian basin, adjoining the land depression of the same name. The territories are 
formed under complicated geology-structural and physico-geographic conditions and 
are characterized on the whole by a stagnate hydro-geological regime. Among them 
there are subsoil and pressure waters, that are included into the water flow horizons 
and complexes and highly mineralized by their quality. 

The fresh waters are situated in the lenses of the very top parts of the 
geological cut in the quarter deposits. 

The water flow quarter deposits of different ages and genesis are primarily of 
sand-clay content, and are characterized by the absence of consistency in the strength 
and spread of water-stressed sub-layers. Therefore, they are presented as a unified 
water complex of the sub-soil waters, in the lower part of which the local conditions 
of pressure are created. 

The water flow horizon of the modern soros deposits (1Qiv) has a limited 
space of coverage; it adjoins the modern aolic windblown hollows, occupied by 
soros. Water containing minerals almost everywhere have a mainly loamy content. 
More often they are formed by porous silty loams and supeses, interlaying with clays 
and fine sands. The waters of the horizon are not underpressure. The heavy loams and 
clays of the khvalynsk and khazar periods serve as a water pressurisor. The horizon is 
characterized by a rather low water supply. The wells that use its waters have flows 
of about the tenth or hundredth shares of the liter per second and only in some cases 
reach 0,5-0,6 l/sec with the drop of the water levels by 1-2 meters, as a rule, waters of 
the horizon in all sorrs are highly mineralized. Their mineralization changes from 50 
to 140 g/l and even higher. Supply of the water horizon is performed by unloading 
here lower-laying water flow complexes (formations) and partially by atmospheric 
precipitation. Large amounts of fluorine, bromine and iodine get into the horizon 
from the lower-laying water flow complexes. 

The water flow horizon of high-quarter aolic modern deposits (VQiv) is 
widely spread. It is formed by thin and fine grey and yellow aolic sands and by 
grayish supes that lie on the Khvalynsk deposits. There is no water pressure between 
them, their waters are hydraulically connected and form a unified water flow horizon. 
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Table 1.4.10 
 

Results of the water analysis of the river Kigach for the first half 
of the year 1999 (according to “Monitoring” LLP) 

 
Definition Months 

January February March April May June 
NH4

+ 
NO2 
NO3 
COD 
O2 
% 
BOD5 
CO2 
H2S 
Ca2+ 
Mg2+ 
Toughness 
CI- 
HCO3

- 
Phenols 
SPAV 
Oil 
products 
SO4

2- 
Fe general 
Fe+ 
Fe+ 
Phosphorus  
General 
Phosphorus 
mineral 
Silicon 
Fluorine 
Weighed 
pH 

0,038 
0,033 
1,19 
25,3 
12,5 
85 

2,62 
6,1 
0 

46,9 
16,8 
3,73 
41,0 
135 

0,001 
0,02 
0,04 

 
48,2 
0,16 
0,1 
0,06 
0,03 

 
0,01 

 
2,8 
0,21 
29,5 
7,6 

 

0,02 
0,02 
1,17 
23,5 
16,2 
111 
2,92 
5,0 
0 

46,2 
20,5 
4,1 
20,5 
143 

0,001 
0,02 
0,04 

 
58,8 
0,25 
0,1 
0,15 

0,043 
 

0,035 
 

1,5 
0,24 
13,9 
7,6 

 

0,1 
0,033 
0,64 
24,2 
12,2 
83 
2,8 
0 
0 

44,5 
10,58 
3,09 
19,0 
132 

0 
0,03 
0,07 

 
42,3 
0,46 
0,17 
0,29 

0,015 
 

0,01 
 

1,5 
0,54 
65,0 
7,6 

0,335 
0,072 

1,5 
18,86 
10,6 
89 
2,2 
0 
0 

44,89 
9,48 
3,02 
21,0 
193 

0 
0,02 
0,03 

 
56,2 
0,12 
0,04 
0,08 

0,013 
 

0,01 
 

2,1 
023 
88,9 
7,6 

 

0,3 
0,039 
1,19 
32,0 
12,3 
139 
2,4 
0 
0 

54,3 
14,11 
3,87 
25,2 
158 

0 
0,05 
0,12 

 
37,56 
0,16 
0,1 
0,06 
0,03 

 
0,01 

 
3,2 
0,25 
44,0 
7,6 

0,103 
0,02 
0,31 
26,2 

8,989 
106 
2,02 

0 
0 

39,88 
11,19 
2,91 
26,0 
155 

0 
0,03 
0,05 

 
13,93 
0,14 
0,1 
0,04 
0,03 

 
0,01 

 
3,2 
0,2 
46,3 
7,6 

 

257 
 



Table 1.4.11 
 

Results of water analysis of the river Sharonovka for the first half of the year 
1999 (according to “Monitoring” LLP) 

 
Definition Months 

January February March April May June 
NH4

+ 
NO2 
NO3 
COD 
O2 
% 
BOD5 
CO2 
H2S 
Ca2+ 
Mg2+ 
Hardness 
CI- 
HCO3

- 
Phenols 
SPAV 
Oil 
products 
SO4(2-) 
Fe general 
Fe+ 
Fe+ 
Phosphorus  
General 
Phosphorus 
mineral 
Silicon 
Fluorine 
Weighed 
pH 

0,038 
0,033 
1,28 
24,5 
12,3 
84 

2,58 
5,65 

0 
46,0 
16,8 
0,65 
44,4 
141 

0,001 
0,02 
0,03 

 
42,3 
0,16 
0,1 
0,06 
0,02 

 
0,01 

 
2,4 
0,3 
28,2 
7,6 

 

0,02 
0,02 
0,334 
22,5 
15,8 
108 
2,75 
5,15 

0 
48,3 
20,6 
4,2 
17,0 
145 

0,001 
0,02 
0,03 

 
68,6 
0,16 
0,1 
0,06 
0,033 

 
0,02 

 
1,3 
0,24 
21,9 
7,6 

 

0,052 
0,02 
0,53 
24,6 
12,3 
84 

2,85 
0 
0 

39,88 
11,19 
2,91 
19,0 
134 
0 

0,03 
0,1 

 
40,2 
0,27 
0,12 
0,15 
0,02 

 
0,01 

 
1,5 
0,18 
62,3 
7,6 

0,142 
0,039 
1,2 

30,18 
10,3 
87 

2,32 
0 
0 

40,08 
11,55 
2,95 
48,0 
187 

0,001 
0,02 
0,03 

 
51,8 
0,12 
0,04 
0,08 
0,095 

 
0,085 

 
2,3 
0,27 
88,5 
7,6 

 

0,15 
0,072 
1,49 
31,5 
11,9 
135 
2,25 

0 
0 

53,51 
14,23 
3,84 
20,0 
165 
0 

0,05 
0,15 

 
34,67 
0,16 
0,1 
0,06 
0,03 

 
0,01 

 
4,5 
0,2 
42,3 
7,6 

0,07 
0,06 
0,35 
25,7 
8,69 
103 
2,12 

0 
0 

38,46 
11,19 
2,84 
28,0 
150 
0 

0,03 
0,05 

 
27,44 
0,14 
0,1 
0,04 
0,05 

 
0,01 

 
4,0 
0,2 
45,2 
7,6 
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Figure 1.4.3 Schematic map of the turbidity of water flow in the Volga delta with 
the average turbidity of the river near the settlement Verkhneye Lebyazhye 20 

gr/cm2 1,2 – water turbidity, gr/cm3: 1- 25,2 – 25 
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Figure 1.4.4 Schematic map of the turbidity of water flows in the Volga delta in 
the period of flooding with the average turbidity of the river near the settlement 

Verkhneye Lebyazhye 60 gr/cm2 1,3 – water tubidity, gr/cm3: 
1- 50, 2 51- 100, 3 - 100 
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The capacity of the aolic deposits fluctuates from shares of meters on the flat 
lands to 5-15 meters on the hillocks and sand hills. The capacity of the water flow 
supplied part of the sands does not exceed 5 meters. The depth of the occurrence of 
the water-mirror changes from 0,5 to 2 meters in lowlands (the windblown hollows) 
up to 6 meters on the hillocks. 

Thin and fine grained metrical content of the aolic sands define a low water 
return. Debits of the water points fluctuate from thousands of shares to 0,4-0,5 l/s. 
Mineralization of the waters fluctuate in the limits of 0,5-3 g/l and really is higher 
than that. On vast areas fresh waters are found in some places in the forms of lenses 
flowing on the saline ones and their capacity averages from 0,3 to 0,8 m. On lands 
with stable uneven sands, waters are slightly saline with dry residue of 3 mg/l. By the 
chemical content the fresh waters mainly contain hydrocarbon sodium, and the 
slightly saline to chloride-hydrocarbons sodium and sulphur-chloride sodium. 

Autumn-spring rains are the main source of underground water of the aolic 
massifs. The underground waters contain harmful substances and chemical elements 
in minimum amounts, and as a rule, they do not exceed PDK for drinking water. 
Under soil waters of the aolic deposits of sand massifs are widely used for 
agricultural water supply. They are exploited through wells which cover the higher 
part of the water flow minerals, that is, lenses of fresh waters. These waters are 
utilized for economic and drinking purposes without any purification. 

The water flow horizon of the high-quarter sea khvalynsk deposits 
(QIIIhv) is widely spread in the northern part of the territory of Kurmangazinskiy 
region. As water flow minerals in the higher part of the cut are loams, interlaying 
with supes and clays, in the lower with supes and sands. Loams and clays of the 
khazar age serve as a water pressure. Waters of the khvalynsk deposits lie on a vast 
territory, right on the water-supplied middle-quarter sea khazar deposits, and form 
with them a hydraulically connected water flow thickness divided in accordance with 
water pressure inter-layers of clays and loams foe several water flow layers. The 
general capacity of the deposits under study fluctuates from 3 to 40 meters. 

The water abundance of the higher-quarter khvalynsk deposits is low. Debits of 
the wells and non-deep drills comprise tenth and hundredth of a liter per second. 
Maximum quantities reach 0,6 l/s. with a drop in water level of 6 meters noted in the 
places where the waters of the described water flow horizon of hydraulically 
connected with the waters of themiddle-quarter khazar deposits. The coefficients of 
the sand and supes filtration fluctuate from 0,4 to 5 m. In the zone of for the same 
minerals the filtration coefficient are 0,18-0,3 v/day. 

Mineralization of the waters of the high-quarter deposits fluctuate with wide 
range from 1,7 to 80 g/l. Mineralization of the waters in the water flow horizon 
increases from the top to the bottom. In the upper, saline waters lenses of fresh and 
slightly salty waters with mineralization up to 3 g/l are formed. The capacity of the 
distilled water layer rarely exceeds 2-3 meters, and the sizes of some lenses in the 
plan fluctuate from several 100 m2 to 1-2 km2. Mineralization of the water in lenses 
undergoes some seasonal changes: after the snow melts it is at its lowest level, and by 
the end of the summer, as a result of evaporation and intensive water withdrawal, it is 
at its highest. Annual amplitude of fluctuations of the water level in hollows is about 
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1 meter, and on the valleys is 0,5-0,6 meters. The maximum level is noted at the 
beginning of the summer, and the minimum in the middle and the end of winter. 

The chemical content of highly salty and saline waters is mostly chloride-
sulphur natrium and natrium chloride. In lenses hydrocarbon magnesium-calcium or 
mixed with the prevalence of chlorides and sulphurs prevail. In the waters of the 
khvolynsk deposits as micro-components include iodine (3-14 mg/l) and bromine (1-
78 mg/l). Supply of the waterflow horizon is performed by atmospheric precipitation 
(melted snow waters) and by the nearby water complexes. 

Water from the fresh and slightly salty lenses is widely used by the local 
population as a supply of drinking water and water for the cattle. They are exploited 
by mining wells. No improvement of the water quality is carried out. 

The water flow horizon of the middle-quarter sea khazar deposits (Q1hz), 
water flow horizon of lower-quarter sea Baku deposits (Q1b), water flow 
complex pliotzen deposits (N2) have extremely limited spread. They adjoin the 
wings of the saline domes. The common point in all of them is that their waters have 
very high mineralization. Supply of the horizons is through the discharge from the 
lower situated complexes. In this water, high levels of fluorine, bromine and iodine 
have been noted. 

The water flow complex of the Jurassic-Cretaceous deposits and water 
flow complex of permsky deposits lie in the big amounts and met practically 
everywhere. To the surface the minerals of the Jurassic-Cretaceous and permsky 
complexes come only in the range of 3 saline-domed structures in the center and in 
the west of the aria and have an extremely limited spread. The water of these 
horizons is highly-pressured and mineralized to 331 g/l, their temperature reaches 75 
0C, sometimes 100 0C. In these waters the content of boron is 109,7 mg/l, bromine -
242 mg/l, iodine – 45 mg/l, ammonium -84 mg/l and strontium -99 mg/l. 

Supply of these water flow complexes is performed far beyond the boundaries 
of the area, in the edge parts of the Near-Caspian lowland, unloading – horizons of 
the modern soros and particularly high-quarter khvalynsk deposits. These waters may 
be of interest. for search of economic iodine-bromine and thermal waters. 
 

Utilization of the underground waters 
 

The water supply of pastures and drinking water for cattle on the territory of 
Kurmangazinskiy region uses 250 wells, that collect underwater of the sand massifs. 
Their waters are fresh and salty, debits of the wells are from thousands of shares to 
0,1-0,5 l/sec. The capacity of the water supplied zone does not exceed 2-5 m. Active 
utilization of water lenses of sand massifs leads to drawing the underlying saline 
waters. 

The supply of fresh water comes from atmospheric precipitation of the autumn-
spring period. The deposits are more abundant in the spring period. By the autumn 
period the levels drop and debits of underground waters, their mineralization 
increases and collection of toxic substances take place. Saline waters in the region are 
not used. 
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1.4.3.2.2. Pollution of the underground waters 
 

Research work carried out by “Geoteks” LLP (1998) in the northern part of the 
territory of Kurmangazinskiy region characterized the waters of the zone of saline 
waters, the background of prominent mineralization (to 520 g/l) are noted high (to 10 
MPC “Fresh waters”) contents of nitrogen, uranium, fluorine and local considerable 
concentrations of radio nuclides. 

For the waters on the location of saline domes, especially those connected with 
the tectonic misbalance a rise in the concentration of oil products of natural origin in 
the contents higher MPC by 3-10 times was noted (Table 1.4.12). 

The raise of bromine concentrations in the waters exceeding MPC is exploited 
by the natural genesis. It is significant that the natural excessive contents of fluorine 
characterize inter-dome spaces. 

Excessive amount of nitrogen containing substances are noted in some wells. 
This rise is connected with poor sanitary conditions. The most dangerous ten times in 
excess of MPC of the nitric contents in the water of the wells in the settlements of 
Ushtagan and Asan, with a large population. Studies of fresh lenses showed the 
absence of this pollutant. 
 

1.4.4. State of the land and geological environment 
 

In its structural respect the territory of Kurmangazinskiy region adjoins the 
southern part of the Near-Caspian sineclise, a vast land depression, where the crystal 
basis is at a depth of 10 thousand meters and covered with a thick layer of Mesozoic-
Cenozoic deposits. Sea high-quarter modern residues are widely spread on the 
surface. 

The whole Near-Caspian hollow has characteristic significant amounts (over 
1500) of saline domes, which almost always contain a saline core (nucleus). Their 
slopes are broken by radial and cone-like throws. The core of the domes often rises 
over the surface of the marine valley, taking to the day surface deposits of the 
Paleozoic and Mesozoic periods. 

With the appearance of the saline tectonics in this region are connected the 
outcomes of ancient minerals that form a number of assented lots of denudaic valleys. 
Such lots are situated near the settlement of Azgir, 40-60 km to the east-south-west of 
the north-western boundary of the region. A small dome is situated in the central part 
of the region, 50 km to the north-west of the settlement of Sazdy. 
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On the domes the most ancient minerals are from the of the permsky, Triassic, 
Jurassic ages (P.T.J.), they are multicolored clays, sands, sandstone, gypsum, salt, 
alevrolits, mergel, limes. The capacity of the deposits is over 2500 meters. The 
deposits of construction stone are connected with the outcome of these materials. On 
all the domes the outcomes of deposits of the ansheron (ansheponsky) layer of 
neogenics, mainly fine sands with the interlaying clays with the capacity of 150-200 
meters, of Baku and khazar of quarter system layer, sand-clay thickness with the 
capacity up to 60 meters, can be seen. 

Deposits of the khvalynsk layer of the quarter system are widely spread across 
the region. They lie on the washed surface of the khazar and more ancient deposits. 
Khvalynsk deposits are brown loams and clays, light brown sands with interlaying 
supes and loams. The deposits are often saline to different degrees. Capacity of the 
deposits is 10-15 meters. Sand facii of the khvalynsk deposits on the territory of the 
region were strongly exposed to winds. 

Along the seashore in the interval of absolute height, from -22 to -28 m are 
spread marine new-Caspian modern deposits, in the form of sands and cockle-shell. 
Capacity of the deposits is 3-5 meters. 

Deposits of soros, widely spread in all the area, are introduced by loams, supes, 
silts of dark colors and fine sands. The deposits have undergone gypsumizing and 
salting, they contain salt crystals and are often covered by salty crust. Capacity of the 
deposits is 1-4 meters. 

The region under study is lacking in mineral resources. Only 9 deposits of 
building materials can be found here. 

In the north part of the region there are two places with building stone deposits, 
they are Azgirskoye and Beschkinskoye, situated in 40 km to the north-west of the 
settlement Kashalak. 

The Azgirsky has limes of fine grained, rarely of crystal or porous structures. 
They form a hill of 150 meters wide and 400 meters long that stretches from south-
east to north-east. The layers are inclined to the north-east, at the angle of 7-8 
degrees. Capacity of the limestone layer is from 6 to 40 meters. The limestone has the 
following physical and mechanical characteristics: specific gravity is 2,71, volume 
gravity is 1,52, porosity is 7%, water absorption is 2,4%, durability limit for dry air 
compression is 605 kg/cm2 and for water containing is 197-658 kg/cm2, frangibility is 
9,0, depreciation is 25 g/cm2, amortization resistance – 16,9%. Due to its being non-
frost resistant (test for protection is 3,3%), it can not be used as the wall material 
without plastering the exterior walls. The capacity of the deposits has not been 
calculated. With the prospects of further exploration the area of the deposits may be 
expanded. 

The Beschokinsk location of deposits has sandstones, with loose surface and 
solid underlying layers of a brown color. Capacity of the sandstone is 3-5 meters; its 
mechanical durability is 700 kg/cm2. It can be used for butt production and for 
foundation laying of low buildings and road construction. Approximate reserves are 
10 thousand m3. 

Four areas of deposits of building loams and clays are situated 1 km to the west 
of the settlement of Ganyushkino. Loams and clays with a capacity of 0,8-4,6 m lie 
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under thin-grained sands with a capacity of 0,5-1,0 m. Due to the excessive content of 
kremnozem (48,5-86%), the loam plasticity falls and the temperature of burning rises 
(to 105 0C). The durability of the samples in a non-bake condition is 16,5 kg/cm2, and 
in baked 61,4 kg/cm2. Raw materials meet the demands of GOST 530-54 (the state 
approval) for the bricks of “75” make. Reserves of the category A2 make 13,3 
thousand m3. 

Ganushkinskoyey 1 location of deposits is 5 km to the south-west of 
Ganyushkino. Loams and rich clays form hills of 4-5 m high. The local people use 
bank mixture of loams and clays for adobe production. Approximate reserves of the 
deposits are 150 thousand m3. 

Ganushkinskoye 2 location of deposits is situated 2 km south-west of 
Ganyushkino. Capacity of the loams reaches 3 meters. The loams can be used for 
production of bricks of “75” make. 

Karatubinsk location of deposits is situated in the region of Kok-Tube, 13 km 
to the south of Ganyushkino. The clays are brown, viscous, slightly sandy with spots 
of gypsum and in some places with iron addition. Capacity of the deposits is from 1 
to 2,9 m. The upper part of the clays interlaid with fine clay sand with the capacity of 
0,5 meters. Under the clays there are also yellow quartz fine-grained sands. The area 
of the deposits is 10000 m2. Approximate reserves are 17 thousand m3. The clays are 
used for clay mortar. 

Near the settlement of Azgir there is the only location of sandy-pebble deposits 
in the region, called Azgirskoye. Gravel-pebble deposits form a pile-like hill that 
spreads for 200-270 m, and is of 12-15 meter high. Sand content in the mixture is 27-
56 %, gravel and pebble material is 44-73%, including fractions over 70 mm are 2,7-
5,9 %. Gravel and pebble can be used for concrete making and as a ballast in road 
construction. The location of the deposits has been explored well. Reserves of the 
category C2 contain 40 thousand m3. Excavation is not necessary. 

As a substitute for building sand sea cockle-shells may be used. There are two 
cockle-shell deposits: Ganushkinskoye, 40 km the south-east of Ganyushkino and 
Maslinskoye on the island of the same name. The cockle-shell is used in road 
construction. Approximate reserves of the cockle-shell total several million cubic 
meters. 

There are no pure building sands in the region. Aolic sands are widely spread 
here, they contain large numbers of clay particles and to a large extend are saline, that 
prevents them from being used in construction. In 1970 special research work on 
building sands for the centre of Ganyushkino in the radius of 40 km from it was 
conducted by ZKGU. Fine clay sands were discovered, they mainly consist of 
fractures less than 0,15 mm (about 46,5 %), with the content of dusty and clay 
particles 31,6 %. Everywhere deposits are water-contained. 

These sands do not answer the requirements of GOST 8736-62 (the state 
approval) and can not be recommended for plaster and bricklaying mortar. 

The northern part of the region has loams and clays used in brick production 
Small parts of denudant valley are useful for building stones. With extra 

exploration of the two locations of building stone deposits, exploited at present, its 

267 
 



reserves may be increased. Characteristics of the locations of mineral resources are 
given in Table 1.4.13. 

As a result of analysis of the geological structure, hydro-geological conditions, 
modern physical and geological processes, the following engineering-geological 
division of the regional territory with its construction evaluation has been carried out. 

The region is characterized by complicated, mainly unfavorable for 
construction conditions. 

A. The surface of the saline domes of Azgir, Bishoho and others is 
represented by sloping-hilled and wavy denudational valleys on the chalk-quarter 
sandy-loamy deposits and salt carrying permsk deposits. 

Erosion splitting of the dome surfaces is insignificant, the surface incline is to 1 
degree. 

In the edge parts of the domes, chalk-quarter deposits prevail they are multi-
colored clays, loams, sands with small capacities of sandy inter-layers. 

On some domes (the central part of the dome Azgir, Bischoho and unnamed 
dome on the western boundary of the region) salt-carrying permsk deposits, which 
consist of cooking salt, clays and anhydrites, come to the surface. 

Carrying characteristics of the soils are 1,5-2,0 kg/cm2. Subsoil waters lie in a 
depth of 7-10 meters. The factor, that makes any construction works complicated is 
the presence of salt-carrying permsk layer. The domes constantly grow; that is, in the 
process of their development the saline nuclear approaches the open surface. The 
places with the outcome of the saline layer to the surface usually have furrows, 
hollows, craters, such as the dome of Buschoho and others. Due to the quick 
dissolving qualities of salty-gypsum deposits in the process of exploitation of the 
territory, which are inevitably connected with the leak of water, the process of 
chemical suffusion may become greatly developed. 

The areas of land with the surfaced saline deposits have been referred to 
unfavorable territories; parts of the domes, where the saline nuclear does not reach 
the surface are referred to restrictedly favorable, due to possible influence of the 
saline layer, which lies under the chalk-quarter deposits. 

Surfaces of the saline domes are partially subjected to the processes of 
deflation. 

B. Marine khvalynsk (upper-quarter) accumulative valley. In accordance with 
the influence of aolic processes on the surface of the valley, the area of khvalynsk 
marine valley has been divided into 4 sub-areas. 

Flat-wavy valley with an insignificant aolic revision (conversion) occupies 
the extreme northern part of the region. The surface of the valley is mainly an 
unchanged sea bottom. The incline of the surface is mainly 0,1-0,2%. Some small 
parts of the valley have been subjected to deflation. 

The valley consists of brown - greyish-brown loams, clays, light-greyish-
brown sands with interlayers of supes and loams. Soils are often salty. The carrying 
capacity of the soil is 0,75-1,5 kg/cm2. 
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Table 1.4.13 
 

Characteristics of the mineral deposits on the territory of 
Kurmangazinskiy region 

 
## Name and location of 

the deposits 
Type of 
the 
Mineral 
deposit 

Qualitative evaluation Ammount Information 
on approved 

deposits 

1 2 3 4 5 6 
 
1. 
 
 
 
 
 
 
 
2. 
 
 
 
 
 
 
3. 
 
 
 
4. 
 
 
 
5. 

 
Azgirskoye, near the 
Settlement of Azgir 
 
 
 
 
 
 
Baschohinskoye, 40 km 
To the north-west of set.  
Kashalak 
 
 
 
 
Dengizskoye, 1 km to 
the west of the 
set.Ganyushkino 
 
Ganushkinskoye, 5 5 km 
to the south-west of the 
set.Ganushkinskoye. 
Ganushkinskoye, 
2 km to  the south-west 
of the set.Ganyushkino 
 

 
Lime 
 
 
 
 
 
 
 
Sandstone 
 
 
 
 
 
 
Loams 
and clays 
 
 
Loams 
and clays 
 
Loams 
 

Construction stone 
Physical mechanical  
characteristics are 
satisfactory. Non-frost 
Resistant. It can be used 
as wall material for 
plastering of walls. It is 
not used in concrete . 
Lime with loose 
surface. Capacity of 3-5 
m. It is used for 
production of but, 
For foundation works of 
low building and in road 
construction. 
Construction loams 
and clays 
Used for  production of  
Bricks “75”. 
 
 
Combination of loams 
and clays is used for 
production of adobe. 
Used for production of 
construction bricks 
“75”. 

 
No data 

 
 
 
 
 
 
 

Approx. 
10 

thousand 
m3. 

 
 
 

In the 
category 
A2-13,3 

th.m3 
Aprox. 

150 th.m3 
 

In the 
category 
A2-200 
th.m3 

 
Not approved 

 
 
 
 
 
 
 

Not approved 
 
 
 
 
 
 

Approved by 
the decision 
of Guriev 

administratio
n 

Not approved 
 
 

Not approved 
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Table 1.4.13 continued 
 
1 2 3 4 5 6 
 
6. 
 
 
7. 
 
 
 
 
 
 
8. 
 
 
 
 
9. 
 

 
Karptubinskoye, 13 km 
to the south of the set. 
of Ganyushkino 
 
 
Azgirskoye near the 
settlement of Azgir 
 
 
 
Ganushkinskoye, 40 km 
to the south-west of the 
set. of Ganushkinskino 
 
Maslinskoye on the isle 
of the same name 
 

 
Clays 
 
 
 
 
Sandy-
gravel-
pebble 
mixture. 
 
Cockle-
shell 
 
 
Cockle-
shell 
 

Viscous, slightly sandy, 
with gypsum spots. Used 
for clay mortar. 
 

Sands and sandy-
gravel mixtures 

Gravel and pebbles are 
used in concrete and 
road construction. 
 

Cockle-shell 
It can be used instead of 
sand. Used in road 
construction. 
 
It can be used instead of 
sand. 

 
Approx. 

107housand 
m3. 

In the 
category C2-

40 th.m3 
 
 

No data 
 
 
 

Aprox.several 
Million 

thousand m3 
 

 
Not 

approved 
 
 

Not 
approved 

 
 
 
 

Not 
approved 

 
 
 

Not 
approved 

 
 

Notes to table 1.4.13 
 
Category Exploring and examination of the deposits Industrial use of the deposits 
A1 
 
 
A2 
 
 
B 
 
 
 
C1 
 
 
C2 

Deposits are quite explored and tested with 
outlying the body of the mineral. 
 
Explored in details and tested deposits. 
 
 
Amounts of deposits are insufficiently 
explored. 
 
 
Deposits are insufficiently explored. 
 
 
Assumed amounts of individual deposits 
according to geological deposits. 

For substantiation of industrial 
prospecting for utilization works. 
 
For testing the technical projects 
and construction investments. 
 
For development of project tasks, 
technical projects and substantiation 
of construction investments. 
 
For substantiation of prospective 
industrial plans. 
 
For planning of the national 
economy. 

 
Subsoil waters, which are mainly of salty, sodium-chloride content, lie in the 

depth of 0-10 meters, sometimes deeper. The water content of the khvalynsk deposits 
is insignificant, outflows of rare wells do not exceed the 0.1 liter per second. In 
lowlands of the valley relief fresh and slightly salty waters have been found, which 
are represented in the form of separate lenses, often lying on the surface of salty 
waters. The waters are sulphate and magnesium aggressive to all kinds of cement. 
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Modern physical and geological processes are characterized by salinity of soils 
and comparatively small development of deflation. In some parts, development of 
suffusion is possible. 

The regional territory is evaluated as restrictedly favorable for any 
construction. 

The flat saline valley with a partial aolic revision (conversion). In the 
engineering-geological respect this territory is very similar to the territory described 
above; its distinctive feature is the presence of a number of saline lands and heavy 
salinity of the subsoil waters. The level of the highly mineralized subsoil waters lies 
mainly in a depth of 0-7 meters. 

Along with the processes of salinity that occur on this territory, deflation of the 
khvalynsk sandy deposits and a change of some parts of the valley into sandy aolic 
relief have been noted. 

Due to the close proximity of the subsoil waters to the surface and wide 
development of salinity processes in the soils, the territory is unfavorable for mass 
construction. 

The uneven saline valley with a significant aolic revision. The territory 
differs from those described above in complexity of the relief, which consists of 
frequent interchange of berr hillocks, sandy aolic forms and saline lands. 
Engineering-geological peculiarities of the territory are like those for the territory 
described above. For mass construction this territory is unfavorable. 

