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1. General items of information about the Kazakhstan coast of the Caspian sea.

1.1. Current situation in connection with a transgression in the coastal areas.

The Caspian sea links huge region encompassing territories of 5th states: Russia, Kazakhstan, Azerbaijan, Turkmenistan and Islam Republic of Iran. Its common area together with a water area of the sea is equal to 1 million square kilometers with 10 million population.

Rise of a sea-level (transgression) began since 1978 from the lowest level - minus 29.16 of meters abs., had reached by 1995 to the highest level of the sea stand - minus 26.44 m. Then the rise phase has become to abate, sea-level has begun dropping and within four years the period of relative stabilization at the mark close to the minus of 27 m lasts.

There were 2 large administrative formations - Atyrauskaja and Mangystauskaja areas in the Kazakhstan part of the Caspian Sea in a zone of the sea rise effect. The water line has mounted in their territory at first on 2.72m. and then it omitted to 2.16m. The beaches of the sea were removed on 58 kilometers in northwest, on 35 kms. in north-east and on 24-26 km. in a north. The spring-autumn windward floods with oscillation frequency ofwonyings up to 2.7m. displaced on new territories. The shore line length is 1600 kms. now. The territory by the square of 1 million hectares is drowned.

The sea transgression has had a strong influencing on the inshore, the most populated territory. The oil fields and fields, settlements are drowned, the fertile grounds and pastures are deduced from a use. The windward floods exert large harmful influence on economic activities, drowning partly settlements, communications, oil fields, pasture in the autumn and spring.

1.2. Researches carried out in Kazakhstan on development of a transgression of the Caspian sea.

In connection with flooding down of large territories and threat of further development of a transgression the Government of Kazakhstan in 1992 organized realization of researches of a situation on the Caspian sea coast. The scientists, the leading specialists of Kazakhstan, Russia and other coastal States have put into practice researches of a near-shore area, have estimated situation existing as a result of a transgression. And on the basis of this estimation and century sea level fluctuations, they have executed the forecast of the sea level regime on a perspective. The results of researches, extended forecast and measures for softening effect of the sea are shown in the technical and Economic report " Maintenance of steady habitability both protection of national economic objects and settlements from flooding and waterlogging in a near-shore area of the Caspian sea within the limits of Republic of Kazakhstan. " (TER). TER was approved by the Cabinet of ministers Order of Kazakh Republic by JS» 1005 on 7 September 1994 as a design technological fundament for development and implementation of all actions in Kazakhstan bounded with protection of settlements and economic objects from flooding and waterlogging in a near-shore area.

Under the forecasts the probability of a sea-level rise is supposed up to the mark of minus 25 meters with the applicable moving of windward floods up to the mark of minus 23 - 22 meters. 3.9 million hectares of territory are involved in the sea effect zone.

The length of shore line to be enlarged to 2700 kilometers. The sea-level rise upon spontaneous development of a situation will provoke terrible consequences. It is a lot of settlements, main fields of oil, an infrastructure will appear drowned. The economics of huge territory with a large population and main storage hydrocarbon raw in country will appear paralysed.

It demands special measures on adapting territories, protection them of flooding down and waterlogging. 

1.3. Characteristic of the near-shore economic complex.

The near-shore population is dispersed non-uniformly. In Atyrauskaja area from 456 thousand people the one-third - 142 thousand lives in inshore city Atyrau and 195 thousand in coastal areas. In Mangystauskaja area from 346 thousand people in coastal districts 105 thousand lives, 176 thousand - in partially flooded inshore Aktau.

The effect of the sea transgression is not identical everywhere. Atyrauskaja area is the most vulnerable, where basically floodings and waterloggings of the populated territories happen. There are a flat relief and flat beaches. There are 104 settlements with the population 289.1 thousand people involved in a flood sea zone and effected of night surges. The coast of Mangystauskaja area is deferent on a relief from Atyrauskaja, only its settled northern part is in the Caspian cavity, the remaining part has rather high coastal strip. There are only 7 settlements with the population of 31.3 thousand people involved in flood zone.

Now on the mark of minus 27m., 28 settlements with the population of 60.9 thousand people are subject hazards from effect of the sea. From them 22 settled points with 32.4 thousand people are in Atyrauskaja area and accordingly 6 with the population of 28.5 thousand people are in Mangystauskaja. In further at the mark of minus 26 m. the number of settlements will increase up to 54 with the population of 41.8 thousand people only in Atyrauskaja area. In Mangystauskaja area, changes will not happen. At the mark of minus 25 meters, 29 settlements with the population of 217.7 thousand people will be involved under sea effect, from them 28 settlements with 214.9 thousand people are in Atyrauskaja area. And all 320.4 thousand people will be under effect of the sea.

Industry. The locale economics is founded on oil producing and oil refining industries. In Atyrauskaja area 41 % of extracted reserves of oil in country is massed. In this area 79 fields hydrocarbon of raw with residual recoverable reserves with 1.53 milliard tons of oil, 198.73 milliard cubic metres of gas, 29.2 million tons of condensate are prospected. Predictable reserves of oil are 2.45 milliard tons, of gas - 880 milliard cubic metres, of condensate -162 million tons. The most giant Tengiz field has residual recoverable reserves of oil in 707.5 million tons. Royal field - 27.8 million tons, Kenbay - 30,9 million tons. Large Imashevskoje gas condensate field has reserves of gas 172,1 milliard cube metres. All listed fields, except of Kenbay are in a near-shore area.

