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AND PROSPECTS CREATION ON THEIR BASED COMPLEX
OF THERMAL AND POWER PRODUCTION

Abstract. Presented results of research capacities of industrial development and exploitation of geothermal
resources Zharkent artesian basin. Zharkent artesian basin of fresh thermal water with a temperature of 40 to 100°C
or more is located in the south-eastern part of Kazakhstan, in the East — Ili depression. The territory of Zharkent
basin relates to Panfilov district of Almaty region with the main administrative center of the city of Zharkent located
in 330 km cast from the city Almaty. Given a brief description the hydrographical network, relief, climate of the
region research, geological and structural conditions of the territory. According to data hydrogeological studies in the
section Zharkent artesian basin are five aquifers containing thermal waters: Neogene, Paleogene, Cretaceous,
Jurassic and Triassic. Shown the most prospects for using geothermal waters of Cretaceous aquifer complex, which
has fairly widespread. By results of researches defines the main directions and sphere of use geothermal resources
indicated region — this is combined heat and power, water and wellness.
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Introduction. The modern demand geothermal energy as one of renewable energy sources due to:
exhaustion of stocks of organic fuel and dependence the majority developed countries from its imports
(mainly oil and gas imports), as well as with significant negative impact the fuel and nuclear power engi-
neering on the human environment and wildlife nature [1].

The main advantage geothermal energy is possibility its use at the form of geothermal water or mix-
ture water and vapor (depending on their temperature) for hot water and heating power generation or
simultaneously for all three objectives, its practical inexhaustibility, complete independence from the
conditions environment, time of day and year. Thereby use of geothermal energy (along with use of other
environmentally friendly renewable energy) can make a substantial contribution to solving following
pressing issues: ensuring sustainable heat and electricity supply of population in those regions of our
planet where centralized power supply is absent or costs too much; ensuring guaranteed minimum power
supply population in areas of unstable centralized power supply due to a deficiency of ¢lectric power in
the energy systems, prevention of damage from emergency and restrictive outages, etc.; reduction of
harmful emissions from energy installations in particular regions by environmental problems.

Thus the study geothermal waters of Kazakhstan becomes an important issue in sphere of deve-
lopment power engineering in generally and particularly in the area than traditional and renewable energy
sources. One of the most perspective regions in the Republic of Kazakhstan is the Zharkent artesian basin.
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In the East — Ili basin, located in the south-eastern part of Kazakhstan, there is a large Zharkent
artesian basin of fresh thermal waters with a temperature of 40 to 100°C and more. Performed earlier
studies [2-4] have shown that in the sedimentary cover has powerful layers of rocks having good collector
properties. The territory of Zharkent basin relates to Panfilov district of Almaty region with the main
administrative center of the city of Zharkent located in 330 km east from the city Almaty.

Geographically — is a central part Ili intermountain depressions, bounded on the north — Jungar Alatau
ridge in the south — Ketmen ridge from the west of mountains Kalkan and Katutau the east studied region
is limited to the state border with China.

Hydrographic network well developed and presented Ili River and its ducts, as well as a branched
network of irrigation canals. Ili River presented in operation area of its middle part the largest in
magnitude and water content in the region. The rivers Usek, Borohudzir, Korgas and others often do not
convey its flow to the main water artery — the river Ili. The rivers are fed caused by spring melting of snow
and summer melting of glaciers, atmospheric precipitation as well as spring runoff.

The relief of the studied region differs by great diversity. Most of the territory a typical foothill plain,
bounded by the southern spurs of Zhongarsky (Jetysu) Alatau and Ketmen ridge. Slopes of the mountains
steep and precipitous. Absolute level of separate peaks over 4000 m, mainly 2500-3000 m with relative
exceedances up to 3000 m. The foothill plain has level from 1400 m, at the foothills and up to 500 m in
the region Ili River valley. By the nature relief foothill flatlands can be subdivided into foothill plume
debris cones of mountain rivers, peripheral lacustrine-alluvial plains and river valleys.