The aolic sandy valley occupies the central part of the region. The aolic 
relief is mainly represented by hillocks of different forms and dividing them 
lowlands, which are occupied by saline lands and small salt lakes. 

The sands are polymictic, fine and thin-grained, clay and often salty. 
The carrying capacity of the soils is 1,5 kg/cm2. The depth of subsoil waters 

depends on the relief of the surface and changes in lowlands to 5-15 meters under 
hillocks. The prevailing waters of sodium-chloride content are mainly slightly salty, 
salty and brine-like. On some parts there are fresh waters, mainly in the areas of 
dispersed sands. Mineralization is 5 g/l in the lowlands of the sandy relief, less under 
hillocks. 

Modern physical and geological processes are represented mainly by deflation. 
Movable sands are the results of the first and second deflation. Sands of the second 
deflation are met near roads, wells, places of stock grazing. 

For mass construction the territory is unfavorable. 
C. The modern accumulative valley is represented mainly by the eastern 

part of the delta of the river Volga and the inundated by modern marine terrace, 
which form the near-sea part of the region. The delta part of the seashore is 
characterized by a complex interchange of river waterways, hillocks, sandy massifs, 
saline lands and waterlogged lots. The marine inundated terrace, situated in the 
eastern part of the region, has an even surface with separate sandy massifs and saline 
lands. 

The near-sea valley consists mainly of sands, heavily enriched with clay 
minerals, with interlayers and accumulation of cockle-shells. The soils have a low 
carrying capacity (0,75 kg/cm2). Capacity of the deposits is 3-5 meters. 

271 
 



Subsoil waters lie in a depth of 0-3 meters, sometimes to 5 meters. The waters 
are heavily mineralized and are sulphate and magnesium aggressive to all kinds of 
cement. 

The modern-physical-geological processes are seasonal inundation, salting, 
waterlogging of soils, some development of suffusional processes, erosion in the 
water flows of the Volga delta and influence of sea waves on the shore. For any types 
of construction the territory is unfavorable. 

Sors are spread in different parts of Kurmangazinskiy region. They have 
various sizes, from several tens of meters to 15-20 km in diameter. Deposits of sors 
are represented by loams, supeses, silts, fine and thin-grained clay, sands, heavily 
salted and containing crystals of sodium chloride. The surface of sors is often covered 
with a salty crust with the capacity from 2 cm to 15 cm. 

The subsoil waters of sors lie in a depth of 0,5-3 meters. The water flow 
horizon is characterized by small debitity. Sors form in some places accumulation of 
salts, washed from water sheds and evaporating basins. It results in a large content of 
salts in the soils and waters of the sors. 

Mineralization of the sors waters averages 120-140 mg/l, sometimes 200 mg/l. 
The type of salting is sodium chloride. sometimes magnesium-sodium-chloride. 

For any type of individual use the territory of sors is unsuitable. 
In 1981-1994 regional prospecting and detail seismologic work in the volume 

of 10000 p.km was conducted in the south of the inter-river area of the Ural-Volga. 
As a result of the seismic studies, 10 large structures with an area from 80 to 150 km2 
were discovered in the sub-saline cut.. According to the seismic data, presence of a 
large carbonate massif in a depth of 5600-6000 meters is expected. Due to 
considerable depths of the occurrence of the sub saline complex and thus, the 
difficulties of the economic and technological character while drilling prospecting 
wells, the main object of the oil prospecting work in this region at present remain 
over the saline deposits. 

As a result of seismic prospecting studies, 14 local structures have been 
discovered in the over saline complex in the Jurassic-Cretaceous deposits. The urgent 
objects for further prospecting work are areas of Kumisbek, Akzhunus, Eastern 
Akzhunus, Northern Nazali, Sarlyk and Torgai. Within these areas in the oversaline 
complex of deposits a number of pitfalls of various types have been differentiated, 
such as anticlinal (anti-wedge) structures of the streamline of saline domes and inter-
domed elevations; non-anticllinal (non-anti-wedge), which are tectonically, 
litologically and stratigraphically screening, combined and under-corniced. Their 
morphology and main parameters have been defined. Their sizes are different, from 
10-15 km2 to 115-120 km2. They are often on the sides of “perforating” inter-domed 
depressions, characterized by a saltless contact with the sub-saline deposits and, like 
in the structure of Kumisbek, adjoin the tectonic distortions. These factors are 
favorable for UB migration from the sub-saline deposits to the over saline complex. 
Seismic prospecting work on the net of profiles 1-2 kmx2-2,5 meters have been 
performed. The work was carried out in different years and with different methods, as 
the structures, discovered during the regional prospecting stage of  research work, 
have received further study by filling in the existing net of profiles,  whereas at the 
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initial stage the methods of seismic prospecting work were aimed at the examination 
of the sub-saline complex of deposits. 

With further studies the parameters of processing the seismic prospecting data 
have been changed. For optional allocation of prospecting drilling wells it is 
necessary to complete the study of the structures. It is recommended to use the 
worked-out net, in order to correctly place the new profiles regarding the size and 
morphology of the structures with the step of 0,5x1 km. The exception is the structure 
of Kumisbek, with 7 existing drilling-wells; in 2 of them flows have been received. 
The structure has a complicated form and it is split by tectonic distortions in blocks 
with different 
 

BEK. Within the structure some structural formations were made, but there is 
no clear idea on build of their structure so far. Solidity (Tightness) of the solidity is 
1x1 km; however, it is necessary to take into account that the profiles used in 
different years with these methods were mainly aimed at the study of the sub-saline 
complex with limited permitting ability. Besides, the build of the chalk complex, in 
the deposits of which oil flows have been received, remains practically unstudied. At 
present, it is not recommended to install any new drilling wells in this structure. More 
seismic prospecting studies are necessary, in order to finally solve the question about 
any further prospecting drilling resume drilling work in the structure, due to its 
limited reserves. 

With the aim of study of the carbonate massif prognosed in this region, 
duplication of the regional profile is in project. The profile will cross the carbonate 
massif from the north to the south through the vault of the sub-saline structure 
Koshalak and will allow us to outline the zone of the carbonate massif in more detail, 
and to verify the criteria of its discharge. 

In the northern part of the region, which has been studied by seismic 
prospecting, work out of the net of profiles with the step of 10x15 km is under way; 
its purpose is to explore the main structural peculiarities of the territory and to plan 
further prospecting works. 

The Oktyabrskoye oil field is situated in Kurmangazinskiy region, 230 km to 
the west of the town of Atyrau. The nearest settlements are Ganuskino in 80 km to 
the south-west and Zaburunie in 35 km to the north-east. Arrangements and the 
system of oil extraction in the Oktyabrskoye oil field have been performed by 
“Stetlan” LLP since 1991. 

With the help of structural-prospecting work and exploring drilling wells, 
deposits of hydro-chemical residues of the kungursk, neogenic quarter including have 
been discovered in the field. 

The Jurassic system. The upper Jurassic part is represented by sandy-alevrite 
minerals with dark grey alevrits and slightly carbon clays. In the upper part, the cut is 
represented by solid limestone and mergels with rare interlayers of clays and alevrits 
with the capacity of 30 meters. The uncovered capacity is 180 meters. 

The Cretaceous system. The low-Cretaceous part is represented by interchange 
of clays, sands and sandstones, mergels and alevrits. 
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The upper Cretaceous part in the low cut is compiled by mergels, limestone, 
rarely by clays with small interlayers of sandystones and sands. In the upper part of it 
there are mergels, chalk and clays. 

The Neogenic-quarter deposits. The neogenic deposits are represented by clays 
with rare interlayers of mergels, sandystone and limestone-cockle-shells. The quarter 
minerals are formed by heavily sandy ironized clays. 

In the tectonic respect the Oktyabrskoye structure is a saline dome divided into 
2 wings. 

The industrial oil and gas bearing strata adjoin the south-western wing. The 
main productive horizon in the field is the celloway horizon. Due to the situation of 
the productive strata in different parts of the horizon and their isolation, there are no 
data on the outline of the oil and gas carrying capacity, collector characteristics of the 
horizon; the results of testing in separate drilling wells have not been verified and oil 
reserves in the celloway horizon have not been calculated. In celloway horizon I the 
oil reserves, calculated by the volume method, are the following; 

balance – 635 thousand tons, 
extracting – 317 thousand tons. 

 
1.4.5. State of the soil surface 

 
According to the characteristics of the quality of the land in Atyrau oblast, 

Kurmangazinskiy region is situated in a desert zone on grayish-brown soils. The 
peculiar feature of the soil surface of the region is differently expressed complexity 
with absolute prevalence of inter-zonal soils over zonal ones (Figure 1.4.5). 

Most of the area in Kurmangazinskiy region (57,7 %) is occupied by sands. 
The most widespread among them are hillock - ridged and flat, sands in complex with 
grayish normal, lagoon-meadow, slightly salty soils, salty desert and saline sors. 

The sands are intensively used as autumn-winter, and in some places year-
round pastures and as hay mowing grounds as a result of unsystematic grazing, in 
some places the sands have lost their value. For improvement of the lands, it is 
necessary to introduce a pasture regime with a regular interchange of grazing and rest 
periods, sowing and extra sowing of valuable fodder grasses (zhitnyak and others). 

The grayish-brown normal soils occupy 14,6 % of the regional territory. 
They are characteristic for periphery parts of sandy massifs and lie in complex with 
meadow-greyish-brown, lagoon-meadow solod soils, salty meadow-desert, saline 
sors and hillock-ridged sands. 

Soil formatting minerals arte ancient alluvial sands, supeses and light loams. 
Humus distribution according to the profiles is comparatively even with a gradual 
decrease deep into the massif. In the mechanical respect, they are mainly medium 
loamed, sub-sandy and sandy. The areas with grayish-brown normal soils are used as 
pasture grounds. Due to the light mechanical content, the soils are subjected to wind 
erosion and lose their fertility, especially on the overloaded pastures. Therefore, 
introduction of anti-deflation regulations for pastures is necessary, that is rational 
pasture interchanges, moderate grazing of livestock, sowing and extra sowing of 
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fodder grasses, etc. Provided the necessary irrigation, is made available the complex 
massifs with grayish-brown normal soils could be suitable for agricultural needs. 

The greyish-brown-salty soils (4,7 %) in the north-western part of the region 
are spread as continuous homogeneous massifs and in combination with lagoon-
meadow solod and meadow-greyish-brown salty lands. They are formed mainly by 
loams and supeses, which are laid by stratus deposits with prevalence of sands and 
supeses. 

The soils differ by high residue salinity. Less salty subsandy soils adjoining the 
edges of sandy massifs. The profile of these soils has an illuvial-salty horizon in a 
depth of 20-40 meters. Shallow deposits of easily dissolving salts are characteristic 
and are represented mainly by calcium sulphates. The water-physical characteristics 
of the soils are unfavorable for growth and development of plants. In the mechanical 
respect they are medium loamy on light loams, supeses and sands, light loamy, sub-
sandy. The territories of these soils are used as pastures. A number of measures to 
overcome salinity and prevent wind erosion are necessary in order to use these lands 
as agricultural grounds. 

Salty lands (12,3 %) are represented as homogeneous massifs and in complex 
with grayish-brown salty, lagoon-meadow solod soils and sors saline lands. Soil 
formatting minerals are loamy and clay, rarely sub-sandy, with high content of salts, 
mainly chloride and sulfide natrium. Salty lands are formed in the depth of deposits 
of mineralized subsoil waters, more than 1,5-2,0 m deep. The mechanical content is 
clay, heavy-loamy, medium loamy and light loamy. 

Areas of salty lands are used as small productive pastures in spring and 
autumn. With irrigation and carrying out melioration work on desalination of soils, it 
may be possible to improve the productivity of the pastures. 

The meadow-marshy saline marine (4,7 %) soils lie in combination with the 
alluvial-near-sea soils. They occupy low flat surfaces of the marine accumulative 
valley. Subsoil waters are heavily mineralized and are found at a depth of 1,5-2,0 m. 
The humus content fluctuate within 2-10 %, and decreases abruptly with depth. The 
areas are used as hay mowing grounds and autumn-spring pastures. For agricultural 
needs the soils can be used after washing out of harmful salts, spreading organic and 
mineral fertilizers, improving its water and physical characteristics, and diverting 
mineralized subsoil waters from the grounds. 
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Figure 1.4.5 Soil map of Kurmangazinskiy region 
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The alluvial-meadow common (usual) soils (2,2 %) are found in the south-
western part of the region and form a continuous massif. They contain a heavy dark 
colored humus horizon (0,5-1,0 m). Subsoil waters fluctuate wildly. The mechanical 
content is medium loamy on light loams and supeses. 

The soils have rather high natural fertility and are good hay-mowing grounds. 
With irrigation they can be used as plough lands. To prevent a long-term excessive 
moisturizing, it is necessary to conduct measures against secondary salting of the 
lands. 

The alluvial - meadow saline lands (1,4 %) are found in the form of 
homogeneous massifs in the south part of the region. Subsoil waters lie in a depth of 
2-4 m, salinity shows itself from the upper 0,5 m of the layer. The type of salinity is 
chloride-sulphate. The soil profile is stratus with interchange of heavy and light soils, 
according to granule metrical content of the inter-layers. Areas of the alluvial-
meadow saline soils are used as hay mowing and pasture grounds. Development of 
the lands demands a preliminary washing out of soils and diverting of mineralized 
subsoil waters. 

The alluvial-meadow saline lands (1,6 %) are found with saline meadow lands 
and are formed in similar conditions with the saline lands but with a lower level of 
mineralized waters (2,0-2,5 m). They are characterized by a comparatively small 
capacity of the humus horizon (20-30 cm) and salinity in the upper 30 cm layer. The 
significant feature of these soils is the presence of easily dissolving salts. Areas of 
these soils are used as pastures and partially as hay meadow pastures of low 
productivity. Development of these lands for irrigation agriculture demands 
preliminary desalination of the lands and strict observance of measures for the 
prevention of secondary salting. 

The meadow-greyish-brown usual soils (0,2 %) are met as a homogeneous lot. 
These soils by their physical and chemical characteristics can be used for growing 
agricultural crops and they do not demand strict measures for the prevention of 
secondary salting. 

The saline sors lands occupy only 0,1 % of the area. Very high salinity and 
poor physical and chemical characteristics exclude the possibility of growing even 
the most salt-resistant plants. The lands are not suitable for any agricultural use. Their 
development and melioration are difficult and would require considerable expense. 

The marshy, near-sea soils and saline meadow lands occupy 0.1% and are used 
as pastures and in some places as hay mowing grounds. 

Large areas in the region are occupied by slightly salty lands and salty soils 
along with saline lands – 38,3 %. All the soils of Kurmangazinskiy region have a 
small humus content, comparatively small capacity of the humus horizon and low 
content of elements of ash supply (Table 1.4.14). 
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Table 1.4.14 
 

Morphologic and chemical characteristics of the soils 
in Kurmangazinskiy region 

 
Name of 
the soil 

Capacity of 
the humus 

horizon, cm 

Depth of 
occurrence 
of water-
dissolving 
salts, cm 

pH Absorption 
volume 

mg/ekv, for 
100 g of 

soil 

General content % 
 

humus nitrogen 

Greyish-
brown 
Greyish-
brown salty 
Meadow-
greyish 
brown 
Meadow-
greyish 
brown salty 
Meadow-
greyish 
brown 
saline 
Riverbed-
meadow 
Riverbed-
meadow 
saline 
Meadow-
mashed 
Sands 
Salty lots 
Saline 
lands 

30-35 
 

30-32 
 

40-70 
 
 

30-50 
 
 

32-45 
 
 
 

65 
 

45 
 
 

30-40 
 
- 

0-10 
10-40 

60-80 
 

60-65 
 
- 
 
 
- 
 
 

30-55 
 
 
 
- 
 

50-90 
 
 

30 
 
- 

with surf. 
-‘’- 

7,5-8,0 
 

8,1-8,8 
 

8,2-8,4 
 
 

8,2-8,5 
 
 

8,2-8,6 
 
 
 

8,7-8,8 
 

7,4 
 
 
- 
 

8,0 
8,3-8,6 
8,3-9,4 

13-8 
 

12-7 
 

19-12 
 
 
- 
 
 

18-10 
 
 
 

12-8 
 

10-7 
 
 
- 
 
 
- 

13-15 

1,3-0,6 
 

1,2-0,6 
 

1,9-1,4 
 
 

1,2-1,1 
 
 

1,2-1,1 
 
 
 

2,7-0,8 
 

0,6-0,4 
 
 

2,1-2,0 
 

0,3-0,2 
0,5 

1,2-0,3 

0,1-0,03 
 

0,1-0,03 
 

0,1 
 
 

0,007 
 
 

0,09 
 
 
 
- 
 
- 
 
 
- 
 
- 

0,03-0,01 
0,08-0,02 

 
 

Among the soils in the region, soils of light mechanical content prevail (Table 
1.5.15). 

Soils of the region, due to the arid climate and large areas of sands and saline 
lands are used as natural fodder lands. 
 

1.4.5.1. Soil pollution in Kurmangazinskiy region 
 

The territory of the region has a small number of industrial enterprises which 
are unevenly scattered all over the region (the Ganyushkino brick production unit, the 
Shartabai fish plant and the regional oil base). Emissions into the air from these 
enterprises contain dust, carbon dioxide and oil product fumes; these emissions are 
insignificant and cannot create a negative (dangerous) situation. Analogical 
components get into the underground waters. Soil pollution is caused by dust, soot, 
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oil spills and spots of oil products, and also as a result of dumping of waste waters 
into the soil. 
 

Table 1.5.15 
 

Mechanical content of the soils of the region, thousand hectares 
 
Agricultural 

lands 
Total Including 

clay, 
heavy-
loamy 

Medium 
loamy 

Light 
loamy 

Sub sandy sandy 

Plough-land 
Perennial 
plantations 
Grass 
Hay lands 
Pastures, 
improved 
including 
Total 

2,9 
0,2 

 
0,6 
84,9 
28,5 

 
 

1375,0 

0,1 
- 
 
- 

56,6 
5,6 

 
 

174,2 
 

2,6 
0,2 

 
0,6- 
26,9 
5,8 

 
 

267,9 

0,2 
- 
 
- 

1,1 
5,3 

 
 

67,3 

- 
- 
 
- 

0,1 
7,7 

 
 

165,1 

- 
- 
 
- 

0,2 
4,1 

 
 

700,5 

 
Along with the “industrial” pollution, negative influence on the environment is 

caused by agricultural production which is characterized by the following factors: 
- chemical and bacterial pollution of the soils, waters and atmosphere; 
- pollution of the soils, waters and atmosphere due to the incorrect use of 

mineral fertilizers and herbicides; 
- biological distortion due to vast mono-cultural planting, irrigation, draining of 

lands, construction of water reserves, hay-mowing, enclosing of vast pasture 
territories and outbreaks of some types of pests and diseases. 

Nevertheless, the soil in Kurmagazinsky region is strongly polluted, with the 
prospect of a crisis situation that may be caused by the activities of existing sources 
of pollution: linear (Atyrau-Astrakhan railway, the Atyrau-Grozny pipe-line, the 
waterway Kigach-New Uzen canal, the Atyrau-Astrakhan motor way and inner 
regional automobile roads), territorial (the Oktyabrsky oil-field, the Azgir nuclear 
testing territory and the “Galit” proving ground). That is why we present here 
characteristics of the pollution level of two territorial sources of soil pollution in 
Kurmangazinskiy region. 

The ground surface of the Oktyabrsky oil-field is young, formed by near-
marine, primitive and mainly stratus turf, occasionally, meadow and meadow-marsh 
soils. All of them, in various degrees and depths, are salted. In the whole region under 
study, especially in its eastern part, flat and small-hilled sands are spread. Saline 
near-sea lands and soroic saline land are seen in the forms of separate outlines. 

The mechanical content is diverse, from sands to clays. Soil forming and 
underlying minerals, as a rule are stratus marine deposits. 

The humus content in the soil is low -1-2%. 
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On the whole, the soils are low-productive. 
As a result of human activities, the soil surface has in some places been 

destroyed; technogenically damaged soils, that need recultivation have been found. 
According to the data, such lands, in oil extraction areas constitute 9,0 hectares, 
including 0,6 hectares that are covered with mazut. The soil surface is fully 
destroyed, with no vegetation. 

After soil analysis it was stated, that the bonitet does not exceed 2,0-2,3 which 
demonstrates the poor quality of the soil (Podolsky L. I., Lyashenko I. I., 1993). 

Analysis of the soil samples in the region of the oil-field showed that the 
quantity of oil products in the samples is approximately on the same level, from 3,02 
to 92,83 g/kg. Poly-aromatic hydrocarbons in the soils have not been found. 
Concentration of the surface active substances is insignificant and does not exceed 
MPC. 

There is practically no iodine, fluorine and bromine are met everywhere but 
their concentration is lower than MPC. 

The concentration of boron fluctuates within the norm (3 g/kg), excluding 5 
samples, where its contents are from 3,3 to 4,05 g/kg. 

The information given above testifies, that on the territory of the oil-extraction 
enterprise soil pollution by movable forms of oil products and halogens is minimum. 

The presence of heavy metals in the soils shows that soil in the oil-field is 
polluted by copper, zinc and nickel. 

Excess of klarks on cobalt, lithium, manganese, iron, sodium and potassium 
was not noted. After studying the results of the analysis, a clear regularity, according 
to the profile, has been stated: as the depth of sample taking increases, the quantity of 
elements decreases. The major accumulation of pollutants occurs in the upper horizon 
of the zone of 0-20 cm. 

Grave ecological danger may be caused by Azgir nuclear testing grounds, with 
an area of 6,1 thousand km2, situated on the territory of the former Balkuduk state 
farm in Kurmangazinskiy region of Atyrau oblast. In 1966-1979, on the saline dome 
massif of Bolshoi Azgir (testing ground “Galit”) in 11 wells at the depth of 161-1500 
m, 17 underground nuclear explosions with the total capacity from 1,1 to 100 kilotons 
were held. 

In the landscape-geographic respect this northern part of the Near-Caspian 
lowlands within Sacs depression of the inter-river Volga-Ural is situated in the zone 
of grayish-brown soils of the northern deserts at the transfer to light-chestnut-colored 
desert-steppe soils. This territory has no drainage and is characterized by intersected 
flat landscape with absolute heights from minus 1-6 on the valley to 10-15 meters on 
the saline domes. Against the general flat background there are hill-wavy surfaces of 
saline domes and range-hilled, sometimes barchan sands of the western edge of 
Naryn-sands. Mesozoic-Cenozoic deposits of stratus sands, clays, gypsum, calcium-
dolomite and gypsum with the capacity of 100-780 meters are spread in the upper 
point of saline domes, covering the layers of saline deposits of 3000 meter deep, that 
are of permsky (kungursk) period. Soil forming minerals are quarter ancient alluvial 
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residues, which are overlaid in the relief depressions by clay-loam salty deposits. 
Zonal grayish-brown desert soils are formed in conditions of continental arid climate. 

Soil formation takes place in conditions of tense hydrothermal regime, lack of 
moisture and as a result, shallow damping of the soil profile, which defines the non-
washable vaporous type of the water regime. In these conditions incoming radio 
nuclides and heavy metals accumulate mainly in the upper horizon and slightly 
migrate along the soil profile. They concentrate in the contents of humus, silt fraction 
and highly molecular compounds of the soil. 

Underground waters on the testing grounds lie at a depth of more than 5-10 
meters and do not participate in soil formation. Underground waters reopen at a depth 
of 50-250 meters and are characterized by diverse mineralization (more than 300 g/l) 
with predominance of chlorine-sodium saline solutions. The studies conducted have 
shown contamination of the underground waters by biologically harmful substances, 
which are rated as polluted wastes of the first category. Pollution of the water 
supplying horizons occurs along the fissures or cracks formed in the body of the 
dome during nuclear tests. Along these fissures and cracks underground waters and 
radioactive substances circulate. With these processes seeping and outcome to the 
surface of alpha-beta-gamma active elements and pollution of the environment are 
connected, which affects the underground waters, soil, flora and fauna of the region. 

Zonal grayish-brown desert soils on the territory of nuclear testing grounds 
have the capacity of humus horizon of 30-44 cm. They contain in the upper horizon 
humus (1,0-1.5%) of humatic-fuvate character with the correlation of carbon humic 
acids to carbon fulvic acids of 0,5-0,6. 

The soils are alkaline (pH 8,3-8,4) marked by a low volume of absorption, 
sandy and sub-sandy in mechanical content with minerals of the hydro-mica group. 

Desert and meadow-desert saline lands are found along the micro-depressions 
and soros saline lands in the relief depressions. In salty lands within the area of the 
nuclear testing grounds the presence of humus (0,9-1,0%) can be noted, as well as 
high general alkali (HCO2-0,03-0,05%) and suphur-chloride salinity (0,7-2-1%) of 
the sum of salts), alkaline reaction of the soil solution (pH 8,0-8,4), low carbonation 
(CO2-0,5-1,5%). The absorption volume is 10-20 mg/eke for 100 g of soil, with a 
content of absorbed sodium up to 20%, magnesium – 30% and calcium – 50%. 
According to the mechanical content, the soils are loamy and contain 35-40 % of clay 
in the alluvial horizon. 

The morphologic content of most of the soils on the territory of the nuclear 
testing grounds is characterized by soil cuts given below Faizov K.Sh., Asanbaev I. 
K. “Hydro-meteorology and ecology”, #4, 1997). 

Cut 218 – grayish-brown desert salty soil, described on 30.07.1997 on the 
territory of Kurmangazinskiy region in Atyrau oblast 7 km to the east of the 
settlement of Balkuduk on the slightly wavy valley below white wormwood 
vegetation. 

0-2 cm – Light-grey, brittle, dry, porous, sub sand crust. 
2-15 cm – Yellow-greyish-brown, wet slightly consolidated, porous, lumpy, 

small rooted, subsand. 
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15-34 cm – Greyish –brown, dry consolidated, lumpy, porous, small rooted, 
loamy. 

34-50 cm – Dark greyish-brown, dry, solid, boulder-like, porous, loamy. 
Cut 220 – meadow-desert saline fine-grained land put on 30.07.1999 on the 

nuclear explosion spot 31 in 0,6-1 km to the south-east of the settlement of Azgir, 5 
km away from the mouth of militant drilling well. The lower third of the saline dome 
is to 5-10 5 covered by saline goose-foot and solyanka. 

0-3 cm – Grey, dry, loamy crust with inclusions of detritus. 
3-9 cm – Yellow-greyish-brown, dry, solid, nut-prismatic, heavy loamy with 

inclusions of gristle and detritus. 
9-30 cm – Light-greyish-brown, with absorbed carbonates, dry, solid, nut-

prismatic, heavy loamy with inclusions of gristle and detritus, deeper lies a solid layer 
of gristle and detritus. 

In the described cuts formation of crust in the profile, alluvial salty and saline 
horizons, enriched by clay, contribute to the accumulation of radio nuclides. 

Studies have shown, that absorption by the soil of nuclides is directly 
connected with the presence of humus absorbed basis, pH medium, one and a half 
oxides, content of the soil minerals, especially the group of montmorilonites and 
hydro mica. Radio nuclides perform in the soil the role of exchange basis. The 
chemical characteristics of radio nuclides and degree of their ability to dissolve in the 
soil solution are also of great importance. 

Studies conducted in 1992 by St. Petersburg University on Azgir testing 
grounds identified in the soils and vegetation excessive amounts of strontium, cobalt, 
nickel, magnesium, molybdenum, manganese and silver, which exceed the toxic cut-
off limits for people and animals (Table 1.4.16). 
 

Table 1.4.16 
 

Content of chemical elements in the soils of Azgir nuclear testing grounds, % 
 

Element Variation of the 
content 

Element Variation of the content 

Strontium (Sr) 
Cobalt (Co) 
Silver (Ag) 
Nickel (Ni) 
Lead (Pb) 
Chrome (Cr) 
Vanadium (V) 

0,05 
0,0005-0,002 

3x10(-6) – 10x10(-6) 
0,001-0,015 
0,002-0,015 
0,002-0,015 
0,003-0,015 

Molibden (Mo) 
Manganese (mn) 

Titanium (Ti) 
Zirconium (Zr) 
Niobium (Nb) 
Barium (Ba) 
Copper (Cu) 

0,001-0,0004 
0,02-0,05 
0,07-0,4 

00.01-0,03 
0,003-0,002 
0,02-0,15 

0,003-0,004 
 

It has been stated that up to 80% of pollutants comprise caesium-137 and 18% 
strontium-90, with the proportion of caesium to strontium from 3,3 to 30,5. The 
content of caesium in the soil is 6500 BK/kg. The maximum amount of radioactive 
soil pollutants on the grounds of a nuclear explosion reach 23 kBK/ kg. Studies also 
have shown, that the concentration of caesium in Naryn sands exceeds MPC by 137, 
cadmium by 80-120, strontium by 150, lead by 80 and nitrium by 10 times; and that 
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of potassium from 40 to 600 BK/kg. The total pollution by poisonous gases (krypton, 
xenon, tellur and others), thrown into the atmosphere after a nuclear explosion was 
calculated on Azgir testing grounds as 3,710 17 BK. 

In the soil, radio nuclides participate in the soil formation process and are 
presented in the soil solution cation, anion and neutron forms. It has been stated that 
98-99% of caesium-137 and strontium-90 in the soil solution are connected with 
huminic acids of the 1st group, 70% of which is connected with humatams (non-
hydraulic residue) and 10% with phylvic acids of the 1st group, according to the type 
of simple salts and complex compounds. 

In the conditions of the dry desert climate of the Azgir region, radio nuclides 
become inactive, slowly washed from the soil profile, constantly accumulate in the 
humus and alluvial horizons, enriched with silt and hydronica. The long-term 
presence of radio nuclides is also provided by alkaline reaction of the soil solution 
and low general soil carbonation. Along with the direct entry of radioactive elements 
from the militant drill well and fissure in the body of saline domes. Thus, the soil 
becomes a significant source of their entry into plants and, by their means, into food 
for people and animals, and this way retains a long-term presence in the ecosystems. 