In Mangystauskaja area 31.5 % of recoverable reserves of oil, 8 % of natural gas, uranium field, reserves of a building rock - coquina are massed. In territory of area 53 fields hydrocarbon of raw with residual recoverable reserves of oil in 702.5 million tons, of gas in 143.2 milliard cube metres, of condensate in 4.7 million tons are prospected.

Petroleum-refining industry with an oil refining plant in Arbipay is advanced in the region. Here chemical and repair plants are, firms for production of building materials and building industry, plants for processing of agricultural products, fish. In city Atyrau with adjacent settlements almost two third of area industrial productions is massed. The large volumes of production are located in city Aktau. There is a large uranium-mining and refining enterprise - Caspian mining industrial complex, system of firms, which are producing out more then 100 items of commodities - of plastic, polystyrene, mineral fertilizers etc. In the structure of Caspian complex, a powerful nuclear industrial complex is included. It supplies Aktay and its industry with desalinated seawater, electric power and heat.

Now 50 million tons of residual recoverable reserves of oil are in a flood and waterlogging zone. At the mark of minus 26m. - 75 million tons will be drowned, at the minus 25m. with windward floods - 945 million tons, i.e. the main fields of oil will stay drowned.

Infrastructure. According to a locale industry development, infrastructure developed. Electrical and thermal energies are given by Atyrauskaja and Kulsarinskaja heat electropower stations, by Mangyshlak nuclear complex, by generating units on fields. On high-voltage electric-power transmission lines which are diving through all territory of locale, the transfer of the electric power implements. There will be 917,5 kms, of electric-power transmission lines in a flood zone, all power supply system of region will be paralysed.

Transport. The transport flows are provided on main lines Astrakhan - Atyrau, Atyrau -Kandagach, Maxat - Beyneu - Novyi Uzen, Beyneu - Kungrad. There is an extensive network of highways with solid cover in the area. The air service is organized through airports Atyrau and Axtau. The communication by water is implemented from ports Axtau and Bautino, bounding with all ports of the Caspian sea and on the river Ural from Atyrau up to city Uralsk.

The pipeline conveys oil and gas, the products of petroleum refining. The water providing is implemented from a system of water pipes.

378.5 kms. railway, 500 kms. main and 204 local highways, airport of city Atyrau, maritime port Aktau, 642.5 kms. the main oil pipelines and 167. 5 kms. gas pipelines are subjected to threat of flooding.

At such situation all infrastructure of the region will become impractical and will appear paralysed.

The agriculture is founded on nomadic animal industries on scanty wilderness pastures. As a result of a transgression 775 thousand of hectares of farmland will pass out of use, from them 63.5 thousand hectares of tillage and haymaking and 711.5 thousand hectares of pastures. Now livestock of sheep has already reduced from 1,76 million of heads in 1981 to 679 thousand in 1998, livestock of the horses and camels has decreased.

Ecological consequences of the sea transgression are such sensible as economical and social not less. The rise of water has caused flooding and waterlogging of huge territories, abrasion of beaches, overflow of deltaic segments of the rivers, intensive impurity of seawaters with oil outwashes from fields, desertification of large territories, their waterlogging and salinization, rise of subterranean waters level, impairment of the ecosystem conditions on the coast and in the sea. A contamination of water by petroleum, carrying out from flooded territories is extremely harmful for an environment.

The large damage is caused to health of the population. The near-shore area of Caspian Sea with a tearing away by the upcoming sea of a fertile seaside terns into a zone of desertification. In this zone ecological conditions are strongly degraded, what has effect on the man directly or indirectly, encompassing plutonic energy-entroic mechanisms of biotic organization of the man. The nature of diseases in Caspian region is identical to that one of regions with a strong degree of desertification. Among the main reasons of diseases poor potable water with a high scale of salinity, parasitic impurity, high dose of sulphates, chlorides, ammonia, nitrates, oil.

The number of useful fauna has decreased, and the specimens of entomofauna have multiplied. The areas of rodents' moving - carriers of epidemic diseases, have come nearer to the populated territories.

Reduction of the areas with fertile soils and degradation of pastures have caused curtailment of food production. In a ration the consumption of meat and lactic products has reduced. To this the saline and flue dust escape, low level of life and public health services, reduction of workplaces, possession of many children, what is typical for Caspian region are still added. The general total of social and economic consequences from the transgression of the Caspian sea is granted in the table .N" 1.

Table 1 Total for natural indexes of damage to a national economy from rise of the Caspian sea level to the mark of minus 25 m.

№

Indexes


Unit of Measure


Atyrauskaja area


Mangy stauskaja area


All sea-cost



1


2


3


4


5


6



1


Is flooded of grounds


million of ha.


2.3


1.62


3.92



2


is encompassed ofAdm. regions


pieces


5


4


9



3


is encompassed settled Points


---


104


7


111



4


The population of a flood zone


thousand people


289.1


31.3


320.4



5

Is flooded of







Economic objects:







• Fields of oil

Pieces.

2

11

43



• Industrial enterprises

---


16

4

20



• Airports

---


5

2

7



• seaports

---


-

2

2



• agroindustrial objects (win.)

---


170

5

175



• fish plants

---


10

-

10



• irrigative systems

thous.ha.

27.5

-

27.5


6


Is flooded of communications








• railways


km.