Climate of the region dry, sharply continental, with increasing specific gravity of summer rainfall.
The mountain spurs, closing the depression, play a decisive role in moistening climate valleys, causing a
small amount rainfall not only on the flat its parts, but also on the slopes of closing ridges. The annual
amount of precipitation within the cavity to be about 125-150 mm. The steady snow cover lasts 1.0-2.5
months and does not exceed 10cm. In the summer intense heat in combination with the constantly blowing
wind dehumidifies the lower layers atmosphere and creates a large deficits moisture.

According to the scheme hydrogeological zoning of Kazakhstan, developed by academician U. M.
Akhmedsafin [5], Zharkent artesian basin is second order basin in relation to the Copa-Ili. Deflection
represents multilevel artesian basin, areas nutrition which are surrounding mountain structures. Geological
and structural conditions of the territory (picture 1) allow to consider it as an independent hydrogeological
unit and allocate in it within the two regions with very specific conditions formation of hydrogeological
conditions. The conditional border between them is carried out on modern river channel Ili. Left-bank part
(Karadala) - district development of Ketmensky monocline, although complicated by faults, but with little
amplitudes. Mesozoic deposits are here or rise to the surface or lie not deep under layer of low-power
Jurassic deposits and common not in the whole territory.

The right bank region — central and northern part depression, is characterized more complicated
geostructural conditions. It is characterized by sharp division of Paleozoic basement on the blocks, thick
network tectonic fractures, deep occurrence Mesozoic sediments and in general Mesozoic and Cenozoic
cover. The power Cenozoic sediments are here reaching their maximum and often dislocated into the
folds.

Mesozoic — Cenozoic deposits Zharkent artesian basin contain a range water-bearing of thicknesses,
various lithological composition, capacities, conditions of distribution and formation of groundwater,
character hydraulic connection with overlapping and underlying water-bearing sediments.

According to data hydrogeological studies in the section Zharkent artesian basin distinguish five
water carrying complexes containing thermal waters: Neogene, Paleogene, Cretaceous, Jurassic and Trias-
sic. The most promising for use of geothermal waters is Cretaceous aquifer complex, which has enough
wide circulation. It is not only in the extreme south-west, where it runs along the border Shelek-Kemin
fault. Outputs of the Cretaceous deposits exposed at the surface are known in foothills of Ketmen ridge at
the mouth river Budutysay. With removal northward rainfall submerges under of younger age sediments,
increases depth stratification and power sediments. Within the limits foothill plain by wells at depths
Cretaceous sediments are revealed to 150 m, their power does not exceed 3-26 m. In region Useksky area
roofing of Cretaceous deposits is revealed at depths 1680-2264 m (wells 1T, 2T, 3T) in the Ili area —
2580-2710 m (wells 1RT, 1TP, 2TP) and Kirov arca — 2688 m (4T well). The total capacity of Cretaceous
deposits varies from 171-260 m on the Useksky areas to 174 m on the Kirov area.
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Structural-tectonic map
Eastern part of the Ili depression
by soles Mesozoic sediments
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Picture 1 — Structural-tectonic map

According to data geophysical research roofing Cretaceous sediments submerged under rainfall of a
younger age. The greatest depth occurrence roofing of the Cretaceous sediments is marked in area of
Zharkent city (about 5 km).

Thermal waters of Cretaceous sediments were studied on wells 3G and 6G Korgas profile, supporting
well 1G situated in the west central part of the basin, as well as its central part and on Useksky and Iliysky
arcas. Is allocated two water-bearing complex: Lower Cretaceous and Upper Cretaceous. The power
aquitard on the studied wells varies from 3-10 m Useksky area to 22-25 m in wells 1G, 6G, 7G.