As a result of underground nuclear explosions on Azgir testing grounds, stable 
cavities with volume of 10000-240000 m3 were formed, which contain products of 
the nuclear explosion of summary activity over 3,7 10 17BK of alpha-beta-gamma 
nuclides. They pose a great danger to the environment due to sudden escapes of radio 
nuclides from underground fissures and pollution of soil-vegetative surface and 
underground waters. A grave danger is also caused by possible leaks of cement pipes 
on the drill wells as the result of erosion and deflation, which may lead to the 
involuntary escape of radio nuclides. 

Radioactive condition in the zone of Azgir testing grounds are unstable and 
pollution is rather high. As a result, large-scale sickness among the population occurs 
in the settlement of Azgir the population is 597 people, and there is also sickness in 
livestock, especially horses, which lose hair and have bleeding wounds. 

Cancers, anemia, diseases of blood, skin and bone tissue are frequent here. 
Medical examination of the people of Azgir has shown, that their health state, 
especially that of children, is worse than in Atyrau oblast by 2-2,5 times; and of the 
latter worse than in other oblasts of Kazakhstan by 2-3 times. 

A lack of sanitary-dense zone and monitoring of the radioactive situation, as 
well as the free accessibility of industrial areas to people and animals causes concern. 
This all defines the real necessity for the deactivation and recultivation of damaged 
and polluted areas, and careful monitoring of the ecological situation. 
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1.4.6.1. Flora and fauna 
 

1.4.6.1 State of the flora 
 

Kurmangazinskiy region is situated in the desert zone of Aral-Caspian province 
in Embinsky elevated-flat (the eastern part of the region), near-sea low-lying-flat (the 
western part of the region) and Ustursky hill-rolling (the eastern edge of the region) 
districts (okrugs). 

Wormwood (white land or grey, black, sandy), solyanka (dzen, biyugun, 
kokpek, kamphorosma, sveda, sarsazan (Figure 1.4.6) are the present forms of 
vegetation. 

The species content of the pastures is mainly presented by two life forms: grass 
and semi-bushes. 

Whiteland wormwood pastures are formed in the north-western part of the 
region in the valley on the grayish-brown soils of various content and degree of 
salinity, and desert-steppe on the saline lands. They are met as individual structures, 
as well as in combination with black wormwood-myatlik pastures. A group of white 
land wormwood pastures is represented by white land wormwood, white land 
wormwood-cereal, white land worm-wood-salty types. Besides whiteland wormwood 
among the grass vegetation, cereal with long-term vegetation (tyrsa, kovylok, 
tonkonog, erkek, zhitnyak), solyankas (uzen, kamphorosma, klimakoptera with 
opposite leaves, ehinipsylon) are characteristic. In the early spring period mass 
growth of bulb myatlik, koster krovelny, easter mortuk, desert burachok can be seen. 

White land wormwood pastures are suitable for grazing all types of live stock 
in the spring-summer-autumn period. 

Black wormwood pastures are formed on the flattened places of the relief of 
former state farms Balkuduk and Suyunduk, on saline lands. They form combinations 
with white land wormwood, kokpek grasses. The group unites the following types: 
black wormwood, black wormwood-salty (izen, Marcel komphorosma, ebelek, 
ehinopsylon, biyugun), black wormwood-myatlik. 

Black wormwood pastures should ideally be used in the autumn period and 
black wormwood-myatlik in spring-autumn period for grazing sheep, horses, and 
camels. 

Biyungun pastures are formed in small spots all over the territory of the former 
Bakuduk and Suyunduk state farms, and also in the northern part of the region and 
central part GZZ along the valley on the salty desert and saline lands. They are 
characterized by a poverty of flora. Pure thickets of biyugun are often met, 
occasionally in the vegetative formation bulb myatlik, eastern mortuk and koster 
krovelny take part. Biyugun pastures are recomended for use an autumn grazing for 
sheep, camels and horses. For the vegetation on the territories of the former state 
farms Balkuduk and Suyunduk kokpek and solyanka (biyunduk, izen, klimakoptera 
with opposite leaves, epinipsylon) are characteristic. 
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Figure 1.4.6 Map of ecosystem groups of Kurmangazinskiy region 
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Valleys are formed on the low saline lands. They are met as separate massifs, 
and in complexes with biyugun and black wormwood types of pastures. Kokpek-
black wormwood and saline types of pastures are best used in the autumn, kok pek-
myatlik in the spring-autumn period for grazing of sheep, horses and camels. 

Shadyr pastures are widely spread on the sand massifs of Betpak-shagyr, 
kosdaulet, Byzanai, myntube. They are met on all types of sand hills. The group of 
shadyr pastures is represented by shadyr-ephemeric, shadyr, shadyr-kiyak, shadyr-
astragal, shadyr-multi-grass types. 

The dominant is sandy wormwood or shadyr. In addition to it in great amounts 
are met koster krovelny, kayak, astrogal, peskodrev. Besides the above plants, there 
are also sandy tsmin, verbludka Marshall, con flower beautiful, tysyachelistnik small 
flowered, sandy burachok, aristida neristaya. 

Shagyr-empheric pastures are recommended for use as spring-autumn pasture, 
the shadyr ones as autumn, shadyr-kiyak, shadyr-multi-grass and shadyr-astragal as 
spring-summer-autumn pasture for sheep, horses and camels. 

The next group of pastures as the most spread in the sands is zhuzgun. The 
following types of it are defined as zhuzgun-shagyr, zhuzgun-wormwood, zhuzgyn-
ephemeric types. They are met on all the elements of hillock-ranged sands. Zhuzgun 
pastures are suitable for use in the spring-summer-autumn period for grazing all types 
of live stock. 

Tamarisk pastures are found on the inter-hillock lowland with the underlying 
ground waters. The group is represented by tamarisk-shagyr, tamarisk-wormwood 
types (one-pistil and Austrian wormwood). The pastures of this group are suitable for 
use in the spring-summer-autumn period for grazing sheep, horses and camels. 

Empheric (koster krovelny) and multi-grass (tysechelistnik small-flowered, 
sirenia beguminous, cornflower beautiful types of pastures are presented in the form 
of spots on the inter-hilled lowlands. Biyugun, lerhian-wormwood, erkek pastures are 
not so widely spread. They are formed on the lowlands and sloping hillocks. The 
dominant plants are koster krovelny, kayak, and shagyr. These pastures do not form 
individual massifs, they are met in the combination with each other, as well as with 
shagyr, kayak, zhuzgun types of pasture grounds. It is recommended to use erkek, 
lerhian-wormwood-ephemeric types of pastures in the spring summer-autumn period 
for grazing of all types of live stock. In an agricultural respect, Biyurgun types of 
pastures are not of any significance due to the low feeding value of biyurgun. 

On the pasture grounds a common tendency for digression of the vegetation 
surface is noticed, as a result of their intensive use. Constant and with no system 
grazing of the cattle near the winter quarters and sources of watering places worsens 
greatly the fodder qualities of the pastures, strongly decrease their production 
capacity and causes spread of weed and poisonous grasses (adraspan, molochai). 

Further gradual development of cattle breeding is connected with the necessity 
of complex activities for conservation and improvement, as well as increasing the 
value of the natural fodder grounds. 

In the southern part of the territory of Kurmangazinskiy region on the low 
near-sea valley on alluvial-meadow soils are formed salty (solyanks natronnaya, high 
sveda, Tatar, solyanka Paulsena), bushy (grebentshik multi-branched). They are 
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observed in the combinations with each other. The group of bushy pastures are 
represented by tamarisk azhrek, tamarisk-saline and tamarisk-wormwood types. 

Saline, tamarisk-saline and tamarisk-wormwood pastures are recommended for 
use in the autumn period, and tamarisk-azhrek in the spring-suimmer-autrumn period 
for grazing of sheep, horses and camels. 

Hay mowing grounds are situated in the near-sea lane of the Caspian Sea. 
Along the shore a lane of reed mowing grounds are spread. To the north cereal-sedge 
and cereal multi-grass hay-mowing lands are spread with prevalence of pyrei 
crawling. Hay mowing grounds are mainly pure, part of uneatable plants in the grass 
content is insignificant. There are some marsh lots that cannot be mowed in the 
period of mass hay mowing. Later they are generally used for grazing of the cattle 
and horses. 

The area of the hay mowing grounds is 60,7 thousand hectares. Crop capacity 
is 10,6 c/hectares of fodder units. The fodder capacity is 642,1 thousand centners of 
feeding units. 

On the territory of Kurmangazinskiy region the following species of wild 
vegetation are spread: 
 

Fodder, weed, harmful, harmful and poisonous plants 
1. Veinik surfaced – akbatank – Galamagrostic epigeios (L) Roth. 
2. Volosnets giant – kayak – Elymus giganteus Vahl. 
3. Feather-drass volossatik –tyrsa, kalkan, sedets, saszanbos – Stipa capillata L. 
4. Feather-grass Ioanna – Kumyzdyk boz – Stipa Joannis Cel. 
5. Feather-grass Lessing – begete boz – Stipa Lessingiana Trin et Rugr. 
6. Koster krovelny – tazakboz, arkagan –  Bromus testorum L. 
7. Myatlik bulb – konirbas – Poa bulboga L. 
8. Mortuk Eastern – Erernopyrum orientale (L) Gaub et Spash. 
9. Ovsyanitsa – tipchak, begete – Festuca suicata Hack. 
10. Pyrei branchy – vostuts – Agropyron ramosum nevaki. 
11. Pyrei crawling – zhantak – Agropyron repens (L). 
12. Pyrei desert – zhitnyak – zhol erkek – Agropyron desertorum (Pich) Schult. 
13. Pyrei brittle – kumerkek – Agropyron fragile (Proth) neoski et Sch. 
14. Reed simple – kamys, kurak, - Phragmites communis (L) Trin. 
15. Ezhovnik saline – biyurgun – Anabasis salsa Benth. 
16. Kumarchik sandy – Agriophyllum arenarium M.B. 
17. Goose-feet Tatar –alabota – Atriplex tatarica L. 
18. Rogach sandy –ebelek – Ceratocarpus arenarius. 
19. Sarsazan pine-like –tentek sorang – Halochemum strobilaceum (Pall) M.B. 
20. Sveda high – kara shora – Suaeda altissima (L) Pall. 
21. Soleros European –kyzyl sorat – Salicornia europaca (L). 
22. Solyanka Paulson – kanbak – Salsola Paulscini Lity. 
23. Solyanka overthrone – Salsola nitraria Pall. 
24. Solyanka plague – tuye karyn – Salsola pertifer Litv. 
25. Grebentshik many-branched – Tamarix ramosissima Ldb. 
26.Geliotrop arguzievy – Heliotropium arguzioides Xar. et Kir. 
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Endemics 
27. Kachim spade-leaf – Gysophila spathulifolia. 
28. Nagolovatka thin-segment – Jurinea tenuiloba. 
29. Astrogal manyhorned – Astragalus polyceras 
30. Water-lily (relic type) – Nimphala condida. 
 
Red Book species 
31. Water nut- chilim – Trapa natans 
32. Lotus nut-containing – Nelimbo nucifera 
33. Drema Astrakhan – Melandrium astrachanicum 
 
Mushrooms 
34. Setchatogolovnik drawn – Dictyocephalos attenuatus 
 
Technical plants 
35. Reed usual 
 
Medicinal plants 
36. Wormwood broom-like- burgen 
37. Garmala usual –adraspan 
38. Besmertnik sandy –tsmin 
39. Ezhovnik lifeless, anabasis- itsigek 
 

1.4.6.2. State fauna 
 

According to zoographic regional division Kurmangazinskiy region refers to 
Turan okrug of Irani-Turan province of Mediterenean suboblast. They are northern 
Arat-Caspian deserts, characteristic representatives of mammals are the sandy hare, 
sandy gopher, small gopher, thicktail tushkan, tushkan Severtsov, garbaganchik, 
emuranchik, big peschanka, middle-day peschanka, steppe polecat, korsak, saigak. 
Over the territory lie additional paths for bird migration from south-eastern, north-
African, front Asian and Caspian winter quarters. The fauna of the territory is 
diverse, there are 40 species of mammals, 50 species of birds, 14 species of 
amphibians and reptiles, and this is without counting those acquatic species, which 
occupy the area from time to time- often seasonally - as well as sinanthropic species. 
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1.4.6.2.1. Mammals 
 

Order of pest-eating 
Family of hedgehogs, genus hedgehogs 
Big-eared hedgehog – inhabitant of clay, sandy semi-deserts and deserts. It is 

active from March-April to October-November. It lives in burrows, eats beetles, 
locusts and small insects. It is usual on this territory. 

Family of zemleroyka, digging rodent, genus belozubka (white teeth). 
Small belozubka is an inhabitant of desert and cultural landscapes. It nests in 

the grass, ground damps and burrows of small rodents. It is active in the warm time 
of the year and eats pests. It is usual for the territory. 

The family of usual bats is represented by the following genera: notsnitsa 
(mustached notcnitsa), vechernitsa (red vechernitsa), kozhan (two-colored kozhan). 
Those species inhabit the places near human dwellings and various shelters. They 
breed in May-June and feed on beetles, butterflies and mosquitoes. Two-colored 
kozhans are not numerous, they leave the territory hibernate. Other species are usual 
and lead a settled life. 
 

Order of hares 
Family of hares and rabbits, genus of hares is represented by a hare-rusak and a 

hare-peschanik (sandy hare - tolai), they are usual. The tolai prefers hilled sands with 
saxaul forests. 
 

Oder of rodents 
Family of squirrels, genus of gopher (ground squirrel). 
Gopher-peschanik (sandy gopher) inhabits in hilled sands with grass and bush 

vegetation, in wormwood saline and empheric desserts. It is usual. 
Small gopher chooses open clay-salty places with wormwood vegetation, virgin lands 
of semi-deserts, small plough lots, road edges, etc. Burrows of two meters depth. It is 
active from March; its sleeping period is in June-July, sometimes later. Usual. It is 
one of the main plague-carriers in nature. 
Family of myshovka (mouse-like), genus of myshovka. 
Steppe myshovka inhabits semi-deserts and deserts, lives in burrows of other 
animals.Hibernates. Usual. 

Family of tushkanchik is represented by the following genera: ground hares, 
ground small hares, emuranchiks, hairy-legged tushkanchik. All species are usual for 
the north deserts and semi-deserts. 

Torbaganchik inhabits mainly salty and saline lands, feeds on bulbs of plants, 
seeds, green parts of plants (common for emuranchik and hairy-legged tushkanchik); 
it lives in burrows in solid soils, breeds from spring to autumn. 
Emuranchik inhabits sands and breeds from spring to the middle of summer. 

Hairy-legged tushkanchik inhabits unstable and slightly stable sands. On the 
territory under study tushkanchiks hibernate in burrows. 
Family of homyak-llike, sub-family of homyak. 
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Genus of homyachok Eversmana, species of homyak Eversmana lives on saline 
lands, sands with a different degree of stability produced by vegetation, on the field 
edges. From October it hibernates in burrows. Usual. 

Genus of grey homyachok, species of grey homyachok inhabits sands, 
agricultural lands. It does not fall into the winter sleeping; it lives in burrows. Usual. 
Homyaks feed on plants and beetles, locasts, ants, etc. 

-Genus of peschanka (sandy mouse), combed peschanka inhabits hilled sands, 
semi-solid sandy, clay and saline soils, cultured lands. Winter burrows reach the 
depth of 2-2,5 meters, and summer ones -1 meter. It breeds from April to October, 
feeds on seeds, green parts of plants, in winter on bush bark. Usual. Plague-carrier. 

Afternoon peschanka is alike in the mode of life and behavior. Plague-carrier. 
Genus of slepushonka, species of usual slepushonka inhabits stable sands and salty 
lands. It comes out to the surface very seldom, lives in shallow burrows and feeds on 
underground parts of plants. Usual. 

Genus of grey polevka (field mouse), species of usual polevka prefers lowland 
wet places and agricultural lands, in winter is met in human dwellings, etc. It does not 
hibernate. Usual. Tularemia-carrier. 

Genus of home mice. The home mouse lives in various landscapes, human 
dwellings and agricultural buildings. It lives in burrows 25-30 cm deep. It can breed 
all over the year. Usual. It is a carrier of many dangerous diseases. 

Genus of field and forest mice is represented by the field mouse, which prefers 
wet places, agricultural lands, etc. Usual. 
 

Order of predators 
Family of dogs is represented by the following genera: wolves, dogs and foxes. 

The species are usual, they can be carriers of dangerous diseases (rabbits, etc.). 
Family of martens, genus of weasel and polecats is represented by the steppe 

polecat. 
Steppe polecat inhabits deserts, mainly non-sandy ones and fields. It uses 

burrows of other animals. Progeny appears in April-May. It feeds on small mammals, 
sometimes birds and insects. Usual. 
 

Order of pair hoofed 
Family of pigs, genus of boar, species of boar. It inhabits territories of sands, 

saxaul forests, sometimes fields, especially in snowy winters, and in flooding years 
the territory of its spread may widen. 

Family of polo-horned, genus of saiga, species of saiga is typical for this 
territory in winter; here is the area of the main spread of the animals, which migrate 
from the north places in the summer in the direction of the testing grounds of 
“Kapustin Yar”. Industrial species. 
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1.4.6.2.2. Birds 
 

Order of birds of prey 
Family of hawks is represented by the following genera: orlan (white-tailed 

orlan), kanuk (zimnyak, kurgannik), eagle (berkut, grave eagle, steppe eagle), lun 
(steppe lun). 

White-tailed orlan is a Red Book species, it inhabits the banks of  rivers, lakes 
and the seashore, sometimes it nests several kilometers from the water. On the 
territory under study it may be observed flying to other places but this is unlikely. 
Zimnyak may be met here while hibernating. 

Kurganik is usual, it is a migratory or nomadic bird, and prefers places with flat 
or slightly hilly relief. It nests in saxaul forests, abandoned buildings, etc. Lays eggs 
in late March-early April. It feeds on sandy mice, polevkas (field mice), gophers, 
birds and reptiles. 

Berkut is a Red Book species. In the inter-river regions of Volga-Ural has 
never been numerous, here are the places of its summer residence. It has a settled or 
nomadic way of life. Unlikely to be encounted in the wild. 

Grave eagle is in some ares a usual, migratory bird. It usually lives in valleys 
with separate trees, in which it nests. It preys on hares, gophers, sandy mice, etc. 
Observation of grave eagles on the territory under study is unlikely. 

Steppe eagle is usual on this territory, it is a migratory bird. It nests on the 
ground. Lays eggs in April-May. It feeds on rodents, fledglings and reptiles. 

Steppe lun is a usual migratory bird. It nests on the ground. Laying eggs is in 
late April-May. 

It feeds on small rodents, birds, lizards and insects. 
Family of falcons, genus of falcon is represented by a usual pustelga and steppe 

pustelga. They are usual migratory birds, they nests on the ground, trees, etc. It lays 
eggs in May and feeds on mice-like rodents. 
 

Order of hen-like birds 
Family of pheasants, genus of quail. Quail is a usual migratory bird, 

characteristic mainly for agricultural landscapes. Lays eggs in May, it feeds on seeds 
of plants and on insects. 

It is possible to see grey grouse on the territory. The diet and behavior of the 
bird are similar to those of quails. 
 

Order of cranes 
Family of true crane, genus of the beautiful crane. 
Krasavka (the beautiful crane) is a Red Book species, it arrives in the territory 

in late March-April and leaves in August-September. It nests in dry steppe and semi-
deserts with feather-grass, tipchak and wormwood vegetation. It lays of eggs in May. 
It feeds on plant seeds, beetles, worms and lizards. The probability of observing this 
bird is high. 
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Order of great bustards 
Family of great bustards, genus of great bustards is represented by strepets, 

which are migratory birds, listed in the Red Book of Kazakhstan. 
Great bustard nests in the Volga-Ural inter-river region and is usually 

encounted flying across the country and partially at wintering places. It inhabits 
wormwood and cereal areas and fields. It feeds on plant seeds, beetles, locusts, small 
rodents and lizards. 

Strepet is the smallest representative of this bird order in Kazakhstan. Unlike 
great bustards it does not hibernate on the territory of the republic. It can be seen in 
sandy areas, fields, saline lands with cereal and ephemeric vegetation. It is usual in 
the Volga-Ural inter-river region. It feeds mainly on various insects. 

Order of snipes 
Order of snipes is represented by the families of avdotka, genus of avdotka 

(avdotka); tirkushka, genus of tirkushka (steppe tirkushaka); rzhankovye, genus of 
zuyek (Caspian zuyek). These snipes are migratory birds, which inhabit parts of lands 
with scares vegetation. They are usual in the Volga-Ural inter-river region, and feed 
mainly on insects. 
 

Order of hazel-grouses 
Genus of sadzha, or usual sadzha, is both a settled and migratory bird. It nests 

on the ground with solid soils. It lays eggs from the middle of April. It feeds on plant 
seeds, buds and sprouts. 
 

Order of pigeons 
Genus of pigeon, usual pigeon. It is a common, migratory bird, it lives on 

cultured landscapes. It nests in bushes. It lays eggs in May. It feeds on seeds. 
 

Order of cuckoos 
Family of cuckoos, genus of cuckoos is represented by thecommon cuckoo. A 

common, migratory bird. It inhabits various landscapes. 
 

Order of owls 
Family of true owls is represented by the genus of eagle-owl, the genus of 

domovy sych. 
Eagle-owl is met in small numbers, it is a settled or migratory bird. It nests in 

ravines, abandoned buildings. It lays eggs in April. It feeds on various animals 
ranging from hares to mice-like rodents and small sparrow-like birds. 

Domovy sych is usual. It is a settled bird, it nests in hide places of abandoned 
buildings, in attics, in burrows made in cliffs, etc. It lays eggs in April-May. It feeds 
on small rodents and birds, lizards and insects. 
 

Order of kozodoys 
Family of true kozodoys, genus of kozodoy. 
Usual kozodoy is met in bushes and semi-deserts. It is a migratory bird. It nests 

on the ground and lays eggs in May-June. It feeds on night insects. 
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Order of long-winged 
Genus of swifts, black swifts are usual or numerous. It is a migratory bird. It 

prefers open areas and numerous settlements. It nests in burrows in cliffs, under roofs 
of buildings, etc. It lays eggs in June. It feeds on flying insects. 

Order of raksh-like 
Represented by the families of sizovoronkas, genus of sizovoronka and 

hoopoes, genus of hoopoe. 
Sizovoronka. It is a usual, migratory bird. It inhabits semi-deserts, deserts and 

cultured landscapes. It nests in burrows made in cliffs, in building, etc. It lays eggs in 
May-June. It feeds on insects, lizards and rodents. 

Hoopoe is a usual, migratory bird. It inhabits open places with bushes and 
plantations. It nests in the mountains, hollows on trees, etc. It lays eggs in April-June. 
It feeds on insects and other small invertebrates. 

Order of sparrows 
Family of skylarks is represented by 4 genera: crested skylark (crested 

skylark), small skylark ( grey and small skylarks), steppe skylark (black and white 
winged skylarks), horned skylark (horned skylark). 

Skylarks are usual, migratory, nomadic or settled birds. They inhabit dry 
steppes, semi-deserts, saline lands, cultured landscapes. They nest on the ground. 
They lay eggs in April-June. They feed on insects and seeds. 

Family of swallows, genus kasatka is represented by two species: village 
swallow and thread-tailed swallow. Usual village and not numerous thread-tailed 
swallow are migratory birds inhabit cultured landscapes and human settlements. 

Family of soronuts, genus of sorokoput is represented by two species: grey 
sorokonut and zhulan. They are usual birds, they prefer open places with bushes, they 
feed on small invertebrates, insects, etc. They nest on bushes. It lays eggs in April-
June. Grey sorokoput is a settled and migratory bird and zhulan is a migratory bird. 

Family of krapivniks (nettle birds), genus kamenka (stony bird). Usual 
kamenka. Usual, migratory. It inhibits open places and nests in burrows. It lays eggs 
in May-June. It feeds on insects. 

Genus of nightingale is represented by south, usual nightingale and 
varakushka. They are usual migratory birds. They live in thickets of bushes, 
plantations, gardens, etc. They nest on the ground, in the lower parts of bushes. They 
lay eggs in May-June. They feed on small invertebrates. 

Family of slavkas, genus slavka, species of desert slavka. Usual. It inhabits 
bushes and saxaul trees. It nests in bushes. It lays eggs in April-June. It feeds on 
insects and berries. 

Family tkachiks, genus sparrow is represented by home and field sparrows. 
Usual. They prefer cultured landscapes. 

Family of starling, genus true starling, species usual starling. Usual. It prefers 
cultured landscapes. 

Family of raven-like, genus of raven (raven, crow, rook), genus of jackdaw 
(jackdaw), genus of magpie). 
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Raven is a non numerous, settled bird, raven and jackdaw are usual, settled, 
nomadic and migratory birds. 

Rook is usual, settled and nomadic, magpie is a usual, migratory birds. Raven-
like birds live in cultured landscapes. 
 

1.4.6.2.3. Amphibians 
 

Order of tailless 
Family of toads, genus of toad, species of green toad. It inhabits semi-deserts 

and desert sand lives on the ground. In deserts, probably, estivates. It hibernates in 
burrows of rodents, and in pits. In spring it is seen from the end of March to the 
middle of May and moves to the water bodies to breed. 
 

1.4.6.2.4. Reptiles 
 

Order of lizards 
Family of agamas. Genus of agama. Agama inhabits lands with scares bushy 

vegetation, it avoids loose sands. As shelters serve burrows of gophers and sandy 
mice. It is active from March to October. Basis of the diet are chernotelkas, life-
eaters, ants. Usual. 

Genus of kruglogolovka (round-headed). Takyr kruglogolovka lives on semi-
solid soils with scares vegetation. They use burrows of insects. Active in March-
October. It feeds on locusts and beetles. Usual. 

Kruglogolovka-vertihvostka inhabits on stable and semi-stable sands. Active in 
April-October. It feeds on flies and other insects. Usual. 

Big-eared Kruglogolovka is usual on bare sands. 
Active from March to October. It feeds on beetles, caterpillars, bugs wasps and 

others. Usual. 
Family of lizards, genus of yasherka (small lizards), species quick multi-

colored. They inhabit on stable sands and clay soils; they use burrows. Active in 
March-October. They feed on beetles, locusts, spiders, bugs, flies, caterpillars and 
others. Usual and numerous. 

Genus of true yasherka, species of swift yasherka. It prefers thickets of bushes, 
road edges, etc. Active from March to October. It digs burrows and uses burrows of 
others. It feeds on insects. Usual and numerous. 
 

Order of snakes 
Family of pythons, genus of udavchik (small python), sandy udavchik lives in 

loose and poorly stable sands, active from the beginning of April to the middle of 
October. It feeds on lizards, rodents and small birds. Usual. 

Genus of poloz. The yellow-bottom poloz is a Red Book species. It lives in 
bush thickets and on sands with vegetation. For shelters it uses burrows of rodents. In 
June-July the female snake lays eggs ( the progeny appear in September). It feeds on 
rodents, lizards, snakes, birds and insects. On snakes live iksodovy mites. It is an 
aggressive, non-venomous snake. 
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Genus crawling runner. Patterned runners everywhere are usual in respect of 
habitats and food. 
Active from March to October. 

Family of adder, genus adder, species steppe adder. It inhabits bushes, saline 
deserts and stable sands. After wintering it leaves the burrow and other shelters in 
March-April and returns in October. It feeds on birds, rodents. It is usual for the 
region. 

Family of hollow-head snakes, genus tshitomordnik, species usual 
tshitomordnik. It hibernates in rodent burrows, is active from March-May to October-
November. It feeds on rodents, sometimes birds, occasionally, lizards. It is usual, 
venomous. 
 

1.4.6.2.5. Fish 
 

In the delta of the Volga, in the rivers Kugach and Sharonovka, semi-passing 
and passing fish are spread, such as sheat-fish, pike, pike-perch, wild carp, bream, 
yaz, crucian, perch, roach and others. 

The following representatives of fauna of Kurmangazinskiy region are 
included in the Red Book of CIS (USSR): 

mammals – skewbald putorak, polecat-perevyazka; 
birds – pink and curly (wavy) pelicans, yellow and small white herons, 

flamingos, red thyroid tzesarka, marbel chirok, crane krasavka, great bustard, strepet, 
white-tailed pigalitsa, thinbeak kronshnep, skola; 

fish – Caspian salmon. 
Besides the listed above animals in the Red Book there are also the following: 
mammals – manul; 
birds – kolpitsa, swan-klikun (crying), swan-shipun (hissing), savka, goose-

suhonos (dry-nosed). 
 

1.4.7. Protection of the population, individual and production objects 
from the natural disasters 

 
According to the data of Atyrau oblast on 1.01.1996, the rise of the Caspian 

Sea level caused flooding of 111,3 thousand hectares in Kurmangazinskiy region, 
63,9 thousand hectares of which were the most productive agricultural grounds 
(Table 1.4.17). 