378.5



378.5




• motorways with solid cover


---


624


80


704




• product pipelines


---


755


55


810




• water pipes


---


300


17


317




• ETI

w Li J. JU


---


782


135.5


917.5



2. Flooding and waterlogging protection system

2.1. Common concept of protection coast territory from floodings and waterloggings.

The variety natural, economic, social and economic and environmental factors does not give a capability to put forward the alone protective system from sea rise level and windward surges effect.

The policy of protection is esteemed in view of coast features, nature of effects, significance of productions, value of grounds, economical and financial priorities, duration of process in time.

The Caspian transgression is esteemed not as natural disaster, or emergency, but as a long-lived ecological process, therefore and the approaches to selection of the concept of adapting should be plotted on the long-time basis with minimum pressure on economics under principle of reasonable adequacy.

While there are no authentic forecasts about further behavior of the sea, about paces and duration of the rise sea level, terms of approach of the next abatement of a level (regression). The prediction is founded, as a rule, on regularitys detected as a result of analysis of the long-term data of previous period. Within 17 years from 1978 to 1995 year the sea-level mounted on the average on 15 - 16 centimeters per one year, and then, despite of further predictable increase, the level lowered to the minus of 27 meters and such situation has been keeping for 4 years. The policy of protection issues that rise sea level will be prolonged and will riche to the mark of minus 26 m. approximately in 2010 -2015 years, and increasing to the mark of minus 25m. is rather far outlook - 2025 - 2030. It creates favorable capabilities for selection of general policy of protection without strong pressure on economics and without acceptance of emergency measures.

The reserve of time per 30 years gives an opportunity, depending on behavior of the sea, to select an optimal altitude of protective facilities in different periods of rise level with their gradual escalating, and length of facilities will be in dependence from changes of the coastal strip.

The policy of protection stipulates 2 directions: protection against of the sea-level rise (background level) and from windward floods and only from windward floods. The background level protection (on afflux) demands of special drainage facilities, in order to prevent accumulating of water in a consequent of a filtration behind protective constructions, what is technically composite, not enough reliable and rather cost intensive. The protection only from windward floods does not require of making drainage facilities.

On significance the any condition defended objects and objects of possible protection or redeployment are determined. In the territorial schedule two models of active protection are accepted: solid protection of the most developed coast segments, settlements, valuable territories and local protection of each object separately.

In the fundamentals of protection policy the high-altitude marks are adopted: an intermediate minus 26m., limiting minus 25m. Thus the altitude of computational windward surges adopted on northern coast of Caspian - 1,9 m., on eastern - 2,5 m., on northern coast of a peninsula Buzachy - 1,3 m., on coast of a peninsula Mangyshlak - 1,0 m is taken into account.

As an optimal mark of the shoreline, the 26-th horizontal is chosen. Along it water-detention dams are settled, which one at the maiden stage on the mark of minus 26 meters defends only from windward floods, and then at the second stage in process of situation development to the mark of minus 25 meters plus windward floods is escalated. In this case on afflux of the sea dams will be only the sea will has achieved the level above than mark of minus 26m. That gives for fulfillment of works on protection the greater temporary period.

2.2. Protective system of coast against floodings and waterloggings.

Transgression of the Caspian sea, grounds and the soils, characteristic of settling on the coast in a zone of flooding between marks of minus 27 and minus 25 meters, phenomenons of windward flood and its abatement are not less dangerous on effect, than rise of sea-level. They demand of the serious approach to selection of protection methods, not having analogues in world practice. The elaborations conducted in Kazakhstan and stated in TER are exclusive. They were worked out by the scientists and high skilled specialists with the registration of world practice experience. In some number of cases TER recommends realization additional researches and designing of the particular projects.

The selected versions of protective constructions take into account all features of the Caspian transgression and are designed in view of available domestic and foreign experience. The schemes of constructions determine their designs, separation at building into temporary phases, depending on stand of a sea-level. An optimal mark (line of a horizontal on a map) is that one on which the protective constructions are settled. Therefore any schemes of protection, which are distinct from advisable in TER, are ineffective and can have only temporary disposition.

In the protective system from the Caspian sea transgression it are envisioned: protection of the population, organization of production activity, adapting of an agricultural production and maintenance of normal infrastructure activity (transport, communications, engineering networks and systems). 

2.2.1 Protection of the population.

The maintenance of secure habitability of the population from flooding directly at the rise of sea-level, and also from waterlogging by windward surges is a priority direction in all protective system of the Kazakhstan coast of the Caspian sea.

Most probable and close at time is the rise level mark of minus 26 meters. At this level in affected area of the sea there will be 82 settled points with the population 102.7 thousand people.

Further sea rise to the mark of minus 25 meters has under the forecasts a temporary interval in 30 - 35 years and for decision marking on adapting there is enough time, and probably a realization of protective measures is not required, depending on the sea level stand.

At this mark in the flooded and waterlogged zone there will be 111 settlements with the population 320.4 thousand people.

In accordance to it the policy of protection is selected. It contains of effective prime measures elaborating against flooding and waterlogging of settlements, from effect of the sea, since the mark of minus 26 meters. At this mark the sea is isolated from coast by powerful dams.

The population and quantity of settlements falling under effect of the sea, is adduced in tables .N" 2 and .N° 3.

Table 2 The population, running the risk of flooding (people).