The lower Cretaceous aquifer complex had been tested in wells 1T, 3G and 6G. It should be noted
that tested intervals were allocated conditional to Lower Cretaceous sediments. Aquifer are small pebbles
conglomerates and gritstones and Rollovers higher along the section in coarse-grained sandstones and
even higher in the fine-grained sandstone and marly clays. The power sediments is an average 170 m,
decreasing to the south up 33 m and rising to 250 m to the north. Thermal waters described aquifer system
were tested in wells 3G and 6G Korgas profile, as well as in the well 1T Useksky areas at a depth of
782 m (6G well) to 2290 m (1T well). In this case in the well 1T Lower Cretaceous sediments were tested
jointly with Middle Jurassic, Lower Jurassic and Upper Triassic horizons. The total production rate
amounted to 2450 m’/day production rate Cretaceous aquifer amounted to 727 m’/day, mineralization
2.3 g/dm’, temperature of 720°C.
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Upper Cretaceous aquifer complex on the territory Zharkent artesian basin received widespread
development. In the lower part of the aquifer are deposited matured on the arca brick-red clays, passing
into aleurolites with interbedded light brown clayey sandstone. Above the cut are deposited large and
medium sandstones. For the northeast of the basin is characteristic conglomerate composition of sediments
upper section. The power of water-containing rocks here increases with distance from the ridge to the
north Ketmen. If in the foothills ridge, it is within the of 3—10 m, then in arca the asphalted trails Shonzhy-
Kalzhat it reaches 81-175 m and more. Revealed by are here thermal water wells possess high pressure.
Piezometric levels of their are established from 31-162 m below surface of the earth (foothills Ketmen) to
13,7-114,2 m above it in the area water intake profile.

Filtrational properties water-bearing rocks over the area distinguished by relatively small. coefficient
of filtration varies from 5 to 12.3 m/day, water conductivity — from 454 to 877 m*/day, and piezoconduc-
tivity 3.4-10°, 3.4-10° m*/day. With advancement on the north from exploration profile, these parameters
are reduced. Decreases they also from the west to the east.

Mineralization horizon water is not high usually does not exceed 1,1 g/dm’. Chemical composition of
the groundwater also not uniform that associated block structure territory. In gas composition at all arcas
prevails nitrogen 75,0-98,4% vol.

Evaluation regional and operational stocks of thermal waters Zharkent artesian basin is given based
on the available factual material on geology, hydrogeology and geothermics.

The regional operational resources of thermal waters are defined taking into account the area of
distribution, power of water-bearing strata and water rendering properties.

Specific water loss basic collectors of Triassic and Jurassic aquifers consisting of loose conglome-
rates, sandstones and sands on average adopted as 0,14. Cretaceous sediments represented of coarse sand
with inclusion gravel and pebbles and unconsolidated sandstones have water loss about of 0,15-0,20.
Paleogene by sandy sediments, often with admixture silt and clay particles, are characterized small
magnitude water loss — about 0,05, and Neogene by sandy sediments — to 0,07.

Proceeding from aforementioned parameters of water-bearing sediments, assessed regional resources
of thermal waters for specific water-bearing complexes (table 1).

Table 1 — Estimated parameters and regional operational resources of thermal waters Zharkent artesian basin

Age water-bearing Area dissemination, The average power . Regional stocks bln,
6 . 2 : Specific water loss 3
rocks 10°, m of water-bearing rocks, m m
Neogene 5170,0 240 0,07 86,9
Paleogene 6285.0 85 0,05 26,7
Cretaceous 40375 67 0,20 54,1
Jurassic 42750 63 0,14 37,7
Triassic 35275 85 0,14 420

As shown in Table 1, regional operational resources of thermal waters by Zharkent basin is
343 billion m’. The regional operational reserves of thermal waters are estimated for waters with
temperatures above 35°C.

The results of the operational stocks are shown in Table 2.