According to the prognosis on the rise of the sea level from the current level to 
the mark of -26,0 meters the following areas of the sea-shore may be inundated 
(Table 1.4.18): 

total area of flooding will be 27,2 thousand hectares of agricultural lands; 
the inundated area will cover the agricultural lands – 25,1 thousand hectares, 

0,6 thousand hectares old settlements, industrial lands – 0,026 thousand hectares. 
With the rise of the sea to the level of -25,0 meters in the zone of flooding 21,8 and 
36,4 thousand hectares of the lands will correspondingly be under water. 
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Table 1.4.17 
 

Area of the agricultural lands inundated by the waters of the Caspian Sea 
 
 Total 

area 
Plou
gh 

land 

Perennial 
land 

Depo
sit 

Hay 
mowing 
grounds 

Pastur
es 

Total 
agricultur

al 
lands 

Other 
lands 
in use 

PK“Akzhonas” 
“Dashino” TO 
PK“Zhanazhol” 
PK”Makash” 
“Teniz” SC 
PK”Nurzhau” 
Col.farm 
“Kzyl-tan” 
Col.farm“Way 
to Communism’ 
set.Ganyushkino 
Kurmangazinskiy  
LXPP 
Reserve lands 
Total for region 

26556 
2200 
12700 
27532 
1256 
10092 

 
800 
241 

 
161 

17334 
 

12464 
111336 

- 
- 

120 
- 
- 

180 
 
- 
- 
 
- 
- 
 
- 

300 

- 
- 
- 
- 
- 
- 
 
- 
- 
 
- 
- 
 
- 
- 

- 
- 
- 
- 
- 
- 
 
- 
- 
 
- 

20 
 
- 

20 

8759 
950 
6948 
12636 
1103 
8737 

 
300 
39 
 
- 

1884 
 
- 

40776 

6271 
1050 
4982 
9285 
117 
420 

 
400 
107 

 
126 
32 
 
- 

22090 

15030 
2000 
11450 
21941 
1220 
9337 

 
700 
146 

 
126 
1936 

 
- 

63886 

11526 
200 
1250 
5391 
36 
755 

 
100 
95 
 

35 
15898 

 
12464 
47450 

 
Losses of the agricultural and forest industries in Kurmangazinskiy region due 

to the rise of the Caspian Sea to the level of -26 meters and -25 meters, in accordance 
with the Government Resolution of the Republic of Kazakhstan on March 4, 1997 
#299: “ About approve of the regulations on sizes and order of compensation for 
losses of agricultural and forest industries and losses inflicted by owners or land users 
after using agricultural and forest grounds for other than agricultural and forest 
purposes” are shown in Table 1.4.19. 
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At the level of -26 m the total sum of losses and wastes for the period of 1978-
2010 will be 3563,08 million tenge, including: 

- losses of agricultural and forest production industries – 2857,35 million 
tenge; 

- losses of unobtained agricultural products – 223,83 million tenge; 
- losses caused by flooding of 57 stock-breeding premises 114 million tenge, 

melioration objects – 361,92 million tenge (irrigation and water-supplying canals). 
The sum of losses and wastes at the level of -25 meters (year 2030) will be 

578,28 million tenge, including. 
- losses of agricultural production industries -481,09 million tenge. 
- losses of  unobtained agricultural products – 65 million tenge; 
- losses caused by flooding of 9 stock-breeding premises -18 million tenge; 
- losses of melioration objects -14,19 million tenge. 
Non-agricultural losses for the period of 1978-1996 were calculated by the 

Atyrau branch of State Agricultural supervising organization GosNPzem. (and for the 
period 1996-2030 by “Kazakhstan-Caspian” VTK). 
 

Table 1.4.18 
 

Agricultural lands, lying into the zone of flooding with the rise of the Caspian 
sea level to -26 m, - 25 m and overtaking processes, thousand hectares 

 
Category of 
lands 

Mark- 26 meters Mark – 25 meters 
Flooding Overtaking 

processes 
Flooding Overtaking 

processes 
total agric.lan

ds 
total agric.l

ands 
total agric.la

nds 
total agric.lan

ds 
Agricultural 
lands 
Farming 
productive 
lands 
Settlements 
Lands of 
industries, 
transport, 
communication
, 
military 
defense and 
others 
Total for region 

25125 
 

910 
 
 

600 
26 
 
 
 
 
 

27213 

19740 
 

910 
 
 

507 
- 
 
 
 
 
 

20247 

32341 
 

295 
 
 

6179 
32 
 
 
 
 
 

38552 

23254 
 

295 
 
 

5709 
- 
 
 
 
 
 

28963 

17701 
 

150 
 
 

4060 
25 
 
 
 
 
 

21786 

11387 
 

150 
 
 

3910 
- 
 
 
 
 
 

15297 

31634 
767 
4711 
16 

36361 

26806 
767 
3999 

- 
30805 

 
In the period of 1978-1996 368,4 meters of automobile roads were inundated 

with the loss of 6763,4 million tenge, also 64 kilometers of high-voltage lines with 
the loss of 143,4 million tenge, and loss of enclosing dams came to 15,1 million 
tenge. 

297 
 



Under threat of being flooded and affected by overtaking processes at the mark 
of – 26 meters (period 1996-2110) and at the mark of -25 meters (to 2030) will be the 
Ural-Caspian fish producing region, and the engineering transport corridor. From 
1996 to 2030 36,8 km of automobile roads will be covered with water (Table 1.4.20). 

In the period of 1997-2030 under threat of being flooded and of being affected 
by overtaking processes will be 114 km of high-voltage lines of 110-220 kb. The 
most affected will be the Ural-Caspian fish producing region with 4 fish farms, and 
the Chertobai fish plant, a major part of the fish producing base of the oblast. 

Losses of transport, communication, energetic industry have been calculated 
using the symbolically equal balance cost of the current structures in the zone of 
flooding and their new construction. 

The supposed losses of electric lines will total 13566 million tenge, losses of 
automobile roads – 502,3 million tenge (Table 1.4.21). 

According to the experts, the damage caused to the major resources of the fish 
industry, industrial fleet, fish catching equipment, and objects of fish processing, as 
well as changes for work in the shallow waters and reconstructions after flooding, etc. 
will total 700 million tenge. 

 
Table 1.4.19 

 
Losses and wastes of agricultural and forest production due to the rise of the 
Caspian Sea level to the marks of -26 meters and -25 meters (million tenge) 

 
Indicators Period, years Total Including 

Losses Wastes 
Lands in use 
 
 
 
 
Lost agricultural products 
 
 
 
Stock-breeding premises 
 
 
 
Melioration objects 
 
 
 
 
Total 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

 

2413,63 
352,17 
145,51 
136,49 
481,09 
199,92 
29,22 
11,54 
7,15 
63,0 
88,0 
22,0 
4,0 
- 

18,0 
282,48 
47,74 
26,44 
5,26 

14,19 
2984,03 
242,66 
187,49 
148,9 
578,28 

 

- 
- 
- 
- 
- 

199,92 
29,22 
11,54 
7,15 
63,0 
88,0 
22,0 
4,0 
- 

18,0 
282,48 
47,74 
26,44 
5,26 

14,19 
570,4 

3096,0 
41,98 
12,41 
97,19 

 

2413,63 
352,17 
145,51 
136,49 
481,09 

- 
- 
- 
- 
- 
- 
-- 
- 
- 
- 
- 
- 
- 
- 
- 

2413,63 
161,7 
145,51 
136,49 
481,09 
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Table 1.4.20 
 

List of the roads in the zone of flooding (km) and overtaking processes 
 
Name Mark-26 meters Mark -25 meters 

flooding overtaking waves flooding overtaking 
waves 

Atyrau- Astrakhan 
Kotyaevka-Utery 
Rodina-Abuaral 
Total 

- 
 

1,5 
3,4 
4,9 

0,7 
 

3,1 
6,9 
10,9 

- 
 

0,9 
6,9 
7,7 

 

8,4 
 

5,0 
- 

13,4 

 
Table 1.4.21 

 
Losses of the agricultural sphere due to the raise of the sea level 

(million tenge) 
 

Indicators Years Losses 
Fish industry 
 
 
Automobile roads 
 
 
Electric lines 
 
 
Total 
 
 
Engineering defense 
 
 
Total in the region 

1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 

- 
280000,0 
420000,0 
6763,0 
197,8 
304,5 
143,4 
5950,0 
7616,0 
6906,4 

286147,8 
427920,5 

15,1 
10206,1 
22806,0 
6921,0 

2963353,9 
4507726,5 

 
 
1.4.8. Utilization, making harmless and burying of the production and industrial 

wastes 
 

On the territory of Kurmangazinskiy region there are practically no large oil 
and gas extracting enterprises (besides the oil field Oktyabrskoye), the predominant 
industry here is stock-breeding. Nevertheless, on the territory of the region there are 
railway lines and  a motor way, as well as oil and gas pipelines and water lines and a 
number of small enterprises, such as the Shortobai fish plant, “Sut” LLP, the logging 
industry and the regional printing house. As a result of the industrial, building 
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energetic, transport and municipal services enterprises and organizations, in densely-
populated places (settlement Ganyushkino, station Ganyushkino, settlement 
Chertobai, railway junctions #3, 88), liquid, solid, semi-solid and gas wastes of 
different characters have been formed. Works on the wastes are not properly 
organized. For some types of wastes there are no grounds for their collection and 
storage. 

On January 1, 1999 there were 30 stationary sources of harmful wastes in 
Kurmangazinskiy region. These sources produce 21183,8 thousand tons of harmful 
pollutants with the content of nitric oxide, carbon oxide, sulphur anhydride, non-
limited hydrocarbons, hard substances (dust), hydrogen sulfide and others. 

In Kurmangazinskiy region waste waters of the settlements and industries are 
dumped in fields of evaporation 10 km to the north-east of the Chertombai settlement 
and to the north of Ganyushkino at the distance of 3 km to the east, at railway 
junction # 3 to the north of Kigach settlement, in the south-eastern part of the region 
(LPY) 

Every year the dumping of waste waters into the open fields for evaporation 
from the production and industrial enterprises in Kurmangazinskiy region total 663 
m3. The content and amount of the main ingredients of the waste waters are the 
following: 

oil products 8,91 tons 
chlorides 1,2 tons 
sulphates 1,2 tons 
ammonian salts 19,9 tons 
nitrates 0,06 tons 
weighed substances 144,4 tons 
COD 14,0 tons 
SPAV 3,7 tons 
dry residue 1,4 tons 
oils/grease 12,2 tons 

 
The major pollutants on the territory of Kurmangazinskiy region are very 

dangerous industrial wastes from the Azgir nuclear testing grounds (testing grounds 
“Galit”) and the missile testing grounds of the anti-air defense Ashuluk (Figure 
1.4.7). 

To the recent time over 15% of the territory in Atyrau oblast was occupied by 
military testing grounds, namely the nuclear grounds in Kurmangazinskiy region 
(over 0,6 million hectares) and missile testing grounds in Kzylkoginsky and 
Makatsky regions (Taisongon, 800 hectares). Total land occupied by testing grounds 
made over 1,5 million hectares of the oblast lands. 

In September 1991 all activity on the testing grounds on the territory of Atyrau 
oblast was stopped. 

In January 1995 between the Russian Federation and the Republic of 
Kazakhstan was signed an agreement on continuation for another 20 years of using 
the missile testing grounds Taisogan by the 929 state flight-test Centre (GLITS) of 
the Ministry of Defense of Russia. 
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The nuclear testing grounds Azgir (the military symbolic name is “Galit”). 
In the period from 22.04.1966 to 10.10.1979 on the “Galit” testing grounds in the 
region near Azgir under supervision of the All-Union scientific research Institute of 
experimental physics (“Arzamas-16”) and specialists of Ministry of Defense and 
Minatomprom of the USSR 17 nuclear explosions were set off on 10 technological 
work grounds at a depth of 1500 meters in the deposits of stone salt for creation of 
underground cavities (Table 1.4.22). 

During the testing of the nuclear devices a great damage occurred to houses, 
schools, clubs, farm buildings in the nearby settlements, some wells for drinking 
water were put out of action and in the areas of the nuclear explosions vast 
depressions of the ground surfaces occurred. 

The capacity of the explosions was equivalent to 10-25 kilotons of TNT. As a 
result of these explosions in the thickness of the stone salt deposits 9 underground 
cavities with the area of about 1,2, m3  were formed. 

In 1991-1992 studies of the formed cavities showed that in them between 77 to 
1500 kuris alpha active and from 450 to 50000 kuris of beta active splitting 
substances were present. 

At present 5 cavities out of 9 are filled with brine from the water flow horizon 
to a depth of 200 meters and the radioactive contamination is spreading along the 
water flow horizons widening the areas that are dangerous for the animals and 
primarily for the people of this region. 

Recultivation (restoration) of the industrial grounds with the buried radioactive 
soil and the remaining parts of the metal constructions has not been finished yet. The 
radioactivity of the soil of the grounds exceeds safety norms by tens and hundreds of 
times. For instance, in the autumn of 1992 near one of the necks of the drilling wells 
dosimeters showed from 9 to 25 thousand micro roentgen per hour (the sanitary norm 
is 15 micro roentgen per hour). 

Nowadays the industrial grounds are areas of land with the size of 100x100 
meters. The necks of the “military” drilling wells form a tube 1 meter in diameter, 5 
of 10 have been filled with cement. Though the testing grounds should be fenced off, 
up to now there are no guards and no fence, and the living stock graze near the neck 
of the drilling wells. Everywhere parts of metal constructions and other debris are 
scattered all over the ground. 

The local people use these metal parts for their industrial needs, though these 
debris are radioactive; tests conducted in the autumn of 1992 showed that the 
radioactivity of the metal was up to 3000 micro roentgen per hour. 

Due to the underground nuclear explosions, the surrounding soils gradually 
evaporated and tightened, and created a free underground space. Condensed salt 
along with the products of the nuclear disintegration fell to the bottom of the cavity 
and this formed the so-called lens of molten products with the concentration of the 
main part of the radioactive nuclides. To prevent the outcome of the products of 
nuclear disintegration onto the surface of the ground the drilling well was filled with 
cement before the explosion and some time later. 
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Results of the radioactivity study, which was conducted in the region (St. 
Petersburg University, 1992), showed that the territory of the state farm Balkuduk, 
where the testing grounds are situated, can be divided into 3 zones: 

a) clean territories with a natural gamma background (5-10 mcr/hour), situated in 
the southern part of the state farm; the northern boundary goes along the road 
to Asan; 

b)  conditionally polluted territories” with a small increase in radioactive 
background (10-15 mcr/hour). This zone is situated to the north of the road to 
Asan, and the rise in the level of radioactivity in it is most probably caused by 
the wind spread of the radio nuclides from the testing grounds. 

c) zone of significant anomaly of the gamma background on the territory of 
technological grounds, both currently active and recultivated (restored) and 
turned over for the economic use. On these grounds a significant rise of the 
gamma background is noted, mainly on the non-recultivated territories. 
Contamination by radio cesium of the clean territories reaches 0,01 kuris/km2, 

conditionally polluted territories – 0,2 kuris/km2. Contamination levels of the 
technological grounds are strictly individual. 

Maximum levels of the pollution by radio cesium of technological grounds 
reach 23 kBk/kg. The polluted soil from the testing grounds is buried in the 
underground cavity formed after the explosion. 

On the recultivated grounds pollution by radio cesium is within the norm, 
though it reaches its upper boundaries, this fact makes it necessary to conduct further 
studies. 

One of the technological grounds is situated in 1.5 km from the settlement of 
Azgir. On the territory near the ground, points have been identified with the content 
of radio cesium 216 and 320 kBk/km, that reaches 11 and 17 MPC. In these samples 
an excessive content of radio strontium-90 and radio nuclides of plutonium has also 
been found. 

The main input in the radioactive contamination is done by radio cesium-137 to 
80% and radio strontium-90 to 18 %. Correlation of the concentrations of radio 
cesium and radio strontium fluctuate from 3,3 to 30,5. It is necessary to point out that 
correlation which is equal to 3,3 has been received from the background sample, that 
testifies to the radionuclide spread from the territory of the testing grounds to great 
distances. 

Analysis of the vegetative and other objects that have biological nature has 
shown their significant contamination by radio cesium. 

Thus, the vegetable samples, gathered on the territory of technological 
grounds, showed the content of radio cesium up to 6 500 Bk/kg. This testifies to the 
migration of radio nuclides from the soil into the plants, which may have grave 
consequences for formation of the general situation in this region. 

Despite the present comparatively satisfactory radiation state on the testing 
grounds, it is necessary to point out that during the period of conduction of 
underground nuclear tests, in some cases, uncontrolled emissions of nuclides of 
radioactive gases into the environment took place, that may cause a negative 
influence on the health of the people and agricultural animals. 
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Figure 1.4.7 Nuclear and missile testing grounds on the territory of 

Atyrau oblast (Azgir, Taisogan) 
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Emissions of radioactive gases (tritium, radioactive isotopes of ksenon131, 
133, 135, krypton-86, 87, 88, as well as vapors of iodine-131, sulphur-35, tellur-132) 
were noted immediately after the explosions through the testing drilling wells during 
9-20 days; and after the uncovering of the cavities 1-4,25 years later an unpressured 
flow of gas-like nuclides was registered from 4 to 11 months. The general 
radioactivity of the gases, thrown into the atmosphere during several years after the 
explosions, makes 10 million kuris, that can be compared to the activity of gas 
emission after the accident at the Chernobyl atomic station. 
 

Table 1.4.22 
 

Major characteristics of the number of the nuclear explosions 
conducted on the grounds of “Galit” 

 
Explosion Date of 

the  
explosion 

Time 
Moscow 
(hour) 

Depth of 
the shell 

placement 
(m) 

Distance 
from the 
shell to 
the salt 

layer (m) 

Distance 
from the 
shell to 

the 
nearest 
water 
flow 

horizon,m 

Area of 
the 

formed 
cavity 

(thousand 
m3) 

Maximum 
Project of 
discharge 
of energy 
from the 

Explosion 
to (kg) 

A-I 22.04.66 6-00 161 160 160 10 1,1 
A-II-1 01.07.68 9-00 597 300 410 115 25 
A-II-2 25.04.75 10-00 Explosions conducted in the 

Water-filled cavity A-II 
  

A-II-3 14.10.77 10-00   
A-II-4 10.10.77 10-00  0,01 
A-II-5 12.09.78 9-00  0,5 
A-II-6 10.01.79 11-00   
A-II-7 30.11.78 11-00      
A-III-1 22.12.71 10-00 987 730 790 220 70 
A-III-2 29.03.76 10-00 Explosion  conducted in the dry cavity A-III 10 
A-IV 29.07.76 10-00 995 745 600 270 60 
A-V 30.09.77 10-00 1500 1180 1190 12 10 
A-VII 17.10.78 11-00 1000 640 770 210 20 
A-VIII 17.01.79 11-00 1000 670 770 210 60 
A-IX 18.12.78 11-00 900 Explosion conducted 

in clay 
no 100 

A-X 24.10.79 11-00 980 680 740 180 30 
A-XI 14.07.79 10-00 1000 570 680 100 15 

Note: Accepted the following identification of explosions: 
A- initial letter “Azgir” 

Roman figure – number of industrial ground; 
Arabic figure – number of the explosion on this ground; 

Arabic figure – 1 or its absence means a forming explosion, 
spent in the massif “Galit” 
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One of the possible sources of the soil contamination may be the escape of 
radio nuclides from the underground cavities where most of them are stored. 
Different underground cavities contain up to 1500 kuris of alpha active nuclides and 
5000 kuris of beta active isotopes. On the basis of conducted studies it was stated that 
such escape together with underground waters really take place on the technological 
grounds A-1 from the underground cavity. The excessive content of plutonium in the 
samples testifies to its technogenic use. 

The mentioned drilling wells are subjects for liquidation or conservation. All 
the grounds should be deactivated and recultivated. These works began in 1989. The 
cavity A-X in the depth of 1000 meters is used for burying of the soils, and A-III for 
burying of the metals. The amount of the radioactive wastes for burial was evaluated 
as 24000 m3 with the area of 10000 m2. at present, according to the Hlopin Institute, 
total 20000 m2 with the summarized activity of 50 kuris. 

The content of radio cesium in the vegetation gathered on the territory of the 
testing grounds reaches 6500 Bk/kg. This testifies to migration of radio nuclides from 
the soil into the plants. 

Therefore, on the territory of the state farm there are places of significant 
pollution by radio nuclides. 

Bio indicative studies showed a significant contamination of the territory of the 
Azgir testing grounds by a number of toxic chemicals and migration of these 
chemicals from the soil into the plants and further into the grass-eating animals, that 
may cause diseases in the people. An increase in the content of lead, silver, zinc, 
titanium and other heavy metals have been registered in tissues of agricultural 
animals. In some water points in the area near the settlements of Azgir and Balkuduk 
an excess of MPC on thallium, lead, cadmium, arsenic, bromine, nitrates, chlorides 
and sulphates has been also registered. There are water points here, the water of 
which is dangerous for people and animals. The underground waters of Azgir zone 
are gravely polluted by heavy metals, mainly by thallium; the MPC on thallium 
exceeds in several thousands of times. 

The contents of vanadium, zirconium, aluminum, magnesium, calcium, 
potassium in the soil of the testing grounds are about 8 times higher than on the 
background territories. Soil pollution by these elements is registered on 2-3 lane 
adjoining the boundaries of the testing grounds. 

But despite the catastrophic, extremely dangerous ecological situation here, the 
Institute of nuclear physics NAS RK recommends the burial of contaminated 
radioactive wastes in the cavities made by the explosions in the saline domes. 

Though at present the radiation state in the area of the testing grounds of Azgir 
is within the norm, the possibility of uncontrolled exposure of the population to the 
rays during the explosions, as well as radioactive pollution of the air, water, soil and 
vegetation in the following years must not be ignored. 

Due to the continued escape of radioactive substances with the underground 
waters, their   dispersal with the wind and emissions of inert radioactive gasses, and 
taking into account that the period of half-disintegration of a number of isotopes takes 
several thousand years, it is necessary, according to the scientists-experts of St. 
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Petersburg University to move the people from the settlements exposed to the 
radioactive influence to healthier territories. 
From the very beginning the choice of the place of the nuclear testing grounds was 
erroneous and unjustified. The salt strata at this place are vertical, the salts are 
“young” and the dome is still in the process of development. 

Nuclear charges were exploded in geologically unstable saline-domed 
structures. The explosions caused evaporation and tightening of the minerals that led 
to creation of free underground spaces. The walls of the underground cavity are not 
permanent. The underground cavities gradually lose their geometrical shape and are 
filled with underground waters, and radio nuclides spread far beyond the 
technological grounds. Escape of radio nuclides from the underground cavities with 
the underground waters may serve as one of the sources of soil pollution. Such escape 
has currently been identified on the grounds A-1. Radio nuclides come onto the 
surface, and accumulate near the settlement of Azgir. The excessive content of 
strontium-90 and radio nuclides of plutonium has been registered, as well as spread 
of radio nuclides of strontium and cesium and plutonium in the food chains that may 
lead to their getting into the people’s food. 

The saline dome of Azgir is plastic and changeable. Morphological changes of 
the created cavities can occur due to the physical and mechanical peculiarities of the 
salts, which have not been studied. The dynamics and mechanism of the saline dome 
remain unknown, as well as the rate of its shape changes. The state of the dome can 
also be influenced by earthquakes, as such growth is seismically dangerous. The 
dome adjoins the Astrakhan gas condensation enterprise, where incidents of severe 
earthquakes can not be excluded. All of this may lead to formation of various 
fissures, depressurization and destruction of the cavities with unforeseen 
circumstances. 

Salt deposits in Azgir cannot be exploited in the future due to the presence of 
radioactive minerals in them. According to the geologists, a good deposit of mineral 
salts has been lost. 

The testing grounds of Ashuluk. On the territory that adjoins Kurmangazinskiy 
and partially, Isatai regions, in addition to Azgir testing grounds from 1957 to 1993 
testing grounds of PVO (antimissile defense) USSR (later of Russia) Azhuluk were in 
use. Over 1 million people from more than 40 countries were instructed here. When it 
was closed down, the territory was severely polluted by debris from military technical 
devices (over 3 thousand tons); most of it has not been cleaned up yet. Collapse and 
explosions of the missiles themselves and their stages caused fires, dispersion of fuel 
and chemicals, there were cases of missiles falling near the settlements. High levels 
of morbidity among the population living near the testing grounds have been 
registered. 

Some research works on soil and drinking water testing on the territory of the 
testing grounds held by OVOS showed an absence of gentile in the environment. 
However, the matter of environmental gentile pollution has not been put down due to 
the limited amount of observation. 

Due to collection of industrial wastes of excessive degree of danger in the 
components of the environment some negative processes occur, the wastes undergo 
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reaction of neutralization, hydrolysis, ion changing and microbe raising process, that 
leads to formation of substances which can better dissolve and intervene into the 
water bodies, animals, etc. With such wastes as shlam galvanic industry, ash-slag, 
heavy metals with high toxic characteristics get into the environment. In the ratio of 
general stress-causing factors the ions of heavy metals take the top place, leaving far 
beyond noises, pesticides and acid rains. Enterprises for the technical servicing of 
vehicles are the major source of environmental pollution by toxic wastes. 

1.4.9. Historic and cultural monuments 

On the territory of Kurmangazinskiy region, according to the information given 
by Atyrau oblast state inspecting organization on preservation, reconstruction and use 
of historic and cultural inheritance (Table 1.4.23), 24 historical monuments are 
known; several monuments to the heroes of the Civil war and World War II were 
installed in the settlements. They are situated mainly in the southern part of the 
regional territory, in settlements Bulkuduk, Suyunduk and Ushtagan. Besides on the 
territory of Zhideli a monument to the composer Kurmangazy was erected, in honor 
of this composer, Dengiz region was renamed Kurmangazinskiy. 

It is necessary to point out, that memorial monuments to the heroes of the 
socialist labor Alimgerei Ismagulov and Sultan Muhambetkaliev (Zhylyndy 
settlement), as well as to holder of the Order of Glory of all 3 categories Gizat Alipov 
(Kyzyloba settlement) have not been installed yet. 

On the territory of region a large number of national family burial grounds are 
known, for instance, the sacred Anarbike-apai, in 1 km from the settlement of 
Kyzyloba and others). 

To the south of Kurmangazinskiy region on the island of the Caspian Sea 
Novinsky ornithological reserve is situated with species of birds, included in the Red 
Book, such as flamingos and karavaikas. 

The territory of Kurmangazinskiy region has not been well studied  by 
archeologists, only 2 archeological monuments are known; the first refers to the early 
of epochs of the Iron age: 154-0-0-0-121 Sazdy, Sarmat mounds 57 km to the north-
east of Ganyushkino, the IV-V th centuries B.C. (Melentiev A.N.); 164-0-0-0-131 
Kyzyloba, Zimnik Sarmatsky is situated in 1 km south of Kyzyloba station, the 
present railway junction #5 (Galkin L., VUAE). 

1.5. The ecological state of Isatai region 
1.5.1. Short characteristics 

The boundaries of the territory of Isatai region was defined in 1976 after its 
removal from the content of Inder and Mahambet regions. 

Isatai region is situated in the western part of Atyrau oblast and borders on 
West-Kazakhstan oblast in the north, on Mahambet region and the town of Atyrau in 
the east and Kurmangazinskiy on the west. 

The area of the region is 1513,5 thousand hectares, totally 12,76 % of the 
oblast territory. The administrative centre of the region is the settlement of Akistau, 

307 



which is situated 75 km from the town of Atyrau (oblast centre). The connection with 
the oblast centre is established along the automobile road of the all-state importance 
Atyrau-Astrakhan of the 3d category, with the extention within the region the region 
of 151 km, of the republic – 136 km, of oblast and local meaning – 14 km, inner 
roads – 130 km. Roads in common use have301 km hard surfacing. The inner 
economic roads have no such surfacing. 
 

Table 1.4.23 
 

Monuments of Kurmangazinskiy region 
 

Monuments Year of 
installation 

Location 

1 2 3 
 
The memorial plaque on the building where Hero of the Soviet Union 
Afanasiev lived. 
The memorial plaque on the building where narcom of the fishing 
industry of Kazakhstan Abishev lived. 
The house where the first woman of the region who was elected a 
deputy of the Supreme Committee of Kazakhstan in 1939 Eleusinova 
Sapura lived. 
The house where chairman of the collective farm “Enbekshi” 
Iskakova Kadeli lived; during the World War II she contributed 175 
thousand to the defense of the country. 
The memorial plaque in the house where Hero of the Soviet Union 
Isaev K. lived. 
Obelisk to chief of the partisan unit Kudryashov K. 
Bust to A. Demichev, chairman of the first Sovdep (Soviet deputy 
committee). 
Obelisk to F.Rupakov, participant of the Civil war.  
Bust to A.Chkalov, the first Red commandant. 
Obelisk to Zhamanbaev, Hero of the Civil War. Obelisk to Nugman 
Akbetov, Hero of the socialist labor. 
Obelisk to Zh.Mambetova, Hero of the socialist labor. 
Bust to Kurmangazy. 
Bust to K. Kudryashov, Hero of the Civil war. 
Bust to M.Kalinin 
Bust to S.Kirov 
Monument to Lenin V.I. 
Obelisk to the communists who perished during the Civil war. 
Obelisk Hero of the Soviet Union Afanasiev. 
Bust to Imanov. 
Obelisk to soldiers-countrymen who died in World WarII. 
Obelisk to commemorate 30 years of the victory over  fascist 
Germany. 
Obelisk to commemorate 30 years of the victory over  fascist 
Germany. 

 
1967 

 
1968 

 
1980 

 
 

1980 
 
 
 

1980 
 

1966 
1966 

 
1967 
1967 
1968 

 
1968 
1967 
1966 
1967 
1966 
1966 
1966 

 
1966 
1968 
1975 
1975 

 
1975 

 
Set.Ganyushkino, 23, 

Afanasiev street 
Set. Kudryashovo 

 
Set. Koptagai 

 
 

Set. Koshalak 
 
 
 

Set.Koshalak 
 

Collective farm”Lenin 
Set. Safonovka 
Set. Safonovka 
Set.Safonovka 

State farm “Communism 
zholy” 

Set.Alga 
Set.Alga 

Set.Zhylandy 
Set.Kudryashovo 

Set.Orly 
Set.Dashino 

Set.Ganyushkino 
Set. Ganyushkino 
Set. Ganyushkino 

St.Utery 
St. Bogaty 
St.Utery 

St. Balkuduk 
St.Suyunduk 
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Table 1.4.23 continued 
 

1 2 3 
 
Obelisk to the soldiers who died in World War II. 
Monument to Lenin V.I. 
Obelisk to the soldiers-countrymen who died in World 
War II. 
Monument to Lenin V.I. 
Bust to Lenin V.I. 
Obelisk to the soldiers who died in World War II. 
Bust to D.Zhabaev 
Obelisk to the soldiers who died in the World war II. 
Obelisk to the soldiers of the village. 
Obelisk to the soldiers of the village who died in World 
War II. 
Bust to Lenin V.I. 
Obelisk to the soldiers of the village. 
Obelisk to the unknown soldier. 
Obelisk to the soldiers-countrymen, who died in World 
War II. 
Church 
 
 
Necropol Seit-ata-Kulpytas # 107. 
 