The names of areas


In total


At the mark -27m


At the mark -26m.


At the mark -25m



Atyrauskaja Area


289108


32423


41765


214920



Mangy stauskaja Area


31260


28510


—


2750



In total on the Kazakhstan Coast
320368
60933
41765


217670



Table 3 Settlements, running the risk of flooding (pieces).

The names of areas


In total


At the mark -27m


At the mark -26m


At the mark -25m



Atyrauskaja Area


104


22


54


28



Mangy stauskaja Area


7


6


—


1



In total on the Kazakhstan coast


111


28


54


29



Some versions of protection are stipulated, to consideration it is recommended 2, both versions can be selected at designing. The first version proposes removing of 72 settlements, protection by dikes 36, three points will take an insular position. At the second version 19 settlements with the population 8,7 thousand people will be removed. As a rule, the resettlement is made from separate houses, or from small settlements, the protection of which is inexpedient, the remaining 92 settled points are defended by dams.

The forms and ways of settlements' protection are different.

Threat of flooding represents the extreme danger to the Kazakhstan coast, especially to regional centers - cities Atyrau and Aktau, where the considerable proportion of the locale population is massed.

The city Atyrau is situated in the delta of the river Ural. Its floodwater encroaches into habitation part of the city. Zone of the airport and industrial zone are flooded by floodwater of the Black river and the river a New Falcon, all territory of the city is soaked by high aggressive groundwaters destroying the basis of buildings and facilities. To these phenomena the flooding city by sea and windward surges is added. Therefore equivalent problems are protection against drowning and groundwaters lowering.

The city Aktau is located at higher marks of a relief and there is a low inshore segments flooding of 1,14,15 microrayons, coast motorway, hotels, sport centers, prophylaxis hospitals, industrial zone, communications along the coast, water intakes, power line, oil pipelines.

It is recommended to defend city Atyrau and adjacent to it settlements of Mahambetskij region arranging a residential suburb, from effect of the sea by a ring-type pier. The ring-type earthen pier of a banking mated with a by-pass motorway, will provide protection of city against a benchmark of water a minus of 26 meters. The water part of a pier is strengthened by stone screen. Territory behind a pier is provided with a venting. At further increase of a sea-level on a pier the concrete cope on an altitude of a sea-level a minus of 25 meters is settled. For the passing through the dam of the river Ural flowing it is recommended in a channel of the river facility of two low-pressure locks, which one will preclude of windward floods effect and will regulate coming of floodwater.

From rural areas effect of the sea will experience Mahambetskij, Isatajskij, Jylyoisij, Kurmangazinskij regions.

At the first version in Mahambetskij region 19 settlements with the population 13 thousand people, 13 settlements with the population 36322 people are defended either frontal, or ring-type piers.

Kurmangazinskij the region is most subject to influencing of the sea. 42 settled points with the population 40440 people and only 2 settlements with the population 5433 people are protected by frontal or ring-type dams.

In Isataiskij region 5 settlements with 3803 inhabitants are removed, and 10 - are defended by piers.

In Jylyoiskij region 4 settlements with the population 7917 people are removed, 2 settled points with 7100 population are defended by piers.

In Makatskij region one settlement with 1600 inhabitants is diked.

In Mangystauskaja area from 7 settlements 2 are removed, 2 is defended by piers and 3 organized as islands.

At the second version 19 settlements - 7 in Mahambetskij region - 943 people, 10 in Isataiskij - 6062 people, 2 fish village in Kurmangazinskij region - 95 people and 630 people from separate houses and small settlements on passages and hannels of the rivers, are removed. 92 settled points are cuted by dams from the sea.

List of settlements and the ways of their protection are adduced in the appendices (table №4 and №5).
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Organization of production activity.

The protection of oil fields, prospected and prepared for exploitation oil-gas fields, in all versions is adopted without redeployment on new territories. However schemes and ways of organization of activity of oil producing firms are various.

On oil fields with large volumes of mining, it is recommended up to flooding to work out recoverable reserves of oil. Such fields are 13: Zaburunie, South-east Kamyshitovoe, Rovnoe,   Gran,   Novobogatinskoe,   Bajchunas,   Tentiaksor,   Sagiz,   Tajigaly, Dosmuhambetovskoe, Jalgiztobe, Karaturun, Nsanovskoe.

As a basis of protection of remaining fields are assumed either frontal, or ring-type ground piers. Frontal dams of a large expansion save at once group of fields and enterprises, communications, settlements. To such fields concern Tengizskoe, Royal, Karaarna, Kalamkas, Karajanbas, Northern Buzachy belong. The remaining oil enterprises are defended locally by ring-type piers.

The protection of manufacturing objects of other branches is made depending on the protective system of settlements, location of such firms. In main these firms are arranged in regional and district centers, where the protection by frontal piers is envisioned.

At the second version of protection the system is organized the same as in the previous version, basically on the basis of frontal and ring-type piers. In contrast to the first version the length of frontal piers is increased, but local is reduced.

The activity of oil fields in the drowned territories is not eliminated also. In this case, at small depthes, ground platforms are filled, in other cases platforms on piles are made.

The particular versions are substantiated at designing.

2.2.2 Measures for adapting of agricultural production and objects offish industry.

The coastal strip of the Caspian sea represents from the point of view of an agricultural production cane thicket, pasture and small amount of irrigative systems and estuaries. All this makes fodder base of animal husbandry, basically sheep breeding. In connection with large extant and low-level vajue of grounds their protection is ineffective and is inexpedient. Manufacturing objects yf agriculture are in settlements, where the applicable protective measures are envisionol.