Table 2 — Operational reserves of thermal waters

Age Area The average power The average Radius Hydraulic Regional
water-bearing | dissemination, of water-bearing coefficient filtering, | "big well", | resistance operational
rocks 10°, »° rocks, m m/day m layer stocks, m*/day
Neogene 5170 240 0,8 40 625 1,309 3684523
Paleogene 6285 85 1,1 44792 1,114 210 836,6
Cretaceous 4037,5 67 1,0 35901 1,556 108 164,5
Jurassic 4275 63 0,6 36942 1,499 63 3446
Triassic 35275 85 0,53 34030 1,663 68 049,1
Total 1397911,5
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Water-bearing complex Cretaceous sediments on the territory of Zharkent artesian basin is the most
perspective for obtaining fresh groundwater with temperature to 100°C and in the deepest their parts and
above.

Structural position Zharkent depression among folded structures of Northern Tien Shan and
Dzungaria, geomorphological and climatic features of the area, presence of in the context thick strata of
different heat conductivity and permeability caused existence here of a large of artesian basin with thermal
water, having a closed hydrodynamic regime. Temperature of groundwater dependent on exogenous
(climate) and endogenous (geothermal) factors, combination of which causes geothermal zonality
terrestrial bowels.

Seasonal and multitude of years temperature variations cover only upper part of the section without
penetrating deeper neutral layer and depend on lay of land, climate and hydrodynamic factors. As shown
in works [4, 6, 7] depth stratification of neutral layer increases from the central to peripheral parts from
20-25 to 40-50 m and temperatures is correspondingly reduced from 13 to 11°C.

Geothermal characteristic of the section deeper neutral layer is provided according to data thermo-
meter measurements, both in the drilled deep wells of hydrocarbons and in wells drilled with the purpose
searching of thermal waters at the Kirov, Useksky, at the Iliysky and Molodezhnaya arcas. Analysis of
thermograms taken by wells Useksky area (Picture 2—5) shows that: temperature curves have practically
straight line, indicating on the direct dependence temperature from the depth. However, geothermal
gradient is not constant both in area that in the section. It is visually shown in table 3.

Table 3 — Change of temperature and geothermal gradient from the depth on wells Useksky areas

Temperature, °C Geothermic gradient, °C/100 m Geothermic level, m/°C
Depth,
m well well well well well well well well well
1T 2T 3T 1T 2T 3T 1T 2T 3T
250 22,5 16,0 13,5
500 26,0 20,5 18,5 1,4 1,8 2,0 714 2,0 50,0
750 30,0 26,5 25,5 1,6 2.4 2,8 62,5 2,8 35,9
1000 36,0 335 315 2.4 2.8 2.4 41,6 24 41,6
1250 42,0 404 375 2.4 2.8 2.4 41,6 24 41,6
1500 48,0 46,5 435 2.4 2.4 2.4 41,6 24 41,6
1750 55,0 52,5 50,5 2,8 2.4 2,8 35,7 2,8 35,9
2000 61,0 58,0 56,5 2.4 22 2.4 41,6 24 41,6
2250 66,0 66,5 61,0 2,0 34 1,8 50,0 1,8 55,5
2500 71,0 74,0 63,2 2,0 3,0 60,0
2750 77,0 81,0 2.4 2.8 41,6
00| gsimy | (3073 my 36

When comparing materials geothermic with data on the stratigraphy and lithology by wells located on
Useksky arca are observed definite regularitics on the values geothermal gradient for different ages
thicknesses.

Comparison materials of geothermal research data shows on the geology and hydrogeology area that
a basic role in the distribution of temperatures are playing block structure of depression, lithologic-facies
composition water surrounding rocks and character of water exchange. In connection with this, values of
geothermal gradients separates stratigraphic thicknesses vary within wide limits. Performed geothermal
research allowed within the basin in section Mesozoic-Kaynazoy cover allocate five of geothermal zones.

Geothermal zone (to 25°C) circulated on all territory of depression. Its lower boundary is traced to
the depths of 200-1000 m and dated for onboard part of the depression. This zone mainly covers Quater-
nary rocks and Upper Miocene sediments, for which characterized active water exchange.
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