 
Necropol Makasha (mausoleum to saganats # 105, 106). 

 
1985 
1975 
1985 

 
1985 
1985 
1980 
1967 
1985 
1983 
1975 

 
1975 
1978 
1985 
1966 

 
late XIX c. 

 
 

1823 
 
 

late 19-
early 20 
century. 

 
Set. Nurzhau 

Set. Kudryashovo 
Set. Zhalyndy 

 
Set. Zhalyndy 
Set. Shortabai 

Set. Kudryashovo 
Set.Safonovka 
Set.Primorye 
Set. Primorye 
Set. Ushtagan 

 
Set. Balkuduk 
Set.Koptagai 
Set. Zhylandy 

Set. Ganyushkino 
 

1,5 km  to the south-
east of railway unction 

# 3 
1,5 km to the north-

west to railway 
junction # 3 

1,5 km to the south-
east of railway 
junction # 8. 

 
On 1.01.2000 the population of the region was 21 240 of people, including 2,5, 

thousand of urban and 14,6 thousand of rural. The region is referred to in the category 
of poorly-populated. The average density is 1,4 people per 1 km2 (in the oblast the 
population density is 4 people per 1 km2). The population lives in 20 rural settlements 
that constitute 6 rural akimats. 

Isatai region has an agricultural specialization. The prevailing industry is stock-
breeding. The traditional droving pasture system of the stock keeping which involves 
migration and grazing of the living stock all over the territory has formed the 
extracting system of the population settling in this region. In addition to the 
permanent centers, there are also temporary settlements (winter and summer 
quarters). The technology of the droving pasture stock-breeding will preserve its 
specialization for the future. After privatization had taken place, 181 farming 
production units were organized, which have not adopted intensive methods of 
development. 
Industry is mainly connected with exploration and development of the oil fields. The 
basis of the region economy is formed by THR “Demsu”, NPS “Martyshi”. 

In the geo-morphological respect the territory of Isatai region belongs to the 
near-Caspian accumulated upper-quarter marine, sometimes alluvial lowlands of the 
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edge deflection of the platform with the preserved marine salinity and with partially 
aolic model. By character it is a flat valley, generally declined in the south direction 
and composed mainly by sandy and loamy upper khvalynsk deposits. The near-shore 
part of the lowlands of 30 km wide recently was a former bottom of the sea with the 
south winds is often flooded by the sea waters, that creates favorable conditions for 
reed growth which is a valuable fodder. Most part of the region (the north-western) is 
occupied by the big sandy massif Ryn-sands. All over the south-eastern part saline 
lands, sors and takyrs are met. Along the Ural current alluvial valleys are spread. 
Absolute hights fluctuate within 0-28 meters below sea level. 

The situation of the territory of Isatai region in the Eurasian continent defines 
its extreme continental climate: short, with little snow but rather cold winters and 
long hot summers. 

According to agro-climatic resources of Guriev and Mangyshlak oblasts 
KazSSR (Hydrometeoizdat; Leningrad, 1978), the region is included into the II a 
(meteorological stations of Tonoli and Zaburunye) very dry and hot agro-climatic 
region. 

During the vegetation period the amount of precipitation is small – 70-115 mm, 
and the annual – 150-205 mm. It stresses the low moisture supply of the region, so 
hydrothermal coefficient (NTS) does not exceed 0,2-0,3. The possible moisture waste 
for evaporation in the period of vegetation makes 1105-2285 mm. It leads to the 
shortage of the air moisture that equals to5,5-7,8 mb. 
In the hydrogeological respect the whole region is situated within the near-Caspian 
system of artesian basins. 

The near-Caspian system of artesians basins in the geologic-structural respect 
represents a vast and deep tectonic hollow where slightly salty (the northern part of 
the region), weakly saline (the western and central parts) and strongly mineralized 
waters (the eastern and southern parts of the region). 

The water flow horizon in the modern aolic and upper quarter khvalynsk 
deposits occupies the northern, western, central and eastern (up to the current of the 
river Ural) parts of the region. Presence of the good accumulating environment and 
uneven barchan relief provide the formation of a significant amount of underground 
waters in the sandy massifs. Fine and thinly-grained sands, at some places clay 
interlaid by supeses and loams are usually water-containing minerals. Capacity of 
water flow horizon fluctuates from 0,5-3 to 6-8 meters, seldom to 15-20 cm. The 
depth of the underground waters, as a rule, does not exceed 3-5 meters. In the 
quantitative respect waters of this horizon are characterized by significant diversity, 
from salty with mineralization of 1-3 g/l in the north (the underground waters with 
this mineralization can be used for water supply of pastures and, in some cases, for 
water supply of the settlements); slightly salty – 5-10 g/l – in the west and the centre 
of the region (according to the current norms the underground waters with this 
mineralization are not suitable even for water supply of pastures). But due to the fact 
that underground waters with this mineralization occupy the significant areas in the 
region, the waters with mineralization to 7-8 g/l with the veterinary supervision in 
some cases may be used as drinking water for cattle. 

310 
 



Resources of the surface waters are represented by transit flows from Western-
Kazakhstan oblast that pass through Indersky region along the river Ural. The river 
Ural flows within the region without getting any additional water supply and on the 
way to the sea loses its waters for evaporation and filtration. The local flow is formed 
in the basins of small temporary water flows and is seen in the ravines only in spring. 

The territory of Isatai region is situated in the desert zone in the grayish-brown 
soils. The peculiar feature of the soil surface of the region is extreme complexity with 
an absolute prevalence of inter-zonal soils over zonal ones. In the region prevail salty 
and saline types of soils in combination with saline lands – 65,3 %. All soils of the 
regional territory are characterized by small humus content, relatively small 
insignificant capacity of the humus horizon and low content of elements of ash feed. 

The main vegetative surface of the territory of the region is compiled by white 
land wormwood, biyurgun saline (ebelek, torgaiota), rarely sarsazan types of pasture 
grounds. 

The valley of the river Ural is rich in its species constant, along which pyrei, 
cereal-multi-grass hay meadows, as well as saline, mortuk and zhantak pastures are 
spread. 

The vegetation of Naryn sands is rather diverse. The basis of the vegetative 
surface form shagyr, grey wormwood and zhuzgun pastures. 

The fauna of the regional territory is represented by steppe semi-desert and 
desert biocenosis. The mammals are saiga, boar, wolf, korsak, red fox, steppe polecat, 
hare-rusak, musk-rat and gophers. The birds are geese, ducks, snipes, teals, lysuha, 
pigeons. The fish are sheat-fish, pike, pike-perch, wild carp, bream, yaz, crucian, 
perch, roach and others. 

On the territory of the region Novobogatinskoye a hunting industrial unit of the 
oblast community of hunters and fishermen is situated, with anarea of 116,9 thousand 
hectares. The following representatives of the fauna of Isatai region are included in 
the Red Book at different levels: flamingos, pelicans, swans, karavaikas, yellow and 
white herons, polecat-perevyazka. 
In Isatai region the unique oil fields are being developed, they are Zaburunye, 
Zhanatalap, Martyshi, Sazankurak, Rovnoye, Kamyshytoye, Gryadovye, Gran, 
Western Novobogat and others. 
 

1.5.2. The state of the air basin 
 

The situation of the territory of Isatai region inside the Eurasian continent 
defined the features of extremely continental climate: short, with little snow but 
rather cold winters and long hot summers. 

At present the main sources of anthropogenic pollution of the air basin of the 
region are objects of oil extracting and oil and gas research, thermo-energetic sources 
of pollution of the air basin (Tables 1.5.2, 1.5.3). 

Instrumental studies of the state of the atmosphere on the territory of Isatai 
region on the field Sazankurak in October-December 1997 by the Near-Caspian 
research-industrial sector showed the content of the pollutants were in the norm 
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(Tables 1.5.4, 1.5.5). The excess of the MPC norms on the components in the 
atmosphere has not been identified. 

Nevertheless, as known from practice, with the exploration and exploitation 
drilling emissions of harmful substances sharply rise, the air basin is polluted by 
oxides of sulphur, nitrogen, carbon and hydrogen sulfide, soot and akrolein. 

Maximum concentrations according to the summarized group of oxides of 
sulphur and nitrogen reach near the drilling devices 287 MPC and by other mentioned 
above ingredients – 5-10 MPC. Normative meanings of MPC are reached at a 
distance of 1,5-3 km. 
 

1.5.3 Surface and soils water 
 

There are no permanent surface waterways in Isatay district. The capacity of 
surface water is presented by the transit sewer, coming from the West-Kazakhstan 
area and passing through Inderskiy district via the Ural river. 

The Ural River flows beside the borders of the region without any inflows 
losing some water through evaporation and infiltration. The local flow comes from 
pools of small intermittent basins and exists in ravines only in springtime. Some 
artificial channels such as the Sbornaya, Narynka, and Baksay connected by pipe 
with the Ural were built on the territory of Isatay district. Water from the channels is 
used for irrigation and for watering livestocks. During high water, the territories 
adjoining the channel are not flooded. 

The hydrogeological characteristics of Isatay district are based on data 
provided in “General plan of the complex pasture development of Kazakh SSR 
before 1990, Guriev oblast”, IХ “Water management” (pub. “Kazgiprovodhoz”). 

From the point of view of hydrogeology, the entire region is located within the 
Pre-Caspian systems of artesian basins. The Pre-Caspian system of artesian basins is 
an extensive and deep tectonic depression containing weak brackish (the north part of 
region), brackish (west and central part) and saline water (east and south part of 
region). 

The water carrying horizon in modern Aeolian and Upper-Quaternary 
Khvalynian deposits occupies the north, west, central and east parts of the region 
(before the floodplain of the Ural river). Good accumulative environment and uneven 
sand-dune relief contributes to the formation of much groundwater in sandy arrays. 
Water bearing rocks are usually represented by small and thin-grained sand, and 
some clay with layers of loam sand and clay sand. The depth of the aquifer varies 
from 0.5-3 to 6-8 m, with a depth of 15-20 m in a few places. The depth of 
underground water occurrence, as a rule, does not exceed 3-5 m. 
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Table 1.5.2 
 

Motor transports by enterprises of Isatay district as of 1.07.1999 
 

№
№ NAME OF ENTERPRISES 

Unit of 
measure

ment 

Total 
vehicles Including 

    petrol diesel 
      

1. "Embaneftitransport plc" vehicles 38 22 16 
2. Special equipment OGPD 

"ZHaiknefti" 
 138 51 87 

3. GKN "Demeu"  10 8 2 
4. Site of wells overhaul   10 1 9 
5. Akkistauskiy brick plant  7 2 5 
6. Akkistauskiy site VODCH-4  3 1 2 
7. Isatayskiy branch of the electric 

networks 
 5 4 1 

8. District Akimat  5 5 - 
9. JC «Sazankurak»  3 3 - 

10. Isatay’s RUT  2 2 - 
11. Regional Finance Division  1 1 - 
12. Editors «Narin tani»  1 1 - 
13. District Division of Social Security  1 1 - 
14. Isatay veterinary clinics  1 1 - 

      
 Total:  225 103 122 
      

 
Table 1.5.3 

 
Number of individual motor cars in Isatay district as of 1.07.1999 

 
№
№ 

Counties Unit Total Including 

    Bus Passenge
r car 

Motor 
cycle 

Truck 

        
1. Issatay district Vehicle 146 - 72 51 23 
2. Aktugaysk county  92 - 61 20 11 
3. Zaburunsk county  243 4 120 88 31 
4. Novobogatinsk county   259 8 135 52 64 
5. Akkistausk county  546 10 388 71 77 
6. Tushinduk county  311 2 198 36 76 
        
 Total:  1597 24 974 318 281 
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Table 1.5.4 
 

Results of air analysis at the site of Sazankurak oilfield (1997) 
 
The number 
of the 
station 

Date p/p NO2 SO2 H2S Wind 
directi

on 

Wind 
speed, 
m/sec 

Р t0С 

1 2 3 4 5 6 7 8 9 10 
Station 1 27.10.97 1 0,04 0 0,001 NNE 5 768 +4,0 
  2 0,04 0 0 NNE 5 768 +4,0 
  3 0,05 0,001 0 NNE 5 768 +4,0 
  4 0,04 0 0 NNE 5 768 +4,3 
  5 0,03 0,001 0 NNE 5 768 +4,3 
  6 0,02 0,002 0,001 NNE 5 768 +4,3 
  7 0,03 0,001 0 NNE 5 768 +4,6 
  8 0,05 0,001 0 NNE 5 768 +4,6 
  9 0,02 0 0 NNE 5 768 +4,6 
  10 0,01 0 0 NNE 5 768 +4,9 
  11 0,02 0,001 0,001 NE 4 768 +5,6 
  12 0,03 0,002 0,001 NE 4 768 +5,6 
  13 0,05 0,001 0 NE 4 768 +5,6 
  14 0,05 0 - NE 4 768 +5,6 
  15 0,06 0 0 NE 4 768 +5,6 
  16 0,02 0,003 0 NE 4 768 +5,3 
  17 0,04 0,002 0 NE 4 768 +5,3 
  18 0,03 0,001 0,001 NE 4 768 +5,3 
  19 0,02 0,001 0 NE 4 768 +5,3 
  20 0,01 0,001 0 NE 4 768 +5,2 
  21 0,02 0,002 0 NE 4 768 +5,2 
  22 0,03 0 0 NE 4 768 +5,2 
  23 0,05 0,001 0,001 NE 4 768 +5,2 
  24 0,03 0,001 0 NE 4 768 +5,2 
  25 0,06 0,001 0 NE 4 768 +5,0 
 MPC  9,0 10,0 10,0     
Station 2 27.12.97 1 0,03 0 0 NNE 6 768 +5,3 
  2 0,03 0 0 NNE 6 768 +5,3 
  3 0,02 0 0 NNE 6 768 +5,3 
  4 0,03 0,002 0,002 NNE 6 768 +5,3 
  5 0,06 0,002 0,001 NNE 6 768 +5,3 
  6 0,04 0 0,001 NNE 6 768 +5,3 
  7 0,04 0 0 NNE 6 768 +5,5 
  8 0,05 0,001 0 NNE 6 768 +5,7 
  9 0,04 0 0 NNE 6 768 +5,7 
  10 0,03 0 0 NNE 6 768 +5,7 
  11 0,02 0,001 0 NE 4 768 +5,0 
  12 0,04 0,001 0 NE 4 768 +5,0 
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Table 1.5.4 continued 
 
1 2 3 4 5 6 7 8 9 10 
  13 0,05 0,002 0,001 NE 4 768 +5,0 
  14 0,01 0,001 0 NE 4 768 +5,0 
  15 0,03 0 0 NE 4 768 +5,0 
  16 0,04 0,001 0 NE 4 768 +5,0 
  17 0,02 0,002 0 NE 4 768 +4,9 
  18 0,03 0,001 0,001 NE 4 768 +4,9 
  19 0,02 0,003 0,001 NE 4 768 +4,9 
  20 0,01 0 0 NE 4 768 +4,8 
  21 0,03 0,004 0,001 NE 4 768 +4,8 
  22 0,02 0,001 0 NE 4 768 +4,8 
  23 0,02 0,001 0 NE 4 768 +4,8 
  24 0,01 0 0 NE 4 768 +4,6 
  25 0,03 0 0 NE 4 768 +4,6 
 MPC  0,085 0,5 0,008     

 
Qualitatively, the water of this aquifer is diverse, from significantly brackish of 

1-3 g/l salinity in the north which may be used for flooded pasture and sometimes for 
water supply of small human settlement, to slightly saline with salinity 5-10 g/l 
occurring in the west and the centre of the area. According to norms, such water is 
unfit even for pasture watering. However, considering that underground water of such 
salinity occupies a significant area, in accordance with consultations with the 
veterinary service, water of salinity around 7-8 g/l may be in certain cases used for 
watering livestock, but water of high salinity 30-80 g/l is not utilised. The flow rate of 
wells and the mine pit is 0.1-1 l/s; the capacity of the local water diversion is about 1-
10 l/s. 

The aquifer in the Ural River deposits is characterised by low water abundance. 
The depth of the water wells varies between 20-30 m. Water is brackish, of 1-3 g/l 
salinity. The water flow at wells is 1-10 l/sec while the capacity of local water 
diversion ranges between 0-100 l/sec. The entire Pre-Caspian depression represents 
an enormous artesian basin composed of a powerful complex of the sedimentary 
deposits belonging to Cainazoic, Mesozoic and Paleozoic age. 

The typical feature of the basin structure is multi-layering, complex salt-domed 
tectonic, the prevalence of impermeable clay and marl differences and the presence of 
salt walls occurring close to the surface. All these factors in combination with 
particularly flat and poorly intersected relief, extremely continental climate, with 
little precipitation and high evaporation and absence of permanent waterflows, 
provide for the occurrence of highly saline groundwaters in the basin (aquifers of 
lower horizon and complex). Fresh and slightly brackish waters are found in the 
upper part of the cross-section (river alluvium washed by marine sediments of 
Quaternary deposits). The hydrogeological structure of the territory of Isatay district 
is notable for the presence of several aquifers and impermeable stratum. 
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Table 1.5.5 
Results of air analysis at the site of Sazankurak oilfield (PNPC, 1997) 

 
The number 
of the station  

Date NO2 SO2 H2S t0С Wind 
direction 

Wind speed, 
m/sec 

1 2 3 4 5 6 7 8 
Station 1 12.12.97 0,07 0,004 0,011 +4,9 SE 3,0 
  0,06 0,003 0,004 +4,8 SE 3,0 
  0,25 0,003 0,002 +3,2 SE 2,0 
  0,14 0,010 0,013 +3,0 SE 3,0 
  0,12 0,004 0,010 +2,6 SE 3.0 
  0,08 0,004 0,009 +2,0 SE 2,0 
  0,14 0,006 0,007 +1,4 SE 3,0 
  0,13 0,012 0,010 +1,4 SE 3,0 
  0,09 0,008 0,014 +1,2 SE 2,0 
  0,12 0,005 0,006 +1,2 SE 3,0 
  0,20 0,008 0,007 +1,0 SE 3,0 
 13.12.97 0,11 0,010 0,005 +1,0 SW 3,0 
  0,15 0,009 0,020 -0,2 SW 5,0 
  0,06 0,003 0.010 -0,8 SW 5,0 
  0,09 0,003 0,012 -1,0 SW 6,0 
  0,14 0,004 0,010 -1,3 SW 6,0 
  0,10 0,004 0.015 -1,3 SW 6,0 
  0,09 0,0015 0,008 -1,4 SW 5,0 
  0,12 0.020 0,010 -1,4 SW 6,0 
  0,09 0.008 0.011 -1,5 SW 6,0 
  0,07 0,009 0,009 -1,5 SW 6,0 
  0,15 0,016 0,006 -1,8 SW 5,0 
  0,08 0,008 0,010 -1,8 SW 6,0 
  0,18 0,009 0,011 -1,8 SW 6,0 
  0,20 0,010 0.007 -2,4 SW 6.0 
 MPC 9,0 10,0 10.0    
Station 2 12.12.97 0,03 0,003 0.002 +0,2 SE 3,0 
  0,08 0 0.003 +0,2 SE 3,0 
  0,06 0.001 0,003 -0,2 SE 3,0 
  0.09 0.002 0.004 -0,2 SE 2,0 
  0,01 0,001 0,002 -0,8 SE 2,0 
  0,02 0.003 0.003 -1,0 SE 2,0 
  0,04 0,002 0,001 -1.0 SE 3,0 
  0,08 0,008 0,002 -1,2 SE 3.0 
  0,10 0,006 0,003 -1,6 SE 3,0 
  0,04 0,010 0,008 -1,6 SE 2,0 
  0,10 0,002 0,009 -1,6 SE 2.0 
 13.12.97 0,06 0,004 0,004 -2,4 SW 5,0 
  0,03 0,008 0,003 -2,4 SW 5,0 
  0,11 0,003 0,003 -2,8 SW 6,0 
  0,05 0,004 0,002 -2,8 SW 6,0 
  0,06 0,005 0,001 -2,9 SW 6.0 
  0,10 0,001 0,001 -2,9 SW 6,0 
  0,00 0,006 0,004 -3,0 SW 5,0 
  0,05 0,003 0,006 -3,1 SW 5,0 
  0,10 0 0,005 -3,1 SW 5,0 
  0,08 0,002 0.004 -3,2 SW 6,0 
  0,01 0,001 0,004 -3,4 SW 6,0 
  0,10 0,004 0,002 -3,4 SW 5,0 
  0,09 0,009 0,003 -3,4 SW 5,0 
 MPC 0,085 0,5 0,008    
  0,09 0,009 0,003 -3,4 SW 5,0 
 MPC 0,085 0,5 0,008    
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Aquifers of the Modern (Novocaspian) deposits. Water is available 
throughout the entire deposit. Fine-grained sand and clay sand are water bearing. The 
thick clays serve as an aquifuge. The thickness of the water carrying horizon varies 
from 1-2.5 m. The water is not under pressure. The depth of water table is 0.5-2 m in 
immediate vicinity to the coastline, in the rest of the territory it is at 1.5-3m 
depending on the relief. Water abundance is low (the specific water flow is 0.006-
0.05 l/s). The filtration ratio is 0.2-1.4 m/day. Water is saline, or brine with the 
salinity level being 23.6-126.4 g/l. 

The water of modern Novo-Caspian deposits is under the influence of the 
North Caspian Sea; water at the Ural River estuary is of 15-20 g/l salinity. By 
chemical composition, the water is chloride-sulphate. There are microcomponents of 
bromine (18-72 mg/l), iodine (0.4-0.9 mg/l), fluorine (0.2-3 mg/l), boron (1-2 mg/l), 
lithium (0.56 mg/l), rubidium (0.01 mg/l), and caesium (0.02 mg/l). Aquifers are 
recharged from atmospheric precipitation and water infiltration in spring. 

Aquifers of modern Eolian deposits. The Pre-Caspian area belongs to the 
region of widespread sandy arrays. Sands of Naryn (their south part) are common 
within the described territory. Eolian sands were formed due to drifting of marine and 
lacustrine alluvial (interfluve of the Volga and Ural River), alluvial and alluvial-
deltaic deposits. Within Naryn sandy arrays, large and small hummocks of half-fixed 
sand occur with occasional sand dunes, long depressions, ashik and wavy plains, 
where solonchaks and sors are common. 

Water bearing rocks are presented with finely-, tiny granular sand, quite often 
dusty (sometimes average granular). The presence on the surfaces of the friable, 
permeable eolian sands promotes the quick absorption of the winter-spring 
precipitations, and the formation of fresh and weak mineralised soil water. However, 
geomorphological and climatic factors do not promote the accumulation of fresh 
underground water here, but, conversely, promote their spending and formation of 
extensive brackish plains (the influence climatic factor reveals itself in the manner of 
fallouts of small annual and seasonal amounts of the precipitation, a low value of 
vapour moisture and high evaporation of underground water). 

Aquifer of alluvial-deltaic Upper Quaternary deposits. This complex occurs 
in the western part of the described region. Water bearing deposits are represented by 
fine-grained sands. The thickness of deposits varies from 1to 3 m. Groundwater lies 
at a depth of 1-5 m. The water abundance is low. The salinity of the water is more 
than 100 g/l.  Groundwater of the given complex is unsuitable for use. 

Aquifer of Upper Quaternary Khvalyanian deposits. Fine-grained sands 
containing fine layers of clay and loam are water bearing. The overall thickness of 
aquifer ranges between 2.5-12.0 m. The depth of the groundwater table depends on 
the forms of the relief and varies between 1.5-3 to 9-12 m. Water is normally under 
pressure. The pressure rate is 7-8 m. Water abundance is insignificant. The 
infiltration ratio varies within 0.04-6.1 m/day. The salinity level fluctuates within 70-
150 g/l. 

The lenses stand out in Khvalyanian deposits having a salinity of 1-5 g/l. Water 
is mainly chloride–sodium. The microcomponents are in the following limits: 
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bromine (21-75 mg/l), iodine (0.15-2.0 mg/l), fluorine (0.2-3.5 mg/l), boron (0.8-6 
mg/l), lithium (0.48-0.55 mg/l), rubidium (0.01-0.1 mg/l), and caesium (0.02-0.1 
mg/l). The aquifer is mainly fed by atmospheric precipitation. 

Aquifer of Neogene deposits. Within the area, these deposits are ubiquitous. 
Depending on thickness of overlaying Quaternary deposits, the depth of occurrence 
can vary from 41.0 to 70.0 m. The minimal depth of water table is noted within salt 
dome structures, in inter dome depressions and geological basins where it goes up. 

Groundwater is found in strata of fine-grained sands, lying amongst the thick 
pack of clays, mainly in the upper parts of the cross-section. The number of sandy 
bands changes from 1 to 12, while the thickness is 3-30 m. The overall thickness is 8-
45m depending on the number and thickness of bands. Layers of sand and clay in the 
surface plan and cross-section are not persistent and often pinch out. 

Groundwater is pressurised. The clays of Quaternary age serve as the upper 
waterhead whereas the clays and marls of Upper Pliozine are at the ower waterhead. 
Piezometric levels are found at the depth varying from 1.5 to 8.7 m below the land 
surface. 

Water bearing sediments of Neogene age are characterised by a comparatively 
low water availability. The waterflow at water wells reaches 0.22-5.88 l/sec at the 
depth of 10-30 m. The chemical composition of groundwater is mainly chloride-
sodium, the salinity level is is 32-45 g/l. The overall hardness is 246-329 mg-eq/l. 
The iodine concentration reaches 26.88 mg/l, and bromine – 72.33 mg/l. The metal 
concentration is insignificant. 

Aquifer of Senonian and Turonian deposits. Poorly-defined Senonian 
sediments are widespread everywhere. Water bearing rocks are rifty chalk and chalk 
like marl. The thickness of water-containing rock ranges within 20-80 m. Water is 
under pressure. Piezometric levels are fixed at the depth of 8.8 m under the earth 
surface. Water abundance is low. Water is saline of salt concentration more than 40-
50 g/l. By the chemical composition, water is chloride-sodium. The groundwater of 
the given complex is of no use. 

Aquifer of Albian-Senomanian deposits. The complex is mainly composed 
of clay deposits with multiple layers of fine-grained sand and sandstone. The number 
of sandy layers is 2-10 with the total thickness varying from 22-44 to 150 m. The 
water is highly pressurised, and the table is fixed at the depth of 4.5-11 m. The height 
of pressure attains 280 m. Water abundance is low while the flow at water wells is 1-
2 l/s at the depth of 9-8 m. The salinity level is 89-138 g/l. By chemical composition, 
water is chloride-sodium. The microcomponent concentration is the following: 
bromine (95-138 mg/l), iodine (1,0-2.5 mg/l), fluorine (0.1-0.2 mg/l), and boron (4-5 
mg/l). 

Albian and Senomonian water is of interest with respect to exploration of 
industrial iodine-bromine brines. 

Aquifer of Aptian deposits. The complex is common in the area. It is 
represented mainly with clay deposits including occasional insulated sandy layers. 
Water is highly pressurised and brine: salinity level reaches 152 g/l. The 
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microcomponents concentration is similarly to Senomanian stratum. Groundwater of 
the the horizon may be used for industrial purposes. 

In the Northern Manash area, Albian and Aptian horizons have been well 
studied. Upper Albian granular sands have the highest water content whose 
maximum thickness attains 65 m while Fine- and middle-grained sand of middle 
Albian age are less watered. 

Highly pressurised water is opened within Martyshi, Azau and others salt dome 
at the depth of 123-398 m. The water abundance of the Apatian sands is insignificant. 

Aquifer of Neocomian deposits. This structure is the most closely studied 
amongst the chalk deposits since it contains hydrocarbon reserves. Water bearing 
rocks are sands and sandstones intersected with clay bands. The maximal thickness is 
44 m. Groundwater is brine containing bromine, iodine, and boron. 

The groundwater of this complex is not currently in use. Reservoir water of 
Neocomian age that contour oil deposits is encountered at Zaburunie field at intervals 
of depths 900-930 m. The statistical level was noted at the depth of 5-21 m. 
Piezometric level is  +40.7-59.8 m. The water type of the complex changes from 
chloride-sodium to chloride-calcium. Albian water pertains to brine type due to the 
salinity 119-263 g/l. Aptian water is from saline to brine with the salinity 20-251 g/l 
while Neocomian water is sulphate-free brine with the level of salinity reaching 137-
147 g/l. 

The composition of reservoir water reveals microcomponents of bromine (103 
mg/l), iodine (6,6 mg/l), lithium (3 mg/l), rubidium (0,7 mg/l), caesium (6 mg/l), and 
strontium (25 mg/l). The gas content of chalk water is higher than in Neogene being 
at 450 nsm3/l. 

Middle Jurassic complex. The depth of occurrence is 493-742m and is 
presented by a thick mass of sand-clay deposits. Sand, sandstones and highly 
permeable siltstone are water bearing. 

The structure is characterised by low pressure. The standstill levels are found at 
the depth of 40-60 m. The dynamic levels are slow to recover. 