At rise to the mark of minus 26 meters 231,4 thousand.ha of farmland, 14,3 thousand ha. of irrigative svatems is out of use. At the mark of minus 25 meters 569,2 thousand ha.of farmland ancf 27,5 thousand ha. of irrigative systems are flooded. From this quantity, approximately, 200 thousand ha is projected by piers along with fields, settlements and other objects. It is planed to indemnify commodity received from drowned sigments, on again created sites of regular and estuary irrigation, and also on available pastures at the expense of their additional irrigation (arrangement of watering places).

At the first phase of the sea rise the creating of 28,8 thouthand ha is planed, at the second phase - 27,6 Tbic.ra. The sources of a irrigation are river Kigach, Ahtuba, Ural, Emba, and also seawater of low salinity and windward floods. The additional irrigation of pastures is recommended on the area 437 thousand ha at the first phase and 330 thousand ha. at the second. These measures indemnify losses of farmland, including losses to the mark of minus 27m.

The increase of the areas flooded by water, positively influences on reproduction of fish reserves. Conditioning for their stable increase in this connection is necessary.

To these conditions concern: increase of water content of the rivers Ural and Kigach at the expense of reduction from them consuming of water for the economic purposes, recovery natural spawning places, conditioning for passing rrunning water in channels, passages, recovery of their communication with the rivers Ural, Kigach and with the sea, implementation on artificial reproduction of fishes, pollution prevention of water. The firms of fish industry, processing a fish and of rearing fish are subject to protection together with settlements, where they are located.

2.2.3 Protection of the communications, transport lines and other facilities of the infrastructure.

2.2.3.1 Transport. 

The measures for recovery of the transport communications can be local and integrated.

Local measures are recommended for protection of separate objects or definite transport communications. It is ring-type drainage systems on perimeter of aerodromes, strengthening of railway slopes, protection of harbour facilities.

The complex protective measures are multifunction. It is composite hydraulic engineering facilities of a large expansion, simultaneously, executing a role of communication corridors. For example, dam - road to Tengizskij and Prorvinskij fields, dam - road along a segment of the railway Atyrau-Aksajskaja, defending not only permanent way and station facilities, but also all transport communications - made in this corridor (highways, gas pipelines, oil pipelines.

The entrances to settlements and to fields also will implement on piers - roads.

2.2.3.2 Highways. 

The further development of the near-shore road network is connected with measures for protection of fields and settlements. The building of roads in the flooded and waterloged zone will be implemented on the constructing piers. Their list is shown in the table №6.           

Table 6 
The names


length, km




1 version


2 versions



ATYRAUSKAJA AREA





• Building (in boundaries of area) a doubler of the





present motorway of republican value Atyrau-





Astrahan under the standards to 3d technical category


300


300



with a relative title Karabatan-Atyrau-Astrahan





overseas effects of windward surges, with building of





the bridge through the river Ural





• With the purposes of protection of the permanent way





Atyrau-Aksarajskaja from windward phenomena,


215


215



building a pier - road under the standards of 3-d





technical category is recommended





• Building of a ring-type pier - road around Atyrau,





executing function of motor transportation bypass of


61


61



city under the standards of the 2-nd technical





category





• Building of a pier - road under the standards of the 2-





nd technical category to Tengizskoe and Prorvinskoje


96


17



fields





• Building of a pier - road in Balykshynskij region


—


150



• Building of entrances as piers - roads to fields Tengiz,





Terenuziak, Botahan, Korsak, Makat, Zaburunie,





Janatalao, Martyshy, Kamyshytovoje


98


66



• Entrance to settling places


68


148



• A road network in settling places


156


109



Total.in area
994


855



MANGYSTAUSKAJA AREA



• Building of a pier - road to the field Karajanbas and


80


—



settlement of occasional workers Kalamkas





• Entrances to settling places


7


7



• A road network in settling places






10


2



Total in area


97


9



In total in region


1091


1075



As the road network is visible from date in the table of measures at 1 phase will increase on 1091kms, at tha second - on 1075 kms, though general losses from floodings and the waterloggings will be 704 kms. It is connected with the new transport scheme in conditions of drowning including except for main roads entrances to fields, settlements etc. Railways.
For protection of segments railways subject to raising level of the Caspian sea effect, it is offered:

· Reputing of 40 kms segment of the railway Kulsary-Tengiz on a top of a communication dam;

Protection of the field and station Tengiz by dams of heightened reliability with a reorganization of northern port for linking up to the new line of stage;

Building of protective dams on separate segments of the main line Atyrau-Aksarajskaja in the region of the station by Dina Nyrpeisova, passing-track №4, station Ganjushkino, station Afanasjego, station Isatajskaja;

Protection of 80 kms of the railroad slope Atyrau-Aksarajskaja, 15 kms of the segment Atyrau-Makat, 22 kms of the segment Kulsary-Tengiz by reinforcing of a present with stone putting with leaking constructing for a decreasing of an influence strength of a windward surge;

Protection of the permanent way at the segment Bejneu-Atyrau in region of passing-track №10. Building of the protective pier with 32 km length here is offered. Besides with building of a railway segment Inder-Alaxandrov Gaj, passing on territories of Aturauskaja and West Kazakhstan areas, the formation of duplicating transport communication of Republic of Kazakhstan with southern regions of Russia and Central Asian countries will be completed.

2.2.3.3 Air carrier. 

For increase of an operational safety of air carrier objects in territories involving in the zone of rise level of the Caspian sea effect, it is implemented:

· Site of airports in Kurmangazy, Sarykamys, Tengiz, VNR, Kalamkas, Karajanbas are eliminated. In Kurmangazy at all versions of protection and removing an organization of the helicopter air communications is recommended;

In Atyrau it is recommended to limit development of an airport within the limits of the present strip, building of a protective pier with engineering-protective facilities of Atyrau and building of a local drainage system along the nearby territory perimeter.

· It is necessary to keep transport communications by air with the operational fields Kalamkas, Karajanbas, Tengiz, prefering a helicopter carrier.

· The design of platforms for a reception of helicopters should be executed in view of exploitation in conditions of a marine shallow water on alluvial or piling foundations and to meet the demands, presented to hydraulic engineering facilities.

· The variant of location of helicopter platforms on alluvial oil-field territories is possible.

· It is necessary to equip all saving landing ground of local airlines with paved strips and complex of indispensable passenger fasilities.

The pipeline transport is partially taken out from flood zones, partially is defended by independent dams, or in a complex with other objects. The segments of pipelines, passing in flood zones, are transferred, in a zone of windward floods are transferred or defended by dams.

On maritime ports Aktau and Bautino the protection and strengthening of the seaside is planned.

At the second version the volumes of the transport communications carry are considerably reduced, so as they are under protection of frontal piers of settlements, fields and objects.

2.2.3.4 Water supplying and water drain. 

The Kazakhstan coast of the Caspian sea is provided with water, basically, from the Volga by the water line Astrahan-Mangyshlak, Ural with a water intake and refining station in Atyrau and seawater after a at Mangyshlakskij energy center in Aktau. In the future, the building of the 640km water line from Volga to settlement Kulsary is planned.

For reliable water supply by the Volga water of two areas, at the 1-st phase water intake works and water processing stations on the river Kigach are taken out from flood and windward surges zone a new culvert from Volga to settlement Kulsary on not encroached territory.

At the second stage the present culvert will be, partially, drowned and almost all will be in affected area of wind ward floods. To this time the new culvert from Volga should work.

The distributing networks of a water line from the main one are constructed along highways or in the body of piers. Water-treatment stations are taken out on the not flooded territories.

The water line facilities on a peninsula Mangyshlak are defended by dams and the scheme of supply remains without change. For supply by water of a peninsula Buzachy the 35 km segment of a culvert Saj-Utes-Karajanbas along the bay Kajdak is reinstalled on the dam. 

Service water for Uzenskij oil region is transmitted by reinstalled water line sigment with 230km langth.

The water drain of cities Atyrau and Aktau is subject to protection, together with territory of cities, by ring-type pier. Installing of water lines of agricultural settlements in both areas is not advanced and, essentially, lays within the limits of settlements. Their protection is implemented by dams with habitation and public buildings.

2.2.3.5 Electrical power supply. 

Objects of electrical power supply within the limits of settlements is provided with protection or together with settlements, or implements anew on the new areas of their redeployment. The new power lines are constructed or up to the mark of minus 25m, or along not flooded, lifted motorways, or in a body of piers. For example, basic, again constructed main power lines 110 - 220 kVs Akkistau-Kurmangazy-Astrahanskaja and Atyrau-Kulsary are constructed in not flooded territories (at the mark above 25m).

The AC power supplying objects subjected at the 1-st stage only to effect of windward floods - high voltage lines 110 kVs Akkistau-Kurmangazy-Shortanbaj, Atyrau-Kulsary are strengthened for exploitation them in conditions of waterlogging.

The AC power supply of fields is provided with protection according to schedules.

2.2.3.6 Heat supply.

The heat supply stations and heating systems are a part of settlements and enterprises and are provided with protection under the schedules of these settlements and firms, and removing settlements and the firms are provided with an indispensable infrastructure within building of settlements on the new areas.

2.2.3.7 Gas supplying. 

Gas supplying is implemented by Central Asia - Center and Makat-northem Caucasus gas pipelines. Gas - only source for all heat supplying stations and for the population. Providing by gas of the population in locale is 100%. The present gas mains in a flood zone of the Caspian sea do not involves. The distributing gas lines are subject to protection, or reinstalation according to plan of settlements protection. 

2.2.4 Protective constructions.

The constructions defending objects from drowning are steady, are indestructible under all possible effects. In them the requirements of durability, simplicity in building, minimum costs are taken into account at building and exploitation, and also conformity of designs to engineering-geologic and technical condition of the building site.

In world practice of building pf similar facilities the preference is given, basically, to constructions of a type of on afflux dam from a local ground. Synthetic materials: concrete, y metal, soil-concrete, geotextjtes etc. are applied in restricted quantity at extremity.
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The overwhelming majority of protection objects is placed in huge territory, folded, basically, from shallow and fine-grained grounds with small load-bearing capability. The grounds frequently are waterlogged, are saline and are agressive in relation to concrete and metal. In these conditions the dam type of protective constructions is unique acceptable in connection with spreading of its profile, with minimum its basis pressure on the ground and good deformability of a dam body.