The water type changes from chloride-magnesium and chlorine-calcium. The 
pH level is poorly alkaline from 7.8 to 8. The density changes from 1.143 to 1.15 
g/cm3. The salinity of water is 157-177 g/l. The overall hardness is 217.8 mg-eq/l. 
The concentration of iodine reaches 0,5-1,5 mg/l, bromine - 55-100 mg/l. The 
proportion of rare metal is small. Gas abundance of water noticeably increases with 
the depth of reservoir water occurrence. The gas is methane. 
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The Triassic complex. The depth of occurrence is 670-1,220 m. It contains 
from 1 to 4 aquifers belonging to layers of fine-grained sand and rifty sandstone 8-45 
m thick. It is observed that the dynamic level rapidly increases. The water is 
pressurised and the reservoir pressure changes from 8.7 to 6.7 mPа. The water type is 
chlorine-calcium. The pH level is poorly alkaline from 7.8-8. The density changes 
from 1.138 to 1.153 g/cm3. The salinity level is 172-199 g/l. The overall hardness 
reaches 307.4 mg-eq/l. The iodine concentration reaches 8.4 mg/l and of bromine 
66.5 mg/l. Rare metals are seldom found. The gas content of the water is 
insignificant. 

Based on the above description, the water of Neogene is recommended for 
technical use. 

The fields of groundwater used for both drinking and industrial purposes are 
located far from the oil fields. There is no drinking water in the district. 
 

1.5.4. State of subsurface and geological environment 
 

To describe the geomorphology of the region, Isatay district belongs to the Pre-
Caspian region of accumulative Upper Quaternary marine, with occasional alluvial 
lowlands and marginal trough of conserved sea salinity and partial Aeolian relief. It 
represents a flat plain under overall southward gradient and composed mainly of sand 
and loam of Upper Khvalynian deposits. The 30 km long coastal strip, having 
recently formed the seabed is often flooded under south winds, which creates 
conditions for the growth of reed, a valuable fodder. Most of the region (northwest) is 
occupied by the largest sand land Ryn-peski. In the southeastern part, solonchaks, 
sors and takyrs are often met. The Ural river floodplain contains alluvial plains. The 
absolute height varies within 0-28 m below the sea level. 

The area is intersected with the ravine-beam network of 0.01 km/cm2. The 
depth of local erosion is 13 m while the average gradient of water intake is less than 
10. 

The history of the geological development of Isatay district is closely linked 
with the history of the geological development of the whole region. The geosynclinal 
area adjacent to the Pre-Caspian depression and various tectonic activities have 
provided for a long and intensive declination of Pre-Cambrian base. The pre-upper 
Pliocene cut of deposits was represented by easily washed sandy-clay sediments, 
which somewhere had not been deposited due to the relief elevation or differently 
aged rocks, eroded or abraded by the sea. In the Upper Pliocene-Quaternary age, the 
accumulation of sediments occurred more intensively which led to the formation of a 
powerful weathering crust. 

The geology of the region is composed of deposits from Permian to Modern 
age. The Quaternary and Modern sediments cover ancient rocks with an 
uninterrupted mantle. 
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The Permian system (P) 
The Lower division (P1). Kungurian stage. The deposits of Kunguran stage 

are found in all salt domes and represented by a thick mass of halogene sediments 
(rock salt) of 108 m thickness. Anhydride and gypsums 10-30 m thick occur mostly 
in roofs of Kungurian deposits. Based on seismic data, the thickness of Kungurian 
deposits reaches 5,000-6,000 m. 

Upper division (P2). Upper Permian sediments are primarily presented by 
colourful clay, sandstone, marl, and siltstone. The overall thickness of Upper Permian 
reaches 800-900m. 
 

Triassic system (T) 
The Lower division (T1). The eroded deposits of Lower Triassic occur above 

Upper Permian rocks and are represented by sand-clay and limestone-clay 
thicknesses. Some lenses of conglomerate are found in the layer. The width of Lower 
Triassic varies between 190-200 m. 

Upper division (T3). Upper Triassic deposits with some erosion lie above the 
Lower Triassic stratum. The Lower part is composed of grey loose sandstone, 
compact sand and thick clay while the lower part is alternation of fine-grained sand 
and sandstone. The overall thickness of Upper Triassic in salt-domes is 80-200 m, 
and the total thickness of the Triassic system is 41-325 m. 
 

Jurassic system (l) 
The Lower division (11). The Low Jurassic sediments occur with angular non-

conformity of Permian and Triassic. They contain grey clay quartz-feldspathic 
medium- and large-grained sands, with dark pebble insertions. The thickness of 
Jurassic deposits varies from 31 to 51 m. 

The Middle division (12). Middle Jurassic sediments with erosion lie on rocks 
of Lower Jurassic and are subdivided into four thick masses: sand-clay, lower coal-
bearing, clay containing mollusc fossils and upper coal-bearing. The thickness of 
sand-clay mass reaches 220 m, but occasionally it is completely washed away. The 
thickness of the lower coal-bearing layer is 70-85 m, clay containing mollusc fossils - 
20-145 m, and the upper coal - 20-40 m. The overall width of Middle Jurassic 
sediments is 25-311 m. 

Upper division (13). The sediments of Upper Jurassic with erosion lie on 
underlying rocks. In most domes, they are represented by grey and greenish-grey 
sandstone and marl. The thickness of Upper Jurassic varies from 30 to 70-80 m. 
 

Cretaceous system (K) 
The Lower division (K1). Neocomian sub-stage. The sediments of 

Neocomiam occur transgressively on rocks of Upper or Middle Jurassic. The 
sediments are open in most of salt dome structures and are subdivided into two thick 
masses: lower marine (Gotherive) and upper continental (Barreme). Gotherive 
contains greenish-gray clays with the layers of fine-grained sands. The Barreme mass 
contains alternations of colourful clays. The overall thickness of the deposits is 75-
100 m. 
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Aptian stage. The sediment of Aptian stage transgressively occurs on deposits 
of Neocomian and is represented by gray, black, fat clay with bands of fine-grained 
sands and sandstone. The overall thickness is 29-68 m. 

Albian stage. The sediments of Albian transgressively lie on Aptian clays and 
contain dark-gray sandy clay interlaced with the bands, sand, sandstone and siltstone. 
At the base of Albian era  (lower substage) a thin layer of conglomerates occurs while 
dark-grey sandy clays with bands of fine-grained sands are observed above it (Middle 
sub-stage). The sediment of Upper Albian stage is  represented by grey, sometimes 
green fine-grained sands. The overall thickness of Albian stage is 150 m. 
 

Upper division (K2). Senomanian stage. The deposits of Senomanian 
unconformingly lie on the Albian stage. The Senomanian stage contains grey and 
differently grained sands, micacesous with the bands of dark-grey and light-green 
clays. The thickness of Senomanian deposit is 20-190 m. 

Turonian stage. The Turon stage transegressively occurs on washed away 
surfaces of the Senoman deposits. At the bottom, the phosphoric horizon may be 
observed overlaid by alternated light-green marl and clays. Layers of white chalk are 
occasionally met in clay. The thickness of the Turonian stage varies from 20 to 50 m. 

Senonian stage. In most of domes, deposits of Senonian are divided in 
Santonian, Campanian and Maestricthian stage, but in some inter-domed zones they 
are united because of lack of data. The thickness of this stage reaches up to 60 m. 
 

Neogene system (N) 
Upper Pliocene (N1). Akchagyl stage. The deposits of Akchagyl stage are 

open and they transegressively occur with angular nonconformity on rocks of the 
different age from Upper Permian to Upper Cretaceous. There are thick masses of 
greenish-grey and bluish-grey, thinly layered, thick, carbonated, siltstone clays with 
charred vegetative remnants and bands of fine- grained grey sands. Their thickness 
varies from 5 to 135 m. 

Apsheron stage. These deposits are wide spread. They transgressively lie on 
rocks of Akchagyl and the lithological composition includes sands and clays. The 
clays are greenish-grey, yellowish-browned, sandy, carbonated with iron stains. 
Sands are greenish-grey, differently grained, lime, feldspathic. The thickness of 
deposits from east to west is from 2 to 235 m. 
 

Quaternary system (Q) 
Bakinian stage. The deposits of the Bakinian stage are only represented by 

marine facies and lay transgressively on more ancient rocks in depressions of Pre-
Quaternary relief. They contain grey, dark-grey, sandy, poorly micaceous and lime 
clay. The thickness of the stage is variable but not does exceeding 10-12 m. 

Khazarian stage. The deposits of this stage are represented by marine facies. 
The deposits are dark-gray clay, slightly limed. The thickness is 5-10 m. 

Khvalynian stage. Khvalynian sediments occur on weathered surfaces of 
underlying rocks. They are spread uninterruptedly on the most of the territory. The 
deposits are represented by dark-brown, thick, limy loam sand and clay. The 
thickness is 20-25 m. 
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Modern sediment. These deposits are represented by marine and continental 
facies. Novo-Caspian deposits both Lower and Upper contain marine and continental 
(deltaic) sediments. The thickness of the marine part is 3-5 m, while the Deltaic 
deposits are from 1.5-3 m wide. Novo-Caspian stage is not intersected. It is 
represented by sor depressions, alluvial sediments and Eolian formations. 

The structure is represented by a salt body extended in a sub-latitudinal 
direction and characterised by the presence of two tops, eastern and western. Each top 
is structurally contoured with minus 200 m and constitutes an exit of Kungurian salts 
to Neogene-Quaternary stage. 

In northern and southern direction, the surface of salts steeply sinks in 
interdome zones that confine the salt-dome from these sides and is tracked at minus 
1,800 m northwards and minus 1,000 m southwards. 

In the east and south-west, the dome unites with the other domes such as the 
Manash, Zhanatalap and Amangelidy-Ernazab salt range through a system of salt 
vents. In the west, the dome is constrained by an interdomed zone that separates it 
from the Karamola salt-dome. 

In the salt dome, main hydrocarbon-bearing deposits of Mezozoic “climb 
down” towards the edges and form trap-like structures along the slopes. The northern 
slope does not have favourable conditions for pre-salt deposits. From the eastern side, 
a strong denudation of Mesozoic deposits and significant breakout of salt carrying 
masses have resulted in the insignificant size and thickness of sediments. The western 
intra-domed zone is characterised by the presence of interdomed lifting of Triassic 
and Jurassic-Cretaceous deposits. In the V reflecting horizon, screening of salt 
surfaces and the presence of strip-like trap are observed. 

The industrial hydrocarbon presence is within the Lower Cretacesous and 
Middle Jurassic deposits on southern slope. The trap inside the southern slope is a 
narrow strip-like monocline complicated by tectonic disruptions. Two productive 
horizons are found at Sazankurak oilfield: one in deposits of Middle Jurassic - a 
horizon U, another in Valangine stage deposits of Lower Cretaceous - a horizon M. 
 

Horizon M 
The horizon is oil-carrying within II and IV blocks. 
Block II. The depth of occurrence is at -354 m. OWC (oil water contact) is 

observed at -511 m. The deposit’s height, including accepted OWC, reaches146 m. 
The area of oil presence is 1,753 m2 by category C1 and 1,400 m2 by category C2. 
Deposits are dome tectonically isolated reservoirs. The horizon is underset by 
marginal water. 

Block IV. The depth of the deposit is -622 m. OWC is conditionally accepted 
at -652 m. The height of deposits considering the accepted OWC is 30 m. The area of 
oil presence is 520 m2 by the category S2. Deposits are dome tectonically shielded 
reservoirs. The horizon is underset by marginal water. 

Horizon U 
The horizon contains oil reservoirs in block II. 
Block II. The depth of occurrence is -384 m. OWC is accepted at -511 m. The 

height of deposits, taking into account the accepted OWC, is 127 m. Oil presence 
covers an area of 1,260 m2 by the category C1 and 295 m2 by the category S2. 
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Deposits are dome tectonically shielded reservoir. The Horizon is undersetted by 
marginal water. The horizon in block IV is water-bearing. 
 

1.5.4.1. Anthropogenic impact on the geological environment 
 

The southern part of the Pre-Caspian depression where Isatay district is located 
is not favourable with respect to environmental conditions such as the wide 
occurrence of solonchak, sandy and clayey deserts with hard hydrothermic regime, 
transgressive-retrogressive genesis and youth of continental land, absolute low 
features, large salinity of soils, limited resource of surface and soils water, poor 
biological composition, low productivity rate of the flora and fauna, and moreover, it 
is landlocked. The latter circumstance negatively influences most geo-ecological 
processes since, due to lack of outlet to the ocean, the nature of the Pre-Caspian is 
poorly integrated in global processes, particularly in the water cycle. Therefore, it is 
an area of halo-geo-chemical accumulation. 

The significant degradation of the ecological situation has been caused by the 
modern transgression of the Sea, which absorbed most of the coastal strip. The strip 
contained waste from many oil wells, hydrocarbon developing structures and other 
industrial and agricultural facilities. Moreover, the groundwater table rises, being 
hydraulically connected with the Caspian Sea. The pressure of human impact has 
increased since the initiation of oil and gas fields development in Isatay district in the 
area of the Caspian Sea (Figures 1.5.1-1.5.2). 

During exploration and development of oil and gas fields, the results of 
geothermal and hydrogeological surveys revealed the change of strata factors 
depending on the location of hydrocarbon deposits in certain areas. 

The following oil and gas fields are located in the region, which place 
significant man-made and techogenic pressure on the upper parts of the regional 
geological structure. 

ZABURUNIE – gas-oil field in the southwestern wing of the Pre-Caspian 
depression. It is located in Atyrau oblast 170 km southwest of Atyrau city, not far 
from the northern coastal of the Caspian Sea. The structure preparation took place in 
1966-1979. Seismic works began in 1981, and the field was discovered in 1982. 
Surveys were completed in 1984. Exploration ended in 1984. 

The structure containing the oilfield belongs to interdommed lifting. Aptian-
Neogene and Newcomian oil and Neocomian gas-oil horizons are observed. The 
depth of deposits horizon is 851-905.6 m. The height of the oil deposit is 7.2-53 m 
whereas the thickness of the gas part is 9.3 m. The water oil contact was fixed at 900-
943 m. The hydrocarbon-bearing reservoir is 0.8-10.8 m thick and the gas bearing 
thickness is 7.1 m. The initial oil flow is 14-72 m3/day while gas is 43.4 m3/day. The 
gas factor is 47 m3/m3. The initial reservoir pressure is 9.1-10.05 mPа, the 
temperature is 36-39 0С. Oil density is 892 kg/m3. Oils contains 0.26-1.26% sulphurs, 
1.75% paraffin, 11.8-13.7% tar and 0,57-0,85% asphaltene. The gas composition is 
the following: methane 84.68- 93.26%, ethane 0.27-1.79%, propane 0.43%, isobutane 
0.66%, and nitrogen 5.59%. The mode of occurrence is water pressured. The field has 
been in development since 1982. 
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ZHANATALAP – Oil and gas field in the southern wing of the Pre-Caspian 
depression. It is located 85 km west of Atyrau. The structure preparation was 
conducted in 1950-1971. The seismic survey began in 1963. It was discovered in 
1964. Exploration was completed in 1973. In the local tectonic plan, the field belongs 
to two three-winged salt dome structures Zhanatalap and Zhanatalap Eastern. 
Deposits of the Lower Cretaceous and Middle Jurassic are productive. Oil horizons of 
Aptian, Neocomic, seven horizons of Middle Jurassic are established in Zhanatalap 
while Zhanatalap Eastern has two horizons of Middle Jurassic. Aptian and 
Neocomian horizons lie at the depth of 358-568 m, Middle Jurassic horizons occur at 
the depth from 415- 641 to 1,045-1,093 m. The height of oil deposits is 23-132 m, 
7,5-155 m, 20-26 m accordingly. Water oil contact is fixed at 409-612 m in Aptian, 
480-684 m in Neocomic, 1,085-1,140 m in Jurassic deposits. Deposits are 
tectonically and stratigrafically shielded reservoirs. The productive horizons are 
composed of therrigene rocks, and collectors are porous. Hydrocarbon reservoirs of 
Aptian and Neocomian horizon is 4.6-11.3 m thick, while the one of middle Jurassic 
on East Zhanatalape has thickness of 6.2-9.9 m. The initial flow rate of oil is 10-46 
m3/day, and gas 43,4 m3/day. The initial reservoir pressure is 4.1-13.2 mPа, and the 
temperature is 25-44 0С. The oil density is 814-892 kg/m3. The hydrocarbons are 
slightly sulphurous 0.17-0.38%, and slightly paraffined 0.31-1.01%, The regime of 
deposits is water pressured. The field is under development. 

MARTYSHI – oil gas field in the southern wing of the Pre-Caspian 
depression. It is located 76 km westward from Atyrau. The field was discovered in 
1962. In the local tectonic pattern, the field belongs to a salt dome structures. In the 
stratigraphical cross-section of the salt complex, Lower Cretaceous and Middle 
Jurassic sediments are oil bearing. Particularly, one Middle Jurassic, three 
Neocomian, one Aptian horizons are noteworthy. The depth of deposits occurrence 
varies from 594 to 852 m. The height of oil deposits ranges from 30 to 85 m, while 
the gas part occurs at 10 m. Water oil contact was registered at 706-915 m. Deposits 
are tectonically protected reservoirs. The collectors are terrigenic and porous. The 
open porosity of the collector is 25.5-33.1%, permeability is 0.671-3.898 mkm2, the 
factor of oil saturation is 0.56-0.76, and oil saturated thickness is 2.1-7.6 m. The 
initial oil flow rate ranged around 12.3-85.2 m3/day. The gas factor is 21-30.3 m3/m3. 
The initial reservoir pressure is 6.8-10.5 mPa, the temperature reaches 31-39.5 С. 
The oil density is 799-897 kg/m3. Hydrocarbons contain 0.1-0.32% sulphurs, 0.47-
1.24% paraffin. The gas composition is the following: methane 5.44-80.7%, ethane 
3.47-15.98%, propane 1.01-26.32%, isobutane 1.25-30.67%, pentane and the highest 
3.45- 7.15% of nitrogen 1.49-5.75%, some traces of hydrogen sulphide, carbonic acid 
0.33-1.22%. The regime of deposits is water-pressured. The field has been under 
development since 1968. 

ROVNOE - oilfield in the southern wing of Pre-Caspian depression. It is 
located in the Atyrau oblast 85 km northwest of Atyrau. The field was discovered in 
1978. It belongs to a double winged salt dome structure. In Lower Cretaceous stage 
two oil gas horizons Neocomian and Aptian are established. The depth of deposits 
occurrence varies from 627 to 647 m. The height of oil deposits fluctuates between 
24-38 m. The water oil contact was marked at 688-647 m. The deposits are 
tectonically shielded reservoirs. The collectors are therigene and porous. The open 
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porosity of the collector is 29-31%, permeability is 1.303-2.39 mkm2, factor of oil 
saturation is 0.6-0.83. The thickness of oil saturation is 2.7-6.9 m. The initial oil flow 
rate is 40.2 m3/day. The initial reservoir pressure is 7.1-7.4mPa, the temperature is 
29.5 0С. The oil density is 744-745 kg/m3. The oil contains 0.1-0.18% of sulphurs, 
and 2.55-2.94% of paraffin. The gas composition includes methane 81.21-96.9%, 
ethane 0.59-12.61%, propane 0.21-3.56%, isobutane 0.07-0.18%, pentane and the 
highest 0.28-0.47%, nitrogen 0.37-1.48%, hydrogen sulphide- 0.0028-0.0038% 
carbonic acid – 0.12-0.84%. The regime of deposits is water pressured. Reservoir 
water is chlorine-calcium with the density of 1,169-1,172 kg/m3 and salinity 253.6-
266.8 g/l. The field has been under development since 1979. 

KAMYSHITOVOE SOUTH-WEST – oil and gas field in the southern wing 
of Pre-Caspian depression. It is located in Atyrau area 80 km west of Atyrau. 
The field was discovered in 1962. In the tectonic pattern, the field belongs to 
three-winged salt dome structure. Lower Cretaceous, Middle Jurassic and 

Permian-Triassic sediments are oil bearing in the cross-section of the pre-salt 
complex. In Lower Cretaceous stage two oil gas horizons, three oil and two gas-

oil reservoirs are found. Nine oil horizons are established in Middle Jurassic 
deposits, and two in Permotriassic. The depth of deposits bedding varies from 
199 to 783 m. The height of Cretaceous deposit is 26-145 m, Middle Jurassic -
125-167 m, Permotriassic - 61- 76 m while the gas part is 20-24 m high. The 
water-oil contact was fixed at 270-875 m whereas water-gas contact varies 

between 377 and 560 m. Deposits are dome tectonically shielded reservoir. The 
collectors are terrigenic and porous. The open porosity was 21-27%, 

permeability was 0.140-1.69 mkm2, the factor of oil saturation is 0.7-0.84. The oil 
saturation thickness is 3.2-14.4 m. The initial flow rate is 10-34 m3/day. The 
initial reservoir pressure is 2.4-8.1 mPa, the temperature is 20-40С. the oil 

density is 812-919 kg/m3. The hydrocarbon contains 0.05- 0.9% sulphurs, 1.5-
4.92% paraffin, 0.06-4.5% asphaltene, 1.85-17.5% silica gel resins. The 

composition of the gas includes methane 38.56-78.8%, ethane 10.28-25.26% 
propane 3.32-19.52%, isobutane 2.13-11.29%, pentane and the highest 0.44-

5.39%, nitrogen 0.84-4.23%, hydrogen sulphide – 0.69-7.64%, and carbonic acid 
– 0.38-2.75%. The regime of deposits is water pressured. Reservoir water is 
chloride-calcium with density 1.160-1.200 kg/m3 with salinity 252.8-290.4 g/l. 

The field has been under the development since 1972. 
WEST NOVOBOGAT - oil field in the southern wing of Pre-Caspian 

depression. It is located in Atyrau area 70 km west of Atyrau. It was discovered 
in 1992. In the local tectonic pattern, the field belongs to a salt drift side 

observed along the south-west slope of Novobogatinsk salt-dome from the Gran 
salt vent in the on north-west to the Novobogatinsk-Kamyshitovy salt vent in 

south-east. The trap is formed by anticline bedding of the salt cornice's bottom, 
which is contoured the isogypsum line 2,200 m long. In sub-cornice Permian-

Triassic mass, 4 oil horizons are revealed at the depth of 2,480-2,550m. The total 
hydrocarbon area of the four horizons is 2009.2 m2. 

Deposits are stratigrafically shielded pre-dome reservoirs. The collectors 
are terrigene and porous. The open porosity of the collector is 20%, 

permeability is 0,001-0,08 mkm2, factor of oil saturation is 0,6-0,66. oil saturated 
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thickness is 10-12 m. Initial flow rate of oil is 11.8-38.6 m3/day. The initial 
reservoir pressure is 17.4-28.4 mPа. The oil density is 804-824 kg/m3. The 

hydrocarbon contains 0.03-0.14% of sulphur, a slight amount of paraffin, and 
small concentrations of asphaltene and resins. Water oil contacts are not 

established, the composition of the dissolved gas and its chemical contents have 
not been studied yet. The field is being explored. 

GRYADOVOE - oil field in the southern wing of Pre-Caspian depression. It is 
located in Atyrau area 85 km south-west of Atyrau. It was discovered in 1986. The 
field belongs to a salt dome structure. Two oil horizons are located in Middle 
Jurassic. The Depth occurrence varies from 285 to 380 m. The water-oil contact was 
established at 337-423 m. Collectors are terrigene, and porous. The oil saturation 
factor is 0.5-0.55. Oil saturated thickness is 4.6-16.0 m. The density of oil is 881-896 
kg/m3. 

KAMYSHITOVOE SOUTH-EAST - oil field in the southern wing of Pre-
Caspian depression. It is located in Atyrau area 40 km to south-west of Atyrau. 
It was discovered in 1982. Exploration drilling began in 1983, and terminated in 
1986. In tectonic pattern, the field belongs to three-winged salt dome structure. 
Albian Lower Cretaceous and Middle Jurassic sediments are oiled rocks in the 
cross-section of sub-salt complex. Three Cretaceous and eight Jurassic horizons 
are tracked here. The depth of deposits bedding varies from 358 to 650 m. The 

height of oil deposits ranges from 88 to 165 m. The water oil carrier contact was 
registered at 484-747m. Deposits are tectonically shielded reservoirs. Collectors 

are terrigene and porous. The open porosity is 18-28%, the permeability is 
0,047-0,09 mkm2, and the oil saturation factor is 0.5-0.61. The oil saturated 

thickness is 1.8-5.6 m. The initial reservoir pressure is 4.1-6.9 mPа, the 
temperature is 24-29 oС. The oil density is 882-897 kg/m3. The oil contains 0.28-

0.6% sulphurs, 0.8-1.39% paraffin, 0.3-0.4% asphaltene, 11.9-28% silica gel 
resins. The composition of the gas is methane 45.68-84.4%, ethane 16.75-

28.58%, propane 2.36-15.53%, isobutane 0.46-3.44%, penthan and the highest 
0.34-3.38%, nitrogen 0.27-1.79%, carbonic acid 0.25-0.61%. The regime of 
deposits is water pressured and gravitational. Reservoir water is chloride-

calcium with the density 1,168-1,18 9 kg/m3 and salinity 256.4-311 g/l. The field 
has been under development since 1972. 
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Figure1.5.1 Oil extracting with pump jack №1 at Martyshy shop 
(“Zhaikneft” oil-and-gas production department) 

 
 
 

 
 
 

Figure 1.5.2 Beginning of the oil field development started by an individual 
“Иә сәт” LLP 1 km north-west from Khamit Ergaliev settlement 
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GRAN - oil field in the southern wing of Pre-Caspian depression. It is located 
in Atyrau oblast 90 km west of Atyrau. It was discovered in 1969. Exploration works 
were carried out in 1969-1970. Lifting that contains the field constitutes two-winged 
salt dome structure. The Lower Cretaceous and Middle Jurassic deposits are oil-
bearing in the cross-section of pre-salt complex. Six oil reservoirs are established of 
which one of Lower Cretaceous and the rest is of Jurassic. Total oil-bearing area in 
these horizons occupies 1,500 m2. The depth deposits bedding varies from 172 to 644 
m. The height of oil deposits is 2-50 m, while the gas height is 10 m. The water oil 
contact is marked at 20-715 m, whereas the gas water contact is from 480 m. The 
deposits are tectonically shielded reservoirs. The collectors are terrigene and porous. 
Oil saturated thickness is 2-15 m. The initial flow rate of oil is 1.2-1.9 m3/day. The 
initial reservoir pressure is 0.9-6.9 mPа, and the temperature is 18-44 oС. The oil 
density is 867-925 kg/m3. The oil contains 0.24-0.5% sulphurs, 0.7-3.04% paraffin, 
4.95% silica gel resins. The gas composition shows methane 69.5-88.4%, ethane 
5.89-23.7%, propane 0.63-5.6%, isobutane 0.15-0.32%, pentane and the highest 1.8-
5.97%, carbonic acid 0.26-1.41%. The regime of deposits is water pressured. 
Reservoir water is chloride – calcium with the density 1,176-1,193 kg/m3 and salinity 
268.5-285 g/l. The field has been under the development since 1973. 

SAZANKURAK – oil gas field the south-western wing of Pre-Caspian 
depression. It is located in the coastal zone between the Ural and Volga. The field is 
attributed to a salt dome Sazankurak. Based on administrative division, the area is in 
Isatay district of Atyrau area. 

The nearest human settlements are the railway stations of Isatay and Akkistau, 
located 25 km and 73 km respectively from the field. 

The regional centre of Atyrau is located eastward from the field at a distance of 
154 km. The structure of Sazankurak was discovered during gravimetric survey in 
1938-1939. Salt dome nature of the structure was established in 1967-1968 through 
seismic studies. 

The detailed seismic surveys of 1987-1991 years established structural maps of 
reflecting horizons, and recommendations were given for exploratory works. 

In 1994, three structured-exploration well were drilled to the depth of 470 m. 
By 1992-1994, eight 8 deep-hole exploration wells were drilled reaching together 
7,895 m. 

The reaction of the geological environment to tecnogenesis is predetermined by 
its natural qualities: zonal-geographical particularity, characteristics of geological 
bodies, and intensity and type of tecnogenesis. 

In Isatay district, anthropogenic and tecnogenic impact on natural conditions is 
exerted in the following directions: a) dynamic pressure of motorways related to the 
development of necessary infrastructure for oil and fields; b) chemical and oil 
contamination at petroleum facilities; c) widespread salinisation induced by industrial 
and agricultural development of the territory. 
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1.5.5. State of soil cover 
 

1.5.5.1. Conditions of soil 
 

The integrated assessment of the baseline conditions of soil-vegetative cover in 
Isatay district was carried out by the Integrated Survey Department “GosNPC” in 
1997. Based on natural-economic zoning of land reserves of the Republic of 
Kazakhstan, the district is located in Aral-Caspian province, Naryn County, desert 
zone, and in the sub-zone of brown soils. 

The main components of soil cover are sand, saline in different degrees, brown 
soils and solonchaks (Figure 1.5.3). 

 
Sands occupy most of the region. Sands are fine-hillocky occupying the west 

part of the region. Mostly, they are fixed or semi-fixed, rarely sand dunes forming 
spots between themselves. 

Slightly solonetz-solonchak, slightly solonchak and solonchak brown soils that 
form both uniforms sidebars, and combinations with each other in north-eastern part 
of the region on weak-waved aolothic surface. The main source of salinity here is 
saline and soil-forming rocks. Brown soils are zonal. They are formed on elevations 
under conditions that exclude influence of groundwater and additional surface 
moistening on processes of soil formation. 

Groundwater of varying salinity occurs at the level deeper than 6-7 m. The 
water regime is not washed. Moistening of soils occurs due to atmospheric 
precipitation. The genetic particularities of brown soils are defined by shallow 
seasonal dampening. The soil profile is nearly the same on horizons. 