Altitude of protective piers and their design are determined, basically, by value of strength water pressure and wave actions and a depth of water before a dam, including a windward flood, altitude of windward surges and reserve of elevation of a ridge 0,5 meters. The greatest applying 2 tipe of piers have: with an ascending slope, strengthened by rocks and instrengthened mildly sloping acclivity from sandy soil. (picture №1)

Other types of piers such, as a pier with breakwater, with rabbeted attachment, channel piers, the dams with a reinforced concrete parapet, which has restricted applying.

In table №7 the parameters of the main pier of multiple strength with location of ascending slope 1:4 strengthened by rocks of density 2,4 t/kbm on the side of afflux are represented. This type of the dams is applied to activity on afflux. In the table .N° 8 the parameters of a pier with mildly sloping acclivity without strengthen! used only for protection against windward floods are represented.

Table 7 Parameters of the main pier of multiple strength.
N&


Depth of Waters (m)


Altitude of Surges (m)


Altitude of windward of surge (m)


Altitude of a dam (m)


Thickness of rock strengthening (m)


Diameter of a steady rock (sm)


Thickness of a transient layer(m)



1


0,5


0,33


0,13


1,2


0,27


8,0


0,3



2


1,5


0,80


0,33


2,35


0,72


22,3


0,3



3


2,5


1,2


0,50


3,50


1,05


32,0


0,3



4


3,5


1,6^

———I-*—i


0,67


4,70


1,51


46,0


0,3



5


4,5


24


0,84


5,80


1,78


54,0


0,3



Table 8 Parameters of a profile of instrengthened piers.

Ns


Depth of Waters (m)


Factor 

Ascending Acclivity


Factor  Local

Acclivity


Width of a pier (m)


Altitude of pier (m)







At the top


At the bottom




1


0,5


0,4


2


6,5


30


1,2



2


1,5


0,6


2


6,5


100


2,4



3


2,5


0,75


2


6,5


200


3,5



4


3,5


0,9


2


6,5


330


4,7



5
4,5


1,0


2


6,5


465


5,8



2.2.5 Confrontation of protection variants.

In connection with that the considered variants of the protective measures scheme encompass the whole complex of social and economic problems in large territory having the relevant national economic and strategic value and causes necessity of the interference in economic activities and social sphere of the region - the economical criterion at the selection of optimum variant - should be main. The dominance of the economical approach in this case is dictated also by extraordinary nature of the created situation. On the one hand - the fast rise of a sea-level threatens with considerable disturbance to economical potential of the region and requires acceptance of operating measures for preventing this threat. On the other hand - the considerable slump in production and economy in a transition period of republic development does not allow to reckon on the large investments bounded with protection and the more so, with renovation social - manufacturing sphere of the coast.The protective measures do not give commodities, do not conduct to rise of production and, preventing possible damage itself are some kind of "damage" for the state. Indicated however, does not mean, thatipB^ protective facilities should be determined, being guided only by principle of minimum costs. The world and domestic practice of coast protection testifies that relayability ancf durability of population and economy protection against marine effects are incompatible to aiming to do without/by the elementary measures. A consequent of such policy is the constant damage from destruction and annual recovery costs.

For economical confrontation of the reviewed versions of protection the summary table of the main indexes describing the tendered design solutions of protaction is compounded and is adduced.

The outcomes of cost matching demonstrate, that most costeffective is the 2-nd version of protection, on which one it is required less of protection means in, than on the 1-st version. The so essential difference is explained mainly, large specific volumes of measures for redeployment of settlements and objects on new places in view of their renovation and development planned in the maiden version.

The comparative economic efficiency of protection variants can be estimated approximately in value of the prevented damage to economy of the region.

By selection of advisable version, except for economical, a number of the additional factors of the social, ecological and technical sphere is taken into account. By considering the obtained technical and economic indexes, the advantages and disadvantages of versions, it is expedient to recommend for further elaborating the 2-nd version of the protection and maintenance of steady habitability scheme of the coast. 

2.2.6 Acting system of protective facilities.

210km channel and marine dams in Atyrauskaja area and 120km in Mangystauskaja have been built by the present time. But almost all of them do not meet with the advised demands in TER. They are located at the mark of present stand of a sea-level, the construction of them is not finished, all of them have not on the part of the sea of stone screens and drainage facilities. The built piers can defend only from windward floods. At further rise of the sea-level they will become to work on afflux and will be subjected to destruction.

The list of the built piers is represented in the table №10, and the schemes of their cross-sections are appended. From the schemes it is visible, that many dams have temporary nature.

The piers built on the rivers Kigach and Karakamys defending some of settlements are made from cane and straw mats consolidated by wood piles, the protection of village Alga is carried out by diking the earthen arbor, the dam on the channel Zaroslyj also is made as an earthen low-level prism. For the majority of marine dams the parameters of width, altitude, poor location of acclivities/are not observed.
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Estimation of possible damage of flooding.

The estimation of damage to national economic objects, territory, population caused by increase of the Caspian sea level is executed according to an adopted methodology and actuates the sum of the damage sizes from loss of the fixed assets in the branches of the national economy, land resources, mineral resources, the withdrawal of which one already implements. The additional costs - lumpsum and current are included, at the expense of which one it is supposed to create, instead of drowned, new productions indispensable living-space fund, objects social and cultural - enlightening using, public health services, trade.

The obtained size of costs is increased by the sum of the consumptions, bound with necessity of realization of definite compensatory measures. In particular, so as in a flood zone there are giant fields of mineral resources, with starting of mining of which, the obtaining particular items of commodity has been already planned, it is necessary to provide replacement of this resource at the expense of delivery it from other locales (or import), or by new explorations workers of similar mineral resources in other zones.

The size of additional costs takes into accounts expanses for fulfilment of shortage commodity during a forthcoming taking out from economic circulation of natural resources, building of objects of an industry, social sphere, services lines, transport and communication.

The calculations of determining of possible damage were based on an information material, basically, sufficient for amalgamated, tentative estimation. All calculations were estimated in currency former USSR and are adduced to the national currency of Kazakhstan by applying correction coefficients.

2.3. Industry.

Losses of the fixed asset in industry branches involving into the flood zone at the mark of minus 25 meters:

№

Branches
Atyrauskaja Province.


Mangystauskaja province.


In total Million. tenge



1


Industry of building materials


5.8


5.9


1053.16



2


light industry


0.7


0.2


81.013



3


Food industry


36.5


-


3285.5




'Total


43.0


6.1


4419.7



The losses of production of these branches are estimated in 45007 millions tenge. Compensatory costs of new powers creation at the lowest term of payback 4 years will consist not less than 180,028 milliard.tenge.

2.4. Oil extracting.

The damage to explotable of prospected and closed down temporarily oil and gas fields involving in the flood zone is determined from the sum of costs indispensable within mining of oil at shelf from platforms; the production costs, calculated from a difference, of oil overland, with the average cost now - 15 US dollars for ton, and production cost by the sea from gantries, equal 22 US dollars for ton. The dam will consist 7 $ USA for ton of oil.

At the predicted volume of extracting oil from platforms in 54 million ton per year at the difference in the cost between a mining in the sea and overland 7$ USA, the damage will consist 54 x 7 = 378 million $ USA.

2.5. Power engineering.

Prospective damage to electrical networks, high-voltage substations in the flood zone at the mark of minus 25 meters:

Million, tenge

Area


The cost of the fixed assets with the registration of amortisation
Investments in new building


In total damage



Atyrauskaja


7246.1


120897.8


128143.9



Mangystauskaja


3213.5


8875.4


12088.9



In total


10459.6


129773.2


140232.8



2.6. Transport and communication.

The damage of motorways and railways, airports and objects of communication are determined at the conditionally identical balance value of present facilities involved in the flood zone and their,new building:

Million tenge.

Areas


Damage to the fixed assets


New building


In total



Atyrauskaja area



1. Motorways


14042.2


14042.2


28084.4



2. Railways


3690.6


3690.5


7381.1



3. Airports


5535.9


5535.8


11071.7



4. Objects of communication


1350.2


1350.2


2700.4



Total


24618.9
24618.7
49237.6



ManrHcraycKaa area

1. Motorways
5706.9
5706.9


11413.8

2. Iron roads
8101.2
8101.3


16202.5

3. Objects of communication(connection)
810.1
810.2


1620.25

Total
14618.2
14618.4
29236.6

In total
39237.1
39237.1
78474.2

2.7. Agriculture.

In whole in agriculture the aggregate damage will consist:

Million tenge

Objects


Damage to the Fixed assets


New building


In total



Land resources


414064


-


414064



Compensation the lost commodity


- 
14402


14402



Irrigation and watering


3601


27004


30605



Manufacturing objects


9003
27003


36006



Winterings


-


315


315



Total


426668


68724


495392



2.8. Social infrastructure.

The losses in social sphere are determined, outgoing from necessity of resettlement of the population at flooding and waterlogging from the near-shore area to higher territories. The main Volume of removing is in Atyrauskaja area. Thus there was in view a recovery houses, social  and cultural objects, internal engineering infrastructure in volumes existing now. The balance value of social objects with taking account of amortisation and usages of a part of disassembled materials on a new place is adopted at a rate of 25 % from the cost of new building.

In the whole damage in a social sphere at the mark of minus 25 meters is determined in the sum of 160224.9 million tenge.

The general damage caused by the Caspian sea level rise to all national economic complex and territory of coast at inacceptance of protective measures is adduced in the following table:

Table 9 General damage, caused by rise of a sea-level To national economic complex and territory of the coast

.No


Branches of a national economy


damage (million, tenge)





-27m


-26m


-25m


From -24 to -22m


In total



1


Industry


-


36889.5


129113.4


18444.8


184447.7



2


Oil extracting


16000


30000


48000


57200


151200



3


Power engineering


-


28046.5


98163


14023.3


140232.8



4


Transport and communication


-


120


47095


31276.9


78492.2



5


Agriculture


54325


99078.4


297235.2


44753.4


495392



6


Social infrastructure


16320


32045


961134.9


15725


160224.9



7


Oil and gas pipelines


-


450


7002


7130,3


14582.3



In total


86645


226629.4


722743.8


188553.7


1224571.9



Thus, the real cost of damage is valued in 1.225 trillion tenge. The cost of expanses at arrangement of protective facilities eliminating drowning of objects and settlements consistes 510.41 milliard tenge, more than twice it is less.

In this connection it is possible to draw a conclusion, that there are capabilities to cushion consequences of the Caspian calamity. The rise of the sea occurs  slowly, on few centimeters per year and now there are reserves of time for preventing consequences of the sea-level rise.
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