The vegetative cover is presented by rarefied, poorly growing Artemisia terrae 
albae, Artemisia terrae albae-Anabasis salsa, Euagropyrum- Artemisia terrae albae 
and other communities. 

Little rainfall, high summer and low winter temperatures, poor productivity of 
vegetation all produce the main genetic characteristic of the brown soils: 

- low contents of humus (0,5-1,7%); 
- small thickness of humus horizon. 
In the region, amongst brown soils, the following types are established: brown 

slightly solonetz-solonchak, slightly solonchak and solonchaks. 
Brown slightly solonetz-solonchak soils are met in north-eastern part of the 

region and form the combinations with brown slightly solonchak soils. The Aeolian 
deposits serve as a soil forming rock. 

The vegetative cover is mainly composed of Artemisia terrae albae, Artiplex 
alba-Artemisia terrae albae, Artemisia terrae albae - Anabasis salsa, Anabasis salsa 
- Artemisia terrae albae communities. 

The thickness of humus horizon varies from 10 to 15 cm, its colour is brown-
grey, compact with dusty-bumpy texture. The brown tone dominates in colour of the 
following horizon; its texture is bumpy-lumpy of thick composition. A particularity 
of these soils is the presence of easily soluble salts in the layer 30-80 cm. 
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The humus content in sandy variations is very low, at 0.6 to 0.9%. Distribution 
of humus down through the profile is comparatively even, with gradual reduction 
while lowering. The gross nitrogen is 0.052%. The correlation of humus carbon to 
nitrogen is 6-7; the saturation of humus with nitrogen is high. The supply of soils 
with gross and mobile phosphorus (0.12% and 1.44% mg/100 g of soil) and mobile 
potassium (37.44 mg/100 g of soil) is average. 

The absorption capacity of the alluvial horizon is 8 mg-eq/100 g soils. The 
absorbed sodium concentration is 0.6 mg/eq or 7,5% of total absorption capacity, the 
level of solonetz formation is average. Thus, the morphological solonetz type is 
confirmed by analytical data. 

Based on anions, the type of salinity is sulphate with a high content of gypsum; 
the value of the thick remainder is 1.176%, the level of salinity is average. Based on 
cation, it is calcium. Down along the profile, the value of the thick remainder 
gradually decreases. 

The texture of soils on the surface is clay sand. Amongst fractions, the fraction 
of sands vastly dominates (the particles of the size 0.25 to 0.05 mm contribute 
73.61% of the total amount), the fractions of silt account for 11.31%. In the following 
horizon, the amount of silt particles increases (15.23%), which indicates also solonetz 
type of soils. The texture is light clay loam, while in the following horizons it is clay 
sand. 

Brown solonchak soils are met as separate contours throughout the area, 
forming the uniform contours or in combination with brown solonchak soils and fine-
hillocky fixed sands. 

The brown solonchak soils form on weakly waved Aeolian plains. The Aeolian 
deposits serve as soil forming rocks. 

As the brown common soils in the area are of mostly sandy and clay sandy 
texture, the morphological structure of these soils slightly differs from the standard 
one of clay loam soils: the profile of the described soils is more homogeneous. The 
thickness of the upper horizon varies from 5 to 12 cm; its colour is grey-straw-
coloured or grey-brown. The brown colour prevails in the following horizon. The 
brown solonchak soils at the depth of 30-80 cm contain easily soluble salts in 
considerable amounts. The humus concentration in brown sandy soils is very low, 
being 0,2%, Moreover, with depth its amount gradually decreases which is typical for 
brown soils. The supply of humus with nitrogen, the gross nitrogen is 0.005- 0.017%. 
The supply with gross and mobile forms of phosphorus is weak (0.05-0.06% and 
0.61-1.0 mg/100g of soil accordingly), with mobile potassium - weak and average 
(13.44-18.25 mg/100g of soil). 

The carbonate concentration in the upper layers of soil is from 0.2 to 0,6%. Its 
distribution in the soil profile is rather even. 

The salinity type is mainly chloride and chloride with some sodium 
participation, the salinity level ranges from weak to strong (0.798-0.967% - the value 
of the thick remainder). 

The texture of soils is sandy. Based on fractions, they pertain to sandy (sand 
89.67-90.47%), the fractions of silt account for 3.34-6.75%. 
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Brown solonchak soils are observed as two sidebars in the north-eastern part of 
the region, where they dominate. They occupy levelled and weakly waved surfaces of 
Eolithic plains. Soil forming rocks are represented by deposits of light texture 
mechanical composition. 

Vegetation is represented mainly by Artemisia terrae albae and ephemeric 
communities. Their morphological features are similar to brown solonchak soils yet 
however differ from them in the presence of easily soluble salts. The amount of 
humus constitutes 0.5%, which gradually decreases with depth. The gross nitrogen 
concentration is 0.038%, the supply of humus with nitrogen is high, with gross 
phosphorus (0.07%) and with mobile forms of phosphorus (1.37 mg/100 g of soil) it 
is low, while with mobile potassium (18.24 mg/100g of soil) it is average. 

Brown solonchaks boils up on the surfaces and throughout the total profile. 
The carbonate concentration varies from 0.3 to 1.5% according to the laboratory 
analysis. 

The type of salinity in the layer of 0-30 cm is sulphate-chloride, the salinity 
level is low (the value of the thick remainder accounts for 0.195 %). Down through 
the profile, the salinity increases, when the maximum concentration of salts is 1.526 
%. The type is sulphate-chloride. 

Sandy and clay sandy varieties stand out in the mechanical composition of 
brown solonchak soils. Based on fractions, they are sandy (sand – 86.28 %). 

Solonchaks usually occupy the lowest and the least drained surfaces being 
centres of local salt accumulation. 

The solonchaks are soils of perspired water regime. The ascendant water 
channels dominate in the soil causing salinity of soil cover starting from the surface. 
It is typical for solonchaks to have slight differentiation of profile by genetic 
horizons, boiling of hydrochloric acid on surfaces in the absence of visible carbonate 
accumulations. 

The following types of solonchaks are established in Isatay district: typical, 
sors and coastal. The typical solonchaks have a limited distribution, and occur mainly 
in isolated drainless depressions and  form on saline rocks bedded with highly saline 
groundwater at the depth of 2-6 m, this level  changes depending on the season. 

The vegetative cover is presented by salt resistant species. Basically these are 
halophytes: Halocnemum strobilaceum, Limonium gmelini, Artiplex alba and Salsola 
annua. 

The soil surface is covered with a thin crust of 0.5-1.0 cm thick followed by a 
friable layer, suffused with crystals of salt. The saline horizons are located further 
down differing from each other by the amount of visible salt formations, sometimes 
by texture and colour.  

In terms of the humus content, the solonchaks pertain to poorly supplied soils, 
e.g. in the upper humus horizon its amount reaches only 0.5-1.3%. The humus is 
poorly provided with nutrients. 

The maximum accumulation of salt is noted in the lower-laying strata. If in the 
upper horizon the value of thick remainder is 2.963%, then in the layer below 70 cm 
it is 6.857%, the type is chloride-sodium. 
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Based on the mechanical composition, they are sandy and clay sandy. They are 
normally used as autumn-winter pasture. 

The solonchaks and sors are ubiquitous in the area. They stand out as patches 
amongst brown soils. 

Sors occupy the bottoms of drying lakes. 
Their surface is absolutely devoid of vegetation. The sor basins are ideal for 

salt accumulation. The close bedding of saline water (0.5-2.0 m) provides for 
constant capillary contact with surface layers of solonchaks and high salinity of the 
profile. Because of this, the lower horizons of solonchaks have traces of gleization as 
the shape of blue-grey, green tones which are the result of the regular change of 
oxidising processes with recovering. 

The given solonchaks are nearly untouched by soil formation. The presence of 
humus and nutrients can be explained by carrying of humus particles from the 
surrounding area through drifting and weathering. Thus, humus concentration is 0.3-
0.5%, of the gross forms of nitrogen and phosphorus is 0.021-0.07% and 0.05-0.13% 
respectively (all data are given based on the report “Monitoring of coastal lands of 
the Caspian Sea”). 

On surfaces, the solochaks are sor carbonate (2.7-5.9%). With the depth, the 
amount of carbonate decreases to 0.8-1.5%. 

Salinity is very strong as on the surfaces as in the profile: value of the thick 
remainder varies from 7.415 to 13.382%, which decreases several times while 
lowering. The type of salinity is basically chloride according to anions, sodium – to 
cations. The texture is sandy. 

The coastal solonchaks distribution is limited, observed mainly in the south-
east part of area. They occur as uniform sidebar or in complex with meadow coastal 
saline soils where they are subordinated. 

Sand are formed under the rare cover of Salsola, Suaeda, Halocnemum 
strobilaceum and Salsola annua and under the close (1-2 m) bedding of highly saline 
groundwater (more than 100 g/l) of sulphate chloride and magnesium-sodium type. 

Lacustrine and marine deposits of sandy and clay sandy texture with insertions 
of shellrock are soil forming. The profile of these soils is weakly formed, and the 
differentiation by genetic horizons is poorly manifested. A weak humus layer 20-35 
cm thick stands out only in the higher part of the soil profile, which is subdivided into 
upper light-sulphur and lower with hardly noticeable grey colour. High moisture 
content through the profile is typical for these soils. The number of rusty stains 
increases with depth where grey colour supersedes rusty-blue-grey. 

The humus content in the upper horizon accounts for 0.4-0.6%. The supply of 
nutrients is also extremely low. Like all solonchaks, coastal ones have a very high 
salinity level as in the upper horizons as in the lower horizons, the value of the thick 
remainder varies over a wide range from 1.223 to 11.121%.  Based on anions, the 
type of salinity is sulphate-chloride, while based on cations, it is sodium and sodium-
calcium. 

The arid climate, sharp fluctuations of the air temperature, frequent winds, 
rarefied vegetative cover, occurrence of light textured soils on the surface with the 
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deep bedding of groundwaters and overall desertification of the area all produce 
conditions for sands formation. Most of Isatay district is occupied by sands, which 
pertain to the Naryn sands. 

Fine-hillocky sands and occasional mobile sand dunes are common in the 
relief. Based on the degree of vegetation cover, sands are ridgy-hillocky fixed, semi-
fixed and sand dunes. 

Fine hillocky fixed sands are widespread in the western part of the region on 
Eolithic plains, as well as in the northeastern part, where they form complexes of 
brown soils. The pattern of these sands is notable for the alternation of hillocks and 
less often of ridges varying from 1-3 to 3-5m with hollows and levelled areas. Brown 
soils and solonchaks are formed on the latter areas. 

Vegetation is represented by Artemisia terrae albae-Eurotia communities with 
participation of ephermers. 

The sand profile is weakly differentiated, homogeneous in colouration and 
texture. The structure of the entire profile is loose. Slightly coloured humus horizon 
stands out on the surface which contains 0.1-0.3% humus. Based on the chemical 
analysis, it is seen that sands also experience extreme deficiency of nutrients: gross 
nitrogen, gross phosphorus – 0.04-0.05%, mobile phosphorus – 0.8-1.33 mg/100 g of 
soil. Mobile potassium is supplied poorly or averagely 14.4-20.64 mg/100g of soil. 

A part of fine-hillocky sands is salinised throughout the total thickness, while 
other parts are noted for a slight increase of solid remainder (0.111-0.168%) in the 
upper layer. The greater values of the thick remainder are noted in the lower part of 
the profile (0.746-1.908%) corresponding to strong and very strong degrees. The type 
is chloride and sulphate-chloride. 

In the upper horizon, the content of silty fractions accounts for 3.29-4.1%. The 
main fraction is particles of 0.25-0.005 mm of size, which contribute 92.89- 93.81%. 

Fine-hillocky semi-fixed sands are found on the territory of the region as 
separate sidebars forming uniform contours or combinations with fine-hillocky fixed 
sands and sand dunes. The conditions needed for their formation are the same as for 
the above-mentioned sands. It differs only by more rarefied vegetative cover, weakly 
fixed surface of soils subject to weathering. The soil profile is even weaker, the 
humus horizon is hardly present while the structure is more friable. 

Sand-dunes occur as homogeneous sidebars and patches amongst fixed and 
half-fixed ridgy-hillocky sands. Sand dunes are nearly devoid of vegetation, only in 
blown depressions some communities of Leymus rasemosus, Agriophyllum 
arenarium, and Aristida are occasionally met. The total thickness of sands is not 
subjected to soil formation and and basically consists of fine-grained sands. 

Meadow coastal saline soils are of insignificant occurrence occupying the 
southern part of the region. Saline lacustrine and marine deposits are soil forming 
rocks. A relatively long-term period of liberation of this area from the sea influence 
provides for deeper occurrence of groundwater than in adjoining areas, further 
desertification processes and soil formation of a meadow type. 

Within the meadow coastal strip, groundwater lies at the depth of 2-3 m. It is 
highly saline (25-50 and more than 50 g/l) with salt composition being chloride-
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sodium with the large concentration of magnesium, this corresponds to sea water 
composition. 

Meadow coastal soils have capillary moistening from groundwater that 
predetermines significant salinity and development on the surfaces of meadow and 
solonchak vegetation (Suaeda, Petrosimonia, Halocnemum strobilaceum and others). 

In the profile of described soils the humus horizon is clearly defined on the 
surface with the thickness reaching 7-20 cm. It is in grey colour, sometimes on the 
surface, but more often, in the layer below, small layers of different thicknesses occur 
containing debris of seashells with sandy or clay sandy filling. Below the stratified 
clay horizon is bedded, followed by sea clays. 

In clay sands varieties of these soils, in the upper horizon the humus content is 
insignificant accounting for 0.5%, and decreases in the following horizon to 0.2%. 
The amount of the gross nitrogen is 0.002%. The supply with gross phosphorus, 
mobile phosphorus and potassium is average (0.08%, 3.96 mg/100 g of soil and 31.2 
mg/100 g of soil respectively). The soils contain small amounts of carbonate in the 
upper horizon (0.5%), while with depth some increase is noted (1.5%). 

The upper horizon is slightly saline: if the type is sulphate-chloride, the value 
of the thick remainder is 0.128%. The significant increase of water soluble salt up to 
1.213% is observed in the lower horizon, the type is chloride-sulphate. Below along 
the profile, the fluctuation of water soluble salts is small, while the salinity level is 
high. Based on cations, the type of salinity is sodium and calcium-sodium. The 
texture of the upper horizon is clay sand. 
 

1.5.5.1.1. Description of land quality 
 

According to the characteristics of lands examined by the Integrated Research 
Department of the Institute “Kazgiprozem”, the soil cover in the region is 1,789.2 
thousand ha, of which 5.2 thous. ha are ploughed fields, 1.0 thous. ha are mineral 
resources fields, 49.0 thous. ha are hayfields, and 1,734.0 thous. ha are pastures. 
 

Topsoil of the region is divided into the following types: 
- brown-meadow saline – 22.3 thous. hectare 
- meadow – 21.1 thous. hectare 
- meadow saline - 95,8 thous. hectare  
- plain -meadow saline -8.8 thous, hectare 
- sand – 599.1 thous. hectare 
- outcropping of saline clays – 168.7 thous. ha 
- solonetz – 827.9 thous. ha 
- solonchaks – 45.5 thous. ha 

 
The indicative quality of land reserves listed above show that slightly solonetz 

and saline soils in combination with solonetz dominate in the region accounting for 
65.3%. All soils of the examined territory are remarkable for poor humus horizon and 
comparatively low concentration of ash elements (Table 1.5.6). The soils of heavy 
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texture are the most common while amongst soils of light texture sands are dominant 
(Table 1.5.7). The classification of soils in the region by reclamation groups is given 
in the Table 1.5.8. 

Almost all soils are used as natural forage fields. In the area, 6.2 thous. hectare 
have already been ploughed, they are all of poor quality (saline - 0.7 thous.hectare, 
solonetz - 5.5 thous. hectare). 

Saline soils require preliminary washing for the further irrigation under overall 
drainage system. Slightly solonetz soils need use of anti-solonetz agricultural 
technology while solonetz require gypsuming and further irrigation of the washing 
type under drainage. 
 

Table 1.5.6 
Morphological and chemical characteristics of soils 

 
№
№ 

Soil type 
 

Thickness 
of humus 
horizon,   

cm. 

Depth of 
occurrence 

of water 
soluble 

salts, cm 

рН Absorpti
on 

capacity, 
mg/eq of 
100g soil 

General 
concentration, % 

      Humus Nitrogen 
1. brown-meadow saline 32-45 30-55 8,2-

8,6 
18-10 1,2-1,1 0,09 

2. Meadow 70-80 - - - 1,5-2,0 - 
3. Meadow saline 30-80 28-52 - - 0,71 - 
4. Plain -meadow saline 45 50-90 7,4 10-7 0,6-0,4 - 
5. Sand  - - 8,0 - 0,3-0.2 - 
6. Solonetz  0-10 From the 

surface 
8,3-
8,6 

- 0,5 0,03-0,01 

7. Solonchaks 10-40 - 8,3-
9,4 

13-5 1,2-0,3 0,08-0,02 
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Table 1.5.7 
 

Texture of soils, thous. hectare 
 
Agricultural land   Total Including 
  clayey, 

heavy clay  
loamy 

fairly 
clay 

loamy 

Light clay 
loamy 

Clay 
sand 

Sandy 

Ploughed fields 5,2 2,9 1,0 - 1,3 - 
Deposits  1,0 0,8 0,1 - 0,1 - 
Hayfields 49,0 35,6 6,3 - 2,6 4,5 
Pastures 1734,0 826,4 308,2 2,2 2,6 594,6 
Total 1789,2 865,7 315,6 2,2 6,6 599,1 
 

Table 1.5.8 
Classification of soils by reclamation groups, thous.hectare 

 
Reclamation groups  Total Including 

 
ploughed 

field 
deposit hayfields pasture 

      
1. Usable           total  - - - - - 
                          certainly - - - - - 
                          suitable - - - - - 
2. Rocky            total  - - - - - 
                          weakly  - - - - - 
                           fairly  - - - - - 
                           very - - - - - 
3. Washed off     total  - - - - - 
                           weakly  - - - - - 
                           fairly - - - - - 
                           Very  - - - - - 
4. Wind eroded   total             599,1 - - 4.5 594,6 
                            weakly  47,2 - - 4.5 42,7 
                            fairly               551,9 - - - 599,1 
                            Very - - - - - 
5. Saline               total 141,5 0,6 0,1 12,0 128,8 
                             weakly - - - - - 
                             fair  93,8 0,6 0,1 5,5 87,6 
                             powerfully 47,77 - - 6,5 41,2 
6.Solonetz            total  879,9 4,6 0,9 11,4 863,0 
                             weakly  41,3 3,5 0,8 5,1 31,9 
                             fairly  10,7 - - - 10,7 
                             very 827,9 1,1 0,1 6.3 820,4 
 - - - - - 
 Over moistened - - - - - 
 Marshy   168,7 - - 21,1 147,6 
 Miscellaneous   1789,2 5,2 1.0 49,0 1734,0 
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1.5.5.1.2. Soil contamination 
 

Isatay district does not accommodate many industrial facilities (mainly oil and 
gas processing and a brick plant). Their emissions are gaseous, liquid, solid 
(including waste). Gaseous and liquid emissions enter into atmosphere and 
hydrosphere and as a result of the cycle they are carried into soils increasing the 
acidity and degradation of their chemical and physical characteristic. 

Along with industrial contamination, poor performance of agricultural 
production causes soil degradation, as it does not comply with environmental 
considerations. Normally agricultural practices cause the following: 

- chemical and bacterial contamination of soils, water and atmosphere; 
- contamination of soils, water and atmosphere because of unsound techniques, 

and non-compliance with rules of fertilisers and herbicides use; 
- biological disturbance due to extensive sowing of monocrops, irrigation, 

drainage, haymaking, outbreak of diseases and spread of pests. 
In Isatay district, the problem of soil contamination and the change of its 

chemical and mechanical composition is critical. Heavy contamination by heavy 
metals exacerbated by sources of sulphurous contamination result in the formation of 
deserts. While determining the nature of soil contamination, it can be seen that the 
main contaminants are hydrocarbons which accumulate from 1 to 5 g/kg, sometimes 
to 10 g/kg. Besides, oil contamination, high concentrations of nickel (100), lead (80), 
zinc (50), chromium (100), and phosphorus (80) are observed. 

The main ecological challenge is the protection of oil fields and facilities and 
the sea from oil pollution caused by the construction of dams, development of 
quarries, construction of linear structures and carrying away of sand material for dam 
embankment. As a consequence new sources of wind erosion emerge, as well as the 
disturbance of structures, acceleration of erosion and salinisation of soils. Then, there 
is the real threat of man-induced desertification. 

In order to identify in time the change of land structure, conditions of lands, 
estimations, forecast and development of appropriate recommendations for the 
prevention and removal of consequences, the monitoring of the regional lands should 
be put in place. 

Since currently and in the future, the main contaminant of soils and the 
environment in the district is the petroleum industry (Figure 1.5.4 and 1.5.5), then let 
us focus here on the features of its impact on regional ecological conditions. 

The construction of oil and gas facilities and the operation of oilfields leads to 
protracted and intensive contact of technical and construction equipment with natural 
components damaging soil and vegetative covers, surface and subsoil layers, surface 
and ground waters, fauna, local communities and the atmosphere. 

The main sources of human impact are the engines of construction machines 
and mechanisms and cargo traffic. Possessing huge power, payload, and 
performance, these vehicles put great pressure on the soil and can destroy any soil not 
to mention fragile local soil and vegetative cover during 1-2 passages. In the first 
stages of construction, heavy technology is immediately in use even if roads, passes, 
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sites and tanks are not in place. It is in this precisely period, that the maximum 
damage of soil and vegetation occurs. 

The essential oil facilities such as wells, pumping stations, assembling points, 
oil storage tanks, points of primary oil preparation, pipelines, different barns, settling 
tanks and others constitute potential sources of contaminants spills, which if poorly 
operated may be a cause of chemical contamination of the soil and vegetative cover. 
The main potential sources of hydrocarbon pollution are shown in Table 1.5.9. 

The primarily materials forming contaminating flows at an oil enterprise are 
reservoir water composed of crude oil and well water; gas from “gas caps”, contoured 
water of oil reservoir; oil, gas and wastewater generated as a result of reservoir water 
separation and primary oil preparation, ground water, used for the maintenance of 
reservoir pressures, drilling water applied for lubrication and washing of the well hole 
during drilling; chemical reagents, used for processing of wells to increase oil 
recovery and  different additives, inhibitors of  corrosions and salt sedimentation. 
 

Table 1.5.9 
 

Main sources of hydrocarbons ingress into the environment 
 
Facilities  Contamination 

sources 
Main causes of 
contamination 

Contaminants 

    
Oil fields  Wells Pickling during overhauls, 

Disruption of structure’s 
insulation and accidental 

emissions 
 

Crude oil, 
Reservoir saline 
water, drilling 

wastewater 
 

    
 Pipelines Corrosion and mechanical 

damages of the pipes 
 

 

    
 Oil collection points at  

storage tanks 
Evaporation of hydrocarbon 

in atmosphere, 
Leakage as a result of 

insulation breaches 
 

 

    
 Points of primary oil 

preparation 
Same as above; collection of 

wastewater 
 

    
 Flares Incomplete combustion of 

hydrocarbon, condensation 
of etched hydrocarbons in 

air 

Soot, carcinogenic 
hydrocarbons, 

sulphurous 
compounds 
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The ingress of these contaminants into the environment may be avoided as this 
often happens due to imperfection or breaking down of technology, poor quality, 
wearing-out or lack of equipment, contingencies, negligence etc. However, not a 
single modern oil field is wastefree, and the greater the intensification of oil 
development is, the more intensive the formation of pollutant flow is. 

Thus, geochemical changes of soil ecosystems at sites of oil development is 
caused by ingress of 

- hydrocarbon; 
- highly saline wastewater; and 
- drilling mud. 

 
 

 
 
 

Figure 1.5.4 Soil pollution pipe leak repair in Zhanatalap shop 
(“Zhaikneft” oil-and-gas production department) 

 
Let us examine each option of possible impact on soil and vegetation cover. 

Pollution of the environment with hydrocarbons is one of the most complicated and 
complex problems. No other pollutant, however dangerous can be compared with 
hydrocarbon in terms of spreading, the number of pollution sources, or the value of 
overall impact on natural components during contingencies.  Although the technology 
of oil development and transportations is constantly improved in line with 
requirements for environmental protection, the urgency of the problem remains. Even 
comparatively rare blow-outs cause huge damage, covering areas many times the area 
of the initial contamination. 
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Hydrocarbons greatly differ from other pollutants by the nature of their impact 
on natural systems. They do not possess a clearly defined chemical composition as 
they include varieties of resinous-hydrocarbon compounds which characteristics may 
greatly differ from each other. 

The chemical toxicity of oils in relation to a biological entity is not always 
obvious. It is known that in small quantities oil even occasionally stimulate the 
growth of plants. There are some medical oils. Oil is a nourishing medium for a 
group of microorganisms. It decomposes easier than many other toxic materials, 
delivering in soils additional portions of organic compounds. 

On the other hand, many negative qualities of oil can be observed when its 
enters an ecosystem: plants perish on contaminated soils; water with hydrocarbons is 
not suitable for life support and economic use; living organisms inhabitating polluted 
water or grown on contaminated soils lose their forage quality.During oil 
developments, associated water is brought to the surface the volume of which several 
times exceeds the volume of produced oil. 

Associated water of hydrocarbon reservoirs is of chloride-sodium type with a 
salinity level attaining 200 g/l. The minimum industrial concentrations of associated 
components in groundwater are the following: iodine - 10, bromine - 200, boron - 80, 
lithium - 10, rubidium - 3, caesium - 0,5, and strontium - 300. 

Oil wastewater also contains a significant number of aggressive gases of 
dispersed hydrocarbons; hydrocarbons possess high chemical and biological oxygen 
demand if they are discharged in the environment. 

Pollutant flows, including reservoir water, pollute soils, surface and ground 
water and biocenosis. The main routes of their spreading are gravitational motion 
along the surfaces towards a slope, infiltration in soil horizons and loose deposits. 
These flows occur during pipeline bursts, allowing reservoir water to penetrate from 
wells to collection points and UPPN. The particularities of these flows are their 
underground, inside soil motion and draining, as a rule, into water bodies and 
waterflows. They represent a high risk being affected by surface factors of 
destruction; however, they are always easy to find and isolate to prevent further 
spreading. 

Drilling water is the main waste that inhibits neutralisation and removal of 
ground storage tanks. 

The MPCs of some chemical components used at construction of oil wells, in 
waterbodies are given in Table 1.5.10. 

Drilling mud is not toxic. However, while dispersed in the environment the 
drilling mud particles adsorb on their surfaces some toxic substances and exert 
negative impact on vegetative cover and surface and ground water if discharged 
directly on the ground. 

Therefore, it can be seen that the development of oil fields has a negative 
impact on soil and vegetative cover at the site of works. In order to mitigate impact 
and avoid development of erosion processes of soils, it is necessary to minimise the 
mechanical impact on soils from any earthworks, prevent the traffic of motor 
transport outside of the existing road network and reduce to a minimum oil and 
reservoir water spills. 
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Table 1.5.10 
 

Maximum permissible concentrations of chemical reagent 
in water bodies, mg/l 

 
Components  Water bodies 
 Of domestic use Of fishery 
Hydrocarbons  0,3 0,05 
Phenoles  0,001 0,001 
Nа-KMC - 20 
Ethyle siliconate of sodium (GKZH-10) 2 - 
 T-66 (VTU  02-68, flocculent)  0,2 - 
Chromium-6  0,1 0,001 
Chromium-3  0,5 - 
Polyacrylamide  2,0 - 
Suliphonole NP-3 0,5 0,1 
Surfactant OP-7  0,1 0,3 
Surfactant OP-10 0,1 0,5 
   

 
Any disruptions of soil-vegetative integrity caused in the process of works 

must be removed and reclamation works should be undertaken such as planning, 
layer backfilling with previously removed soil and seeding of vegetation. 
 

1.5.6. Flora and fauna 
 

1.5.6.1. State of flora 
 

Isatay district is located in the desert zone of the Aral-Caspian province and in 
Naryn flat sandy (the western part) and coastal lowlying-plain (the eastern part) 
counties. 

The background vegetation consists of Artemisia terrae albae, Anabasis Salsa, 
Salsola (Ceratocarpus arenarius and Clamacoptera brachiata) and occasional 
Halocnemum spp, typical for pastures. 

The Ural river plain has a rich vegetative composition of dominating 
Agropyrum, Graminae – herbacesous hayfields, as well as Salsola, Eremopyrum and 
Alhagi pseudalhagi pastures. The Vegetation of Naryn sands is diverse. The base of 
the vegetative cover is Bergena, Artemesia, Calligonum species (Figure 1.5.6). In the 
eastern part of the former sovkhozs “Put Illyicha”, “Baksayskiy”, 
“Novobogatinskiy”, “Chapaevskiy” and in the southern part of the former state farm 
“Zaburunskiy”, small and large complexes of Artemisia terrae albae pastures develop 
on brown soils. This group of pasture forms the main background of the plain area. 
Ephemers of Artemisia terrae albae pastures such as Poa bulbosa, Eremopyrum 
triteceum and Bromus tectorum function as their subdominants. Besides, 
Ceratocarpus arenarius, Climacoptera oppositifolia and some venomous species 
Anabasis aphylla, Paganum harmala are very often seen here. 
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Figure 1.5.6 Map of ecosystem groups of Isataj region 
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Artemisia terrae albae-ephemeral, Artemisia terrae albae-Salsola species 
are recommended for use in the spring - summer-autumn period for cattle grazing. 

One of the most widespread pastures in the plain is Anabasis salsa formed on 
solonetz deserts. c often occur in pure communities. Occasionally, ephemers such as 
Poa bulbosa intermingle with them. Besides, Poa bulbosa, Salsola (Climacoptera 
oppositifolia, Ceratocarpus spp.) and Artemisia vulgaris communities are formed on 
solonetz, occasionally in combination with each other or with Artemisia terrae albae. 

Anabasis salsa – ephemeral species are recommended for use in spring-autumn 
period, while Anabasis salsa, Artemesia vulgaris and Salsola – in autumn for grazing 
of sheep, horse, and camel. 

In the plain on brown soils, small patches combined with Artemisia terrae 
albae create ephemeral pastures where Eremopyrum triticeum is the dominant 
species. It is recommended for use in spring for all type of livestock. 

Some psammophyle species of flora grown on sandy arrays at the territory of 
the former sovkhozs "Zaburunskiy", "Chapaevskiy", "Novobogatinskiy", and "Way 
Ilyicha". The most ubiquitous is Artemisia arenaria. Its communities include 
Bergena, Bergena-ephemeral, and Bergena-Leymus. Ocassionally Carum carvi L., 
Syrinia siliculosa Andrz., С. Pulcherrimma Centaurea, Calligonum L and  Tamarix 
spp. can be found on these pastures. Bergena pastures occur as arrays of different size 
throughout all elements of the hillocky sands. Bergena-Leymus communites are 
recommended for use in spring-summer-autumn time, Bergena-ephemeral - in spring-
autumn period for grazing of all livestock, and Bergena - in autumn for grazing of 
sheep, horse, and camel. 

The following groups of pasture are the most common on sands: Calligonum 
and Artemisia lerchiana. Calligonum pastures are met in all elements of hillocky 
sands, Artemisia lerchiana may be found only in ravines between hillocks. The 
Calligonum communities include Calligonum -Bergena and Calligonum-ephemeral 
types. The Artemisia lerchiana pasture is represented by Artemisia lerchiana, 
Artemisia lerchiana-ephemeral (Poa bulbosa and Bromus tectorum), Artemisia 
lerchiana-Ceratocarpus. Calligonum and Artemisia lerchiana pastures should be 
used in the spring-summer-autumn for grazing of sheep, horse and camel 

On semi-fixed sands along the top of hills, Leymus pastures are widespread 
where they are formed as small patches usually in complex with Leymus, Leymus-
Aristida species. They are best for use in spring-summer-autumn time for grazing of 
sheep, horses, and camels. 

The ephemeral pastures are met in ravines between sand hills. They consist of 
ephemeral-Bergena, ephemeral-herbaceous species. The Bromus tectorum and Poa 
bulbosa are dominating. Leymus, sirenal leguminous, Artemisia lerchiana can be seen 
only rarely. Ephemeral-Ceratocarpus is recommended to use in spring-summer-
autumn period, while ephemeral-Bergena should be used in spring-autumn for 
grazing of sheep, horses, and camels. 

The herbaceous pastures are met as small patches throughout the sandy terrain. 
They occupy a significant area at the territory of the former state farm 
“Chapaevskiy”. The communities include Syringa-Bromus, Syringa – Heliobrysum 
arenarium, Syringa-Bergena species. Based on classification of forrage plants, these 
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pastures are considered as pastures of spring-autumn season of grazing of sheep, 
horses, camel. 

Salsola (Petrosimonia spp. and Climacoptera crassa), Eremopyrum and Alhagi 
pseudalhagi pastures are formed in the valley of the Ural river on depressions as 
small patches on meadow-brown and meadow soils. They do not form individual 
communities but occur rather in complexes with each other. Salsola pastures are best 
for use in autumn while Eremopyrum - in spring, and Alhagi pseudalhagi – in spring-
summer-autumn for grazing of sheep, horses, and camels. 

The pastures on the territory of the district are used unsystematically, 
overgrazing is significant and water area are abused. The overgrazed and degraded 
area grown with inedible Peganum harmala and Euphorbia occupies 351,0 thous. 
hectare, or 20% of total natural pastures area (Figure 1.5.7). 

In the southern part of Isatay district, along the coastline on marsh, solonchak 
sandy and meadow-marsh clayey soils, grass stands) are developed as the main 
hayfields. The lands with Graminae vegetation (Elytrigia repens) occurring as small 
patches in ravines and river valleys are also good hayfields. The area of hayfield land 
is 19.3 thous. hectare. The yield rate is 3,1 c/ha forrage unit. According to research of 
the Institute of Botany of National Academy of Sciences RK, in Isatay district, 77 
floristic species occur (Table 1.5.11). The following Medicago L.  komarovii Vass., 
Medicago cretacea, Jurinea Fedtschenkoa, Drosera rotundifolia, Salsola latifolia, 
are listed in the Red Book of CIS. (Kurochkina et al, Almaty, 1993). 
 

1.5.6.2. State of fauna 
 

The intensive development of rich gas and oil resources available in Isatay 
district requires an integrated approach to management of environmental issues to 
preserve ecological balance on the background of increasing human pressure on 
ecosystems. 

The coastal area of the Caspian Sea, lower stream of the Ural River is unique in 
terms of its wildlife diversity, thus having both national and international importance. 
Vertebral diversity alone includes over 350 species of which 33 are registered in the 
Red Book as rare and extinct. Fish resources include the most valuable sturgeon 
species and also mammals (The Caspian seal), saiga, and many fur-bearing animals. 
The Caspian shelf is a habitat for many migrating and moulting coastal and water 
birds. 

In Isatay district, 2 species of amphibians, 12 species of reptile, 225 species of 
birds and 46 types of mammals are found. About 20 species of rare birds, listed in the 
Red Book nest in the region. Therefore, Isatay district is particularly important for the 
conservation of flora and fauna, which necessitate the strict observance of the 
ecological requirements and environmental management legislation. 
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Figure 1.5.7 Complete degradation of vegetation around the pump jack in 
Martyshi shop 

(“Zhaikneft” oil-and-gas production department) 
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Amphibians and reptile. The amphibian and reptile fauna of Volga and Ural 
basins has been well studied; there are 12 species of reptile and 2 species of 
amphibians. Recently, however, the exact numbers of each of those species has not 
been determined. The density of their population in the region is extremely low with 
the exception of the lake frog and common water snake in the floodplain of the Ural 
River (Table 1.5.12). 

Based on occurrence in the terrestrial cenosis, steppe agama and stepperunner 
are the most numerous followed by sunwatcher, which are widespread with local 
occurrence. However the density of their population is comparatively small varying 
between 0.4 and 2 specimens per kilometre. Snakes are the most numerous in the 
floodplain of the Ural and nearby irrigation channels reaching the density 5-6 
specimen/km for common water snake and Pallas’ coluber. In the desert cenosis, 
snakes are less frequent than lizards. 

The spread of reptile in terrestrial cenosis is uneven. The most diverse 
composition is in the Ural valley, while the second centre is noted at the border of 
two landscape zones: fixed sands and solonchak-Halocnemum strobilaceum plain. 
The main factors that affect the poor composition of reptiles are natural including 
salinity of soils in the coastal areas, large areas of solonchaks void of vegetation and 
extremely continental climate. The flat relief and degraded vegetative cover 
aggravate the harshness of the climate, particularly during winter hibernation in 
snowless winters. 

Besides, the significant part of the Northern Caspian coast is flooded due to 
transgression of the sea that has led to the almost complete extinction of lizards. 

The impact of natural negative factors, limiting the reptile and amphibian fauna 
in terms of both composition and quantity, is exacerbated by human influence. 

Birds. The total number of birds in the North Caspian Sea registered in 
different seasons varies from 120 to 225 species belonging to 18 genera. In spring, 
during migration when birds usually fly in a more congregated way, larks account 
for15-30%, finch - 14-40%, starling - 7,5-13%, crow - 7,7-9%, sparrow - 10%, 
wagtails - 2-6%, swallows - 1,5-3,5%, sea gulls - 2-4%, snipes - 2%, dove - 1%, 
raptorial - 0,4-0,7%, kingfishers and relatives -0,2-1,6%, goose - 4-6%. 

The same species can be seen during the autumn migration. Migration of 
terrestrial birds occurs more broadly while waterbirds fly more narrowly. All species 
of terrestrial genera are extremely small in number during nesting and are seen in a 
significant quantity in areas adjoining to the seaside of deserts during seasonal 
migration. They do not form great congregations. 
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Table 1.5.12 
 

Сomposition of amphibians and reptiles in the Northern Caspian coast 
 

Species 
The Ural river 

floodplain 
 

Manteke sands Solonchak plains 

    
Green toad  Common - - 
Marsh frog  Numerous - - 
Fresh-water turtle   Common - - 
Steppe agama  Common Common Common 
Sunwatcher  - Common Common 
Toad-agama  Common Common - 
Rapid fringe-toed lizard Common Common - 
Sand lizard  Common Common - 
Stepperunner   Common Common Rare 
Rough-scaled Sand Boa Rare - - 
Common water snake Numerous - - 
Four-lined snake  Rare - - 
Pallas’ coluber Numerous Rare Rare 
Steppe ribbon Rare Common Rare 
Renard’s viper Common - Rare 
Central Asian pit viper Rare Rare Rare 
Total species 14 7 6 
    

 
The ecological group of water birds species is diverse including 102 species 

(41,6%) (Anseriformes, Charadriiformes, Podicipiformes, Ciconiiformes, Copepoda, 
Rallidae and Phoenicopteriformes). 

Due to location and favourable conditions, the area of North Pre-Caspian is 
home for the large amount of waterbirds, which stop there fore long periods. Shallow 
waters of the North and Northeastern coast of Caspian Sea are particularly important 
during autumn flying over and moulting periods. The duration of spring migrations 
varies greatly. However, in average, the migration begins at the end of February - the 
beginning of March. The migration ends at the beginning of May. The annual 
migration for moulting of single birds and couples that have finished breeding (ducks 
and snipes) begins in July. Аt the end of August, the autumn migration starts lasting 
till the end of November. 

Therefore, the North Caspian and the Ural river valley are the most important 
flyway in Eurasia for birds migrating from Siberia to the Caspian and hereinafter to 
Asian and African wintering grounds. Based on the analysis of ornithological 
situation in the Northern Caspian coast, it follows that first, shallow water is not a 
place of mass nesting for coastal and waterbirds, but serves as a stop-over ground for 
birds of this ecological group during seasonal migrations; second, the distribution of 
birds by habitats is uneven and open sea shallow waters are the most attractive 
grounds for birds. Starting from the end of November, due to migration of birds to the 
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south, their number decreases and include several tens of thousands of birds 
depending on the ice state, mainly swans, crow and white-tailed sea eagle which 
occupy open water areas in frozen shallow waters. 

Mammals .The mammals diversity is rich and counts 46 species, 4 species of 
which fall into the categories of numerous (fox, steppe polecat, saiga and 
Eversmann’s hamster), 23 species are common and 2 species are rare and 
disappearing, listed in the Red Book of RK (Bat Eptesicus bobrinskoi and marbled 
polecat). 

Based on zoological and geographic classification, the steppe mammals in this 
region are very infrequent, some steppe polecats and sagebrush vole are rarely met. 
The base of the fauna consists of deserted species, accounting not less 27 species 
including 11 very common. The population density of mammals in the region is 
comparatively low mainly due to natural conditions. 

Amongst commercially valuable species, fox, steppe polecat and saiga are the 
most numerous. The saiga is a very valuable animal for the economy, though its 
number in the region is low observed only during wintering periods). The fur-bearing 
commercial animals, dwelling in this region (fox, corsak, steppe polecat, wolf and 
others) are traded in small numbers. 

In recent years, the overall number and population density of great gerbil and 
other species of gerbils, the most common in deserts of the Pre-Caspian region is at 
rather low level fluctuating between 0.6–5.8 individuals/ha. Other background 
species such as European souslik and little souslik are met in densities varying 
between 0.3 to 3 indv/ha. Nocturnal Great, Little and Feather-tailed three-toed jerboa 
have been counted on night routes from 1.2 to 6.5 per 10 km. 

Hence, the commercially valuable mammals such as saiga, fox and steppe 
polecat and animals, being carriers of infectious diseases such as Siberian jerboa, 
Hairy-footed jerboa, Feather-tailed three-toed jerboa Grey hamster and gerbils are the 
most prominent species in the region of the oilfields. 

Species included in the Red Book of Russia and Kazakhstan are rare and nearly 
extinct. 

In Isatay district, amongst mammals included in the Red Book of Russia, 
piebald shrew and marbled polecat can be met. 

The sand shrew is rare and endemic in Kazakhstan; they prefer to shelter in 
semi-fixed sands and sand bars. They dwell in holes often occupying abandoned by 
rodents. They feed on insects and small lizards. Their lifestyle is settled and 
nocturnal. 

The marbled polecat is the rare little animal that holds together with gerbils, 
especially Libyan bird. 

The avifauna is richer for rare species (Table 1.5.13). 
Significant numbers of these birds have been observed as single, and they 

sometimes do not fly over annually. 
Amongst reptiles of the region, it is possible to meet the large whip snake, 

which occurs on the right bank the Ural. 
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Table 1.5.13 
 

Rare and disappearing birds species 
 

Species  Red Books 
 IUCN Russia Kazakhstan 
    
Eastern White Pelican - + + 
Dalmatian Pelican + + + 
Common Egret, - - + 
Common Spoonbill - + + 
Black Stork, - - + 
Glossy Ibis - - + 
Flamingo  - + + 
Whooper Swan - - + 
Marbled Duck - + + 
White-headed Duck - + + 
European white-winged 
scoter, 

- - + 

Demoiselle Crane - + + 
Sociable Lapwing - + + 
Slender-billed curlew - + + 
Black-bellied sandgrouse - + + 
Steppe eagle  - + - 
Golden eagle - + + 
European Eagle + + + 
Pallas's Fish Eagle - + + 
Peregrine Falcon + + + 
Booted Eagle - - + 
Fish Gull - + - 
Saker Falcon - + - 
    

 
 

Novobogatink’s game farm is located in this district, which belongs to the 
regional society of huntsmen and fishermen occupying the total area of 116.9 thous. 
ha, including: 

- water-marsh – 33.9 thous. ha; 
- deserts – 65.5 thous. ha; 
- semideserts – 17.5 thous. ha. 
The game fauna includes species of steppe, semi-desert and desert biocenosis. 

Saiga, wild boar, wolf, corsak, red fox, steppe polecat, European hare, muskrat and 
souslik represent the mammal community. Birds include geese, ducks, snipes, teal, 
coots and doves. Fish comprises catfish, pike, pikeperch, carp, bream, ide, tench, 
perch, crucian carp, roach and others. As well as above-mentioned species, others 
occurring in the region and listed in the Red Books of IUCN, Russia and Kazakhstan 
include pelicans, swan, glossy ibis; herons, and fish hawk. 
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1.5.7. Protection of the population, industrial and economic objects from natural 
disastrous events 

 
According to the data of Atyrau oblast land supervision organizations, 97,6 

thousand hectares of agricultural grounds with 91,2 thousand hectares of which being 
the most productive, will be inundated, due to the rise of the Caspian sea level. 
 
 

Table 1.5.14 
 
Area of the agricultural grounds of Isatai region in the zone inundated by waters 

of the Caspian Sea in 1978-1996 
 

Name of land 
category and land 

utilizer 

Including 
Total 
area 

Farming 
lands 

Deposits Hay 
grounds 

Pastures Total 
agricultural 

lands 

Others 

“Novobogatinskoye” 
KSPX “Akkol” 
 “Zhanbai” LLP 
Total: 

17858 
 

26023 
53762 
97643 

 

- 
 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
 

- 
 

230 
3578 
3808 

 

14934 
 

24452 
47981 
87367 

14934 
 

24682 
54559 
91175 

2924 
 

1341 
2203 
6468 

 
With the forecast rise of the sea level from the modern point to the mark -26,0 

m the following areas will be in the flooding zone: 
- total area of inundated lands will be 21,2 thousand hectares; 20,3 thousand 

hectares of which are agricultural grounds; 
- 5,0 thousand hectares of agricultural use, 3,2 thousand hectares of the 

settlements 2,7 thousand hectares of industrial lands and 10,3 thousand hectares of 
pasture lands has fallen under the threat of inundation. 

In the zone of flooding waves will be 52,4 thousand hectares of lands, 48,6 of 
which are agricultural grounds with the rise of the sea to the mark of -25,0 m and 
flooding processes, 24,2 thousand hectares and 67,8 thousand hectares of lands 
respectively will be affected (Table 1.5.15). 

Losses and wastes have been calculated in accordance with the governmental 
Resolution of the Republic of Kazakhstan of March 4, 1997 # 299 “About 
improvement of the regulations on size and order of compensation of losses of 
agricultural and forest industries and losses inflicted by owners or land users after 
using agricultural and forest grounds for other than agricultural and forest purposes”. 

362 
 



Table 1.5.15 
 

Agricultural grounds in the inundated zone caused by rise of the Caspian sea 
level to the marks of -26 m and  -25 m and flooding wave processes, thousand 

hectares 
 

Name of land 
category 

Mark  -26 m Mark  -25 m 
Flooding Flooding waves Flooding Flooding waves 

total including 
agricul. 
lands 

total including 
agricul. 
lands 

total including 
agricul 
.lands 

total including 
agricul. 
lands 

Farming lands 
Reserve lands 
Lands of 
settlements 
Lands of 
industrial, 
transport, 
communicatio
n and military 
defense use 
Total in region 

5053 
10341 
3164 

 
2651 

 
 
 

21209 

4940 
10221 
2664 

 
2439 

 
 
 

20264 

21832 
16150 
14152 

 
232 

 
 
 

52366 

20761 
15460 
12404 

 
- 
 
 
 

48625 

11225 
8350 
4534 

 
121 

 
 
 

24230 

10709 
7880 
3874 

 
- 
 
 
 

22463 

23595 
18250 
25294 

 
659 

 
 
 

67798 

22393 
17500 
22534 

 
327 

 
 
 

62754 

 
Losses and wastes of the agricultural industry caused by rise of the Caspian sea 

level to the marks -26,0 m and -25 m are shown in Table 1.5.16. 
At the mark of -26 m the total losses in 1978-2010 will be 3703,39 million 

tenge, including: 
- losses of agricultural industry of 2666,01 million tenge; 
- losses of non-obtained agricultural products – 77,91 million tenge; 
- losses of livestock premises 58 million tenge, objects of melioration 901,4 

million tenge (irrigation canals). 
At the mark of -25 m (2030) the losses will be 581,15 tenge, including: 
- losses of agricultural industry of 522,25 million tenge; 
- losses of non-obtained agricultural products 14,16 million tenge; 
- losses of livestock premises 38 million tenge; 
- losses of melioration objects 6,74 million tenge. 
Losses of non-agricultural sphere in 1978-1995 have been calculated by the 

Atyrau branch of State NPTszem “Kazakhstan-Caspiy” for the period of 1996-2030. 
In 1978-1996 the oil-fields of “Kazakhoil-Emba” JSC were affected by 

flooding. The losses of the 400 inundated oil drilling wells came to 12600 million 
tenge. At this period, 5 km of the Atyrau-Martyshi motorway were flooded; with the 
loss of 197,7 million tenge. Under the threat of inundation and flooding waves at the 
mark of -26 m (1996-2010) and the mark of -25 m (2030) will be the Martyshi, 
Rovnoye, Kamyshitovy-Zhanatalap oil-extracting places/fields, as well as some 
transportation and engineering objects. From 1996 to 2030, 99 km of automobile 
roads will be in the flooding zone and flooding waves (Table 1.5.17). 
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Table 1.5.16 
 
Losses and wastes of the agricultural industry caused by the rise of the Caspian 

sea level to the marks of  -26 m and  -25 m (million tenge) 
 
Indicators Years Total Including 

losses wastes 
Farming lands 
 
 
 
 
Non-obtained agricultural  
Products 
 
 
 
Livestock premises  
 
 
 
 
Melioration objects 
 
 
 
Total 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

1978-1996 
2000 
2005 
2010 
2030 

2151,90 
189,30 
160,97 
163,84 
522,25 
59,76 
7,73 
6,12 
4,30 
14,16 
28,0 
30,0 

- 
- 

38,0 
898,41 
0,49 
0,76 
1,81 
6,74 

3138,,07 
227,52 
167,85 
169,95 
581,15 

- 
- 
- 
- 
- 

59,76 
7,73 
6,112 
4,30 
14,16 
28,0 
30,0 

- 
- 

38,0 
898,41 
0,49 
0,76 
1,81 
6,74 

986,17 
38,22 
6,88 
6,11 
58,90 

2151,90 
189,30 
160,97 
163,84 
522,25 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2131,90 
189,30 
160,97 
163,84 
522,25 

 
 
 

Table 1.5.17 
 

List of automobile roads which fall under flooding and post-effects (flooding 
waves) (km) 

 
Name Mark  -26 m Mark  -25 m 

flooding flooding 
waves 

flooding flooding waves 

Atyrau-Astrakhan 
Akkistau-Martyshi 
Total 

- 
25 
25 

27 
5 
32 

5 
5 
10 

32 
- 

32 
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85 km of high-voltage electric lines of 110-220 kV will be under the threat of 
flooding and flooding waves in 1997-2030. 130 km of the Atyrau-Astrakhan and 
some communication objects will be in the zone of flooding waves. 

The most dangerous situation caused by the rise of sea level will be for the oil-
fields of “Kazakh-Emba” JSC. 

The forecast rise of sea level to the mark of  -26 m (for the period until 2010) 
and further rise to the mark of -25 m will lead to inundation of 10 oil-fields both by 
the sea and by  flooding waves (Table 1.5.18). Total geological resources of oil under 
the sea influence will total approximately 255133 thousand of tons. 
 

Table 1.5.18 
Oil and gas fields in the zone of inundation and flooding waves 

 
Name of production 
departments and oil-

fields 

Inundated areas Types of 
defense Mark -26,0 m Mark -25,0 m 

by sea by flooding 
waves 

by sea by flooding 
waves 

“Zhaikoil” Zaburunye 
NDGU 
Martyshi 
South-Eastern 
Kamyshitovoye 
Zhanatalap 
Rovnoye 
 
Gran 
Novobogatinskoye 
Oktyabrskoye 
Gryadovoye 
 

 
 

+ 
+ 
 

+ 

 
 

+ 
+ 
 

+ 
 

 
+ 
+ 
+ 
 

+ 
 

 
+ 
+ 
+ 
 

+ 

accelerated 
exploration 
A circle dam 
-//- -//- 
-//- -//- 
accelerated 
exploration 

 
Losses of the oil and oil and gas extracting enterprises and explored and 

conserved oil-fields which fall under the flooding has not been calculated, as the 
exploration of resources can be organized from estacades. The evaluation of estacade 
costs at present is not possible. 

The energy losses of transport arterial lines and communication objects have 
been calculated with an approximately similar cost of the present constructions, 
which fall under the flooding zone and their new construction. 

Damage to automobile roads will be 1384,3 million tenge, and those of the 
railway transport 2870 million tenge. The forecast losses in electric lines will be 
10830 million tenge (Table 1.5.19). 
 

1.5.8. Utilization, tretment and burying of industrial and other 
economic wastes 

 
There is a small number of industrial enterprises in Isatai region; they are, 

mainly, oil-extracting enterprises and a brick production plant. The wastes from these 
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sources are of liquid, gas and solid (including garbage) character. Gas and liquid 
wastes, getting into the atmosphere and finally the hydrosphere, due to the natural 
circulation, they get into the soil and negatively influence its quality, increasing its 
acidity and worsening its chemical and physical characteristics. 

Table 1.5.19 

Indicators Years Losses 
Automobile roads 

Electric high-voltage lines 

Railway roads 

Oil deposits 

Total 

Engineering defense 

Total of the region 

1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
2011-2030 
1978-1996 
1997-2010 
20111-2030 

197,7 
988,8 
395,5 

- 
5097,0 
5733,0 

-
-

2870,0 
12600,0 

-
-

12797,0 
6085,8 
8998,5 

- 
33705,0 
2030,0 
12797,7 
39790,8 
11028,5 

Water with admixtures of oil and oil products can not be used for economic 
needs or for the supply of domestic water. 

Along with industrial pollution, negative influence is caused by a low culture 
of agricultural production, which is not oriented on preservation and improvement of 
the natural resources: 

- chemical and bacterial contamination of the soil, water and atmosphere; 
- contamination of the water, soil and atmosphere, due to the use of incorrect 

technology, violation of the doses and dates of appliance of mineral fertilizers and 
herbicides; 

- biological misbalance caused by creation of vast grounds with monocultures, 
irrigated lands, hay-mowing excessive activities, outbursts of curtain types of 
diseases and spread of pests. 

In order to lessen and localize the effects caused by pollution, the following 
activities are necessary: 

- all enterprises, both industrial and agricultural should be equipped with 
purification devices and connect to the waste-free methods of production; 

- prohibit sowing of agricultural cultures in the water conservation zones; 
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- strictly follow the norms of use and storage of mineral fertilizers and 
poisonous chemical substances; 

- after slaughter of sick animals, the carcasses should undergo special 
processing and be kept in special burial places. 

As a result of geological exploring, gas and oil excavating activities, 
construction, energetic transport works on the territory of Isatai region; wastes of the 
gas, liquid and solid character have been accumulated. The works on wastes are not 
systematic. For large amounts of wastes there are no burial places. Many kinds of 
wastes are connected with exploring, excavation, storage and transportation of 
hydrocarbon raw materials. Part of the water which accompanies the oil exploration 
process, is pumped down back in the underground horizons for the necessary strata 
pressure, another part is pumped into the absorption drilling wells and the rest of the 
water is thrown onto the evaporation fields for filtration. The character of the 
industrial wastes in the Martyshi oilfield is shown in Table 1.5.20. 

Every year industrial enterprises of Isatai region carry out dumping of waste 
waters. The main ingredients of the waste waters are oil products, chlorides, 
sulphates, ammonia salts, COD and other mineral and organic substances. The 
content and amount of the waste waters of some economic enterprises of Isatai region 
are shown in Table 1.5.21. 

In 2000 a limit of wastes on 13 stationary sources of Isatai region was defined, 
equal to 86622,24 tons of wastes, and 336 tons of toxic waters. Among them for 
“Zhaikoil”- 51,41 tons of wastes, 4 tons of used oils (lubricants), 2,5 tons of used 
tires and 34 tons of sewage waters. Enterprises of automobile technical services make 
a considerable input of toxic wastes, polluting the environment. 

Table 1.5.20 

Pollution by industrial wastes in the Martyshi oil-field of Isatai region 
(according to Kozel V., Frolov A., Bazarny A., Turtanov S., 1996) 

## Territory of 
individual wastes 

Types of deposits and radiation level from 
wastes 

Check-up 
dates 

Area of pollution 

1. 

2. 

UDN Martyshi 
UDN Martyshi 

UDN Martyshi 

1. Evaporation fields from the south side of the
dam on the PPN grounds, the south-eastern 
corner of the store house. The soil is brown-
grayish, polluted by oil and oil sludge. 
Maximum p/a are observed in craters with the 
layer/strata water. 
1. The southern part of UDN TSPPD. Store
houses with remaining waters of the strata, oil 
sludge. 
2. Old equipment on the pumping TSPPD
grounds (pipes). 

3. Remaining parts of filter filling devices.

26.09.1994 

26.09.1994 

300x100 m -125 m 
craters up to 1,5x2,0 m 

The coastal line of 2 
store houses with a 
width of 6 m. 
The grounds total 130 
m, second hand 
equipment (pipes). 
Filter filling devices in 
the area of 3x5 m 
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Table 1.5.21 

Content and amount of waste waters in the main economic units of Isatai 
region in 1999, tons 

Name of ingredients Name of economic units Total 
GP 

“Demeu” 
The 

Akkistau 
station 

The 
Isatai 
station 

Railway 
junction 

#13 

Railway 
junction 

#17 
Oil products 
Chloride 
Sulphates 
Ammonia salts 
Weighed substances 
Dry remains/sediment 
COD 
Total 

0,88 
0,16 
0,61 
9,3 
44,0 
0,25 
5,56 
60,76 

0,4 
1,15 
1,171 
4,5 

65,702 

1,7 
79,92 

0,5 
0,83 
3,41 

4,29 

0,13 
0,2 
5,11 

5,44 

0,18 
0,33 
2,72 

3,32 

1,28 
2,12 
2,14 
25,04 
109,.7 
0,25 
7,26 

153,73 

1.5.9. Historic and cultural monuments 

The architectural monuments of Isatai region are shown in Table 1.5.22 and in 
Figures 1.5.8- 1.5.10. 

The territory of Isatai region has not been so far explored by archeologist to the 
full; only two places of archeological interest have been included in the list of the 
historic monuments of Atyrau oblast. One of them has been dated to the early Bronze 
age, # 33-0-0- 8; this is an ancient camp place near the Isatai railway station, 40 km 
to the north of the Caspian shore. Its area is 7x8 km (Galkin, VUFE). The other 
monument dates back to the early Iron age, 131-0-0-0-98. Tolmach, a burial mound, 
480 m to the north-west of the Atyrau-Uralsk motorway (97 km). 

Table 1.5.22 
Architectural monuments of Isatai region 

## Name Location 
1. 
2. 
3. 
4. 
5. 
6. 

7. 

A group of monuments 
Necropolis4, no name. 
The Zhangeldy necropolis 
Necropolis #102 
Necropolis #133 
Necropolis with no name  

The Tegen necropolis 

5 km to the south of Sazankurak. 
10 km to the west of 23 km of the Tandai-
Novobogatinskoye motorway. 
22 km to the south-west of the settlement of Tandai. 
15 km to the west from the station of Akkistau. 
1 km to the north-west of aul # 15. 
17 km to the south-west of the Akkistau station. 
22 km to the south-west of the settlement of Tandai. 
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Picture 1.5.8 “Taskran” monument of the 18 centaury 5 km from Akkistau 
region center 
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Picture 1.5.9 Memorial plate in the honor of Salamat Balgymbaev at the oil field 
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Picture 1.5.10 Monument in the honor of opening of well №1 in Martyshi shop 
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